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Abstract

Introduction Adverse drug reactions (ADRs) contribute to morbidity, and serious ADRs may cause hospitalisation and
death. This study characterises and quantifies ADR-related hospitalisations and subsequent in-hospital deaths, and estimates
the spontaneous reporting rate to regulatory authorities in Switzerland, where healthcare professionals are legally obliged
to report ADRs.

Methods This retrospective cohort study from 2012 to 2019 analysed nationwide data from the Federal Statistical Office.
ICD-10 coding rules identified ADR-related hospitalisations. To estimate the reporting rate, individual case safety reports
(ICSRs) collected in the Swiss spontaneous reporting system during the same period were considered.

Results Among 11,240,562 inpatients, 256,550 (2.3%) were admitted for ADRs, 132,320 (51.6%) were female, 120,405
(46.9%) were aged > 65 (median of three comorbidities, interquartile range [IQR] 2-4), and 16,754 (6.5%) were children/
teenagers (0 comorbidities, IQR 0-1). Frequent comorbidities were hypertension (89,938 [35.1%]), fluid/electrolyte disorders
(54,447 [21.2%])), renal failure (45,866 [17.9%]), cardiac arrhythmias (37,906 [14.8%]), and depression (35,759 [13.9%]).
Physicians initiated 113,028 (44.1%) of hospital referrals, and patients/relatives 73,494 (28.6%). Frequently ADR-affected
were the digestive system (48,219 [18.8%], e.g. noninfective gastroenteritis and colitis), the genitourinary system (39,727
[15.5%], e.g. acute renal failure), and the mental/behavioural state (39,578 [15.4%], e.g. opioid dependence). In-hospital
mortality was 2.2% (5669). Since ICSRs indicated 14,109 hospitalisations and 700 in-hospital deaths, estimated reporting
rates were 5% and 12%, respectively.

Conclusions This 8-year observation in Switzerland revealed that 2.3%, or roughly 32,000 admissions per year, were caused
by ADRs. The majority of ADR-related admissions were not reported to the regulatory authorities, despite legal obligations.
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1 Introduction

Adverse drug reactions (ADRs) are an important cause of
morbidity and mortality, and ADRs increase direct and
indirect healthcare system costs [1-4]. However, substan-
tial proportions of ADRs are deemed preventable, high-
lighting the potential of strategies to prevent ADRs and
improve outcomes [1, 5].

ADRs that lead to hospitalisation are considered seri-
ous [6, 7]. Some Swiss research groups investigated ADR-
related hospitalisations: Wasserfallen et al. conducted a
single-centre study in a medical emergency department
[4]. Fattinger et al. [8] and Hardmeier et al. [9] used data
collected in two internal medicine departments. These
studies, published from 2000 to 2004, found in those set-
tings that 2.9-7% of hospital admissions were caused by
ADRs.

In Switzerland, healthcare professionals are obliged by
the Swiss Therapeutic Products Act to report serious or
unlabelled ADRs to Swissmedic, the Swiss Agency for
Therapeutic Products, which is responsible for the authori-
sation and surveillance of therapeutic products [6, 7, 10].
Nevertheless, one recent Swiss single-centre study on
patients discharged from hospital concluded that only 3%
of ADR-related readmissions were reported [11].

So far, no study investigated ADR-related hospitali-
sations in Switzerland on a national level. The primary
objective of this nationwide study was to characterise and
quantify ADR-related hospitalisations and subsequent in-
hospital deaths. The secondary objective was to estimate
the rate of spontaneous reporting of these serious ADRs
to the regulatory authorities.

2 Methods
2.1 Study Design, Setting, Period, and Data Sources

This retrospective observational study analysed routinely
collected data of the national inpatient cohort, featuring
anonymous data as provided by the Swiss Federal Statis-
tical Office [12]. The study period started when hospital
reimbursement based on diagnosis-related groups (DRG)
was put into effect in January 2012, and ended in Decem-
ber 2019 shortly before the COVID-19 pandemic reached
Switzerland.

The national inpatient cohort dataset includes demo-
graphic variables, administrative variables such as infor-
mation on health insurance, and medical variables such
as ICD-10 coded diagnoses (International Classification
of Diseases, World Health Organization [WHO], Geneva,
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Switzerland) [13], and information on in-hospital mortal-
ity of all hospitalisations in any Swiss hospital.

The first ICD-10 coded variable is the primary diagnosis,
the second is designated for ancillary information related
to the primary diagnosis, and the following variables 3—51
provide space for up to 49 secondary diagnoses. All avail-
able variables in the dataset are explained elsewhere [14].
The ICD-10 codes used in Switzerland are derived from the
catalogue maintained by the German Federal Institute for
Drugs and Medical Devices [15].

