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Aims

Previous systematic reviews have found that drug-related morbidity accounts for 4.3%
of preventable hospital admissions. None, however, has identified the drugs most
commonly responsible for preventable hospital admissions. The aims of this study
were to estimate the percentage of preventable drug-related hospital admissions, the
most common drug causes of preventable hospital admissions and the most common
underlying causes of preventable drug-related admissions.

Methods

Bibliographic databases and reference lists from eligible articles and study authors
were the sources for data. Seventeen prospective observational studies reporting the
proportion of preventable drug-related hospital admissions, causative drugs and/or
the underlying causes of hospital admissions were selected. Included studies used
multiple reviewers and/or explicit criteria to assess causality and preventability of
hospital admissions. Two investigators abstracted data from all included studies using
a purpose-made data extraction form.

Results

From 13 papers the median percentage of preventable drug-related admissions to
hospital was 3.7% (range 1.4—15.4). From nine papers the majority (51%) of
preventable drug-related admissions involved either antiplatelets (16%), diuretics
(16%), nonsteroidal anti-inflammatory drugs (11%) or anticoagulants (8%). From
five studies the median proportion of preventable drug-related admissions associated
with prescribing problems was 30.6% (range 11.1-41.8), with adherence problems
33.3% (range 20.9-41.7) and with monitoring problems 22.2% (range 0-31.3).

Conclusions

Four groups of drugs account for more than 50% of the drug groups associated with
preventable drug-related hospital admissions. Concentrating interventions on these
drug groups could reduce appreciably the number of preventable drug-related admis-
sions to hospital from primary care.

Introduction

Drug-related problems are an important cause of mor-
bidity and mortality and a significant burden on health-
care resources [1, 2]. Previous systematic reviews have
shown that 4.9-7.7% of admissions are related to
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adverse drug events [3, 4] and a median of 4.3% of
admissions are considered to be drug-related and pre-
ventable [3]. These reviews have largely concentrated
on the proportion of admissions that are drug related.
One review assessed which drugs most commonly con-
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tributed to drug-related morbidity, but combined events
which had occurred in hospital with those which
occurred in a community setting [5]. Little is known
about which drugs are most frequently responsible for
preventable drug-related hospital admissions, or the
most common underlying causes of these admissions.

We undertook a systematic review to address the fol-
lowing questions:

* What proportion of hospital admissions are drug
related and preventable?

* What are the most common drug causes of prevent-
able hospital admissions?

* What are the most common underlying causes of pre-
ventable drug-related admissions?

Methods

Searching

We sought to identify both published and unpublished
studies using a high-sensitivity, low-specificity search of
the following databases: the Cochrane controlled trials
register, Cochrane database of systematic reviews, Index
UK, US Dissertation abstracts, International Pharma-
ceutical Abstracts, MEDLINE, EMBASE, Cinahl,
Pharmline, National Research Register, Psychinfo, Sci-
ence Citation Index and SIGLE.

In addition, bibliography lists of published reviews
were searched for relevant papers [3-5]. Where possi-
ble, corresponding authors were contacted for further
information. Details of the search strategy are available
from the corresponding author.

Selection and abstraction

Two reviewers (S.S. and S.R.) independently screened
titles for relevance, resolving disagreements through
discussion. The same reviewers independently reviewed
the abstracts of articles considered to be relevant. Full
papers were retrieved for detailed analysis and assessed
according to the inclusion criteria. Two reviewers (S.S.
and R.L.H.) abstracted data from papers meeting these
criteria and a third reviewer (A.J.A.) verified the data.

Our inclusion criteria were as follows:

* Types of studies: studies eligible for inclusion pro-
spectively identified patients admitted with prevent-
able drug-related admissions to hospital using
medical record review. Studies reported the number
and proportion of preventable drug-related admis-
sions and at least one of the following: types of
medication associated with preventable drug-related
admissions and underlying causes of preventable
drug-related admissions.

* Types of participants: patients aged =16 years.
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* Types of admissions: admissions to hospital from pri-
mary care judged to be drug related and preventable.
Admissions caused by adverse drug reactions, under-
or overtreatment and problems with patient adherence
to medication were included.

