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AIMS
To determine the incidence of drug-related deaths (DRD) in a university hospital in 2015, to describe their characteristics, and to
discover risk factors of DRD.

METHODS
An analytic and retrospective cohort study. Patients with a death diagnosed predefined from a list of medical conditions
potentially caused by drugs were the selected cases for further review. Causality assessment was evaluated by a local drug safety
committee.

RESULTS
Out of 1135 inpatient deaths, 73 DRD were included (six were hospital-acquired). The incidence of DRD of all hospital admissions
was 0.34%, and the incidence of all deaths cases was 7%. Drugs were the cause of death in 38 patients (52%) and a contributive
role in 35 (48%). The median age of DRD patients was 72 years (range 19–94) and 72.6% were men. The median hospital stay,
Charlson score and number of drugs were 5 days, 2 points and seven drugs respectively. The most frequent DRD were cerebral
haemorrhages and infections in drug-immunosuppressed patients (32, 43.8%, each group). The most frequently involved drugs
were antineoplastics and glucocorticosteroids (40% and 18%), and antithrombotics (33%); drug–drug interactions were present
in 44% DRD. Sex, age and number of drugs were risk factors of DRD.

CONCLUSIONS
Adverse drug reactions were a significant cause of death in hospitalized patients, mainly haemorrhages and infections
precipitated by drug–drug interactions. Risk factors for DRD were sex, age and number of drugs. Preventable DRD and measures
to avoid them should be accurately assessed in further studies.

WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Fatal adverse drug reactions represent a relevant cause of death in hospitals.
• There are few studies focused on assessing the incidence of drug-related deaths (DRD).
• The incidence rates of DRD show a wide variability.
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WHAT THIS STUDY ADDS
• Additive or synergistic effects were implicated in almost half of DRD.
• Almost half of the DRD cases were preventable according to Schumock and Thornton criteria.
• Risk factors of DRD were sex, age, and number of drugs.
• Incidence data of DRD in tertiary hospitals can vary according to the methods used to select cases and for drug causality
assessment; however, risk factors of DRD were similar among different studies.

Introduction
Medicines are not always effective in improving clinical out-
comes for all patients treated. Although most drugs generally
have a good safety profile, some patients present with an ad-
verse drug reaction (ADR). ADRs are an important cause of
morbidity that occur in about 10% in ambulatory care set-
ting, in 10–20% of hospital inpatients, and accounts for 5%
of all hospital admissions [1, 2]. ADR increases both the
length of hospital stay and costs. Moreover, ADR is also a rel-
evant cause of mortality. Among iatrogenic causes, which
represented the third leading cause of death in the USA in
2000, where ADRs caused around 106 000 deaths in a year
[3]. Lazarou et al. estimated fatal ADR to be between the
fourth and sixth leading cause of death in the USA [4].

There are many studies and meta-analyses assessing the
incidence of ADR in hospitalized patients, as well as assessing
ADR incidence of patients attended in the emergency rooms
[4, 5]. However, data on fatal ADR occurrence rate is often a
secondary outcome and, therefore, less reported. To our
knowledge, there are only four published studies designed
to assess the incidence of drug-related death (DRD) in a ter-
tiary hospital, with long periods of study; and only two of
them assessed the risk factors [6, 7]. Their DRD incidences
show a widely variability, ranging from 0.02 to 0.95% for in-
cidences of hospital admissions, and from 3% to>18% for in-
cidences of patient deaths in hospital [6–9].

The main objectives of this study were to determine the
DRD incidence in a single tertiary care hospital in 2015, and
to determine the risk factors for DRD. Other secondary objec-
tives of the study were to discover which drugs were involved,
to describe the characteristics of ADR, to assess drug–drug in-
teractions, and to identify preventable DRD.

Materials and methods
We followed the STROBE Statement to report the study sec-
tions and their content [10].

Study design
This is an analytic and retrospective cohort study performed
in the Germans Trias i Pujol Hospital, which is a tertiary care
hospital with 511 beds for a population of about 850 000 peo-
ple living in the Barcelonès Nord I Maresme area of Barcelona, in
Catalonia, Spain. The study was approved by the Research
Ethics Committee of the Germans Trias i Pujol Hospital in
February 2016, and was registered in the ClinicalTrials.gov
(identifier: NCT02838212; https://clinicaltrials.gov/ct2/

show/NCT02838212). All included cases of fatal ADR were re-
ported to the Spanish Pharmacovigilance System.

