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Objective: Adverse drug reactions (ADRs) are a well-known cause of hospitalAbstract
admission. Nevertheless a quantitative estimate of the preventability of and
physicians’ awareness of these reactions is lacking.
Study Design and Methods: Using intensive bedside and computer-assisted drug
surveillance methods a 13-month prospective pharmacoepidemiological survey
was carried out on patients admitted to two medical wards of the
Erlangen-Nuremberg University Hospital in Erlangen, Germany. This study
aimed to define the incidence of preventable and unavoidable ADRs. In addition
we investigated the awareness of the physicians to ADRs at the time of admission
and the rate of contraindicated pre-admission prescriptions.
Results: In 78 (8.5%) of 915 (10.9%) admissions a total of 102 (42 preventable)
community-acquired ADRs were detected on admission. In 45 (3.8%) of the
admissions ADRs led directly to hospitalisation. 56.9% of the ADRs were not
recognised by the attending physician on admission. Marked correlation was
found between the awareness of ADRs and their probability and severity scores (r
= 0.85 and r = 0.94, respectively; p < 0.05). The most frequently detected ADRs
were due to direct toxicity and secondary pharmacological effects. Idiosyncratic
reactions were often missed and 18.6% of all drugs prescribed prior to admission
were contraindicated. Leading the list were diuretics, analgesics/NSAIDs and
antipsychotics/sedatives.
Conclusions: Awareness of existing ADRs on hospital admission and appropriate
prescribing prior to hospital admission require attention. Early detection of ADRs
on hospital admission can be achieved by the use of computer support systems.
Many ADRs could be prevented by adhering to indications and contraindications.
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Background ADRs were the cause of hospital admission. Finally,
the medical outcome was defined.

Adverse drug reactions (ADRs) are amongst the As patients may have several ADRs simultane-
most important causes of iatrogenic illness in terms ously, the total number of ADRs could be larger
of morbidity and mortality. They have serious med- than the total number of patients having an ADR.
ical-legal and economic consequences.[1-3] Numer- For analysis of patient-related factors (e.g. ADR
ous studies have shown that ADR-related hospital rate) the first observed adverse reaction on hospital
admissions comprise up to 10% of the total number admission was analysed. For analysis of ADR-relat-
of admissions.[4-6] They contribute significantly to ed factors (e.g. probability, severity, mechanism,
the socio-economic burden of healthcare.[1] The preventability, outcome) all ADRs were taken into
number of ADRs that remain unrecognised on ad- consideration.
mission is unknown. The present study was under-
taken to evaluate the incidence of ADRs on ad-

Cases and Matched Controlsmission, the rate of and the causes of missed detec-
tions. Special consideration is given to the
community physician’s ability to comply with drug Matched controls were selected among all pa-
contraindications. Unrecognised ADRs inflict tients admitted to the study wards during the study
health damage, costs and cause prolonged hospital period. Matched controls had no evidence of an
stays.[7] A solution may come from the use of ADR. Additional matching criteria included the
computerised support systems.[8-14] study ward, age (± 5 years), gender and primary

discharge diagnosis. One control was matched for
each ADR-positive patient. Patients admitted forMethods
intentional poisoning, attempted suicide or drug
abuse were excluded. The data collected for all cases

Study Design and controls included age, gender, main diagnosis,
drug therapy at the time point of admission, body-

A prospective 13-month survey ending in Janu- weight in kg, height in cm, body mass index (BMI)
ary 1999, was carried out in the Department of in kg/m2 and comorbidities, as assessed by the
Medicine I of the Erlangen-Nuremberg University Charlson Index.[16] This control group was only used
Hospital in Erlangen, Germany. The two study to compare the drug prescriptions in patients with no
wards accepted medical patients. One 29-bed ward evidence of ADRs.
admitted adult males only while the other 11-bed
ward had both male and female patients. Patients

Drug Prescriptions and Contraindicationsreadmitted to the study wards within the study peri-
od were enrolled into the study and taken into con-

