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Abstract

Rationale, aims, and objectives: The spontaneous reporting system currently used in

pharmacovigilance is not sufficiently exhaustive to detect all adverse drug reactions (ADRs). With

the widespread use of electronic health records, biomedical data collected during the clinical care

process can be reused and analysed to better detect ADRs. The aim of this study was to assess

whether querying a Clinical Data Warehouse (CDW) could increase the detection of drug‐

induced anaphylaxis.

Methods: All known cases of drug‐induced anaphylaxis that occurred or required hospitaliza-

tion at Rennes Academic Hospital in 2011 (n = 19) were retrieved from the French

pharmacovigilance database, which contains all reported ADR events. Then, from the Rennes

Academic Hospital CDW, a training set (all patients hospitalized in 2011) and a test set

(all patients hospitalized in 2012) were extracted. The training set was used to define an opti-

mized query, by building a set of keywords (based on the known cases) and exclusion criteria

to search structured and unstructured data within the CDW in order to identify at least all known

cases of drug‐induced anaphylaxis for 2011. Then, the real performance of the optimized query

was tested in the test set.

Results: Using the optimized query, 59 cases of drug‐induced anaphylaxis were identified

among the 253 patient records extracted from the test set as possible anaphylaxis cases. Specif-

ically, the optimal query identified 41 drug‐induced anaphylaxis cases that were not detected by

searching the French pharmacovigilance database but missed 7 cases detected only by spontane-

ous reporting.

Discussion: We proposed an information retrieval‐based method for detecting drug‐induced

anaphylaxis, by querying structured and unstructured data in a CDW. CDW queries are less spe-

cific than spontaneous reporting and Diagnosis‐related Groups queries, although their sensitivity

is much higher. CDW queries can facilitate monitoring by pharmacovigilance experts. Our method

could be easily incorporated in the routine practice.
nes Academic Hospital.
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1 | INTRODUCTION

Pharmacovigilance is an essential component of drug safety. The main

goals of pharmacovigilance are the post‐marketing drug surveillance

and reducing the risk of adverse drug reactions (ADR) associated with

drug use. The French pharmacovigilance system is based on a network

of 31 regional pharmacovigilance centers. Spontaneous reporting

(ie, the unrequested notification of ADR events) by health care profes-

sionals or consumers to pharmacovigilance centers is the cornerstone

of this surveillance system. Moreover, pharmaco‐epidemiological stud-

ies assess the benefit/risk ratio when a drug is prescribed in “real life”

to a large population of patients. Safety data are then analysed by the

competent authorities at different levels (national, European, global)

that can then call attention to pharmacovigilance signals. Validated

signals allow the authorities to develop regulatory measures to better

control drug‐related risks.

Spontaneous reporting has the advantage of covering a large num-

ber of patients (ideally, the entire population) and a wide range of

drugs. It is a cost‐effective method for monitoring drug safety,1 but

has some limitations, mainly the under‐reporting of ADR events, par-

ticularly those occurring in hospitals or leading to hospitalization.

Indeed, it is estimated that more than 90% of ADR events are currently

not reported to the authorities.1

Several studies have assessed whether medico‐economic data-

bases could be used to improve ADR detection.2-4 These authors

detected more ADRs using the billing codes of the international classi-

fication of diseases, 10th edition (ICD‐10), compared with the number

of ADRs identified via spontaneous reporting for the same period.

Moreover, they observed little or no overlap between the numbers

of ADR events detected using the 2 methods.

Similarly, the French Medical Information System Program (PMSI)

database generates Diagnosis‐related Groups (DRGs) that contain

administrative and medical data, including diagnoses that are classified

according to the ICD‐10 codes. By querying this database using

selected ICD‐10 billing codes, it is possible to identify serious ADR

events. This system is now routinely used by the Regional

Pharmacovigilance Center of Rennes5 to detect serious ADRs, such

as generalized rash, anaphylaxis, nephropathy, liver damage,

polyneuropathy, neuroleptic malignant syndrome, and interstitial lung

disease (see Appendix 1. for a list of ICD‐10 billing codes used by

the Regional Pharmacovigilance Center of Rennes). All hospital stays

involving a hospitalization summary that includes at least one of the

selected ICD‐10 billing codes are investigated to validate whether

the extracted ADR is relevant to pharmacovigilance.

