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OBJECTIVE: To evaluate the  frequency of  medicat ion  errors 
using a multidiscipl inary approach,  to c lass i fy  these  errors 
by type, and to determine how often medicat ion  errors are 
associated with adverse drug events (ADEs) and potential ADEs. 

DESIGN: Medication errors were detected us ing  self-report 
by pharmacists ,  nurse  review of  all pat ient  charts ,  and review 
of all medicat ion sheets .  Inc idents  that were  thought  to rep- 
resent ADEs or potential  ADEs were identi f ied through spon-  
taneous  reporting from nursing or pharmacy  personnel ,  so- 
l icited reporting from nurses ,  and daily chart  review by the  
study nurse.  Incidents  were subsequent ly  c lass i f ied by two 
independent  reviewers as  ADEs or potent ia l  ADEs.  

SETTING: Three medical  units  at an  urban tertiary care hos -  
pital. 

PATIENTS: A cohort  of  3 7 9  consecut ive  admiss ions  during 
a 51-day period ( 1 , 7 0 4  patient-days).  

INTERVENTION: None.  

MEASUREMENTS AND MAIN RESULTS: Over the  s tudy pe- 
riod, 1 0 , 0 7 0  medicat ion orders were written,  and 5 3 0  med- 
ications errors were identif ied (5 .3  errors/100 orders), for a 
mean of 0 .3  medicat ion errors per patient-day,  or 1.4 per 
admiss ion.  Of the  medicat ion errors, 53% involved at least  
one miss ing  dose  of  a medicat ion;  15% involved other  dose  
errors, 8% frequency errors, and 5% route errors. During the  
same period, 25  ADEs and 35  potent ial  ADEs were found.  Of 
the 25  ADEs,  five (20% ] were assoc iated  wi th  medicat ion  
errors; all were judged preventable.  Thus ,  five of  5 3 0  medi-  
cation errors (0.9%) resulted in ADEs.  Phys ic ian  computer  
order entry could  have prevented 84% of  n o n - m i s s i n g  dose  
medication errors, 86% of  potential  ADEs,  and 60% of  pre- 
ventable ADEs.  

CONCLUSIONS: Medication errors are c o m m o n ,  a l though 
relatively few result  in ADEs.  However,  those  that  do are pre- 
ventable,  m a n y  through phys ic ian  computer  order entry. 
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I njur ies  due to drugs  were the mos t  f requent  cause of 
adverse events  in  the Harvard Medical Practice Study,  

in which abou t  1% of all hospital ized pa t i en t s  suffered 

a disabl ing in jury  related to medica t ions .  ~ Other  s tud ies  
have also suggested tha t  drugs  are a major  media to r  of 
iatrogenic illness.2, 

Adverse  drug even t s  (ADEs}, defined as in ju r ies  re- 

sul t ing from medical  i n t e rven t ions  related to a drug,  are 

common. However, s p o n t a n e o u s  report ing,  the u sua l  
means  of ADE ident i f icat ion,  overlooks as m a n y  as 9 5 -  
99% of ADEs tha t  are detectable by other  methods .  4-6 

In addit ion,  most  ADEs are dose-dependent  a n d  poten-  

tially predictable; a smaller  n u m b e r  are unpred ic tab le ,  
idiosyncratic, or allergic react ions  to drugs.  7-9 Almost  

all errors resu l t ing  in  ADEs are associated wi th  the first 
type of ADEs, which  are par t icular ly  i mpor t a n t  because  

they may be preventable.  

Medicat ion errors are errors in  the process of or- 

dering or delivering a medicat ion,  regardless of whe ther  
an  i n j u r y  o c c u r r e d  or t he  p o t e n t i a l  for i n j u r y  was  

present. Some medica t ion  errors result  in  ADEs. Med- 
ication errors can occur  at any  stage in  the d rug  order- 

ing, d ispens ing,  a n d  a d m i n i s t r a t i o n  process. 
A n u m b e r  of s tud ies  have evaluated the f requency 

of medicat ion errors, most  of which  do not  resul t  in 
ADEs. lo-13 Two recent  s tud ies  of error  f requency iden- 
tified the e r ran t  orders in tercepted by p h a r m a c i s t s  in  
pediatric hospitals ,  I°. 1~ a n d  found a rate of 3 - 5  medi-  

cation errors per 1,000 orders. However, these s tud ies  

did not de te rmine  the f requency of medica t ion  errors 
that were u n k n o w n  to pharmac i s t s ,  the n u m b e r  of ADEs 
resul t ing from medica t ion  errors, or the a m o u n t  of re- 

work that  medica t ion  errors cause  for providers. Others  
have developed comprehens ive  r e c omme nda t i ons  for er- 
ror prevention,  i nc lud ing  improved educa t ion  in drug  
propert ies  a n d  s t a n d a r d i z e d  d rug  label ing,  14-17 al- 

though these r e c omme nda t i ons  have not  been  priori- 
tized. 

