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Aims An intensi®ed monitoring system was set up to identify drug related hospital

admissions and estimate population-based incidences for commonly prescribed

medications.

Methods Pharmacovigilance-centres systematically screened nonelective admissions to

emergency rooms or departments of internal medicine for drug related hospitalizations

(DRH). Clinical pharmacologists used standardized causality assessment. Service areas

of each acute care hospital were de®ned by 5 digit postal codes that covered 60% of

all admissions. Drug dispensing information was available through claims processed

by regional pharmacy computing centres. Quarterly incidences were estimated by

dividing the number of events by the number of treated patients.

Results 435 DRHs were reported during ®ve quarters. The incidence of ADRs

leading to admissions varied for speci®c drug groups from 1.5/10 000 treated patients

to 24/10 000. Quarterly variation of incidences was moderate except for insulin and

calcium antagonists. 95% con®dence intervals overlap for all quarters within each

group. Incidences are sensitive to changes in the de®nition of the source population.

Conclusions Our pharmacovigilance monitoring system allows comparisons of

population-based incidences of drug-related hospitalizations among drugs and over

time. It provides important information for risk management and monitoring

outcomes of pharmaceutical quality management programmes.

Keywords: adverse drug reaction, drug related hospitalization, monitoring,

pharmacovigilance, population-based

Introduction

Although valuable, spontaneous reporting suffers from

high underreporting of ADRs in hospitals, frequently

misses important information on the nature and chron-

ological sequence of events, and lacks a de®ned source

population [1]. Meta-analyses estimated that the propor-

tion of drug related hospitalizations (DRH) varies between

2.4% and 6.2% [2, 3]. Monitoring the frequency of DRHs

is necessary to evaluate interventions on better prescribing.

For valid population-based incidence estimation many

requirements must be ful®lled, including complete event

documentation, a sensitive yet speci®c screening tool, and

a de®ned source population. The objective of this paper is

to describe a monitoring system and incidence estimation

for drug related hospitalizations.

Methods

The Departments of Clinical Pharmacology in Jena,

Rostock, and Dresden established an intensi®ed Pharma-

covigilance program from October 1, 1997 to December

31, 1998. Each centre systematically screened nonelective
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admissions to emergency rooms or departments of general

internal medicine of all hospitals in the surrounding urban

areas. Dresden has 5 acute care hospitals, Rostock 2, and

Jena 1.

DRHs were identi®ed 1) by systematic and prospective

screening of admissions to emergency rooms and depart-

ments of general internal medicine with regard to

characteristic symptoms/diagnoses of known ADRs, and

2) by spontaneous reports from the screened hospitals.

Clinical pharmacologists screened admission protocols

according to a de®ned list of trigger symptoms and

followed up patients in case of suspicious symptoms. Drug

exposure was assessed by a combination of chart review

and patient interview. A standardized assessment of

causality of each medication was made by trained clinical

pharmacologists [4]. The evaluation included the chron-

ologic sequence, clinical symptoms, absence of other

causes, and laboratory results. Only drugs which possibly,

likely, or very likely caused the hospital admission (I2-I4)

[4] were used for incidence calculations. The inclusion of

patients was independent of the severity of symptoms.

Suspicious cases were entered into a database and

reported. The centre speci®c databases allowed to

enter additional patient information as it became avail-

able until a ®nal decision about an event was reached.

Cases that remained unclear were discussed by clinical

pharmacologists of all three centres.

Since Dresden had limited coverage of all hospital

admissions in the ®rst year their numbers were excluded

from incidence estimation. The urban areas of Jena

and Rostock comprise about 520 000 people. For valid

incidence estimation the correct source population would

be all people who would have been admitted to the

urban hospitals had they developed an ADR serious

enough so seek medical assistance in a nearby hospital.

According to this de®nition the likelihood of being part of

the source population decreases with the distance to the

study hospitals. Therefore, we decided to exclude people

living in more distant areas. We sorted the residential

postal codes of all patients admitted to medical wards in the

year 1997 by their frequency. The source population was

then de®ned as those medication users living in the postal

code areas that contribute to the ®rst 60 cumulative

percentage of all admissions. The remaining 40% were

spread over a wide area surrounding the urban area.

We de®ned a secondary hospital service area consisting of

70% cumulative admissions.

Pharmacy computing centres pay pharmacies each

quarter for all reimbursable prescription medications on

behalf of the sickness funds covering 90% of the population.