Big data analysis also could contribute to improving the relevance

of the detected signals. In France, this could be done with the support

of institutions that run large databases and/or manage several health

professionals' databases, such as the French National Agency for

Medicines and Health Products Safety (ANSM), the French National
Health Insurance Agency (CNAM), the French Public Regional Health

Agencies (ARS), the Hospital Information Technology Agency (ATIH), or

the French national inter‐scheme information system of health insurance

(SNIIRAM, Système national d'information inter‐régimes de l'Assurance

maladie), which combines the French health care reimbursement system

and PMSI databases. Nevertheless, they should be considered as extra

sources of information rather than as replacements for spontaneous noti-

fications that remain the most effective tool to date.6 As these methods

are not exhaustive, the use of other data sources and methods becomes

necessary to effectively identify ADR events in hospitals.7 Due to the

widespread use of electronic health records (EHRs), biomedical data col-

lected during the clinical care process could be reused and analysed to

improve ADR detection.8-10 Technologies, such as Clinical Data Ware-

houses (CDW), have these abilities. They are currently deployed in many

hospitals, thus making possible the efficient exploitation of clinical

data.11-13 We believe that such technologies can also be used to address

some of the issues currently encountered in pharmacovigilance.

We are interested in improving the detection of anaphylactic shock

events.We previously carried out a study to evaluate the performance of

a data‐gathering method using a CDW for cases of anaphylactic shocks

(IgE‐mediated) that specifically occurred during anaesthesia at the Aca-

demic Hospital of Rennes (CHU‐RENNES).14 In that study, anaphylactic

shock during anaesthesia proved to be an easily identifiable clinical

entity. However, we think that the identification of anaphylactic shock

events due to other causes also could be improved by using the same

kind of information retrieval method. Therefore, the objective of the cur-

rent study was to assess whether clinical data from narrative EHRs can

help pharmacovigilance centers to detect drug‐induced anaphylaxis.

More specifically, we propose an optimal method, based on a CDW, to

detect drug‐induced anaphylaxis events.
2 | MATERIAL AND METHODS

2.1 | Data sources and studied population

At the CHU‐RENNES, we developed our own CDW solution, called

eHOP (formerly Roogle).12,15 Briefly, this CDW integrates all types of

documents produced by the hospital information system and con-

nected with health care:

• structured data using reference terminologies (eg, ICD‐10 diagno-

ses from DRGs, local terminology codes for laboratory tests, Asso-

ciation for the Development of Informatics in Cytology and

Pathology codes for pathology diagnoses, Anatomical Therapeutic

Chemical terminology corresponding to drug prescriptions and

administration);

• unstructured data, such as clinical narrative notes, surgical proto-

cols, X‐rays, or pathology reports.
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Hence, a unique attribute of eHOP is that it allows users to search

for information from both structured and unstructured data. Addition-

ally, 2 different ways of querying data can be combined. Users can

build queries based on reference terminologies (eg, ICD‐10), or simply

submit keywords to retrieve both structured (eg, terminology labels) or

unstructured documents that contain these terms or keywords.

Users can then access documents via a dedicated interface that incor-

porates functionalities to allow navigating through the entire

patient EHR. eHOP is routinely used at the CHU‐RENNES to support

clinical research in feasibility studies, or for screening patients for

eligibility criteria.

The eHOP CDW currently provides the possibility to search

among 25 million unstructured data and 170 million structured ele-

ments. Some unstructured data, such as laboratory results or diagno-

ses, are also recorded in a structured form thanks to the

corresponding terminological codes. All these data are collected from

EHRs and cover more than 1.2 million patients.

For this study, we defined 2 datasets from eHOP: (1) a training set

that contained information on patients who stayed at the hospital

between January 1 and December 31, 2011; and (2) a test set that

contained data on patients who stayed at the hospital between Janu-

ary 1 and December 31, 2012.

The inclusion period of 1 year for the 2 sets was extended by

3 months to ensure that the data obtained would be complete. This

was done to take into account possible delays in the production of

documents for patients with a suspected anaphylaxis event who, at

the end of the studied period, had allergy‐related consultations. All

documents related to these patients and produced during the studied

period (including the 3 additional months) were used as part of the

information retrieval process.
2.2 | Definition of anaphylaxis

This study focused on patients who had drug‐induced anaphylaxis.