To estimate the reporting rate of individual case safety
reports (ICSRs) involving a hospital stay to the Swiss regu-
latory authorities, the database of the global reporting sys-
tem, VigiBase, [16] was queried for hospitalisations and
in-hospital deaths in Switzerland during the study period.
VigiBase collects ICSRs from member states participating in
the international drug monitoring programme by the WHO
(Geneva, Switzerland). All ICSRs from Switzerland, as col-
lected by Swissmedic, are forwarded to VigiBase.

This study used completely anonymous data and con-
formed with the local law and the ethical review and
research policies. Our study adhered to REporting of studies
Conducted using Observational Routinely collected health
Data (RECORD) [17].

2.2 ADR Definition Applied

The WHO defines an ADR as follows: “An adverse reac-
tion to a drug is one that is noxious, is unintended, and
occurs at doses normally used in man” [18]. ICSRs based
on that strict definition are the most common type of ICSRs
spontaneously reported to the Swiss regulatory authorities.
However, Swissmedic states, “Although misuse, dependency
and addiction are not covered by the WHO definition of an
adverse drug reaction, as they do not relate to normal posol-
ogy, it is important to report such events as they might affect
the safety profile of a drug” [7]. It is therefore expected that
spontaneous reports on misuse, dependency and addiction
are also sent to the regulatory authorities. In other words,
Swissmedic receives a higher number of ICSRs than what
could be received if only ADRs according to the WHO defi-
nition would be reported.

Coleman and Pontefract wrote “Since 2012, the [ADR]
definition has included reactions occurring as a result of
error, misuse or abuse, and to suspected reactions to medi-
cines that are unlicensed or being used off-label in addi-
tion to the authorised use of a medicinal product in normal
doses”, [19, 20] which is in line with the current European
Medicines Agency’s (EMA) guideline on good pharma-
covigilance practices, stating, “Adverse reactions may arise
from use of the product within or outside the terms of the
marketing authorisation or from occupational exposure [DIR
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2001/83/EC Art 101(1)]. Use outside the marketing authori-
sation includes off-label use, overdose, misuse, abuse and
medication errors” [21].

For these reasons, this work applied the EMA’s ADR def-
inition: “A response to a medicinal product which is noxious
and unintended” [21].

2.3 Patients Admitted for ADRs

Each record in the inpatient cohort dataset provided one
variable for the ICD-10 coded primary diagnosis, which
was the reason for admission, and in this study, represented
the ADR.

According to the Swiss ICD-10 coding rules, [22] ADR-
related hospitalisations are coded in two ways, and both were
considered in identifying our population of interest:

(1) Hospitalisations related to ADRs may have a pri-
mary diagnosis explicitly describing an ADR, such
as “G24.0 Drug-induced dystonia”, “M87.1 Oste-
onecrosis due to drugs”, “D68.3 Haemorrhagic dis-
order due to circulating anticoagulants” or “D59.2
Drug-induced nonautoimmune haemolytic anaemia”
[13, 22]. The code list applied had been published by
Hohl et al. [23] but only codes rated as A./ “Induced
by medication”, V “Induced by vaccine (added)”,
A.2 “Induced by medication or other causes”, B.1
“Poisoning by medication”, B.2 “Poisoning by or
harmful use of medication or other causes”, C “ADE
very likely” (ADE stands for adverse drug event), or
D “ADE likely” were considered. One code specific
for Germany and Switzerland, “D70.1 Drug-induced
agranulocytosis and neutropenia” [15] was added to
complement that code list. Additionally, hospitalisa-
tions due to poisoning or harmful use according to
the Swiss coding rules were also considered [22].
Of note, hospitalisations related to ADRs were not
exclusively defined by the primary diagnoses men-
tioned above. A strength of our dataset in combina-
tion with the Swiss coding rules was that the ADR
could be described by an extensive number of further
primary diagnoses, as explained in the following.

(i) The next variable adjacent to the primary diagno-
sis can feature ICD-10 coded ancillary information
that specifies what triggered the primary diagnosis.
Among ancillary information codes were consid-
ered “Y57.9 Drug or medicament, unspecified” and,
although rarely found, “Y59.9 Vaccine or biological
substance, unspecified” both of which indicated that
the primary diagnosis of the patient was an ADR,
according to the Swiss coding rules [13, 22]. In some
instances, hospitals entered the codes Y57.9 and
Y59.9 into the further next adjacent variable, that

is, the first secondary diagnosis, which was likewise
considered. Other, more specific codes potentially
indicating ADR-related hospitalisations (e.g. “Y42.0
Glucocorticoids and synthetic analogues” as ancil-
lary information, leading to a diabetes-related pri-
mary diagnosis) were present in the past, however,
this coding practice was abandoned in 2009, before
the start of our study period.

Both approaches used to identify ADR-related hospitali-
sations are directly based on the Swiss coding rules [22].
That strategy allows for the most accurate ADR identifica-
tion, as intended.