The medication regimens were screened to iden-sideration. All patients were monitored by a
tify contraindications on the basis of the patients’pharmacoepidemiological team, consisting of a
diagnoses and clinical or laboratory data. The Euro-pharmacist, a clinical pharmacologist and a staff
pean physicians’ drug index, the ‘Rote Liste’, wasphysician, supported by a computerised monitoring
used as the reference list for classifying contra-system described elsewhere, for the occurrence of
indications.[17] Conditions or disease states that pro-ADRs at the time of admission.[9,15] Patients aged
hibited prescribing a particular drug were judged to≥65 years were considered ‘elderly’.
be absolute contraindications. A relative contraindi-The awareness of physicians to ADRs was rated
cation was assumed in cases where the particularon the basis of reviewing the chart notes and the
drug should not be prescribed generally but is al-actions taken by the attending physicians. The team
lowed only if specific precautions were executed.determined whether the recognised or unrecognised
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Procedures for Identifying Adverse Drug rary or permanent malfunction of an organ system;
Reactions (ADRs) the ADR caused temporary or permanent inability to

work, was dangerous, life threatening or fatal, the
ADRs were defined according to the WHO defi- ADR led to discontinuance of the drug or substitu-

nition.[18]
tion of a different.[9] A score of 1–4 indicates a mild,

Three methods were used for identifying ADRs. a score of 5–8 a moderate and a score of >8 a severe
• Patients were evaluated for the occurrence of drug reaction.

ADRs by physicians, who were part of the  If the three reviewers disagreed, they met and
pharmacoepidemiological team, at the time of reached consensus.
admission.

• All charts were reviewed by the pharmaco- Preventability
epidemiological team three times weekly. To assess the preventability of each ADR the

• A specially developed computer monitoring sys- criteria developed by Schumock and Thornton were
tem (CMS) including patients’ data and date of adapted.[20] The pharmacoepidemiological team, in
events was used to generate a daily list of alerts co-operation with the staff physicians, conducted a
(automatically generated laboratory signals) retrospective review of all patient charts. To mini-
based upon predefined values of laboratory tests mise bias, a pharmacist, a clinical pharmacologist
that might indicate potential ADRs. The alerts and the staff physicians independently reviewed
were classified by the pharmacoepidemiological each ADR to determine preventability. If their con-
team according to their plausibility of being an clusions differed the staff physician served as arbi-
ADR.[9,15] trator. Furthermore, ADRs were judged ‘tolerable’,

if a positive benefit-to-risk ratio was assigned for the
Classification of ADRs responsible drug by the physician.

MechanismsProbability and Severity
All ADRs were categorised into one of six groupsAll potential ADRs, detected by the pharmaco-

according to their putative pathogenetic mecha-epidemiological team were evaluated independently
nisms: toxicity (e.g. digitoxin-induced PQ-time pro-by a physician, a clinical pharmacologist and a
longation); overdose (e.g. theophylline-inducedpharmacist. The probability that a drug caused an
tachycardia); secondary pharmacological effectsADR was determined by using the Naranjo al-
(e.g. erythromycin-induced pseudomembranous co-gorithm. Nine weighted questions had to be an-
litis); idiosyncratic reactions (e.g. carbamazepine-swered to classify a causal association between
induced hepatitis or risperidone-induced jaundice);drugs and ADRs – temporal sequence, pattern of
drug allergies; or drug-drug interactions.response, withdrawal, re-exposure, alternative

causes, placebo response, drug levels in body fluids
Physicians Awareness to ADRsor tissues, dose response relationship, previous pa-

tient experience with the drug, and confirmation by
The awareness of physicians to verified ADRsobjective evidence.[19] Only possible, probable and

was classified into two main categories by thedefinite ADRs were taken into consideration. ADRs
pharmacoepidemiological team:which were classified as doubtful were excluded

from further analysis. •  if no evidence that the physician recognised an
ADR (possible, probable or definite) existed inAdditionally, the observers independently as-
the chart it was categorised as ‘not recognised’signed a weighted score to the following compo-

nents used to categorise severity: the ADR impaired • if reactions such as chart notes, dose reductions,
the patient’s quality of life; the ADR led to or discontinuation of a drug, additional laboratory
prolonged hospitalisation; the ADR caused tempo- studies or other diagnostic measures could be
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detected in the context of the ADR, the ADR was ADR Rate
categorised as ‘recognised’.