Anaphylaxis is an acute, potentially life‐threatening hypersensitivity

reaction that involves the release of mediators from mast cells, baso-

phils, and recruited inflammatory cells. Anaphylaxis is defined by a

number of signs and symptoms, alone or in combination, that occur

within minutes, or up to a few hours after exposure to a causative

agent.16 Concerning the underlying mechanisms, the anaphylactic

reaction can be IgE‐mediated or non‐IgE‐mediated. Based on the reac-

tion severity, anaphylaxis can be classified in 4 levels17:

• level I: presence of cutaneous signs;

• level II: presence of measurable, but not life‐threatening symp-

toms, including cutaneous effects, arterial hypotension, cough, or

ventilation difficulties;

• level III: presence of life‐threatening symptoms (eg, cardiovascular

collapse, tachycardia or bradycardia, arrhythmias, severe

bronchospasms);

• level IV: circulatory failure, cardiac, and/or respiratory arrest.

All anaphylaxis episodes that occurred at CHU‐RENNES or led to

hospitalization or required allergy investigations at the hospital were
considered relevant for our study. As in France, there are 31 regional

pharmacovigilance centers; we included only the anaphylaxis cases

that occurred in the geographic area covered by the Regional

Pharmacovigilance Center of Rennes.

Moreover, a given patient was included in the study and consid-

ered as having had a new anaphylaxis episode each time that she/he

was hospitalized or required allergy investigations at the hospital for

drug‐induced anaphylaxis during the study period.

2.3 | Extraction of the known drug‐related
anaphylaxis cases

The known cases of drug‐related anaphylaxis (reference drug‐related

anaphylaxis cases throughout the text) that occurred within or required

care at CHU‐RENNES during the training period (2011) were retrieved

from the French pharmacovigilance database, which contains all

reported ADRs, spontaneously reported and identified using DRGs

(based on 2 ICD‐10 billing codes: T88.2 and T88.6) (see Figure 1 for

the study design). The Medical Dictionary for Regulatory Activities

(MedDRA®) term “Anaphylactic responses” and the high‐level term

belonging to the System Organ Classes “Immune system disorders”

were used to query the database. Criteria on the active substance

responsible for the anaphylaxis were not included in the query.

The same procedure was used to extract the drug‐related anaphy-

laxis cases from the French pharmacovigilance database for 2012 for

the comparison with the results obtained with the test set (2012).

2.4 | Identification of keywords related to the
reference drug‐related anaphylaxis cases

Two different methods were used to identify potentially relevant

keywords:

a) Experts from the Regional Pharmacovigilance Center of Rennes

reviewed the discharge summaries of the reference drug‐related

anaphylaxis cases extracted from the French pharmacovigilance

database, in order to identify terms used by clinicians in connec-

tion with such episodes.

b) Analysis of the keywords used in the previous study to detect

cases of anaphylactic shock occurring during anaesthesia.14 These

keywords were “anaphylaxis” and “anaesthesia”. Only the cases in

which “anaphylaxis” OR “anaphylactic” OR “anaphylactoid” was

not mentioned in the discharge summaries could not be identified

in this study. Moreover, these previous results suggested that

keywords connected with symptoms of anaphylaxis were not suf-

ficiently specific.

2.5 | Definition of the optimized query

To define the optimized query, the set of keywords identified in 2.4

were used to query structured and particularly unstructured data to

find, at least, the reference drug‐related anaphylaxis cases in the train-

ing set (2011) from the eHOP CDW. Moreover, the performance of

each keyword was independently tested in terms of retrieval of the

reference drug‐related anaphylaxis cases, by using the following stan-

dard evaluation measures:



FIGURE 1 Study design to build the optimized query used to identify drug‐related anaphylaxis cases
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• Precision: fraction of drug‐related anaphylaxis cases among all

retrieved patients

• Recall: fraction of retrieved drug‐related anaphylaxis cases among

all anaphylaxis cases

• Synthetic F‐measure: 2 ·
precision·recall
precisionþ recall

A given keyword was considered to be relevant if its recall was at

least 0.5. The recall measure was prioritized because it is essential for

pharmacovigilance experts not to miss any relevant case. The optimized

query was built by combining the retained keywords (recall ≥0.5) with

the help of the inclusive disjunction (“OR”), so that the query would

retrieve all documents matching at least one of the relevant keywords.
2.6 | Evaluation of the optimized query in the test set

The real performance (precision, recall, and F‐measure) of the opti-

mized query and of each keyword forming this query (ie, all keywords

with a recall ≥0.5 in the training set) was assessed in the test set.