Studies excluded from the review were those that: did
not use medical record review to identify admissions;
focused on specific diseases or treatments, a single drug-
related problem, or admissions to a single specialist
unit; focused on admissions attributed to drugs of abuse
or intentional overdose; focused on hospital readmis-
sions only; focused on events occurring in hospital.

Quality assessment

Papers were assessed as suitable for inclusion if they
met the inclusion criteria detailed above. For the pur-
poses of subgroup and sensitivity analyses, we also
recorded other methodological and participant charac-
teristics of included studies.

Categorization of drugs into classes and groups

Drugs associated with admissions were categorized into
groups using British National Formulary subchapter
headings wherever possible [6].

Data synthesis

Summary statistics for our chosen outcomes were cal-
culated from the selected papers using Microsoft Excel
(2000) and are reported as follows:

* The median (range) percentage of all hospital admis-
sions (as reported by study authors) which were drug
related and preventable.

* The frequency of drug causes of admissions, reported
as the proportion of all drug causes (i.e. greater than
the number of admissions, as more than one drug can
contribute to a single admission)

* The median percentage (range) of all hospital admis-
sions attributed to an underlying cause (as reported by
the study authors). Underlying causes included: pre-
scribing problems (admissions which could have been
avoided by prescribing an alternative drug or dose of
drug), monitoring problems (admissions which could
have been avoided by closer monitoring for adverse
effects of medication) and adherence problems
(admissions which could have been avoided if
patients had taken the drugs according to the pre-
scribed directions).

Results

Description of studies

We identified 122 potentially relevant studies, of which
17 satisfied our inclusion criteria. The main reasons for
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Identified citations (n = 32,512)

Figure 1
Selection process of eligible studies

Studies not relevant:

A 4

Excluded on the basis of the title of the paper (n = 32,046) or
review of the abstract (n = 344)

A 4

Potentially relevant studies (n = 122)

Studies not relevant:

Excluded on the basis of review of the paper (n = 92)

A 4
Assessed in detail for eligibility (n = 30)

* Included ward transfers (n = 2)

A 4

(n=3)

Studies did not meet quality inclusion criteria (n = 13):
e Combined admissions with in hospital events (n = 1)

Included hospital readmissions only (n = 2)
e Used retrospective chart review/no chart review

* Unreliable/no assessment of preventability (n = 3)
* Included admissions to ITU only (n = 2)

A
Included studies (n = 17)

excluding studies are summarized in the QUOROM
flow diagram (see Figure 1). A brief description of the
studies included in the review is presented in Table 1.
Hallas et al. conducted a series of studies covering a
range of hospital wards (general medical, cardiac, older
people, gastrointestinal and respiratory) [7—11]. Details
of the drugs associated with preventable hospital admis-
sions are published in five papers [7—11], whilst a sixth
paper summarized the percentage of preventable drug-
related admissions for all the units studied [12]. A sev-
enth paper by Hallas et al. reported the results of a
survey of admissions following an intervention which
had been developed as a result of the earlier work [13].

Percentage of admissions that were drug-related

and preventable

The search identified 13 papers which met the inclusion
criteria. These were conducted between 1983 and 2002.
Five studies were conducted in the UK [14-18], two in
Denmark [12, 13], two in the USA [19, 20], two in
Australia [21, 22], one in Canada [23] and one in Italy
[24]. Four studies included adults aged =65 years [14,
17, 21, 23], whilst the remaining studies included adults
of all ages. Four studies included only admissions
caused by adverse drug reactions [16—19], whilst the
remaining nine studies included a wider definition of
admissions due to under- and overtreatment. Seven stud-
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ies included admissions due to problems with patient
adherence to medication [12, 13, 15, 21-24]. Eleven
studies used multiple reviewers to assess causality and
preventability [12, 14-23] and 10 studies used guide-
lines or specific criteria to assign causality and prevent-
ability [12-18, 21-23]. A meta-analysis of the data
reported was deemed inappropriate due to the heteroge-
neity between studies.

