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Abstract. Although several methods exist for Adverse Drugngs (ADE)
detection due to past hospitalizations, a tool dwad display those ADEs to the
physicians does not exist yet. This article pres#m ADE Scorecards, a Web tool
that enables to screen past hospitalizations egttairom Electronic Health
Records (EHR), using a set of ADE detection ryssently rules discovered by
data mining. The tool enables the physicians toggt) contextualized statistics
about the ADEs that happen in their medical depamtn(2) see the rules that are
useful in their department, i.e. the rules thatld¢dwave enabled to prevent those
ADEs and (3) review in detail the ADE cases, thiopagcomprehensive interface
displaying the diagnoses, procedures, lab resaltsinistered drugs and ano-
nymized records. The article shows a demonstratiche tool through a use case.

Keywords. Adverse Drug Events, Adverse Drug Reactions, daiaing,
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Introduction

The Institute Of Medicine defines ADEs as “injuridge to medication management
rather than the underlying condition of the pati¢h}. That definition emphasizes that
ADEs are due to a combination of causes, includingys (drug administration, dose
variations, and drug discontinuations) and charisties of the patient (such as the age,
diseases, renal and hepatic functions) [2].

When computerized provider order entries (CPOEs)used to prescribe drugs, it
is possible to detect situations at risk of ADE pravention rules, such &ideparin &
age>70 =2 increased bleeding risk"Those rules enable to detect risky situations and
to prevent from an ADE by alerting the prescrildgre ADE is still not observed when
the alert fires: that can be callptbspective ADE prevention

Another subject of research listrospective ADE detectiont aims at analyzing
past hospital stays to discover cases where AD&aly/reccurred. An ADE case is a
hospital stay where an outcome occurred, and wihateoutcome is explained by a set
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of causes related to drug administration or disooation, possibly combined with
characteristics of the patient. Several approatiaee been developed in the field of
retrospective ADE detection [3-4]. They can be sifeed into expert-operated methods,
or automated methods. The expert-operated methgisse that an expert explicitly
identifies the ADE cases. Those methods consisttodspective medical chart reviews
and reporting systems. The development of automauetthods is more recent. Those
methods include natural language processing ohdige summaries [5-8], and data
mining of electronic health records [9].

Whatever the method used for ADE retrospective aiete, a tool that could
display the detected ADE cases and related statiiithe physicians of medical units
does not exist yet. As a consequence, the physia@ennot aware of how many ADEs
occur in their medical unit, and they cannot imgrdiveir medication management.

The objective of the present work is to develop aegloy a tool that can be
installed in any hospital to automatically deteastpADE cases and to display those
cases to the physicians. The tool must take ast ilgmords of past hospitalizations
extracted from the Electronic Health Records (EldRbhe hospital, and a set of ADE
detection rules. The tool must run the rules, amvyide the physicians of the hospital
with comprehensive statistics about ADEs in therentr department, the ADE
detection rules that are interesting in the curdagartment, and the ability to review
the ADE cases that are detected by the system.

1. Material

The material consists of data that correspond #b paspital stays, and a set of ADE
detection rules obtained by means of data mining.

1.1.Records of past hospital stays

As the objective is to mine past hospital staysiszover ADE cases, the Scorecards
must be provided with structured description ofdteys extracted from the EHR of the
hospital where it is installed. This descriptiots fa data model that has been designed
previously within the PSIP Project [10]. It onlyassroutinely-collected data: no data
have to be specifically recorded or computed far 8corecards. The data model
includes:
« Medical and administrative information (e.g., agender, admission date)
« Diagnoses encoded using the International Classific of Diseases (ICD10)
« Medical procedures
e Drugs administered daily to the patient, encodethgugshe Anatomical
Therapeutic Chemical classification (ATC)
e Laboratory results encoded using the Internatibirabn of Pure and Applied
Chemistry classification (IUPAC) or local termingles
* Anonymized free-text records, such as dischargertet
The Scorecards are installed in four hospitalsD@mmark, France and Bulgaria)
and provided with about 90,000 records over 3 y€2087-2010). In some of those
hospitals, the data are updated monthly.



