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Abstract Background/objective: Pharmacotherapy for heart failure is complex and, due to
polypharmacy, is associated with a large risk of potential drug-drug interactions
(DDIs). The objective of the present study was to assess the prevalence of
potential DDIs in the medication of hospitalised heart failure patients and to
evaluate their clinical relevance.

Study design/methods: The medication of 400 patients was retrospectively
analysed for potential DDISs at hospital admission and discharge using a computer-
ised drug interaction program. Main inclusion criteria were the diagnosis of heart
failure and a minimum of two drug prescriptions at discharge.

Results: In the study population of 400 heart failure patients (median age 79
years, 55.5% men), the median number of drugs per patient was lower at
admission than at discharge (6 [interquartile range {IQR} 4-9] vs 8 [IQR 6-10]; p
<0.001). At hospital admission, a total of 863 potential DDIs were detected in 272
patients (68.0%; 95% CI 63.4, 72.6). At discharge, 1171 potential DDIs were
detected in 355 patients (88.8%; 95% CI 85.7, 91.8). This corresponds with a
significant increase in the median number of potential DDIs per patient from
admission to discharge (1.5 [IQR 0-3] vs 3 [IQR 1-4]; p < 0.001). Of the 1171
potential DDIs at discharge, 432 (36.9%) were prevalent at admission and 739
(63.1%) resulted from a medication change during the hospital stay. Of these 739
new potential DDIs, the severity of the potential adverse effect was rated as
‘major’ in 190 (25.7%) patients, ‘moderate’ in 482 (65.2%) and ‘minor’ in 67
(9.1%). The 190 potential DDIs with major severity were recorded in a total of
145 patients (36.3%; 95% CI 31.5, 41.0%). Hyperkalaemia was the most preva-
lent potential adverse effect of major severity (n = 93) and the combination of an
ACE inhibitor with a potassium-sparing diuretic was recorded in 64 (16.0%)
patients.

Conclusions: The study shows that hospitalisation of patients with heart failure
results in an increase in the number of drugs prescribed per patient and, thereby,
also in the number of potentially interacting drug combinations per patient.
Although electronic drug interaction programs are a valuable tool to check for
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potential DDIs, the clinical relevance of most potential DDIs can only be judged
by assessment of the individual patient.

Background

Because of the complexity of the pharmacother-
apy, patients with heart failure are at risk for drug-
drug interactions (DDIs). In addition to therapy for
heart failure itself, the treatment of underlying caus-
ative factors and comorbidities such as hyperten-
sion, coronary artery disease, diabetes mellitus and
dyslipidaemia increases the number of pharmaco-
logical agents considered necessary for many pa-
tients with heart failure.['! This ultimately translates
into polypharmacy,'>*! which is a major risk factor
for DDIs.2+61 Cardiovascular drugs in particular are
often involved in DDIs.[>-8)

Additionally, the majority of heart failure pa-
tients are >60 years of age.[>! There are several age-
related changes in pharmacokinetics that can in-
crease plasma drug levels and potentially result in
adverse drug reactions. Moreover, pharmacodynam-
ic interactions are of particular relevance in the
elderly. Because of reduced homeostatic mecha-
nisms, elderly patients are more sensitive to the
additive effects of two drugs and an adverse event
can be more severe than in younger, healthier pa-
tients.*!

Numerous studies have assessed the prevalence
of potential DDIs in inpatients and outpatients with
varying underlying diseases.>%1%-151 However, we
are unaware of any study that has tried to specifical-
ly analyse potential DDIs in patients with heart
failure. With the present study, we aimed to assess
the prevalence of potential DDIs in the medication
of heart failure patients at hospital admission and
discharge, to determine the number of new potential
DDIs due to a medication change during the hospital
stay, and to analyse the interactions in more detail
with regard to their clinical relevance.

Methods

Study Design, Patients and Data Collection

The study was conducted at the University Hos-
pital of Basel and approved by the local ethical
committee. The hospital is a 763-bed teaching insti-
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tution providing primary and tertiary care to an
urban population of approximately 200 000 inhabi-
tants; it also serves as a tertiary care referral centre
for Northwest Switzerland.

We enrolled 400 consecutive heart failure pa-
tients who were discharged from the general medi-
cal wards, intensive medical care unit, coronary care
unit, ward for acute geriatric medicine and inpatient
emergency ward between October 2002 and January
2004. Patients diagnosed with heart failure, either as
the main diagnosis or as an additional diagnosis,
were identified using the International Classification
of Diseases — 10th Edition (ICD-10) codes 150.0,
150.1 and I50.9. If a patient had several hospitalisa-
tions during the study period, only the most recent
hospital stay was analysed. Patients who had less
than two drugs prescribed at hospital discharge, for
whom no information was available on the medica-
tion at hospital admission or who died during the
hospital stay were excluded from the study.