The median (range) percentage of admissions that
were preventable and drug-related is 3.73 (1.36-15.42).
The scatter plot in Figure 2 shows the relationship
between total number of admissions and percentage of
preventable drug-related admissions. Two small studies
showed a higher than expected proportion of prevent-
able drug-related admissions [21, 23]. These studies
included admissions due to problems with patient adher-
ence and, in contrast to the other studies, focused on
patients aged >65 years rather than adults of all ages.

Drugs associated with preventable hospital admissions

The search identified 11 papers which met the inclusion
criteria [7, 9-11, 13, 15, 16, 18-20, 22]. The studies
were conducted between 1983 and 2001 and included
adults of all ages. Five studies were conducted in Den-
mark [7, 9-11, 13], three in the UK [15, 16, 18], two in
the USA [19, 20] and one in Australia [22]. The five
papers from Denmark [7, 9—11, 13] reported the results



Which drugs cause preventable admissions to hospital? I

a
!
Ajjigeiuanaid MBI @
pue Ayjesned 1o} juaied o
BLRILD Se||eH, |eudsoy pue jspeuueyd -
juauiean 3uisn silemainel  oes Joy pouad e Aq m
-190O juspuadspul  39aM-t B JaN0 sjeydsoy jo MBIAS) PIOd3I g
7661 usunean 221y} spiem Apspje sipaA G932 Jaquinu e ui 3uisinu pue 8
1aquiaa( N -1apun 40 Juswadpn( ay} Jo aied pade  spiem Ajepje  plodal [edipawl L] 2661 Dm
(cv) ov (£9) ¥5 L10l  syuow Q| 0} yoIepy ‘apishel. yav Auolepy 0} SUOISSILLPY/ sjuaned 3y} Jo a1eD) anpadsold  weyduiuun) %
Aujigeiuanaid N
! 10} a
souelduwod elayd oidads (spaq
-UoN  pue Aujesned 1oy oueus8 07
£661 uaunean ,BLIDIID Se||eH 3uipnpur) 1speuweyd
Atenige4 -I9AQ  popusuwle, pasn piem e Aq
0} 7661 uauean SISM3IA] JO sieah G692 |e21paW M3INBI PIOJ3I
laquiay epeue) -Ispun Jaqunu pade pag-z¢ |B2IpaLL [¢z] 661
(oz1) 8l (£0%) 9 051 SYoaMm 6| -dag ‘ojuolo] ¥yav umouun SUOISSILIPE ||/ sjuaied 31Nde U aAPadsold uPWHNOD
soueldwod
-UoN Anjgeiuanaid MIIAIRIUI
SSEISU=ET pue Aianas |eudsoy a1ed BN
SEY) ‘Ajjesned anoe 2ignd 10/pue juaned
eljesISNY uaunean 10} LRI suolssiupe sieak G/ Pag-006 e 1e pue MaIA3]
‘eluewise] -1spun se||eH, 3uisn pauuejdun pade Spiem  plodal [edlpawl [1Z] 100T
Wal) L& (88l1) St ove Syoam g 8661 uISYINOS yavy SIDMIIND] OM| 2Ny S)ynpy [B2IPSIA anpadsold ueyd
MIIAIRUI
|eudsoy juaned
SuoISSIWpe 3uiyoeay pue uepisAyd
il SIOM3INRI 33U} Aouadiows Aleryay UM MBINSI
7861 ‘spasnyd Jo Juswadpn( pue pP2g-00/  piodal |edipa [61] 2861
(zs) 9¢ (96) 99 989 1A | —¢861 -BSsel| yav [eawuip Ayofepy pajnpayasun SYNpy B Ul Spiem ||y anpadsold Ag8ig
vdad v¥d (%) SUOISSIWPE  UOIP3[|0d U002 Apnis jo vya se Ayjiqejuanaid uoissiwpe sjuaned  paipnis yun A8ojopouiapy Apnmis
(%)  19qunN jo ejep jo elep jo uoned07] paijisse|d pue Ajjesned jo adAL jo a8y
laquinN laquinN uoneing pouad STTEYE) JO JUBLISSISSE
jo sadAL Jo poyla|y

