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PREVENTABLE MEDICATION ERRORS INVOLVING LOOK-ALIKE/SOUND-ALIKE MEDICINE
NAMES AND SIMILARITIES IN PACKAGING APPEARANCE:
TRAINING THE FUTURE PHARMACISTS FROM DIRECT EXPERIENCE

Modamio P, Figueiredo C, Lastra CF, Marifio EL
Clinical Pharmacy and Pharmacotherapy Unit, Depariment of Pharmacy and Pharmaceutical Technology.
Faculty of Pharmacy. University of Barcelona. hitp://www.ub.edu/farclifweb

Background:

Confusion caused by Look-Alike/S: d-Alike (LASA) medici mmesa\dsmnh-mesnpachgngappezmsawelmmnsoumofmm«mf
(ME) all over the world. Training future health care pr i is an imp strategy p ing ME.

Purpose of Study:

To porting of pr i i ing Look-Alik Alike (LASA) medicine names and similarities in packaging appearance
by in order to hi i of their future role in error prevention and patient safety.

Study Design and Methods:
= The ME were d d and reported by in the course “Clinical F y and F ical Care” (fourth year, second semester of
ﬁnp'umacysylabts),ﬁunﬁnlrmwlﬁmdem(atmﬁmﬂsm)

rtil thod: Y ugh the Medication Safety Reporting Program (SEGURMED) available at our website.
Reporhngpenod.h!enmﬂls(lardﬂhyzml).

Findings of Study:

Reports: 505 from 193 students, resulting in 375 accepted and 87 refused
s pted errors per
From the total accepted errors, 128 (34.1%) involved unsafe
medicines naming - Brand names and Intemational
Nonproprietary Names (INN) - and packaging.

Error categories: Classified into 4 main sets:

(1) Look-Alike packaging and same drug (66.4%) -
(2) Look-Alik kaging but different drug (23.4%). Tt was \1)Look-Allke packaging and came drug: 12} Look-Alke packaging but different crug:

7 Diazepam Prodes 10 mg vs. Diazepam Prodes Lioresai 10 myg {INN- Baciofen) vs. Ludiomd 10
found a set of LASA drug names and Look-Alike packaging at & mg (INN: Diazepam). mg (INN: Maprottine hydrochioride).
the same time (n=7, 5.6%)
(3) Look-Alike/Sound-Alike brand name (8.6%)
(4) Look-Alike/Sound-Alike drug name (2.3%)

Category of the error: Most of them (n=125, 96.7%) were considered
pdlmhdME(categoryA).hst:!odofﬂS(m)weve
ME i errors related to LA

that ‘in‘ i -( y), although
these did not cause harm to the patient (category B).

> e mwmnmnmnmm
We must note that one of this ME observed happened while diario 0.03 mgy 3 mg

using an electronic prescription order, which is considered one mEFvaDmmMDl’zW.TW
of the strategies for avoiding these kinds of errors. comprimigos recublerios con pelicuia EFQ (INN:
Orozpirencee, Ethinyl Estradion).

Examplec of different docage forme: Fluoxeting CINFA 20 mg cdpsulas duras £FG vs. Fuoretng CINAA 20
mg comprimidos dispersables EFG (INN: Fruxetine; hard capzufes vs. dispersabie tablets); Ecasting TEVA 10
mg con peliculs EFG vs. Ezasting TEVA compamidos bucodispersaties EFG (INN:
[Ebastne; dosage form: Covered fim tabiets vs. bucodispersabie tablets ).

Exampie of Medioation Emror cafegory B:
pelicuis EFG vs. MYLAN 2mg

Conclusions :

Look-Alike packaging was found to be the main contributing factor for potential ME found by pharmacy students. In order to bring attention to this situation
it is important to establish a clear classification and point out the complexity of this problem. Working with future pharmacists from their direct experience
will help establish new approaches to aid in abolishing preventable ME in our country.
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L.- Introduccion

En numerosos estudios se ha identificado la
zimilitud de nombres de los medicamentos
como una importante fuente de errores de
medicacion (EM) 7. Esto ha hecho que
diferentes grupos de investigacion havan
trabajado v estén trabajando en la biizqueda de
soluciones para minimizar el impacto de esta
sitnacion.