Information on drugs prescribed at hospital ad-
mission and discharge was retrieved from clinical
records and the hospital discharge letter. For each
patient, the number of drugs, pharmacologically ac-
tive compounds, new drugs and drugs stopped dur-
ing the hospital stay were recorded. Drugs were
classified according to the anatomical therapeutic
chemical (ATC) classification system.

Demographic information (age, sex and weight),
length of hospital stay, main diagnosis (according to
the ICD-10 classification) and the number of addi-
tional diagnoses were obtained from the clinical
records. Comorbidities often associated with heart
failure (i.e. arterial hypertension, ischaemic heart
disease, cardiac arrhythmias, diabetes, dyslipi-
daemia) were also recorded.

To assess the clinical relevance of certain poten-
tial DDIs, laboratory data were collected (last avail-
able value before discharge) as follows: (i) serum
potassium level; (ii) serum creatinine level to esti-
mate the creatinine clearance (using the Dettli equa-
tion'®)); and (iii) prothrombin time expressed as
international normalised ratio (INR). Additionally,
the patients’ discharge status was also recorded (e.g.
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whether the patient was discharged home or to an
institutional setting, such as a nursing home, rehabil-
itation centre or to another hospital).

Classification of Potential Drug-Drug
Interactions (DDls)

Each medication regimen at hospital admission
and discharge was retrospectively screened for po-
tential DDIs using the interactive, online drug inter-
action information system Drug-Reax® (Thomson
Micromedex™, Greenwood Village, CO, USA),[17!
a drug interaction program that was used for this
purpose in several previous studies./®8!118:191 The
program has proven to be more sensitive to predict
potential DDIs than expert physicians.''”) For each
potentially interacting drug combination, it provides
information on the clinical consequence or the ad-
verse effects of the potential DDI, severity and
latency period, as well as the possible mechanism
and how well the potential DDI is documented. The
provided information is drug specific rather than
class specific to aid in the interpretation of the data.
In addition, the program features summaries of the
reviewed literature for each potential DDI, and pro-
vides references for further reading. The program
classifies the severity of a potential DDI in four
categories: ‘contraindicated’, ‘major’, ‘moderate’
and ‘minor’. The grade of documentation gives in-
formation about the quality of the available data and
ranges from ‘excellent’ to ‘unlikely’.

In this study, potential DDIs of all severities and
documentation grades, except unlikely potential
DDIs, were included for analysis. At hospital admis-
sion and discharge the total number of potential
DDIs and the pairs of interacting pharmacologically
active compounds were recorded. New potential
DDIs resulting from a medication change during
hospital stay and potential DDIs that were present at
admission but were not present at discharge were
listed separately. In addition, information on severi-
ty, onset, documentation grade, potential adverse
effects and affected system organ classes according
to the WHO Adverse Reaction Terminology (WHO-
ART) of all potential DDIs at discharge were re-
corded. The mechanism of a potential DDI, if
known, was classified as pharmacokinetic or phar-
macodynamic.
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Statistical Analysis

Descriptive data are expressed as medians with
the corresponding interquartile range (IQR) or as
proportions; laboratory data are expressed as means
with the corresponding standard deviation. Numeri-
cal variables were tested for normal distribution
using the Kolmogorov-Smirnov and the Shapiro-
Wilk tests. For paired two-sample comparisons, the
non-parametric Wilcoxon signed-rank test was per-
formed. The non-parametric Mann-Whitney-U test
was used for unpaired two-sample comparisons.
Nominal data in dependent groups were compared
with the McNemars test. A two-sided p-value < 0.05
was considered statistically significant. Statistical
tests were performed with the SPSS for Windows
software package version 12.0 (SPSS Inc., Chicago,
IL, USA).

Results

Patient Characteristics

The characteristics of the 400 patients enrolled
are displayed in table I. The median age of the
patients was 79 years with the majority (86.3%)
being =65 years; slightly more than half of the
patients were male. At discharge, patients had a
median of 7 (IQR 6-9) diagnoses. The majority of
patients (75.3%) were discharged from hospital with
a main diagnosis related to the cardiovascular sys-
tem; 175 patients (43.8%) had heart failure and 59
(14.8%) had an acute myocardial infarction as the
main diagnosis.

In addition to the heart failure diagnosis, patients
had a median of 2 (IQR 2-3) comorbidities associat-
ed with heart failure. Approximately two-thirds of
the patients had ischaemic heart disease and more
than half had hypertension and/or cardiac arrhyth-
mias. Diabetes was present in slightly less than one-
third of the patients and dyslipidaemia in one-
quarter (table I). Ten patients had no diagnosis for
any of the analysed comorbidities.