M3INSI U} Ul papnpoul salpnis JO sjieled

L ®|qeL




R. L. Howard et al.

plem

8861 Aepy [eaipaw [6] 0661
VN VN VN  9A0Qe Sy 0} PIepy SAOQe Sy  an0qge Sy Sn0ge SY Sn0ge SY Sn0ge SY |pISUSD) Sn0ge SY se||leH
MOIAIS]UI
asinu 1o
souelduwod Aujigejuanaud ‘Isuonioeid
-UoN pue Aujesned [IENER]
Juswiealn 10} URID ‘9nneRI
SEYYe) se|leH, Suisn Juaned
8861 Jusuiean SISMBINSI INOY puUe M3IAD]
aunf ylewusq -1apun J0 Juawadpn( ASojoipieD Jo  piodal [edIpaLL [£] o661
VN VN YN  syow g o} Aepy 'asuspQ Jav Awolepy SUOISSILUPE ||/ s)npy wawedag anPadsoid se||leH
1eapun
Anjigeiuanaid
JO JUBWISSISSY
‘Ajjesned ssasse syuow g
0} ,wyjuog|e 1e dn-moj|o}
s,olueiey, pue SuoIssIWpe speudsoy  yum ‘mainsiul
,uonesiyissep |e2IpaLL om ul dD Jo/pue
SWweH ua| pue anoe 00T spun juaned pue
19|nuay, Suisn JO UoI3|aS suoIssiupe MBIA3] PIOd3I
N SIDMBINDI OM} laquinu [e21pSw |eoipaw [91] 000z
(09) z1 (g1) sl 00  SYyoam 77 umouyun ‘loodiani Jav JO JuaWRaI3Y wopuey s)npy Silelv] anPadsoid usaIn
MOIAIS)UI
juaned
pue SpIodaJ
|e2IpaLL
Aujigeyusnaud pa1ajes
1o} pue ‘piodal
eLa)ld oiynads Jaindwod
2oueldwod pue ‘Ayjesnes JO MIINDI
-UuopN 10} LSO 1ensidal
Jusweal) eudese] ‘syuaned
661 SEYYe) R yoey, Y pz< Sunsey JO M3IA3]
1aquiana( Juswieal) paijipow 3uisn wswedag 1speuweyd
0] eljRASNY -1apun SIOM3INSI O] AouaBiawg |eudsoy aunnol [zz] 9661
(Lg)9s  (L9) ss 596 skep 0¢  JoquienoN  ‘DuInNogiR Jav JO JUSWaRIY  BIA SUOISSILUPY s)npy 3|0YM anPadsoid |[Puneq
vidd Vvia (%) Suoissilpe  UOIPS||0d  UOIPS)||0d Apnis jo viQ se Ajjiqejuanaid uoissiwpe sjuaned  paipnmis nun  ASojopoyiapy Apmis
()  J1oquinN jo elep Jo ejep Jo uone’o pauisse|d pue Ayjesnes jo adAL jo a8y
Jlaquinn Jlaquinn uoneing pouad SUEYE] JO 1UBWISSISSe
jo sadAL Jo poylapy
panunuo)
L 3|qeL