Participants and selection criteria
• From a list of patients who died in the hospital throughout
2015, only the patients from whomwe had a death diagno-
sis were selected for this study. Therefore, patients who died
in the emergency room were not included as the diagnosis
was not accessible.

• Patients were selected as potential cases for further review if
their death diagnosis was in a predefined list of diseases and
syndromes. This list included medical conditions poten-
tially caused by drugs (Table 1). When a specific drug was
mentioned in the diagnosis, that case was also selected.
The selection of the cases was done by A.L.A. and reviewed
by E.M.

• All potential cases were assessed to determine whether
death was related to drugs; and any drug-related case was
included and considered an actual DRD. Therefore, DRD
cases were dead hospitalized patients in 2015 with one or
more drugs related to death. Patients whose death was not
related to a drug were excluded and considered non-DRD
cases. The definition of ADR used was “a response to a me-
dicinal product which is noxious and unintended”, from
the last Directive of the European Parliament and of the
Council (2010/84/EU) [11].

Outcomes
Primary outcome. DRD occurrence rate or incidence of all
hospital admissions in 2015. This was calculated with the
number of dead patients in our hospital throughout 2015
whose cause of death was related to a drug as numerator
(DRD cases) and the number of patients admitted to the
hospital in the same period as denominator.

Secondary outcomes. DRD occurrence rate of inpatients
deaths in 2015. Inpatient deaths refer to patients dying
during hospitalization. This was calculated with the number
of patients who died in hospital in 2015 in whom the cause
of death was related to a drug as a numerator (DRD cases)
and the number of patients with an available diagnosis of
death in the same period as a denominator.

• Characteristics of DRD and involved drugs: (i) number of
DRD cases with the involved drug starting the week before;
(ii) number of DRD cases with drug–drug interactions be-
tween involved drugs; (iii) number of hospital-acquired
DRD cases, where ADR started during the hospitalization
period; (iv) number of DRD with polymedication; (v) num-
ber of DRD cases with autopsy; (vi) number of DRD cases in
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which the suspected drug had a contributive or causal role;
and (vii) number of preventable DRD cases assessed by
Schumock and Thornton criteria [12].

• Causality of DRD assessed by the number of DRD cases with
certain, probable or possible categories applying World
Health Organization-Uppsala Monitoring Centre (WHO-
UMC) criteria [13], and the Naranjo algorithm [14].

• Risk factors for DRD or independent associations (sex, age,
number of drugs, and comorbidity).

Data sources
The list of dead patients from 2015 and the number of admis-
sions were obtained from the database of the hospital infor-
mation system. Diagnoses of death were done by the
physicians who attended the patient; and were categorized
according to the ICD-9-MC diagnosis coding (International
Classification of Diseases: Ninth Revision–Clinical Modifica-
tion). Death certificates were not used in this study.

To assess the selected cases, drugs, comorbidities, haema-
tological, biochemical and radiological tests were extracted
from the hospital medical charts by A.L.A., Y.S. or E.M. To
minimize information bias, related information on drugs
was also extracted from the primary care medical registry.
However, when the data on the indication of drug use were
missing, their attribution was decided according to the
pathological history of patients. When we encountered
discrepancies inmedication information, data were discussed
with another rater to reach a consensus. Charlson score,
length of hospital stay, sex and age at death were obtained
for inpatients from the hospital electronic database informa-
tion system.

Variables
For DRD cases, the Anatomical Therapeutic Chemical (ATC)
classification systemwas used to classify involvedmedication
(http://www.whocc.no/atc_ddd_index/). The number of
involved drugs, duration and indication, doses and route of
administration, as well as the characteristics of ADR were
extracted. Polymedication was defined when patient received
at least 10 drugs. The duration of the related drug was classi-
fied as: ‘acute’ when it was started within the week before
the onset of the ADR, ‘subacute’ when it was started be-
tween 1 week and 6 months prior to ADR, and ‘chronic’
when it was started more than 6 months before the ADR.
In cases where two or more drugs with different starting
times were involved in the DRD, the most recent was
collected, because it was more likely that the drug–drug
interaction appeared when the most recent drug was intro-
duced. Comorbidity was measured using Charlson comor-
bidity index [15]. When the hospitalization length was
<24 h, it was counted as 0 days.

