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Chapter 1

General introduction

John, a 49-yr-old man, visits his general practitioner (GP). John has a history of
obesity and non-alcoholic steatohepatitis and suffers from cirrhosis (Child-Pugh
B) which has been stable for the last few years. His cholesterol levels were too high
and therefore his GP wants to start pharmacotherapy. A family member of John
has had negative experiences with simvastatin so John prefers to take a different
statin. The GP decides to prescribe atorvastatin and consults the standard Dutch
prescribing information source. This recommends that atorvastatin should be
used with caution in patients with a history of liver disease. This text is similar
for all the other statins. The GP therefore decides to start atorvastatin and writes
a prescription for 10 mg atorvastatin per day for John. His pharmacist was not
aware of John’s cirrhosis and dispensed the atorvastatin. One week later, John
wakes up with severe myopathy and feels miserable. He visits the emergency room
and is admitted to hospital for a suspected atorvastatin-induced rhabdomyolysis.
In the Summary of Product Characteristics (SmPC) of atorvastatin a study is
described in which exposure to atorvastatin was ten times higher in patients with
cirrhosis compared to healthy controls. Why did this information not reach his GP
when starting John on atorvastatin, nor the pharmacist filling John’s prescription?
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Cirrhosis
Worldwide, approximately one million people die each year due to cirrhosis [1]. In the
Netherlands, it is estimated that there are between 8,500 and 17,500 patients with cirrhosis
[2]. The most prevalent liver diseases causing cirrhosis in Europe are chronic alcohol use
disorder, viral hepatitis B and C, and non-alcoholic steatohepatitis (NASH) [3]. As NASH is
strongly linked to obesity and metabolic syndrome, there is an increasing concern that the
incidence of cirrhosis due to NASH will rise strongly in the coming decades [4, 5]. Cirrhosis
therefore continues to be an important cause of morbidity and mortality worldwide.
All chronic liver diseases progress in a similar way to cirrhosis [6-8]. The disease damages
liver cells (i.e. hepatocytes) and this triggers an inflammation reaction known as hepatitis.
If the disease is not adequately treated, hepatitis can result in scar tissue: fibrosis. Necrosis
of hepatocytes induces regeneration of new liver cells [6], formed as nodules in the scar
tissue. Due to the presence of fibrosis and nodules, intrahepatic blood flow decreases. This
increases the blood pressure in the (portal) vein before the liver and portal hypertension
develops [7]. Cirrhosis is characterized by this modified hepatic architecture and blood flow.
Complications of cirrhosis are the result of both hepatocellular dysfunction and portal
hypertension. Dysfunction of hepatocytes affects several of the metabolic and synthetic
functions of the liver [6]. For example, the metabolism of endogenous (e.g., bilirubin)
and exogenous substances (e.g., medication) could decrease. Furthermore, impaired
detoxification of ammonia can lead to hepatic encephalopathy. In addition, cirrhosis affects
the synthetization of plasma proteins, such as albumin, and blood coagulation factors. A
complication of portal hypertension is the development of varices [7]. Varices are often
formed in the esophagus and stomach and come with a risk of bleeding. Varices can also
bypass the liver and directly emerge in the inferior vena cava. Other complications of portal
hypertension are alterations in splanchnic circulation resulting in fluid accumulation in the
abdomen (i.e., ascites) [7]. The complications of both hepatocellular dysfunction and portal
hypertension deteriorate with increasing severity of cirrhosis.
To assess the severity and prognosis of cirrhosis two classifications are commonly used [9].
The Model for End-Stage Liver Disease (MELD) score is based on three parameters (bilirubin,
INR and creatinine) and is the classification used to prioritize liver transplants. The ChildTurcotte-Pugh (CTP) classification consists of five parameters (Table 1) and was originally
developed to assess the risk of variceal bleeding during surgery [10]. Per parameter, one to
three points are scored with a total between 5 and 15. This total score represents a class;
patients with 5 or 6 points are classified as CTP A (mild), 7-9 points as CTP B (moderate) and
patients with more than 9 points are classified as CTP C (severe). Besides its clinical use, the
CTP classification is also requested by registration authorities to be used in pharmacokinetic
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studies for categorizing patients by severity of hepatic dysfunction [11, 12]. All the individual
parameters of the CTP classification are not specific for hepatic dysfunction, for example
bilirubin can be increased due to hemolysis and albumin decreased due to sepsis [9].
Therefore, the CTP classification cannot be used to screen for hepatic impairment. It should
only be used in patients with a confirmed diagnosis of cirrhosis.

Table 1. Child-Turcotte-Pugh classification to assess the severity of cirrhosis [10]
Parameter

1 point

2 points

3 points

Ascites

Absent

Mild

Moderate to severe

Encephalopathy

None

Grade 1-2

Grade 3-4

Albumin (g/L)

>35

28-35

<28

Bilirubin (µmol/L)

<34

34-51

>51

Prothrombin time (INR)

<1.7

1.7-2.3

>2.3

Effect of cirrhosis on pharmacokinetics and pharmacodynamics
Cirrhosis and its complications influence the pharmacokinetics and pharmacodynamics of
medication. In Table 2, an overview is given of the several pathophysiological changes that
can occur in cirrhosis and the effects on pharmacokinetic parameters [13-16]. The resultant
of these changes for the individual patient is difficult to predict, because it depends on both
patient and drug characteristics. However, if liver function declines, these changes are likely
to increase. Patients with the most severe cirrhosis (i.e. CTP class C) often suffer from the
largest pharmacokinetic alterations, leading to high plasma concentrations and exposure
to medicines.
The pharmacodynamics of medicines can also be altered in cirrhosis [14-16]. Patients may
respond differently to the same medicine concentration as healthy persons. This difference
in therapeutic response could be caused by changes in access of the medicine to the site of
action, or changes in the number and sensitivity of receptors [15]. For example, a reduced
density of ß-adrenoreceptors was found in patients with cirrhosis probably affecting the
response to ß-blocking agents [15].
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Table 2. Overview of pathophysiological abnormalities that can occur in patients with cirrhosis and
the consequences on pharmacokinetic parameters [13-16]
Pathophysiological change

Pharmacokinetic change

• Portal hypertensive gastropathy, ulcers of
the upper gastro-intestinal tract, gastritis
• Increased intestinal permeability
• Impaired gastrointestinal motility with
delayed gastric emptying

• Influencing the extent of drug absorbed
• Decreased rate of absorption

• Altered hepatic blood flow (e.g.
portosystemic shunts, TIPS)
• Reduced intrinsic clearance

• Decreased first-pass effect resulting in a
higher bioavailability
• Pro-drug metabolism diminished

Distribution

• Decreased levels of plasma proteins (e.g.
albumin, α1-acid glycoprotein) due to
impaired synthesis in the liver
• Accumulation of endogenous substances,
such as bilirubin, displacing binding sites of
plasma proteins
• Fluid retention (ascites, oedema)

• Plasma protein binding reduced resulting
in a larger fraction of unbound drug
• Enlarged volume of distribution causing a
longer elimination half-life

Metabolism

• Alterations in hepatic architecture:
hepatocellular necrosis, altered blood flow
and nodular formation

• Reduced activity of phase I and II drug
metabolizing enzymes (reduced intrinsic
clearance)
• Changes in stereoselectivity of hepatic
drug metabolism
• Both resulting in a longer elimination
half-life

• Decreased blood flow across the liver

• Slower clearance by drug metabolizing
enzymes

• Bile flow obstruction, due to cancer or
sclerosing cholangitis
• Reduced protein transporter expression

• Biliary excretion reduced
• Disrupted enterohepatic recycling

• In advanced cirrhosis, renal impairment

• Reduced renal elimination

Absorption

Elimination

TIPS: transjugular intrahepatic portosystemic shunt

In addition, patients with cirrhosis have shown to be more sensitive for certain adverse drug
reactions (ADRs) compared to healthy persons probably related to the pathophysiology
of cirrhosis. Renal impairment due to non-steroidal anti-inflammatory drugs (NSAIDs) use
is frequently reported in patients with cirrhosis [17, 18]. Another example of increased
sensitivity to ADRs was given in a study on oxycodone use in cirrhotic patients before and
after liver transplantation. The patients experienced more often ventilatory depression
before transplantation than afterwards, although plasma exposure was similar at the given
time [19].
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These changes in pharmacokinetics and pharmacodynamics increase the risk of ADRs in
patients with cirrhosis. In a Spanish multicenter prospective study, 7.5% of 568 patients
with cirrhosis admitted to the gastroenterology ward had an ADR documented [20]. A
cross-sectional study of 400 patients with cirrhosis admitted to a Swiss hospital showed
that almost 30% suffered from ADRs [21, 22]. Furthermore, of the 210 ADRs noted in this
study, the authors judged 78% as probably preventable because of the use of excessively
high dosages or contraindicated medicines [22]. These studies show that it is very
important that patients with cirrhosis receive pharmacotherapy tailored to the changes in
pharmacokinetics and pharmacodynamics.

Practical guidance for safe medication use in cirrhosis
Most information for healthcare professionals on medication use in practice originates
from the product information developed by pharmaceutical companies. Preceding
studies showed that the information about patients with hepatic impairment included
in the product information was often unclear, inconsistent and recommendations were
not specified by severity of impairment [23, 24]. Hence, it failed to support healthcare
professionals adequately in safe prescribing in patients with cirrhosis.
A few research groups attempted to provide healthcare professionals more support by
publishing reviews on the use of certain medicines (groups) in cirrhosis [25-28]. Yet, most
remained vague in their advice (e.g., “use with caution” or “dose adjustment needed”),
came from different research groups and did not get updated. Steelandt and colleagues
tried to support healthcare professionals by developing a pharmacokinetic model to
predict the impact of cirrhosis on drug exposure [29]. However, they fail to provide actual
dosing recommendations, nor do they give advice on the safety of medication in cirrhosis.
In summary, despite the importance of tailored pharmacotherapy in cirrhosis, practical
guidance to support healthcare professionals is still lacking [30]. This thesis intends to
address this problem by developing practical guidance for the safe use of medication in
patients with cirrhosis.

Current practice
Healthcare professionals have an important role in ensuring safe medication use in patients
with cirrhosis. Exploring different aspects of medication safety in cirrhosis in the current
practice could provide useful insights. In particular, when focusing on primary care where
medication risks may be higher due to less monitoring and a higher range of drugs
prescribed.
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Drug utilization studies can be effective to explore prescribing for patients with cirrhosis,
yet there is little published data. A Spanish and Swiss research group both performed a
cross-sectional study on prescription patterns of patients admitted to hospitals [20-22, 31].
The Swiss group also compared the medication use of the patients to advice from the drug
label and from published literature [21, 22]. Furthermore, a small Dutch study examined
prescribing in 41 patients with decompensated liver cirrhosis and compared it to the drug
label [32]. None of these assessed real-world drug use in primary care. Therefore, in this
thesis we examine prescription patterns and potential safety of these prescriptions in a realworld cohort of patients with cirrhosis.
Pharmacists, as medication experts, could play a key role in preventing and resolving
medication-related problems in patients with cirrhosis. Previous work focused on knowledge
and practices of physicians in prescribing analgesics for patients with chronic liver disease
[33-35]. Little is known about the knowledge of community pharmacists on safe medication
use in these patients. Few studies described the care provided by pharmacists for a
subgroup of patients: those with viral hepatitis C [36-38]. However, these articles focused
on clinical pharmacists or described care in only one clinic. Hence, in this thesis, we explore
this specific aspect of current practice: the care provided by community pharmacists.

Information on medication safety in cirrhosis
During the lifecycle of a medicine, data on medication safety in patients with cirrhosis
originates from different sources. In the pre-marketing phase, pharmaceutical companies
perform pharmacokinetic studies according to the 2005 European Medicines Agency
(EMA) guideline [11]. The results of these studies and subsequent prescribing advice are
published in the product information (i.e., the Summary of Product Characteristics (SmPC)).
This document is the essential basis for information on safe medication use in patients with
cirrhosis. Research indicated shortcomings in information provided in the SmPCs on this
population [23, 24], though no study assessed the quality of the information provided in
SmPCs after release of the EMA guideline [11].
The small number of patients and the short follow-up time limit the safety data available
from pre-marketing studies. Hence, after market authorization, post-marketing information
is valuable to expand our knowledge on the safety profile of a medicine in patients with
cirrhosis. To obtain more information on ADRs in these patients, we rely on information
from clinical practice. One of the tools to do so are spontaneous reports, provided that
the quality of clinical documentation is sufficient [39]. Currently, no study has assessed
information from spontaneous ADR reports on patients with cirrhosis. In this thesis, we
examine the quality of information from these pre- and post-marketing information sources
on safe medication use in patients with cirrhosis.
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Aim of this thesis
The aim of this thesis is to improve safe medication use in patients with cirrhosis. To achieve
this aim, the following objectives were established:
I.

To develop practical guidance for safe medication use in patients with cirrhosis.

II.

To explore the current practice of prescribing by physicians and safety monitoring by
community pharmacists to identify areas of improvement for safe medication use in
patients with cirrhosis.

III.

To assess the quality of information on safe medication use in patients with cirrhosis in
pre- and post-marketing information sources.
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Outline of this thesis
This thesis consists of three parts divided into individual chapters.
Chapter 2 focusses on the development of practical guidance for safe medication use in
patients with cirrhosis. In the first part, the method used to evaluate the safety and dosing
of medicines in cirrhosis is described as study protocol (Chapter 2.1). In Chapter 2.2 and
Chapter 2.3, examples of the evaluation of the safety of a medicine group are given. This
first example is the group of proton pump inhibitors (PPIs) and the second example is
the group of statins. In Chapter 2.4, an overview is provided of the developed practical
guidance for safe medication use in patients with cirrhosis.
In Chapter 3, current practices in Dutch healthcare are explored. In Chapter 3.1, we assessed
prescribing for patients with cirrhosis in the Netherlands. We also compared prescription
patterns to our practical guidance to assess potential improvements for prescribing. In
Chapter 3.2, the level of knowledge among community pharmacists on medication safety
in patients with cirrhosis was studied and their practice in caring for these patients.
Chapter 4 focusses on the quality of information from pre- and post-marketing information
sources on safe medication use in patients with cirrhosis. In Chapter 4.1, we examined
whether information required by the EMA was available in SmPCs and we evaluated the
clinical applicability of this information. Chapter 4.2 evaluates spontaneous ADR reports
from Pharmacovigilance Center Lareb. We analyzed the nature, quantity and quality of the
reports on patients with cirrhosis.
These chapters are followed by a general discussion (Chapter 5).
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Chapter 2.1

Abstract
Introduction
Liver cirrhosis can have a major impact on drug pharmacokinetics and pharmacodynamics.
Cirrhotic patients often suffer from potentially preventable adverse drug reactions.
Guidelines on safe prescribing for these patients are lacking. The aim of this study is to
develop a systematic method for evaluating the safety and optimal dosage of drugs in
patients with liver cirrhosis.

Methods and analysis
For each drug, a six-step evaluation process will be followed. (1) Available evidence on the
pharmacokinetics and safety of a drug in patients with liver cirrhosis will be collected from
the Summary of Product Characteristics (SmPC) and a systematic literature review will be
performed. (2) Data regarding two outcomes, namely pharmacokinetics and safety, will be
extracted and presented in a standardized assessment report. (3) A safety classification and
dosage suggestion will be proposed for each drug. (4) An expert panel will discuss the
validity and clinical relevance of this suggested advice. (5) Advices will be implemented in
all relevant clinical decision support systems in the Netherlands and published on a website
for patients and healthcare professionals. (6) The continuity of the advices will be guaranteed
by a yearly check of new literature and comments on the advices. This protocol will be
applied in the evaluation of a selection of drugs: (A) drugs used to treat (complications of)
liver cirrhosis, and (B) drugs frequently prescribed to the general population.

Ethics and dissemination
Since this study does not directly involve human participants, it does not require ethical
clearance. Besides implementation on a website and in clinical decision support systems,
we aim to publish the generated advices of one or two drug classes in a peer-reviewed
journal and at conference meetings.
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Method to evaluate the safety and dosing of drugs in cirrhosis

Introduction
Liver cirrhosis is a slowly progressive disease characterized by fibrosis and conversion of
normal liver architecture into structurally abnormal nodules. Liver cirrhosis results from
ongoing inflammation of the liver [1]. Clinical symptoms ensue because the hepatic
architecture is affected which results in increased vascular resistance in the liver and portal
hypertension [1]. Liver cirrhosis has an important impact on health care worldwide. In 2010,
more than one million people died of liver cirrhosis, which was almost 2% of global deaths
[2, 3]. The Child-Pugh score classifies the severity of liver cirrhosis and predicts mortality [4].
It is also recommended by the medicine registration authorities in Europe and the United
States for use in pharmacokinetic studies [5, 6].
The liver is the main organ for metabolism and detoxification of endogenous and
exogenous substances. Several pathophysiological changes that occur in liver cirrhosis
influence this detoxification of exogenous substances, i.e. drug pharmacokinetics [7-9].
Portal vein shunting increases oral absorption of drugs with a high hepatic extraction ratio
through a bypass of the liver. Decreased plasma protein synthesis causes lower plasma
protein concentrations and possibly a higher fraction of unbound drug. A reduction or
impairment of drug-metabolizing enzymes in the liver may cause reduced metabolism.
These changes often result in an elevated drug exposure, possibly causing side effects
and toxicity [7-9]. It is also important to consider changes in pharmacodynamics. Hence,
the efficacy of drugs could be different in patients with liver cirrhosis. Moreover, cirrhotic
patients are more vulnerable to certain adverse drug reactions (ADRs), such as effects on
coagulation or nephrotoxicity [7, 8].
In patients with liver cirrhosis 20% of drugs are dosed incorrectly and almost 30% of cirrhotic
patients suffer ADRs [10]. It is estimated that nearly 80% of these ADRs could be prevented
[10]. There are studies available describing the pharmacokinetic alterations for a wide range
of drugs in cirrhotic patients [8, 10-14]. All these studies are of great value and can be very
useful for healthcare professionals. However, they can be difficult to obtain and interpret
for a busy healthcare professional not frequently dealing with cirrhotic patients. What is
missing is the translation of all literature into a, regularly updated, and easy manageable
source of information on safe prescribing in patients with liver cirrhosis [15].
This study wants to address this problem by developing advices for the safe use of
medications in patients with liver cirrhosis. To guarantee the quality of these advices, it is
important that the method for evaluating is performed in a uniform, transparent manner
leading to a standardized report [16]. Furthermore, advices need to be manageable by all
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healthcare professionals dealing with patients with liver cirrhosis [16]. We intend to develop
concrete and up-to-date advices to prevent alert fatigue and dissatisfaction by healthcare
professionals. The aim of this study is to describe the systematic method used for evaluating
the safety and optimal dosage of drugs in patients with liver cirrhosis.