Considering the low number of events, quarterly intervals

were not divided into shorter periods. Prescriptions from

individual patients were linked together through their

health insurance number and the number of treated patients

was de®ned as having received at least one pack during

that quarter. For this analysis, data were restricted to the 45

most commonly prescribed substances in 1997. Data were

adjusted for the proportion of pharmacies that did not work

with pharmacy computing centres.

Incidences were estimated as events per 10 000 treated

patients per quarter. The number of treated patients was

chosen as the denominator because it is `the most adequate

denominator for quantifying a risk, comparing several

treatments with respect to safety or making public health

decisions' [5].

Results

During the study period 435 DRHs were reported. 71.6%

were possibly caused by a drug, 24.4% likely, and 4% very

likely. Gastroduodenal lesions, including gastritis and

ulcer, were most frequently reported (38% of all reports).

Anti-thrombotics showed the highest incidence with

24.3 drug related admissions per 10 000 treated patients

pooled over ®ve quarters (left column of Table 1). Some

quarterly variability of incidences was observed depending

on therapeutic group (Figure 1). The 95% con®dence

intervals of incidences overlap for all quarters within

each group. Only for calcium antagonists we observed a

decreasing linear trend (P<0.05).

The source population de®ned by the cumulative 60%

postal codes of all admissions during 1 year comprises 12

postal codes in Rostock and 13 in Jena. Increasing the

cumulative percentage of admission by only one sixth to

70% doubled the number of postal codes in Jena (26) and

increased them by a third in Rostock (18). This expanded

the exposed source population 1.6 times (right column of

Table 1). The incidence of DRHs decreased on average by

39% in all medication groups. The 95% con®dence intervals

between both source population de®nitions overlapped.

Discussion

Several points are critical to the interpretation of

population-based incidence estimation of DRHs: 1) The

monitoring system, which is prospectively screening hos-

pital admissions might not be sensitive enough compared

with a complete record abstraction of all admissions.

However, for NSAIDs we computed the proportion of

gastro-duodenal lesions and bleedings that were attributed

to NSAIDs and found a proportion of 39%. This high

proportion does not support the hypothesis of under-

reporting. 2) Depending on the substances that are grouped

together we may observe differences in incidences to

the extent that medications differ in their underlying

incidences of adverse reactions. More importantly, regional

patterns of comedication might be vastly different.

Since polypharmacy was found to a considerable extent,
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comedication patterns should be considered in the

comparison of ADR incidences. 3) Results depend on

the de®nitions of drug related hospitalizations. Our system

screened only departments of medicine and emergency

rooms and deliberately excluded intentional overdosing as

well as cytostatic medications and severe dermatological

reactions. 4) Critical to any incidence estimation that

combines numerator from high quality monitoring data

with a secondarily de®ned denominator is the extent to

which the exposure of the operational source population

re¯ects the true denominator. Our sensitivity analysis

showed that sleight changes in the source population

de®nition might have some impact on incidence estimates.

Therefore, a more re®ned de®nition of the source

population beyond crude administrative boundaries of an

urban region is recommended. Admission data from the

surrounding hospitals would be required to adjust for the

proportion of patients seeking help in areas more distant

from the urban centre [6]. Therefore, longitudinal

comparisons of incidences with the above factors held

constant are valid before detailed research may con®rm

the exact source population.

We could demonstrate that incidences are relatively

stable over time especially in medication groups with

many events, e.g. NSAIDs or antithrombotics. Other

medication groups like Insulin with an almost twice

the average incidence in the second quarter of 1998,

and calcium antagonists with constantly declining inci-

dence showed unexpected changes in time trends thus

generating a signal that requires more detailed analyses.

The analysis of time trend changes may be supplemented

by comparisons between substances within a group.

The capacity of our system to detect differences is still

limited by the low number of events per substance,

which may require a time series of more than 5 quarters

or more regions.

The single case causality assessments prepared by clin-

ical pharmacologists and transmitted to the regulatory

authority are of considerably better quality than average

reports from the existing spontaneous reporting system.

All cases with only doubtful causal relations to a pre-

scription medication were excluded to increase the

speci®city of the case de®nition. Only 4% of events were

categorized as very likely but 71.6% as possibly related

to a medication, illustrating the well-described range of

uncertainty of single case causality assessment. Despite the

use of a standardized algorithm some undesirable events

that have no bearing on the risks associated with the

appropriate use of drugs may be counted as drug related

admissions.