Prescribed Drugs

The 400 patients were prescribed a total of 2482
drugs at hospital admission and 3174 drugs at hospi-
tal discharge. At discharge, the median number of
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Table I. Characteristics of 400 hospitalised heart failure patients

Demographic data Value
Age in years [median (IQR)] 79 (71-85)
<65 years [no. (%)] 55 (13.8)

(
>65 years [no. (%)] 345 (86.3)
(

Sex (male) [no. (%)] 222 (55.5)
Weight in kg [median (IQR)] 69 (58-80)
Length of hospital stay in days [median (IQR)] 12.5 (7-19)
Diagnoses
Number of diagnoses [median (IQR)] 7 (6-9)
Main diagnosis [no. (%)]
infectious and parasitic diseases 16 (4.0)
neoplasms 13 (3.3)
diseases of the circulatory system 301 (75.3)
diseases of the respiratory system 32 (8.0)
others, <2 % frequency 38 (9.5)

Cardiovascular/metabolic comorbidities [no. (%)]

Hypertension 226 (56.5)
Ischaemic heart disease 269 (67.3)
Cardiac arrhythmias 234 (58.5)
Diabetes mellitus 118 (29.5)
Dyslipidaemia 104 (26.0)
Medication [median (IQR)]

Number of drugs at hospital admission 6 (4-9)

Number of drugs at hospital discharge 8 (6-10)

IQR = interquartile range.

drugs per patient was significantly higher than the
number of drugs at admission (8 [IQR 6-10] vs 6
[IQR 4-9]; p < 0.001). Because some drugs were
combined preparations (i.e. =2 pharmacologically
active compounds), the total number of active com-
pounds was 2690 at admission and 3449 at dis-
charge. At hospital admission, 11 patients (2.8%)
had no drug prescriptions and 19 (4.8%) patients
were prescribed one drug. There was no difference
in the number of drugs prescribed between male and
female patients.

Figure 1 displays the drug classes most often
prescribed at admission and discharge. According to
the ATC classification system, the majority were
drugs affecting the cardiovascular system (45.2% of
all drugs at admission, 45.7% at discharge). The
three other most prevalent anatomical main groups
were drugs affecting the alimentary tract and metab-
olism (admission 16.5%, discharge 15.6%), the
blood and blood-forming organs (admission 13.9%,
discharge 16.8%) and the nervous system (admis-
sion 12.4%, discharge 9.0%). These four groups
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represented 88.0% of all drugs at hospital admission
and 87.1% at discharge.

At discharge, all drug classes — except drugs
affecting the musculoskeletal and the nervous sys-
tem — had a higher prescription prevalence than at
admission. An additional 160 patients were pre-
scribed antithrombotic agents at discharge, 127 pa-
tients had an additional prescription for a diuretic,
107 patients received an ACE inhibitor or an angi-
otensin receptor antagonist and 100 additional pa-
tients were discharged with a B-adrenoceptor antag-
onist (B-blocker). In contrast, digoxin and calcium
channel antagonists were significantly less prevalent
at discharge than at admission (i.e. 49 vs 32 patients
for digoxin [p < 0.01] and 64 vs 32 for calcium
channel antagonists [p < 0.001]).

At discharge, 395 (98.8%) patients had been pre-
scribed at least one drug affecting the cardiovascular
system. Drugs affecting the blood and blood-form-
ing organs (e.g. platelet aggregation inhibitors, vita-
min K antagonists, heparin or heparinoids) were
prescribed to 371 (92.8%) patients. In the group of
drugs affecting the alimentary tract, proton pump
inhibitors, drugs for diabetes and mineral supple-
ments were most prevalent. Drugs affecting the ner-
vous system were prescribed to 169 (42.3%) pa-
tients. In addition, 88 (22.0%) patients were pre-
scribed drugs that affected the respiratory system,
58 (14.5%) patients were prescribed anti-infectives
for systemic use, 54 (13.5%) patients were pre-
scribed systemic hormonal preparations (e.g. thy-
roid therapy or corticosteroids for systemic use) and
45 (11.3%) patients were prescribed drugs that af-
fected the musculoskeletal system. Eighty-seven
(21.8%) patients were prescribed drugs that acted on
other organ systems (representing a total of 124
drugs). Table II displays the fifteen drug classes
most often prescribed at discharge.