140 | 63:2 | BrJ Clin Pharmacol



Which drugs cause preventable admissions to hospital? I

Spi022l
[p2IpaWw
Aujigejusnaid |eudsoy SEIREIES
pue Ayujesned 1o} 3uiyoesy pue s}eays
eLAND |eJoua8 a8ieyosip
aulepingd pag-69L ‘spyeyd
7861 uaunealn 3uisn Jsmainal SIS JO SDINISS 3nip e jo
1sn8ny SEVYe) auo [P21paW 0} Jusnedul M3IN3I [o7] 9861
(0 6l (z¥) s¢ g8  Suyow g o Anf  vsn ‘olyo Jay JO JuaWaspnr  SUOISSILIPE ||y SYnpy [e2IpaN anpadsold  UeURWIYSYE]
MBI
dD pue
juaned
pue ‘spiodal
|e21paW
payps|es
2oueldwod RuayD Is|day, JO MIINDI
-UON  pue Aujesned ioy Ispeweyd
Jusuiean LS Se|jeH ‘syusiyed
SEYYe) palyipoLU, pasn a1 JO M3IA3]
Jusuiean SIaM3INSI 331U} Arewind wouy piem 1spewleyd
(g¥) 8L1 100T adunf N -1spun 40 Juswadpn( SuoIssILpe SUOISSILLIPR aunnol [g1] co0T
(G9) g9z S60% sypuow 9 o} Alenuer  ‘wey3umop| yav Aolepy pajnpayasun s)npy [e2Ip3IN anadsold pJemOH
SENETETERT
Aq mainal 1o}
paps|es
Ajwopuel
sased Axig a1ed Arewiud
"SI wioJ} SIS piem
se|jeH, 8uisn |p2IpaW oujelas pue
JaMBaIAS] BUO 0] SuoIssILLpe [eo1paLL [c1] g661
(9¢) sz (szL) 88 0L syuow f 6861 SAOQe Sy 2A0qge Sy JO Juawa3dpn pa|npaypsun 9A0qe SY [EIENED) 9A0qe SY se|leH
6861 Ael
(9o1) 01 8861 spiem [zl] 661
W'¢) 19 zlz 6661  2n0ge SY ey 9AOGR Sy 9A0ge SY 9NOGP SY 9NOGP SY 9NOGR SY [B2IPALL XIS 9NOGR SY se|leH
8661 aunf piem [L1] 1661
VYN VYN VYN  9A0ge sy 0} Youepy 9A0ge Sy 9A0ge SY 9A0qe Sy SN0qgP SY SN0qP SY RINLENED) 2A0qe SY se|leH
piem [oL] ze6lL
VN VN VN  9A0Qe Sy 6861 SAOQe Sy 2n0qge Sy aN0ge SY aN0ge SY aN0ge SY Aiojendsay aN0ge SY se||leH
viad via (%) Suolssiwpe  UONDS||0d  UOIPS||0d Apmis jo Aipqgejusnsid uolssiwpe sjuaned  paipmis yun  A3ojopoyiey Apms
(%)  19qunN jo elep jo elep jo uoned07 pue Ajjesned jo adAL jo a8y
laquiny laquiny uoneing pouad JO JusWISSasse
jo sadAL Jo poylapy
p=anunuo)

L 2|qe1

BrJ Clin Pharmacol | 632 | 141



R. L. Howard et al.

“uoISSILpD pajpjai-bnip sjgpiuanaid ‘yydd ‘uondpai brip asienpp Yy ‘suoissiupp paipjar-bnig vya

paniwpe
syuaned
souelduwod JO sp1023l
-UoN Lpuow yoes Jo [e2IpaWL JO
G661 jusLLeal) Joam 1si1} 9y} dn-moj|o}
Jaquiay SEYe) I uo jJuswedsp (s1eak pue spiodal
-dag juswieal) pue Ayjesnes fouaiswa (R |eudsoy IRV JO MaIABI
0l ¥661 Aey -1spun Jo Juswadpn( ay eiA - 23e ueawl) oliqnd asinu 2] 6661
W'1) gt (50 st $¢81 SYoam 7| 13qorQ ‘e ¥yay 19n1easay SUOISSILIPE ||/ S)ynpy PS9-00L anpadsold matpsey
1soewleyd 1o
3sINU UIeasal
Anjigeiuanaid Aq mainsyul
10} dn 1o
JBLISID SP||eH, (ASoj0oorUA8  annejRl JuSnRd
pue Ayjesned 1o} pue puUe M3IAD]
,POUIRW SaUOf, SOUI9ISqO  PIOd3l [edIpaW
pue wuyode 8uipnpxa) SEIEIEIS
ofuelep, 3uisn sjuaned sjendsoy "syusned
200¢ SEWETEY A3oj029RUAS oMy Ul JO M3IN3I
|udy 931U} IO oM} pue 5111315q0 (s1eah 9| Spiem 1spewueyd
0} 1007 SN Jo Juawadpn( 1dooxa JaN0) |e2181ns aunnol [81] 00T
(¢ 189 (T9) s/6 078 81 SyIUOW 9 J2qUISAON ‘loodianr yav Auolepy SUOISSILUPE ||/ S)ynpy pue [e2Ip3J\ anpadsold  pawleyoulld
1aypIeasal
10 Jensidal
‘JuUB}NSUOD |eudsoy
YNM UONEDILISA (papnpoxe 3uiyoeay
uay} pue suoIssILLIpeal) pag-//9 e Ul
's3nup jo |yoid aled Spiem MIINSI
Jay umous Arewind wioly 21ed Jeay pi10d3l
yum swoydwiAs SUOISSILPE  SIBAA G9 2 pue [edlpaw 3uisinu pue
SN Jo uosuedwod  pajnpayds pue pade 2ineusd |e21paw [£1] z661
(1'9) <1 (¢9) 9z 91y SEENY umouyun  Isrsaypueyy yav JaYpIeasay Aoua8iawig sjuaied 2Ny aNPadsold As|pury
vdad Vv¥d (%) SUOISSIWpEe  UOIP3[|0d  UOIPI|[0d Apnis jo via se Ajigeyuanaid uoissiwpe sjuaied paipnis Hun A8ojopouyapy Apnis
(%) JaquinN jo ejep jo elep jo uonedo07] payissep pue Ayjesned jo adAL Jo a8y
lRquinN laquinN uoneing pouad [SUEYE] JO JUBWISSASSe
jo sadAL Jo poylapy