Asi diversos organizmos oficiales
responsables de la aprobacion de los nuevos
medicamentos v, por lo tanto, de sus nombres
han establecido =istermmas més o menos
complejos para evaluar la similitnd de un
nuevo nombre propuesto en relacion a los que
va existen en el mercado. Por ejemplo, la
FDA ha establecido el Phonetic Orthographic
Computer Analysis Software (POCA) para la

revision de los nombres comerciales de
medicamentos ¥, Este sistema utiliza
algoritmoz:  complejos para identificar

potenciales nombres similares, teniendo en
cuenta aspectoz tanto ortograficos como
fonéticos, que zyudan a aprobar o no las
propuestas de nombres comerciales de nuevos
medicamentos prezentadas [+,

No se conoce, sin embargo, ningin sistema
zimilar al POCA de la FDA, ni ze ha
encontrado en la bibliografia ningin estudio
zobre la siftuacion de loz nombres de los
medicamentos en el mercado espafiol
uvtilizande  algin tipo de aproximacion
algoritmica. Por ello, el objetivo principal del
estudic ha side establecer wa grupo de
alzoritmos:  matematicos, que ayuden a
identificar v, en su caso, predecir potenciales
confusiones en loz nombres de  los
medicamentos comercializados en Espafia.
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2.- Material v Meétodos

1.1.- Seleccion de la muestra

Los nombres de los medicamentos whilizados
para el estudio se distribuyercn en dos grupos
formados por 434 parejas de nombres. El
primero  estaba formade por aguellas
consideradas  como  posible  fuente  de
confuzién ', denomindndose grupo similar.
El segundo formado por parejaz de nombres
no incluidas en el primer grupo, constituyendo
un grupo que se denomind control.

2.2.- Algoritmos aplicados

Se identificaron en la bibliografia diferentes
algoritmos, seleccionandose algunos que han
zido utilizadoz en estudios similares (55001
entre ellos los basados en la distancia de
Edicion (EDE. v WED), los gue uvtilizan la
Formula de Dice (BIGEAM, BIGEAMIE,
TEIGEAM v TEIGEANIE) v los bazados en

la longitud de la subsecuencia comin mayor
entre las dos cadenas (LCSEL v LCSE2).

21.3.- Tratamiento estadistico de los datos

Para establecer la existencia o no de
diferencias  estadisticamente  significativas
entre amboz gmpos se aplicd el test ji-
cuadrado, calculandoze la v de Cramér para
medir la intensidad de dicha ascciacion.

3.- Resultados v Discusion

Traz la aplicacién de los ocho algoritmos se
pudo apreciar que existian diferencias en los
resultados obtenidos para cada vno de los dos
gmpos analizados. En laz Figuras 1 v 2 ze
muestran. a modo de ejemplo, los resultados
obtenidos tras 1a aplicacién de los algoritmos
EDE v LCSR1.
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Figura 1.- Grafico de cajas del algoritmo EDE

a

-1}

L]

[T

Figura 2.- Grifico de cajaz del algoritmo
LCSEL

Asi mismo, los resultados de cada algoritmo
al aplicar el test de ji-cvadrado dernostraron
gue estas diferenciss eran estadisticamente
significativas entre los dos grupos, similar v
control, con valores de p inferiores a 0,001 en
todos los casos, como se aprecia en la tabla 1:

Algoritmo p  VdeCramér
[EDR 742,626 <0001 0,904
[NED 714,966 <0,001 0,287
[BIGEARDY 521,890 <0,001 0,758
[BIGRAMIB | 669216 <0,001 0,858
[TRIGRERIY 669216 <0001 0,858
[TRIGRANGE 655,260 <0,001 0,269
[ECSEIY 723,392 <0001 0,803
[EESREN 726,192 <0001 0,204

Tablz 1.- Bemltados del test p-euadradopor algorimo
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4.- Conclusiones

Loz algoritmos utilizados en el presente
estudio diferencian las parejas de nombres de
medicamentos  incluidaz en el grupo de
zimilares de las del grupo control, indicando
gue podrizn ser una herramenta Ol en la
identificacién de posibles confusiones entre
nombres de medicamentos en el mercado
ezpafiol.
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SUMMARY . Numerous studies have identified drug name simikarity as a significant source of medication
error. One of the approaches employed to minimise this problem has been to apply algorithms designed to
act on strings of letters. Two sets of Spanish drug name pairs were used. Eight algorithms reported in the
literature were applied to establish the degree of similarity between the different names. Statistical meth-
ods were used to assess algorithm performance. The main element of analysis was V of Cramer. Simple
mathematical and logical operations were applied to the algorithms in order to enhance differences be-
tween the two sets of drug name pairs studied and thus optimise the final results. The results confirm that
the algorithms differentiated between the two sets of drug names, indicating that they could serve as a use-
ful tool to identify potential confusion between drug names that could lead to medication errors.