Two pharmacovigilance experts from the Regional

Pharmacovigilance Center of Rennes reviewed all potential cases

returned by the query in an independent and blind validation process

to confirm that they were real drug‐related anaphylaxis cases. Any dis-

agreements between experts required a consensus session before

reaching the final decisions on the patient's status and relative to the

definition of anaphylactic shock (and to the inclusion criteria) men-

tioned earlier. Validated cases from the test set were then compared

with the drug‐related anaphylaxis cases (spontaneous and DRG‐based

reporting) identified in the French pharmacovigilance database for

2012. Duplicated cases present in different data sources were identi-

fied using administrative data (initials, date of birth, etc.), the
characteristics of the side effects, suspected drugs, and date of occur-

rence. This step was necessary because a given patient could present

with several episodes of anaphylaxis during the study period.
2.7 | Final tuning of the query

During the final step, exclusion criteria were added to the optimized

query, consisting of keywords connected with the causes of anaphy-

laxis, identified by experts, in patients who had not suffered drug‐

induced anaphylaxis. This pruning phase was validated by testing the

optimized, pruned query using the training set to check whether all

reference drug‐induced anaphylaxis cases were still detected.

The study design is summarized in Figure 1.
2.8 | Ethics statement and funding sources

This study was approved by the Ethics Committee of the academic

hospital of Rennes and performed in accordance with the Declaration

of Helsinki guidelines.

The funding source, the French National Agency for Medicines

and Health Products Safety (ANSM), had no role in the study.
3 | RESULTS

3.1 | Extraction of reference drug‐induced
anaphylaxis cases from the French pharmacovigilance
database

In total, 30 anaphylaxis cases were identified in the French

pharmacovigilance database for the area covered by the Regional

Pharmacovigilance Center of Rennes for the year 2011. Among them,
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19 cases were selected as confirmed cases that occurred or required

care at the CHU‐RENNES. For the remaining 11 cases, 9 did not occur

at the CHU‐RENNES, 1 had a final diagnosis of mastocytosis, and 1

included an anaphylactoid reaction.
3.2 | Keyword identification and evaluation in the
training set

On the basis of the review of the 19 reference drug‐related anaphy-

laxis cases by the experts at the Regional Pharmacovigilance Center

of Rennes and the previous study on anaphylaxis during anaesthesia,

the following keywords were selected:

• Anaphylaxis query: words prefixed by “anaphy.”

• Tryptase query: “level” AND “tryptase” OR “increase” AND

“tryptase,” with a maximum of 2 words between them.

• Allergo‐anaesthesia query: words prefixed by “allergo‐anesth.”

• Allergen‐specific IgE query: “allergen‐specific IgE.”

• Prick testing query: “prick‐test.”

• Intradermal allergy testing query: “intradermal” OR “intra‐dermal.”

• Histamine query: words “histamine” AND “increased” with a max-

imum of 2 words between them.

• Contraindication query: “strictly contraindicated.”

• Immunoallergic query: words prefixed by “immunoaller.”

• RAST inhibition query: “RAST inhibition.”

The next step was to evaluate the capacity of different queries in

which the term “shock” or “collapse” was combined with one of these

keywords (all Oracle Text SQL queries are in Appendix 2.) to retrieve

the reference drug‐induced anaphylaxis cases from the training set

(n = 178 676 patients with at least 1 hospital visit in 2011). Among

the tested queries, “anaphylaxis” showed the highest recall, because

it retrieved 17 of the 19 reference drug‐induced anaphylaxis (0.89). It

was also the keyword with the lowest precision (0.08) (Table 1). The

queries “allergo‐anaesthesia,” “tryptase,” and “allergen‐specific IgE”

retrieved at least half of the reference cases (ie, with a recall higher

than 0.5).
TABLE 1 Query results using the training set (2011)