1.2.Adverse Drug Events detection rules

The knowledge about ADEs can be summarized by mebABE detection rules. An
ADE detection rule is made of one or several Bawoleanditions that lead to an
outcome, with a given probability, such @ause & Causg & Causg - Outcome
That representation is widely used either for peastipe ADE prevention or
retrospective ADE detection [11]. Generally, thenditions are simple: two drugs, a
drug and a lab result, a drug alone, a drug aratiarg’s characteristic, or a drug and a
drug allergy [4, 12-23]. In this work we use a&E236 rules that have been discovered
in a previous work by data mining of EHRs [9]. Thaslles involve 1 to 4 conditions
that lead to an outcome. The conditions can beeofiatjraphic characteristics of the
patients, drug administrations or discontinuatidalpratory results, or diagnoses. The
number and the kind of the conditions were not traimeed by the methods but were
optimized by the use of statistical procedures. fiikes enable to discover 56 kinds of
outcomes, displayed in Table 1.

Table 1. Number of ADE detection rules per outcome

Outcome Rules
Coagulation disorders

Hemorrhage (detected by the administration of hatatic) 7
Heparin overdose (activated partial thromboplatstie>1.23) 5
VKA overdose (INR>4.9 or administration of vitar) 59
Thrombopenia (count<75,000) 24
Other coagulation disorders 23

lonic and renal disorders

Hyperkalemia (K>5.3 mmol/l) 63
Renal failure (creatinine>135 pmol/l or urea>8 mifol 8
Other ionic disorders 4
Miscellaneous

Anemia (Hb<10g/dl)

Bacterial infection (detected by the administratidrantibiotic)
Diarrhea (detected by the administration of an-diatirheal)

Fungal infection (detected by the administratiomfantifungal)
Hepatic cholestasis (alk. Phos.>240 Ul/l or biling»22 pmol/l)
Hepatic cytolysis (ala. trans.>110 U/l or aspnga110 UI/)
Hypereosinophilia (eosinophilocytes>1p

High level of pancreatic enzymes (amylase>90 Ulligase>90 Ul/I)
Neutropenia (count<1,500/nfn

Others

Total 236

aN PrwBoed

The rules are described as a set of structured Rlgé.[24]. Those files include:

* Mappings, that enable to transform the raw data Bdolean variables, e.g.
potassiune5.3 2 hyperkalemia=1

* The set of rules, identified as set of conditidnkdd to outcomes.

« A lexicon that enables to automatically replaceriaenes of the variables by
understandable English, French or Danish labels.

« A set of free-text explanations that describe eade and provide with
bibliographic references. Those explanations agglabhle in three languages
for several uses (short label, long label, “whadtj label) and for several
users (physicians, nurses and patients).



2. Methods

The display of statistics on ADEs and ADE caseisebn two steps (Figure 1). The
first step,computation stepconsists in applying the ADE detection rulesht® hospital
stays in order to detect ADE cases and to comgatistics about ADEs. The second
step,Web-based display tqatonsists in displaying the statistics and the AlaBes.

The Method section mainly deals with the computasitep. The conception of the
display tool is briefly explained in this secticamd then the Web-based interface is
illustrated in the Results section.

