
PHARMACOEPIDEMIOLOGYAND PRESCRIPTION

Use of administrative hospital database to identify adverse drug
reactions in a Pediatric University Hospital

G. Durrieu & A. Batz & V. Rousseau & E. Bondon-Guitton &

D. Petiot & J. L. Montastruc

Received: 19 May 2014 /Accepted: 29 September 2014 /Published online: 12 October 2014
# Springer-Verlag Berlin Heidelberg 2014

Abstract
Purpose The aim of the study was to detect adverse drug
reactions (ADRs) in pediatric inpatients using the medical
administrative database “Programme de Médicalisation des
Systèmes d′Information” (PMSI) and to compare these cases
ADRs with those spontaneously reported to a regional
PharmacoVigilance (PV) Centre.
Methods The study was conducted from January 2008 to
December 2011 in the Children University Hospital of Tou-
louse (Midi-Pyrénées, South-west France). From PMSI data-
base, all discharge summaries including selected ICD-10
codes (10th International Classification of Diseases) were
analyzed. All ADRs spontaneously reported by the Children
Hospital of Toulouse and registered in the French PV Data-
base (FPVDB) were included. The capture–recapture method
was applied to estimate the incidence of ADRs.
Results During the study period, we identified 60 reports from
the PMSI database and 200 from the FPVDB. The rate of
“serious” ADRs was higher in PMSI reports (74.6 % vs
38.9 %, p<0.0001). The most frequent ADRs reported were
musculoskeletal (12.4 %) and central (11.3 %) ADRs in PMSI

database versus cutaneous (22.4 %) and general (17.5 %)
ADRs in FPVDB. The most frequently suspected drugs were
antineoplastic drugs (31.1 %) in PMSI database versus anti-
infectives (38.2 %) in FPVDB. The estimated number of
ADRs was 717 [95 % confidence interval (CI) 513, 921],
and the incidence of ADRs among admissions was 0.6 %
(95 % CI 0.4, 0.8).
Conclusions Use of PMSI database improves from around
30 % detection of ADRs in children. In comparison with
classical pharmacovigilance database, it also allows to detect
different ADRs and drugs, thus enhancing safe medicine use
for pediatric patients.

Keywords Pediatrics . Databases . Adverse drug reaction
reporting systems . Pharmacovigilance

Introduction

In pediatric population, adverse drug reactions (ADRs) are an
important source ofmorbidity [1–6]. Drug used in children are
undervalued, and off-label prescribing has been widely ob-
served [7], that may result in an increased risk of ADRs [8]. In
the later years, in Europe and the US, there were several
incentives to promote drug assessment in children. Although
the latest initiative has improved some therapeutic options for
children, significantly, more effort will be needed to achieve a
safer use of medicines in this population [9, 10]. Thus, record-
ing and assessment of ADRs may be an important way to
improve security of drug use in children [2].

Methodology of ADR detection includes several ap-
proaches. The main widely used is spontaneous reporting of
a potential ADR by health professionals and patients. This
method is limited by under-reporting which is particularly
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important in pediatrics [11]. Intensive monitoring, retrospec-
tive, or prospective chart reviews are also another ways to
collect ADRs despite the fact that they are time consuming
[12].

A recent strategy to improve ADR notification is
computer detection in health care databases [13–16].
The principle is to look for signals suggesting the
possible presence of an ADR from hospital information
systems. The databases more often used are pharmacy
and laboratory sources [17] but also medical adminis-
trative databases such as hospital medical information
system databases. In France, the hospital discharge da-
tabase, Programme de Medicalisation des Systèmes
d’Information (PMSI) gives information about diagnoses
and therapeutic interventions [18]. Up to now, all the
studies using PMSI were performed in adults.

The aim of the present study was to detect ADRs occurred
in a children university hospital using the medical administra-
tive database PMSI and to compare the cases extracted from
the PMSI database with those spontaneously reported during
the same period to a regional Pharmacovigilance Centre
(Midi-Pyrénées, South-west France). Simultaneous use of
two data sources allows us to estimate the incidence of ADRs
in our pediatric inpatient population using capture–recapture
method.