In 78 (8.5%) of the 915 admissions (10.9% of all
patients) 102 ADRs were detected at the time ofMedical Outcome
hospitalisation. The absolute number of ADRs in

The medical outcomes of the ADRs were each ADR-positive patient varied from 1 to 3 (mean
grouped into five categories: = 1.3 SD ± 0.57). In 45 of the admissions (3.8%)
• the ADR led to irreversible injury involving 35 patients ADRs were the direct cause of
• the ADR necessitated aggressive therapy (e.g. hospitalisation. No repeated admission for any ADR

critical care unit) was observed. In those hospitalised due to an ADR
• the ADR necessitated another drug or antidote the mean duration of stay was 14.6 days (SD ± 10.1)

treatment whereas ADR-negative patients spent an average of
• restitutio ad integrum, i.e. complete return to 6.3 days (range 1–78 days, p < 0.0001) in hospital.

health occurred after withdrawal of the med- The rate of elderly patients (aged ≥65 years) among
ication those admitted due to ADRs (67.9%) was similar to

• the ADR had no effect on outcome. the rate of elderly patients among those with com-
munity acquired ADRs not leading to hospitalisa-

Ethics tion (65.7%).

The study was approved by the institutional Eth-
Probability and Severityics Review Board.

Causality for 47 (46.1%) of the 102 community-
Statistics

acquired ADRs was judged as ‘possible’, 44
For continuous variables the arithmetic mean, (43.1%) as ‘probable’ and 11 (10.8%) as ‘definite’.

standard deviation, median, upper and lower quar- Severity of 46 (45.1%) of all the ADRs was classi-
tile and for discrete variables frequency tables were fied as mild, 47 (46.1%) as moderate and nine
calculated. Statistical dependence of discrete vari- (8.8%) as severe. One patient died as a result of
ables and differences of continuous variables were sepsis secondary to pancytopenia induced by chem-
explored using the χ2-test and the t-test where ap- otherapy. The median severity score for the ADRs
propriate. The association of ‘recognised’ ADRs was 5. It was 7 (SD ± 2.0) in community-acquired
with the probability and severity score was assessed ADRs leading to hospitalisation and 4 (SD ± 1.8) in
through Spearman correlations. those not leading to hospitalisation.

Results Mechanisms of ADRs

Toxicity, overdose (n = 40; 39.2%) and second-
Characteristics of the Study Population

ary pharmacological effects (n = 32; 31.4%) were
the leading causes of ADRs. Idiosyncratic reactionsNine hundred and fifteen admissions of 711 pa-
were observed 18 times (17.7%). Drug allergies (n =tients to the department of medicine were observed.
5; 4.9%) or drug-drug interactions (n = 5; 4.9%)Of the admissions, 55.6% were elective, 11.9% of
were seen less frequently. No differences were not-the patients were assigned to the study wards by
ed in the distribution of ADRs between patients,other departments or hospitals and 32.5% of the
who were or were not hospitalised due to com-patients were hospitalised as emergencies. Fifteen
munity-acquired ADRs.percent (n = 133) of all patients were women. Mean

age was 54 years, with a range of 17–97 years and Comparing elderly patients (aged ≥65 years) with
mean duration of hospitalisation was 8.7 days, with younger patients revealed that more secondary phar-
a range of 1–81 days. macological effects (n = 15, 42.9% vs n = 17,
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25.4%, p < 0.07) and more drug-drug interactions (n
= 4, 11.4% vs n = 1, 1.5%, p < 0.05) were observed.
On the other hand, fewer toxic drug effects (n = 8,
22.6% vs n = 27, 40.3% p < 0.08) and idiosyncratic
reactions (n = 3, 8.6% vs n = 15, 22.4%, p < 0.1)
were seen in the elderly.