Because phys ic ian  errors in wr i t ing  orders account  

for many  medica t ion  errors, one major  technologic in- 
tervention that  appears  to have subs t a n t i a l  potent ia l  for 

reducing the n u m b e r  of medica t ion  errors is phys ic ian  

computer  order entry,  ~8. 19 in which phys ic ians  write or- 

ders directly on the computer .  Orders can be s t ruc tu red ,  

reducing dose errors a nd  legibility problems,  a n d  the 

computer  can conduc t  checks for the presence of such  
th ings  as d rug  allergies a nd  d r u g - d r u g  in terac t ions .  

However, the percentage of medica t ion  errors tha t  may 

be preventable u s i n g  such  a system is u n k n o w n .  
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To develop effective strategies for improving  the cur- 

rent  drug order ing and  delivery system, the frequency 
and  types of medica t ion  errors  and  their  re la t ionsh ips  

with ADEs m u s t  be be t te r  defined. Thus ,  we unde r took  
a s tudy to: 1 ) evaluate the f requency of medica t ion  errors 

us ing  a comprehens ive  mul t id i sc ip l ina ry  approach;  2) 
classify medica t ion  errors according  to type; 3] deter- 

mine  how often medica t ion  errors are associated with 
ADEs and  potent ia l  ADEs; 4) evaluate the consequences  
of medicat ion errors in  te rms  of rework for providers;  

and 5) evaluate the p ropor t ion  of medica t ion  errors tha t  

may be preventable  u s i n g  phys ic ian  compute r  order en- 

try. 

METHODS 

Patient Population 

The pa t i en t  popu la t ion  cons is ted  of a cohort  of all 

adults  admi t ted  to three medical  u n i t s  at Br igham a n d  
Women's Hospital d u r i n g  October  a n d  November 1992. 
Two general medical  u n i t s  a n d  one medical in tens ive  

care un i t  (ICU) were s tud ied  over a 51-day period. These 

un i t s  were selected because  we previously found  in  an-  
other s tudy and  separa te  da ta  collection period tha t  

medical un i t s  had  h igher  rates  of ADEs t h a n  did surgical  
uni ts ,  and  ICUs had  h igher  rates  of ADEs t h a n  did non-  

ICUs. 7 In te rns  order mos t  of the medica t ions  on  these 

uni ts .  The u n i t  of eva lua t ion  was the pat ient-day.  

Definitions 

M e d i c a t i o n  errors were defined as errors occur r ing  
at any stage in  the process of order ing  or delivering a 
medication. They inc luded  the ent i re  range  of severity, 

from trivial errors, s u c h  as orders tha t  necess i ta ted  clar- 
ification or m i s s ing  doses (defined as in s t ances  in  which  

a drug was no t  available in  the medica t ion  drawer when  
the nu r se  went  to give it), to l i fe- threa tening errors, such  
as a pa t ien t ' s  receiving ten  t imes  the accepted dose of a 
drug with a na r row t o x i c - t h e r a p e u t i c  ratio. R u l e  vio- 

la t ions  were orders tha t  were faulty in  some way b u t  had  
little potential  for h a r m  or extra work because  they were 
interpreted by n u r s i n g  a n d  pha rmacy  wi thou t  clarifi- 
cation, p re sumab ly  correctly. An example is an  order 
such as "MgS04 1 amp  IV now," because  ampu les  come 

in several s t r eng ths  b u t  one s t r eng th  is s t andard .  

A d v e r s e  drug  e v e n t s  (ADEs)  were defined as in jur ies  

resul t ing from medical  i n t e rven t ions  related to a drug. 

Adverse d rug  events  may resul t  from medica t ion  errors 
or from adverse d rug  reac t ions  in  which  there was no  

error. For example, seda t ion  from an  overdose of a ben-  

zoidazapine and  a rash  caused  by a n  allergic response  
to penici l l in are bo th  ADEs. Medicat ion errors with po- 

tential for in jury  b u t  in  which  no  in ju ry  occurred were 
classified as p o t e n t i a l  A D E s .  A n  example is an  order for 
penicil l in for a pa t i en t  wi th  a k n o w n  allergy to the d rug  

in which the order was in tercepted  or the pa t i en t  re- 

ceived the drug  and  experienced no  allergic reac t ion  (Fig. 

1). I n c i d e n t s  were defined as occur rences  tha t  the s tudy  
nurse  thought  migh t  represen t  a n  ADE or a potent ia l  

ADE, whether  or no t  there  was  a n  error. 