2.4 Data Processing and Statistics

One author (PEB) had full access to the data. No data clean-
ing, imputation or linkage was performed. Structured Query
Language (SQL) statements were used to process and pre-
pare the data for statistical analyses.

The patients’ secondary diagnoses were used to assign
Elixhauser comorbidities (congestive heart failure, car-
diac arrhythmias, valvular disease, pulmonary circula-
tion disorders, peripheral vascular disorders, hypertension
uncomplicated, hypertension complicated, paralysis, other
neurological disorders, chronic pulmonary disease, diabe-
tes uncomplicated, diabetes complicated, hypothyroidism,
renal failure, liver disease, peptic ulcer disease excluding
bleeding, AIDS/HIV, lymphoma, metastatic cancer, solid
tumour without metastasis, rheumatoid arthritis/collagen
vascular disease, coagulopathy, obesity, weight loss, fluid
and electrolyte disorders, blood loss anaemia, deficiency
anaemia, alcohol abuse, drug abuse, psychoses, depression)
as defined by Quan et al. [24]. While renal failure was part
of the Elixhauser comorbidities, we additionally assigned
the Charlson Comorbidity dementia [24], on the basis of
work by Parameswaran Nair et al. [25] (all comorbidities
and their definitions are listed in supplementary table ST1).

Categorical variables are presented as counts and per-
centages and continuous variables with non-normal distribu-
tions as medians and interquartile ranges (IQR). Chi-squared
tests compare categorical variables between groups and
Kruskal-Wallis tests continuous variables.

If tables present the age of the patients, they stratify
the patients by age group, or they show the proportion of
patients aged > 65, on the basis of work by Oscanoa et al.
[26].

The primary diagnosis is the reason for admission and
represents the ADR. To characterise the most frequent
ADREs, they are first grouped according to the predominant
ICD-10 chapters [13]. For each chapter exact numbers are
presented regarding hospitalisations, patients aged > 65,
female patients, and in-hospital deaths. Then, the most
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frequent ADRs per chapter are shown with detailed num-
bers. In this ADR table, the last section is not an ICD-10
chapter but presents the remaining most frequent ADRs that
did not fit in the predominant chapters.

The comparison of ADR-related admissions and in-hos-
pital deaths based on the national inpatient cohort dataset
versus the ICSRs involving a hospital stay collected by
Swissmedic are juxtaposed and presented per study year,
with proportions reflecting an estimate of the spontaneous
reporting rate.

Statistical analyses were performed with R, version 4.1.1
(R Foundation for Statistical Computing, Vienna, Austria).

3 Results

During the study period, 11,240,562 patients were dis-
charged from Swiss hospitals (Fig. 1). Of these hospital
stays, 10,984,012 (97.7%) were excluded:

(i) atotal of 93.7% (n = 10,531,247) were unrelated to
medication issues,
(i) in 0.9% (n = 97,788) an adverse drug event (ADE)
was considered as “unlikely” cause of admission, and
(iii) in 3.2% (n = 354,977) an ADE could have been a
“possible” cause of the admission [23].

A total of 256,550 patients (2.3%) were admitted for
ADRs, and these admissions were analysed in detail.

3.1 Characteristics of Patients Admitted for ADRs

The patient characteristics are presented in Table 1. Almost
half of ADR-related admissions (n = 120,405 [46.9%]) con-
cerned patients aged 65 and older (median of three comor-
bidities, interquartile range [IQR] 2-4), whereas approxi-
mately 1 in 15 patients (n = 16,754 [6.5%]) was a child or
a teenager (zero comorbidities, IQR 0-1). Female patients
accounted for 51.6% (n = 132,320) of the admissions (cf.
supplementary table ST2 for a sex-stratified version). Fre-
quent comorbidities were hypertension (89,938 [35.1%])),
fluid/electrolyte disorders (54,447 [21.2%]), renal failure
(45,866 [17.9%]), cardiac arrhythmias (37,906 [14.8%]), and
depression (35,759 [13.9%]). Overall, 54% of the patients
had two or more comorbidities (cf. supplementary table
ST3). Physicians initiated 44% of these hospital referrals,
whereas in nearly 30% either the families or the patients
themselves were responsible for the hospital referral.