Methods
Six steps will be performed for evaluating a drug (Figure 1). Below, the six steps are described
in detail. Steps 1-3 will be performed by a pharmacist with experience in the evaluation of
drug safety in the context of clinical decision support systems (RW). The critical steps are
checked by a second pharmacist/epidemiologist (SB).

1. Collection of evidence

- Summary of product characteristics

- Electronic database search

2. Data extraction and presentation
- Pharmacokinetic alterations
- Safety data

6. Continuity

- New literature
- Professional questions, comments and
suggestions

3. Classification and dosage suggestion
- Classification of safety
- Dosage adjustments

4. Discussion and conclusion by expert
panel
5. Implementation

- Website
- Clinical Decision Support Systems

Figure 1. Flowchart of the six-step process used per drug for evaluating the safety and optimal
dosage in liver cirrhosis
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Step 1: Collection of evidence
Summary of Product Characteristics (SmPC)
Information concerning the pharmacokinetics of the drug in healthy volunteers and patients
with liver cirrhosis will be collected from the official Product Characteristics as published by
the responsible authorities EMA, FDA, and the Medicines Evaluation Board (MEB) in the
Netherlands. For products registered by the EMA, the European Public Assessment Report
(EPAR) will be searched on information about dosage in liver cirrhosis. Special warnings
regarding the safety of the drug in patients with liver cirrhosis will also be collected.
Literature search in electronic databases
The search in electronic literature databases aims to review published literature about the
alterations in pharmacokinetic parameters and the safety of the drug in patients with liver
cirrhosis.
Criteria for inclusion in the literature review are: (1) the study investigates patients with liver
cirrhosis, (2) the study concerns the drug of interest, and (3) the outcome of the study is
safety (i.e. adverse events) and/or (altered) pharmacokinetics. Studies with and without a
control group will be included. If a drug is compared to another intervention, data about
the control group will be included in the data extraction. There will be no limit to the time
periods searched.
Exclusion criteria are: (1) animal studies, (2) cellular and molecular research, (3) studies
in patients with other hepatic diseases, such as hepatocellular carcinoma, non-alcoholic
fatty liver disease or primary biliary cholangitis that do not mention the inclusion of a
subpopulation with liver cirrhosis and (4) studies about drug-induced liver injury in patients
without liver cirrhosis.
PubMed + EMBASE
These databases will be searched (this includes reviews published by the Cochrane library)
by the search strategy outlined in Table 1. A more specific search will be performed if there
is excessive literature. In this case, a stepwise search strategy will be used starting with
PubMed as database. Filters that indicate studies with a high level of evidence will be used
to limit the number of studies. The pharmacist responsible for the collection of evidence
will judge whether sufficient data are collected to answer the research question. This step
is checked by another pharmacist and will be discussed and finally confirmed by the expert
panel.
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Table 1. Proposed search strategy for PubMed and Embase
Database

Search query

PubMed

(“Liver cirrhosis”[Mesh] OR cirrho*[ti] OR “hepatic impairment”[ti] OR “liver impairment”[ti]
OR “hepatic dysfunction”[ti] OR “liver dysfunction”[ti] OR “hepatic insufficiency”[ti] OR “liver
insufficiency”[ti]) AND (“X”[Mesh] OR “X”[tiab]) AND “humans”[MeSH Terms]

Embase

‘liver cirrhosis’/exp OR cirrho*:ti OR ‘hepatic impairment’:ti OR ‘liver impairment’:ti OR ‘hepatic
dysfunction’:ti OR ‘liver dysfunction’:ti OR ‘hepatic insufficiency’:ti OR ‘liver insufficiency’:ti AND
(‘X’/exp OR ‘X’:ab,ti) AND [humans]/lim

X= name of drug to be evaluated.

Citation tracking
Additional articles will be obtained through citation snowballing to locate primary sources.

Step 2: Data extraction and presentation
The following characteristics of included studies will be extracted: study design, number
and characteristics of included patients and controls (e.g. severity of liver cirrhosis) and
details on the intervention. Concerning the outcome(s), the following data will be extracted:
•

•

(altered) Pharmacokinetics: data on pharmacokinetic parameters (e.g. Area Under
the Curve (AUC), elimination half-life and steady state concentration) of the drug in
patients with liver cirrhosis, preferably compared with subjects without liver cirrhosis.
Safety: data on the number of adverse events observed during use of the drug in cirrhotic
patients and on the consequences of these adverse events (e.g. discontinuation of
treatment, dose reductions), preferably compared with subjects without liver cirrhosis.

Data will be reported in summary tables for each outcome and sorted by level of evidence.
The level of evidence of each study will be assessed according to the criteria for treatment
harms of the Oxford Centre for Evidence-Based Medicine [17]. In a separate table, narrative
reviews will be included as level 5 evidence to reflect on published expert opinions. The
summary tables will be checked by a second pharmacist.
All data will be summarized in an assessment report. This standardized report will contain:
•
•
•
•

30

Data from the SmPC
Details on the electronic database search (search strategy, study selection process in
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Summary tables with pharmacokinetic and safety data
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Step 3: Classification and suggested dose
All information from the report will be used to suggest a safety classification and a dose
per individual drug, if applicable sorted by severity of liver cirrhosis. The severity will be
expressed using the Child-Pugh classification [4].
Safety classification
To support health care providers and patients to efficiently judge drug safety in liver
cirrhosis, we designed a safety classification (Table 2). For drugs in liver cirrhosis we will use
the following categories: safe, no additional risks known, additional risks known, unsafe and
unknown. Drugs that have not been evaluated are placed in the category ‘not yet classified’.

Table 2. Safety classification of drugs used in liver cirrhosis.
SAFE
Description: The drug has been evaluated in patients with liver cirrhosis, and no increase in harm was found.
The safety of the drug is supported by pharmacokinetic studies and/or safety studies over a long period. It
might be necessary to use an adjusted dose.
Action: This drug can be used by patients with liver cirrhosis.
NO ADDITIONAL RISKS KNOWN
Description: Limited data suggest that this drug does not increase harm in patients with liver cirrhosis in
comparison with persons without liver cirrhosis. Drugs estimated as ‘minor influenced by cirrhosis’ based on
pharmacokinetics* can also be classified in this category if the expert panel agrees. It might be necessary to
use an adjusted dose.
Action: The drug can be used in patients with liver cirrhosis. Adverse drug reactions need to be monitored.
ADDITIONAL RISKS KNOWN
Description: Limited data suggest an increase in patient harm in patients with liver cirrhosis compared
to persons without liver cirrhosis. However, the number of studies is limited and/or the studies show
contradictory results about the safety in patients with liver cirrhosis.
Action: This drug should preferably not be used in patients with liver cirrhosis if there is a safer alternative
available. Adverse drug reactions need to be monitored.
UNSAFE
Description: Data indicate that this drug is not safe in patients with liver cirrhosis.
Action: This drug should be avoided in patients with liver cirrhosis.
UNKNOWN
Description: For this drug, insufficient data are available to evaluate the safety in patients with liver cirrhosis.
Action: This drug should preferably not be used in patients with liver cirrhosis if there is a safer alternative
available. Individual judgement of therapeutic need vs. additional risks in patients with liver cirrhosis. Adverse
drug reactions need to be monitored.
NOT YET CLASSIFIED
Description: The drug has not been evaluated for safety in patients with liver cirrhosis.
Action: No advice for action can be given.
*Drugs are classified as ‘minor influenced by cirrhosis’ if they are cleared <20% by the liver [5].
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Suggested dose
Pharmacokinetic data will be used to judge whether a dose adjustment is necessary in
cirrhotic patients. It applies for most drugs that if the AUC is more than doubled, a dose
reduction will be recommended [5]. Exceptions are, for instance, drugs that do not have
a concentration-effect relationship or drugs with a narrow therapeutic range. Both the
proposed classification and suggested dose are checked by a second pharmacist, before
discussion by the expert panel.

Step 4: Discussion and conclusion by the expert panel
An expert panel will evaluate the validity and clinical relevance of the initial classification,
the suggested dose and the data extraction. This panel will meet five times during the study
to discuss the assessment reports. Comments and opinions of the panel will be added
to the initial report, such as recommendations for therapeutic drug monitoring or extra
monitoring of liver function tests and/or clinical response. The final report is a combination
of the available evidence and expert opinions. The expert panel will conclude by consensus.
If there are different interpretations within the expert panel, these will be included as ‘expert
comments’ in the assessment report.
The expert panel consists of the following specialists: the pharmacist responsible for the data
collection, extraction and initial evaluation (RW), professionals with expertise regarding our
two main outcomes; altered safety or pharmacokinetics in patients with liver cirrhosis (DB,
NH), representatives of the specialists responsible for prescribing: hepatologists (JD, HM),
general practitioner (MB), representatives of specialists responsible for dispensing: clinical
pharmacists (DB, NH), a community pharmacist (SvP), a clinical pharmacokinetics assessor
of the Medicines Evaluation Board (MM) and two pharmacists working with the national
drug databases in the Netherlands (Pharmabase and G-Standard: MK, SB). Each expert has
specific expertise in the treatment of patients with liver cirrhosis, in clinical pharmacology
and/or the implementation of the outcomes. The general practitioner and community
pharmacist will contribute to the implementation from the perspective of primary care.
The pharmacists working for the national drug databases will assure that the advices can
be implemented in clinical decision support systems. There is also an epidemiologist (SB) in
the expert panel who will pay attention to the methodology.
All conflicts of interest of the members of the expert panel will be identified, disclosed and
published on the website (see implementation). The chair of the expert panel (SB) has no
conflicts of interest.
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Step 5: Implementation
Advices about the safety of a drug and the optimal dosage in patients with liver cirrhosis
will be implemented in the two national drug databases in the Netherlands (Pharmabase
and G-Standard). This will generate specific alerts for healthcare professionals when they
prescribe or dispense a drug with risks to a patient with liver cirrhosis.
The advices will also be published on a website. On this website, a summary will be included
which starts with the key recommendations (i.e. safety classification of drug and dosing
advices) and describes background information on the advice and the body of evidence
(i.e. number of studies retrieved, number of participants and level of evidence of the
studies). The full assessment report can be accessed through a hyperlink. The advices will
be in Dutch, since they will be implemented in national clinical decision support systems.
The summary of finding tables derived from the (English) literature will be left in English.
Conflicts of interest of the members of the expert panel will be mentioned on the website.
There will also be a part on the website intended for patients with liver cirrhosis. This part
will contain a simple, patient friendly, version of the advices with directions to consult
their doctor or pharmacist in case of further questions. These advices will be made in
collaboration with the Dutch Liver Patients Association. Before publication of the website,
the finding and understanding of the content will be tested by patients and healthcare
professionals. Via user testing a group of patients and a group of healthcare professionals
will test the website [18]. If issues emerge from this testing, these issues will be solved and
the process will be repeated until no more issues emerge.

Step 6: Continuity
To assure up-to-date advices, literature searches will be saved and checked yearly for
relevant literature. Comments from patients and professionals using the guidelines will be
reviewed and included, if applicable. The expert panel will check yearly if the advices need
to be updated based on their specific (clinical) expertise.
Drugs to be evaluated
A selection of drugs will be evaluated: (A) drugs used to treat (complications of) liver
cirrhosis, such as ursodeoxycholic acid and beta-blockers and (B) drugs that are prescribed
frequently to the general population, such as antibiotics and analgesics. An overview of the
drugs that will be evaluated in this study is presented in Table 3.
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Table 3. Drugs to be evaluated in the current study
Box A: drugs to treat (complications of)
liver cirrhosis [19-24]

Box B: most frequently used drugs
in the general population*

Metabolic syndrome

Analgesics

Insulins

Paracetamol

Oral antidiabetics

NSAIDs

Dyslipidemia
Antilipemics
(anti) Hepatitis B/C

Opioids
Antibiotics
Tetracyclines

Nucleos(t)ide analogues

Sulfonamides and trimethoprim

Interferon

Macrolides

Direct-acting antivirals

Other antibiotics

PBC/AIH

Gastro-intestinal drugs

Corticosteroids

Antacids

Ursodeoxycholic acid

H2-receptor antagonists

Azathioprine

Propulsives

Mycophenolate mofetil

Stimulant laxatives

Infections
Chinolons
Penicillins
Esophageal varices
Proton pump inhibitors

Bulk-forming laxatives
Cardiovascular drugs
Calcium antagonists
RAS-inhibitors
Antithrombotics

Portal hypertension
Beta blocking agents
Hepatorenal syndrome
Terlipressin
Ascites
Diuretics
Albumin
Hepatic encephalopathy
Lactulose
Lactitol
Rifaximin
*Based on number of users of prescribed drugs in the Netherlands according to the GIP-database 2013 (www.gipdatabank.nl). PBC,
primary biliary cholangitis; AIH, autoimmune hepatitis
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Discussion
We have developed a systematic method to evaluate the safety and optimal dosage of
drugs in patients with liver cirrhosis. Our method combines a systematic literature review
with expert opinion and contains many aspects of the development of guidelines. We
used the AGREE Reporting Checklist to ensure that important issues are included in the
study protocol [25]. Our approach will produce a standardized assessment report per drug.
It is important that this report contains the information healthcare professionals need for
clinical decision making. In the development of an assessment report, we were inspired by a
checklist that identifies the most important elements that should be included in drug-drug
interaction management guidelines [16]. One of the main domains of the checklist was the
‘management strategy’. We designed a safety classification to help healthcare professionals
to efficiently judge the safety of a drug in a patient with cirrhosis. Safety classifications are
used in other conditions where careful consideration is needed to judge the safety of a
drug, such as Long QT-Syndrome [26], porphyria [27] and pregnancy or lactation [28]. All
classifications have in common that the number of categories is limited, that a description is
available why drugs are classified in a certain category, and that a category can be related to
an advice towards a healthcare provider. We think our safety classification results in concrete
advices and thereby preventing dissatisfaction and alert fatigue of healthcare professionals.
Strengths of our study are the combination of evidence from the literature and expert
opinion, the implementation in clinical decision support systems and the continuity.
First, the published evidence of drugs in liver cirrhosis is variable, and studies often have
a limited scope or a selective patient population. Combination with expert opinion adds
the clinical and pharmacological experience to the published literature. This combination
will make it possible to give specific advices, which is even more relevant in case little
published literature is available. Second, the advices will be implemented in the two main
clinical decision support systems in the Netherlands, automatically reaching all hospitals,
community pharmacies and general practices. Healthcare professionals will receive a
notification if a contra-indicated drug is prescribed or dispensed to a patient with liver
cirrhosis. This implementation can quickly result in a huge improvement in the medication
safety of cirrhotic patients in the Netherlands. We believe that this Dutch approach of
monitoring the safety of drug use is unique [29], and hope to inspire others to implement
this in their healthcare systems. Third, to safeguard continuity, it is important that this
guideline will be updated regularly and that these updates will be included in new signals.
The advices will get updated yearly if there is new literature or if we receive comments. This
is a major advantage in comparison to all reviews published on this topic.
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We expect that we will not perform a standard systematic review for all drugs [30]. Albumin,
for example, has been safely used for a long period of time in patients with liver cirrhosis
and many studies have been published, also in patients with liver cirrhosis. In this case, we
will include literature from the highest level of evidence and stop extracting if we have
sufficient information to classify the drug. The expert panel will also decide whether sufficient
information is collected to classify the drug. Another limitation is that we will evaluate a
restricted number of drugs in this study. Future research can enlarge the amount of drugs
evaluated. Also, this study will expose knowledge gaps in current literature with respect to
the pharmacokinetics and safety of certain drugs in liver cirrhosis. Specific pharmacokinetic
or pharmacodynamic studies can possibly fill this gap. Another interesting future research
area is the implementation; do healthcare professionals follow our advices? How can the
information obtained in our study be used to improve official drug labeling? And ultimately,
does our study results in optimization of medication use, i.e. reduction in the number of
adverse drug events experienced by patients with liver cirrhosis?
In conclusion, this protocol describes a method to evaluate the safety and optimal dosage
of drugs in patients with liver cirrhosis. This will lead to advices concerning the safety and
optimal dosage of the drugs mostly used in liver cirrhosis and will reveal gaps in literature
for future research.
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Abstract
Aims
Proton pump inhibitors (PPIs) belong to the most frequently used drugs, also in patients
with cirrhosis. PPIs are extensively metabolized by the liver, but practice guidance on
prescribing in cirrhosis is lacking. We aim to develop practical guidance on the safe use of
PPIs in cirrhosis.

Methods
A systematic literature search identified studies about the safety (i.e. adverse events) and
pharmacokinetics of PPIs in cirrhotic patients. This evidence and data from the product
information was reviewed by an expert panel who classified drugs as safe; no additional
risks known; additional risks known; unsafe; or unknown. Guidance was aimed at the oral
use of PPIs and categorized by the severity of cirrhosis, using the Child-Turcotte-Pugh (CTP)
classification.

Results
A total of 69 studies were included. Esomeprazole, omeprazole and rabeprazole were
classified as having ‘no additional risks known’. A reduction in maximum dose of omeprazole
and rabeprazole is recommended for CTP A and B patients. For patients with CTP C cirrhosis,
the only PPI advised is esomeprazole in a maximum dosage of 20 mg per day. Pantoprazole
and lansoprazole were classified as unsafe, because of 4- to 8-fold increased exposure. The
use of PPIs in cirrhotic patients has been associated with the development of infections and
hepatic encephalopathy and should be carefully considered.

Conclusions
We suggest using esomeprazole, omeprazole or rabeprazole in patients with CTP A or B
cirrhosis and only esomeprazole in patients with CTP C. Pharmacokinetic changes are also
important to consider when prescribing PPIs to vulnerable, cirrhotic patients.

42

Safe use of proton pump inhibitors in patients with cirrhosis

Introduction
Proton pump inhibitors (PPIs) are among the most frequently used medications worldwide
[1]. They are effective drugs in suppressing acid secretion and have a wide margin of safety.
In recent years, safety issues have been raised which led the FDA to issue several warnings
[2]. Long-term PPI use has been associated with increased risk of respiratory infections, bone
fractures and hypomagnesaemia, especially in older people with comorbidities such as
renal or liver disease [3–5]. In addition, use of PPIs in patients with cirrhosis has been linked
to the development of spontaneous bacterial peritonitis and hepatic encephalopathy (HE)
[6–8]. Intestinal bacterial overgrowth and translocation are mentioned as possible causes
[9, 10]. These risks are particularly relevant as patients with cirrhosis frequently use PPIs. Two
recent studies suggest that more than half of cirrhotics received a PPI, often without a clear
indication [6, 11].
All PPIs are metabolized by the liver. The pathophysiological changes that accompany
cirrhosis affect pharmacokinetics. Portal vein shunting leads to a higher systemic availability
of drugs, while synthetic insufficiency results in low levels of plasma proteins and a higher
unbound fraction [12, 13]. Even so, the activity of drug-metabolizing enzymes is decreased
and biliary excretion can be reduced [12, 13]. These changes often result in higher plasma
concentrations and increased exposure to drugs in patients with cirrhosis. For PPIs, a rise
in exposure can lead to enhanced acid suppression [14, 15]. This raises questions whether
pharmacokinetic alterations due to cirrhosis influence the safety profile of PPIs and whether
dose adjustments are needed.
Currently, there is a paucity of practice guidance for the safe use and dosing of PPIs in
cirrhosis. In a previous study, a method was developed to use pharmacokinetic and safety
data for evaluating drug safety in cirrhosis [16]. In the current study, we use this method to
develop safety and dosing practical guidance for the use of PPIs in patients with cirrhosis.