Potential DDIs in General

The prevalence of potential DDIs at admission
and discharge is shown in detail in table III. At
admission, 68.0% (95% CI 63.4, 72.6) of the pa-
tients had at least one potentially interacting drug
combination in their medication. The median num-
ber of potential DDIs per patient was 1.5 (IQR 0-3).
If only the 370 patients at risk for potential DDIs
were taken into account (i.e. patients with =2 drugs
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Fig. 1. Drug classes (classified according to the anatomical therapeutic chemical classification system) most often prescribed at hospital

admission and discharge in 400 patients with heart failure.

prescribed at admission), the median number of
potential DDIs per patient rose to 2 (IQR 0-4). At
discharge, a total of 1171 potential DDIs were de-
tected in 355 patients (88.8%; 95% CI1 85.7,91.8%),
which corresponded to a median of 3 (IQR 1-4)
potential DDIs per patient. In patients at risk for
potential DDIs, the median number of potential
DDIs per patient at discharge was significantly
higher (p < 0.001) than the number of potential
DDIs per patient at admission.

Patients with one or more potential DDIs at dis-
charge were prescribed significantly more drugs
than those without potential DDIs (median number
of drugs 8 vs 5, p <0.001); the same was observed at
admission (7 vs 3, p < 0.001). Of the 1171 potential
DDIs at discharge, a total of 432 (36.9%) potential

DDIs were already present at admission, while 739
(63.1%) resulted from a medication change during
hospital stay (new potential DDIs). These were de-
tected in 299 patients (74.8%; 95% CI 70.5, 79.0).
The overall number of potential DDIs at admission
and discharge was unchanged in 109 (27.3%) pa-
tients. In contrast, 205 (51.3%) patients had more
potential DDIs at discharge than at admission, while
the number of potential DDIs at discharge decreased
in 86 (21.5%) patients compared with the number at
admission. At discharge, male patients had signifi-
cantly more potential DDIs than female patients
(median number of potential DDIs 3 vs 2, p <
0.001).

The following results refer to the 739 new poten-
tial DDIs due to a medication change during the

Table Il. The 15 drug classes most often prescribed at hospital discharge in 400 hospitalised heart failure patients

Therapeutic class

Examples of often prescribed drugs

Patients with prescriptions [no. (%)]

High-ceiling diuretics

ACE inhibitors, including combinations
B-adrenoceptor antagonists

Platelet aggregation inhibitors

Vitamin K antagonists

HMG-CoA reductase inhibitors

Potassium-sparing diuretics, including combinations
Vasodilators used in cardiac diseases

Mineral supplements

Proton pump inhibitors

Drugs used in diabetes mellitus

Drugs for obstructive airway diseases

Heparin group

Benzodiazepines and benzodiazepine-related drugs
Laxatives

Torasemide 318 (79.5)
Ramipril, enalapril 272 (68.0)
Metoprolol, bisoprolol 261 (65.3)
Aspirin (acetylsalicylic acid), clopidogrel 193 (48.3)
Phenprocoumon 175 (43.8)
Pravastatin, simvastatin 136 (34.0)
Spironolactone 121 (30.3)
Nitroglycerin 115 (28.8)
Calcium carbonate, potassium chloride 102 (25.5)
Omeprazole, esomeprazole 101 (25.3)
Glibornuride, insulin 99 (24.8)
Salbutamol/ipratropium 76 (19.0)
Dalteparin sodium 67 (16.8)
Oxazepam, zolpidem 66 (16.5)
Lactitol 65 (16.3)
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Table Ill. The prevalence of potential drug-drug interactions (DDIs) in 400 heart failure patients at hospital admission and discharge

Parameter Value
Hospital admission

Number of patients with potential DDIs (%) 272 (68.0)
Total number of potential DDIs 863
Number of potential DDIs per patient [median (IQR)] 1.5 (0-3)
Hospital discharge

Number of patients with potential DDIs [no. (%)] 355 (88.8)
Total number of potential DDIs 1171
Number of potential DDIs per patient [median (IQR)] 3 (1-4)
Total number of new potential DDIs due to a medication change (%) 739 (63.1)
Number of patients with potential DDI with major severity (%) 193 (48.3)
Total number of potential DDIs with major severity (%) 284 (24.3)
Total number of new potential DDIs with major severity due to a medication change (%) 190 (16.2)
Number of patients with new potential DDI due to a medication change (%) 299 (74.8)
Number of patients with new potential DDI with major severity due to a medication change (%) 145 (36.3)

hospital stay. The severity of the potential adverse
effect was rated as ‘major’ in 190 (25.7%) potential
DDIs, ‘moderate’ in 482 (65.2%) and ‘minor’ in 67
(9.1%). In 535 potential DDIs (72.4%) the underly-
ing mechanism was a pharmacodynamic interaction
and in 129 (17.5%) a pharmacokinetic interaction.
Both mechanisms were involved in 25 potential
DDIs (3.4%) and in 50 (6.8%) the mechanism was
unknown. A possible potentiation of the effects of
one or both drugs involved in the interaction was
assigned to 587 potential DDIs (79.4%) and a re-
duced effectiveness to 86 (11.6%). In 66 potential
DDIs (8.9%) the potential influence on the therapeu-
tic effect was of a different nature (e.g. increased
risk of ACE inhibitor-associated hypersensitivity in
combination with allopurinol or increased risk of
amoxicillin-induced rash in combination with al-
lopurinol).