Id Query
No. of Retrieved Cases
Out of 19

1 Anaphylaxis 17

2 Allergo‐anaesthesia 13

3 Tryptase 10

4 Allergen‐specific IgE 10

5 Prick‐testing 7

6 Intradermal allergy testing 6

7 Histamine 4

8 Contraindication 4

9 Immunoallergic 2

10 RAST‐inhibition 1

Optimized query (1 OR 2 OR 3 OR 4) 19

Bold data correspond to keywords relevant for the optimized query.
On the basis of these results, an optimized query that included all

individual queries with recall ≥0.5 was built by using the inclusive dis-

junction (“OR”), so that any fulfilled condition was sufficient to retrieve

a relevant case. This optimized query had a recall value of 1 and a pre-

cision value of 0.07 (all 19 reference cases among the 270 patients

retrieved by the query) (Table 1).
3.3 | Optimized query performance in the test set

The test set included 182 127 patients with at least 1 hospital visit in

2012. The optimized query identified 253 patients and 452 matching

documents: 159 outpatient discharge summaries (35% of all docu-

ments), 110 biology results (24%), 73 inpatient discharge summaries

(16%), 42 DRGs (9%), 25 discharge summaries from the emergency

department (6%), and miscellaneous narrative documents (10%). The

“anaphylaxis” and “allergo‐anaesthesia” queries (which correspond

to signs and symptoms) mainly matched outpatient discharge

summaries, whereas the “tryptase” and “allergen‐specific IgE” queries

(which correspond to biological results) matched laboratory results

(Table 2).
3.4 | Expert evaluation

The 2 experts identified 59 cases of drug‐induced anaphylaxis among

the 253 patients retrieved from the test set using the optimized query:

38 cases of drug‐induced anaphylaxis that occurred or required care at

the CHU‐RENNES, and 21 cases that required allergy investigations at

the hospital (Table 3). The detailed results on each keyword perfor-

mance can be found in Table 4.

Specifically, among the 253 patients, 1 expert identified 60 and

the other one 56 cases of drug‐related anaphylaxis. Ten disagreements

between experts were resolved during consensus sessions. These dis-

agreements included 3 cases that were validated by one of the experts,

although the date of occurrence of the shock was not included in the

study period; 1 case that was wrongly excluded because the date of

occurrence was inaccurate, but within the study period; 3 cases that

were included by 1 expert, although the name of the drug was not

reported (only its pharmacological class); and 3 other cases that were

not identified by 1 of the 2 experts when reading the records.
No. of Returned Patients
Out of 178 676 Precision Recall F‐Measure

226 0.08 0.89 0.15

44 0.30 0.68 0.42

38 0.26 0.53 0.22

87 0.11 0.53 0.18

28 0.25 0.37 0.30

100 0.06 0.32 0.10

9 0.44 0.21 0.28

6 0.67 0.21 0.32

13 0.15 0.11 0.13

2 0.50 0.05 0.09

270 0.07 1.00 0.13



TABLE 2 Summary of the types of retrieved documents (test set, 2012)

Overall
Outpatient
Discharge Summary

Inpatient
Discharge
Summary DRGs

Discharge Summary from
Emergency Department

Laboratory
Results Other

Query No. % No. % No. % No. % No. % No. % No. %

Anaphylaxis 343 100 149 43.4 73 21.3 42 12.3 25 7.3 11 3.2 42 12.5

Allergo‐anaesthesia 38 100 36 94.8 1 2.6 0 0 0 0 0 0 1 2.6

Tryptase 65 100 19 29.2 2 3.1 0 0 0 0 42 64.6 2 3.1

Allergen‐specific IgE 127 100 33 25.9 3 2.4 0 0 2 1.6 88 69.3 1 0.8

Optimized query 452 100 159 35.2 73 16.2 42 9.3 25 5.5 110 24.3 43 9.5

Bold data correspond to keywords relevant for the optimized query.

TABLE 3 Comparison of data sources for the identification of drug‐induced anaphylaxis cases (2012)

Source
Number of Cases that
Occurred at CHU‐RENNES

Number of Cases that Required
Allergy Investigation at CHU‐RENNES

Total Number of
Cases

eHOP CDW (test set)

Total 38 21 59

Only detected in eHOP 26 15 41

Not detected in eHOP 3 4 7

DRGs

Total 10 n/a 10

Only detected with DRGs 0 n/a 0

Not detected with DRGs 31 n/a 31

Spontaneous reports

Total 7 10 17

Only detected by spontaneous reports 3 4 7

Not detected by spontaneous reports 34 15 59

Totala 41 25 66

aTotal number of individual cases of drug‐related anaphylaxis identified using the 3 sources.