Methods
We used a combination of information from registration authorities, literature and expert
opinion to develop practical guidance [16]. A specific method was needed to translate
the available literature and experience into an easy manageable source of information on
safe prescribing aimed at the needs of clinical decision making. A detailed version of this
method has been published before [16]. All PPIs currently registered in the Netherlands

43

Chapter 2.2

were considered for evaluation, these were: esomeprazole, lansoprazole, omeprazole,
pantoprazole and rabeprazole. We focused on developing guidance for the oral use of PPIs,
the intravenous use in gastrointestinal bleeding is considered life-saving and only used for
a short period of time. The safety evaluation process consisted of several steps. Steps 1- 3
were performed by a pharmacist with experience in evaluating drug safety in cirrhosis (RW).
Critical steps were checked by a second pharmacist/epidemiologist (SB).

Step 1: Collection of evidence
Data collection focused on gathering all available evidence needed to evaluate the safety
and pharmacokinetics of PPIs in cirrhotic patients. This included data from registration
authorities (product information) and published literature. Electronic databases PubMed
and EMBASE were searched and Web of Science was used for citation tracking. The search
strategy can be found in Table 1. Articles were included if (one of) the outcome(s) was safety
and/or pharmacokinetics of a PPI in patients with cirrhosis.

Table 1. Search strategy used for electronic database search
Pubmed
(“Liver cirrhosis”[Mesh] OR cirrho*[ti] OR “hepatic impairment”[ti] OR “liver impairment”[ti] OR “hepatic
dysfunction”[ti] OR “liver dysfunction”[ti] OR “hepatic insufficiency”[ti] OR “liver insufficiency”[ti]) AND
(“Esomeprazole”[Mesh] OR “Omeprazole”[Mesh] OR “Lansoprazole”[Mesh] OR “Rabeprazole”[Mesh] OR
“pantoprazole”[Supplementary Concept] OR “Proton Pump Inhibitors”[Mesh] OR “Esomeprazole”[tiab] OR
“Omeprazole”[tiab] OR “Lansoprazole”[tiab] OR “Rabeprazole”[tiab] OR “pantoprazole”[tiab] OR “proton pump
inhibitor”[tiab] OR “proton pump inhibitors”[tiab])
EMBASE
‘liver cirrhosis’/exp OR cirrho*:ti OR ‘hepatic impairment’:ti OR ‘liver impairment’:ti OR ‘hepatic dysfunction’:ti
OR ‘liver dysfunction’:ti OR ‘hepatic insufficiency’:ti OR ‘liver insufficiency’:ti AND (‘omeprazole’/exp OR
‘pantoprazole’/exp OR ‘esomeprazole’/exp OR ‘rabeprazole’/exp OR ‘lansoprazole’/exp OR ‘omeprazole’:ab,ti OR
‘pantoprazole’:ab,ti OR ‘esomeprazole’:ab,ti OR ‘rabeprazole’:ab,ti OR ‘lansoprazole’:ab,ti) AND [humans]/lim

Step 2: Data extraction and presentation
Pharmacokinetic and safety data were extracted from the American and European
authorized product information of each PPI and presented in a table. If no European
product information was available, the Dutch product information was used. From the
included literature, the study design, number and characteristics of patients and controls
(e.g. severity of cirrhosis) and details on the intervention were retrieved.
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The following data were extracted on the outcome(s):
•
•

Pharmacokinetics: pharmacokinetic parameters of the PPI (e.g. maximum plasma
concentration (Cmax) and area under the curve (AUC)).
Safety: the number of adverse events (AEs) observed during PPI use and data on
discontinuation due to these events.

Results were reported in summary tables for each outcome and sorted by level of evidence.
The evidence level of each study was assessed using the treatment harms criteria from the
Oxford Centre for Evidence-Base Medicine [17].

Step 3: Classification and dosage suggestion
Based on the collected data an initial safety classification and dose was suggested per PPI,
if applicable sorted by severity of cirrhosis. The severity was expressed using the ChildTurcotte-Pugh (CTP) classification [18]. The safety classification could be: safe, no additional
risks known, additional risks known, unsafe, or unknown. Table 2 provides an overview of the
safety classification and the actions advised for healthcare professionals. Pharmacokinetic
data were used to judge whether a dose adjustment was necessary.

Step 4: Discussion and conclusion by an expert panel
An expert panel was composed consisting of ten members with specific expertise in the
treatment of patients with cirrhosis, in clinical pharmacology and/or in evidence-based
medicine. These included gastroenterologists, a general practitioner and hospital and
community pharmacists. The expert panel evaluated data extraction and presentation
(steps 1 and 2) and endorsed conclusions derived from the evidence (step 3). Likewise, the
validity and clinical relevance of the proposed safety classification and suggested dose were
discussed by the expert panel during a meeting. The final advice was based on evidence
and clinical experience of the expert panel and concluded by consensus. All conflicts of
interest of the members of the expert panel were identified, disclosed and published [16].
The chair of the expert panel (SB) declared no conflicts of interest.

Step 5: Implementation
Practical guidance was incorporated in the two national drug databases in the Netherlands
(Pharmabase and G-standard) and on a free website. Healthcare professionals will get
specific alerts when prescribing PPIs in cirrhosis and are referred to the website for more
information.
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Table 2. Safety classification of drugs used in cirrhosis
Safe
Description: The drug has been evaluated in patients with cirrhosis, and no increase in harm was found. The
safety of the drug is supported by pharmacokinetic studies and/or safety studies over a long period. It might be
necessary to use an adjusted dose.
Action: This drug can be used by patients with cirrhosis.
No additional risks known
Description: Limited data suggest that this drug does not increase harm in patients with cirrhosis in comparison
with persons without cirrhosis. It might be necessary to use an adjusted dose.
Action: The drug can be used in patients with cirrhosis. Adverse events need to be monitored.
Additional risks known
Description: Limited data suggest an increase in patient harm in patients with cirrhosis compared to persons
without cirrhosis. However, the number of studies is limited and/or the studies show contradicting results about
the safety in patients with cirrhosis.
Action: This drug should preferably not be used in patients with cirrhosis if there is a safer alternative available.
Adverse events need to be monitored.
Unsafe
Description: Data indicate this drug is not safe in patients with cirrhosis.
Action: This drug should be avoided in patients with cirrhosis.
Unknown
Description: For this drug, insufficient data are available to evaluate the safety in patients with cirrhosis.
Action: This drug should preferably not be used in patients with cirrhosis if there is a safer alternative available.
Individual judgement of therapeutic need vs. additional risks in patients with cirrhosis. Adverse events need to
be monitored.
Adapted from: Weersink et al. [16]

Step 6: Continuity
To keep the advice up-to-date, literature searches will be checked yearly and relevant
studies will be discussed with the expert panel. Once every five years, a complete update
is planned.

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 [19], and are permanently archived in the Concise Guide to
PHARMACOLOGY 2017/18 [20].

46

Safe use of proton pump inhibitors in patients with cirrhosis

Results
The developed practical guidance is based on information from the product information
(Table 3) [21-30] and data extracted from 69 articles included in the literature review (Figure
1) [6-8, 11, 31-95]. Twelve of the included studies focused on pharmacokinetics (Table 4),
51 on safety and six studied both safety and pharmacokinetics of PPIs. Of the safety studies,
20 specifically investigated the safety of an individual PPI (Table 5), while 37 studied safety
issues of PPIs as a group (Appendix 1).

Esomeprazole
In a multiple-dose pharmacokinetic study (level 4) exposure to esomeprazole in eight
cirrhotic patients with CTP A and B was comparable with healthy controls, while it more
than doubled in four CTP C patients (Table 4) [31]. This study was also mentioned in the
product information, where a maximum dosage of 20 mg is advised in CTP C patients (Table
3) [21, 22]. Regarding safety, in one case report esomeprazole was tolerated well (Table
5) [53]. In the pharmacokinetic study, 25% of 12 patients suffered an adverse event (i.e.
constipation, diarrhoea and HE) when using 40 mg per day for five days. The patient with
HE had severe cirrhosis.
Expert judgement
Based on these limited data esomeprazole was classified as ‘no additional risks known’. In
CTP C patients, the evidence is very thin (one study in four subjects). Because of a doubling in
exposure in CTP C patients, the recommendations of the product information are adopted
to use no more than 20 mg per day in CTP C patients.

Omeprazole
In ten studies (level 3 and 4) with a total of 140 patients, the pharmacokinetics of omeprazole
were explored (Table 4) [33–37, 47, 57–60]. Two articles showed higher exposure with
increasing severity of cirrhosis, and a modelling study predicted the same [33, 34, 36]. In CTP
A, the AUC was slightly higher in comparison with healthy controls, in CTP B it was doubled,
and exposure was more than doubled in CTP C patients. Two other single-dose studies
found a higher increase in exposure (seven- to eightfold), but the severity of cirrhosis was
not described [35, 37]. In healthy persons, omeprazole has an elimination half-life of less
than 1 h, prolonging in patients with cirrhosis to 2–4 h [47, 57, 60]. Elimination half-life
seems to increase with severity of cirrhosis [34].
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Table 3. Special warnings of the European and US product information regarding the use of PPIs in
patients with cirrhosis
Esomeprazole [21, 22]
SmPC†: In patients with mild or moderate hepatic impairment the metabolism of esomeprazole could be
decreased. In patients with severe hepatic impairment, the metabolism of esomeprazole is decreased leading
to a doubling of the AUC. Therefore, do not exceed the maximum dose of 20 mg in patients with severe
hepatic impairment. Esomeprazole and main metabolites do not tend to accumulate with once daily dosing.
FDA label: The steady state pharmacokinetics of esomeprazole obtained after administration of 40 mg once
daily to 4 patients each with mild (Child Pugh A), moderate (Child Pugh Class B), and severe (Child Pugh
Class C) liver insufficiency were compared to those obtained in 36 male and female Gastro esophageal Reflux
Disease patients with normal liver function. In patients with mild and moderate hepatic insufficiency, the AUCs
were within the range that could be expected in patients with normal liver function. In patients with severe
hepatic insufficiency the AUCs were 2 to 3 times higher than in the patients with normal liver function. No
dosage adjustment is recommended for patients with mild to moderate hepatic insufficiency (Child Pugh
Classes A and B). However, in patients with severe hepatic insufficiency (Child Pugh Class C) a dose of 20 mg
once daily should not be exceeded.
Lansoprazole [23, 24]
SmPC†: The exposure to lansoprazole is doubled in patients with mild hepatic impairment and much more
increased in patients with moderate to severe hepatic impairment. Patients with moderate to severe hepatic
impairment should be kept under regular supervision and a 50% reduction of the daily dose is recommended.
FDA label: In patients with various degrees of chronic hepatic impairment, the mean plasma half-life of
lansoprazole was prolonged from 1.5 hours to 3.2 to 7.2 hours. An increase in the mean AUC of up to 500%
was observed at steady state in hepatically-impaired patients compared to healthy subjects. Consider dose
reduction in patients with severe hepatic impairment
Omeprazole [25, 26]
SmPC†: In patients with hepatic impairment the metabolism of omeprazole is decreased causing a higher
AUC. The once daily dosing of omeprazole has no tendency to accumulate. For patients with hepatic
impairment a daily dose of 10-20 mg may be sufficient.
FDA label: In patients with chronic hepatic disease, the bioavailability increased to approximately 100%
compared with an I.V. dose, reflecting decreased first-pass effect, and the plasma half-life of the drug increased
to nearly 3 hours compared with the half-life in normals of 0.5-1 hour. Plasma clearance averaged 70 mL/
min, compared with a value of 500-600 mL/min in normal subjects. Dose reduction, particularly where
maintenance of healing of erosive esophagitis is indicated, for the hepatically impaired should be considered.
Pantoprazole [27, 28]
SmPC†: Although for patients with liver cirrhosis (Child-Pugh A and B) the half-life increased

to 7-9 hours,
and the AUC increased by a factor 5-7, the maximum serum concentration only increased by a factor of
1.5 compared to healthy individuals. In patients with severe hepatic impairment a daily dose of 20 mg of
pantoprazole may not be exceeded. Pantoprazole 40 mg should not be used in combination therapy for the
eradication of H. pylori in patients with moderate to severe hepatic impairment, since no data are available
on the efficacy and safety. Liver enzymes in patients with severe hepatic impairment should be monitored
regularly. If there is an increase in liver enzyme values, the treatment should be stopped
FDA label: In patients with mild to severe hepatic impairment (Child-Pugh A to C cirrhosis), maximum
pantoprazole concentrations increased only slightly (1.5-fold) relative to healthy subjects. Although serum
half-life values increased to 7-9 hours and AUC values increased by 5- to 7-fold in hepatic-impaired patients,
these increases were no greater than those observed in CYP2C19 poor metabolizers, where no dosage
adjustment is warranted. These pharmacokinetic changes in hepatic-impaired patients result in minimal drug
accumulation following once-daily, multiple-dose administration. No dosage adjustment is needed in patients
with mild to severe hepatic impairment. Doses higher than 40 mg/day have not been studied in hepatically
impaired patients.
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Table 3. Continued
Rabeprazole [29, 30]
SmPC†: In patients with mild to moderate hepatic impairment the AUC doubled compared to healthy
volunteers after administration of a single dose of 20 mg rabeprazole, and there was a two to three-fold
increase in the half-life of rabeprazole. After a daily dose of 20 mg for 7 days of the AUC was, however, only by
a factor of 1.5 increased and the Cmax only by a factor of 1.2. In patients with hepatic impairment the half-life
of rabeprazole was 12.3 hours compared to 2.1 hours in healthy volunteers. The pharmacodynamic response
in the two groups (determination of pH in the stomach) was clinically comparable. For patients with hepatic
impairment no dose adjustments are required.
FDA label: In a single dose study of 10 patients with chronic mild to moderate compensated cirrhosis of the
liver who were administered a 20 mg dose of rabeprazole, AUC was approximately doubled, the elimination
half-life was 2- to 3-fold higher, and total body clearance was decreased to less than half compared to
values in healthy men. In a multiple dose study of 12 patients with mild to moderate hepatic impairment
administered 20 mg rabeprazole once daily for eight days, AUC and Cmax values increased approximately
20% compared to values in healthy age- and gender-matched subjects. These increases were not statistically
significant. No information exists on rabeprazole disposition in patients with severe hepatic impairment.
Administration of rabeprazole to patients with mild to moderate liver impairment resulted in increased
exposure and decreased elimination. Due to the lack of clinical data on rabeprazole in patients with severe
hepatic impairment, caution should be exercised in those patients.
AUC, area under the curve; Cmax, maximum plasma concentration; PPI, proton pump inhibitor; SmPC, Summary of Product
Characteristics.
†Translated from Dutch.

The safety of omeprazole has been described in ten articles (level 2, 3 and 4) with 220
cirrhotic subjects (Table 5) [34, 36, 41, 44, 46–49, 51, 55]. In eight of these studies only mild
AEs occurred with omeprazole treatment, even when treatment lasted for more than four
weeks. More severe adverse events (epigastric pain, arthralgia and worsening of HE) were
seen in a study where patients received a continuous infusion for two days [36]. Furthermore,
in a case report, a patient with decompensated cirrhosis developed neurological adverse
events (tremor, disbalance and confusion) while being on omeprazole treatment [55].
Expert judgement
In the clinical studies where patients were sorted by CTP class, exposure increased with
severity of cirrhosis to an almost threefold higher exposure in CTP C compared to healthy
controls. Two studies measured a seven- and eightfold increase in exposure in cirrhotics
with unknown severity. In the literature about safety, omeprazole was mostly well tolerated.
However, neurological AEs were reported in patients who received a high intravenous dose
and in a patient with severe cirrhosis. In CTP A and B patients, omeprazole is classified as ‘no
additional risks known’ if a maximum dose of 20 mg per day is used. In CTP C, omeprazole
is classified as ‘unsafe’ based on the significant pharmacokinetic alterations and it is advised
to avoid its usage.
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Records found in databases
 Pubmed: n=126
 Embase: n=436

Title and abstract screening
n=562

Excluded records (n=426)
 No cirrhosis (n=86)
- Autoimmune disease (n=2)
- Hepatitis (n=17)
- Transplantation (n=28)
- Cholestatic disease (n=8)
- Other (n=31)
 No PPI (n=197)
 Drug-Induced-Liver-Injury (n=20)
 Animal study (n=12)
 Other (n=111)

Removal of duplicate studies
n=136

Full-text records screening
n=103

Additional records obtained
(n=56)
 References: n=10
 Citation tracking: n=3

Included studies
n=69

Figure 1. Flowchart of study selection process
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Full-text records excluded (n=47)
 No cirrhosis (n=1)
 No PPI (n=2)
 Other outcome (n=20)
 Other (n=24)

LoE

4

3

4

3

3

4

4

Ref

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Intervention

Omeprazole
(single dose of 40 mg)

Omeprazole (80 mg bolus
+ 8 mg/h continuous IV for
47.5h; total 460 mg)

Omeprazole
(single dose of 20 mg)

Omeprazole
(single dose of 20 mg)

Lansoprazole
(PK modelling)

Lansoprazole
(single dose of 30 mg)

Esomeprazole
(40 mg/d for 5 days)
AUCt

1.69

1

CTP B

1

AUC∞

n=3

n=18 (literature)
1

1

Cmax

1.59

1

Cmax
AUC0-48h

7.3

2.57

n=4

1.85

1.49

8.38
n=4

1
n=12

AUC∞

2.55

CTP C

2.34

1.36

n=4

4.01

1.10

n=1

2.14

n=3

2.79

1.32

n=10

12.73

7.56

n=8; decompensated

n=8 (CTP unknown)

2.71

1.15

n=10

5.41

4.13

1

4.38

1.39

n=8; compensated

1.77

1.15

n=4

Cmax
n=5

0.95

1

Cmax
AUC∞
n=8

3.19
n=10

1

AUCunbound

2.94

n=10

1

1

AUC0-48 h
AUCtotal

1

Cmax

n=18

1.38

1
1

Cmax
1.42

CTP A
n=4

Controls

Cirrhotic patients

n=36 (literature)

Parameter

Results (expressed as ratio†)

Table 4. Summary table of pharmacokinetic studies of PPIs in patients with cirrhosis, sorted by Child-Pugh class [18]
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4

3

3

4

3

4

[33]

[38]

[39]

[33]

[40]

[33]

Rabeprazole
(PK modelling)

Rabeprazole
(single dose of 20 mg)

Pantoprazole
(PK modelling)

Pantoprazole (30 mg/d IV
for 5 days)

