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Aims To estimate the frequency of adverse drug reactions (ADRs) identified
through the use of automatic signals generated from laboratory data (ALS) in
hospitalised patients. To determine the frequency of spontaneous recognition of
these ADRs by the attending physicians and to assess the potential value of ALS for
detection of ADRs.
Methods Laboratory results of patients hospitalised in a nine bed medical ward were
automatically recorded over a period of 17 months. Values exceeding defined
boundaries were used as ALS. Charts of every third patient were analysed
retrospectively with regard to adverse drug related reactions and causality was
evaluated as well as whether the ADR had been recognised during the period of
hospitalisation.
Results The charts and ALS of 98 patients were analysed. In 18 cases a drug-related
adverse reaction was probable. Awareness to the reaction by the treating physicians
was evident in 6 out of these 18 ADRs. Approximately 80% of the ADRs were
considered predictable. Three ADRs were regarded as serious.
Conclusions Adverse drug reactions are common and often preventable. Only one
third of ADRs which could have been detected through ALS were recognised by
the attending physicians. An increased doctor’s awareness of the frequency of drug
related abnormal laboratory results by means of ALS is likely to increase the
recognition rate of ADRs and might help to prevent them.
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stays and substantially add to health care expenditure
Introduction

[13–15]. Thus, health care organisations must maintain
ADR surveillance and prevention. At present, mostMorbidity due to drugs is common in hospitalised

patients although the rate is controversial and varies hospitals rely on spontaneous, voluntary reporting of
ADRs by nurses and physicians, however, such systemsbetween 0.7% and 35%, depending on the methods used

[1–8]. In a recent meta-analysis of prospective studies the provide limited information [16]. Moreover, physicians
may not recognise ADRs even if the appropriateoverall frequency of serious ADRs was 6.7% and that of

fatal ADRs 0.32% of hospitalised patients [9]. information is in the patient’s medical record [17, 18].
The diagnosis of ADRs, especially those that are notApproximately 2–6% of all hospital admissions per year

are caused by ADRs [10–12]. ADRs can prolong hospital dose-related, is often difficult and agreement in clinical
judgements is low (about 50%) both within and between
physicians making diagnoses [19, 20]. As a result of thisCorrespondence: Dr med. Irmgard Tegeder, Centre of Pharmacology, Johann

Wolfgang Goethe University of Frankfurt, Theodor Stern Kai 7, 60590 difficulty various diagnostic aids in the form of standardised
Frankfurt am Main, Germany. definitions and algorithms have been proposed. An
Received 15 July 1998, accepted 4 January 1999. algorithm is a standardised set of questions with predeter-
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Main, Germany. are the adverse reactions probability scale (APS) with 10
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questions [19] and the Yale algorithm with more than 50 points equalled possible, 5–8 points equalled probable
while >8 equalled definite.questions [21]. These decision aids, however, do not alert

physicians of potential ADRs and are useful only when The responses of physicians to confirmed ADRs were
categorised as: no action, a note in the chart, dosean ADR has already been suspected. A recently advocated

way of enhancing the awareness and early recognition of reduction, discontinuation of the drug, new drug,
laboratory investigation ordered, other diagnostic measureADRs by physicians is the use of abnormal signals

available through computerised hospital information and any other action. An ADR was considered to have
been recognised by the physician if the relevant actionssystems [15, 17, 22]. This approach has been used to

develop and test the system of abnormal automatic were noted within the 3 days following the laboratory
signal. As it could not be decided whether a laboratorylaboratory signals (ALS) for detection of ADRs in a

hospital setting in Israel with a low level of computeris- investigation had been ordered routinely or because of a
suspected ADR it was regarded as indicative of a positiveation [12]. This level included only demographic data

and laboratory tests. In that study it was shown that 73% response.
Once causality was assigned, the ADRs were character-of ADRs detected through ALS were not recognised by

physicians. In the present study we have used ALS for ised by severity as mild (self-limited) moderate (requiring
treatment) or serious (potentially life-threatening orretrospective detection of ADRs and to determine the

nature and rate of ADR recognition by physicians in a disabling). ADRs were further classified by mechanism
as type A or type B reactions. Type A reactions areUniversity hospital ward in Germany.
related to a drug’s pharmacological characteristics and are
usually dose-dependent and often predictable and prevent-