Case Finding 

All new orders were evaluated to de t e rmine  whether  
they represented potent ia l  med ica t ion  errors. Renewal 

orders were counted  b u t  were excluded from the anal- 

yses, because we felt they would less often be associated 

with medicat ion errors. Potent ia l  med ica t ion  errors were 

detected in three ways: first, p h a r m a c i s t s  reported any  
prescr ibing errors identif ied d u r i n g  the d i spens ing  pro- 
cess; second, the s tudy  n u r s e  reviewed all char ts  for 

evidence of medica t ion  errors:  a n d  third,  a t ra ined  re- 
viewer evaluated all med ica t ion  sheets  received by the 
pharmacy. The char t  review inc luded  a careful daily 

reading of the progress notes  in  each chart ,  followed by 
a more detailed inves t iga t ion  if the n u r s e  ident if ied in- 

dicat ions of a possible medica t ion  error (e.g., major  
bleeding, new confus ion,  u n a n t i c i p a t e d  ICU transfer ,  

use of an  ant idote  such  as naloxone,  or prescr ip t ion  of 

certain medica t ions  such  as d iphenhydramine ) .  The 
trained reviewer looked for orders tha t  necess i ta ted  clar- 
ification or change,  which  was also often noted  by the 

pharmacis t s  on medica t ion  sheets.  
Inc idents  tha t  were t h o u g h t  to represen t  ADEs or 

potential  ADEs were ident if ied in  a s imi lar  fashion,  b u t  
in addit ion reports of inc idents  were solicited from nurses  
through daily visits to the u n i t s  by the s tudy  nur se ,  a n d  

by daily electronic-mail  no tes  to n u r s e s  on  the un i t s .  
Providers report ing inc iden t s  were a s su red  anonymi ty .  

Clinical data  collected from the medical  record for 
all pat ients  involved in  an  ADE or a potent ia l  ADE in- 
cluded the date a nd  t ime of the inc ident ,  the n a m e  and  

dose of the drug involved, compl ica t ions ,  a nd  the source 
of identif icat ion of the inc ident .  For medica t ion  errors 
we determined whe ther  contac t  be tween  the provider 
and the staff had  been  necessary  for the  problem's  res- 
olution; for example, whe ther  the p h a r m a c i s t  had  called 
the physic ian to clarify an  order. From this ,  we es t imated  
the a m o u n t  of rework (defined as add i t iona l  work caused  
by system malfunct ions)  required.  

Review Process 

All potent ial  medica t ion  errors  were evaluated by a 

physician reviewer, who classified t hem as medica t ion  
error, rule violation, or no  error. A 10% sample  was re- 

reviewed by a second phys ic ian  to de te rmine  reliability. 

Medication errors were classified by type: dose error 

(overdose, underdose ,  m i s s i n g  dose, wrong  dose form, 
dose omitted), route error ( incorrect  route,  wrong  route,  
route omitted), f requency error ( incorrect  frequency,  fre- 

quency omitted), s u b s t i t u t i o n  error  (wrong d rug  given, 

wrong pa t ien t  received drug), d r u g - d r u g  in te rac t ion ,  
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inappropriate drug, illegible order, known  allergy to drug, 
nonformulary  drug,  avoidable delay in  t rea tment ,  a n d  

preparat ion error. 
Inc idents  (suspected ADEs or potent ia l  ADEs) were 

evaluated independen t ly  by two reviewers, a n d  classified 
into one of four categories: ADEs: potent ia l  ADEs; med- 

ication errors, when  a n  error was p resen t  b u t  there was 

no in jury or potent ia l  for injury;  and  exclusions,  w h e n  

no error was made  and  the in jury  was minor .  When  the 

reviewers disagreed abou t  the classif icat ion,  they met  
and  came to a consensus .  P r e c o n s e n s u s  reliabili ty for 

j udgmen t s  for presence of an  AIDE or a potent ia l  ADE 

made u s ing  this  methodology was previously found  to 
be good, 7 with kappa scores of approximate ly  0.8. 

The ADEs and  potent ia l  ADEs were t hen  classified 
according to severity and  preventabi l i ty ,  as previously 

reportedY Severity was classified as l i fe- threatening,  se- 

rious, or s ignif icant .  1o Preventabi l i ty  was classified us- 
ing a four-point  scale adapted from Dubois  a n d  Brook. 2° 
For purposes  of analysis,  this  four-point  scale was col- 

lapsed into two categories: preventable  a n d  not  pre- 
ventable. We previously found  7 tha t  kappas  for judg-  

ments  o fADEs regarding preventabili ty and  severity u s ing  

these scales were 0 .63 -0 .89 .  Medication errors were also 
evaluated as to the likelihood tha t  they would be pre- 
ventable, u s i n g  a computer ized  phys ic ian  order ent ry  

system. Service responsible  for the i nc iden t  was also 

identified; categories were physic ians ,  n u r s i n g ,  phar-  
macy, secretary, other, mult ifactorial ,  a n d  none .  