Physicians Awareness

Only 44 of the 102 ADRs were noted in the
charts by the attending physicians. As judged from
the measures taken on admission, ADRs that led to
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Fig. 2. Detection rate and severity score of adverse drug reactions
(ADRs). 

hospitalisation were more often recognised (n = 29)
as compared with ADRs that were not the reason for

ADR Outcomehospitalisation (n = 15: p < 0.002). A significant
correlation was found between the awareness to In recognised ADRs (44 patients) the most likely
ADRs and the probability and severity score (r = responsible drug was withdrawn in 20 cases, an
0.85, r = 0.94; respectively, p < 0.05) [figure 1 and additional drug was prescribed in 20 others. In the
figure 2]. If an ADR was judged to be definite or others dose adjustment prevailed. Most of these
severe, the awareness of the attending physicians ADRs resolved, except one (see below). Out of the
increased up to 100%. On the other hand, mild or total of 102 ADRs, 16 (15.7%) caused an irreversi-
possible ADRs were mostly not recognised by them. ble injury necessitating aggressive therapy. One

Physician awareness of ADRs varied with their death was associated with an ADR despite adequate
putative pathogenetic mechanism. Idiosyncratic treatment. In 12 patients changes in therapy had no
ADRs or those of unknown mechanism were unlike- obvious scientific basis.
ly to be detected by the attending physicians (2 of 18 In patients hospitalised due to an ADR there was
idiosyncratic ADRs), whereas ADRs that were more need for immediate aggressive therapy and
secondary pharmacological effects were recognised more irreversible drug injuries were observed (28
in 19 of 32 cases and toxic reactions and overdosage out of 45 vs 7 out of 56; p < 0.0001). On the other
were recognised in 18 of 40 cases; however, this still hand, medication was withdrawn in these patients
only amounts to a detection rate of about a 51% (p < less often (6 vs 15; p < 0.1). No difference in
0.003). outcome of ADRs could be detected between the

two age groups. The organ systems involved in the
ADRs are shown in figure 3.

Preventability of ADRs and
Preventable Admissions

Forty-two (41.2%) ADRs out of 102 were con-
sidered preventable. In four patients (3.9%) the ben-
efit of the drug was judged to be clinically more
important than the adverse effect. Twenty ADRs
(44.4% of the ADRs in those patients hospitalised
due to ADRs) were classified as ‘preventable’. In
patients younger than 65 years, 46 ADRs (31.4% of
all ADRs) were judged not to be preventable, where-
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Fig. 1. Detection rate and probability score of adverse drug reac-
tions (ADRs). 
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Fig. 3. Frequency of organ system disorders associated with adverse drug reactions recognised on admission (ADR) and adverse drug
reactions that were the cause of hospitalisation (ARH). PNS = peripheral nervous system.

as in the elderly only ten ADRs (28.6%) were con- spiratory medications (6.0%). In this patient group
sidered not to be preventable, two were tolerated and (n = 156) 102 (17.5%) prescriptions were consid-
23 ADRs (65.7%) were judged to be preventable. ered to be contraindicated on the basis of the pa-
Compared with the younger patients, in the elderly

tient’s diagnosis and the laboratory data. In 38
significantly more ADRs were considered to be

(24.4%) admissions, 41 absolute contraindicationspreventable (p < 0.001).
were observed. They involved predominantly di-

uretics, analgesics/NSAIDs, antipsychotics/seda-Drug Prescriptions Prior to Admission,
tives and corticosteroids. Relatively few contra-Violations of Contraindications
indications to gastrointestinal drugs, anticoagulants
and anti-infective agents were detected. The natureThe 78 ADR-positive patients were compared

with the same number of matched controls. Patients of the absolute contraindications and their impor-
admitted with ADRs received 333 drugs (mean 4.3) tance in ADR-positive patients are shown in table I.
and the controls 249 (mean 3.2) on admission.