RESUMEN. Numerosos estudsos han identificado la similitud del nombre del medicamento como una fuente im-
portante de error de medscacida. Uno de los enfoques empleados para minimizar este problema ha sido aplicar
algoeitmos disefiados para actuar sobre cadenas de letras. Se utilizaron dos grupos de parepss de nombres de me-
dicamentos espafioles y se aplicaron ocho algorimos reportados en la literatura para establecer el grado de simi-
litwd entre los diferentes nombres. Se utilizaron métodos estadisticos para evaluar el rendimiento del algornitmo.
El prancipal elemento de andlisis fue la V de Cramer. Se aplicaron operaciones matemdticas y logicas simples a
los algonitmos para mejorar las diferencias entre los dos grupos de pares de nombres de medicamentos estudiados
y asi optimizar los resultados finales. Los resultados confirman que los algoritmos diferenciaron entre los dos
grupos de nombres, lo que indica que podrian servir como una herramienta dul para identificar posibles confu-
siones entre los nombees de medicamentos que podrian dar lugar a errores de medicacion.

INTRODUCTION

Since the publication of To Err is Human:
Building a Safer Health System by the Institute
of Medicine (I0OM) ! and Building a Safer NHS
Jor Patients: Improving Medication Safety pub-
lished by the UK National Health Service 2, sev-
cral studies have reported the increasingly im-
portant role played by health professionals in
identifying, preventing and reducing medication
crrors (ME) and thereby improving the safety
and quality of patient 4.

There is widespread consensus that the high
frequency of adverse events associated with
drugs as a result of ME is unacceptable, and that
one of the causes of ME is phonetic and ortho-
graphic similarity between drug names. Poor

handwriting on a handwritten prescription, or-
thographic similarity on an electronic prescrip-
tion, incorrect pronunciation when dispensing
and erroncous administration because of simikar
packaging and/or names may all lead to ME at
any point in the drug use chain, with paossible
negative outcomes 9. It is important to point
out that not only the prescription but all the
drug use chain is involved in the problem even
in the drug administration at home.

The US Pharmacopoeia (USP) registered a
total of 26,604 spontancous reporsts of errors
due o orthographic and/or phonetic similarity
for the period 2003-2006. An analysis of those
errors identified 3,170 pairs of drug names that
had produced confusion, and in 1.4% of cases

KEY WORDS: algorithm, look-alike drug names, medscation error.
*  Author to whom comrespondence should be addressed. E-muail: emarino@ ub.edu
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had cauwsed harm to the patient 910 Ohserva-
tional studies have suggested that the ratio of
ME due to these causes is 0.1%e of all prescrip-
tions dispensed in the US 12 Given the volume
of medications dispensed, even a low rate of
drug distribution process translates into a large
number of errors 1304 Furthermore, up o 25%
of ME reported o the USP-ISMP Medication re-
poring Program involved pair of dmgs whose
names ook or sound alike '% Thus, onhograph-
ic or phonetic similarity clearly has a fundamen-
tal impac on the ocourrence of ME; however,
no definitive solutions have been proposed o
date 1517, It is evident that much remains w be
studied and improved in this ficld in order to
determine the real magnitude of the problem
and measure the impact of present and future
initiatives aimed at minimising ir 51523,

Some government agencics responsible for
approving new drugs, and therefore their
names, have developed systems of varving com-
plexity to assess the similarity of a proposed
new name o those of drugs already on the mar-
ket. For example, the FDA has established the
Fhonetic Orthographic Computer Analysis
(FOCA) software program o review proprictany
drug names, as announced in the Federal Regis-
ter of the US Government 3. This system forms
part of the Division of Medication Error Preven-
tion and Analysis (DMEPA) and uses complex
algorithms that take hoth othographic and pho-
netic aspects into account o identify potentially
similar names %53, as well as other tools that
help determine whether or not to approve the
proprictary names for new drugs proposed by
laboratories that hold marketing authorisation .