Materials and methods

The study was performed in the Children’s teaching hospital
of Toulouse (Midi-Pyrénées, South-west, France) with a total
number of hospital admissions of 30, 000 patients per year,
covering a population ofmore than 1,200,000 inhabitants. The
study involved all children (less than 18 years) hospitalized
from 1 January 2008 to 31 December 2011.

Data sources

We used data collected in the PMSI database and ADRs
spontaneously reported to the Midi-Pyrénées Regional
Pharmacovigilance Centre and recorded to the French
PharmacoVigilance Database (FPVDB) after assessment and
validation of causality.

The PMSI is the French system for case-mixed classifica-
tion for the financial management of hospitals. A standardized
medical outcome summary is filled in for each hospital stay.
This summary contains administrative (name, gender,
birthdate, and date of hospital admission/discharge) and main
clinical (diagnoses and medical or surgical procedures coded
using the 10th international classification of diseases (ICD
10th) data. This standard patient discharge summary is similar
to the minimum data sat (MBDS) used in other countries.

Since 1985, the FPVDB has been gathering informations
on ADR cases occurring in France and reported to the 31
Regional PharmacoVigilance Centres (CRPV) by health pro-
fessionals and, since 2011, by patients. The Midi-Pyrénées
Regional Pharmacovigilance Centre is located in the Depart-
ment of Clinical Pharmacology of the Toulouse University
Hospital. For each spontaneous report, data concerning pa-
tient, drug exposure, and effects are collected to assess drug
causality according to the official French method [19]. All
reports are anonymously registered in the FPVDB.

Case definition

An ADR is defined as a noxious and unintended event
which occurs at doses generally used in humans for
prophylaxis, diagnosis, therapy, or modification of phys-
iological functions. A “serious” adverse drug reaction is
“any untoward medical occurrence that at any dose
results in death, requires hospital admission or prolon-
gation of existing hospital stay, results in persistent or
significant disability/incapacity, or is life threatening”
[20]. All ADRs, with a date of occurrence or diagnosis
during the 4-year study period (from January 2008 to
December 2011) and cared in the Children’s teaching
Hospital of Toulouse were analyzed. Any drug(s)
suspected of causing the adverse reaction was listed as
the suspect drug(s).

Numbers of ICD-10 listing—selection of cases

We selected 129 ICD-10 codes (Table 1) (10th Interna-
tional Classification of Diseases) related to an ADR.
Then, we extracted, with the collaboration of the De-
partment of Medical Information, PMSI patient’s records
registered with one of these ICD-10 codes. We decided
to exclude the codes for “fever” (because of lack of
specificity of this ADR, “agranulocytosis with
chemotherapeutical drugs” when they did not require
admission in intensive care unit (ICU) and “drug-in-
duced aplastic anemia” with chemotherapeutical drugs
to avoid background noise due to the large number of
cases and drugs involved. Hospital discharge reports of
each patient were read to check out if there was any
mention of an ADR. Reports with no mention of ADR
were excluded.

An event was considered reportable if information neces-
sary to analyze an ADR was provided in hospitalization
summaries. If the same ADR for a patient was reported in
different summaries (duplicate), it was counted as only one
record. Data concerning patient, drug exposure, and event
were collected to assess drug causality. All cases were
checked and validated by senior pharmacologist members of
staff from the Midi-Pyrénées Regional Pharmacovigilance
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Table 1 List of ICD 10th diagnosis codes used for selection of cases
from Programme de Medicalization des Systèmes d’Information (PMSI),
the French system of case-mix classification of hospital care

Code ICD-
10

Label

D52.1 Drug-induced folate deficiency anemia

D59.0 Drug-induced autoimmune hemolytic anemia

D59.2 Drug-induced nonautoimmune hemolytic anemia

D61.1 Drug-induced aplastic anemia

D64.2 Secondary sideroblastic anemia due to drugs and toxins

D70 Neutropenia

E03.2 Hypothyroidism due to medicaments and other exogenous
substances

E06.4 Drug-induced thyroiditis

E16.0 Drug-induced hypoglycemia without coma

E23.1 Drug-induced hypopituitarism

E24.2 Drug-induced Cushing's syndrome

E27.3 Drug-induced adrenocortical insufficiency

E66.1 Drug-induced obesity (E66.10, E66.11, E66.12, E66.19)