Stat ist ica l  M e t h o d s  

Univariate analyses  were carried out  u s i n g  the chi- 

square  test for categorical variables.  In te r ra te r  reliabil- 
ities for whether  an  ADE was p resen t  and  for j u d g m e n t s  
of preventabil i ty a n d  severity were calculated u s i n g  the 
kappa stat ist ic.  2~ De te rmina t ion  of in te r ra te r  reliabili ty 

for whether  a medica t ion  error, rule violat ion,  or ne i the r  
was present  was made  u s i n g  a three-way kappa  stat is-  
tic. 22 The SAS stat is t ical  package was used  to conduc t  
the analyses. 2~ 

RESULTS 

The 51-day s tudy  period inc luded  379 a d m i s s i o n s  
and 1,704 pat ient-days,  d u r i n g  which  10,070 medica-  
t ion orders were wr i t ten  on  the three medical  un i t s .  In 

addit ion,  1,532 renewal orders were wri t ten .  The 10,070 

orders included 3,913 order ing  sets  (a set is a g roup  of 

FIGURE t. The relationships between medication errors, adverse 
drug events [ADEs], and potential ADEs. Only a small proportion 
of medication errors represent an ADE or a potential ADE, and 
while all potential ADEs are medication errors, only the minority 
of ADEs are associated with a medication error. 

medicat ion orders wr i t t en  at  one time). Among  these 

10,070 orders, there were a total of 530 medica t ion  er- 
rors (5.3%), or 1.4 medicat ion errors per admiss ion  (Table 
I). In addit ion,  128 of the 10,070 orders were judged  to 

be rule violat ions (0.08 rule violat ions  per patient-day}. 

The kappa between reviewers was 0.68 for the j u d g m e n t  
of whether  an  order  represented  a medica t ion  error, a 
rule violation, or ne i the r  of the above. 

Medication order error rates  were compared  by u n i t  

(Table 2). Many more orders were wr i t ten  in  the ICU 

(12.6 orders /pat ient  day) t h a n  on the two medical  u n i t s  

(3.8 and  3.9 orders/patient-day),  b u t  the error rates  were 
similar  (4.5, 6.0, a nd  6.0 errors/100 orders) across  the 
uni ts .  However, se r ious  errors were 4.5 t imes  more fre- 

quen t  in  the first medical  u n i t  (0.9 ser ious  errors/100 

orders) t han  in  the other  medical  u n i t  a n d  the ICU (0.2 
serious errors/100 orders each) (p < 0.001). The reason  
for this  difference is unclear ,  as the two medical  u n i t s  

share staffing. 
Classification of medica t ion  errors showed tha t  53% 

(280) represented m i s s i n g  doses, a nd  47% (250) were 
n o n - m i s s i n g  dose errors. While m i s s i ng  dose errors are 
relatively mi no r  from the clinical perspective, they can  
result in  s igni f icant  delays in  giving medica t ions  to pa- 
tients. Contact  be tween  pha rmacy  a n d  n u r s i n g  person-  

nel was required  for all 280 of these errors. 

Table I 
Medication Order and Error Rates 

n~lO0 n/l,000 
n Orders Patient-days n/Admission 

Medication orders I 0,070 5,910 26.6 
Medication errors 530 5.3 311 1.4 
Adverse drug events 25 0.25 14.7 0.07 
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Table 2 
Medication Order and Error Rates by Unit 

Patient- Orders/ Errors/100 Serious Errors*/ 
Orders days Patient-day Orders 100 Orders 

General unit 1 2,498 648 3.9 6 0.9 
General unit 2 2,496 653 3.8 6 0.2 
intensive care unit 5,076 403 12.6 4.5 0.2 

*Serious errors are  d e f i n e d  a s  those  a s soc ia t ed  wi th  a d v e r s e  drug even t s  (ADEs) a n d  potent ia l  ADEs.  

Among the n o n - m i s s i n g  dose errors  (Table 3), dose 

errors, f requency errors ,  and  route  errors  were the mos t  

common.  However, less f r equen t  types of errors  were 

sometimes serious,  for example, the 11 ins tances  in which  

a medica t ion  was ordered  for a pa t i en t  wi th  a known  

allergy. Physic ians  were j u d g e d  responsib le  for 81% of 

these errors;  compu te r i zed  order  ent ry  could have a sig- 

nif icant  effect on r educ t ion  of these  errors,  and  indeed,  

84% of all n o n - m i s s i n g  dose errors  were j udged  pre- 

ventable by compu te r i zed  order  entry.  Provider con tac t  

was requi red  for reso lu t ion  of the error  in 83%. 

For both  m i s s i n g  dose er rors  and  the r e m a i n d e r  of 

medicat ion errors,  an t ib io t i c s  were the d rug  class m o s t  

often involved. Ant ib io t ics  were assoc ia ted  with  19% of 

n o n - m i s s i n g  dose med ica t i on  errors,  followed by elec- 

trolyte concen t ra t e s  (10%), ca rd iovascu la r  d rugs  (8%l, 

and analgesics  (7%). 