The onset of the potential adverse outcome of the
DDI was classified as ‘delayed’ in 432 (58.5%),
‘rapid’ in 250 (33.8%) and ‘not specified’ in 57
(7.7%). For 32 (4.3%) potential DDIs the documen-
tation was classified as ‘excellent’, ‘good’ for 145
(19.6%), ‘fair’ for 459 (62.1%) and ‘poor’ for 103
(13.9%).

The potential adverse effects concerned platelet,
bleeding and clotting disorders in 32% of the pa-
tients, the cardiovascular system in general in 27%,
metabolic and nutritional disorders in 21%, general
disorders in 9% and disorders of other organ sys-
tems in 11%. An increased risk of bleeding was the
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most frequently listed potential adverse effect (n =
197; 26.7%).

Table IV lists the ten most prevalent potentially
interacting drug combinations, which account for
57.8% of all new 739 potential DDIs at discharge.
Drug classes often involved in major potential DDIs
were ACE inhibitors, potassium-sparing diuretics,
vitamin K antagonists and heparins. Amiodarone,
prescribed to 59 patients, was involved in 27 new
major potential DDIs.

DDlIs Potentially Resulting in Hyperkalaemia

At discharge, there were a total of 93 new major
potential DDIs recorded that may potentially lead to
hyperkalaemia. Of the 82 affected patients, the ma-
jority (92.7%) had one drug combination potentially
resulting in hyperkalaemia, one patient had two, and
five patients had three (table V). The mean serum
potassium level of the 82 affected patients at dis-
charge was 4.1 (+ 0.7, range 2.2-5.4) mmol/L.
Three patients had a potassium level of 5.0 mmol/L
and five patients had a potassium level of >5
mmol/L, but none of the patients had a level of >5.4
mmol/L. The mean estimated creatinine clearance of
the 82 affected patients at discharge was 59.2 (
27.3, range 17.1-140) mL/min. Nine patients had
impaired renal function with an estimated creatinine
clearance of <30 mL/min. Of these, two had a serum
potassium level of >5 mmol/L at discharge. A
potassium-wasting diuretic (loop diuretic and/or
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thiazide) was included in the medication regimen of
75 (91.5%) of the 82 patients.

Fifty-six percent of the 82 patients were dis-
charged to their own home, 28% were transferred to
another hospital and the remaining to a nursing
home or a rehabilitation centre.

Amiodarone plus
B-Adrenoceptor Antagonists

At discharge, 13 patients were newly prescribed
the combination of amiodarone with a 3-blocker (12
patients with metoprolol, one patient with bisopro-
lol). This potential DDI may result in bradycardia,
cardiac arrest or hypotension with a rapid onset of
the potential adverse effects. To assess if any patient
experienced these potential adverse effects, the
clinical records of 12 patients (one record was not
available for review) were reviewed for episodes of
bradycardia (heart rate <60 beats per minute [bpm])
and hypotension while in hospital. One patient had
several episodes of heart rates <60 bpm recorded
with a minimum of 54 bpm, but no information on
symptomatic bradycardia could be found in the
clinical records. Before treatment with amiodarone
was added to a pre-existing therapy with 100mg
extended release metoprolol daily, the lowest re-
corded heart rate was 72 bpm in that patient.

Low Molecular Weight Heparin
plus Phenprocoumon

The combination of phenprocoumon with a low
molecular weight heparin (LMWH) was prescribed
to 21 patients at hospital discharge. Both drugs

affect homeostasis by different mechanisms and
may increase the risk of bleeding. The majority
(66.7%) of these patients were discharged to their
own home and the others to an institutional setting.

The mean INR of the affected patients at dis-
charge was 1.6 (£ 0.5, range 1.1-3.0). No value was
available for one patient. Of 20 patients, 17 (85%)
had an INR of <2, two patients had an INR between
2 and 2.9, and one patient had an INR of 3.0.

Discussion

Our study shows that both the number of drugs
prescribed per patient and the number of potential
DDIs per patient increased significantly during the
hospital stay. Furthermore, every fourth potential
DDI at discharge could have resulted in an adverse
event of major severity. Because most patients no
longer benefit from close medical monitoring after
hospital discharge, the discharge medication should
have a low risk of potential DDIs. This is especially
important for potential DDIs with a delayed onset of
the associated adverse outcome that may only be-
come clinically apparent after the patient has been
discharged. For that reason, potentially interacting
drug combinations that were newly introduced dur-
ing the hospital stay are of special interest.