ADR causality assessment
Potential cases of DRD were presented in the Drug Safety
Committee of the Hospital to assess causality attribution.
This Committee is responsible for assessing all the ADR
reported in the Pharmacovigilance Program of the hospi-
tal. The probability of a fatal ADR was classified into one
of the six categories of the WHO-UMC’s causality classifi-
cation (certain, probable/likely, possible, unlikely, conditional/

Table 1
Frequency of selected and included patients according to death
diagnosis

Medical condition
Selected
patients

Included
patients

Acute renal failure 11 1

Agranulocytosis, leukopenia,
neutropenia

4 2

Allergic reaction, anaphylactic shock,
angioedema

0 0

Aplastic anaemia, pancytopenia, 0 0

Aseptic meningitis 0 0

Arrhythmia, atrioventricular block,
syncope, torsade de pointes

10 2

Confusional syndrome or delirium 1 1

Cushing syndrome 0 0

Drug intoxication, suicide attempt 1 1

Encephalopathy 0 0

Erythema nodosum 0 0

Gastric or duodenal ulcer 5 1

Guillain–Barré syndrome 0 0

Haemolytic anaemia 1 0

Haemorrhage, haematoma,
gastrointestinal bleeding upper/
lower

82 34

Hepatitis 1 0

Hyperkalaemia, hypokalaemia,
hyponatraemia

1 0

Infections, sepsis 140 30

Metabolic acidosis 0 0

Multiforme erythema, Stevens–
Johnson syndrome, toxic epidermal
necrolisis

0 0

Myopathy 0 0

Neuroleptic malignant syndrome 0 0

Pancreatitis 10 0

Parkinsonism 0 0

Pneumonitis 2 1

Pulmonary fibrosis 5 0

Pulmonary thromboembolism 0 0

Rhabdomyolysis 0 0

Syndrome of the inadequate
secretion of antidiuretic hormone

0 0

Systemic lupus erythematosus 0 0

Thrombocytopenia 0 0

Vasculitis 0 0

Other (including drug in the
diagnosis)

9 0

Total patients 284 73
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unclassified and unassessable/unclassifiable) [13]. We also
used the Naranjo algorithm to score the causal probability
[14], using a web tool (http://pmidcalc.org/7249508). ADR
were classified as definite (9–12 points), probable (5–8
points), possible (1–4 points) or doubtful (0 points). Two
evaluators (A.L.A. and E.M.) assessed both causality
methods for each DRD case to increase validity to the
study. Consensus was reached when discrepancies between
scores were present. All involved drugs in a fatal ADR were
classified as causing death when the ADR was directly pro-
duced by the drug; or contributing to death when drug with
another factor concomitantly precipitated the ADR. In ad-
dition, autopsy of the patient was recorded in order to con-
firm the cause of the DRD.

Preventability of ADR
The Schumock and Thornton criteria checklist was applied to
identify preventable DRD [12]. The seven criteria assessed
mainly the appropriateness of drug according to the patient’s
condition and to pharmacokinetic characteristics of the drug,
drug monitoring, and drug–drug interactions. A DRD was
considered to be preventable when it met at least one of the
following criteria: (i) the drug was not appropriate for the pa-
tient’s condition; (ii) the dose, frequency and route of admin-
istration were inappropriate for the patient’s age, weight or
disease state; (iii) therapeutic drugmonitoring or other neces-
sary laboratory test was not performed; (iv) the patient had a
history of allergy or previous reaction to the administered
drug; (v) a documented drug interaction was involved in the
ADR; (vi) a serum concentration above the therapeutic range
was documented; and (vii) noncompliance was involved in
the ADR.

Statistical analysis
Summary statistics are presented as percentages in the case of
categorical variables and as median (range) in the case of con-
tinuous variables. Characteristics of the DRD cases and non-
DRD cases were compared with the Pearson chi-square or
the Fisher exact test, as appropriate for categorical variables,
as well as Wilcoxon rank-sum test for continuous variables.
Missing data were not included in the analysis.

Any independent association between patients’ charac-
teristics and DRD was assessed by using a logistic regression.
DRD was the dependent variable. The variables included in
the logistic regression model were age, sex, number of drugs
and Charlson comorbidity index score.

For all analyses and comparisons, a two-sided P value
<0.05 was used to determine statistical significance. All
statistics were performed using the SPSS software package
for Windows, version 19.0 (SPSS Inc, Chicago, IL, USA) and
R package v.3.3.1 (21–06-2016; R CoreTeam. R: A Language
and Environment for Statistical Computing. Vienna, Austria:
R Foundation for Statistical Computing; 2016. https://www.r-
project.org/).

Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org,
the common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY [16], and are permanently archived in the
Concise Guide to PHARMACOLOGY 2017/18 [17].

Results
In 2015, there were 21 483 admissions and 1135 inpatient
deaths (18.9%, 1135/21 483) in Germans Trias I Pujol Hospi-
tal. The diagnosis of death was available in 1036 patients
(91.3%, 1036/1135). A total of 281 patients (24.7%,
281/1135) were selected as potential DRD cases and reviewed.
After drug causality assessment, 73 patients were DRD cases
and 208 were non-DRD (Figure 1). DRD occurence rate of all
hospital admissions was 0.34% (73/21 483), and the rate of
inpatient deaths cases was 7.05% (73/1036).

For DRD cases, the median age of patients was 72 years
(range 19–94), of whom 72.6% were men. Median Charlson
score was 2 points (range 0–8), median number of drugs
during ADR episodes per patient was seven (range 2–14) and
median hospital stay was 5 days (range 0–57).

Characteristics of fatal ADR
ADR was the cause of hospital admission in 67 cases (91.8%,
67/73), and the ADR started during hospitalization in six pa-
tients (8.2%, 6/73; Figure 1).

The most frequent DRD were haemorrhage (34 cases,
46.6%) followed by sepsis or infections in drug-immuno-
suppressed patients (32, 43.8%). The remaining types of
DRD are detailed in Table 2.

Characteristics of drugs related to ADR
In 41 (56.2%, 41/73) DRD cases, there was only one drug
involved, with two drugs in 23 (31.5%, 23/73), three drugs
in eight (11%, 8/73), and four different related drugs in one
case (1.4%, 1/73). In 32 (43.8%, 32/73) DRD cases, a drug–
drug interaction was present; all were pharmacodynamic
and synergistic interactions. The number of DRD patients
with polymedication was 32 (43.8%, 32/73).

In total, there were 116 involved drugs for 73 DRD cases.
Forty-six drugs (39.6%, 46/116) were classified in ATC cate-
gory L, 38 (32.8%, 38/116) in category B and 21 (18.1%,
21/116) in category H (Table 3). The most commonly in-
volved drugs were acetylsalicylic acid (in 20 DRD cases,
17.2%), prednisone (in 15, 12.9%) and acenocoumarol
(in 11, 9.5%; Table 4). Seventy-three drugs (62.9%, 73/116)
were concomitantly administered with other drugs.

The medical indications for the drugs were atrial fibrilla-
tion and solid tumours (15 DRD cases in each indication,
20.5%, 15/73; Table 5).

The related drug was started within the week before the
ADR in eight patients (11%, 8/73), the duration of treatment
was subacute in 27 patients (37%, 27/73) and chronic in 36
(49.3%, 36/73); the beginning of the drug was unknown in
two DRD cases (2.7%, 2/73; Table 6).

Drugs were the cause of death in 38 DRD cases (52.1%,
38/73) and contributed to death in 35 patients (47.9%,
35/73). The main contributive causes for intracranial
haemorrhages were falls with head injuries (13/73, 40.6%)
and hypertension (15/73, 46.9%).

Drug-related deaths
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No medication errors on type of drug, dosing or route of
administration were identified. One patient took an overdose
of benzodiazepines causing DRD by intoxication.

Hospital-acquired fatal ADR
In six patients (8.2%, 6/73), ADR started during the hospital-
ization. Having previously received cytotoxic and/or immu-
nosuppressant agents for haematological malignancies, four
patients presented respiratory infection or sepsis. One pa-
tient, admitted to another hospital for appendicitis and
treated with intravenous dexketoprofen for pain, was trans-
ferred to our hospital 3 days after for haemorrhagic shock
due to an active bleeding of duodenal ulcer that persisted de-
spite multiple endoscopic sclerosing treatments. Another pa-
tient, hospitalized at another centre for respiratory tract
infection and treated with enoxaparin for atrial fibrillation,
was transferred to our hospital a week later for an extensive
retroperitoneal haematoma after a fall. The patient presented
with haemorrhagic shock due to an active bleeding of the
uterine artery.

The incidence of hospital-acquired fatal ADR calculated
from all admissions to the hospital was 0.03% (6/21 483).
The incidence of hospital-acquired fatal ADR was 0.58% of
dead patients (6/1036).