In all, 82% of med i ca t i on  errors  were ident i f ied 

through review of med i ca t i on  sheets ;  pha rmacy  self-re- 

port yielded 9%, and  n u r s e  self-report  and  char t  review 

yielded the r e m a i n i n g  9%. Miss ing  dose errors  were 

identified a lmost  exclusively t h r o u g h  review of medica-  

tion sheets.  Even w h e n  these  errors  were excluded from 

the analysis, review of med ica t i on  shee ts  r ema ined  the 

most  product ive source ,  an  unexpec t ed  finding.  

ADEs and Medicat ion Errors 

During  the same  t ime period, 25 ADEs were iden- 

tified, five of wh ich  were assoc ia ted  wi th  med ica t i on  er- 

rors and were j udged  preventable  (Table 4). Therefore,  

five of 530 med ica t ion  er rors  (0.9%) resul ted in an  ADE; 

an addi t ional  35 med ica t i on  errors  (6.7%) were  j u d g e d  

to be potent ia l  ADEs. No m i s s i n g  dose error  was asso- 

ciated with  an  ADE or a po ten t ia l  ADE. 

Severity of the  potent ia l  ADEs and  ADEs was also 

assessed (Table 4); no pa t i en t  died of an  ADE. The five 

preventable ADEs inc luded  a hypotens ive  episode,  he- 

moptysis,  ga s t ro in t en t ina l  bleeding,  a local toxic reac- 

tion, and an asp i ra t ion  p n e u m o n i a .  Er rors  assoc ia ted  

with the five preventable  ADEs inc luded a dose error,  a 

frequency error, an  in s t ance  in wh ich  follow-up of ther-  

apy was inadequa te ,  a d r u g - d r u g  in terac t ion ,  and  a 

t ranscr ip t ion  error. Phys ic ians  were j udged  responsib le  

for three and nu r se s  for two. 

Most of the potent ia l  ADEs (27 of 35, 77%) were 

errors that  were in te rcep ted  before the medica t ion  was 

adminis te red  (Table 3). In the  r e m a i n i n g  e igh t  an  ad- 

verse outcome was avoided only by chance .  These  e ight  

potential  ADEs inc luded three  dose errors,  a f requency  

error, an ins tance  in wh ich  a pa t i en t  received a d rug  

ordered for ano the r  pat ient ,  an  inadver t en t  d iscont in-  

ua t ion  of a drug, an  avoidable  delay in t rea tment ,  and 

a case in which  a d rug  was  no t  given w h e n  needed.  Of 

the 27 potent ial  ADEs tha t  were in te rcep ted  before the 

medicat ion reached the pat ient ,  11 (41%) were the resul t  

of an order for a d rug  to wh ich  the  pa t i en t  had  a known  

allergy. Physicians were j udged  respons ib le  for 93% of 

the intercepted potent ia l  ADEs, and  verbal orders  ac- 

counted  for 19%. 

Compute r  order  en t ry  was j u d g e d  to have the po- 

tential to prevent  three  preventable  ADEs (60%), five 

{62 %) of the nonintercepted potent ia l  ADEs, and 25 (93 %) 

of the in tercepted potent ia l  ADEs. 

DISCUSSION 

We found tha t  med ica t ion  er rors  were  more  c o m m o n  

than has  been sugges ted  by o the r  reports ,  tha t  relatively 

few resulted in adverse events ,  and  tha t  they crea ted  a 

substant ia l  bu rden  of provider  rework.  Most med ica t i on  

errors appeared potent ial ly preventable  by the use  of 

physician compute r  order  entry. 

The rate of med ica t ion  er rors  tha t  we found,  53 per 

1,000 orders,  is subs tan t ia l ly  h i g h e r  t h a n  has  been  pre- 
viously reported.~°-~3 24-31 Clearly, the ra te  of de tec t ion  

depends on the in tens i ty  of survei l lance.  To max imize  

our ability to find errors,  we used  a c o m p re h ens ive  ap- 

proach to case detect ion:  a c o m b i n a t i o n  of pharmac i s t s "  

review of prescr ipt ions ,  pa t i en t  hospi ta l  record review, 

solicitation of reports  by nurses ,  and  detai led review of 

all medication sheets. Using more l imited methods ,  lower 

rates will be found. For example,  two of the larges t  s tud-  

ies of medica t ion  errors  ident i f ied  only three  to five 

errors per 1,000 orders,  bu t  these  were res t r ic ted  to 

order ing errors identif ied and  p reven ted  by p h a r m a -  

cists, ~o., ~ while we ident i f ied e r rors  w h e t h e r  or not  they 

were prevented,  and also d u r i n g  the a d m i n i s t r a t i o n  and  

d i spens ing  processes.  O the r s  have found  tha t  w h e n  

pharmacy error  de tec t ion  was c o m b i n e d  wi th  a review 

of all prescr ipt ions ,  32 m e d ic a t i o n  er rors  per  1,000 or- 

ders were found. 24 

While the exhaus t ive  approach  we used  would  be 
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p r o h i b i t i v e l y  e x p e n s i v e  for  a l a r g e - s c a l e  s t u d y  o r  for  o n -  