The rate of ADR-positive patients (n = 40) with a
The most frequently prescribed drugs among our

prescription for at least one contraindicated drugstudy patients were cardiovascular agents (16.8%)
prior to admission was significantly higher as com-and gastrointestinal drugs (16.2%) followed by di-

uretics (9.5%), analgesics/NSAIDs (6.2%) and re- pared with controls (n = 26; p < 0.04).
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Discussion and that the majority go on unrecognised. A similar
failure of recognition has been described in the
outpatient setting.[24] Obviously this would be aDuring a recent analysis of patients’ records we
sizeable burden to the healthcare system in terms ofobserved that ADRs had not been recognised on
disease load and costs.[1,7,9]

admission. They turned out to persist and to cause
secondary illnesses, prolonged hospital stay and in In order to define the dimensions of the problem
some instances eventually require aggressive treat- one has to evaluate to what extent these ADRs were
ment. We therefore set out to define the rate of preventable. Indeed, many studies dealing with
ADRs present on admission to a medical ward and ADR outcome attempt to define the ratio of predict-
the proportion recognised by the attending physi- able or unpredictable, avoidable or unavoidable,
cian. preventable or non-preventable, type A (e.g. adverse

In line with former publications we observed that effects, interactions, secondary effects, etc.) or B
about 4% of all admissions to the hospital were due (e.g. allergic, intolerance, etc.) situations.[5,8,20,25-27]

to ADRs.[2,6,7,12,21-23] In addition, in another 4.5% of However, such classifications appear meaningful
the admissions ADRs were present. More impor- only in the context of clinical reality. Mild or moder-
tantly, we could show that more than half of the pre- ate reactions to antineoplastic therapy often have to
existing ADRs were not recognised by either the be tolerated due to the benefit of therapy and/or the
admitting nor the attending physician. If we assume lack of alternatives. In order to come up with a more
that this finding is not the exception but the rule we meaningful estimate we used the classification sys-
can generalise that one in ten patients admitted to a tem of Schumock and Thornton[20] and divided the
medical department is already experiencing an ADR potentially preventable ADRs into preventable and

Table I. Prescription of (absolutely) contraindicated drugs prior to admission in patients with an adverse drug reaction at the time of
admission

Drug group Drug Contraindication No.

Analgesics/NSAIDs Aspirin (acetylsalicylic acid), Known ulcer 4
diclofenac

Antipsychotics/sedatives Flunitrazepam Renal failure 1
(creatinine 1.1–1.4 mg/dL)

Zotepine Alcohol intoxication 1

Antidiabetics Gliquidone Renal failure 1
(creatinine >1.4 mg/dL)

Metformin Peripheral occlusive disease 1

Anti-infectives Cotrimoxazole Thrombopenia 1
(trimethoprin-sulfamethoaxole)

Anticoagulants Phenprocoumon Advanced atherosclerosis 1

Cardiovascular Clonidine, moxonidine Renal failure 1
(creatinine >1.8 mg/dL)

Etilefrine Atherosclerosis 1

Corticosteroids Prednisolone Ulcer 1

Glaucoma 1

Diuretics Spironolactone Hypercalcaemia 2

Renal failure 3
(creatinine >1.8 mg/dL)

Spironolactone/furosemide Hypotension 1

Xipamide Severe hyponatraemia 1

Lipid-lowering drugs Simvastatin Increase in 1
transaminase levels

Total 22
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tolerable reactions. Mild ADRs are tolerated in unexpectedly the identification of idiosyncratic and
mild ADRs represented the greatest problem.many cases because of the positive element of the

risk to benefit ratio. An intervention by the physi- We also found that 17.5% of the prescriptions
cians is not necessary in such cases and indeed was prior to admission were inappropriate – many of
not observed in most. Unlike other preventability them plainly violated clear contraindications. In di-
classifications, which do not exclude tolerable uretics and analgesics the highest number of contra-
ADRs, our data allow for defining the ADRs which indications was found in a cohort of patients who

predominantly had hepato-gastroenterological dis-could and should have been prevented. Under these
eases.premises 41.2% of all ADRs were judged to be