3.2 Primary Diagnoses and Mortality

Table 2 presents the numbers of hospitalisations caused by
ADRs which are represented by the primary diagnoses (cf.
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11,240,562
patient stays in
Swiss hospitals

2012-2019
10,531,247 (93.7%)
admissions
unrelated to
medication issues
97,788 (0.9%)
admissions rated
as «ADE unlikely»*
354,977 (3.2%)
» admissions rated
as «ADE possible»?
Primary diagnosis:
Al “Induced by medication” 3
\Y “Induced by vaccine (added)”
A2 “Induced by medication or other causes”
B.1 “Poisoning by medication”
B.2 “Poisoning by or harmful use of medication or other causes”
C “ADE very likely”

D “ADE likely”
or
D70.1 (Drug-induced agranulocytosis and neutropenia)

or
Poisoning or harmful use according to Swiss coding rules

or

Ancillary information:

Y57.9 (Drug or medicament, unspecified)

Y59.9 (Vaccine or biological substance, unspecified)

256,550 (2.3%)
admissions caused by
ADRs

Fig. 1 Flow chart of considered versus excluded hospital admissions.
All percentages are based on the total number of hospital stays. ADR,
adverse drug reaction; ADE, adverse drug event. ! Admissions rated
as U (“ADE unlikely”), 2admissions rated as E (“ADE possible™),
3admissions rated as A.1, V, A2, B.1, B.2, C, or D, all according to
the “Consensus Likelihood Rating” published by Hohl et al. [23]