Methods
able. ADRs classified as type B are idiosyncratic or
allergic in nature and are rarely predictable or avoidableThe study included patients admitted to a nine bed

medical ward at the University of Erlangen between [23, 24].
All signals were evaluated by three physicians experi-January, 1996 to May, 1997. The ward primarily admits

patients with infectious, gastrointestinal and liver diseases enced in clinical pharmacology for their severity and
likelihood of being an ADR and whether or not theyand patients with suspected sleep apnoea syndrome. The

laboratory signals of each patient were retrieved using a were recognised as such by the staff physicians during
hospitalisation. The cases were discussed with a seniorcomputer programme and were arranged in groups

defining adverse events concerning the liver (alanine physician if the decision was difficult. For evaluation of
the reliability of the rating scale the difference betweenamino transferase, ALT; aspartate amino transferase, AST;

gamma glutamyl transpeptidase, cGT; lactate dehydrogen- the highest and lowest score obtained by the three
analysing physicians was calculated for each event. Thease, LDH; alkaline phosphatase, AP; bilirubin), blood

(haemoglobin, thrombocytes, leukocytes), kidney (urea, mean of these differences was used as a measure for the
inter-observer variability.serum creatinine), electrolytes (K+, Na+, Ca2+), blood

glucose or drug levels beyond the therapeutic window The study was approved by the institutional Ethics
Review Board.(digoxin, digitoxin, theophylline). For each, test levels

exceeding defined upper and/or lower limits (see appendix
1) were used as automatic laboratory signals (ALS). The

Results
medical charts of every third patient were retrospectively
analysed with regard to the following questions: In a total of 294 patients hospitalised between January

1996 to May 1997, 766 laboratory signals were generated.(1) whether the laboratory signals could have been
related to an adverse drug event, and Two hundred and twenty-nine signals generated in 98

patients (19 females, 79 males, age 25–91 years, mean 52(2) whether these ADRs were noted by the attending
physicians. years) were further examined. Seven signals from three

patients had to be excluded due to incomplete medicationInformation about the medical and medication history of
the patients was obtained from the medical charts. The histories. Some laboratory signals such as simultaneously

elevated AST and ALT were summarised to one event.probability of a drug related adverse reaction (ADR) was
assessed by means of the adverse reactions probability Therefore, the signals amounted to 121 events concerning

the liver, blood, kidney, electrolytes, blood glucose orscale (APS) of Naranjo et al. [19] with some minor
modifications (see appendix 2) that were necessary because drug levels. Out of these 121 events 66 were obviously

explained by the primary diagnosis or an underlyingcertain information was not available retrospectively. The
algorithm used consisted of ten weighted questions that disease. These 66 events which had caused 140 ALS are

shown in Table 1. The three analysing physicians wereyielded the following association between total score and
causal relationship: 0–1 points equalled doubtful, 2–4 in agreement that these events were highly unlikely to
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Table 1 Number of ALS among those patients in whom the was 0.9 points where a maximum of 14 points can
laboratory signal was clearly attributable to the primary diagnosis be reached.
or an underlying disease. ALS of these patients were not further The clinical pharmacologists analysing the charts
analysed, because an ADR was unlikely. concurrently evaluated one of the ADRs as mild, 14

moderate and three serious. The latter three ADRs werePrimary diagnosis Number of
1) thrombocytopaenia, probably due to low molecularSignal category underlying disease ALS events
weight heparin, 2) a combination of thrombocytopaenia,

Liver Liver cirrhosis 21 9 elevated liver function tests, vasculitis and reduced renal
ALT, AST, cGT, Acute viral 6 3 function probably due to an allergic reaction to glibencla-
bilirubin, hepatitis mide and 3) a dramatic reduction of renal function

alkaline phosphatase, Chronic viral 56 24 probably caused by meso-tetrahydroxyphenylchlorine
LDH hepatitis

( photodynamic therapy) in a patient with pre-existingAlcoholic liver 17 7
diabetic nephropathy.disease

Fifteen out of the 18 ADRs were regarded as dose-Fatty liver 4 4
Other 9 5 related or predictable (type A) and 3 were non-predictable

(type B). Two out of the three type B reactions were
Blood regarded as serious (thrombocytopaenia due to low
Haemoglobin Bleeding (ulcus or molecular weight heparin and the combination of

oesophageal 4 2
thrombocytopaenia, elevated liver function tests, vasculitisvarices)
and reduced renal function probably due to gliben-Platelets Liver cirrhosis 3 3
clamide). One type B reaction was a case of elevatedWBC Pancytopaenia 4 1
liver function tests and bilirubin probably due to a drug