TABLE 4 Optimized query evaluation using the test set (2012)

Id Query
No. of Retrieved
Cases Out of 59

No. of Returned Patients
Out of 182 127 Precision Recall

F‐
Measure

1 Anaphylaxis 44 190 0.23 0.74 0.15

2 Allergo‐anaesthesia 11 35 0.31 0.19 0.42

3 Tryptase 22 56 0.39 0.37 0.22

4 Allergen‐specific IgE 42 114 0.37 0.71 0.18

Optimized query (1 OR 2 OR 3 OR 4) 59 253 0.23 1 0.13
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3.5 | Comparison of data sources for the
identification of anaphylaxis cases

Analysis of the in French pharmacovigilance database for the year

2012 highlighted the presence of 17 drug‐induced anaphylaxis cases

at the CHU‐RENNES and 10 cases that required care at the hospital

(Table 3). Comparison of the data concerning the drug‐induced ana-

phylaxis cases identified in the test set (eHOP) and in the French

pharmacovigilance database showed that among the 41 cases that

occurred at the hospital (test set + French pharmacovigilance database

cases, see Table 3), 17 were already recorded in the French

pharmacovigilance database (10 cases identified from DRGs and 7

spontaneously reported by physicians). Only 2 cases were shared by

these 2 last data sources. Among these 17 cases, only 3 cases, which

were spontaneously reported by physicians, were not found by query-

ing the test set. One had a missing discharge summary, one was
described as an “allergic reaction”, and the last one was only described

using symptoms related to anaphylaxis. Twenty‐six cases were only

found by querying the test set from eHOP.

Among the 25 cases that required allergy investigations at the

hospital (Table 3), 10 were spontaneously reported by physicians. Four

of these spontaneously reported cases were not detected via eHOP.

These 4 cases occurred in the area covered by the Regional

Pharmacovigilance Center of Rennes, but allergy investigations were

not conducted at the CHU‐RENNES during the studied period. Fifteen

cases were detected only in the test set.

3.6 | Final tuning

Besides drug‐induced anaphylaxis, the main causes of anaphylaxis

identified by experts were food and insect stings. Therefore, the fol-

lowing keywords were added to the optimized query as exclusion
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criteria: “flour,” “rye,” “wheat,” “venom,” “wasp,” “hymenopteran,”

“stings,” “bee,” “bumble bee”, and “insect”. The other source of false

positive cases was the mention of “shock” or “collapse” in the docu-

ments describing the patients' medical history. Consequently, another

exclusion criterion was added to exclude patients for whom only the

keywords “shock” or “collapse” appeared in their medical history

(see Appendix 3., containing the complete Oracle text SQL query).

The new optimized query that included also the exclusion criteria

retrieved 200 potential cases from the test set (2012), compared with

the 253 cases obtained by using the first version of the optimized

query. This reduced group still contained all 59 drug‐related anaphy-

laxis cases, thus resulting in a final precision of 0.29. The same process

using the training set (2011) still retrieved the 19 reference drug‐

related anaphylaxis cases among 202 potential cases, compared with

270 cases retrieved by the original query.

Finally, based on the dates on the retrieved documents, it was cal-

culated that the median number of potential cases per week was 3

(IQR: [2‐5]), with a median number of validated drug‐induce anaphy-

laxis cases of one every 2 weeks (IQR: [0‐3]).
4 | DISCUSSION

4.1 | Comparison of data sources for the
identification of anaphylaxis cases

Our study demonstrates the added value of using information technol-

ogies, such as CDWs to improve the current practice, specifically in

terms of identifying ADRs. The methods currently used, such as spon-

taneous reporting and DRG queries, do not detect all relevant ADRs

and thus lead to underestimating drug safety issues. As suggested by

some authors, it is extremely valuable to use additional data sources

that allow better ADR detection and contribute to improving drug

safety for patients.7

We do not intend to offer a method that exhaustively detects

every case of drug‐induced anaphylaxis. Producing reliable estimates

for missing cases is undoubtedly a complex and time‐consuming task

because it would require reviewing all hospital visits during a given

period to confirm both the occurrence of the anaphylaxis episode

and the causal link with the administration of a drug. Yet, we do believe

that spontaneous reporting, DRG queries, and CDW (eHOP in our

study) queries are complementary and can be integrated into a global

strategy for the systematic detection of ADRs.