supplementary tables ST4 and STS5 for female and male
subgroup versions, respectively). Frequently ADR-affected
were the digestive system (48,219 [18.8%], e.g. noninfec-
tive gastroenteritis and colitis), the genitourinary system
(39,727 [15.5%], e.g. acute renal failure), and the mental/
behavioural state (39,578 [15.4%], e.g. opioid dependence).
Of the patients admitted for ADRs, 2.2% (n = 5669) died
during their hospital stay.
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Table 1 Characteristics of admissions triggered by adverse drug reactions (ADRs), stratified by age group
Age groups 0-19 20-49 50-64 65-79 80 and older p value  Overall
Number of admissions (%) 16,754 (6.5) 75,506 (29.4)  43.885(17.1) 64,091 (25.0) 56,314 (22.0) 256,550 (100.0)
Sex, female (%) 9090 (54.3) 36,849 (48.8) 21,430 (48.8) 31,738 (49.5) 33,213 (59.0) <0.001 132,320 (51.6)
Admitted from (%) < 0.001
Home 14,802 (88.3) 61,600 (81.6) 37,694 (85.9) 53,406 (83.3) 42,728 (75.9) 210,230 (81.9)
Different hospital/unit 1221 (7.3) 6152 (8.1) 3652 (8.3) 6081 (9.5) 5688 (10.1) 22,794 (8.9)
Other/unknown 731 (4.4) 7754 (10.3) 2539 (5.8) 4604 (7.2) 7898 (14.0) 23,526 (9.2)
Responsible for hospitalisation (%) <0.001
Physician referred patient to hospital 4566 (27.3) 29,592 (39.2) 19,636 (44.7) 32,608 (50.9) 26,626 (47.3) 113,028 (44.1)
Walk-in patients 7934 (47.4) 25706 (34.0)  12,465(28.4)  15730(24.5) 11,659 (20.7) 73,494 (28.6)
Patient was taken by ambulance to hospital 2602 (15.5) 14,478 (19.2) 9075 (20.7) 12,680 (19.8) 15,351 (27.3) 54,186 (21.1)
Other/unknown 1652 (9.9) 5730 (7.6) 2709 (6.2) 3073 (4.8) 2678 (4.8) 15,842 (6.2)
Number of comorbidities, median [IQR] 01[0, 1] 1[0, 2] 2[1,3] 3(1,4] 3(2,5] < 0.001 2(1,3]
Comorbidities
Congestive heart failure (%) 26 (0.2) 453 (0.6) 1579 (3.6) 5906 (9.2) 8335 (14.8) <0.001 16,299 (6.4)
Cardiac arthythmias (%) 206 (1.2) 1044 (1.4) 2893 (6.6) 13919 (21.7)  19,844(352)  <0.001 37,906 (14.8)
Valvular disease (%) 37(0.2) 316 (0.4) 961 (2.2) 4180 (6.5) 5853 (10.4) <0.001 11,347 (4.4)
Pulmonary circulation disorders (%) 21 (0.1) 193 (0.3) 541 (1.2) 1583 (2.5) 1809 (3.2) < 0.001 4147 (1.6)
Peripheral vascular disorders (%) 322 (1.9) 556 (0.7) 2067 (4.7) 6167 (9.6) 4755 (8.4) <0.001 13,867 (5.4)
Hypertension (uncomplicated) (%) 118 (0.7) 3180 (4.2) 9928 (22.6) 22,845 (35.6) 20,474 (36.4) <0.001 56,545 (22.0)
Hypertension (complicated) (%) 190 (1.1) 1057 (1.4) 3400 (7.7) 12,568 (19.6) 16,178 (28.7) <0.001 33,393 (13.0)
Paralysis (%) 35(0.2) 356 (0.5) 649 (1.5) 1344 2.1) 960 (1.7) <0.001 3344 (1.3)
Other neurological disorders (%) 336 (2.0) 1966 (2.6) 2039 (4.6) 3582 (5.6) 2874 (5.1) <0.001 10,797 (4.2)
Chronic pulmonary disease (%) 245 (1.5) 1532 (2.0) 2908 (6.6) 6738 (10.5) 4625 (8.2) < 0.001 16,048 (6.3)
Diabetes (uncomplicated) (%) 69 (0.4) 1509 (2.0) 4360 (9.9) 10,315 (16.1) 7497 (13.3) < 0.001 23,750 (9.3)
Diabetes (complicated) (%) 8 (0.0) 416 (0.6) 1947 (4.4) 5080 (7.9) 3352 (6.0) <0.001 10,803 (4.2)
Hypothyroidism (%) 91 (0.5) 1227 (1.6) 2087 (4.8) 5086 (7.9) 5174 (9.2) < 0.001 13,665 (5.3)
Renal failure (%) 259 (1.5) 2219 (2.9) 5308 (12.1) 16,618 (25.9) 21,462 (38.1) < 0.001 45,866 (17.9)
Liver disease (%) 104 (0.6) 2772 (3.7) 2878 (6.6) 2859 (4.5) 841 (1.5) < 0.001 9454 (3.7)
Peptic ulcer disease excluding bleeding (%) 5(0.0) 112 (0.1) 204 (0.5) 428 (0.7) 393 (0.7) <0.001 1142 (0.4)
AIDS or HIV (%) 0(0.0) 255 (0.3) 149 (0.3) 34 (0.1) 3(0.0) <0.001  441(0.2)
Lymphoma (%) 108 (0.6) 440 (0.6) 847 (1.9) 1700 (2.7) 678 (1.2) < 0.001 3773 (1.5)
Metastatic cancer (%) 123 (0.7) 890 (1.2) 2806 (6.4) 5198 (8.1) 1736 (3.1) <0.001 10,753 (4.2)
Solid tumour without metastasis (%) 382 (2.3) 1806 (2.4) 4795 (10.9) 8875 (13.8) 3626 (6.4) <0.001 19,484 (7.6)
Rheumatoid arthritis or collagen vascular 56 (0.3) 606 (0.8) 901 (2.1) 2448 (3.8) 2222 (3.9) < 0.001 6233 (2.4)
disease (%)
Coagulopathy (%) 518 (3.1) 1591 (2.1) 2647 (6.0) 6374 (9.9) 6701 (11.9) <0001 17,831 (7.0)
Obesity (%) 76 (0.5) 676 (0.9) 1017 (2.3) 1708 (2.7) 694 (1.2) < 0.001 4171 (1.6)
Weight loss (%) 126 (0.8) 1017 (1.3) 2302 (5.2) 6071 (9.5) 6319 (11.2) < 0.001 15,835 (6.2)
Fluid and electrolyte disorders (%) 1071 (6.4) 5451 (7.2) 8626 (19.7) 19,503 (304) 19,796 (35.2)  <0.001 54,447 (21.2)
Blood loss anaemia (%) 45 (0.3) 404 (0.5) 710 (1.6) 1750 (2.7) 2198 (3.9) < 0.001 5107 (2.0)
Deficiency anaemia (%) 111 (0.7) 1068 (1.4) 1348 (3.1) 3526 (5.5) 4145 (7.4) < 0.001 10,198 (4.0)
Alcohol abuse (%) 480 (2.9) 11,005 (14.6) 5993 (13.7) 4132 (6.4) 906 (1.6) <0.001 22,516 (8.8)
Drug abuse (%) 657 (3.9) 16,043 212) 3176 (7.2) 1282 (2.0) 700 (1.2) <0.001 21,858 (8.5)
Psychoses (%) 124 (0.7) 3221 (4.3) 1315 (3.0) 898 (1.4) 274 (0.5) < 0.001 5832 (2.3)
Depression (%) 1733 (10.3) 13,647 (18.1) 7674 (17.5) 7331 (11.4) 5374 (9.5) < 0.001 35,759 (13.9)
Dementia (%) 0(0.0) 16 (0.0) 205 (0.5) 2626 (4.1) 6977 (12.4) <0.001 9824 (3.8)
Clinical unit (%) < 0.001
Internal medicine 5180 (30.9) 35,678 (47.3) 30,175 (68.8) 48,776 (76.1) 43,355 (77.0) 163,164 (63.6)
Surgery 617 3.7) 5330 (7.1) 5407 (12.3) 8190 (12.8) 5621 (10.0) 25,165 (9.8)
Others 10,957 (65.4) 34,498 (45.7) 8303 (18.9) 7125 (11.1) 7338 (13.0) 68,221 (26.6)