Pantoprazole
(40 mg/d for 7 days)

Pantoprazole
(30 mg/d IV for 5 days)

Pantoprazole
(40 mg/d for 7 days)

Omeprazole
(PK modelling)

Intervention

1

AUCunbound

1

1
1

AUCunbound

1

AUC0-24 h
AUCtotal

1

Cmax

n=13

1

AUCtotal

1

AUCunbound

1

Cmax

1

AUC0-24 h

1

Cmax
AUC0-24 h

1

AUC0-24 h

2.42

1.98

2.70

3.79

2.90

5.5

1.62

6.6

1.44

2.20

1.58

3.29

2.34

n=10 (compensated)

5.03
n=12 (CTP unknown)

n=12 (CTP A+B)
1.66

n=8
1

Cmax

6.77 (5.3-7.8)

1

1.55

1

n=12 (CTP A+B)

5.04

3.61

CTP B

AUC0-24 h

2.49

3.23

2.65

CTP A

Cirrhotic patients

Cmax

n=12

1

Controls

AUCtotal

Parameter

Results (expressed as ratio†)

5.15

3.09

6.35

3.80

10.74

6.96

CTP C

Presented are studies that determined the AUC for patients with cirrhosis and compared it to healthy controls. Studies determining other pharmacokinetic parameters are presented in text. AUC,
area under the curve; Cmax, peak plasma concentration; CTP, Child-Turcotte-Pugh class; IV, intravenous; LoE, level of evidence; PK, pharmacokinetic; Ref, reference. † Ratio: value for Cmax or AUC
divided by the value of the control group.
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LoE

2

2

2

3

3

3

3

Ref

[41]

[42]

[43]

[44]

[45]

[46]

[34]

Open-label PK
study

Clinical trial

Open-label
study for 8
weeks

Clinical trial

Randomized
controlled
trial

Randomized
controlled
trial

Randomized
controlled
trial

Study
design

Cirrhosis

Cirrhosis +
esophageal
ulcers

Cirrhosis +
peptic lesions

Cirrhosis

Cirrhosis +
history of
bleeding
esophageal
varices

Cirrhosis +
esophageal
varices +
previous EVL

Cirrhosis +
bleeding
esophageal
varices

Patients

Single dose of 20 mg OME
(n=30; 10/10/10)

40 mg OME BID for 4
weeks
(n=14)

RABE 10 mg/d or 20 mg/d
(n=70; 30 compensated
cirrhosis)

OME 40 mg OD for 14 days
(n=15; 15/0/0)

EVL and 40 mg PANT IV +
40 mg PO for 9 days
(n=22; 10/8/4)

EVL, followed by RAB 10
mg OD for 2 years
(n=21; 17/4/0)

OME or PANT 40 mg/day IV
for 5 days à PANT 40 mg
PO for 14 days
(n=58; 15/24/19)

Intervention
(n; CTP A/B/C)

Healthy controls
receiving same
treatment (n=10)

-

-

Age-matched healthy
controls receiving
the same treatment
(n=15)

EVL and IV saline
+ placebo for 9 days
(n=22; 9/10/3)

Only EVL
(n=22; 16/6/0)

Somatostatin 250
µg/h or terlipressin 1
mg/6 h for 5 days IV
(n=60; 18/32/10)

Control
(n; CTP A/B/C)

Table 5. Summary table of studies on the safety of individual PPIs in cirrhosis

I: n=0
C: n=0

I: n=0

I: n=9 (13%)

I: n=0
C: n=0

I: n=0
C: n=4
(18%)

I: n=9 (43%)
C: n=11
(50%)

I: n=3 (5.2%)
C: n=33
(55.0%)

Patients
with AEs

-

-

Mild: purpura, eosinophilia,
loose stools (all n=2),
increased AP + ү-GT (n=3)
Severe: dyslalia, tremor and
HE (n=1), elevated bilirubin
(n=1)

-

-

Mild dysphagia (n=4),
ascites (n=4), and
hemorrhoid bleeding (n=1).

Fever (n=2) and esophageal
ulcer bleeding (n=1)

AEs reported with PPI
intervention

-

-

I: 2/70

-

I: 0/22
C: 2/22

I: 0/21
C: NA

I: 0/58
C: 0/60

Discontinuation

Severity of cirrhosis
unknown

Most received 10
mg dose (all who
suffered AEs)

Remarks
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LoE

3

3

3

3

3

3

3

4

Ref

[47]

[36]

[40]

[48]

[49]

[50]

[51]

[52]

Retrospective dataanalysis

Randomized
trial

Clinical trial

Clinical trial

Prospective
cohort

Open-label PK
study

Open-label PK
study

Open-label PK
study

Study design

Cirrhosis + H.
pylori infection

Cirrhosis + H.
pylori infection

Cirrhosis + H.
pylori infection

Cirrhosis + H.
pylori infection

Cirrhosis +
peptic ulcer

Cirrhosis

Cirrhosis

Cirrhosis

Patients

1 or 2 weeks BID: standard
dose PPI + 1 g amoxicillin
+ 500 mg clarithromycin
(n=104; 70/28/6)

2 weeks BID: 20 mg OME +
1 g amoxicillin
(n=41; 22/11/8)

2 weeks OD: 30 mg LANS
+ 500 mg metronidazole +
400 mg clarithromycin
(n=30; 9/12/9)

2 weeks: 40 mg OME OD
+ 500 mg clarithromycin
TID (n=20)

2 weeks BID: 20 mg OME, 1
g amoxicillin and 500 mg
clarithro-mycin + 3 weeks
20 mg OME (n=19)

Single dose of 20 mg RAB
(n=10; compen-sated
cirrhosis)

Continuous infusion of 460
mg OME over 47.5 h (n=12;
5/4/3)

10 mg OME IV (day 1) + PO
(day 8-14)
(n=10; 2/4/4)

Intervention
(n; CTP A/B/C)

-

1 week BID: 20 mg
OME + 500 mg
tetracycline + 250 mg
clarithromycin (n=42;
20/16/6)

Peptic ulcer patients
receiving same
intervention (n=88)

-

20 mg OME for 4 wks
(n=11)

Healthy controls
receiving same
treatment (n=13)

Healthy controls
receiving same
treatment (n=12)

-

Control
(n; CTP A/B/C)
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I: n=13
(12.5%)

I: n=5 (12%)
C: n=6
(14%)

I: n=4 (13%)
C: n=9
(10%)

I: n=6 (30%)

I: n=11
(58%)
C: n=0

I: n=0
C: n=3

I: n=3
C: n=0

I: n=0

Patients
with AEs

Bitter taste, loose stool
and abdominal discomfort
(no. ns)

Mild diarrhea (n=3;4 (I;C)),
abdominal pain (n=2;2),
mouth burning (n=1;0)

Mild diarrhea (n=3), taste
disturbances (n=1)

Dyspepsia (n=3), metallic
taste (n=1), tongue
numbness (n=1), headache
(n=1)

Bitterness of taste (n=7),
abdominal fullness (n=2),
headache (n=1), diarrhea
(n=1)

-

Epigastric pain (n=1),
arthralgia (n=1), HE (n=1)

-

AEs reported with PPI
intervention

NS

I: 0/41
C: 0/42

I: 0/30

I: 6/20

I: 0/19
C: 0/11

-

I: 0/12

-

Discontinuation

Type of PPI
unknown
AEs not specific
for PPI

No randomization in dosing of
omeprazole (-)
AEs not specific
for PPI

AEs not specific
for PPI

Severity of cirrhosis
not unknown
AEs not specific
for PPI

Severity of cirrhosis
unknown

Remarks
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4

4

4

4

4

[53]

[54]

[55]

[31]

[56]

Historically
controlled PK
study

Historically
controlled PK
study

Case-report

Case-report

Case-report

Study design

Cirrhosis

Cirrhosis

Cirrhosis

Cirrhosis

Cirrhosis

Patients

40 mg/d PANT for 4 days,
followed by dosing on
2 alternate days (n=21;
0/13/9)

40 mg/d ESOM OD for
5 days
(n=12; 4/4/4)

First: LANS 30 mg/d,
Second: OME
(n=1; CTP B)

LANS
(n=1)

Switch from 20 mg ESO for
1 month to LANS PO (n=1)

Intervention
(n; CTP A/B/C)

Slow CYP2C19
metabolizers
receiving same
treatment (n=17)

Literature controls
receiving same
treatment (n=36)

-

-

-

Control
(n; CTP A/B/C)

I: n=7 (33%)
(CTP B/C
4/3)

I: n=3 (25%)

I: n=1

I: n=1

I: n=1

Patients
with AEs

CTP B: headache (n=2),
accidental injury, peripheral
edema, upper respiratory
infection and skin disorder
(all n=1)
CTP C: ascites, vomiting,
weight loss, joint disorder,
HE (all n=1)

Constipation (n=1), diarrhea
(n=1), HE (n=1)

Tremors, confusion (with
both PPIs, also after
rechallenge)

DRESS syndrome

Anaphylactic reaction

AEs reported with PPI
intervention

I: 2/21 (both
CTP C)

I: 1/12 (HE)

I: 1/1

Patient died

I: 1/1

Discontinuation

No safety data of
controls

No safety data of
controls

No dose described
of OME

Abstract
No dose described

No dose described
of LANS

Remarks

AE, adverse event; AP, alkaline phosphatase; BID, twice daily; C, control; CTP, Child-Pugh classification; ESO, esomeprazole; EVL, endoscopic variceal ligation; HE, hepatic encephalopathy; I,
intervention; IV, intravenous; LANS, lansoprazole; LoE: level of evidence; NA, not applicable; NS, not specified; OD, once daily; OME, omeprazole; PANT, pantoprazole; PK, pharmacokinetic; PO, per
os; PPI, proton pump inhibitor; RAB, rabeprazole; Ref, reference; TID, three times daily; ү-GT, ү-glutamyl transpeptidase.

LoE

Ref
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Lansoprazole
Pharmacokinetics of lansoprazole were explored in four articles (level 3 and 4) with a total
of 38 cirrhotic patients [32, 33, 60, 61]. In a single-dose study, the AUC was more than
fourfold higher in compensated and in decompensated cirrhotics compared to healthy
controls (Table 4) [32]. A modelling study also predicted increased exposure, especially in
CTP C patients [33]. The FDA label [24] described an increment in the AUC of up to 500% in
patients with various degrees of hepatic impairment, while the Dutch product information
[23] mentioned a doubling in AUC in mild hepatic impairment and a higher increase in
moderate to severe hepatic impairment (Table 3). The FDA label and three studies describe
a prolongation of the half-life from 1.5 h in healthy subjects to 6–7 h in cirrhotics [24, 32,
60, 61].
In three case reports and one other study (level 3 and 4) the safety of lansoprazole was
explored in a total of 33 cirrhotic patients (Table 5) [50, 53–55]. In the case reports severe AEs
happened that were probably caused by lansoprazole (i.e. DRESS syndrome, anaphylactic
reaction and neurological adverse events) [53–55]. In the fourth study, only mild AEs
occurred during two weeks of treatment [50].
Expert judgement
For all CTP classes lansoprazole is classified as ‘unsafe’, based on the marked increase
in exposure compared to healthy controls and the availability of PPIs without these
pharmacokinetic changes. It is recommended to avoid the use of lansoprazole in patients
with cirrhosis.

Pantoprazole
We identified six pharmacokinetic studies (level 3 and 4) with pantoprazole in 77 cirrhotic
patients (Table 4) [33, 38, 39, 56, 60, 62]. In two multiple-dose studies, the AUC was fiveto sevenfold higher in patients with cirrhosis compared to healthy controls after oral
and intravenous dosing. The same increase is described in the product information of
pantoprazole (Table 3) [27, 28]. Another article found a similar exposure to pantoprazole for
patients with CTP B and CTP C cirrhosis and controls who were slow CYP2C19 metabolizers
[56]. When comparing these data with healthy controls, the AUC was five times higher in
the cirrhotic patients. A modelling study predicted the same increases in exposure [33]. In
healthy persons, pantoprazole has an elimination half-life of approximately 1 h. Five studies
found an elimination half-life of 7–9 h in patients with cirrhosis [38, 39, 56, 60, 62].
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Three articles (level 2, 3 and 4) studied the safety of pantoprazole in 101 patients with
cirrhosis (Table 5) [41, 43, 56]. Pantoprazole was mostly well tolerated. In one study, a CTP
C patient developed HE and in a randomized trial two patients suffered from fever possibly
related to PPI use [41, 56].
Expert judgement
For all CTP classes, pantoprazole is classified as ‘unsafe’, based on the marked increase in
exposure and prolonged half-life, which cannot be corrected by dose reduction. Since
there are alternatives without these large increases in exposure, we would recommend
avoiding the use of pantoprazole in cirrhotic patients.

Rabeprazole
Two pharmacokinetic studies (level 3 and 4) were retrieved including 10 cirrhotic patients
(Table 4) [33, 40]. Exposure to rabeprazole more than doubled in patients with compensated
cirrhosis compared to healthy controls [40]. In a modelling study this was also predicted for
CTP A cirrhosis, while exposure increased more than threefold in CTP B and fivefold in CTP
C cirrhosis [33]. In an article described in the product information (Table 3), there was no
accumulation of rabeprazole after multiple doses in patients with CTP A and B [29, 30]. The
intragastric pH was comparable between cirrhotics and healthy controls. Rabeprazole has
an elimination half-life of 1 h, prolonging to almost 4 h in cirrhotics after a single dose and
to 12 h after multiple dosing [40].
Three articles (level 2 and 3) studied the safety of rabeprazole in 101 cirrhotics (Table 5)
[40, 42, 45]. In two, rabeprazole was well tolerated with only mild adverse events [40, 42].
In a post-marketing surveillance study, nine of 70 patients with cirrhosis (13%) suffered an
AE [45]. These were severe in two (one HE and one serious elevation in bilirubin), both
recovered after discontinuation.
Expert judgement
For CTP A and B patients, rabeprazole is classified as ‘no additional risks known’ and a
starting dose of 10 mg is recommended, based on the doubled exposure. In CTP B patients,
maintaining the 10 mg dose level is advised. As there are no clinical data from CTP C
patients and a modelling study predicted an increase in AUC of more than fivefold, it is,
again, advised to use a PPI without these large changes and rabeprazole is classified as
‘unsafe’ in CTP C patients.
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Safety of PPIs as group
Thirty-seven articles studied the safety of PPIs as a group in patients with cirrhosis (Appendix
1) [6–8, 11, 63–95]. These studies mostly focused on the risk of spontaneous bacterial
peritonitis or infections in general. A few recent ones also examined the risk of HE.
Risk of spontaneous bacterial peritonitis
Twenty-four observational studies (level 3 and 4) [6, 69–73, 75, 76, 78, 79, 81–90, 92–95]
and seven systematic reviews (level 2) [7, 63–68] explored the risk of spontaneous bacterial
peritonitis with PPI use in cirrhotics. All meta-analyses detected a significant association
between PPI use and the development of spontaneous bacterial peritonitis [7, 63–67].
These meta-analyses included at least four studies [67] and at most 17 [65]. Heterogeneity
was high in some meta-analyses, the meta-analysis of Trikudanathan et al. [67] had the
lowest heterogeneity (22%) and found an odds ratio of 2.77 [95% confidence interval (CI)
1.82–4.23]. In the meta-analysis of Yu and colleagues, a sub-analysis of only the cohort
studies retrieved an odds ratio of 1.18 (95% CI 0.99–1.41) without heterogeneity (0%) [64].
No meta-analysis incorporated dose or duration of PPI therapy in their risk calculation. Of
the observational studies, four specifically investigated the duration of therapy. In three, a
longer duration of PPI use was linked to a higher risk of spontaneous bacterial peritonitis
[71, 82, 90], while in the other, no such relation was found [72]. Four additional studies
specified the dose used by cirrhotics [78, 84, 92, 93]. One found a higher risk with twice daily
dosing versus once daily dosing [93], while two others did not [84, 92]. The fourth study
compared the risk between a half PPI dose and a full dose and did not find a difference [78].
Risk of infections
In 11 observational studies (level 3 and 4) and two systematic reviews (level 2) the risk of
bacterial infection with PPI use in cirrhotics was determined [11, 65, 68, 72–75, 77, 79–81,
87, 91]. In the meta-analysis of Xu et al. [65], the odds ratio for bacterial infection was 1.98
(95% CI 1.36–2.87, heterogeneity 0%). Two studies also calculated the dose-dependent risk
of infections [81, 87]. One of these did not find differences in dose between patients who
developed an infection and patients who did not [81]. The other noted more AEs with an
inadequate dosed PPI (too high or contra-indicated) [87].
Risk of HE
Six observational studies (level 3, 4) looked at the risk of HE with the use of PPIs [6, 8, 69–72].
Four found an increased risk of HE with PPI use in cirrhotics [6, 8, 69, 70], while two did not
[71, 72]. The case–control study of Tsai and colleagues [8] provided sub-analyses per PPI
and per dose and duration of treatment. They found a positive relationship between HE risk
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and cumulative defined daily doses. The highest risk was found for pantoprazole, followed
by lansoprazole, omeprazole and esomeprazole. The risk of HE with rabeprazole was not
statistically significant but had the largest confidence interval due to a low number of users.
Expert judgement
There is conflicting data for all outcomes of interest. Only one study provided sub-analyses
for the risk of HE per PPI. Based on these results, it is possible that pharmacokinetic alterations
contributed to an increased risk. We advise to cautiously use PPIs in cirrhotics and monitor
for these AEs during treatment.

Implementation and continuity
The practical guidance on PPIs has been implemented in the two national drug databases
in the Netherlands in 2017. The first update is planned for 2022.