Kidney hepatitis caused by glibenclamide.
Creatinine, Urea Diabetic 6 3 Patients who experienced an ADR were older (mean

nephropathy age 62 years) and had more drug exposures (mean 5.8
Creatinine, Urea Chronic renal 6 2

different drugs per day) than patients without ADRs
disease

(mean age 50 years, 3.2 drugs per day).
The drugs associated with possible or probable ADRsElectrolytes

were mainly cardiovascular agents (6 cases) and agentsCa2+, Na+ Panhypopituitarism 2 1
K+ Diarrhoea 1 1 used for metabolic (diabetes, elevated serum cholesterol

or uric acid) and electrolyte disorders (7 cases). Other
Blood glucose Diabetes mellitus 1 1 responsible drugs were an antibiotic, diuretic, anticonvuls-

ant, anticoagulant and a drug used for photodynamic
*Summary 140 66*

therapy (1 case each).

*Eight patients had ALS of different categories and eight patients had
also ALS that could not be explained by the diagnosis. Thus, in a Reaction of physicians
total of 50 out of 95 patients all ALS were obviously attributable to
the primary diagnosis or an underlying disease. In 12 out of the 18 ADRs (66%) no reaction by

physicians was noticed (Table 3). The suspected respon-
sible drug was discontinued in three patients, an additional
drug was ordered once and a laboratory investigation washave been caused by a drug, so that these events were

not further evaluated. The remaining 55 events (82 ALS) performed twice. The ADRs recognised were throm-
bocytopaenia due to low molecular weight heparin (drugwhich had occurred in a total of 45 patients were further

analysed with regard to a possible causative drug aetiology. discontinued), hyperkalaemia due to potassium-chloride
(drug discontinued), hypokalaemia due to frusemideResults are shown in Table 2.

In 20 cases a causative role of drugs was unlikely. (additional drug), hypoglycaemia due to insulin ( labora-
tory control), elevated digoxin levels due to an interactionDrugs were considered to be a possible cause for 17

adverse events and 18 adverse events were definitely or with nifedipine (digoxin discontinued) and hepatitis
probably caused by glibenclamide ( laboratory control).probably caused by drugs. These 18 adverse drug reactions

(ADRs) occurred in 17 out of 95 analysed patients Only one of the ADRs regarded as serious (thrombo-
cytopaenia due to low molecular heparin) was recognized(17.9%, 95% confidence interval 10.2 to 18.8%). They

were identified as such by all three analysing physicians. and the drug discontinued. The physicians were aware of
the clinical manifestations of one of the other seriousUsing the modified APS the mean difference between

highest and lowest probability scores between observers ADRs (combination of thrombocytopaenia, elevated liver
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Table 2 Number of ALS and number of
ADRs (in brackets) among those patients
in whom the laboratory signal could not
be explained by the primary diagnosis or
an underlying disease. The probability of
an ADR was evaluated with the adverse
reactions probability scale (APS).

Number of ALS (number of ADRs)
Category Probable or definite Possible Doubtful

Liver—total 12 (5) 21 (12) 15 (11)
ALT >36 and/or AST >44 U l−1 6 3 7
GGT >56 U l−1 4 13 6
Bilirubin >1.5 mg dl−1 2 4 2
LDH >450 U l−1 0 1 0

Blood—total 3 (3) 6 (2) 1 (1)
WBC <2500/ml 0 5 0
Platelets <70 000/ml 2 0 0
Hb <9 g dl−1 or drop of >2 g dl−1 1 1 1

Kidney—total 4 (2) 3 (3) 4 (3)
Serum creatinine >1.5 mg dl−1 2 3 3
Serum urea >60 mg dl−1 2 0 1

Electrolytes—total 4 (4) 0 1 (1)
K+ <2.7 mmol l−1 or >6 mmol l−1 4 0 0
Na+ <125 mmol l−1 or >160 mmol l−1 0 0 1
Ca2+ <1.7 mmol l−1 or >3.2 mmol l−1 0 0 0

Blood glucose <50 mg dl−1 >150 mg dl−1 3 (3) 0 0

Drug levels—total 1 (1) 0 4 (4)
Digoxin 1 0 2
Digitoxin 0 0 1
Theophylline 0 0 1

Sum: Number of ALS and 27 (18) 30 (17) 25 (20)
(ADRs)

*Number of patients 17 16 18

*One patient had two, possibly related ADRs (increase of serum creatinine levels and
hyperkalaemia) due to captopril and one patient had two possible ADRs. Four patients had
ADRs of different probability.

function tests, vasculitis and reduced renal function) but
they did not suspect drug-induced aetiology.