The increase in potential DDIs can be partly
explained by the increase in the number of pre-
scribed drugs per patient. On the other hand, newly
prescribed drugs themselves were often involved in
potential DDIs. ACE inhibitors, loop diuretics,
spironolactone and B-blockers were among the most
often added drugs during hospitalisation and among
the most prevalent interacting drugs.

Table IV. The ten most prevalent drug combinations of 739 potential drug-drug interactions new at discharge

Drug-drug combination Severity Potential adverse effect Patients with potential DDI
[no. (%)]
ACEI + diuretic (loop or thiazide) Moderate Postural hypotension 151 (37.8)
ACEI + potassium-sparing diuretic Major Hyperkalaemia 64 (16.0)
Phenprocoumon + spironolactone Moderate Decreased anticoagulant effectiveness 37 (9.3)
Aspirin (acetylsalicylic acid) [low dose] + LMWH  Moderate Increased risk of bleeding 34 (8.5)
Antidiabetes agent + B-adrenoceptor antagonist ~ Moderate Decreased diabetic control 30 (7.5)
Aspirin (low dose) + clopidogrel Minor Increased risk of bleeding 30 (7.5)
Clopidogrel + torasemide Moderate Torasemide toxicity 22 (5.5)
LMWH + phenprocoumon Major Increased risk of bleeding 21 (5.3)
ACEI + potassium Major Hyperkalaemia 20 (5.0)
Amiodarone + phenprocoumon Moderate Increased risk of bleeding 18 (4.5)

ACEI = angiotensin converting enzyme inhibitor; LMWH = low molecular weight heparin.
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Table V. Drug combinations with potential major adverse effects due to a medication change during hospitalisation that were identified in

five or more patients at discharge

Drug combination

Potential adverse effect

Patients with potential DDI

[no. (%)]
ACEI + potassium-sparing diuretic Hyperkalaemia 64 (16.0)
LMWH + phenprocoumon Increased risk of bleeding 21 (5.3)
ACEI + potassium Hyperkalaemia 20 (5.0)
Amiodarone + B-adrenoceptor antagonist  Bradycardia, cardiac arrest 13 (3.3)
Omeprazole + phenprocoumon Increased risk of bleeding 10 (2.5)
Aspirin (acetylsalicylic acid) [low dose] + Increased risk of bleeding 7 (1.8)
vitamin K antagonist
Clopidogrel + LMWH Increased risk of bleeding 7 (1.8)
Potassium + spironolactone Hyperkalaemia 6 (1.5)
Amiodarone + antipsychotic Increased risk of QT interval prolongation, torsades de 5(1.3)

pointes and cardiac arrest

ACEI = angiotensin converting enzyme inhibitor; DDI = drug-drug interaction; LMWH = low molecular weight heparin.

Patients with heart failure in which an ACE in-
hibitor is added to a pre-existing diuretic therapy are
at some risk for first-dose hypotension.?%-2?I Gener-
ally, this is not a major problem if ACE inhibitor
therapy is started during the hospital stay and the
patient’s blood pressure is regularly monitored. In
the long term, patients will generally tolerate the
combination of an ACE inhibitor with a diuretic.?’!
However, it was shown that in practice ACE inhibi-
tor therapy is often discontinued in the first year
after hospitalisation.” Therefore, an eventual
restart of the therapy in an ambulatory setting with a
high ACE inhibitor dose may result in symptomatic
hypotension.

Antithrombotic agents (vitamin K antagonists,
platelet aggregation inhibitors) were the group of
drugs with the most manifest change of the exposure
prevalence during hospital stay and were involved in
six of the ten most prevalent new potential DDISs.
The combination of low-dose aspirin (acetylsali-
cylic acid) [100 mg/day] with another antithrombot-
ic agent, potentially resulting in an increased risk of
bleeding, was accountable for two of the most fre-
quent potential DDIs due to a medication change.
Classified as a DDI with potentially moderate ad-
verse effects, the concomitant administration of
low-dose aspirin and a LMWH is standard treatment
for unstable angina pectoris and non-Q-wave myo-
cardial infarction, in order to reduce the risk of
reinfarction or death.?5] Nevertheless, this combina-
tion is associated with an increased risk of haemor-
rhagic complications!?®! and special attention is nec-
essary for patients with impaired renal function

© 2006 Adis Data Information BV. All rights reserved.

because of the reduced renal elimination of
LMWHs.?7

The concomitant use of LMWHs and oral antico-
agulants may result in an increased risk of bleeding
because both drugs inhibit blood coagulation by
different mechanisms."'”! In this study, 21 patients
were discharged with a prescription for phen-
procoumon and a LMWH and were therefore ex-
posed to a potential risk of bleeding. However, the
majority of patients had an INR of <2 at discharge
with a very low risk of bleeding, even in the pres-
ence of a LMWH. Oral anticoagulants, such as
phenprocoumon, inhibit the vitamin K-dependent
hepatic carboxylation of clotting factors. Because
already carboxylated clotting factors are not altered
in their activity and phenprocoumon has a long half-
life, it takes approximately 5—7 days to be fully
effective.”® In order to achieve the desired an-
ticoagulation, the concomitant use of heparins dur-
ing this period is necessary. Therefore, it can be
assumed that patients discharged with this combina-
tion will have to use the LMWH only until the INR
has reached its target value. Therefore, close moni-
toring has to be guaranteed after hospital discharge
in order to stop the LMWH when the INR is thera-
peutic. This is especially important because two-
thirds of these patients were discharged home and
further monitoring has to be arranged with their
general practitioner.