G21.0 Malignant neuroleptic syndrome

G21.1 Other drug-induced secondary parkinsonism

G24.0 Drug induced dystonia

G25.1 Drug-induced tremor

G25.4 Drug-induced chorea

G25.6 Drug induced tics and other tics of organic origin

G44.4 Drug-induced headache, not elsewhere classified

G62.0 Drug-induced polyneuropathy

G72.0 Drug-induced myopathy

H26.3 Drug-induced cataract

H40.6 Glaucoma secondary to drugs

I42.7 Cardiomyopathy due to drug and external agent

I95.2 Hypotension due to drugs

K71.0 Toxic liver disease with cholestasis

K71.2 Toxic liver disease with acute hepatitis

K71.7 Toxic liver disease with fibrosis and cirrhosis of liver

K85.3 Drug induced acute pancreatitis

L10.5 Drug-induced pemphigus

L23.3 Allergic contact dermatitis due to drugs in contact with skin

L24.4 Irritant contact dermatitis due to drugs in contact with skin

L25.1 Unspecified contact dermatitis due to drugs in contact with skin

L27.0 Generalized skin eruption due to drugs and medicaments taken
internally

L27.1 Localized skin eruption due to drugs and medicaments taken
internally

L56.0 Drug phototoxic response

L56.1 Drug photoallergic response

L64.0 Drug-induced androgenic alopecia

M10.2 Drug-induced gout (M10.20-M10.29)

M32.0 Drug-induced systemic lupus erythematosus

M34.2 Systemic sclerosis induced by drug and chemical

M80.4 Drug-induced osteoporosis with pathological fracture (from
M80.40 to M80.49)

Table 1 (continued)

Code ICD-
10

Label

M81.4 Drug-induced osteoporosis (from M81.40 to M81.49)

M87.1 Osteonecrosis due to drugs (from M87.10 to M87.19)

N14.1 Nephropathy induced by other drugs, medicaments, and
biological substances

N14.2 Nephropathy induced by unspecified drug, medicament, or
biological substance

P96.2 Withdrawal symptoms from therapeutic use of drugs in newborn

R50.2 Drug induced fever

T45.4 Poisoning by, adverse effect of and underdosing of iron and its
compounds

T80.8 Other complications following infusion, transfusion, and
therapeutic injection

T88.3 Malignant hyperthermia due to anesthesia

T88.6 Anaphylactic reaction due to adverse effect of correct drug or
medicament properly administered

T88.7 Unspecified adverse effect of drug or medicament

Y14.0 Poisoning by and exposure to other and unspecified drugs,
medicaments, and biological substances, undetermined intent

Y43.9 Drugs, medicaments, and biological substances causing adverse
effects in therapeutic use: primarily systemic agent,
unspecified

Y44.2 Adverse effects of anticoagulants

Y44.9 Adverse effects of other and unspecified agents affecting blood
constituents

Y45.0 Adverse effects of opioids and related analgesics

Y45.1 Adverse effects of salicylates

Y45.2 Adverse effects of propionic acid derivatives

Y45.3 Adverse effects of other nonsteroidal anti-inflammatory drugs
[NSAID]

Y45.4 Adverse effects of antirheumatics

Y45.5 Adverse effects of 4-aminophenol derivatives

Y45.8 Adverse effects of other analgesics and antipyretics

Y45.9 Adverse effects of analgesic, antipyretic and anti-inflammatory
drug, unspecified

Y49.8 Adverse effects of other psychotropic drugs, not elsewhere
classified

Y50.9 Adverse effects of central nervous system stimulant, unspecified

Y51.9 Adverse effects of other and unspecified drugs primarily
affecting the autonomic nervous system

Y53.5 Adverse effects of digestants

Y54.7 Adverse effects of agents affecting calcification

Y54.8 Adverse effects of agents affecting uric acid metabolism

Y54.9 Adverse effects of mineral salts, not elsewhere classified

Y55.5 Adverse effects of Anti-common-cold drugs

Y56.4 Adverse effects of keratolytics, keratoplastics, and other hair
treatment drugs and preparations

Y56.5 Adverse effects of ophthalmological drugs and preparations

Y56.6 Adverse effects of otorhinolaryngological drugs and preparations

Y57.8 Adverse effects of other drugs and medicaments

Y57.9 Adverse effects of drug or medicament, unspecified

Y58.9 Adverse effects of other and unspecified bacterial vaccines
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Centre. The ADRs identified through PMSI were registered in
the FPVDB.