In addition, different studies have been con-
ducted on this algorithm-hased approach with
the common aim of applying algorithms to pre-
vent ME due o orthographic or phonetic simi-
larity ¥ In Spain, the Spanish Agency of
Medicines and Medical Devices (SAMMD) is re-
sponsible for ensuring the quality, safety, effica-
cy and the veracity of the information sutho-
rized medicinal products, published guidelines
for drug name approval # which outline current
legislation concerning the conditions that new
drug names must fulfil in order o gain authori-
sation. However, there is no system in Spain
similar to that of the FDOA's POCA program, nor
have we been able to identify any studies in the
literature that use an algorithm-based approach
o analyse drug names. Even more, in the intro-
duction of the SAMMD document ¥, it is point
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out that taking in consideration the varictics of
languages in the European Union, the name of
drugs (brand name) marketed in Spain is under
the competencies of the SAMMD for safety nea-
son. Therefore, the Agency could change the
drug name if necessary.

In June 2005, the SAMMD register 21,753 dif-
ferent medicines #, with around 4,000 different
brand/drug names. Meanwhile, according to da-
ta from IMS Health, more than 720 million pre-
scriptions. were issued between April 2004 and
March 2015, and almost 1,328 million packages
of prescribed drogs were dispensed. This indi-
cates the potentizl number of ME due to ortho-
graphic and/or phonetic similarity of names and
the need for ways to minimise the problem.
Furthermore, close to 200 of the names repon-
ed as source of ermor were generic dnogs 1732

The main aim of this study was therefore o
establish an algorithm, or group of algorithms,
that would help identify, and where appropriate
predict, potential confusion over the names of
drugs marketed in Spanish. The algorithm or al-
gorithms were required to achieve high values
tabove 95%) of sensitivity and specificity.

MATERIALS AND METHODS

The drug names used o test the algorithms
were divided into two sets, one of which com-
prised pairs of problem names that had been re-
ported as a source of error and was termed
“Similar”, while the other consisted of pairs that
were not known o have caused errors, and was
called “Control”™,

The inclusion criterion for the first ser of
pairs of similar drug names was having been re-
ported from hospital pharmacy services or com-
munity pharmacies. This information was oh-
tained from Spanish databases '™* than yielded
454 pairs of drug names that had been reported
as a source of ermr due o drog name similarity.
Hospital pharmacy services and community
pharmacies voluntarily communicate detected
error though a form available for this 7.

The Control set was constructed with 454
pairs of drug names selected at random, ensur-
ing that these did not appear in the previous sct
of pairs of names.

Algorithms applied

The algorithms applied to measure ortho-
graphic similarity that have been used in studics
in other countries such as the US or Canada 275932,
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They include three distinct groups: those based
on the edit distance (ED), also known as the
Levenshicin distance; those that wse the Dice
formula, which can be called n-gram algorithms;
and those based on the length of the longest
common subsequence (LCSY in the tevo strings.

In the first group, the ED indicaies the mini-
mum number of operations required o trans-
form one string into another #3334 where oper-
ation is understood w0 mean the insertion, dele-
tion or substitution of a letter, and has a value
that is given by a namral number. Two algo-
rithms from this group were used. The fisst, the
Momalised Edit Distance (NED) #3353 is ob-
tained by dividing ED by the number of letters
in the longest string being compared, e the
longer of the two names. Second, a varant of
the first was proposcd, the Edit Distance Ratio
{EDR), which is obtained by dividing ED by the
mean lengih of the sirings being compared.
Thus, if two strings are compared (in our case,
two drug names: A and B}, the EDR is given by
the edit distance between A and B divided by
the mean number of letters in A and B.

The second group of algorithms, called n-
gram algorithms, contains algorithms based on
comparing two sirings in sets of n letters. For
example, BIGRAM compares the coincidence of
letters hetween words in strings of 2 letters, TRI-
GRAM in strings of 3, and so on #*. The value of
this algorithm comes from the Dice formula (Eg).

l1):

2xrBA
Len(A) + Len(B)

11

where 84 is the number of coincidences in n
letters between the two strings compared.

