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This report evaluates the safety of drug administration in a 356-bed general hospital with a
unit-dose distribution system. The distribution system is fully compurerized and incorporates

order entry by physicians, monitoring by pharmacists and maintenance of medication admini.
stration records by nurses, Statting in November 1994, 839 opportunitics for error were obisers
ved in |2 hospital units. Fifty-seven {6.8%; 95% confidence interval [CH, 5.1% to 8.5%) errors
in medication were noted, according to ASHF guidelincs; three of these {0.3%) warranted

patient monitoring. Coreective measures were implemented. In a re-evaluation in June 1995

(855 opportunities for error observed), 30 crrors were detected (3.5%; 95% CI 2.4% to 5%); none

warranted patient monitoring, The principal types of error detecied were in monitaring, time,

patient compliance, dos¢ and presceibing. Severity level definition was useful to evaluate the

errors. This study was useful for increasing staf members’ awareness of the problem and oltai-
g p

ning an annual medication error rate for use as a clinical quality indicator for purposes of con.

tinuing cvaluation and improvement.
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INTRODUCTION

There have been few studies of medicatiog errors in Spain
and Europe. In Spain, 38.8% of hospitals have more than
20% of beds using unit-doge drug distribanion systems
and 54.1% have more than 50% of beds using this system
fresults of a survey of 210 hospitals) {1]. In Burope, this
percentage is lower {6.5%), since the most frequently
used medication distrihution system is the ward-based
pharmacy system, which can vary greatly among coun-
tries {results of a survey of 1,344 hospitals fram L% coun-
wies) (2] The purposey of the study reported here were to
evaluate the medication error rate in tHaspital de
Rarcelona, Catalonia, Spain; to PIopose cortective meas-
ures; to re-evaluate the situacion to verify the effivacy of
these mcasures; and o unplement a system to abtain
periodic measutements of the wedication error rate as a
clinical quality ndicacar

BACKGROUND

Accidents with medications ate undesired events in rhe
provess of mcdicime use Acodents inciude medicaion
vrrons, the subiect of s seudy, and adverse drug reac-
tions (3] not discussed here

Muedication errors are doelined as diverepancies hetween
the muedication oreder aned the siedication that the patent
FECLIVES i dos ot e ve P Fyer sinee the fiest studies
wete performued 4], reseas bors on ths freld Bave had as
theie goal 1he reduction and Prevenoon ol aedicarion
crrars, This orror e (s an nupoTtant s hingestl qualiey
mahicaror i Ropiads (7

Sellseporung merhis rderestimate the pumiber 0
vitors made The best nethod fos abtansing this crrar rage

is the disguised-observation cechnigue of Barker apd
MeCanncll {5). Medication administratian records
{MARs] cannot be assumed to be correct {or purposes of
studying tedication ersors {7]. Ouly a few sepurts cite
seventy levels of medication errors [8)

In 1993, the American Society of Haspital Fharmacisng
{ASHP) published guidelines for (he prevention of medi-
cation errors in hospitals (9], In an ASHP survey reported
in 1995, 47.6% of 393 hospitals surveyed in the United
States had quality improvement programmes far reducing
medication errors [10].

METHCODS

Study site

This study was done at Hosputal de Rarcelons, 2 puneral
hospital for seute panient care with (he fetiowing activicy
indicators for 095 average sumber of seoupred bedy
305, average stay, 407 days, 18 846 patiens 12,876 opy.
rations; amd 2,297 deliverics The hospical hay 1,000
arrending physicians sud covers 33 spacidies In 1995
the pharmacy dttpsntmum pricessod [-nda prescrip-
tians and dispensed 1A NTT unis of maiicine, of which
HOB050 were dispensed by the ygicedig syEtem and
GO3,600 by stock replace et with cash o unt sdentified
by bwrecode o 1998 0w nevensany 1 repackag
LY AAS units of inedicing n e hespital plarmacy (the
phirmaseutical mmidustey 1 Span does e v supply ail

drogs mounidases! The haspital « compaor SURIUIIT I ap
MM 9120090 warh 146 winnnals pay on Pharmacy
Servicost, 21 porsonng| Cornpurers and S0 puiters seven

LA0 persony iphy-

i1 PRarimagy Services) thay s by

S, nlrses and Wnnns it ve s o e persannt
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Drrug distribution system

Hospital de Barcelona has a computerized unit-dose drug
disuibution gystem with daily distribution to all hospital
vnite. [t includer compierized prescription entry (32%
of all medication orders, entered by 82 physicians who
are responsible for 40% of the activity) done by staff phy-
sicians and by those consulting physicians who have
become accusiomed to wsing the system. Medication