g o i n g  q u a l i t y  m e a s u r e m e n t ,  t h i s  l i m i t e d  s t u d y  p r o v i d e s  

a n  e s t i m a t e  of t h e  u p p e r  b o u n d  of  e r r o r  i n  t h e  m e d i -  

c a t i o n  o r d e r i n g ,  d i s p e n s i n g ,  a n d  a d m i n i s t r a t i o n  p ro -  

cesses .  T h e  r a t e  of  s e v e n  A D E s  p e r  I 0 0  a d m i s s i o n s  t h a t  

we d e t e c t e d  d u r i n g  t h i s  s t u d y  p e r i o d  w a s  s i m i l a r  to  t h a t  

in  a p r e v i o u s  s t u d y  we c o n d u c t e d ,  7 a n d  to  f i n d i n g s  in  a 

m u c h  l a r g e r  s t u d y  we h a v e  r e c e n t l y  c o m p l e t e d  o n  t h e  

i n c i d e n c e  a n d  c a u s e s  of  A D E s  ( u n p u b l i s h e d  d a t a ,  1994)  

so  it is  l ikely t h a t  t h e  r e l a t i o n s h i p  of  m e d i c a t i o n  e r r o r s  

to i n j u r i e s  h e r e  d e s c r i b e d  ( 100:1  ) i s  r e p r e s e n t a t i v e .  

In c l a s s i f y i n g  m e d i c a t i o n  e r r o r s ,  m a n y  s t u d i e s  h a v e  

f o u n d  t h a t  d o s e  e r r o r s  ( u n d e r d o s e ,  o v e r d o s e ,  a n d  w r o n g  

dose)  a r e  t h e  m o s t  f r e q u e n t  type.  t°. ~. ~3.26, 31, 32 How-  

ever,  n o n e  of  t h e s e  s t u d i e s  m a d e  a c o n c e r t e d  s e a r c h  for  

m i s s i n g  d o s e s ,  w h i c h  we f o u n d  to b e  b y  fa r  t h e  m o s t  

c o m m o n  type  of  m e d i c a t i o n  e r r o r .  We a l so  f o u n d  t h a t  

a f t e r  m i s s i n g  d o s e s ,  d o s e  e r r o r s  w e r e  t h e  m o s t  f r e q u e n t  

type of e r ro r .  I n t e r e s t i n g l y ,  a s m a l l  g r o u p  of  m e d i c a t i o n  

e r r o r s  c a u s e d  a l a rge  p r o p o r t i o n  of  A D E s  a n d  p o t e n t i a l  

ADEs.  For  e x a m p l e ,  o r d e r s  for  a d r u g  to  w h i c h  t h e  pa -  

t i e n t  h a d  a k n o w n  a l l e rgy  a c c o u n t e d  fo r  on ly  2% of  t h e  

m e d i c a t i o n  e r r o r s  in  t h i s  s t u d y ,  b u t  3 1 %  of  t h e  p o t e n t i a l  

ADEs.  T h i s  s u g g e s t s  t h a t  i m p r o v e m e n t s  in  o r d e r i n g  sys-  

t e m s  s h o u l d  t a r g e t  b o t h  h i g h - f r e q u e n c y  e r r o r s  ( s u c h  a s  

dose  e r ro r s )  a n d  i n f r e q u e n t  s e r i o u s  e r r o r s .  F o r  e x a m p l e ,  

a u t o m a t e d  a l l e rgy  c h e c k i n g  a t  t h e  t i m e  a n  o r d e r  is  p l a c e d  

cou ld  s u b s t a n t i a l l y  r e d u c e  t h e  f r e q u e n c y  of  A D E s  d u e  to  

a k n o w n  al lergy.  