preventable. In reality, however, only a small frac- As long as one out of ten patients admitted has at
tion of these ADRs ‘could’ have been prevented as least one ADR which is most likely not detected on
only 43.1% of all ADRs were recognised. Conse- admission, implementing evidence-based therapy
quently, we have to accept that early recognition of appears difficult. To achieve this goal all medica-
an ADR is the predominant factor of preventability. tions have to be reviewed carefully on admission

in order to detect drugs that should have beenDifferent approaches to reducing and preventing
avoided in view of existing contraindications andADRs have been proposed, amongst them screening
ADRs.[7,13,27,31,32] This drug screening is particularlyfor specific drugs or defining susceptible popula-
important on admission since inappropriate pre-tions.[8,13,27-29] We have analysed these options. In-
scriptions are more likely to occur in outpatients asdeed we found that patients aged ≥65 years show a
opposed to drug treatment in hospitals.[31] Becausesignificantly higher rate of ADRs (62.9%) judged
of the plethora of drug information and the distract-

preventable. In addition, a higher rate of secondary
ing circumstances in which the admission often

pharmacological effects (42.9%) and drug-drug in-
takes place, these goals can be partly achieved by

teractions (11.4%) resulted from multiple illness-
better education of the physicians or an improved

es.[30] The higher rate of drug-drug interactions in work atmosphere.[33,34] In addition, computerised
the elderly can also be explained by increasing (on-line) surveillance of drug prescriptions in the
polypharmacy (mean number of drugs 5.6 SD ± 2.1 context of patient-specific risk factors could im-
vs 4.3 SD ± 3.1). Drug toxicity and secondary prove the situation in a cost-efficient way.[8,9,11,32]

pharmacological effects were responsible for more Such programs have to be integrated into clinical
than 70.6% of all ADRs. No differences were seen and general practice. They have already been shown
in the types of ADRs identified in patients hospital- to actively help the attending physicians by increas-
ised due to ADRs as opposed to patients with other ing ADR detection and prevention.[10,14] If the ma-
ADRs. This observation is not surprising. It sug- jority of ADRs are already detected on hospital
gests, that factors influencing the pharmacodynamic admission a substantial improvement of the quality
and pharmacokinetic characteristics of the patient, of therapy and outcome would result as physicians
as e.g. organ insufficiency (age) or multiple drug use would then be able to react instantaneously and
should increase alertness in order to prevent ADRs. prevent further deterioration of ADRs.

This study has several limitations. First, dataThe most important factor in recognising pre-
presented were obtained only from two units fromexisting ADRs appears to be the awareness of the
one medical department. Caution should thus bephysician and his/her pharmacological competence.
exercised in the extrapolation of these results toIn ADR-related hospitalisations the recognition rate
other populations, e.g. surgical and paediatric pa-of the physicians was somewhat higher at 65%, but
tients.still far from complete. Action by the attending

physician was taken in most cases only in severe Second, although intensive drug surveillance
ADRs (e.g. transfer to an intensive care unit). Not methods for identifying ADRs were used, a com-

 Adis Data Information BV 2003. All rights reserved. Drug Safety 2003; 26 (5)



Awareness of Community-Acquired ADRs on Hospitalisation 361

9. Dormann H, Muth-Selbach U, Krebs S, et al.  Incidence andplete ADR coverage during the study period could
costs of adverse drug reactions during hospitalisation: compu-

not be achieved. terised monitoring versus stimulated spontaneous reporting.
Drug Saf 2000; 22 (2): 161-8Third, ADRs were characterised as not recog-

10. Bates DW, Cohen M, Leape LL, et al.  Reducing the frequencynised if no evidence existed in the patient chart. On of errors in medicine using information technology. J Am Med
the other hand if reactions like chart notes or labora- Inform Assoc 2001; 8 (4): 299-308

11. Honigman B, Lee J, Rothschild J, et al.  Using computerizedtory studies were detected ADRs were categorised
data to identify adverse drug events in outpatients. J Am Medas recognised, but physicians caring for the patients Inform Assoc 2001; 8 (3): 254-66

were not asked prospectively whether they were 12. Jha AK, Kuperman GJ, Rittenberg E, et al.  Identifying hospital
admissions due to adverse drug events using a computer-basedaware of them or not.
monitor. Pharmacoepidemiol Drug Saf 2001; 10 (2): 113-9