4.2 | Evaluation of the query on the test set

If we compare the performance of 3 ADR detection methods on the

test set, all cases spontaneously reported by physicians were valid

drug‐related anaphylaxis cases. In addition, DRG reporting allowed

the validation of 10 of the 11 (90.9%) potential cases of anaphylactic

shock (ICD‐10 billing codes T88.2 and T88.6). By contrast, only 59

cases were validated among the 200 anaphylaxis cases (29.5%) identi-

fied in the test set (from eHOP) using the improved query with

exclusion criteria (38 cases that occurred or required care at the

CHU‐RENNES [19%], and 21 cases that required allergy investigations

at the hospital [10.5%]). The eHOP query is less specific than
spontaneous reporting and DRG queries, although its sensitivity is far

higher, thus allowing the detection of a larger number of relevant cases

(41 of the 59 cases identified via the eHOP query were new).

Concerning the drug‐related anaphylaxis cases that occurred or

required care at the CHU‐RENNES, the proposed eHOP query

detected all the cases identified through the DRG query, 4 of the 7

spontaneously reported cases, and 26 not previously known cases.

The eHOP query also detected several cases that did not occur at

the CHU‐RENNES, but that only required allergy investigations

(including outpatients). This kind of case cannot be identified via

DRG queries because DRGs are only produced for inpatients. In addi-

tion, our method retrieved patients mainly from outpatient discharge

summaries or laboratory results that are inaccessible to the DRG

query.

Comparison of the keyword recall values in the training (2011) and

test (2012) sets showed that the keywords “anaphylaxis” and “allergen‐

specific IgE” allowed the detection of more relevant cases. Conversely,

“allergo‐anaesthesia” and “tryptase” displayed a lower recall value in

the test set than in the training set. This could lead to false positive

results when using these 2 keywords, which can be explained by the

fact that consultations for anaesthesia‐related allergy problems and

tryptase tests are only performed after the identification and investiga-

tion of drug‐induced anaphylaxis (ie, the type of cases that were iden-

tified in the training set). Thus, these keywords are not as pertinent for

the identification of unknown cases that have not been spontaneously

declared or identified via DRG. These observations highlight the com-

plementarity of these 3 methods to improve the use of the available

data sources for ADR detection.
4.3 | Added value of the eHOP CDW

One of the strengths of the eHOP technology is the possibility to

query both unstructured and structured data. For instance, 56.9% of

all retrieved documents were unstructured: discharge summaries from

inpatients, outpatients, or emergency departments (Table 2). Struc-

tured data (DRG codes and laboratory results) constituted only

33.6% of all retrieved documents, and most information found in EHRs

is recorded as free text. More specifically, the search terms “tryptase”

and “allergen‐specific IgE” may improve the thoroughness of anaphy-

laxis detection. Most institutions currently use the standard i2b2 plat-

form as their CDW technology, although its main purpose is the

integration of structured data. Therefore, when only structured data

are obtainable (or full‐text information retrieval systems are not avail-

able), querying tryptase laboratory tests or allergen‐specific IgE assays

from i2b2, or even directly from laboratory information systems, can

help to improve the detection of drug‐induced anaphylaxis cases.

We consider that it is crucial to have the appropriate tools to ade-

quately leverage the richness of the different data sources. Therefore,

the eHOP CDW is currently deployed in the 6 main academic hospitals

of western France. This could lead to the implementation of our query

method by other pharmacovigilance centers, thus allowing the assess-

ment of its potential and also an easier ADR detection at a larger scale.

Another advantage of eHOP over other CDW technologies is its

easier access to EHR data that could facilitate the investigation process

by pharmacovigilance experts. We found that if the eHOP query was
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used in routine practice by pharmacovigilance experts, the average

number of potential cases to be investigated would be 3 per week

(IQR: [2‐5]). This method would result in 1 valid case detected every

2 weeks (IQR: [0‐3]). This additional workload would be viable and

could be handled by pharmacovigilance experts as part of their prac-

tice. In addition, eHOP provides a user interface for navigating through

EHRs, thus making the investigation process even easier.