However, it should be emphasised that even
though we identified several drug combinations that
may increase the risk of haemorrhage, the majority
of these combinations are standard and the clinical
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benefit often outweighs the modest potential risk
increase.

Hyperkalaemia may develop during treatment
with several drugs, including ACE inhibitors, potas-
sium-sparing diuretics and potassium supplements,
and occurs frequently in patients with altered renal
function.® Because impaired renal function is
common in patients with heart failure,"! these pa-
tients may be at an increased risk of developing
hyperkalaemia, especially with the concomitant use
of two or more drugs that potentially result in
hyperkalaemia. In the present study, 20.5% of the
patients were exposed to a potential DDI that may
have resulted in hyperkalaemia. Potassium levels at
hospital discharge did not exceed values >5 mmol/L
in most patients. Five patients did have a potassium
level >5 mmol/L, but none of the patients were
discharged with serious hyperkalaemia (defined as
serum potassium level of >6 mmol/L).B! All five
patients with a potassium level of >5 mmol/L at
discharge were prescribed the combination of an
ACE inhibitor with spironolactone. In most cases it
was not known if spironolactone was primarily pre-
scribed for the treatment of advanced heart failure or
to prevent hypokalaemia due to concomitant treat-
ment with a potassium-wasting diuretic.

Drug combinations potentially resulting in
hyperkalaemia need special attention from physi-
cians and pharmacists because hyperkalaemia is rel-
atively prevalent in outpatients, especially in those
receiving spironolactone?! or ACE inhibitor ther-
apy.¥¥ It is noteworthy in this context, that after
publication of the RALES (Randomized Aldactone
Evaluation Study) trial, which showed that spirono-
lactone significantly improved outcomes in patients
with severe heart failure,¥ it was shown by Juur-
link and colleagues'® that the rates of prescriptions
for spironolactone, as well as the rates of hyper-
kalaemia-associated morbidity and mortality, ab-
ruptly increased. Close monitoring of potassium
levels and renal function is therefore essential to
prevent unnecessary hospital admissions. Special
caution is indicated in elderly patients with impaired
renal function and worsening heart failure.32-3!

The concomitant use of amiodarone and [B-block-
ers is not recommended because of the additive
negative inotropic and negative dromotropic effects.
There is one published case report of severe sinus
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bradycardia and hypotension after the concomitant
use of amiodarone and metoprolol.*” Furthermore,
a pharmacokinetic interaction is theoretically possi-
ble because amiodarone is an inhibitor of cyto-
chrome P450 (CYP) 2D613¥! and several B-blockers,
such as metoprolol and carvedilol, are CYP2D6
substrates. If arrhythmias (e.g. tachycardic atrial
fibrillation) cannot be adequately treated with
monotherapy alone, a combination therapy may be
considered after careful evaluation of the benefit-
risk ratio and under careful cardiac monitoring. In
fact, a post hoc meta-analysis of the two Myocardial
Infarct Amiodarone Trials (EMIAT [European My-
ocardial Infarct Amiodarone Trial] and CAMIAT
[Canadian Amiodarone Myocardial Infarction Tri-
al]) showed lower relative risks for all-cause mortal-
ity and cardiac death in the group receiving ami-
odarone and a B-blocker than the group receiving a
B-blocker alone.l® Another retrospective study in
patients with chronic heart failure concluded that
amiodarone and carvedilol may be used concomi-
tantly without the expectation of increased adverse
effects or loss of clinical efficacy.*°! If amiodarone
is indicated in heart failure patients, it is recom-
mended by some authors to use it in combination
with a B-blocker.[?*!

The majority of potential DDIs had a pharmaco-
dynamic underlying mechanism with mainly addi-
tive effects on the cardiovascular system, platelet
function or blood coagulation. It can be assumed
that most of the potentiations of the therapeutic
effect were intended by the prescribing physician in
order to achieve the desired therapeutic effects. But
from the collected data in this study it is not known
what the exact indications for the prescribing of
potentially interacting drug combinations were. Fur-
thermore, it is unknown if the physicians were al-
ways aware of the increased risk of potential adverse
effects and if necessary precautions or therapy mon-
itoring were arranged.