panunuo)
L ®|qeL

142 | 63:2 | BrJ Clin Pharmacol



Figure 2
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Scattergram showing the relationship between the

number of patients studied and the proportion of

preventable drug-related admissions to hospital

Proportion of preventable drug-
related admissions to hospital

4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000
Number of patients studied

of two studies, four papers reported the detailed results
for four units [7, 9-11].

Three studies included admissions caused by adverse
drug reactions only [16, 18, 20], whilst the remaining
studies reported adverse drug reactions, over- and
undertreatment and patient adherence problems. To take
account of this, the drugs causing admissions have been
broken down into three groups: admissions caused by
adverse drug reactions and overtreatment; admissions
caused by undertreatment; and admissions caused by
problems with patient adherence.

The drug groups most frequently associated with all
types of preventable drug-related admissions were
antiplatelets, diuretics, nonsteroidal anti-inflammatory
drugs (NSAIDs) and anticoagulants (see Table 2). When
preventable drug-related admissions were broken down
by type of underlying problem, adverse drug reactions
and overtreatment were most commonly associated with
antiplatelets, diuretics and NSAIDs, undertreatment
problems with antiepileptics and patient adherence
problems with diuretics, drugs used in diabetes and anti-
epileptics (see Table 2).

Underlying causes of preventable drug-related admissions
The search identified five papers which met the inclu-
sion criteria [12, 15, 19, 22, 23]. The studies were con-
ducted in the USA [19], Canada [23], Australia [22],
Denmark [12] and the UK [15] between 1983 and 2001.
One study included only adults aged =65 years [23],
whilst the remaining studies included adults of all ages.
The underlying causes reported in the papers were pre-
scribing problems (assumed to be a problem if admis-
sions were described as preventable adverse drug
reactions and not attributed to monitoring problems),
monitoring problems and problems with patient adher-
ence. Other categories were reported in some papers

(drug interactions, for example) but could not be applied
to all the publications.

Prescribing problems and problems with patient
adherence to medication were the most common under-
lying causes of preventable drug-related admissions
[median (range) 30.6% (11.1-41.8) and 33.3% (20.9-
41.7), respectively]. Monitoring problems were respon-
sible for a median (range) of 22.2% (0-31.3) prevent-
able drug-related admissions (see Table 3).

Discussion

We found that four drug groups accounted for >50% of
preventable drug-related hospital admissions and 12
drug groups accounted for 80% of these admissions.
Around one-third of drug-related admissions were asso-
ciated with prescribing problems, one-third with patient
adherence problems and nearly a quarter with inade-
quate monitoring of medication.

The median of 3.7% of admissions found to be drug
related and preventable in our review is slightly lower
than that of a previous review [3] because of the inclu-
sion of two recent large UK studies. To our knowledge,
only one other review has attempted to detail the drugs
most commonly causing patient injury [S]. This review,
however, concentrated on adverse drug reactions caus-
ing, and occurring during, hospital admission and did
not consider whether the admissions were preventable.