In conclusion the monitoring system provides a series of

quarterly incidence estimates of adverse drug reactions

focused on reactions that are serious enough to lead to

hospital admissions and cause considerable morbidity andT
a
b
le

1
In

ci
d
en

ce
es

ti
m

at
es

o
f

d
ru

g
re

la
te

d
h
o
sp

it
al

ad
m

is
si

o
n
s

co
m

b
in

ed
o
v
er

5
q
u
ar

te
rs

an
d

th
ei

r
se

n
si

ti
v
it
y

to
a

la
rg

er
so

u
rc

e
p
o
p
u
la

ti
o
n

d
e®

n
ed

b
y

7
0
%

o
f

cu
m

u
la

ti
v
e

ad
m

is
si
o
n
s.

M
ed

ic
at

io
n

gr
ou

p
N

u
m

be
r

A
D

R
s

S
ou

rc
e

po
pu

la
ti
on

de
®
n
ed

by
6
0
%

cu
m

u
la

ti
ve

ad
m

is
si
on

s
(2

5
po

st
al

co
de

s)

S
ou

rc
e

po
pu

la
ti
on

de
®
n
ed

by
7
0
%

cu
m

u
la

ti
ve

ad
m

is
si
on

s
(4

4
po

st
al

co
de

s)

T
re

at
ed

pa
ti
en

ts
In

ci
de

n
ce

*
9
5
%

C
l*

*
T

re
at

ed
pa

ti
en

ts
In

ci
de

n
ce

9
5
%

C
l

N
S
A

ID
s

4
7

8
5
0
3
0

5
.5

3
3
.9

4
,

7
.1

1
1
4
6
4
1
6

3
.2

1
2
.2

9
,

4
.1

3

A
n
ti
th

ro
m

b
o
ti
cs

9
8

4
0
3
3
8

2
4
.3

0
1
9
.5

,
2
9
.1

6
4
0
7
1

1
5
.3

1
2
.3

,
1
8
.3

S
y
st

em
ic

co
rt

ic
o
st

er
o
id

s
1
9

1
4
9
8
9

1
2
.6

8
6
.1

0
,

1
8
.4

2
4
6
2
4

7
.7

2
4
.2

5
,

1
1
.2

A
C

E
in

h
ib

it
o
rs

1
4

6
0
8
7
5

2
.3

0
1
.1

0
,

3
.5

0
1
0
2
2
8
8

1
.3

7
0
.6

5
,

2
.0

8

D
iu

re
ti
cs

7
3
7
9
0
1

1
.8

5
0
.4

7
,

3
.2

2
6
6
0
4
1

1
.0

6
0
.2

7
,

1
.8

5

D
ig

it
al

is
1
5

6
2
0
5
5

2
.4

2
1
.1

9
,

3
.6

4
1
0
0
1
5
3

1
.5

0
0
.7

4
,

2
.2

6

C
al

ci
u
m

an
ta

g
o
n
is

ts
1
9

8
4
0
9
7

2
.2

6
1
.2

4
,

3
.2

8
1
3
4
6
9
2

1
.4

1
0
.7

8
,

2
.0

5

b-
ad

re
n
o
ce

p
to

r
b
lo

ck
er

s
1
1

5
5
8
5
7

1
.9

7
0
.8

1
,

3
.1

3
9
1
8
2
2

1
.2

0
0
.4

9
,

1
.9

1

N
it
ra

te
s

1
3

8
4
6
1
2

1
.5

4
0
.7

0
,

2
.3

7
1
4
4
4
2
0

0
.9

0
0
.4

1
,

1
.3

9

In
su

li
n

3
4

2
9
3
2
7

1
1
.6

7
.7

0
,

1
5
.5

4
7
7
3
0

7
.1

2
4
.7

3
,

9
.5

2

O
ra

l
an

ti
d
ia

b
et

ic
s

2
1

4
1
2
6
4

5
.0

9
2
.9

1
,

7
.2

7
7
2
4
2
9

2
.9

0
1
.6

6
,

4
.1

4

*
In

ci
d
en

ce
o
f

d
ru

g
re

la
te

d
h
o
sp

it
al

ad
m

is
si

o
n
s

p
er

1
0

0
0
0

tr
ea

te
d

p
at

ie
n
ts

.

*
*

C
l
=

co
n
®
d
en

ce
in

te
rv

al
as

su
m

in
g

P
o
is

so
n

d
is

tr
ib

u
te

d
er

ro
rs

.

S. Schneeweiss et al.

198 f 2001 Blackwell Science Ltd Br J Clin Pharmacol, 52, 196±200



costs. The method has its strength in longitudinal

monitoring of incidences supplemented by comparison

of incidences between speci®c drugs. A hospital based drug

event monitoring is useful for supplementing existing

spontaneous reporting systems to support risk management

decisions and for monitoring outcomes of pharmaceutical

quality management programs.
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