Discussion
We developed practical guidance for the safe use of PPIs in patients with cirrhosis based
on the product information, literature and expert opinion. Our results show that relevant
changes in pharmacokinetics occur due to cirrhosis. Based on the available evidence, we
recommend esomeprazole, omeprazole and rabeprazole for use in patients with CTP A and
B cirrhosis. In CTP C cirrhosis, we recommend to prescribe only esomeprazole whereas the
use of lansoprazole and pantoprazole in all patients with cirrhosis is discouraged because
of increased exposure compared to non-cirrhotics.
Our advice is based on evidence from both the pharmacokinetic and safety literatures.
We found no studies that combined pharmacokinetic data with pharmacodynamic data.
Literature shows that the AUC is the best pharmacokinetic parameter predicting gastric
acid suppression [14, 15]. The main question is whether increased acid suppression is a
safety risk for patients with cirrhosis, an issue that is virtually not covered in the product
information. In the included studies, most AEs were mild, but there were cases of HE that
were attributed to PPI use. However, the causality is unclear since HE is a central feature of
advanced cirrhosis. Almost all of these events occurred in patients on a relatively high dose
or in patients with advanced cirrhosis. Some articles examining the safety of PPIs as a group
also assessed dose-dependent safety [8, 78, 81, 84, 87, 92, 93]. Results were conflicting.
One study performed a sub-analysis for assessing the risk of HE per PPI [8]. They found
the highest risk of HE with pantoprazole and no significant risk with rabeprazole. The risk
of HE for the remaining PPIs was comparable. An important consideration for the expert
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panel was not to expose cirrhotic patients to unnecessary risks. Highly increased exposure
was considered a safety risk when used in non-acute settings; hence for daily practice we
discourage the oral use of lansoprazole and pantoprazole in cirrhosis and recommend the
use of PPIs without these large increases, such as esomeprazole.
Our results demonstrate major pharmacokinetic alterations in patients with cirrhosis
compared to healthy controls. Although maximum plasma concentrations were often
comparable between cirrhotics and healthy controls, the exposure (AUC) and elimination
half-life differed to a great extent between the two groups. All PPIs are metabolised by
CYP2C19 and to a lesser extent by CYP3A4. CYP2C19 is very sensitive to impairment of liver
function [96]. Reduced activity of CYP2C19 is probably the most important cause of the
observed pharmacokinetic changes. There were also significant differences found between
PPIs. The changes in pharmacokinetics were largest for lansoprazole and pantoprazole.
Both have a low hepatic extraction ratio, while the other PPIs have an intermediate hepatic
extraction ratio [13, 31]. In contrast to drugs with an intermediate hepatic extraction ratio,
hepatic clearance of drugs with a low hepatic extraction ratio is mostly dependent on
intrinsic metabolic clearance (i.e. activity of metabolizing enzymes) and on protein binding.
Drugs with a low hepatic extraction ratio are therefore most vulnerable to changes in
the activity of hepatic metabolizing enzymes and in protein binding [13]. Esomeprazole
pharmacokinetics seemed to be least influenced by cirrhosis. It is remarkable that results of
esomeprazole and omeprazole differ. This can be explained by differences in metabolism
between the S-enantiomer and the R-enantiomer of omeprazole, as the S-enantiomer
(esomeprazole) is metabolized to a lesser extent by CYP2C19 than the R-enantiomer [97].
Pharmacogenetic studies with PPIs in healthy volunteers also showed that exposure of
esomeprazole is least affected by CYP2C19 polymorphisms compared to other PPIs [98, 99].
The literature search identified many studies that determine the risk of HE, spontaneous
bacterial peritonitis and/or infections in patients with cirrhosis using PPIs. Most of these
were observational and cross-sectional by design and provide conflicting results. The
nature and quality of the data do not allow a formal meta-analysis, which precluded a direct
comparison. Cautious use of PPIs in these patients is recommended by most authors. Of
note is that only one of the 37 studies examined safety risks for each individual PPI, while
eight did investigate whether safety risks were dose-dependent. In our opinion, a subanalysis on the dose-dependency of the risk of HE or infections cannot be calculated in the
absence of pharmacokinetic data. For further studies, determining the risk of spontaneous
bacterial peritonitis, HE or infections for each PPI would be advisable.
A strength of our study is that we are not only reviewing the literature, but also developing
practical guidance for health care professionals by combining literature and registration
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information with expert opinion. For some outcomes (e.g. pharmacokinetics in CTP
C patients), our recommendations are limited by the few studies available. Therefore,
continuous update of data and advice is warranted. Another strength is that the method
used for combining all these data has been peer-reviewed and published [16]. A limitation
of this method is that a number of steps were performed by a single author (RW). The most
critical steps (i.e. data synthesis, advice formulation) were however, double checked by a
second person (SB). Interpretation of the findings, discussion and conclusion was in all cases
done by a multidisciplinary expert panel.
We provided safety and dosing guidance for the oral use of PPIs in patients with cirrhosis
which can be applied in daily practice. The pharmacokinetic properties of PPIs are affected
by the presence of cirrhosis. The combination of pharmacokinetic and safety data used in
this study is unique and sheds new light on the current discussion about the safety of PPIs
in patients with cirrhosis.
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analyzed separately, PPI therapy continued to be associated with a threefold increase in risk for SBP
(OR: 2.89; 95% CI 1.81–4.64, P<0.0001) with lower heterogeneity (I2=33%).
The use of PPI would result in a number needed to harm of 9 (95% CI 6-17) for one episode of SBP.

Meta-analysis of PPI usage data showed a significantly higher risk of SBP in patients on PPI compared
with SBP patients with no PPI (OR 3.15, CI 2.09–4.74, P<0.00001). There was moderate heterogeneity
across included studies (I2=57%). When only moderate-high quality studies (NOS score ≥5, n=6) were

The pooled OR for all 14 studies was 2.32; 95% CI: 1.57–3.42 (P< 0.0001; I2=82%). For the case–control
studies, the pooled OR (95% CI) was 2.52 (1.71–3.71; P< 0.00001; I2=16%). For cohort studies, the
pooled OR was 2.18 (1.24–3.82, P< 0.0001 I2= 89%). When only fully peer-reviewed, published studies
were included in the cohort subgroup, the pooled OR was only 1.49 (95% CI 1.15–1.95, P=0.003;
I2=27%). Subgroup analysis was also carried out separately for high-quality and moderate-quality
studies. The pooled OR for high-quality studies was 1.49 (95% CI 1.19–1.88, P=0.0006; I2=21%), and
the pooled OR for moderate quality studies was 3.35 (95% CI 2.25–4.98, P<0.0001; I2=45%).
There is only very low-quality evidence per the GRADE approach in favor of this association.
From the pooled data of the 5 studies examined H2RA use, the OR was 1.93; 95% CI: 1.15–3.24
(P=0.01; I2=0%).

infection (OR=1.98, 95%CI=1.36-2.87, I2=0%).
Subgroup analyses of abstracts, PC studies, South American population and of unadjusted ORs were
not statistically significant
A standard dose increased the risk of SBP in one study (Min 2014), but another study found no
differences in PPI dose and overall risk of infections (van Vlerken 2012).

The pooled data showed a significant association between PPI use and risk of SBP in patients with
cirrhosis and ascites (OR = 2.17; 95%CI = 1.46-3.23; P < 0.05, I2=85.6%) and overall risk of bacterial

The harmful association was limited to the 10 case–control studies (OR=2.97, 95% CI: 2.06–4.26,
P<0.00001, I2=65%). The data from 6 cohort studies demonstrated a non-significant trend towards
deve-loping SBP in PPI users (OR=1.18, 95% CI:0.99–1.41, P=0.07, I2= 0%).

PPI use was significantly associated with risk of SBP (OR=2.11, 95% CI: 1.46–3.06, P<0.0001), with
significant heterogeneity across studies (I2= 85%, P<0.00001).

The incidence of SBP of PPI groups was significantly higher than non-PPI groups after administering
PPI (OR=2.04, 95% CI 1.56-2.69, P < 0.00001). The heterogeneity was P ≤ 0.1, I2= 49%.
Through analyzing the subgroup in different study areas, the result showed that there was
significantly higher incidence of SBP in patients used PPI in Asian and American population, but not
in European patients. There was no heterogeneity in Asian patients.
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88 users of PPIs developed a first time HE episode versus 101 nonusers. The users’ HE episodes were
more severe: 55% was overt vs. 43% of HE episodes in nonusers. Without confounder adjustment,
the HR of a first time HE episode for current PPI users versus current nonusers was 1.50 (95% CI 1.121.99). With confounding adjustment, it was 1.36 (1.01-1.84). The HR for the 92 episodes of overt HE
was higher: 1.88 (1.21-1.92).
43 patients in each group developed SBP, the adjusted HR of SBP for PPI users vs nonusers was 1.72
(1.10-2.69).

30 PPI takers had a previous episode of HE vs. 10 of non-PPI takers (p<0.001). A previous episode of
SBP did not differ between groups.
Logistic regression analysis revealed that previous hepatic encephalopathy (OR 4.383, 95% CI
1.848–10.397, P=0.001) was independently related with PPIs use.

The safety profile of PPIs is excellent for short use and includes headache, abdominal pain, nausea,
and vomiting. Concerns have been raised about pneumonia, Clostridium difficile infection, fractures,
low magnesium, vitamin B12 levels, etc. Many included studies did not incorporate AEs as an
endpoint or were underpowered to detect safety issues of PPIs in GEV.
There are studies addressing the risk of SBP with PPIs in patients with cirrhosis. In the review article
by Siple et al, 6 of the included studies found positive association of PPI use and SBP, whereas 2 did
not. A meta-analysis included some of these trials and reported an OR of 2.77 (1.82-4.23). A recent
retrospective analysis of SBP in patients with cirrhosis found PPI use (OR=2.44;1.07-5.68; P=0.03) to
be a predictor of SBP. Increased SBP rate was also observed with higher dose and longer duration
of PPI use.
A study also examined the association of C. difficile infection with PPIs in cirrhosis and reported an
OR of 37.6 (6.22- 227.6). Notably, all these studies are based on retrospective data, and some are
conference abstracts.

indeed relatively homogeneous.

A significant association was found between the use of PPI and the development of SBP (OR 2.77,
95% CI 1.82–4.23).
Three of the four studies showed a significant association, whereas one did not.
The resultant I2 value was 0.22 (22%), indicating that the four studies used in this analysis were
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End-stage
liver disease
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transplantation

Patients

PPI use
(n=213;
CTP A/B/C
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admission
(n=95; CTP B/C
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(n=1870)
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No PPI use
(n=92; mean
MELD score
17.5)

Control

213 (78.3%) of 272 patients received PPI, namely omeprazole, esomeprazole or pantoprazole in a
daily dose of 20–200 mg.
A statistical trend for a higher number of infectious complications at the day of study inclusion in
patients taking PPI was observed (35.2% vs. 22.0%, P=0.056).
PPI-treated patients were colonized more frequently with MDR bacteria than patients without PPI
treatment (n=27 (12.7%) vs. n=1 (1.7%), P=0.014). However, no significant difference was found in
multivariate analysis (p=0.091)
MELD score and ascites were independently associated with PPI treatment.

In the patients without SBP, PPI consumption within the previous 3 months was 42% (121/289). In
the patients with SBP, this was 46.3% (44/95 patients). These values were not significantly different.
The SBP rate in the patients with less than 2 weeks of PPI administration was 26.6%, and the SBP rate
in patients with PPI intake lasting between 2 and 4 weeks was 22.8% and the SBP rate in patients
with more than 4 weeks of PPI use was 23.1%. There were no significant differences in these values.
The rate of hepatic encephalopathy at admission was not significant different between PPI users and
non-users. Regarding bacterial infection, other than SBP, the number of patients using or not using
PPI was similar.

The overall incidences of SBP were 16.8 and 9.80 per 1000 person-years in the PPI and control
cohorts, respectively. After adjustment for age, sex, and comorbidities, the adjusted HR (aHR) of SBP
during the follow-up period was 1.16 (95% CI, 0.72–1.86) fold higher in the PPI cohort than in the
control cohort; the results were non-significant.
The incidence of SBP decreased with the follow-up duration. The duration of acid-suppressive
therapy was stratified into short-term (≤90 days), mid-term (91–180 days), and long-term (>180 days)
categories; PPI used for >180 cumulative days was associated with a higher risk of SBP (aHR=2.28,
95% CI, 1.37–3.78). HE was diagnosed before the index date in 21.5% of PPI group vs. 31.9% of the
control group (p<0.001). The incidences were 28.2 and 21.4 per 1000 person-years in PPI and control
cohort (aHR= 0.97 (0.45, 2.10)).

Omeprazole was the most commonly prescribed, followed by lansoprazole, esomeprazole and
pantoprazole. 84 of 114 (73.7%) PPI prescriptions had no documented indication for prescription.
During assessment, patients with a PPI prescription were more likely to suffer from ascites and
encephalopathy. There was no association between PPI prescription and whether varices or SBP
were present on assessment. Prior to assessment, patients with a PPI prescription were more likely to
have experienced a variceal bleed, HE or SBP.
HE was a significant variable in logistic regression. Patients who had HE at the time of assessment
were 2.7 times more likely to be on PPI therapy.
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16.5% of entire cohort received a PPI, either at inclusion or during follow-up. Among them,
46 (17.6%) developed a first infection vs. 109 (8.2%) in patients without a PPI prescription,
corresponding to a hazard ratio of 1.71 (95%CI 1.21-2.43, p=0.003). In multivariate analysis the HR was
1.45 (1.00-2.13).

SBP developed in 34/151 patients using PPIs (22.5%) and in 23/107 not using PPIs (21.5%, p=0.176).
A multivariate analysis was performed and showed that only the CTP score was independently
associated with the incidence of SBP in cirrhotic outpatients.

Most (86%) were taking PPIs at a ‘standard dosage’.
PPI users had a higher prevalence of infections (39% vs. 26% resp.) despite a trend toward a better
liver function. In a Cox multivariate analysis, we identified Child-Pugh C (P<0.001; OR 5; 95% CI:
2.6–9.9) and chronic PPI use (P=0.008; OR 2 95%CI 1.2–3.2) as factors independently associated with
the development of infections.
PPIs failed to influence the site of infection and the epidemiology (community-acquired, healthcareassociated and hospital-acquired infections).

Use of PPIs was not significantly related to the occurrence of all types of subsequent infections (i.e.,
healthcare-associated (n=120), hospital-acquired (n=66), and community-acquired (n=57)), in our
cohort.
Use of PPIs was more common in hospital-acquired vs. healthcare-associated vs communityacquired infections (80% vs 64% vs 44%; P<.001).

Patients with subsequent infections had a higher rate of PPI (72.6% vs 52.9%; P=0.006) use
The multivariate stepwise logistic regression model showed that PPI use (OR 2.72; 95%CI 1.30–5.71)
was an independent predictors of subsequent infections after forcing MELD (OR 1.02; 95% CI
0.96–1.07) into the model.
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Drug used was pantoprazole/omeprazole in 51 patients and ranitidine in 1 patient. Most were on a
once-daily dosing regimen (n=42, 82%) and used a daily dose of 40 mg (n=44, 86%).
24 patients developed a bacterial infection (n=9 SBP). 17 patients (71%) used a PPI at the time
of infection, compared with 34 patients (57%) in the no infection group (P=0.23). There were no
differences in doses of acid-suppressive drugs between patients with infection and those without
infection. Median duration of PPI use at the time of infection was 16 months (IQR 2–44 months).
In univariate survival analysis, patients who used a PPI tended to develop an infection more
frequently than patients without (P=0.11). In multivariate Cox regression analysis, PPI use was not an
independent predictor of bacterial infection (HR 1.2, 95%CI 0.5–3.0, P=0.72) after correction for CTP
class (HR 3.6, 95%CI 1.5–8.7, P=0.004) and age (HR 1.05, 95%CI 1.01–1.09, P=0.02).
In multivariate analysis, CTP B⁄C was an independent predictor of SBP (HR 6.1, 95%CI 1.2–30.7,
P=0.03), whereas PPI use was not (HR 1.8, 95%CI 0.4–9.1, P=0.46).

The majority of patients in the new PPI user group were on omeprazole (73%). The rest were on
rabeprazole (23%), lansoprazole (2%) or pantoprazole (1%).
For serious infections, PPI users developed the outcome at a rate 1.66 times that of non-users (95%
CI: 1.31–2.12). For acid suppression-related serious infections, PPI users developed the outcome at a
rate 1.75 times faster than nonusers (95% CI: 1.32–2.34).

The proportion of patients with SBP at the first paracentesis was comparable between the PPI (19%)
and no-PPI (17%; P=0.691) group. In multivariate analysis, neither PPI treatment (OR: 1.11, 95%CI:
0.602–2.061; P= 0.731) nor any other covariate were associated with SBP prevalence.
There was a trend toward a higher proportion of patients with systemic infections other than SBP at
the first paracentesis in the PPI group (PPI: 6% vs. no-PPI: 1%; P= 0.072). When considering both SBP
and other systemic infections as a combined event, prevalence rates were comparable.

During a follow-up of 684 person-years and 1000 person-years, 74 and 60 patients had SBP in the PPI
and non-PPI groups resp. The calculated annual SBP incidence rates in the PPI and non-PPI group
were 10.8% and 6.0% respectively. The cumulative SBP incidence rate was higher in the PPI group
than in the non-PPI group (P=0.038).
Multivariate analysis revealed that male gender, CTP score, serum sodium and PPI use (HR 1.396;
95%CI: 1.057–1.843, P=0.019) were independent risk factors for SBP development.
In patients with SBP, the mean duration of PPI use was 74.4 ± 88.8 days. A standard dose was used
by 188 (36.7%), the rest used a half dose. According to multivariate analysis in the PPI group, PPI dose
was not an independent risk factor for SBP (standard vs. half dose, HR 2.184, 95% CI 0.935–5.103,
P=0.071).
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PPIs were used in 16/18 patients with SBP and 27/47 patients without SBP (p=0.002).
Lansoprazole was used by 34 patients, rabeprazole by 6 and omeprazole by 3. The frequency of
treatment with these 3 PPIs was comparable between the 2 groups.
The majority of patients, (13 and 21 resp.) received PPIs for more than 90 days (p=0.97). The
multivariate analysis using a logistic regression model identified INR and PPI use (OR=6.41,
95%CI=1.16-35.7, p=0.033) to be independent risk factors for developing SBP.

Among the patients with SBP, the proportion taking PPIs before admission was 61% vs. 42% in those
without SBP (P=0.03).
No significant differences were observed for PPI dosage (standard vs. double dosing) and overall
indications between the two groups.
On multivariate analysis, PPI use was the only factor independently associated with the occurrence
of SBP (OR 2.09 [95% CI 1.04-4.23]; P=0.04).

Among SBP patients 62 used PPIs within the ≤7 days before admission and 21 in the 8-30 days,
among control group this was 37 vs. 10 (p<0.001).
PPI use within the previous 7 days (aOR 2.095; 95% CI 1.330–3.330; P=0.001) and PPI use within 8–30
days of admission (aOR 2.866; 95% CI 1.302–6.307; P=0.009) were associated with an increased risk
of developing SBP.

The crude RR associating current drug use with SBP was 8.12 (95%CI: 5.97–11.04) for PPIs as
compared with nonusers. Adjustment for potential confounders attenuated the RR to 2.77 (95%CI
1.90–4.04) for PPIs. Recent use of PPIs was associated with lower risk for SBP (adjusted RR 2.20, 95% CI
1.60–3.02) as compared with the current use of PPIs.
Multivariate analysis showed the risk of SBP increased from light (<7 cumulative days) to moderate
(7–30 cumulative days) to heavy-use (> 30 cumulative days) categories for both PPI (trend P=0.001).