The ADE Scorecards

S o :
; Statistics about P Comprehensive
\‘ : / the rules \ | statistics on ADEs
i (Computation eb-based “eD ioti f
| step display togl/ | . escription o
/:v \ . / ! interesting rules
<xml> | / List of | = ADE case review
Rules ) | ADE cases |

Figure 1. The ADE Scorecards rely on a computation stepsaeb-based display tool.
2.1.Computation step

The computation step consists in applying the rdasthe hospital stays that are
extracted from the EHR. A rule is a set of conditideading to an outcome, such as
C; & ... & C=20. A stay that “matches the conditions of the rule’a stay that
belongs to the s&&;, n ... n G, if in addition the conditions are compatible netjag
time: max(startTimeg, ..., startTimeQ) < min(stopTimeg ..., stopTimeg. A stay
that “matches the rule” is a stay that belongheosetC, n ... n G n O, if in addition
the conditons and the outcome are compatible daiggr time:
max(startTimeg..., startTime) < startTimeO < min(stopTimeg..., stopTimeg.
This enables to compute several statistics for eatdh in the hospital. The same
statistics are also computed separately in eachicaledepartment, we call them
“contextualized statistics”. The statistics are:

e Support=P(@O C;n ...n C)

e Confidence=P(O | ... n C)
P(O/C, n...nC,)

P(O/(C,n..nC,))

« P value of the Fisher's exact test for independdretyeen the outcome (O)
and the set of conditions(@ ... n Cy)

* Median delay between {the conditions are met) angd(the outcome occurs)

e Description of the background of the patients: ager age, sex ratio,
prevalence of renal insufficiency, hepatic insuéficy, and alcoholism.

< Description of what happens to the patients thégeadverage length of stay,
death rate, etc.

e Relative risk RR=



2.2.Conception of the Web-based display tool

A Web-based tool is developed to display the stesislescribed above, the rules that
are interesting, and the ADE cases. The followinigstraints are taken into account.

The Scorecards must be easily accessible: they are developed in PHP as a Web-
based application and made available through arci#@®TTP server connected to a
MySQL relational database. Any member of the staffiipped with a Web browser
can use the Scorecards, assuming he has validntisde

The Scorecards must preserve the anonymity of the patients: the data used in the
Scorecards concern patients who have already bémhadged. The knowledge
brought by the Scorecards is generic and ther® ise®d to connect the data to the
original records by name. The free-text recordg.(elischarge summaries) are
automatically anonymized. The structured data dacootain any directly or indirectly
nominative data (identifiers, names, birth datetesleof the stay, precise age, ZIP
code...). Finally, the Scorecards are deployed iriritranet of each hospital.

The Scorecards must be easy to use: the must be able to quickly and simply find
the relevant information, and not to be floodedtdby much useless information. The
scorecards have been developed using a Human-edriesign process [25].

The Scorecards must provide the users with contextualized information: the
information displayed to the user must depend am tiser’'s characteristics and
requirements. The statistics that are displayedcanmsputed especially in the medical
department of the user, and the cases that ardayksp really occurred in his
department. In addition, the Scorecards are fullyitiimgual. For the moment, the
following languages are supported: English, Freanoth Danish.

The Scorecards must be easy to deploy: The Scorecards are developed as a
bootable ISO image, so that it requires a few timdeploy them into a new hospital,
assuming that the data extraction are availabiledrform of tabulated text tables.

3. Reaults

This section describes the ADE Scorecards. The feainres are described in the
first section, and the second part consists okacase that demonstrates the tool.

3.1.Main features

The ADE Scorecards are a Web tool for ADE detectiod ADE-related knowledge
visualization. The basic course of events consiE&steps (Figure 2). Once logged in,
the user can visualize global statistics about ADRshis department. On a
comprehensive page, it is possible to know how m&b¥es occurred with respect to
their kind. Then, by choosing a type of ADE, theruaccesses the list of rules that are
interesting in his department, i.e. the rules thatild have enabled to prevent some
ADEs in the department. Those rules are complerdebyecontextualized statistics.
There is a hypertext link to the ADE cases, whiltbves the user to visualize all the
anonymized data, including demographics, diagnopescedures, lab results (in
tabular or graphical form), drugs administeredhe patient (in tabular or graphical
form), and anonymized free-text reports. This hétgsuser making his opinion about
the case.