Severa l  s t u d i e s  h a v e  a s s e s s e d  t h e  p o t e n t i a l  of  m e d -  

i c a t i o n  e r r o r s  to  c a u s e  A D E s ,  to. ~. ~a. az b u t  t h e  r a n g e  o f  

e s t i m a t e s  is ve ry  w ide ;  p r o p o r t i o n s  f r o m  0 to 5 8 %  h a v e  

b e e n  r e p o r t e d .  Moreove r ,  t h e s e  n u m b e r s  a r e  o n l y  es t i -  

m a t e s ,  n o t  a c t u a l  m e a s u r e m e n t s .  O n e  f o u r - y e a r  s u r v e y  

Table 3 
Classification of Medicat ion  Errors Other Than Missing Doses 

Total Medica t ion  Potential ADEs: Potential ADEs: 
Errors* Preventable ADEst Not Intercepted Intercepted 

(n = 250] (n = 5) (n = 8] (n = 27] 

Error type 
Dose errors  77 (31%) i {20%) 3 (38%) I0 (37%) 
Frequency errors  43 (17%) I (20%) l {12%) 2 (7%) 
Route errors  26 (I0%) 0 0 3 (I I%) 
Illegible order 16 (6%) 0 0 0 
Known allergy to drug  l I (4%) 0 0 I I (41%) 
Wrong drug  or pa t i en t  11 (4%) 0 I (12%) 2 (7%) 
Other  66 (26%) 3¢ t60%) 3§ (38%) 0 

Service responsible 
Physicians 203 (81%) 3 (60%) 2 (25%) 25 (93%) 
Nursing 34 (14%) 2 (40%} 6 (75%) l (4%} 
Pharmacy 7 (3%) 0 0 0 
Other  6 (2%) 0 0 0 

Preventable by order entry 
Yes 209 (84%) 3 (60%) 5 (62%) 25 193%) 
No 41 (16%) 2 (40%) 3 (38%) 2 (7%) 

Order type 
Verbal 41 (16%) 0 0 5 (19%) 
Writ ten 200 (80%) 5 ( I 0 0 % )  7 (88%) 21 (78%) 
Unclear 9 (4%) 0 I (12%) I (4%) 

*Includes medicat ion  errors that  w e r e  ADEs  or potent ia l  ADEs, so the  categories are  not m u t u a l l y  exclus ive .  

¢'ADEs = adverse  drug events .  

*Errors were: i n a d eq u a t e  f o l l o w u p ,  d r u g - d r u g  interaction, a n d  a transcription error leading to a f a i l u r e  to admin i s t e r  the  drug. 

*Errors were: avo idab le  d e l a y  in t reatment ,  i nadver t en t  d i scont inuat ion  o f  a drug.  a n d  a drug not g iven  w h e n  n e e d e d .  

Table 4 
Preventability of Adverse Drug Events (ADEs] and  Potential ADEs 

ADEs: ADEs: Potential ADEs: Potential ADEs: 
Not Preventable Preventable Not Intercepted Intercepted 

(n = 20] (n = 5) (n = 8] [n = 27) 

Life-threatening 0 I (20%) I (12%) 3 (I 1%) 
Serious 3 (15%) 4 (80%) 5 (63%) I2 (44%) 
Significant  17 {85%) 0 2 (25%) 12 (44%) 
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of dispensing and  admin i s t r a t ion  media t ion errors found 
that  0.21% of these errors caused  an  ADE, 25 a l though  

medicat ion errors due  to phys ic ian  orders were ex- 

cluded, and  the medica t ion  had  to reach the pa t i en t  to 

be considered a n  error. We found tha t  approximately  1% 
of medicat ion errors actual ly caused  an  ADE (2 % if miss-  

ing doses were excluded), a n d  a n  addi t ional  7% repre- 
sented potent ia l  ADEs. 

While the des ign  of the s tudy  did no t  permi t  u s  to 

measure the hou r s  of rework caused  by medica t ion  er- 

rors, they are clearly subs tan t i a l .  Ninety-two percent  of 

the errors (all of the m i s s i n g  doses and  83% of the re- 
mainder)  necess i ta ted  at  least a te lephone call be tween  

nurse  and  pharmacis t ,  n u r s e  a n d  physic ian,  or phar-  

macist  and  physic ian.  In previous  s tud ies  in  this  hos- 
pital we found tha t  the reso lu t ion  of a m i s s i n g  dose 
requires an  average of 8 m i n u t e s  of combined  n u r s i n g  

and  pharmacy  times. Publ i shed  reports  of m i s s ing  doses 
also provide anecdotal  evidence tha t  mi s s ing  doses are 
a major source of rework.aa-a6 Track ing  down phys ic ians  
to correct an  order is even more t ime-consuming .  If the 

overall average rework t ime is 8 m i n u t e s  per error, the 

total a m o u n t  of t ime wasted  as a resul t  of the 530 med- 

ication errors we found  would be 71 hours ,  an  average 

of about  a hal f -hour  per u n i t  each day. Tierney et al. 

found that  the n u m b e r  of t imes  a pha rmac i s t  called a 

physician to clarify a n  order  was reduced by abou t  one 
third with phys ic ian  order  en t ry  (Tierney W, commu-  
nicat ion,  1994). Medicat ion errors a n d  ADEs have sub-  

s tant ial  costs beyond those associated with rework, in- 
c luding increased length  of stay, in jury  to pa t ien ts ,  a n d  
malpractice costs. A recent  es t imate  of the cost to the 
hospital of an  ADE w a s  $ 2 , 0 0 0 .  37 