ADR causality assessment
All deaths were classified as probably or possibly related to
drugs, regardless of the assessment method used. When
applying WHO-UMC classification, 37 (50.7%, 37/73) ADR
were possible and 36 (49.3%, 36/73) probable related to drugs.
Median Naranjo score of DRD cases was 4 (range 3–7). ADRs
were classified into two categories: possible (scores range 2–4;

46/73 ADR, 63%) and probable (scores range 5–8; 27/73
ADR, 37%).

No autopsies were performed, although permission was
requested in three cases, but their families denied. In another
patient, the local police requested a forensic autopsy.

Preventability of ADR
DRD were potentially preventable in 34 cases (46.6%,
34/73) according to Schumock and Thornton criteria. The
most frequent criterion we found was that a documented
drug–drug interaction was involved in the ADR (32 cases,
94.1%). Three patients met two different criteria (4,1%,
3/73; Table 7).

Risk factors of DRD
Univariate analysis showed statistically significant differ-
ences in all assessed variables: sex, age, number of drugs and
Charlson comorbidity score (Table 8). Multivariate logistic re-
gression analysis to identify independent associations with
DRD showed statistically significant differences in sex, age
and number of drugs, but not in Charlson comorbidity score
(Table 9).

In the univariate analysis, the Charlson comorbidity
score effect was statistically significant. However, when
adjusting by age, this effect was not statistically significant
(P = 0.4795). DRD patients were more often men, younger
and had received more drugs than those who died for other
causes (Table 9).

Posthoc analysis: characteristics of DRD cases
Since ADRs could be grouped into two large groups,
haemorrhages and infections, we proceeded to detail and
compare the characteristics of each group (Table 6).

Figure 1
Flow chart of patient selection
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Statistically significant differences were found in the follow-
ing variables: age [odds ratio (OR) 1.09; 95% confidence in-
terval (CI) 1.04–1.16], drug–drug interactions (OR 18.12;

95% CI 5.35–69.13), number of drugs (OR 0.10; 95% CI
0.03–0.28), and Charlson score (OR 1.58; 95% CI 1.23–2.13).

Discussion
In our results, DRD occurrence rate of all hospital admissions
was 0.34%, and the occurrence rate of all inpatient deaths
was 7%.

When we compared these results to data of available ADR
meta-analysis or reviews, our incidences were similar to those
described in a recent review of 47 European observational
studies, where the mean rate of fatal ADRs was 0.14% of all
admissions [18]; and very similar to those reported in a
meta-analysis of 39 studies about ADR in hospitalized pa-
tients in the USA with a rate of fatal ADR of 0.32% of all hos-
pital admission. Moreover, the authors of the latter review
have suggested a rate of fatal ADR of 4.6% of deaths from all
causes [4]. The retrospective design and the methods used in
the present study differ from those studies included in the
reviews.

Our results were also compared to available four studies
with similar methodological design which were conducted
in Finland and Spain [6–9]. The occurrence rate of DRD of
all hospital admissions in our study was 10 times higher than

the Finnish studies (Spanish data not reported) [4, 6]. By con-
trast, the occurrence rate of all inpatient deaths of the present
study was much smaller than the mentioned Spanish study

Table 3
The Anatomical Therapeutic Chemical (ATC) classification system of involved drugs

ATC category Therapeutic Area n %

A Alimentary tract and metabolism 0 0

B Blood and blood forming organs 38 32.8

C Cardiovascular system 5 4.3

D Dermatologicals 0 0

G Genito-urinary system and sex hormones 0 0

H Systemic hormonal preparations, excluding sex-hormones and insulins 21 18.1

J Anti-infectives for systemic use 0 0

L Antineoplastic and immunomodulating agents 46 39.6

M Musculoskeletal system 1 0.9

N Nervous system 5 4.3

P Antiparasitic products, insecticides and repellents 0 0

R Respiratory system 0 0

S Sensory organs 0 0

V Various 0 0

Total 116 100

Table 2
Frequency and types of drug-related deaths (DRD)

Type of DRD n %

Haemorrhages 34 46.5

- Cerebral 32 43.8

- Other locations 2 2.7

- (gastrointestinal, retroperitoneal haematoma)

Infections in immunosuppressed patients 32 43.8

- Lung infection 18 24.6

- Sepsis 12 16.4

- Fever in neutropenic patients 2 2.7

Atrioventricular block 2 2.7

Acute renal failure 1 1.4

Acute confusional syndrome 1 1.4

Interstitial pneumonitis 1 1.4

Duodenal ulcer with haemorrhage 1 1.4

Benzodiazepine intoxication 1 1.4

Total 73 100

Drug-related deaths
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Table 4
Drugs involved in drug-related death cases