13. Walton RT, Harvey E, Dovey S, et al. Computerised advice onConclusion drug dosage to improve prescribing practice. Available in The
Cochrane Library [database on disk and CD ROM]. Updated
quarterly. The Cochrane Collaboration; issue 1. Oxford Up-Awareness of existing community-acquired
date Software, 2001: CD002894ADRs and appropriate prescribing prior to hospital

14.  Bates DW, Evans RS, Murff H, et al. Detecting adverse effects
admission require attention and can be supported by using information technology. J Am Med Inform Assoc 2003;

10: 115-28the use of computer programs. Many ADRs could be
15. Dormann H, Krebs S, Muth-Selbach U, et al.  Adverse drugprevented by adhering to indications and contra-

reactions in patients with gastroenterological diseases: does
indications. age increase the risk? Aliment Pharmacol Ther 2001; 15 (2):

171-80
16. Charlson ME, Pompei P, Ales KL, et al.  A new method ofAcknowledgements

classifying prognostic comorbidity in longitudinal studies: de-
velopment and validation. J Chronic Dis 1987; 40 (5): 373-83This study was supported by grants from BMBF No. EC

17. Bundesverband der pharmazeutischen Industrie e.V. (BPI)9403/7, ELAN No. 98.07.30-1 and Marohnstiftung No. Bru/
VfAeVV BdAeVB, Verband aktiver Pharmaunternehmer e.V.2001. The authors would like to thank Dr Stephan Rietbrock
(VAP). Zusammenstellung von Gegenanzeigen, Anwendung-

for his advice and encouragement throughout this study and sbeschränkungen, Neben- Wechselwirkungen und Intoxika-
his statistical analysis. The authors have provided no informa- tionen. Rote Liste Service GmbH; 2000
tion on conflicts of interest directly relevant to the content of 18. Edwards IR, Aronson JK. Adverse drug reactions: definitions,
this study. diagnosis, and management. Lancet 2000; 356 (9237): 1255-9

19. Naranjo CA, Busto U, Sellers EM, et al.  A method for estimat-
ing the probability of adverse drug reactions. Clin Pharmacol

References Ther 1981; 30 (2): 239-45
1. Bates DW, Spell N, Cullen DJ, et al.  The costs of adverse drug 20. Schumock GT, Thornton JP. Focusing on the preventability of

events in hospitalized patients: Adverse Drug Events Preven- adverse drug reactions [letter]. Hosp Pharm 1992; 27 (6): 538
tion Study Group. JAMA 1997; 277 (4): 307-11 21. Chan TY, Chan JC, Tomlinson B, et al.  Adverse reactions to

2. Lakshmanan MC, Hershey CO, Breslau D. Hospital admissions drugs as a cause of admissions to a general teaching hospital in
caused by iatrogenic disease. Arch Intern Med 1986; 146 (10): Hong Kong. Drug Saf 1992; 7 (3): 235-40
1931-4

22. Huic M, Mucolic V, Vrhovac B, et al.  Adverse drug reactions
3. Chyka PA. How many deaths occur annually from adverse drug

resulting in hospital admission. Int J Clin Pharmacol Ther
reactions in the United States? Am J Med 2000; 109 (2):

1994; 32 (12): 675-82
122-30

23. Hallas J, Jensen KB, Grodum E, et al.  Drug-related admissions4. Leape LL, Brennan TA, Laird N, et al.  The nature of adverse
to a department of medical gastroenterology: the role of self-events in hospitalized patients: results of the Harvard Medical
medicated and prescribed drugs. Scand J Gastroenterol 1991;Practice Study II. N Engl J Med 1991; 324 (6): 377-84
26 (2): 174-805. Hallas J, Harvald B, Gram LF, et al.  Drug related hospital