We have focused on studies that used prospective
medical record review to identify potential drug-related
admissions. It is widely accepted that this is the most
comprehensive approach to identifying drug-related
hospital admissions [25] compared with other methods,
such as computer alerts [26] and spontaneous reporting
[27]. In addition, the studies included in this review
have used either multiple reviewers and/or criteria to
assign causality and preventability. The included stud-
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Table 2

Drug groups most commonly associated with preventable drug-related admissions relating to adverse drug reactions and
overtreatment, undertreatment and problems with patient adherence

All preventable Adverse drug Patient

drug-related reactions and adherence

admissions, overtreatment problems Undertreatment

no. (%) no. (%) no. (%) no. (%)
Drug group (n = 1406) (n =1263) (n=98) (n = 45)
Antiplatelets (including aspirin when used as an antiplatelet 225 (16.0)) 219 (17.3) 2 (2.0) 4 (8.9)
Diuretics 223 (15.9) 202 (16.0) 20 (20.4) 3 (2.2)
Nonsteroidal anti-inflammatory drugs 155 (11.0) 151 (12.0) 4 (4.1) 0
Anticoagulants 117 (8.3) 113 (8.9) 4 (4.1) 0
Opioid analgesics 69 (4.9) 68 (5.4) 1 (1.0) 0
B-Blockers 65 (4.6) 56 (4.4) 4 (4.1) 5(11.1)
Drugs affecting the renin—angiotensin system (e.g. 62 (4.4) 58 (4.6) 4 (4.1) 0

angiotensin converting enzyme inhibitors)

Drugs used in diabetes 49 (3.5) 40 (3.2) 9 (9.2) 0
Positive inotropes 45 (3.2) 41 (3.2) 3(3.1) 1(22)
Corticosteroids 44 (3.1) 41 (3.2) 2 (2.0) 1(22)
Antidepressant 42 (3.0) 41 (3.2) 1(1.0) 0
Calcium channel blockers 39 (2.8) 34 (2.7) 1(1.0) 4 (8.9)
Antiepileptics 32 (2.3) 11 (0.9) 8 (8.2) 13 (28.9)
Nitrates 24 (1.7) 15 (1.2) 5 (5.1) 4 (8.9)
Inhaled corticosteroids 8 (0.6) 0 7 (7.1) 1(22)
Potassium channel activators 7 (0.5) 1 (0.1) 2 (2.1) 4 (8.9)
Anti-asthmatics* 5 (0.4) 0 5 (5.1) 0
Total 1211 (86.1) 1091 (86.4) 82 (83.7) 40 (88.9)

*Inhaled and oral bronchodilators and corticosteroids and other antiasthmatic drugs.

Table 3

Numbers (percentage) of preventable drug-related admissions associated with prescribing problems, monitoring problems and

patient adherence problems

Number (%) of admissions attributed to different underlying causes

Bigby Courtman Dartnell Hallas Howard Median %

1987 [19] 1995 [23] 1996 [22] 1992 [12] 2003 [15] (range) for
Underlying cause (n=36) (n=18) (n=36) (n=67) (n=178) all studies
Prescribing problem 4 (11) 5 (28) 11 (30) 28 (42) 63 (35) 30.6 (11.1-41.8)
Monitoring problem 12 (33) 7 (39) 15 (42) 14 (21) 53 (30) 222 (0-31.3)
Patient adherence problem 6 (17) 8 (22) 21 (31) 46 (26) 33.3 (20.9-41.7)
Unclassified 14 (39) 6 (33) 2 (6) 4 (6) 16 (9)
Total 36 (100) 18 (100) 36 (100) 67 (100) 178 (100)

ies were conducted over a period of 18 years in several
different developed countries, mostly in the western
hemisphere. Therefore, the results of this study may not
be applicable in all countries. Some of the studies used
different definitions of causality and preventability and
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therefore may not be directly comparable. For example,
some studies have included admissions considered to
be possibly related to drugs and possibly preventable in
their assessments of the prevalence of preventable
drug-related admissions. In order to avoid falsely inflat-



ing the prevalence of preventable drug-related admis-
sions we have, wherever possible, excluded these
admissions from the estimates reported in our system-
atic review.