Drug n % Drug–drug interaction

Acetylsalicylic acid 20 17.2% 4 (20%)

Prednisone 15 12.9% 13 (86.7%)

Acenocoumarol 11 9.5% 1 (9.1%)

Dexamethasone 6 5.2% 5 (83.3%)

Ciclosporin 5 4.3% 5 (100%)

Clopidogrel 4 3.4% 3 (75%)

5-Fluorouracil 3 2.6% 2 (100%)

Mycophenolic acid 3 2.6% 3 (100%)

Methotrexate 3 2.6% 2 (66.7%)

Enoxaparin 2 1.7% 0 (0%)

Pentoxifylline 2 1.7% 2 (100%)

Bevacizumab 2 1.7% 2 (100%)

Pemetrexed 2 1.7% 2 (100%)

Paclitaxel 2 1.7% 1 (50%)

Tacrolimus 2 1.7% 2 (100%)

Topotecan 2 1.7% 2 (100%)

Amiodarone, azacitidine, azathioprine, bendamustine, blinatumomab,
carboplatin, carmustine, ceritinib, cetuximab, cyclophosphamide,
cytarabine, dexketoprofen, docetaxel, doxorubicin, etoposide, everolimus,
fentanyl, furosemide, gemcitabine, ivabradine, leflunomide, lorazepam,
melphalan, mitomycin, nilotinib, nivolumab, oxaliplatin, paracetamol,
rituximab, ruxolitinib, sertraline, venlafaxine

1 each (32) 0.9% each 0

Total 116 100 48 drugs (41%)

Table 5
Indications of drugs involved to drug-related death cases

Medical indications n % Detailed medical indications

Atrial fibrillation 15 20.5% Chronic atrial fibrillation (14), paroxistic atrial fibrillation (1)

Solid tumour 15 20.5% Lung (6), colon and rectum (3), base of tongue (2),
breast (2), prostate (1), pancreas (1)

Transplant 8 11% Bone marrow transplant (5), kidney transplant (3)

Hematologic disease 7 9.6% Leukaemia (3) myelodysplastic syndrome (2), lymphoma (1),
multiple myeloma (1)

Coronary heart disease 6 8.2% -

Stroke 5 6.8% Transitory ischemic stroke (3), stroke (2)

Unknown 5 6.8% Probably primary cardiovascular prophylaxis (5)

Peripheral artery disease 4 5.6% -

Pain 2 2.8% Chronic pain (1), postoperative pain (1)

Other 6 8.2% Rheumatoid arthritis (1), vasculitis (1), lung fibrosis (1),
valvular prosthesis (1), suicide attempt (1), motor neuron disease (1)

Total 73 100 -
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(with rates twice higher) [7]. The most important common
characteristics between these four studies and our study are
that they all were conducted in the last 15 years, in a single
European centre, have a retrospective design, the study
period was about a year, and the incidence of DRD was the
main objective of the study. However, there are also impor-
tant methodological differences, mainly the method used
for selecting patients and the ADR definition used, which
could explain the differences in the occurrence rates. As to
the ADRs used in the studies, although there are many differ-
ent definitions of ADRs [19], the most commonly used was
the WHO definition [20]. We chose the definition proposed
in the last European pharmacovigilance legislation (Directive
of the European Parliament and of the Council 2010/84/EU),
which widened the definition of ADR (including, for exam-
ple, doses and indications not authorized for the regulatory
agencies) [11].

Finally, the results of our study differed from other studies
with heterogeneous designs such as studies conducted in a
specific hospital department, or with various hospitals partic-
ipating, and those performed for longer or shorter periods of
time [21, 22].

The incidence of hospital-acquired fatal ADR of all admit-
ted patients in our study was 10-fold higher than a previous
similar study, but 10-fold lower than in another study which
assessed specifically ADR in hospital inpatients [8, 23].

The most common DRD cases were haemorrhages and in-
fections, which supports the findings in a population based

study and in other previous studies of hospitalized patients
[8, 9, 24, 25]. Therefore, the most frequently involved drugs
were antithrombotic agents and antineoplastics and/or
glucocorticosteroids, in line with previous studies [8, 9, 25–
27]. Drug–drug interactions were linked to almost half of
DRD cases, similar to another study [22].

ADR causality assessment
We used Naranjo algorithm and WHO-UMC criteria for indi-
vidual causality assessment in each DRD to improve the accu-
racy of our assessment. However, although both causality
systems are the most frequently used worldwide, limitations
are present when assessing dead patients, such as the criteria
of drug dechallenge and drug rechallenge, which are not
applicable in these cases.