Four algorithms were selected from this
group: BIGRAM, TRIGRAM, BIGRAMIE and
TRIGRAMZE %, The latter twio insert one and
two blank spaces, respectively, at the beginning
of each of the srings. If the drug names have
the same first letter, the latter rwo algorithms
highlight this coinddence, whereas the other al-
gorithms in this group do not. TRIGRAMZE pri-
oritises the first pair of letters.

Fimally, mwo algorithms were sclected from
the last group which are based on calculating
the length of the LCS #3335, One is obtained by
dividing the LCS by the number of letters in the
longest string being compared (LCSRL) 25335
the other algorithm proposed, caloulated a value
by dividing the LCS hy the average length of the
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drug names 3 (LCSRE), similar o the procedurne
for algorithms using the ED.

Statistical data analysis

Excel 2013 was used to apply the algorithms
to the pairs from the Similar and Control sets,
having programmed each of the algorthms re-
quired in Visual Basic for Applications (VBA)D 3.
Statistical analysis was conducted wsing the sta-
tistical package R, which is a software environ-
ment for statistical compwting analysis and
graphes #.

Once the algorithms had been applied, the
Kolmogorov-Smirnoy test was used to asscss
nomuality. Whether there was normality in hoth
sets OF not were used parametric o nonpank-
metric statistical tests. Where an algorithm pre-
sented significant differences, the value range
for cach algorithm that indicated differences for
the two sets was divided inio 11 equal intervals
s0 that each range was assigned the number of
name pairs per set. The nonparametric chi-
souared test determined the existence of an as-
sociation between sets and obrained ¥V of
Cramer o measure the intensity of the associa-
tion. In cach case, the sensitivity and specificity
of cach algorithm was calculated for each cut-
off point.

Sensitivity was calculated using Eq. [2]:

TF
= F
§ = X 100 121

Spedificity was defined by Eq. [3E
= x 100 31

TN+FP

E =

where TP are the true positives, f.e. pairs from
the Similar set identified as similar, TW are the
true negatives, ie pairs from the Control set
identificd as different, FN are pairs from the
Similar set identified as different and FF are
pairs from the Control set identified as similar.

Should none of the algorithms obtain sensi-
tivity and specificity values greater than 95%,
groups of algorithms, ie complex algosithms
would be considered.

RESULTS

The cight algorithms described above wene
applicd to the two sets of 454 drug name pairs
yiclded the comesponding values for each pair
and algorithm. Fig. 1 shows three different algo-
rithms box plots by group: EDR, TRIGRAMIB
amdd LCSRI.
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First, a Kolmogorowv-Smimov test was per-
formed to determine the normality of the sets
resulting from application of the algorithms.
Nomul distribution was not found for any of
the algorithms in the two groups simultaneous-
Iy.
! Then, the Similar and Control sets were com-
parcd using the nonparametric Mann-Whitney
U-test showing statistically significant differences
between the two ses (p < 0.001).

Mext, the value mnge of each algorithm for
the two sets was divided into 11 equal intervals,
each of which was assigned the number of dmg
pair names, distinguishing the set from which
they came. Applying the chi-squared test again
was evidenced differences between the two
Bets.

Then, different cut-off points in algorithm
values were studied to accuraely idemtify
whether they defined the pair of drug names as
belonging to the Similar or Control set. The al-
gorithm cut-off points were also used o calou-
late the sensitvity and specificity of each est
(Tahle 1) As can be seen 95% values of sensi-
hility and specificity were not reached at the
s time.

At this point, it was tried to use multinomial
logistic regression with the algorithms, trving o
find better results, but the system does not ad-
just properly, giving cach coefficient of the re-
gression too high standard deviations.

The algorithms that use ED yvielded lower
values for similar pairs, as was to be expected
since they analyse differences between strings.
However, those that emphasise the similarity of
strings, as in the case of n-gram and LCS-hased
algorithms, gave higher values to pairs that
could give rise 1o confusion.

It was therefore decided to establish an algo-
rithm that combined both features in order o
increase the differences between sets. Following
a study of different algorithms, a further group
wias formed that highlighted these differences.
These complex algorithms were: EDR — TRI-
GRAM2B, NED — TRIGRAM2E, LCSR1 + TRI-
GRAMIE — NED, TRIGRAMIB — 2xEDR, LCSR1
+ TRIGRAMZE - ZxEDR, EDR + NED — TRI-
GRAMIE, LCSE2 + TRIGRAM2E - 2xEDR, LCSR1
+ TRIGRAMZE — EDR - NED and LCSEL + TRI-
GRAMIE — 2xNED.