Prolonged PPI use was identified more frequently in cirrhotic patients with HE occurrence than in the
patients without HE (cDDD≤30, 30< cDDD≤120, 120< cDDD≤ 365, and cDDD> 365: 61.8%, 17.3%,
14.4%, and 6.4% vs. 78.7%, 11.4%, 8.0%, and 1.9%, p<0.001). The mean cDDD of PPIs was higher in
patients with HE then without.
All 4 models after logistic regression demonstrated a consistent dose-dependent relationship
between PPI use and HE risk. When adjusted with all potential confounding factors, there was a
dose-dependent risk of HE among PPI users in cirrhotic patients. (cDDD>365 vs. 120<cDDD≤ 365
vs. 30<cDDD≤120 vs. cDDD≤30 (OR [95% CI]): 3.01 [1.78-5.10] vs. 1.51 [1.11-2.06] vs. 1.41 [1.09-1.84]
vs. 1). Stratified by each individual PPI, the use of pantoprazole (2.05 [1.39-3.03]), lansoprazole (1.40
[1.05-1.87]), omeprazole (1.38 [1.03-1.96]), esomeprazole (1.35 [1.01-1.71]), but not rabeprazole (1.43
[0.87-2.34]), were associated with an elevated risk of subsequent HE.
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(n=83; CTP
B/C 25/58)

Cirrhosis +
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(n=65; CTP
B/C 26/39)

Cirrhosis
(n=400;
CTP A/B/C
70/157/173)

Cirrhosis +
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median CTP
score 10)

Patients

-

PPI use

PPI use (n=464)

PPI use

Assessment of
adverse drug
reactions

PPI use

Intervention

Cirrhosis
(n=108; CTP
A+B/C 58/50)

Cirrhosis +
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(n=525)
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CTP B/C
34/31)

-
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SBP (n=65;
median CTP
score 9)

Control

PPI use was significantly higher in the C. difficile -positive cirrhotic group (40/54, 74%) compared to
cirrhotic patients without C. difficile (38/108, 35%; P=0.0001).
On multivariate logistic regression, only inpatient antibiotic and outpatient PPI use (OR: 37.6 95% CI:
6.22 – 227.6, p=0.0005) were significantly associated with C. difficile infection.

The median durations of PPI use are 91 days in the SBP group and 29 days in the non-SBP group
(p=0.094). Most used rabeprazole (11 vs. 5), pantoprazole (4 vs. 0) or esomeprazole (0 vs. 1).
Patients with SBP had a higher rate of PPI use (18.1% vs. 6.5%, p=0.018) than the subjects without
SBP. The risk factors for SBP, by multivariate analysis, were CTP C, MELD ≥20 and PPI use (OR=3.443,
95% CI 1.164–10.188; p=0.025).

307 patients developed SBP of which 140 used a PPI.
Logistic regression analysis revealed no association between PPI use and SBP (OR: 0.94 95%CI 0.691.29).

Patients in the SBP group had a significantly higher incidence of PPI use in the previous 7 days (71%)
compared with controls (42%) (P<.001).
On multivariable analysis, subjects who did not use PPIs in the past 90 days were almost 70% less
likely to have SBP compared with those using PPIs in the previous 7 days (OR=0.29; 95%CI: 0.13– 0.68;
P=.005). In addition, patients who used a PPI in the previous 90 days but not within 7 days before
hospitalization had 79% less likelihood of having SBP than those using a PPI in the previous 7 days.
There was no significant difference between using no PPIs in the previous 90 days versus using a PPI
in the previous 8 to 90 days, but not in the previous 7 days (P= .58).

All drugs contraindicated or prescribed in a dose not corresponding to an internal database were
considered as “inadequately dosed drugs”.
Patients using PPIs suffered more frequently from SBP or Clostridium difficile infection than patients
not taking PPIs (7.8 vs. 4.9 %, resp.). Additionally, inadequately dosed PPIs were more frequently
associated with such infections than adequately dosed PPIs (8.9 vs. 6.3 %, resp.). Six hospitalizations
were due to SBP (n=2 for esomeprazole, omeprazole and pantoprazole) or Clostridium difficile
infection (n=1 for esomeprazole and omeprazole) associated with inadequately dosed PPIs.

25 patients (49%) from the SBP group used PPIs and 13 of the control group (25%); p=0.014).
In multivariate analysis, PPI use did not emerge as a significant parameter associated with SBP (P =
0.1).
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There were 385 cases of SBP. The OR for SBP while on PPIs was 5.2 (95%CI 4.0-6.8, p<0.0001). The
number needed to harm was 5.5 for one episode of SBP.

Rates of PPI use were similar between those with and without SBP; 41% of SBP patients and 36% of
subjects without SBP were taking PPIs.
The crude ORs for the development of SBP among PPI users versus non-users was 1.22 [95% CI: 0.52,
2.87], P=0.64. After adjusting for race, the ORs for SBP among PPI users was 1.05 (95%CI: 0.43, 2.57),
P=0.91.

The OR for SBP while on PPIs was 3.18 (95%CI 1.86-5.43) for crude analysis and 4.24 (2.19-8.20) for
multiple logistic regression.
Dose response was noted with single vs. double daily dosing of PPI (4.18 vs. 10.80 multiple logistic
regression).

Among patients with SBP, the proportion of patients taking PPI prior to admission was 69%,
compared with only 31% in cirrhotic patients without SBP, this difference was highly significant
(P=0.0001).
No significant differences were observed between SBP and non-SBP patients with regard to
frequency of PPI dosage (daily vs. twice daily).
PPI use was the only factor in multivariate analysis associated with SBP (P=0.003, OR 4.31, 95%CI
1.34–11.7) whereas as expected a high ascitic fluid protein content was protective.
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2.3: Altered pharmacokinetics of statins explain increased
risk of rhabdomyolysis in advanced cirrhosis
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Sander D. Borgsteede
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Statin use in advanced cirrhosis

Dear Editors
Abraldes et al. [1] offer a new perspective on prevention of variceal bleeding. Their
multicenter clinical trial randomized 69 patients with cirrhosis to simvastatin (40 mg/d). Two
patients with advanced cirrhosis developed rhabdomyolysis during simvastatin therapy,
and this is higher than expected. In a large epidemiologic study, the average incidence
of rhabdomyolysis was 0.49 per 10,000 person-years of treatment with simvastatin [2].
The authors indicate that genetic variants that reduce the expression of organic anion
transporter (SLCO1B) are a risk factor for simvastatin-induced myopathy. It is unclear
whether SLCO1B polymorphisms have contributed to the occurrence of rhabdomyolysis
in these 2 patients, because genotyping data were not available. Although this hypothesis
is certainly attractive, we offer an alternative explanation and would like to focus on the
altered pharmacokinetics of statins in advanced cirrhosis.
Simvastatin is a drug with an extensive first-pass effect: <5% of a dose reaches the systemic
circulation as active metabolite. It is mainly metabolized by CYP3A4 and highly protein
bound (95%). Cirrhosis has a major impact on these pharmacokinetic parameters by
reducing the first-pass effect, protein binding, and hepatic clearance [3]. This can result
in increased plasma concentrations and a higher risk of adverse drug events, such as
rhabdomyolysis. The greatest alterations in pharmacokinetics are usually seen in patients
with the most advanced stage of liver cirrhosis (Child-Pugh C). Robust pharmacokinetic
studies with simvastatin in patients with cirrhosis are lacking, but there are data available on
other, hepatically cleared, statins [4,5]. The maximum plasma concentrations of rosuvastatin
and fluvastatin double in cirrhotics and the exposure (area under the curve) to fluvastatin
is increased by 2.5-fold [4,5]. Given the comparable chemical properties and molecular
structure of simvastatin with rosuvastatin and fluvastatin, we would also expect higher
plasma concentrations of simvastatin in patients with cirrhosis.
If we consider altered pharmacokinetics as explanation for the increased risk of adverse
drug events, this will influence the decision which statin is preferable in (advanced) liver
cirrhosis. Simvastatin is the statin that is widely used, with an acceptable safety profile
in compensated cirrhosis [6]. Because of the probability of altered pharmacokinetics, a
lower dose (20 mg) should be used in advanced cirrhosis. The authors offer atorvastatin as
alternative [1], yet atorvastatin should be avoided because the exposure is 5-fold increased
in patients with Child-Pugh A and 11-fold in patients with Child-Pugh B liver cirrhosis [7].
It is very difficult to adjust a dose for such extreme increases in exposure and the safety of
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the patient cannot be guaranteed. Indeed, atorvastatin-induced rhabdomyolysis has been
described in liver cirrhosis [8]. If an alternative statin is needed, rosuvastatin or fluvastatin
can be considered at a reduced dose [4,5].
In conclusion, although statins may offer therapeutic advantages in preventing rebleeding
of esophageal varices, their safety needs attention, particularly in those with advanced liver
cirrhosis. To develop safe therapeutic strategies, future efficacy studies should be combined
with pharmacokinetic studies in this population. Until further data are available, statins
should be started in a low dosage, and atorvastatin should be avoided in patients with
advanced cirrhosis. In fact, the National Lipid Association’s Statin Liver Safety Task Force
recommends decompensated cirrhosis or acute liver failure as a contraindication for statin
[9].
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Abstract
Introduction
Presence of liver cirrhosis can have a major impact on pharmacodynamics and
pharmacokinetics, but guidance for prescribing is lacking. The aim of this study is to provide
an overview of evidence-based recommendations developed for the safe use of drugs in
liver cirrhosis.

Methods
Recommendations were based on a systematic literature search combined with expert
opinion from a panel of 10 experts. The safety of each drug was classified as safe, no
additional risks known, additional risks known, unsafe, unknown or the safety class was
dependent on the severity of liver cirrhosis (Child-Pugh classification). If applicable, drugspecific dosing advice was provided. All recommendations were implemented in clinical
decision support systems and on a website.

Results
We formulated 218 recommendations for a total of 209 drugs. For nine drugs, two
recommendations were formulated for different administration routes or indications.
Drugs were classified as ‘safe’ in 29 recommendations (13.3%), ‘no additional risks known’
in 60 (27.5%), ‘additional risks known’ in 3 (1.4%) and ‘unsafe’ in 30 (13.8%). In 57 (26.1%)
of the recommendations, the safety depended on the severity of liver cirrhosis and it was
‘unknown’ in 39 (17.9%) recommendations. Large alterations in pharmacodynamics were
the main reason for classifying a drug as ‘unsafe’. For 67 drugs (31%) a dose adjustment was
needed.

Conclusions
Over 200 recommendations were developed for the safe use of drugs in patients with liver
cirrhosis. Implementing these recommendations into clinical practice can possibly enhance
medication safety in this vulnerable patient group.
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Introduction
Adverse drug reactions (ADRs) are an important cause of morbidity and mortality
worldwide [1, 2]. Patients with hepatic impairment have an increased risk of adverse
outcomes with drug use due to the pharmacokinetic and pharmacodynamic changes
occurring in liver disease [3, 4]. Most significant are the diminished first-pass effect caused
by altered liver blood flow and the decreased activity of drug-metabolizing enzymes. Both
result in a higher drug exposure and an increased risk of concentration-dependent ADRs.
Furthermore, pathophysiological changes in patients with hepatic impairment increase
the risk of specific ADRs, such as renal dysfunction or hepatic encephalopathy [5]. These
alterations are considered to be clinically relevant when the liver disease has progressed to
liver cirrhosis [3].
Almost 30% of patients with liver cirrhosis experience ADRs; 80% of the ADRs could
probably be prevented [6]. Choosing appropriate drugs and doses for these patients is
very important, especially because they often use multiple drugs [6, 7]. Practice guidelines
can support healthcare professionals in safe prescribing and can reduce the number of
inappropriate drug prescriptions, as seen in other patient populations such as older people
[8]. For patients with liver cirrhosis, literature regarding pharmacokinetic alterations for
several drugs is available [5, 9–12]; however, we were not aware of a publicly available
practice guideline providing recommendations on the safe use of specific drugs in liver
cirrhosis [13]. We therefore developed a systematic method to evaluate the safety and
dosing of medications to provide recommendations for safe drug use in patients with liver
cirrhosis [14]. The aim of this study is to provide an overview of the recommendations for
safe drug use for 209 drugs that have been evaluated.

Methods
In this study, we used our previously published method to evaluate the safety and dosing
of medications to provide recommendations for safe drug use in patients with liver cirrhosis
[14]. This method consists of six steps per drug, as described below. Overall, we evaluated
209 drugs, which were chosen because they were (1) often prescribed for complications of
liver cirrhosis, or (2) frequently used in the general population.
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Step 1: Collection of evidence
Data regarding the safety and pharmacokinetics of the drug of interest in patients with liver
cirrhosis were collected. This evidence was collected in the official Dutch and American
product information and in the literature. The literature searches for publications were
conducted in PubMed and EMBASE between January and October 2016, and no language
restrictions were applied. Studies were included if they related to patients with liver
cirrhosis taking the drug of interest and if they reported on outcome data on safety or
pharmacokinetics. Citation tracking was used in the Web of Science database to retrieve
additional relevant studies.

Step 2: Data extraction and presentation
The following data was extracted from the studies: study design, number and characteristics
of included patients and controls (e.g. severity of liver cirrhosis) and information on the
intervention. We extracted the following information on outcome(s):
•
•

Pharmacokinetics: pharmacokinetic parameters (e.g. area under the curve (AUC),
maximum plasma concentration (Cmax))
Safety: number and type of adverse events and data on discontinuation due to these
adverse events

Literature was presented in summary tables and sorted by level of evidence using the
classification of the Oxford Centre for Evidence-based Medicine [15]. All evidence was
included in an assessment report.

Step 3: Initial safety classification and dosing advice
The collected data were used to propose an initial safety classification and dosing advice if
applicable. The safety classification (Table 1) was designed to help healthcare professionals
efficiently judge the safety of a drug in liver cirrhosis. We added the classification ‘safety
class is dependent on severity of cirrhosis’ to the earlier developed classifications (see Table
1) [14]. Pharmacokinetic data were used for the dosing advice. In general, this was advised if
the AUC was more than doubled. If the pharmacokinetic alterations were so large that dose
reductions were unlikely to allow safe drug use, drugs were classified as ‘unsafe’. The dosing
advice could also depend on the severity of liver cirrhosis, expressed as Child-Pugh class (i.e.
Child-Pugh A, B or C) [16].
These first three steps were performed by a pharmacist with expertise in drug safety and
clinical decision support systems (CDSSs) (RW). Critical steps were verified by a second
pharmacist/epidemiologist (SB) and discussed with the expert panel in case of disagreement.
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Table 1. Safety classification with recommended actions, adapted from Weersink et al [14]
SAFE
Description: The drug has been evaluated in patients with cirrhosis, and no increase in harm was found
compared with persons without cirrhosis. The safety of the drug is supported by pharmacokinetic studies and/or
safety studies over a long period. It might be necessary to use an adjusted dose.
Action: This drug can be used by patients with cirrhosis.
NO ADDITIONAL RISKS KNOWN
Description: The limited data suggest that this drug does not increase harm in patients with cirrhosis in
comparison with persons without cirrhosis. It might be necessary to use an adjusted dose.
Action: The drug can be used in patients with cirrhosis. Adverse drug reactions need to be monitored.
ADDITIONAL RISKS KNOWN
Description: The limited data suggest an increase in patient harm in patients with cirrhosis compared with
persons without cirrhosis. However, the number of studies is limited and/or the studies show contradicting
results about the safety in patients with cirrhosis.
Action: This drug should preferably not be used in patients with cirrhosis if there is a safer alternative available.
Adverse drug reactions need to be monitored.
UNSAFE
Description: Data indicate this drug is not safe in patients with cirrhosis.
Action: This drug should be avoided in patients with cirrhosis.
UNKNOWN
Description: For this drug, insufficient data are available to evaluate the safety in patients with cirrhosis.
Action: This drug should preferably not be used in patients with cirrhosis if there is a safer alternative available.
Individual judgement of therapeutic need vs. additional risks in patients with cirrhosis. Adverse drug reactions
need to be monitored.
SAFETY CLASS IS DEPENDENT ON THE SEVERITY OF CIRRHOSIS
Description: The safety class and/or the dose adjustment of this drug depends on the severity of liver cirrhosis
of the patient, expressed by Child-Pugh class.
Action: Retrieve severity of liver cirrhosis (Child-Pugh class).

Step 4: Consensus of recommendations by an expert panel
An expert panel was composed consisting of 10 members with expertise in the treatment
of patients with liver cirrhosis, clinical pharmacology and/or evidence-based medicine.
The expert panel evaluated the validity and clinical relevance of the proposed safety
classification and dosing advice. The panel concluded by consensus. The final assessment
report consisted of the recommendations, supporting evidence and considerations of the
expert panel.

Step 5: Implementation
The recommendations were implemented in all relevant CDSSs in The Netherlands
(G-standard and Pharmabase), automatically reaching all pharmacists and numerous general
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practitioners. If an evaluated medicine was prescribed or dispensed to a patient marked
with contraindication ‘liver cirrhosis’, an alert was generated with a short recommendation.
Healthcare professionals were referred to a website for more information (http://www.
geneesmiddelenbijlevercirrose.nl). This free website also contained a part aimed at patients.

Step 6: Continuity
To ensure that recommendations remain up-to-date, the expert panel will meet yearly
to discuss new literature and comments from healthcare professionals and patients. If
necessary, recommendations will be updated.

Analyses
We determined the total number of recommendations for the 209 drugs evaluated. We
also determined the number of drugs per safety class and the number of drugs with
dosing advice. It is outside the scope of this paper to show the complete evidence-base
we gathered during evaluation of the 209 drugs. To give insight into the type and extent
of evidence available, we selected two drugs from every safety class. For these drugs, we
described the evidence supporting the classification. This consisted of the number of
pharmacokinetic and safety studies and the number of included patients with liver cirrhosis.
We also included information on whether the Summary of Product Characteristics (SmPC)
contained information on use of the drug in patients with liver cirrhosis.