In some cases with drug monitoring or measurements of
biomarkers missing, with a fulminant death, or with a very
rare ADR, the cause of death cannot be completely clear. If
an ADR produces an anatomopathological lesion, the
autopsy findings could be useful to determine or to verify
the cause of death [28]. In the present study, in only three
patients were autopsies requested to perform further anato-
mopathological examinations, which were denied by their
families. This low number of requested autopsies could be
explained because all the ADRs leading to death were related
to the mechanism of action of the involved drug/s (type A
reaction) [29], and could have been predicted and even

Table 6
Characteristics of patients and drug-related deaths (DRD)

Haemorrhages DRD Infections DRD All DRD

Characteristics of patients with DRD

Age (median, range) 77.5 (57–92) 67.5 (19–82) 72 (19–94)

Sex: women, n (%) 8 (23.5%) 9 (28.1%) 20 (27.4%)

Number of drugs (median – range) 7 (2–14) 6.5 (4–10) 7 (2–14)

Polymedication, n (%) 11 (32.3%) 13 (40.6) 32 (43.8%)

Charlson score (median - range) 1 (0–8) 3 (0–8) 2 (0–8)

Days in hospital (median - range) 5 (0–57) 5 (0–56) 5 (0–57)

Characteristics of ADR

ADR was the cause of hospital admission, n ( %) 33 (97.1%) 28 (87.5%) 67 (91.8%)

Drug–drug interaction, n (%) 5 (14.7%) 25 (78.1%) 32 (43.8%)

Number of involved drugs (median – range) 1 (1–3) 2 (1–4) 1 (1–4)

Time from the start of involved drugs, n (%) a a

≤ 1 week 2 (6.2%) 3 (9.4%) 8 (11%)

>1 week–6 months 1 (3.1%) 25 (78.1%) 27 (38%)

>6 months 29 (90.7%) 4 (12.5%) 36 (51%)

Drugs were the cause of death, n (%) 2 (5.9%) 31 (96.9%) 38 (52.1%)

Drugs contributed to death, n (%) 32 (94.1%) 1 (3.1%) 35 (47.9%)

Total 34 32 73

adata not available in two patients

Drug-related deaths
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expected, leading to a low degree of uncertainty about the
cause of death.

Preventability of ADR
No errors on drug, dosing or route of administration were
identified, probably due to computerized prescribing systems
implemented in hospitals. The number of DRD potentially
preventable according to the Schumock and Thornton
criteria was similar to previous studies [20]. The most fre-
quent Schumock and Thornton criterion met was that a doc-
umented drug–drug interaction was involved in the ADR. A
pharmacodynamic drug–drug interaction was implicated in
44% of DRD cases. Previous studies highlighted that drug–
drug interactions are a real problem in clinical practice [30].
However, several diseases, such as cancer, pain or organ trans-
plantation, require combined therapies to increase the

effectiveness of drugs due to a beneficial synergic pharmaco-
dynamic drug–drug interaction [31], although this can also
lead to harmful interactions. All these drug–drug interactions
are therefore well known and documented.

Preventability of DRD needs further analysis to propose
effective intervention strategies to diminish the number of
DRDs. Improved awareness, prevention and treatment of
ADR could reduce the occurrence rate of ADR and fatal ADR.

Risk factors for ADR-related deaths
In our study, male gender, younger elderly patients and
higher number of drugs were significantly higher among
DRD cases than non-DRD cases. This surprised us because,
in general, ADRs are more frequent in patients who are
women, elderly and with high comorbidity [22, 32]. Higher
comorbidity has been found as a risk factor of presenting fatal
ADR in several studies, but the methods used for their assess-
ment were different between the studies; in two of them, co-
morbidity was measured by counting the diseases o patients
[7, 23] and in one, a modified Charlson score was used [20].
In the present study, the Charlson score was calculated taking
into account comorbidities at admission to hospital and also
during the hospitalization stay; which could explain differ-
ences between those results. By contrast, age and sex were
not independent risk factors of DRD in other studies [7, 21].
The number of medications, is a common risk factor of ADR
previously described in other studies [6, 7, 23]. This study
lacked power to detect differences in polymedication be-
tween both groups.