Study Limitations

The present study has several limitations, mostly
because of the retrospective design of the study and
the methods used. First, the analysis of medication
regimens by a computer program only allows the
detection of ‘potential’ interactions. This does not
mean that possible adverse effects become clinically
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manifest in all patients with a potential DDI. In
contrast, it is known that only a small proportion of
potential DDIs actually result in clinically relevant
events with negative consequences for the pa-
tient.[*#I$3] In addition, some patients may benefit
from interacting drug combinations because the ad-
ditive effects may be necessary to adequately treat a
disease or symptom. The computer program cannot
discriminate between beneficial and dangerous po-
tential DDIs because the exact indications for the
prescription of an interacting drug combination are
not included in an electronic interaction check.
However, it can be assumed that many of the poten-
tially interacting drug combinations identified in our
analysis were prescribed on purpose (e.g. the ami-
odarone/B-blocker combination to treat sustained
ventricular arrhythmias) because the benefit of the
combination may outweigh the potential risk of an
adverse effect. Additionally, the clinical relevance
of potential DDIs can only be assessed if the propor-
tion of patients, in whom the adverse event indeed
clinically occurs, is known. In order to evaluate the
clinical relevance of selected potential DDIs with
major severity, we recorded some laboratory and
clinical parameters in this study to assess any ad-
verse outcome. However, we are aware that the
relevance of these data is limited. Therefore, based
on the results of this study, only statements about the
prevalence and nature of potential DDIs are possi-
ble.

Another limitation of the study lies in the nature
of the interaction program chosen for this study or
rather in electronic drug interaction programs in
general. Because the program was from an Ameri-
can publisher, certain drugs common in continental
Europe, but not in the US, had to be substituted by
an analogous drug listed in the program. The substi-
tutes were selected according to pharmacokinetic,
pharmacodynamic and chemical properties. The
most prevalent substituted drug was the vitamin K
antagonist phenprocoumon.

Potential DDIs may be highly dependent on the
dose of the individual drugs administered. For in-
stance, in this study, aspirin was only prescribed as a
platelet aggregation inhibitor in a daily dose of
100mg. None of the patients were prescribed a
higher dose (e.g. 300 mg/day) to inhibit platelet
aggregation and none were prescribed aspirin as an
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analgesic. It is known that some potential DDIs with
aspirin are only clinically relevant if it is adminis-
trated in analgesic doses, but the drug interaction
program used to evaluate the patients’ medication
regimen is not able to distinguish between the two
different dose schemes and produces a signal when-
ever aspirin is involved in a potential DDI. There-
fore, potential DDIs involving aspirin that were
regarded as clinically irrelevant if the dosage of
aspirin did not exceed 100 mg/day (e.g. combination
of low-dose aspirin with an ACE inhibitor, which
potentially results in a decreased antihypertensive
effect) were not included in the analysis. In total,
195 potential DDIs including low-dose aspirin at
admission and a total of 280 potential DDIs at
discharge were not included. Additionally, the expo-
sure prevalence of NSAIDs was remarkably low in
our study population and, therefore, the potential
DDI of NSAIDs with ACE inhibitors — potentially
leading to a decreased antihypertensive and natri-
uretic affect of the ACE inhibitors or even acute
renal failure especially in patients predisposed to or
with pre-existing nephropathy!!”) — was a negligible
problem. This may be explained by the fact that
NSAIDs are indeed only rarely prescribed to medi-
cal inpatients in our institution. If only analgetic
therapy is needed (without any anti-inflammatory
component), paracetamol (acetaminophen) or a
weak opioid (e.g. tramadol) are preferentially pre-
scribed.

Electronic drug interaction programs are very
helpful tools to check for potential DDIs. They
generally produce a high number of signals but do in
fact overestimate the risk of potential DDIs,*4
which makes it necessary to interpret the provided
information in the context of their clinical relevance.

Conclusions

The high prevalence of potential DDIs in the
discharge medication of heart failure patients is a
consequence of the complex pharmacotherapy of
heart failure and associated comorbidities. Howev-
er, many of those potentially interacting drug com-
binations are standard therapy in patients with heart
failure and even though the combinations may bear
some risk for an adverse outcome, the benefit gener-
ally far outweighs the potential risk. Nevertheless,
drug combinations potentially resulting in hyper-
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kalaemia or haemorrhage are of major importance
for physicians and pharmacists; the former because
the incidence of hyperkalaemia in outpatients is
relatively high and the adverse effects may be seri-
ous, the latter because bleedings are characteristical-
ly insidious and delayed. Careful monitoring and
adherence to evidence-based prescribing are impor-
tant preventive measures to minimise the risk of
these interactions.
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