As before, the Kolmogorov-Smirmov test of
normulity was applied to each algorithm, reveal-
ing that none of the algorithms presented a nos-
mal distribution. Nest, the Mann-Whitney U-test
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Algorithm Cut-off Sensitiviry Specificity ® p-value ¥ of Cramer
EDR = 07102 91 2% DT TO3A459% =)0 0.BRO
< (.BSZX O _2%% B46% G638 oLl D.E3A
NED = (L6363 B 2 G300 H35.040 <1 0.850
< 0.7ITE 95 B9 T hi5 722 (Ll 0.E5A
BICRAM = L1500 HLO% G0 1% 458034 oLl 0.710
> 02386 0T G5 430955 o) (Kh]1 0695
BIGRAMIB = L1500 91 4% HOLORG 390 971 o) (Kh]1 0E13
= 02380 B30 DT SHH._257 <1 0805
TRIGEAM = [LOGRL 63.7% 95 2% FiB637 <1 0620
= 01303 4L E 930 20003946 oLl 0.566
TRIGRAM 1 ERIRLAY 04T HOUOG 631.115 oLl 0847
> L1K1& T7-3%% s F42.010 o) (Kh]1 0773
LCSRL > 0303 G 3% RO GI0HTH o) (Kh]1 0.E51
> L4545 Bi.0% GH.5% 038412 <] 0.E
LOSRE > 0.30% 98 2% H35% H1954H <] 0.B20
= L4545 R O3 GHZ 143 oLl 0.B67

Tabke 1. Chi-scpuared Test. Posaible cur-off poinis.
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Figure 2. EDER - TREIGRAM2ZE Box Ploo by Grougs,

for unpaired data with a continuity correction
was applicd to determine whether the groups
presented statistically significant differences in
distribution (p < 0.001). Box plot for the EDR -
TRIGRAMZE complex algorithm are presented
in Fig. 2, there is possible o appreciate how
this complex algorithm improves to simple
OIS,

Optimal cut-off points for each algorithm
were sought in order o maximise the intensity

of association, e secking the highest ¥V of
Cramer possible, using the same method ap-
plicd previcusly. The results are given in Tahle 2.

Finally, the complex algorithms wene applied
tor the almost all the different drug names in the
Spanish market in April 20016 3, around 4000
drug names, trying to see how the system
worked in a big sample of different pairs of
drug names. This study confirm that the system
works for great samples improving the specifici-
ty in almost all the mixed algorithms.

DISCUSSION

The results ohtained confirm that the eight
algorithms rested differentiated between the two
sets of drug pair names, indicating that they
could serve as useful tools o identify potential
confusion or error between drug names.

Each of the algorithms yiclded a sensitiviry
or specificity value greater than 95%, but in no
case was this value obtained for both parame-
ters at the same time. In contrast, differentiation
berween the sets was improved when complex
algorithms were used since these acted on op-
posing paramcters, thereby yvielding better ne-
sults than when using individual algorithms, and
thus exceeding the 95% value required for hoth
sensitivity and specificity in all of them but one.
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Algorithm Cut-off Sensitivity Specificity = pvaloe ¥ of Cramer
EDE - TRIGRAMZE = (LETD 07.1% 064, 5% TTOO83 < 0.001 0.921
MED - TRIGRAM2E i (LE0 0.0% 95.4% TIETI < 0.001 0914
LCSR1 & TRIGRAMZE - NED = - 0210 0.5% 95.2% TA2494 < 0001 0916
TRIGRAMZE - 2xEDR = - 1AlK) 95.6% 95.4% THHHY < 0,001 ng1z
LCSR1#TRIGRAMZE - 2xEDR > - 1030 5. 4% 5. 4% TATTT < 01001 0.907
EDE + NED - TRIGRAMZE < 130 95.4% 05,5 THA0G3 < 0.001 0912
LCSR] sTRIGRAMZE - EDR - NEDV = - 0.955 0. 3% 05.4% TR0 < 0.001 0916
LCSR1 & TRIGRAMZE - 2xNED = - DETD 95.4% 05, G5% THL409 < 0001 0910
LCSR2 s TRIGRAMZE - 2xEDR = - (1060 5. 4% 5. 4% TATTT < 01001 0.907

Tabbke 2. Chi-sguared Test Algornithan's final mesals,

As indicared above, algorithms that use the
edit distance (ED) highlight differences between
the names being compared. In fact, only one
pair (0.2%) from the Control set presented an
ED of less than 5, compared with 63.6% of pairs
from the Similar set. The median ED was 2 in
the Controd set versus 4 in the Similar ser.