We have focused on medical admissions to hospital
from the general population and have included studies
with a broad scope of admission types by excluding
studies conducted only on specialist units. However, it
is possible that the presence of specialist units in some
hospitals may have affected the types of admissions
seen.

In all of the cases judged to be preventable in the
reviewed studies, the innate toxicity of the drug (or
failure to prescribe a drug or sufficient dose) was avoid-
able in some way. The four drug groups most often
causing preventable admissions are commonly used in
England [28]. Diuretics account for 5.3% of all primary
care prescriptions in England, antiplatelets for 4.0%,
NSAIDs for 3.0% and oral anticoagulants for 0.8%.
These drug groups have a high innate toxicity, with both
diuretics and oral anticoagulants requiring close moni-
toring for their safe use. In addition, all four drug groups
are often used in elderly patients who are more suscep-
tible to adverse effects. The ideal solution to this prob-
lem would be to have safer drugs, although no drug is
ever likely to be completely without risk. In addition,
new drugs take many years to reach the market. In the
meantime, there are a number of strategies which can
be implemented to help reduce the number of prevent-
able drug-related hospital admissions.

NSAIDs are known to increase the risk of gastrointes-
tinal bleeding and renal dysfunction [29, 30]. Co-pre-
scribing a proton pump inhibitor could reduce the risk
of gastrointestinal bleeding (and hospital admission)
associated with NSAIDs by between 64% (as secondary
prophylaxis) and 78% (as primary prophylaxis) [30].
Other options include using alternative analgesia or pre-
scribing the lowest possible dose of NSAIDs.

Low-dose aspirin also increases the risk of gas-
trointestinal bleeding [30]. Secondary prophylaxis with
Helicobacter pylori eradication, where necessary, and
proton pump inhibitors offers a ninefold reduction in the
risk of gastric ulcer bleeding [31].

Close monitoring of patients taking potent diuretics
could reduce the number of patients admitted with dehy-
dration and/or renal failure. A nurse-led intervention,
which included more frequent monitoring of heart fail-
ure patients, reduced hospital admissions due to heart
failure by 60% and almost halved the number of days
spent in hospital [32].

Ensuring adequate monitoring of patients on oral
anticoagulants and avoiding coprescription of drugs

Which drugs cause preventable admissions to hospital? I

which increase the risk of bleeding could reduce the
number of patients admitted with bleeding events [33].
More effective computer alerts may help to avoid the
coprescription of interacting drugs and to alert to the
need for increased monitoring [34].

The strategies detailed above concentrate mostly on
avoiding adverse drug reactions, but it is also important
to remember that preventable patient injury can be
caused by undertreatment. Undertreatment can result
from prescribing too low a dose, or patients taking less
than the prescribed dose of medication. Prescribers
should ensure that patients are treated with the minimum
effective dose of drug, but not less, especially when
prescribing drugs with a narrow therapeutic range, e.g.
antiepileptics or digoxin. In addition, it is important to
ensure that patients are given adequate information to
enable them to take their medication effectively and
safely. However, not all cases associated with adherence
problems will be avoidable.

While there are a number of studies that suggest ways
in which preventable drug-related injuries could be
avoided [30-32, 34], it would be helpful to quantify
potential benefits and risks using health economic eval-
uations and, where necessary, further primary research.
For example, a health economic evaluation of combin-
ing gastro-prophylaxis with low-dose aspirin would help
to clarify the patient groups for which prophylaxis might
be justified. In addition, there needs to be greater atten-
tion to the evidence base which underpins drug moni-
toring [35].

Also, despite the large number of studies of prevent-
able drug-related admissions, further studies are needed
to provide more information on the underlying causes
of these admissions. This may help in the development
of interventions aimed at improving the safety of pre-
scribing and drug monitoring, and improving adherence
to medication.

Antiplatelets, diuretics, NSAIDs and anticoagulants
account for more than half of the drug groups associated
with preventable drug-related admissions to hospital.
Concentrating interventions on these four drug groups
could appreciably reduce the number of preventable
drug-related admissions to hospital.

This systematic review was undertaken with NHS
Research & Development funding.
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