Implications for Prevention 

The American  Society of Hospital  Pha rmac i s t s  has  
recently created a set of comprehens ive  guide l ines  for 
medicat ion error prevent ion ,  i nc lud ing  advice for pre- 
scribers, pharmacis t s ,  nu r se s ,  pa t ien ts ,  admin i s t r a -  
tors, and  drug  m a n u f a c t u r e r s J  4 a n d  others  have made  
recommenta t ions  for med ica t ion  error p reven t ion  as 
well. m. m-~7, 30. 31 However, these r e c o m m e n d a t i o n s  are 

so encyclopedic tha t  it would be impossible  to implemen t  

all of them. This  s tudy  has  ident if ied those areas mos t  

in need of a t t en t i on  by ident i fy ing the mos t  c o m m o n  

types of medica t ion  errors a n d  those associated with 

ADEs. 

Fortunately,  relatively few medica t ion  errors have 

the potential  to resul t  in  ADEs, and  the cu r r en t  safety 

net  for p reven t ing  ADEs catches  mos t  ser ious  errors. 

Most potent ia l  ADEs are prevented  before the pa t i en t  

receives the drug.  However, th is  is an  a rena  in  which  
health care should,  in  our  view, strive for a zero defect 
rate. One percent  of med ica t ion  errors '  r esu l t ing  in  ADEs 

is too many.  

Physic ian compute r  order  en t ry  represen ts  a major  

system change with great  potent ia l  for r educ ing  seri- 

ous medicat ion errors.  In phys ic i an  order entry,  physi-  
cians write orders u s i n g  the computer ,  which  permi t s  

in tervent ion at the t ime orders are wri t ten.  Several s tud-  

ies have described the i m p l e m e n t a t i o n  of order en- 
try.iS. 19. 38--44 Targe t ing  the phys ic ian  th rough  com- 

puter  order ent ry  should  be highly  effective in  r educ ing  
errors, s ince in the p resen t  s tudy  phys ic i ans  were re- 
sponsible for 81% of the medica t ion  errors  other  t h a n  

miss ing  doses. It is expected tha t  order  en t ry  will de- 
crease medicat ion errors in  several ways. Drug orders 

will require a drug name ,  dose, route,  a nd  frequency, 

which will e l iminate  errors  of omiss ion .  All orders will 
be legible, a nd  t r ansc r ip t ion  errors will be e l iminated.  

C o m p u t e r i z e d  dose c h e c k i n g  a n d  g u i d e d - d o s e  algo- 

r i thms  should decrease the occurrence  of orders with 
incorrect dosages. Compute r s  can  also store relevant  in- 
formation regarding d r u g - d r u g  in terac t ions ,  k n o w n  al- 
lergies, and  appropria te  dosage schedules  according to 
the pa t ien ts ' s  character is t ics .  4°. 42 44 

This s tudy  has  several l imi ta t ions .  We s tud ied  three 

medical un i t s  in  one t each ing  hospital ,  so our  resul ts  
may not  be generalizable to other  set t ings.  Also, despite 

a "broad net," some med ica t ion  errors  a lmost  certainly 

escaped our detection. For example, our  method  did not  

detect cases in  which the choice of the d rug  was inap-  

propriate given the pa t ien t ' s  character is t ics ,  a nd  we un-  
doubtedly missed some errors  in  a d m i n i s t r a t i o n ,  be- 
cause these errors occur at the last step in the medicat ion 
delivery process a nd  are the ha rdes t  to detect. Another  

potential  b ias  tha t  migh t  decrease the ADE a nd  medi- 
cation error rates is a Hawthorne  effect related to the 
fact that  nu r ses  a nd  pha r ma c i s t s  on  the s tudy  u n i t s  
were involved in  the study.  Finally, our  classif icat ion of 

ADEs by severity a n d  preventabi l i ty  is an  implici t  mea- 
sure. However, the in te r ra te r  ag reemen t  was good, and  
the reliability of this method has  been confirmed by other 
studies.  7 

We conclude that  medica t ion  errors are common,  
and  that  most  ser ious  errors resul t  from errors in  pre- 
scr ibing by physic ians .  However, relatively few medica- 
t ion errors resul ts  in  ADEs, e i ther  because  they have 
little potent ial  for in jury  or because  they are in tercepted 
by pharmacis t s  and  nurses .  Nonetheless,  1.4% of the 

pat ients  admit ted  d u r i n g  the s tudy  suffered a potent ial ly 

preventable ADE. Of these preventable  ADEs, more t h a n  

half could have been  prevented by compu te r  order  entry.  
Medication errors have other  costs tha t  may  be sub-  

stantial ,  inc lud ing  malpract ice  costs, rework for provid- 

ers, and  waste for hospitals .  
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