Login
|
[ Global statistics ]

'

List of interesting rules
and related statistics

Exploration of some cases
By a physician | By an expert

Figure 2. Basic course of events

From a technical viewpoint, the Scorecards areildiged as a bootable ISO image
that contains a Web server and a set of PHP sclipigsto be installed onto the intranet
of a hospital; the installation is immediate. Thspital records have to be extracted in
tabulated text according to the data model, andaatematically loaded into the
database. If they are available, the free-text msplmave to be anonymized first. The
rules are stored as a set of XML files that canebsily updated or replaced by a
customized rule set. The users have to be regiktete a specific table. Then, the tool
is available from the intranet through a HTTP canios.

3.2.Use case

The features of the Scorecards are presented threugequence of commented
screenshots that correspond to the following ptessibenarios: “A physician working

in a hospital, from which the ADE Scorecards arailable, uses the Scorecards for
various purposes. (Scenario 1) He wants to havenaprehensive overview of the

ADEs that have been detected in his medical degattrduring the last 6 months.

(Scenario 2) Among those kinds of ADEs, he wantexplore the rules that lead to
hyperkalemia (Scenario 3). Then he wants to explareof the probable ADE cases to
form his own opinion.”

3.2.1.Scenario 1: comprehensive overview about ADEsdegartment

The user has to use a computer connected to trenéttand equipped with a Web
browser. Once logged in, he has access to theesiathage (Figure 3). The language
select box allows for choosing the language: Fregelglish or Danish. The synthesis
page (Figure 3) consists of 3 zones. The tablg (paf Figure 3) displays the number
of ADEs detected month per month. Each line of tiide is a kind of ADE; each
column is a month of the current year. The linerclisplays the same information
using a chart (part 2 of Figure 3). In the thirchedpart 3 of Figure 3), the user can
chose a period of the analysis, from 2007 to 26iis also able to choose some kinds
of ADEs and validate the form in order to genethtescorecards per kind of ADE.

3.2.2.Scenario 2: exploration of the interesting rulesidepartment

Once the user has chosen one or several types BEAdDd validated the form, he is
displayed one page per kind of outcome choseneirptivious list. In this use case, the
user focuses on the cases of hyperkalemia. Thegota is an electrolyte; its level in

the plasma is regulated by the kidneys and mighinBeenced by some drugs and
diseases. In case the potassium level raises BBtomol/l, there is a hyperkalemia:

this kind of anomaly could lead to lethal cardibgthm troubles.
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Figure 3. Synthesis page of the Scorecards

The complete scorecard is displayed (Figure 4). @dge contains 4 zones, and is
conceived to be either explored on the screeniontgar on paper. At the top of the page,
the user can read the period, the place, and ttoeme that is traced (part 1 of Figure
4). In the second area, descriptive statisticscaraputed (part 2 of Figure 4); they
describe the stays that have been detected willhinearules. In the third area, all (and
only) the rules that enable to detect potential AfSes in the current department are
displayed (part 3 of Figure 4). For instance, tlserucan read that Low Molecular
Weight Heparins (LMWH) can induce hyperkalemia esqiéy for patients suffering
from renal insufficiency (rule N°1). In the curredépartment, 17% of patients with
LMWH and renal failure encountered a hyperkalemia median delay of 4.5 days. At
the bottom of the page (part 4 of Figure 4), mataited explanations are provided for
each rule. They can be reached by clicking onrtermal hypertext links placed on the



number of each rule. If the user wants to checkafrtbose stays, he just has to click
on the number of stays beside a given rule, onrigig. Doing this, a popup displays
the different cases that match the rule. The uaarreach the corresponding stay by
clicking on its identifier.
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Figure 4. Scorecard of hyperkalemia {¥5.3)

3.2.3.Scenario 3: review of an ADE case

By clicking on its identifier, it is possible toview a potential ADE case. The user can
reach several pages that display all the availaiftemation according to the data
model. A page also provides comprehensive infomnatibout the stay; we present
here only this screen (Figure 5). This screen ideng of 3 main parts. The top frame
contains several buttons that will be describegrlathe left panel enables to review all
the drugs that have been administered to the pafide right panel enables to review
all the laboratory results.