24. Gandhi TK, Burstin HR, Cook EF, et al.  Drug complications inadmissions: the role of definitions and intensity of data collec-
outpatients. J Gen Intern Med 2000; 15 (3): 149-54tion, and the possibility of prevention. J Intern Med 1990; 228

25. Bates DW, Cullen DJ, Laird N, et al.  Incidence of adverse drug(2): 83-90
events and potential adverse drug events: implications for6. Einarson TR. Drug-related hospital admissions. Ann Pharma-
prevention. ADE Prevention Study Group. JAMA 1995; 274cother 1993; 27 (7-8): 832-40
(1): 29-347. Bigby J, Dunn J, Goldman L, et al.  Assessing the preventability

26. Rothschild JM, Bates DW, Leape LL. Preventable medicalof emergency hospital admissions: a method for evaluating the
injuries in older patients. Arch Intern Med 2000; 160 (18):quality of medical care in a primary care facility. Am J Med
2717-281987; 83 (6): 1031-6

8. Evans RS, Pestotnik SL, Classen DC, et al.  A computer-assisted 27. Gurwitz JH, Field TS, Avorn J, et al.  Incidence and preventabil-
management program for antibiotics and other antiinfective ity of adverse drug events in nursing homes. Am J Med 2000;
agents. N Engl J Med 1998; 338 (4): 232-8 109 (2): 87-94

 Adis Data Information BV 2003. All rights reserved. Drug Safety 2003; 26 (5)



362 Dormann et al.

28. Smith JW, Seidl LG, Cluff LE. Studies on the epidemiology of puter-based system. Medicine (Baltimore) 1990; 69 (3):
adverse drug reactions: V. clinical factors influencing suscepti- 125-36
bility. Ann Intern Med 1966; 65 (4): 629-40 33. Reducing doctors’ errors. BMJ 1977; 1 (6073): 1412

29. Bates DW, Miller EB, Cullen DJ, et al.  Patient risk factors for
34. McDonald CJ. Protocol-based computer reminders, the qualityadverse drug events in hospitalized patients: ADE Prevention

of care and the non-perfectability of man. N Engl J Med 1976;Study Group. Arch Intern Med 1999; 159 (21): 2553-60
295 (24): 1351-530. Kohler GI, Bode-Boger SM, Busse R, et al.  Drug-drug interac-

tions in medical patients: effects of in-hospital treatment and
relation to multiple drug use. Int J Clin Pharmacol Ther 2000;
38 (11): 504-13 Correspondence and offprints: Dr Harald Dormann,

31. Gosney M, Tallis R. Prescription of contraindicated and inter- Medizinische Klinik I mit Poliklinik, Friedrich-Alexander
acting drugs in elderly patients admitted to hospital. Lancet Universität Erlangen-Nürnberg, Ulmenweg 18, Erlangen,1984; II (8402): 564-7

D-91054, Germany.32. Waxman HS, Worley WE. Computer-assisted adult medical
E-mail: harald.dormann@med1.imed.uni-erlangen.dediagnosis: subject review and evaluation of a new microcom-

 Adis Data Information BV 2003. All rights reserved. Drug Safety 2003; 26 (5)


	Abstract 353
	Background 354
	Methods 354
	Study Design 354
	Cases and Matched Controls 354
	Drug Prescriptions and Contraindications 354
	Procedures for Identifying Adverse Drug Reactions (ADRs) 355
	Classification of ADRs 355
	Probability and Severity 355
	Preventability 355
	Mechanisms 355

	Physicians Awareness to ADRs 355
	Medical Outcome 356
	Ethics 356
	Statistics 356

	Results 356
	Characteristics of the Study Population 356
	ADR Rate 356
	Probability and Severity 356
	Mechanisms of ADRs 356
	Physicians Awareness 357
	ADR Outcome 357
	Preventability of ADRs and Preventable Admissions 357
	Drug Prescriptions Prior to Admission, Violations of Contraindications 358

	Discussion 359
	Conclusion 361
	Acknowledgements 361
	References 361
	Correspondence 362
	Email 362