Clinical unit “Others” subsumes (i) dermatology and venereology, (ii) emergency centre, (iii) emergency medical practice, (iv) geriatrics,
(v) intensive care medicine, (vi) obstetrics and gynaecology, (vii) ophthalmology, (viii) other activities, (ix) otorhinolaryngology, (x) paediatrics,
(xi) physical medicine and rehabilitation, (xii) psychiatry and psychotherapy, (xiii) radiology, and (xiv) specialities (general)
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Table 2 This table presents a summary of the 256,550 ADR-related admissions with the top 10 most important ICD-10 code chapters for the
primary diagnoses, presented with the clinical outcome in-hospital mortality

Number of
admissions
(% of total
[ n=256,550])

ICD-10 code chapter and primary diagnoses Aged > 65 (%) Female (%)

In-hospital deaths (%)

48,219 (18.8)

39,727 (15.5)

39,578 (15.4)

39,194 (15.3)

20190 (7.9)

18,167 (7.1)

K00-K93, diseases of the digestive system 30,314 (62.9) 24,769 (51.4)

K529, noninfective gastroenteritis and colitis, unspecified (n =
7179)

K260, duodenal ulcer: acute with haemorrhage (n = 4324)
K250, gastric ulcer: acute with haemorrhage (n = 4100)
K521, toxic gastroenteritis and colitis (n = 3638)

K254, gastric ulcer: chronic or unspecified with haemorrhage (n =
3356)

NO00-N99, diseases of the genitourinary system 28,226 (71) 16,382 (41.2)
N185, chronic kidney disease, stage 5 (n = 11,572)

N179, acute renal failure, unspecified (n = 11,243)

N178, other acute renal failure (n = 4452)

N184, chronic kidney disease, stage 4 (n =3111)

N19, unspecified kidney failure (n = 3068)

F01-F99, mental and behavioural disorders 4021 (10.2) 13,987 (35.3)

F112, mental and behavioural disorders due to use of opioids:
dependence syndrome (n=11,600)

F192, mental and behavioural disorders due to multiple drug use
and use of other psychoactive substances: dependence syndrome
(n=8006)

F132, mental and behavioural disorders due to use of sedatives or
hypnotics: dependence syndrome (n=4631)

F190, mental and behavioural disorders due to multiple drug use
and use of other psychoactive substances: acute intoxication
(n=1341)

FO58, other delirium (n = 1276)

S00-T98: injury, poisoning and certain other consequences of 7113 (18.1) 24,400 (62.3)
external causes

T424, poisoning: benzodiazepines (n = 6394)

T391, poisoning: 4-aminophenol derivatives (n = 3237)

T783, angioneurotic oedema (n = 2968)

T782, anaphylactic shock, unspecified (n = 2772)

T432, poisoning: other and unspecified antidepressants (n = 2078)

R00-R99: symptoms, signs and abnormal clinical and labora- 9731 (48.2) 12,116 (60)
tory findings, not elsewhere classified

R400, somnolence (n = 5145)

R11, nausea and vomiting (n = 2365)
R402, coma, unspecified (n = 1195)
ROO01, bradycardia, unspecified (n = 1032)
R55, syncope and collapse (n = 858)

D50-D89: diseases of the blood and blood-forming organs and 11,506 (63.3) 9149 (50.4)
certain disorders involving the immune mechanism

D701, drug-induced agranulocytosis and neutropenia (n = 5976)

D683, haemorrhagic disorder due to circulating anticoagulants (n
=4920)

D62, acute post-haemorrhagic anaemia (n = 2262)

1331 (2.8)

2653 (6.7)

106 (0.3)

170 (0.4)

119 (0.6)

517 (2.8)
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Table 2 (continued)

Number of
admissions
(% of total

[ n=256,550])

ICD-10 code chapter and primary diagnoses Aged > 65 (%) Female (%)

In-hospital deaths (%)

11,782 (4.6)

7170 (2.8)

6397 (2.5)

6350 (2.5)

19,776 (7.7)

D611, drug-induced aplastic anaemia (n = 1662)
D695, secondary thrombocytopenia (n = 892)

E00-E90, endocrine, nutritional and metabolic diseases 9135 (77.5)

E871, hypo-osmolality and hyponatraemia (n = 4548)

E222, syndrome of inappropriate secretion of antidiuretic hormone
(n=1347)

E116, non-insulin-dependent diabetes mellitus: with other specified
complications (n = 688)

E86, volume depletion (n = 669)

E876, hypokalaemia (n = 593)

A00-B99, certain infectious and parasitic diseases 5072 (70.7)
A047, enterocolitis due to Clostridium difficile (n = 6427)

A099, gastroenteritis and colitis of unspecified origin (n = 225)

B378, candidiasis of other sites (n = 54)

A090, other and unspecified gastroenteritis and colitis of infectious
origin (n = 48)
B370, candidal stomatitis (n = 39)