4.4 | Perspectives

Several options can be further explored to improve the proposed

method. For instance, natural language processing could increase the

detection accuracy, as the presence of the keyword “anaphylaxis” in

the patients' medical history yielded several false positive cases. Most

importantly, the available amount of health data and their heterogene-

ity require using machine learning and text mining approaches. Our

study demonstrates that simple information retrieval methods are very

efficient when the concepts to be retrieved can be described with rel-

atively specific keywords. This is particularly true in pharmacovigilance,

where there is still space for significantly improving ADR detection

rate and accuracy. Our method could be applied to other ADR type.

However, many diseases have complex characteristics and several eti-

ologies, besides ADRs. In such cases, machine learning approaches

could help to detect hidden or latent characteristics that are specific

to complex ADRs.
5 | CONCLUSION

Pharmacovigilance is crucial for the efficient long‐term management of

drug safety. This requires the development of suitable tools. Here, we

described an information retrieval‐based method for the detection of

drug‐induced anaphylaxis, based on querying both structured and

unstructured data from a CDW. Besides the 25 cases already known

from spontaneous and DRG reporting for 2012, with this method we

could identify 41 additional cases. Our method can be easily imple-

mented in the routine practice and could be proposed to other regional

pharmacovigilance centers to better identify well‐defined ADRs. Addi-

tional improvements may be necessary for the detection of more com-

plex ADRs, possibly by using natural language processing, as well as

machine learning and text mining methods.
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APPENDICES
Id Query name Oracle text query expression

1. | Appendix 1: List of ICD‐10 codes used by the
pharmacovigilance center of Rennes
ICD‐10 billing
code Description

G21.0 Malignant neuroleptic syndrome

G62.0 Drug‐induced polyneuropathy

J70.2 Acute drug‐induced interstitial lung disorders

K71.0 Toxic liver disease with cholestasis

K71.1 Toxic liver disease with hepatic necrosis

K71.2 Toxic liver disease with acute hepatitis

K71.6 Toxic liver disease with hepatitis, not elsewhere
classified

K71.8 Toxic liver disease with other disorders of liver

K71.9 Toxic liver disease, unspecified

L27.0 Generalized skin eruption due to drugs and medicaments

L51.0 Nonbullous erythema multiforme

L51.1 Bullous erythema multiforme

L51.2 Toxic epidermal necrolysis [Lyell]

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

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

N17.0 Acute renal failure with tubular necrosis

N17.1 Acute renal failure with acute cortical necrosis

N17.8 Other acute renal failure

N17.9 Acute renal failure, unspecified

T88.2 Shock due to anaesthesia

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

1 Anaphylaxis (shock or collapse) and anaphy%

2 Allergo‐
anaesthesia

(shock or collapse) and allergo‐anesth%

3 Tryptase (shock or collapse) and (NEAR((level, tryptase), 2,
TRUE) OR NEAR((increase%, tryptase), 2,
FALSE))

4 Allergen‐specific
IgE

(shock or collapse) and allergen‐specific IgE%

5 Prick‐testing (shock or collapse) and prick‐test

6 Intradermal
allergy testing

(shock or collapse) and intradermo or intra‐dermo

7 Histamine (shock or collapse) and NEAR ((increase%,
histamine), 2, FALSE)

8 Contraindication (shock or collapse) and contraindication for life

9 Immunoallergic (shock or collapse) and immuno‐aller%

10 RAST inhibition (shock or collapse) and RAST inhibition

Optimized query (shock or collapse) and (anaphy% OR NEAR((level,
tryptase), 2, TRUE) OR NEAR((increase%,
tryptase), 2, FALSE) OR allergo‐anesth% OR
allergen‐specific IgE%)
2. | Appendix 2: Oracle text queries based on keywords
identified by experts
3. | Appendix 3: Optimized query with exclusion criteria:
complete Oracle text SQL query (shock or collapse) and
(anaphy% OR NEAR((level, tryptase), 2, TRUE) OR
NEAR((increase%, tryptase), 2, FALSE) OR allergo‐anesth%
OR allergen‐specific IgE%) not (flour or rye or wheat or
venom% or wasp% or hymenopter% or sting% or bee% or
bumble bee% or insect% or near((medical history%, shock%
or collapse), 50, true))