MEDICATIOM ERROKY IN A GENERAL HOSPITAL

orders entered in the computer in the various huspital
units are printed on 3 pharmacy printer and are validated
by a pharmacist. Hand-written preseriptions (68% of the
total number of preseriptions) are sent from the hospital
units to pharmacy services by internal fax and are ente-
red in the computer by pharmacists, Pharmacy services
provides 24-hour service with shift pharmacists who vali-
date 100% of the preseriptions online. MARSs {Bigure 1)
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for use by nursing staff are computer generated and prin-
ted at the ward-based printers. MARs include standard
instructions for each drug and, as applicable, specific
notes for a given patient and medicine, as indicated by
the physician. MARs are computer gencrated with each
change of preseription, and all are generated cvery 24
hours, cuinciding with the floor changes in unit-dase con-
tainers that take place from 1715 to 1745 cach day. When
there are changes in medication orders that require drug
dispensing, drugs are sent by preumatic tube to the floor,
The drugs have labels prepared un a pharmacy services
printer, and they include patient data, drug daw and the
next administration time,

Although Pharmacy Services does not have 2 unit for
inttavenous additives, the computer program facilitates
the preparation of these drugs by nurges by including
administration instructions in MARs for intravenous
drugs; moreover, since all medication orders are validared
by a pharmacist, this is a minor problem. For each dis-
pensing of intravenous medication, a label 15 supplicd {or
the intravenous solution where the medicine will be diju-
ted, including patient data, drug, dose, solution, admyin:.
stration time, perfusion time, and volume 2ud rate of
adminigtration 1n drops per fminute.

Study dazign

To dcsign and pldl‘; this study, 2 team was formed consis-
ting of the directors of pharmacy services and nursing,
two physicians {one quality control specielist and one
staff paediatrician), three pharmacists, four Aursing
supervisors and one statistival consultant. A data collec-
tion form was designed based on the 12 types of error as
defined by the ASHP [9],

A pilot study was undertaken dunng | week in four hos
pital units with the goal of defining the sample gize and
r;‘.Valluatmg the Approximate ervor rate that was expectad
to be found, which was ¢stimated to he about 10% Fura
hospital with 35,000 drug administrations per niouth, the
satuple size nceded for ohscrvation was defined a5 840
administrations, and these were distributed as 70 admi-
nistrations in each of 12 floors. Specialtics were distriby.
wed as followa: surgery {two floors of 30 beds), witernal
medicine (one floor of 30 beds), paediatrics {one floor of
15 beds), ravmatology {two foors of 30 beds|, cardinlogy
and cerdize surgery {one floor of 30 heds), uncology {une
floor of 30 beds), gynaecology (one floar uf 30 beds), obste
etries (one floor of 24 beds) and surgery TCQUITING ming-
v hespiralization jone Noor of 30 beds and one Hoor of
22 beds) The adult and paediatiic intensive CAre sty
EMCIREIUY 10 and operating rooms were not i luded
in the study The evaluatiun was done 1n Fovember 1904
and the reeevalunting in June [9us

Rats callection

Cibscrvations of drig st agon were revundod by 1
Bursing sopervisors |12 stall and 2 nighe dutel Faeh
supeevisor observed drog edmiarisiragons on her toor at
UG, 12000 1200, 14D, FROD o0 200, the vogheadury
supervigors observed admimnistratins ag 20, DR and
HE00 ol floors: The study tnelnded acfivn st rai g of
mtravenous medieanons and controlled snberagg o Uhe
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study methodology was explained to the DUISINE Supér-
visurs in a general session in which they were given the
data collection forms. It was cxplamed to them that
results from different floors could not be used far compa-
rative purposes since the number of observations on each
floor would be two low to have statistical validity
MNursing personne! were informed that the value for a
hospital quality indicator was being obtained, without
specitying the exact nature of the study in order to avoid
changes in behaviour. Supervisors observed nurses admi.
nistering @ drug to a given patient and later verified
against the original medication order. When the ohserver
was ahle 1o corrent an error, this was done sn discreetly,
but the administration was nevertheless recorded ag an
error Completed forms were sent to pharmacy services
and four phatmacists (cach reviewing the forms from
three floors) reviewed the pharmacy validation of the
medication orders, both those entered in the cumputer by
physicians and those recetved by fax and entered by a
pharmacist, veritying the entered medication order
againgt the original Data from the collection forms weare
entered in a dRase {1 database in both phases of the study.