The other algorithms acted in the opposite
sense: the greater the similarity between the
strings being compared, the higher the value.
The former measure how many strings of length
coincide in the two names being compared. Tt
wis deduced from the data that this information
wonld not he very useful, since a large number
of pairs presented a value of zero (34.9% in BIl-
GRAM and 65.5% in TRIGRAM), especially in
the case of the Control set, which implicd a ma-
jor deviation to the left of the distribution curve
in these two algorithms. However, introdudion
of the BIGRAMIE and TRIGRAM2E wvariants
highlighted the similarity value of the first or
first two letters in the names, respectively. Ir is
important to note this finding, becanse drugs
are stored in alphabetical order in pharmacies,
and physical proximity can facilitate error. In
fact, it has been observed thar 93.8% of pairs
from the Control set did not have the same first
letter, compared to 17.4% from the Similar
Group. Furthermore, only 5 pairs (1.1%) from
the Conirol set had the same fist two letters,
and of these, 4 belonged o the FP subset. Con-
versely, 56.2% of pairs from the Similar set had
twi of mone letters in common at the star of
the name. Thus, 91.5% of pairs whose first two
letters wene the same belonged to the Similar
set, and 3.8% o the FP subset.

In view of this analysis, it was decided to
use TRIGRAMZ2E to try to improve the result,
subtracting it from the algorithms that use the
El. The resulis confimmed a notable improve-
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ment in the behaviour of these complex algo-
rithms.

Lastly, the group that highlighted similarities
included algosithms that seek the longest com-
mon subsequence (LCS). In this case, 81.5% of
the Contral set presemted an LCS below 4 com-
pared with 85.0% of the Similar set which ob-
tained a LCS value greater than or equal to 4. It
was also interesting to note that the behaviour
of the FN and FP comoborated their shift w the
set i which they did not belong.

It should be noted that in onder o develop a
system for testing potential confusion arising
from new drug names, it would be more impor-
tant to improve specificity. Therefore, when one
name was compared with those of approximane-
Iy 4000 approved and marketed drogs identi-
fied in this smdy, each basic point (1%e) implicd
the appearance of 4 FP, equivalent to approsi-
mately 2% of sensitivity, since there were
around 240 pairs of drug names that had been
reponed to cause eror among those curmently
approved and marketed in Spain.

When the mixed algorithms are used with
the big sample, using more than 4000 different
drug names, for cach TP the system identifies a
mean of 1,110 FP, so the system seemed o be
not adjusted, and should be improved with oth-
er approaches as a phonetic system which has
already showed 1o improve the resulis working
together with the orthographic one #3%. Beside,
other points of view in order to search better ne-
sults would be used, although it would depend
on the use of the system. It is not the same
prablem to implement a system for the approval
of new drug names or a program that alert of
possible confusion for instance in the adminis-
tration of a medicine at home, or alens included
in the computer in community pharmacies of-
fices or hospital pharmacies. Each case would



be different and should be studicd one by one.
For example looking for different our off points
trying to improve the Sensitivity or the Specifici-
ty or studying the consequences of the mistake
for deciding if a drug name should be changed
O N,

CONCLUSIONS

The results confirm that the algorithms differ-
entiated between the two sets of drug names,
indicating that they could serve as a useful tool
to identify potential confusion between drug
names that could lead to medication ermors in
Spanish.

In any case, the specificity is not high
enough for using this system as an only tool,
There must be necessary (o implement others
approaches introducing a phonetic similar sys-
tem in Spanish and applying quality systems de-
pending on the user and then depending on the
ohjectives of cach project. Also is important o
point out that cut off points wsed by each algo-
rithm were looking for the best V of Cramer, an
obviously they could be changed in order o im-
prove the specificity against the sensitiviry if
NeCessary.
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