Results
The safety of 209 drugs in patients with liver cirrhosis was evaluated. A total of 218
recommendations were formulated as nine drugs had a different recommendation
per route of administration or per indication. Figure 1 represents an overview of the
recommendations. Twenty-nine drugs were classified as ‘safe’ (13.3%), 60 as ‘no additional
risks known’ (27.5%), 3 as ‘additional risks known’ (1.4%), and 30 as ‘unsafe’ (13.8%). In 57
(26.1%) of the recommendations, safety depended on the severity of liver cirrhosis, and was
‘unknown’ in 39 (17.9%) recommendations. In Table 2, all recommendations are presented.
Table 3 shows examples of the evidence supporting the classification of two drugs per
safety class. Besides evidence from literature, the last column displays information from the
SmPC, which was often lacking or not specifically aimed at patients with liver cirrhosis. The
recommendations were successfully implemented in the relevant CDSSs in The Netherlands
and on a website.
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Safe
n=29 (13.3%)

No additional risks
known
n=60 (27.5%)

Additional risks
known
n=3 (1.4%)

Dose adjustment
n=3

Dose adjustment
n=27

Dose adjustment
n=1

Unsafe
n=30 (13.8%)

Unknown
n=39 (17.9%)

Safety class is dependent
on severity of cirrhosis
n=57 (26.1%)

Dose adjustment
n=3

Dose adjustment
n=33

Dosing advice

Safety class

Total

Total recommendations
n=218 (100%)

Total dose adjustment
n=67 (30.7%)

Figure 1. Overview of evidence-based recommendations. Results are expressed as a percentage of
the total number of recommendations

For 57 drugs, the recommendation depended on the severity of liver cirrhosis, and
dosing advice was given for 67 drugs (Figure 1). The drug simvastatin illustrates the
recommendations that were given in such cases. Simvastatin was classified as ‘safe’ for
patients with liver cirrhosis Child–Pugh class A or B, under the condition that the patient
is started on a low dose (20 mg) and the dose is slowly increased until in the therapeutic
range or until ADRs develop. Because of a lack of studies in patients with Child–Pugh class
C, the safety of simvastatin was classified as unknown for patients with Child–Pugh class C
and no dosing advice was given. All recommendations that depended on the severity of
liver cirrhosis, and those with dosing advice, can be found in Appendix 1 and 2, respectively.
We recommended avoiding the use of 30 drugs (classification ‘unsafe’) in all patients with liver
cirrhosis. Another 38 drugs were considered unsafe as related to certain Child–Pugh classes
(n = 9 Child–Pugh B+C, and n = 29 Child–Pugh C) because of altered pharmacodynamics
(n = 41), altered pharmacokinetics (n = 24), or a combination of both (n = 3). Examples
of drugs contraindicated because of altered pharmacodynamics were all nonsteroidal
anti-inflammatory drugs (NSAIDs). Literature showed that patients with cirrhosis have
an increased risk of renal insufficiency with NSAID use compared with healthy controls
with more severe consequences. Even so, cirrhotic patients are at risk for gastrointestinal
bleeding. Examples of drugs contraindicated due to altered pharmacokinetics were several
calcium antagonists (i.e. barnidipine, isradipine). Most calcium antagonists are highly cleared
by the liver, resulting in largely increased exposure in patients with cirrhosis compared with
healthy controls.
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Azithromycin
Clarithromycin
Erythromycin
Roxithromycina
Clindamycina
Fosfomycin (PO)

Antibiotics, macrolides

Antibiotics, other

Fosfomycin (IV)
Nitrofurantoin

Sulfadiazine
Sulfametrole/trimethoprim

Sulfamethoxazole/
trimethoprim
Trimethoprim

Benzylpenicillin
Flucloxacillin
Pheneticillin
Phenoxymethylpenicillin

Levofloxacin
Pipemidic acid

Hydromorphone (PO)a
Hydromorphone (IV)
Nalbuphine
Nicomorphine
Piritramidea

Unknown

Antibiotics, sulfonamides
trimethoprim

All COX-2-inhibitorsb
All NSAIDsb

Unsafe

Doxycyline
Minocycline
Tetracycline

Methadone

Additional risks known

Antibiotics, tetracyclines

Rifaximin

Amoxicillin
Amoxicillin/
clavulanic acid

Antibiotics, penicillins

Piperacillin/
tazobactam

Moxifloxacin

Ciprofloxacin
Norfloxacin
Ofloxacin

Antibiotics, chinolones

Tramadola

Buprenorphinea
Morphine (PO+IV)a
Oxycodonea
Remifentanil
Sufentanil

Paracetamol

Analgesics, mild

No additional risks known

Analgesics, strong

Safe

Drug class

Safety class

Tigecyclinea

Alfentanil
Fentanyla
Pethidine
Tapentadola,d

Codeinec

Dependent on severity of
cirrhosis

Table 2. Overview of the 218 recommendations. Details on the supporting evidence for the recommendations and expert considerations can be found
on: http://www.geneesmiddelenbijlevercirrose.nl
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Calcium channel blockers

Amlodipinea
Nifedipinea
Nimodipine (PO)a

Acebutolol
Bisoprolola
Esmolol
Labetalol (PO)a
Labetalol (IV)
Sotalol

Atenolol
Carvedilola
Propranolola

Beta blockers

Adefovir
Entecavir
Lamivudine
Telbivudine
Tenofovir

Anti Hepatitis B

Dapagliflozina
Empagliflozin
Glibenclamidea
Gliclazidea
Glimepiridea
Linagliptin
Pioglitazonea
Saxagliptin
Vildagliptin

Daclatasvir
Ledipasvir
Sofosbuvir
Velpatasvir

Acarbose
Insulin
Metformin
Tolbutamidea

Antidiabetic drugs

No additional risks known

Anti Hepatitis C

Safe

Safety class

Drug class

Table 2. Continued

Additional risks known

Barnidipine
Isradipine
Nicardipine (PO)
Nitrendipine

Nebivolol

Unsafe

Lacidipinea
Nicardipine (IV)
Nimodipine (IV)

Celiprolol
Pindolol

Unknown

Felodipinea,d
Lercanidipined

Metoprolola,d

Dasabuvird
Elbasvir/grazoprevirc
Ombitasvir/paritaprevir/
ritonavird
Ribavirin
Simeprevirc

Interferon alfa-2bc
Peginterferon alfa-2ac
PegInterferon alfa-2bc

Interferon alfa-2ac

Alogliptin
Canagliflozin
Repaglinidea
Sitagliptin

Dependent on severity of
cirrhosis
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Laxant drugs

Lactitol
Lactulose

Prednisolone
Prednisone
Ursodeoxycholic acid

Drugs used in PBC or AIH

Heparins

Albumin
Terlipressin

Drugs used in hepatorenal
syndrome

Drugs for acid related
disorders

Bisacodyl
Macrogol
Macrogol/electrolytes
Psyllium
Sterculia

Enoxaparina
Nadroparina

Dalteparina

Famotidine
Ranitidine

Esomeprazolea

Amiloride
Bumetanide
Eplerenone
Hydrochlorthiazide

Diuretics

Furosemide
Spironolactone

Acenocoumarola
Phenprocoumona

Coumarins

No additional risks known
Diltiazema

Safe

Safety class

Calcium channel blockers,
other

Drug class

Table 2. Continued

Heparina

Azathioprine

Additional risks known

Budesonide

Cimetidine
Lansoprazole
Pantoprazole

Triamterene

Unsafe

Magnesium (hydr)oxide
Senna
Sennosides A+B
Sodium picosulfate

Tinzaparin

Algeldrate/magnesium
oxide
Algeldrate/magnesium
oxide/dimethicone
Aluminium hydroxide/
magnesium carbonate
Calcium carbonate/
magnesium carbonate
Nizatidine

Chlorthalidone
Epitizide
Indapamide

Unknown

Mycophenolate mofetil

Omeprazolea,d
Rabeprazolea,d

Verapamil (PO)a,d
Verapamil (IV)a,d

Dependent on severity of
cirrhosis
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Additional risks known
Atorvastatin

Unsafe
Ciprofibrate
Fenofibrate
Acipimox

Unknown

All ACE-inhibitorsb,d
All AT-II-antagonistsb,d

Domperidonea,d

Clopidogreld
Dipyridamole
Prasugrel
Ticagrelor

Fluvastatina
Gemfibrozil
Lomitapidea,c
Pravastatina
Rosuvastatina
Simvastatina

Bezafibrate
Ezetimibec

Dependent on severity of
cirrhosis

ACE, angiotensin converting enzyme; AIH, auto immune hepatitis; AT, angiotensin; COX, cyclo-oxygenase; IV, intravenous; NSAIDs, nonsteroidal anti-inflammatory drugs; PBC, primary biliary cholangitis, PO, per os; RAS, reninangiotensin system.
a. dose adjustment also necessary, b. the advice is applicable to all drugs from the class, c. unsafe in Child-Pugh B and C, d. unsafe in Child-Pugh C

RAS-inhibitors

Metoclopramidea

Prokinetics

Colesevelam

Acetylsalicylic acida
Carbasalate calciuma

Colestyramine

Lipid-lowering agents

No additional risks known

Platelet aggregation
inhibitors

Safe

Safety class

Drug class

Table 2. Continued
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Safe

Safe

No additional risks known

No additional risks known

Additional risks known

Additional risks known

Unsafe

Unsafe

Unknown

Unknown

Furosemide

Lactulose

Macrogole

Bumetanide

Azathioprine

Methadone

Triamterene

Nebivolol

Acipimox

Nitrofurantoin

0

0

1

2

2

0

1

1

1

6

Studies

Two example drugs per safety class are shown.
NA, not applicable; SmPC, Summary of Product Characteristics.

Safety class

Drug

NA

NA

4

3,4

3

NA

3

3

3

3,4

Level of
evidence

Pharmacokinetic literature

NA

NA

0

11

21

NA

8

53

26

52

Cirrhotic
participants

1

0

1

2

4

7

5

3

8

16

Studies

3

NA

2

4

4

3,5

2,3

2,3

1

2

Level of
evidence

Safety literature

Table 3. Collected evidence for classifying the safety of drugs in patients with liver cirrhosis

4

NA

10

3

13

80

81

89

>750

374

Cirrhotic
participants

No

No

No

Yes

Yes

Yes

Yes

No

No

Yes

Recommendation
for cirrhosis given?

SmPC
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Discussion
In this study, we provide an overview of 218 evidence-based recommendations developed
to improve safe drug use in patients with liver cirrhosis. Overall, 30% of drugs required dose
adjustment and nearly 70 drugs were classified as unsafe in (a stage of) liver cirrhosis. The main
reason for unsafe classification were pharmacodynamic changes. The recommendations
were implemented in all relevant CDSSs in The Netherlands. In addition, all recommendations
are available on a free website (http://www. geneesmiddelenbijlevercirrose.nl).
In this study, we tried to tackle the problem of insufficient information on safe prescribing
in patients with liver cirrhosis. A number of comparable studies are available [5, 9–12].
Most focus on altered pharmacokinetics, while we show that pharmacodynamic changes
are also relevant in the decision process. This study is therefore unique in using both
pharmacokinetic and pharmacodynamic (safety) literature to develop recommendations.
An important source of prescribing information is the product information (SmPC). We
noted a lack of information on liver cirrhosis in the product information, which was also
recognized in a study from 2001 that classified the SmPC information on liver disease as
‘‘often inconsistent, unclear and unhelpful’’ [17]. Since 2003 and 2005, the FDA and EMA,
respectively, published guidelines for pharmacokinetic research in patients with hepatic
impairment and how to present this data in the product information [18, 19]. For further
research it would be interesting to study the quality of the information in these new SmPCs.
In addition, many agents were licensed before 2003–2005 and these product labels require
updating based on these new guidelines [18, 19].
We developed and published the safety classification we used to support healthcare
professionals to efficiently judge the safety of a drug in liver cirrhosis [14]. In our original
safety classification, there was also an option for classifying drugs cleared for <20% by
the liver as ‘no additional risks known’, although no data were available. Based on the
important influence of pharmacodynamics, the expert panel specified this to locally-acting
drugs with no systemic uptake (bioavailability F<1%), not based on an extensive first-pass
effect). The classification of drugs was not always easy as the following two examples
show. Codeine is a prodrug that requires liver metabolism for conversion to the active
drug and it can be expected that efficacy will decrease with the increasing severity of liver
cirrhosis. Azathioprine was associated with increased adverse events in patients with liver
cirrhosis, but is also one of the only effective treatments for autoimmune hepatitis. Our
recommendation therefore includes explanations in which we try to deal with such issues
by comprehensively discussing the details of the classification of a drug.
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The recommendations were implemented on a website and in all relevant CDSSs in The
Netherlands. The implementation revealed issues that need attention. First, patients with liver
cirrhosis need to be correctly marked in the CDSSs. In The Netherlands, the contraindication
‘hepatic impairment’ was always used for this purpose; however, we noted that most of the
patients marked with this contraindication did not have liver cirrhosis, causing an incorrect
signal in the CDSSs. Another difficulty is that in a substantial part of the recommendations,
the severity of liver cirrhosis needs to be known (i.e. Child–Pugh class). Before these
recommendations can be used, gastroenterologists need to determine the Child–Pugh
class of their patients and communicate this to the general practitioner and pharmacist.
These difficulties are also recognized in literature about implementing contraindications
into a CDSS [20] and are important to consider when setting up medication monitoring via
a CDSS for these patients.
This study has its limitations. Although we evaluated 209 drugs, this is only a proportion
of all drugs available. The choice for these drugs was based on an estimation of the most
frequently used drugs in patients with liver cirrhosis and is in good agreement with the
literature [21, 22]. We aim to eventually evaluate all drugs. Another limitation is the amount
of literature available. As stated in Table 3, for some drugs there were several studies
performed in patients with liver cirrhosis, while for others, there were only a few or no
studies. Because of the limited literature, 39 drugs were classified as ‘unknown’, including
frequently used drugs such as nitrofurantoin. As the recommendations are evidence-based,
more research will improve the quality of the recommendations and can better support
healthcare professionals. For now, the literature review per drug identifies knowledge gaps
and is a good starting point for further research. A third limitation is that the complete
recommendations with detailed explanations are currently only available in the Dutch
language. Nevertheless, in this study, we provided an overview in English and plan to
translate the recommendations in the future.

Conclusion
In this study, we provided evidence-based recommendations to aid in prescribing for
patients with liver cirrhosis. This is the first study that applies a practical approach providing
recommendations that have been implemented in all relevant CDSSs in The Netherlands
and on a website. Our advice aids healthcare professionals in tailoring pharmacotherapy for
the individual patient with liver cirrhosis, which can possibly prevent ADRs and subsequent
morbidity and mortality in vulnerable cirrhotic patients.
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APPENDIX 1. Overview of recommendations in which the safety class is depending on the severity of
liver cirrhosis (Child-Pugh classification [16])
Severity of liver cirrhosis
Drug

Child-Pugh A

Child-Pugh B

Child-Pugh C

Alfentail

No additional risks known

No additional risks known

Unknown

Alogliptin

No additional risks known

No additional risks known

Unknown

Benazepril

No additional risks known

Additional risks known

Unsafe

Bezafibrate

No additional risks known

Unknown

Unknown

Canagliflozin

No additional risks known

No additional risks known

Unknown

Candesartan

No additional risks known

Additional risks known

Unsafe

Captopril

No additional risks known

Additional risks known

Unsafe

Clopidogrel

No additional risks known

No additional risks known

Unsafe

Codeine

Additional risks known

Unsafe

Unsafe

Dasabuvir

No additional risks known

Additional risks known

Unsafe

Dipyridamole

No additional risks known

Additional risks known

Additional risks known

Domperidone

No additional risks known

No additional risks known

Unsafe

Elbasvir/grazoprevir

No additional risks known

Unsafe

Unsafe

Enalapril

No additional risks known

Additional risks known

Unsafe

Eprosartan

No additional risks known

Additional risks known

Unsafe

Ezetemibe

No additional risks known

Unsafe

Unsafe

Felodipine

No additional risks known

No additional risks known

Unsafe

Fentanyl

Safe

Safe

No additional risks known

Fluvastatin

No additional risks known

No additional risks known

Unknown

Fosinopril

No additional risks known

Additional risks known

Unsafe

Gemfibrozil

No additional risks known

Unknown

Unknown

Interferon alfa-2a

Additional risks known

Unsafe

Unsafe

Interferon alfa-2b

Additional risks known

Unsafe

Unsafe

Irbesartan

No additional risks known

Additional risks known

Unsafe

Lercanidipine

Unknown

Unknown

Unsafe

Lisinopril

No additional risks known

Additional risks known

Unsafe

Lomitapide

Unknown

Unsafe

Unsafe

Losartan

No additional risks known

Additional risks known

Unsafe

Metoprolol

No additional risks known

No additional risks known

Unsafe

Mycophenolate mofetil

No additional risks known

No additional risks known

Unknown

Olmesartan

No additional risks known

Additional risks known

Unsafe

Ombitasvir/paritaprevir/ritonavir

No additional risks known

Additional risks known

Unsafe

Omeprazole

No additional risks known

No additional risks known

Unsafe

Peginterferon alfa-2a

Additional risks known

Unsafe

Unsafe
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APPENDIX 1. Continued
Severity of liver cirrhosis
Drug

Child-Pugh A

Child-Pugh B

Child-Pugh C

Peginterferon alfa-2b

Additional risks known

Unsafe

Unsafe

Perindopril

No additional risks known

Additional risks known

Unsafe

Pethidine

No additional risks known

No additional risks known

Unknown

Prasugrel

No additional risks known

No additional risks known

Unknown

Pravastatin

No additional risks known

No additional risks known

Unknown

Quinapril

Unknown

Additional risks known

Unsafe

Rabeprazole

No additional risks known

No additional risks known

Unsafe

Ramipril

No additional risks known

Additional risks known

Unsafe

Repaglinide

Unknown

Additional risks known

Additional risks known

Ribavirin

No additional risks known

Additional risks known

Additional risks known

Rosuvastatin

No additional risks known

No additional risks known

Unknown

Simeprevir

No additional risks known

Unsafe

Unsafe

Simvastatin

Safe

Safe

Unknown

Sitagliptin

No additional risks known

No additional risks known

Unknown

Tapentadol

Unknown

Unknown

Unsafe

Telmisartan

No additional risks known

Additional risks known

Unsafe

Ticagrelor

No additional risks known

Unknown

Unknown

Tigecycline

No additional risks known

No additional risks known

Additional risks known

Trandolapril

Unknown

Additional risks known

Unsafe

Valsartan

No additional risks known

Additional risks known

Unsafe

Verapamil (IV)a

No additional risks known

No additional risks known

Unsafe

Verapamil (PO)a

No additional risks known

No additional risks known

Unsafe

Zofenopril

Unknown

Additional risks known

Unsafe

IV, intravenous; PO, per os.
a. Safety class of verapamil is similar for intravenous and oral administration, dosing advice is different.
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APPENDIX 2. Recommended dosing advice for 67 drugs when used in patients with liver cirrhosis
Drug

Dosing advice

Acenocoumarol

Recommended initial dosing: day 1: 4 mg or 3 mg; day 2: 2 mg; day 3: 1 mg; day 4: test INR

Acetylsalicylic acid

Use no more than the dose used for platelet aggregation inhibition

Amlodipine

CTP A: no dose adjustment needed
CTP B: start with 50% of the normal dosea
CTP C: start with 25% of the normal dosea

Benazepril

CTP A+B: start as low as possiblea
CTP C: unsafe

Bisoprolol

CTP A+B: no dose adjustment needed
CTP C: use a maximum of 10 mg daily

Buprenorphine

CTP A: no dose adjustment needed
CTP B+C: start with 50% of the normal dosea

Candesartan

CTP A+B: start with 4 mg once dailya
CTP C: unsafe

Captopril

CTP A+B: start as low as possiblea
CTP C: unsafe

Carbasalate calcium

Use no more than the dose used for platelet aggregation inhibition

Carvedilol

CTP A: no dose adjustment needed
CTP B: start with 50% of the normal dosea
CTP C: start with 25% of the normal dosea

Clindamycin

CTP A: no dose adjustment needed
CTP B+C: use a dosing interval of 8 hours

Dalteparin

Give twice daily if used in therapeutic dose

Dapagliflozin

CTP A+B: no dose adjustment needed
CTP C: start with 5 mg, increase to a maximum of 10 mg once daily.