Table 3 Number of recognised ADRs per category and severity.

DiscussionNumber of ADRs recognized (Type A or B*)
Yes No The main finding of this retrospective study was that 17

Mild Moderate Serious Mild Moderate Serious out of 95 (18%) hospitalised patients experienced probable
or definite ADRs that could have been detected by anLiver 1 (B) 1 (A) 3 (A)
abnormal laboratory test. However, only about one-thirdBlood 1 (B) 1 (A) 1 (B)
were detected and treated by physicians.Kidney 1 (A) 1 (A)

We have chosen a retrospective analysis in order to
Electrolytes 2 (A) 2 (A) register the spontaneous ADR recognition rate which
Blood glucose 1 (A) 2 (A) will be used as a basis for future evaluation of the efficacy
Drug levels 1 (A) of surveillance systems. By using a retrospective analysis

it was ensured that the attending physicians were not*Type A reactions are related to a drug’s pharmacological
influenced. On the other hand, the retrospective analysischaracteristics and are usually dose-dependent and often predictable
has the disadvantage that some information that mightand preventable. ADRs classified as type B are idiosyncratic or

allergic in nature and are rarely predictable or avoidable. have been important for the probability evaluation was
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not available retrospectively enhancing the potential for alterations in drug pharmacokinetics, comorbidities and
particularly because of multiple drug use [28–32].misclassification of an event. Especially the number of

possible ADRs might have been overestimated. 83% of ADRs in our patients were classified as type A
and most of them were considered to be predictable andWe have used medical charts of the patients as

information source. Three patients had to be excluded preventable. Rawlins et al. [23] have reported that type
A reactions produce 70–80% of all ADRs and Classenbecause information concerning the medication history

was missing. Sufficient data were obtained for the other et al. found that as many as 90% of all ADRs could be
classified as such [17].patients. However, it cannot be ruled out that some

information provided by doctors’ or nurses’ notes might In comparison with a recent study of our group in
Israel, the patients in the present study were somewhathave been incomplete or even incorrect. In addition,

patients might not have taken their prescribed drugs. younger and tended to have more gastrointestinal diseases
and sleep apnoea syndrome while in the Jerusalem sampleThis might have led to certain biases in the evaluation of

a potential drug related adverse event. the main primary diagnoses were exacerbation of cardio-
vascular or chronic pulmonary diseases. There were alsoThe probability of an ADR was evaluated by appli-

cation of the adverse reactions probability scale (APS) some differences in the definition of ALS, i.e. lower
boundaries for liver impairment were used in Germany.according to Naranjo et al. [19]. In the past decade

Naranjo et al. [25, 26] have developed a more sophisticated Nevertheless, the rate of ADRs identified through ALS
was similar in both centres (16–18%) [12]. In Jerusalemalgorithm (BARDI) based on a Bayesian approach, that

concentrates on unexpected and rare ADRs where a the non-predictable ADRs were more common (38% vs
17%) and the rate of severe ADRs was higher (23% vsdiagnosis is often difficult. Since most ADRs in our

patients were dose related and obvious such as hypokalae- 17% in Jerusalem and Erlangen, respectively). The rate
of unrecognised (by physicians) ADRs identified by ALSmia due to frusemide the easier and less time consuming

APS was considered to be appropriate. Using the modified was high in both centres (73% in Jerusalem vs 66% in
Erlangen). The similarity between the results of theAPS (appendix 2) the agreement between three analysing

physicians was acceptable with a mean difference between present study and those of the group in Israel suggests
that the application of the ALS system is not limited to ahighest and lowest scores between observers of 0.9 points.

Despite the disadvantages of the retrospective study situation in a specific centre and does not depend on the
main diagnoses of the patients. Thus, it could serve asdiscussed above our results are comparable with those of

other authors. In the Medical Practice Study (MPS) 0.7 detection support tool in different hospital settings.
However, it is not yet known if it is also applicable toADRs per 100 admissions were identified [1] and Classen

et al. found a rate of 2 ADRs per 100 admissions [17]. patients of specialised clinics such as psychiatry or
dermatology. This has to be confirmed in further studies.These studies used more restrictive definitions of ADRs.