Analysis of the errors and thewr level of severity was
undertaken by an expurt panel consisting of 2 phirmacist,
two nursing supcrvisors and a physician

The error rate was catloulated by dividing the total number
of errors (doses incorrect for one or mare reasons) by the
number of opportunities for error (doses adminisiered plus
doses pmutted} and this higure was multiplied by 100 to give
the value as 4 percentage (4] The 95% confidence interval
of this percentage was calculated by the hinomiyl test [11].

Data analysts was by the SPRS/PC statistical {rrogram.
Comparisen of error rates was by the 2 test, that af the
percentages of errors with severity level greater than 1, by
the Fisher test {11} In all cases the level of statistical sig-
nificance was p - (.05 [11].

Results of the evaluation phase weore analysed in work
Eroups comprising the personnel mvalved in each haspi-
tal unit along with members of the team thar designed
the study. These groups developed eorrective measores
for physicians, pharmacists, nurses, the cOmMputer system
and the work circuit {January 10 March 1995 These
measures were included i o summary docoment that
wag made knawn all involved in the study (1o a1 the nur.
sus on all flovrs at specific metings and 1o all saff phy
sicians) and were implemented (Apnl and Bay 1995)
One measure that reguired » greac deal of effort by the
pharmacists bt was found ta be very vseful was the tra
wing of all hospral norses o5 the compader’s pharnuo y
Programoan a senes of 15 traaning sussions The re-evalo
ation was done dunng the manch of fupe 1995 Howpio
aragement supponcd the stndy and the neplomenta
ton of Corrective messures The tesubis of both phises of
the wiudy were prosenned by o plarmiacst o phyvacang
and sty rurervaisar g geneal clineal sesaiog fos

Biepoal mudical and nurnge persong Phepteilier PR

RESULYS
T the evaluanion phase, =49 CUEPOTIURI e bor crrnr wg

abscrved (32 79 0f which were from prosciipioons fronm
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ynlustion

Table 1, Madication drrars during evaluation and ro-evatustion

computerized medicatinn orders); in the je.evaluation
phase, 855 apporiunities were observed {32% from com-
puterized medication orders). The medication error rag
decreased significantly {Table 1}, from 6.8% in the evalu-
atwn phase to 3 5% after the implementation of correcti-
ve measures (Table 2).
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EiTal

fle. Brrors (% of Totsl

Evilustion  Fa-ovi

18 (28}
14 (24.5)
13 (23
6 (10.5)
4

2 {3.5)

2{3.6)

Table 3. Types of ecrpr damerud i Hm ho p‘mseﬂ of the Mua‘y

Bo. Errors (% nf Total)
{ Ervor  Evalustion Rwéim;ﬁggm

(EREEY 12 (4o

14 (25) geza)

11 (19) ¥ (aay
Dsalay ofad ree of Mo
thas 1t haur by durse 16 (28) 5{17)
brug chart unaviiifabile 345) 0 {0}
Incorrect:drug supplisd
by pharmascy 2 {4} oo

Table 2. Corrective measures propased

Meadization errars were dvided it s1x mutually excln
stve categunes Plable 30 A possible couse of each srror
was proposed by the membens of the work group who
anatyaed the vroors (Table 4] Seven severty levels were
wied 8]t clasaoty the ervors dewecied Severity Jevel
crrurs also decreased inthe second phase of the
{Table &)
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Table 4. Propr::..ed causes of wrrar observed

! Evaluntion Re-svalunstion
1 Severity Laval 5 o M LA
{ i 54 6.5 30 35
D2 b 6.2 0 o
1 1 0.1 0 0
P w12 pe 00T

Srvery level of ercars [8) 0 » na erear occorrod, 1 - no i
hatm for the patiant. 2 = increased manitarmy. 3 = chanpe x

in vital signs or sdditional lsbaratary monirating but no

larm 4 _ need for drug treatmant ne e censed irogth of
siay G- permanent harm, B = contnlnadion Lo death.
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indomethacin tablet dispensed with 2 90-minute delay
[severity level 2, incarrect timed. The patient complained
of pain, since immediate dispensing had been ordered,
and a delay ensued despite the order’s being sent in wri-
tifg to the pharmacy and claimed by telephone. The third
ecror was the administration of a 30 mg morphine tablet
rether than the 40 mg tablet prescribed {severity level 2,
incorrect dase). The cancer patient affected required more
analgesia and the physician increased the morphine dose
to 40 mg in a hand-written preseription that was correet.
ly entered in the pharmacy computer (the MAR printed
an the floot was correct), but the norse administered a 30
mg tablet. There were no errors of 2 severity level greater
than | in the second {re-evaluation) phase,

The frequency of errors observed with the computenzed
medication orders was compared with that for hand-writ-
ten orders {Table 6). In the evaluation phase, this rate was
significantly less in the computerized prescription orders.
In the second phase, fewer errors were ohserved for com-
puterized prescriptions, but the difference was not signi
ficant, probably due to the small number of errars found
during this phase.