100-199, diseases of the circulatory system 4712 (73.7)
1952, hypotension due to drugs (n = 1878)

1951, orthostatic hypotension (n = 619)

1500, congestive heart failure (n = 408)

1501, left ventricular failure (n = 292)

1498, other specified cardiac arrhythmias (n = 204)

L00-L99, diseases of the skin and subcutaneous tissue 2683 (42.3)

1270, generalised skin eruption due to drugs and medicaments (n
=2234)

L500, allergic urticaria (n = 1069)

L271, localised skin eruption due to drugs and medication (n =
591)

L2298, other pruritus (n = 405)
L272, dermatitis due to ingested food (n = 302)

Remaining chapters and primary diagnoses 7892 (39.9)
J451, nonallergic asthma (n = 3168)

0266, liver disorders in pregnancy, childbirth and the puerperium
(n=1931)

M804, drug-induced osteoporosis with pathological fracture (n =
1293)

G444, drug-induced headache, not elsewhere classified (n = 1206)

0746, other complications of spinal and epidural anaesthesia dur-
ing labour and delivery (n = 790)

7673 (65.1)

4504 (62.8)

3337 (52.2)

3551 (55.9)

12,452 (63)

79 (0.7)

218 (3.0)

187 (2.9)

26 (0.4)

263 (1.3)

Total 120,405 (46.9) 132,320 (51.6) 5669 (2.2)

For each chapter the five most frequent primary diagnoses are shown, with counts in parentheses. The primary diagnosis is the reason for admis-
sion, that is, the ADR that led to the hospital stay
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Table 3 Reporting rate per year according to ADR-related admissions and in-hospital deaths versus individual case safety reports (ICSRs) as

collected by Swissmedic

Hospitalisation-related

Mortality-related

Number of Number of ICSRs Reporting rate in  Number of in- Number of ICSRs Report-
admissions received by Swissmedic ~ percent hospital deaths received by Swissmedic ing rate in
percent
2012 33,056 1499 4.5 842 41 4.9
2013 31,470 1400 44 769 44 5.7
2014 30,837 1672 5.4 711 69 9.7
2015 31,662 1849 5.8 672 76 11.3
2016 31,502 1894 6.0 651 98 15.1
2017 32,781 2285 7.0 696 151 21.7
2018 32,556 1711 53 672 97 14.4
2019 32,686 1799 5.5 656 124 18.9
Overall 256,550 14,109 5.5 5669 700 12.3

3.3 Estimation of Reporting Rate

A total of 14,109 ICSRs involving hospital stays were col-
lected during the study period (Table 3). Thus, ca. one in 18
of such ADRs were reported to the Swiss regulatory authori-
ties. Among them were 700 ICSRs with subsequent deaths.
However, eight times more deaths were recorded in the inpa-
tient dataset. Hence, the spontaneous reporting rate of ADR-
related admissions and subsequent in-hospital deaths was
estimated to be 5% and 12%, respectively. Had the applied
ADR definition included admissions caused by “ADE possi-
ble” (cf. Fig. 1), reporting rates of 2% (14,109/611,527) and
3% (700/20,022) would have been calculated, respectively.

4 Discussion

In this retrospective analysis of 8 years of nationwide hospi-
tal data we found that 2.3% of admissions were ADR-related,
averaging roughly 32,000 admissions per year in Switzer-
land. Almost half of admissions concerned patients aged
65 years and older, many of whom suffered from two or
more comorbidities. Overall, 2.2% of the patients admitted
for ADRs died during their stay.

4.1 Strengths

This analysis is based on a comprehensive nationwide data-
set including all stays and all hospitals as a multicentre study.
The Swiss ICD-10 coding rules allow for ADR coding either
by means of explicit primary diagnosis codes or by adding
indicative ICD-10 coded ancillary information. We believe
that mostly unambiguous cases were accurately ADR coded
after getting diagnosed by the physicians in charge of the
patients. To our knowledge, this is the first study to investigate
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ADR-related hospitalisations in Switzerland on a national
level. Further, our study appears to be the first to present evi-
dence on the reporting rate for in-hospital mortality after ADR-
related admissions independent of specific drugs or ADRs.

4.2 Limitations

This study has several limitations that need to be considered
in interpreting our results. First, the dataset did not provide
variables with drug information or provider notes that would
have revealed the ADR-causing agents. This obvious downside
could only have been circumvented if on-site chart reviews
would have been performed, but the data were completely
anonymous, hampering such approaches. Second, it was not
possible to perform a causality assessment, since necessary
data, for example, regarding the temporal relationship between
drug and ADR, were lacking. Third, we were unable to dis-
tinguish between in-hospital mortality caused by ADRs and
ADR-unrelated deaths. Forth, ICSRs involving hospital stays
do not differentiate between ADRs causing and ADRs pro-
longing a hospitalisation, which may lead to overestimation
of the reporting rate for ADR-related admissions. However,
while it was feasible to identify ADR-related admissions in the
inpatient dataset, it would be difficult — if not impossible — to
reliably detect ADR-related prolongations of hospital stays.