The MPS required that the event either prolonged The ALS system used prospectively as part of a specially
developed computer programme presents abnormal labor-hospital stay or resulted in disability at discharge.

Restricting our analysis to serious reactions would result atory results to the physician together with some questions
concerning the probability of a drug related reaction.in a rate of 3%, similar to that found by Classen et al. In

the study of Classen et al. [17] analgesics and narcotics ALS confirmed as possibly drug related are then evaluated
by the clinical pharmacologist and the result is sent backrepresented 31% of all ADRs, while antibiotics were

found to be the cause of approximately 24% followed by to the physician along with some additional information
or recommendations. In Jerusalem we have shown thatcardiovascular agents and anticoagulants with 19% and

9%, respectively. Lesar et al. [27] have reported that the prospective application of the ALS system in the
wards routine has drastically improved the ADR recog-antimicrobials, cardiovascular agents, gastrointestinal

agents and narcotics are the most common medication nition rate by physicians [33]. A prospective study in
Erlangen is now in progress. In the present study 5 outclasses involved in treatment errors. The small size of the

present sample, the specific disease profile as well as drug of the 6 recognised ADRs were obviously drug related
and easy to recognise. In less obvious situations a potentialusage patterns and the restriction of ADRs to those

potentially detected through ALS could explain the drug cause was considered only once. That means that
the possibility of a drug-related alteration of blood testsdifference between our results concerning drug distri-

bution and those of other groups. was seldom taken into consideration. The ALS system
appears to be advantageous over the routine provision ofPatients experiencing ADRs in this study tended to be

older, have longer periods of hospitalisation and have abnormal laboratory results and reference ranges because
it draws the physician’s attention to the possibility thatmore drug exposures than those not experiencing ADRs.

Several studies have observed that the elderly are at a abnormal laboratory results may be drug-related. In
addition, the physician obtains a rapid feedback from thegreater risk of developing ADRs because of age-related
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Appendix 1

Laboratory signals (ALS) were recorded automatically if
they exceeded a defined upper or lower limit.

ALS limits Normal range

Leucocytes <2500/ml 4000–10 000

Thrombocytes <70 000/ml 140 000–400 000

Eosinophils >6% of the leukocytes

>450/ml <450/ml

Haemoglobin <9 g/dl or drop of >2 g/dl 13.0–17.0

Lactate dehydrogenase >450 U l−1 50–200

Alanine amino transferase >36 U l−1 1–18

Aspartate amino transferase >44 U l−1 1–22

Gamma glutamyl >56 U l−1 6–28

transpeptidase

Alkaline phosphatase > 330 U l−1 33–105

Bilirubin >1.5 mg dl−1 0.1–1

Serum creatinine >1.5 mg dl−1 0.4–1.4

Serum urea >60 mg dl−1 10–20

Potassium <2.7 mmol l−1 or 3.6–4.8

>6 mmol l−1

Sodium <125 mmol l−1 or 132–155

>160 mmol l−1

Calcium <1.7 mmol l−1 or 2.3–2.8

>3.2 mmol l−1

Blood glucose <50 mg dl−1 70–100

>150 mg dl−1

Digitoxin >20 mg l−1 range 6–20

Digoxin >2 mg l−1 range 0.6–2.0

Theophylline >20 mg l−1 range 6–20
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Appendix 2

Modified adverse reactions probability scale (APS) accord-
ing to Naranjo et al. [19].

Yes No Not known

Are there previous conclusive reports on +3 (frequent side effect) 0 0
this reaction? +2 (rare side effect ~1%)

+1 (case reports)
Did the adverse event appear after or during +2 −1 0

the administration of the suspected drug?
Did the adverse event improve when the +1 0 0

suspected drug was discontinued?
Did the reaction reappear when the drug +2 −1 0

was re-administered?
Are there alternative causes (other than the −1/0* +1/+2* 0

drug) that could on their own have caused
the adverse event?

Was the drug detected in blood in +1 0 0
concentrations known to be toxic?

Was the reaction more severe when the +1 0 0
dose was increased or less severe when
the dose was reduced or not changed when
therapy was continued?

Did the patient have a similar reaction to +1 0 0
the same or similar drug in any previous
exposure?

Was the adverse event confirmed by any +1 0 0
objective evidence?

*Depending on the probability of an alternative cause.
The scale yielded the following association between total score and causal relationship: 0–1 points equalled doubtful, 2–4 points equalled
possible, 5–8 points equalled probable while >8 equalled definite.
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