0.7}

Tabie 6. Comparison of error rates observed in computerized
and hand-written medication orders

DISCUSSION

The medication error rate decreased sigmficantly after
implementing corrective measures; the severity lewel of
the errors also decreased. The ¢tror rates obtained in this
study are withun the range of reported rates [4). The per-
farmance of this siudy at Hospital de Bareelona has hel-
ped to create awareness among all personnel involved in
the chain of drug prescription, dispensing and admini-
stration of the problem of medication errnrs, which is ot
of the risks to which a hoypitahzed patient i most fre-
quently exposed. This has led toa statistically sigmificant
decrease in the hespital’s error rate that probably would
not have ovcurred had the nursing supervisors for each
hospital unit ant been involved, at least in these first two
studies

The types of errar most frequentdy found v the twao pha
ses of the study were wrong vhme, patient noncommphance
and ineorreet dose. The viost freguent causes of the errars
were meorreet ur dlegible proseriptions, incarreer valadas
tion o the phaosaey, incoceet vendication by the nuese
Agarst the un};l]‘.;ll maedivation order, moorren | er)p‘ [
paration by thy nurse and odelay o sdvanoe of moene than
one hour w the thee of admmeedravon broors of opns.
wion occired less fregqoentdy o this stndy o companson
with those reposted by other aurhors 1 wlhich e st
Bite tothe et thae the v tadose drog desontbattion choin
incompiterioed, Ervor i e fn vue soudy, adiministe.

ring medication more than | hour before or after the time
scheduled in the MAR) may be too strict to gvaluate the
administration of some drugs such as sedatives, which
should be adapted to the patient’s habits. With regard to
the greater frequency of patient noncownpliance, this
occutred principally in scheduled analgesic doses that the
patient did not want to take once postoperative pain
diminished (hospital with s high level of surgical activi-
ty}, of which the physician was advised by the nurse so
that the prescription could be revised.

Fewer crrors were found in the prescriptions that were
entered by computer than in those hand-wntten, and this
difference was statistically significant in the evaluation
phese of the study. This wag also true in the re-evaluation
phase, although the difference was not statistically signi-
ficant, probably because fewer errors wete detected in
this phase of the study. As Dean et a] state [7], direct order
entry in the computer by physicians can reduce errors
that are caused by poor handwriting, since it avoids trans-
cription in the pharmacy and verification against the ori-
ginal by the nurse. We work continuously in our hospizal
to encourage physicians to enter medication orders
directly; we have been successful with sieff physicians,
regular consultanis and on-call physicians, but we need
to persusde many more owside physicians (open hospital]
to use thus system in the near future.

Ome outcome of the study is the {ormation of 2 medica-
lion errors committee ta obtain annual error rates for the
hospital. The committee members also analyse the curmn-
munication process for the most serious errors that occur
in the hospital which, although not a valid system for
obtaining error rates, does assist in correcting critical
points in the drug preseription, digpensing and admini-
stration chain, The study has been useful for increasing
awareness of the personne! involved of the need to repon
the most senious errors, which, dug e infrequent occur-
rence, are difficult to detert by obscrvation in small
samples. Once made aware of the importance of this pro-
blern, in 1995 purses and physicians advised the niedica.
tion errors committer of eight errovs with a severity level
of greater than 1. Three of these errors mvolved imple.
menting rather itmportant corrective measures in the sys-
tern 1w avoid futurs occurrenees,

CONDLUSION

The medication exeor rate at Hospital de Barcelona decre:
ased signiheantly in the second phase of the study, drop-
mng from 6 8% 10 3 5% afrer the mmplemcntation of cor
rective measares. During the first fovaluation) phase, the
errors detected had o preater level of alinical significance
This study has led o rhe gstablishment of a system o
phtain an anoual medication error rate for use as a chn.

feal gushity imdivator at our hespinal Tor parposes of con
Pingng evaluation amd guprovement,
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