Strengths and limitations
By the nature of the design, the main limitation of this study
is that it is a single-centre and retrospective study. There is
likely to be a variation between different hospitals because
of the differences in characteristics of the patients attending,
as well as available medical specialties. This is why our results
reflect DRD only in a tertiary hospital and not in the general
population. Prospective studies are designed with specific
data collection methods, and therefore may be more com-
plete than retrospective studies. One disadvantage of a pro-
spective cohort study is the long follow-up period required
to wait for events or diseases to occur [33]; and taking into ac-
count that the studied event in this case was death, greatly

Table 8
Comparison between drug-related deaths (DRD) cases and deaths for other causes (non-DRD cases)

DRD Cases (n = 73) Non-DRD cases (n = 208) OR (95% CI) P value

Age (years), median (range) 72 (19–94) 76.5 (0–98) 0.98 (0.96–1.00) 0.0088

Sex, female, n (%) 20 (27.4) 97 (46.6) 0.43 (0.24–0.76) 0.0041

Charlson comorbidity score, median (range) 2 (0–8) 1 (0–12) 1.13 (1.01–1.26) 0.014

Number of drugs, median (range; at the admission time) 8 (2–21) 7 (0–20)a 1.09 (1.03–1.16) 0.0023

Polymedication, n (%) 32 (43.8%) 64 (31.7%) 1.68 (0.97–2.91) 0.062

Days in hospital, median (range) 5 (0–57) 7 (0–114) 0.98 (0.96–1.01) 0.172

amissing data in six patients

Table 7
Frequency of drug-related deaths (DRD) cases meeting the
Schumock and Thornton criteria

Schumock and Thornton criteria
Number of DRD cases
meeting the criteria

(1) the drug was not appropriate for
the patient’s condition

4

(2) the dose, frequency and route of
administration were inappropriate
for the patient’s age, weight or
disease state

1a

(3) therapeutic drug monitoring or
other necessary laboratory test was
not performed

0

(4) the patient had a history of
allergy or previous reaction to the
administered drug

0

(5) a documented drug interaction
was involved in the ADR

32

(6) a serum concentration above the
therapeutic range was documented

0

(7) noncompliance was involved in
the ADR

0

aduration of treatment was not appropriate
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complicates the follow-up. Obtaining relevant clinical infor-
mation of high quality on patients is difficult and, hence
the number of DRD might have been underestimated. More-
over, the information about the use of over the counter drugs
and herbal remedies is usually lacking in case records.

Ourmethods for the selection of deaths cases were designed
to increase the efficiency of the study, that is, to identify the
highest number of fatal ADRs using the minimum means in
time and effort, despite their limitations. Selection was based
on a pre-defined list of diseases and syndromes potentially
caused by drugs, which has its own limitations by restricting
cases; leading clearly to an underestimation occurrences rates
of death. Similar list has previously been used to identify ADR
from admission diagnoses, considering low the number of
nonidentified cases [34]. However, to our knowledge, identify-
ing fatal ADR from a diagnosis of death has not been used
previously, although we believe that this could also be
acceptable. In addition, the diagnosis of death obtained from
the hospital database, from which the patients were selected,
is also a limitation of the study. Moreover, this diagnosis was
missing in almost 10% of patients. Therefore, in line with these
limitations, it is extremely important that diagnosis or other
medical features should be coded to analyse such data in fur-
ther studies. If physicians are not aware of this, the problemwill
not be solved. However, more accurate diagnoses are expected
to be included in death certificates, such as immediate and un-
derlying cause, together with the cause of death. Diagnosis of a
patient’s death might be different from that of their death cer-
tificate; nevertheless, death certificates were not used in this
study.

Themain strengths of this study are the assessed sample size
and the duration of the study, which were representative of all
hospitalized patients in our setting, the definition of ADR used,
currently in force in the regulatory framework of the European
Union and the assessment of causality by a Safety Committee
with expertise on ADR, as well as both causality methods used
(WHO-UMC and Naranjo algorithm) by two raters.

Our findings suggest that drugs are an important cause
of death in hospitalized patients. Drugs are directly or indi-
rectly responsible in at least one of 15 dead patients in our
hospital, resulting in a significant health burden. Hae-
morrhages and infections were seen in a majority of DRD;
and antithrombotic agents and antineoplastics combined
with glucocorticosteroids were implicated in most of these
events. Drug–drug interactions were involved in almost half
of DRD. Risk factors for DRD were sex, age and number of

drugs. Preventable DRD should be accurately assessed in fur-
ther studies and preventive measures should be imple-
mented in clinical practice.
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