In the lab panel (right), by clicking on the “Patasn” checkbox (label 1 on
Figure 5), the user makes the Potassium chart appeshe screen. The Potassium
checkbox has a colored background because it idifidel as the outcome within the



rules that fire on the present stay. Several cheats appear on the same page if
necessary. In this case the Potassium ion reaclatua of 5.7 on the seventh day
(label 2 on Figure 5).

If the user wants to see the rules that fire fat gtay, he just has to click on the
button “rule info” in the head panel. A popup apgeas displayed in Figure 6.
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Figure 5. Main screen of the stay review facility
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Figure 6. Popup displaying information about the rules &f trrent stay

In the present case, according to the rules, thigsdimvolved are statins, beta
blockers, angiotensin conversion enzyme inhibaod potassium.

On the drug panel (left part of Figure 5), the usam review the drugs. The drugs
that correspond to the various rules appear onaremb background (labels 3-6). The
user can check that the potassium (label 3), tkeelilecker (label 4), the association of
the angiotensin conversion enzyme inhibitor ancaggiim sparing diuretic (label 5)
and the statin (label 6) have been administeredrbefay 7, the date of the outcome.
All those drugs are known to increase the potassilood level. In the present
example, the user can also notice the reactionshefphysicians. Hopefully the
potassium is suspended before the hyperkalemia®¢lebel 3). But as the potassium
level reaches a very high level, a potassium lavgedrug is administered during the
seventh day (label 7).




The user can also access additional informationcligking on the “more
information” button of the head panel. A popup appeand displays the age, the
gender, the length of stay, the exit mode, anddibgnoses. In the present case, the
hypokalemia is encoded (it was probably the admisground), but the hyperkalemia
is not. Finally, the Scorecards also enable the teseead the anonymized letters and
reports that are previously anonymized. In thatcigee case, the hypokalemia is
mentioned in the report but not the hyperkalemiae physician concludes “woman
admitted for a hypokalemia in relation to a gastnteritis (...) after correction, the
potassium level is normal (...)".

4. Discussion & Conclusion

The ADE Scorecards are an innovative tool that ksalto automatically detect
occurred ADE cases, by screening anonymized datacted from an EHR with a set
of rules. The detection is automated and doesrétrany expert review, contrary to
chart reviews or voluntary declarations. The ruiesd here have been obtained by data
mining of EHRs but, as the rules consist of a §&{ML files, it is simply possible to
use a custom set of rules instead. Occurred ADEscase detected, and several
statistics are automatically computed, allowing thigysicians to get quantitative
knowledge about ADEs. The physicians are also peali with contextualized
knowledge about ADEs, in the form of the set ofsuthat are interesting for them in
their own department. This feature is importanttreesknowledge about ADEs is very
profuse, and not sorted by probability. Using tle®r8cards, the physician can get a
reasonable amount of qualitative knowledge: thaitwkadge is contextualized and
describes their own medical unit. Moreover, thersiss|re more responsive to that
knowledge because it concerns ADEs that really weduin their own medical unit,
and they are able to review the cases in detail.

The ADE Scorecards can very easily be deployedhintmspital, as they consist
of a Web server that is distributed as a boota®{@ image. The hospital has to be able
to provide the Scorecards with structured extractib data from the EHR, including
administrative data, diagnoses, lab results and ddministration. If the hospital is
able to provide the Scorecards with anonymized nepthen the users will benefit
from them.

The Scorecards are currently being evaluated throigee aspects. (1) The
accuracy and the reliability of the set of rules avaluated by medical experts who are
reviewing the ADE cases detected by the tool. (2)teAm of ergonomists and
psychologists is evaluating the usability of theolto(3) A prospective impact
assessment is performed, to assess if the tootl dwelp reducing the incidence of
ADEs in a French hospital.
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