From FPVDB, we extracted all ADRs spontaneously re-
ported by health professionals working in Children’s teaching
Hospital of Toulouse during the same study period (from 1
January 2008 to 31 December 2011).

We matched the cases in order to eliminate duplicates.
Duplicates were identified between the two sources using
demographic data (first name, last name, and age), character-
istics of ADRs, involved drugs, and dates of hospital stay.

Capture–recapture method

The capture–recapture methodwas used to provide population
estimates from two or more incomplete sources of information
[18, 21]. It allows refinement of frequency estimations and
ascertaining the exhaustiveness of monitoring systems. Its
principle consists of combining data provided by several
sources coming from the same population.

After identification of matches between sources, the cap-
ture–recapture method allows estimation of the number of
non-identified cases by any of the sources. Thus, the total
number of cases in the pediatric inpatient population during
the study period can be deduced and the incidence of ADRs
estimated. Underreporting was quantified by the
underreporting coefficient (U) calculated as the ratio between
the total number of ADRs estimated during the study period
and those spontaneously reported to the regional
Pharmacovigilance Centre [17].

Comparison between PMSI and FPVDB databases

For each report, we analyzed the following data concerning
patients: age, gender, ADRs, and suspected drugs. The Medical
Dictionary for Regulatory Activities (MedDRA®) primary Sys-
tem Organ Class (SOC) and the WHO Anatomical Therapeutic
Chemical (ATC) classification were used to class ADRs and
drugs, respectively. Comparisons between PMSI and FPVDB
databases were made using the chi-square test. Statistical analy-
ses were performed using SAS® Software v.9.2 (SAS Institute
Inc., USA) with a two-sided α-level of 0.05.

Results

ADRs reports

From FPVDB, we found 200 spontaneous notifications re-
ported by health professionals working in Children’s Teaching
Hospital of Toulouse during the same period, corresponding
to 200 patients (49.5 % male) aged from 5 days to 17.0 years
(median age, 7 years).

From PMSI database, during the study period, 1128 hos-
pitalization reports were identified according to dates of hos-
pital stay and preselected ICD-10 codes. As previously de-
scribed in Methods, we decided to exclude the 688 cases of
“agranulocytosis with chemotherapeutical drugs” or “drug-
induced aplastic anemia”. Out of the 440 remaining cases,
we did not find any mention of ADRs in 311 discharge
reports, and in 41 cases, there was insufficient information.
These 352 cases were excluded from this present analysis. A
total of 28 ADRs (duplicate reports) were registered both in
PMSI database and the FPVDB. Finally, 60 ADR reports were
registered in the FPVDB and included in the present study
corresponding to 60 patients (50 % male) aged from 0.1 to
18.0 years (median age, 9 years). Use of PMSI database
increased number of ADR reports by 30 %.

Characteristics of ADRs

Figure 1 shows the distribution of ADRs by decreasing order
of frequency of the primary SOC. The most frequent ADRs
reported were “musculoskeletal and connective tissue disor-
ders” and “nervous system disorders” for PMSI database and
“skin and subcutaneous tissue disorders” and “general disor-
ders and administration site conditions” for FPVDB.

Significant differences in ADR distribution (p<0.05) were
observed: “skin and subcutaneous tissue” and “general disor-
ders” were more frequent in FPVDB reports than in PMSI
reports. “Musculoskeletal and connective tissue disorders”
were more frequent in PMSI database. The rate of “serious”
ADRs was higher in PMSI reports (p<0.0001).

“Suspected” drug classes

Figure 2 shows the distribution of “suspected” drugs by
decreasing order of frequency according to ATC classification
(first level). The most frequently suspected drugs were “anti-
neoplastic and immunomodulating agents,” “nervous system
drugs” and “systemic hormonal preparations” in PMSI data-
base and “antiinfectives for systemic use,” and “antineoplastic
and immunomodulating agents” in FPVDB.