4.3 Interpretation of Primary Results

The results of our analysis reveal that a significant number
of hospital admissions in Switzerland is caused by ADRs.
Leendertse et al. identified 95 studies reporting the preva-
lence of medication-related hospitalisations to be from 0.1%
to 54% [27]. An ADR-focused review by Bouvy et al. [28]
stated that the median prevalence of ADR-related hospi-
tal admissions was 3.5%, with a high variability ranging
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from 0.8% to 12.8% for studies performing “intensive chart
review” to detect ADRs.

Patients aged 65 years and older accounted for almost
half of ADR-related hospitalisations in the present study.
Older populations are prone to ADRs due to increasing rates
of polymedication and comorbidities such as renal failure
[1,29].

We found that most ADRs leading to admissions
affected the digestive system. The study by Fattinger et al.
[8] observed in two internal medicine departments that the
involvement of the digestive system was the second lead-
ing cause for ADR-related admissions. A recent study by
Kauppila et al. [30], who reviewed the charts of patients
in the emergency department, also found that ADRs most
frequently affected the digestive system.

With nearly 5% of the total number of ADR-related
admissions, our single most frequent ADR was “Mental
and behavioural disorders due to use of opioids: depend-
ence syndrome”. This is especially concerning in light of
a recent Swiss study by Hooijman and colleagues [31] that
showed an increasing trend in strong opioids sold, particu-
larly oxycodone, before and during our study period. How-
ever, whether our finding is related to prescribed or illicit
opioids remains unknown.

In the present study of patients admitted for ADRs, the
overall in-hospital mortality was 2.2%, which is comparable
to other mortality data (e.g. Pirmohamed et al. [32] have
reported 1.6% for Hospital A and 2.9% for Hospital B). A
review of 43 studies presented a median mortality proportion
of 1.7% for developed countries, [1] whereas a meta-analysis
including 49 studies stated that 4.0% of patients admitted for
ADRs died [33].

4.4 Interpretation of Reporting Rate

Various ADR definitions [34] changing over time, [35] may
be partially responsible for the large variation of prevalences
reported for ADR-related hospitalisations. We considered
2-7% to be a reasonable range, [35] and calculated a preva-
lence of 2.3%. On the basis of that proportion, we estimated
the true reporting rate for ADR-related admissions and sub-
sequent in-hospital deaths at 5% and 12%, respectively. In
comparison, a systematic review by Hazell and Shakir pre-
sented eight studies using “intensive hospital-based monitor-
ing” that had a median reporting rate of 4% [36]. Three of
those studies focused on ADR-related admissions and stated
reporting rates between 0.6% and 4.7% [37, 38]. In addi-
tion, a Swiss study on hospital readmissions due to ADRs
within 30 days after discharge concluded that the reporting
rate was 3% [11]. Taken together, the scarce published data

on reporting rates of ADR-related admissions are roughly
consistent with our results.

4.5 Generalisability

As we used comprehensive nationwide hospital data, we
believe our study is representative for the whole of Swit-
zerland. Concerning the generalisability of this work on an
international level, different coding and reporting systems as
well as differences in the handling of hospital admissions in
other countries have to be taken into account. However, the
generalisability of our findings is promoted by the applica-
tion of the established ICD-10 code catalogue by Hohl et al.
that provides a Consensus Likelihood Rating [23]. Addi-
tionally, most of our results are fairly in line with the data
reported by the literature, as detailed above, which suggests
plausibility.

5 Conclusions

In Switzerland, approximately 32,000 patients are admitted
annually due to ADRs. Our study appears to be the first to
present evidence on the reporting rate for in-hospital mor-
tality after ADR-related admissions independent of spe-
cific drugs or ADRs. We estimate the rate of spontaneous
reporting at 5% and 12% for ADR-related admissions and
subsequent in-hospital deaths, respectively. A high propor-
tion of serious ADRs, which are not reported to the respon-
sible authorities or the marketing authorisation holders, is
a well-known problem of spontaneous reporting systems
worldwide. The real extent of this under-reporting remains
somewhat unclear; however, our estimates add to the corpus
of respective data. From a practical standpoint, in Switzer-
land and elsewhere, further measures to improve reporting
are needed.

Future efforts concerning research should focus on reduc-
ing variability between studies and increasing the clarity
and comparability of studies by improving definitions (e.g.
ADR definition), by making inclusion and exclusion criteria
clearer (e.g. whether all deaths or only ADR-related deaths
were analysed), and by considering to change the standard
of ICSRs involving hospital stays so that they differentiate
between hospital admissions and prolongations.
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