Significant differences in the distribution of ATC classes
(p<0.05) were observed: “systemic hormonal preparations”
and ATC “blood” group were more involved in PMSI reports

Table 1 (continued)

Code ICD-
10

Label

Y59.0 Adverse effects of Viral vaccines

Y59.1 Adverse effects of rickettsial vaccines

Y59.9 Adverse effects of vaccine or biological substance, unspecified

Y88.0 Sequelae of adverse effects caused by drugs, medicaments, and
biological substances in therapeutic use
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than in FPVDB reports. Anti-infectives were more involved in
FPVDB.

Capture–recapture estimates of the number of ADRs

After matching ADRs from the two databases, as previously
described, we identified 28 common cases. According to the
capture–recapture method, the estimated total number of
ADRs was 717 (95 % CI, 513–921). During the study period
(from January 2008 to December 2011), the total number of
hospital admissions was 118,385. The underreporting coeffi-
cient U was estimated to be 3.6 (which means that 72.1 % of
cases were not reported). The frequency of ADRs among

admissions was 0.6 % (95 % CI 0.4, 0.8), excluding the
reports of agranulocytosis and anemia discussed above.

Discussion

Hospital administrative databases

This study relates the quantitative and qualitative interest of
the PMSI hospital administrative database for ADR detection
in pediatric hospital in comparison with analysis of a PV
database, a more common method in drug safety research.
Previous studies demonstrated that PMSI hospital databases

Fig. 1 Distribution of adverse
drug reactions selected from the
Programme de Medicalization
des Systèmes d’Information
(PMSI) and Pharmacovigilance
databases by primary System
Organ Class, *p<0.05

Fig. 2 Distribution of suspected
drugs by databases (Programme
de Medicalization des Systèmes
d’Information (PMSI) and
Pharmacovigilance databases)
according to Anatomical
Therapeutic Chemical (ATC)
classification, *p<0.05
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could be used as another source for identification of ADRs
[18, 22, 23] or cases of abuse and dependence [24–26]. Up to
now, no studies using this hospital administrative database
have been published in children. In fact, few databases have
been used previously for pediatric drug safety research and
there is a need to fill this gap. The majority of databases are
based on outpatient data and all described prescription or drug
dispensing data [15]. Computerized monitoring system based
on laboratory test results was evaluated for the detection of
ADRs on a pediatric ward [14]. The study demonstrated that
ADRs can be detected, but the specificity of this method was
too low to make it acceptable in daily practice. Moreover,
ADRs causing only clinical symptoms were not detected by
this approach.

For drug safety studies, a literature survey showed that it is
more appropriate to use computerized patient databases be-
cause of the available clinical information and the potential to
obtain additional information [15]. Another advantage of ad-
ministrative databases, such as PMSI, is that information is
already available about inpatients stays in almost every hos-
pital and in most countries. As previously described, clinical
information is encoded according to the ICD-10 codes, in-
cluding not only codes specifically referring to ADR but also
diagnostic codes (that can improve ADR detection). When
relevant ICD-10 codes are selected and medical charts com-
puterized, this methodology of ADR detection can reduce
time-consuming steps.

There are, however, some limits to this approach. For
instance, one possible bias is the “coding creep”, a bias of
all billing databases which more expensive codes are preferred
and registered to increase the case-mix, diagnosis-related
group, and consequently to increase reimbursement of that
hospital [27]. Moreover, diagnoses may also be miscoded.
PMSI coding is not done by a professional coding staff but
by physicians who are not usually trained for this administra-
tive (and not medical) workload.

Finally, the fact that this is a one hospital-centered study
can be also a limitation. It may be interesting to perform a
similar multicentric study.

Quantitative contribution of PMSI reports

In our study, using PMSI database improved the detection of
ADRs: the notifications from pediatric hospital of Toulouse
increased by about 30 %. This approach allowed to collect
ADRs that would otherwise have not been reported. Com-
pared to the literature, this increase appears to be low. Previous
studies comparing spontaneous reporting and screening ICD
codes found that more ADRs were identified by ICD codes
than were spontaneously reported to a pharmacovigilance
structure [28, 29]. Lugardon [18] reported twice many ADRs
by interrogating the PMSI database as were reported sponta-
neously. A Spanish study performed on the minimum basic

data set (MBDS), an administrative and clinical information
database during hospitalization, and using diagnostic codes
showed that implementation of this ADR notification system
allowed to increase dramatically the report rate (0.36 reports
per 100,000 inhabitants in 2005 to 30.9 per 100,000 inhabi-
tants in 2006 (when the system started) [30]. A more recent
study evaluated the same methodology for ADR detection
through hospital administrative and clinical database and
found a detection rate 46 times higher than the spontaneous
reporting [12]. However, it is worth noting that the number of
spontaneous reports in the two last studies was particularly
low (0.36 reports per 100,000 inhabitants and 7 reports for a
year, respectively). Moreover, as none of these studies were
performed in pediatric patients, comparison of results may be
not accurate.

A limitation of our study is the exclusion of the codes for
“agranulocytosis with chemotherapeutical drugs” and “drug-
induced aplastic anemia” with chemotherapeutical which re-
duced significantly the ADRs reporting rate. The code-creep
must also be considered. As previously described in the limits
of administrative hospital databases, administrative coding is
first generated for reimbursement. A bias toward higher-
paying diagnosis-related groups, that do not include ADRs,
can frequently occur. The ADR codes are rarely used in
practice [16]. A further explanation is the possibility of
miscoding. Miscoding can lead to a loss of information and
an underestimation of the true impact of ADRs. Another limit
in this analysis was the discrepancy between coding and
hospital discharge reports found in the 311 cases with no
mention of ADR. Thus, to improve coding in PMSI database,
the Children’s Teaching Hospital of Toulouse has hired now
professional coders. These professionals and the medical staff
have been made aware of the importance of reporting ADRs.
This approach should be extended to allow the administrative
databases to be a tool for monitoring ADRs.

Qualitative contribution PMSI reports

The findings in terms of specific body systems and suspected
drugs were expected [3–6]. However, although the number of
ADRs described in this study was small, we found that the two
approaches detected significant different profiles of ADRs:
musculoskeletal ADRs in PMSI database versus cutaneous
and general ADRs in FPVDB. Similarly, suspected drugs
significantly differ: systemic hormonal preparations and
ATC “blood” group in PMSI database versus anti-infectives
in FPVDB. This difference was also observed in the rate of
“serious” ADRs, twofold higher in PMSI reports. Finally,
using two different methodologies to detect ADRs, such as
PMSI database and spontaneous ADR reports, allows us to
detect complementary data and to provide better information
on security of drug use in children.
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Incidence of ADRs in a pediatric hospital: capture–recapture
method

The capture–recapture method represents a helpful tool for
estimating incidence when several sources of information are
available and can be matched. Its application is easy and the
principles of calculation are simple. This method was previ-
ously used to assess the incidence of serious ADRs in hospi-
talized patients using PMSI database and spontaneous reports
recorded in the French Pharmacovigilance database [18]. In
our study performed in hospitalized pediatric patients, the
incidence of ADRs was estimated at 0.6 %. A recent system-
atic review on ADRs in hospitalized children found a large
variation in the estimation of incidence rates reported: from
0.6 to 16.8 % [5]. Comparing ADR incidence rates is complex
because the studies differ in a number of ways: data collection
approaches (spontaneous reports, prospective studies,….),
off-label medicine use, population characteristics, or study
duration. A lower incidence of ADRs in children was mainly
found in national pharmacovigilance databases that are char-
acterized by an important under-reporting, higher in the pedi-
atric population than in the adults [11]. Since most of hospi-
talized children suffered from severe diseases, doctors can
also be less sensitive to ADRs. The under-reporting and the
previously described methodological limitations of our study,
such as exclusion of agranulocytosis, can explain this low
incidence.

Conclusion

Use of PMSI database improves from around 30 % detection
of ADRs in children. In comparison with classical
pharmacovigilance database, it also allows to detect different
ADRs and drugs. Finally, merging data from these two differ-
ent databases could improve knowledge of ADRs in children,
and should be used complementary for children safety
enhancement.
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