Diltiazem

start with 50% of the normal dosea

Domperidone

CTP A: no dose adjustment needed
CTP B: use a third of the normal dose
CTP C: unsafe

Enalapril

CTP A+B: start as low as possiblea
CTP C: unsafe

Enoxaparin

Give twice daily if used in therapeutic dose

Esomeprazole

CTP A+B: no dose adjustment needed
CTP C: use a maximum of 20 mg once daily

Eprosartan

CTP A+B: start as low as possiblea
CTP C: unsafe

Felodipine

CTP A+B: start with 50% of the normal dosea
CTP C: unsafe

Fentanyl

start with 50% of the normal dosea

Fluvastastin

CTP A+B: start with 20 mg once dailya
CTP C: unknown

Fosinopril

CTP A+B: start as low as possiblea
CTP C: unsafe

Glibenclamide

Start as low as possiblea
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APPENDIX 2. Continued
Drug

Dosing advice

Gliclazide

Start as low as possiblea

Glimepiride

Start as low as possiblea

Heparin

Aim at an aPTT 1.5-2.5 times prolonged

Hydromorphone (PO)

CTP A+B: start with 25% of the normal dosea
CTP C: unknown

Irbesartan

CTP A+B: start as low as possiblea
CTP C: unsafe

Labetalol (PO)

Start with 50% of the normal dosea

Lacidipine

Start with 2 mg once dailya

Lisinopril

CTP A+B: start as low as possiblea
CTP C: unsafe

Lomitapide

CTP A: start with 5 mg once daily, increase to a maximum of 40 mg per day
CTP B+C: unsafe

Losartan

CTP A+B: start with 12.5 mg once dailya
CTP C: unsafe

Metoclopramide

CTP A: no dose adjustment needed
CTP B+C: use 50% of the normal dosea

Metoprolol

CTP A: no dose adjustment needed
CTP B: start with a third of the normal dosea
CTP C: unsafe

Morphine (PO)

CTP A+B: start with 50% of the normal dosea
CTP C: start with 25% of the normal dosea

Morphine (IV)

CTP A: no dose adjustment needed
CTP B+C: double the dosing intervala

Nadoparin

Give twice daily if used in therapeutic dose

Nifedipine

CTP A+B: start with 50% of the normal dosea
CTP C: start with 50% of the normal dose and double the dosing intervala

Nimodipine (PO)

Start with 30 mg three times dailya

Omeprazole

CTP A+B: use a maximum of 20 mg once daily
CTP C: unsafe

Olmesartan

CTP A: start with 10 mg once dailya
CTP B: start with 10 mg once daily, increase to a maximum of 20 mg per day
CTP C: unsafe

Oxycodone

CTP A+B: start with 50% of the normal dosea
CTP C: start with 50% of the normal dose and double the dosing intervala

Perindopril

CTP A+B: start as low as possiblea
CTP C: unsafe

Phenprocoumon

Recommended initial dosing: day 1: 9 mg or 6 mg; day 2: 3 mg; day 3: 1.5 mg; day 4: test INR

Pioglitazone

Start with 15 mg once daily, increase to a maximum of 45 mg

Piritramide

Use a maximum of 10 mg at once

Pravastatin

CTP A+B: start with 10 mg once dailya
CTP C: unknown
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APPENDIX 2. Continued
Drug

Dosing advice

Propranolol

Start with a maximum of 20 mg three times dailya

Quinapril

CTP A+B: start as low as possiblea
CTP C: unsafe

Rabeprazole

CTP A: start with 10 mg once daily, use a maximum of 20 mg per day
CTP B: use a maximum of 10 mg per day
CTP C: unsafe

Ramipril

CTP A+B: start as low as possiblea
CTP C: unsafe

Repaglinide

CTP A: start with 50% of the normal dosea
CTP B+C : start with 50% of the normal dose, increase to a maximum of 4 mg per day

Rosuvastatin

CTP A+B: start with 5 mg once dailya
CTP C: unknown

Roxithromycin

CTP A+B: no dose adjustment needed
CTP C: use 150 mg per day

Simvastatin

CTP A+B: start with 20 mg once dailya
CTP C: unknown

Tapentadol

CTP A+B: start with 50 mg three times daily or 50 mg retard once dailya
CTP C: unsafe

Telmisartan

CTP A+B: start with 20 mg once daily, increase to a maximum of 40 mg per daya
CTP C: unsafe

Tigecycline

CTP A+B: no dose adjustment needed
CTP C: reduce maintenance dose to 25 mg twice daily

Tolbutamide

Start as low as possiblea

Tramadol

CTP A: start with 50 mg every 12 hoursa
CTP B+C: start with 25 mg, increase to a maximum of 100 mg every 12 hours

Trandalopril

CTP A+B: start as low as possiblea
CTP C: unsafe

Valsartan

CTP A+B: start with 40 mg once daily, increase to a maximum of 80 mg per day
CTP C: unsafe

Verapamil (PO)

CTP A+B: start with 40 mg twice daily and increase with a dosing interval of 12 hours
CTP C: unsafe

Verapamil (IV)

CTP A+B: use a third of the normal maintenance dose
CTP C: unsafe

Zofenopril

CTP A+B: start as low as possiblea
CTP C: unsafe

CTP, Child-Pugh class; IV, intravenous; PO, per os.
a. Increase the dose carefully according to clinical response and adverse drug reactions.
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Abstract
Introduction
Patients with cirrhosis are at risk for adverse drug reactions (ADRs) due to altered
pharmacokinetics and pharmacodynamics. We aimed to determine the prevalence of
drug prescriptions and the potential safety of these prescriptions in a real-world cohort of
patients with cirrhosis.

Methods
This was a retrospective cohort study based on linked real-world data from the Out-patient
Pharmacy Database and the Hospitalisation Database of the PHARMO Database Network.
Patients with a diagnosis of cirrhosis between January 1998 and December 2015 were
included. Follow-up ended when the patient underwent a liver transplant, died, transferred
out of the database, or on 31 December 2015. Prescription data were derived from a
community pharmacy database and were compared with our previously developed safety
recommendations for 209 drugs.

Results
In total, 5618 patients were included and followed for a median of 3 years (interquartile range
[IQR] 1–7). In the first year after the diagnosis, patients used a median of nine drugs (IQR
5–14), with proton pump inhibitors (prevalence 53.9%), aldosterone antagonists (43.6%),
and sulfonamide diuretics (41.3%) being the most commonly used drug groups. Almost
half (48.3%) of 102,927 prescriptions consisted of drugs with a safety recommendation.
The prevalence of potentially unsafe drug use was 60.0% during the total follow-up. Three
nonsteroidal anti-inflammatory drugs (NSAIDs) were among the five most commonly used
potentially unsafe drugs.

Conclusions
Patients with cirrhosis use a large number of drugs. Almost two-thirds of patients in our
cohort used potentially unsafe drugs. To prevent ADRs in these frail patients, personalised
pharmacotherapy is necessary.
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Introduction
Worldwide, approximately 1 million people die every year of liver cirrhosis [1]. Cirrhosis
develops due to persistent liver damage caused by chronic liver diseases. Patients usually
require several medications for the treatment of their disease and its complications, but
few studies assessed drug utilization in cirrhotic patients [2–4]. Almost 30% of patients with
cirrhosis suffer from adverse drug reactions (ADRs) [2]. The risk of ADRs is exacerbated as a
result of hepatic impairment influencing drug pharmacokinetics and pharmacodynamics
[5, 6]. For example, exposure to pantoprazole is five- to eightfold increased in patients with
cirrhosis compared with healthy controls due to decreased hepatic clearance [7, 8]. Likewise,
the use of nonsteroidal anti-inflammatory drugs (NSAIDs) increases the risk for renal
impairment [9, 10]. Patients with cirrhosis therefore require personalised pharmacotherapy.
Recently, we published practical guidance for over 200 drugs to support healthcare
professionals in prescribing drugs to patients with cirrhosis [11]. To prioritize the remaining
drugs to be evaluated and to explore potential improvements for safe prescribing in these
patients, current drug use needs to be mapped. An evaluation of prescribing in cirrhosis
was the subject of two previous studies [12, 13], both of which were hospital-based, crosssectional studies that compared prescriptions with data from the product label and a
combination of literature. There is limited knowledge on real-world drug use in primary
care, where the risks may be higher due to a wider range of drugs prescribed with lessintensive monitoring. Therefore, the aims of our study were to (1) determine which drugs
are most frequently used in a real-world cohort of patients with cirrhosis, and (2) compare
real-world drug use with our previously elaborated practical guidance on safe drug use in
cirrhosis [11].

Methods
Study type and data source
This was a retrospective cohort study based on linked data from the Out-patient Pharmacy
Database and the Hospitalisation Database of the PHARMO Database Network [14]. This
population-based network of healthcare databases combines data from different primary
and secondary healthcare settings. The Out-patient Pharmacy Database contains data
on general practitioner- and specialist-prescribed healthcare products, dispensed by
community pharmacies, while the Hospitalisation Database comprises information on
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hospital admissions, including diagnoses of hospital discharges, from the national Dutch
Hospital Data Foundation [15]. Together, these databases cover an area of almost 4 million
residents of The Netherlands, representative of the total population of The Netherlands.

Study population
The Hospitalisation Database was used to include patients with a diagnosis of cirrhosis
between January 1998 and December 2015. They were selected by International
Classification of Diseases, Ninth Revision (ICD-9) codes 571.2 or 571.5, and, after 2013, by ICD
Tenth Revision (ICD-10) codes K70.3 or K74.6. The index date was the date of discharge from
hospital with a diagnosis of cirrhosis. Patients younger than 18 years of age at the index
date, and patients with a liver transplant before the index date, were excluded. Patients
who did not receive a single drug dispensing after the index date were also excluded as
they were probably lost to follow-up. Follow-up was ended when the patient underwent
a liver transplant (ICD-9 code V42.7, ICD-10 code Z94.4), transferred out of the database
because of death or another reason, or on 31 December 2015, whichever occurred first.
From the included patients, all dispensed drugs during the total follow-up were extracted
from the Out-patient Pharmacy Database. Available data from the Hospitalisation Database
were the ICD coding of cirrhosis per patient, his or her date of discharge with the diagnosis
of cirrhosis, and, if applicable, the date of a liver transplantation.

Analyses
To determine the most frequently used drugs, we calculated the period prevalence of drug
use in the first year of follow-up and during the total follow-up. For this, we divided the
number of drug users per period by the total number of patients during that period. Drugs
were categorized into subgroups according to the Anatomical Therapeutic Chemical (ATC)
classification system (4th level) [16]. ATC subgroups were counted only once per patient.
We listed the 10 most frequently used ATC subgroups and their main individual drugs (ATC
5th level). Of these 10 most frequently used subgroups, the period prevalence per calendar
year from 1998 to 2015 was also determined. For every calendar year, the number of users
per subgroup was divided by the total number of patients in the database in that year.
The potential safety of drug use was assessed using the practical guidance we recently
published on safe prescribing for 209 drugs in patients with cirrhosis [11]. In this guidance,
every drug was classified according to potential safety risks (i.e. safe, no additional risks
known, additional risks known, unsafe, and unknown), and, if applicable, specific dosing
advice was also given. For some medications, the safety class depends on the severity of
cirrhosis (Child–Pugh class [17]). Since no data were available in the database regarding the
severity of cirrhosis, these drugs could not be classified further. Drugs not included in the
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practical guidance were classified as ‘safety not yet evaluated’. Per safety class, the period
prevalence of drug use during the total follow-up was determined. We also listed the five
most frequently used drugs per safety class. Because no data on clinical outcomes were
available, we only assessed ‘potential safety’ of drug use.
Descriptive statistics were used to describe the characteristics of the study population. All
analyses were performed using Statistical Package for the Social Sciences (SPSS) version 24
(IBM Corporation, Armonk, NY, USA), and the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement was used to report this study.

Results
Patient characteristics
In total, 5618 patients with cirrhosis were included (Figure 1). Characteristics of the study
population are shown in Table 1. Males represented 59.4% of patients and the mean age
was 60.7 years (SD 12.5). Almost half of the patients (49.5%) suffered from alcoholic cirrhosis,
while the cause of cirrhosis was different or unspecified in 50.5% of patients.

Characteristics of prescriptions
In total, there were 102,927 prescriptions written during the total follow-up. In the first
year of follow-up patients used a median of nine different drugs (interquartile range (IQR)
5-14). Analysing the duration of use, 37.6% of drugs were dispensed only once, 15.2% were
administered twice, and the remaining (47.2%) were administered more often (median 2;
IQR 1-7). General practitioners wrote 61.5% of prescriptions, specialists 36.4%, and for 2.2%
of prescriptions, the prescriber was either another healthcare professional or was unknown.
Table 2 shows the most frequently used drug groups during the total follow-up, with their
main individual drugs. Proton pump inhibitors and diuretics were most often used. The
period prevalence of use of these drug groups was also determined per calendar year from
1998 to 2015 (see Appendix 1). Period prevalence of most groups slightly decreased over
time, while usage of proton pump inhibitors steadily increased from approximately 30% in
1998 to almost 40% in 2015.
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Patients with
cirrhosis
n=7154
Patients aged younger than
18 years at the index date
n=75

n=7079
Patients with liver
transplantation before the
index date
n=37
n=7042
Patients with no drug
dispensing during total
follow-up
n=1424
Inclusion
n=5618

Figure 1. Study inclusion process

Table 1. Characteristics of the study population

No. of patients

Total

Alcoholic
cirrhosis

Other or unspecified
cirrhosis

5618 (100.0)

2782 (100.0)

2836 (100.0)

3339 (59.4)

1810 (65.1)

1529 (53.9)

Sex
Male

2279 (40.6)

972 (34.9)

1307 (46.1)

Age in years, mean ± SD

Female

60.7 ± 12.5

58.4 ± 10.5

62.9 ± 13.9

Years of follow-up, median (IQR)

3 (1-7)

4 (1-8)

3 (1-7)

Liver transplantation

179 (3.2)

56 (2.0)

123 (4.3)

31 December 2015

3278 (58.3)

1650 (59.3)

1628 (57.4)

Reason for end of follow-up

2161 (38.5)

1076 (38.7)

1085 (38.3)

Unique drug prescriptions in first year of followup, median (IQR)

Other (died or transferred out of database)

9 (5-14)

8 (5-12)

9 (5-14)

Unique drug prescriptions during total follow-up,
median (IQR)

28 (18-43)

26 (16-39)

31 (20-46)

Data are expressed as n (%) unless otherwise specified. Unique drug prescriptions were the number of different individual drugs
prescribed (ATC 5th level). ATC, Anatomical Therapeutical Chemical; IQR, interquartile range; SD, standard deviation.
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Table 2. Period prevalence of the 10 most frequently used drug groups in the first year of follow-up
and during total follow-up, with their main individual drugs as example
First year of follow-up

Total follow-up

Drug (group)

ATC
code

No. of
users

Period prevalence (%)a

No. of
users

Period prevalence (%)a

Proton pump inhibitors

A02BC

3030

53.9

3833

68.2

Pantoprazole

A02BC02

1404

25.0

1963

34.9

Omeprazole

A02BC01

1149

20.5

1809

32.2

C03CA

2322

41.3

2800

49.8

C03CA01

2001

35.6

2470

44.0

A06AD

1832

32.6

2791

49.7

Lactulose

A06AD11

1155

20.6

1661

29.6

Macrogol, combinations

A06AD65

804

14.3

1623

28.9

C03DA

2451

43.6

2755

49.0

C03DA01

2428

43.2

2734

48.7

N05BA

1216

21.6

1763

31.4

N05BA

741

13.2

1121

20.0

N05CD

1125

20.0

1638

29.2

N05CD07

869

15.5

1302

23.2

N02BE

906

16.1

1592

28.3

N02BE01

637

11.3

1199

21.3

C07AA

1215

21.6

1465

26.1

C07AA05

1146

20.4

1354

24.1

J01CR

538

9.6

1416

25.2

J01CR02

538

9.6

1416

25.2

H02AB

726

12.9

1413

25.2

H02AB06

511

9.1

982

17.5

Sulfonamide diuretics, plain
Furosemide
Osmotically acting laxatives

Aldosterone antagonists
Spironolactone
Benzodiazepine derivates, anxiolytics
Oxazepam
Benzodiazepine derivates, hypnotics and
sedatives
Temazepam
Anilides
Paracetamol
Beta blocking agents, non-selective
Propranolol
Combinations of penicillins, incl. betalactamase inhibitors
Amoxicillin and enzyme inhibitor
Glucocorticoids
Prednisolone

Drug groups are defined as ATC 4th level subgroups and individual drugs as ATC 5th level drugs. Drugs are sorted in descending
order by the total follow-up prevalence of the drug group. ATC, Anatomical Therapeutic Chemical. a. Percentages do not round up
to 100% because patients can be counted in more than one group.
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Table 3. Overview of drug use per safety class and the five most frequently used drugs per class
according to Weersink et al. [11]
Safety classa

Drug

Safe

Total (n=27)b

No additional
risks known

Additional risks
known

ATC code

Unknown

Depending
on severity of
cirrhosisd

114

Period prevalence total
follow-up (%)

4836

86.1

Spironolactone

C03DA01

2734

48.7

Furosemide

C03CA01

2470

44.0

Lactulose

A06AD11

1661

29.6

Amoxicillin + enzyme inhibitor

J01CR02

1416

25.2

Propranolol

C07AA05

1354

24.1

4366

77.7

Total (n=50)b
Macrogol, combinations

A06AD65

1623

28.9

Tramadol

N02AX02

1091

19.4

Esomeprazole

A02BC05

924

16.4

Acetylsalicylic acid

B01AC06

789

14.0

Metoclopramide

A03FA01

711

12.7

156

2.8

Total (n=3)

b,c

Azathioprine

L04AX01

99

1.8

Methadone

N07BC02

52

0.9

B01AB01

6

0.1

Heparin
Unsafe

No. of
users

3368

60.0

Pantoprazole

A02BC02

1963

34.9

Diclofenac

M01AB05

1246

22.2

Ibuprofen

M01AE01

612

10.9

Naproxen

M01AE02

592

10.5

Atorvastatin

C10AA05

347

6.2

2244

39.9

Total (n=25)

b

Total (n=27)b
Doxycycline

J01AA02

1080

19.2

Nitrofurantoin

J01XE01

622

11.1

Flucloxacillin

J01CF05

619

11.0

Magnesium hydroxide

A02AA04

240

4.3

Pheneticillin

J01CE05

160

2.8

3872

68.9

Total (n=49)

b

Omeprazole

A02BC01

1809

32.2

Codeine

R05DA04

908

16.2

Metoprolol

C07AB02

872

15.5

Simvastatin

C10AA01

846

15.1

Prevalence of drug prescriptions and potential safety in cirrhosis

Table 3. Continued
Safety classa

Safety not yet
evaluated

Drug

ATC code

Fentanyl

N02AB03
N01AH01

Total (n=1005)e

No. of
users

Period prevalence total
follow-up (%)

594

10.6

5415

96.4

Thiamine (vitamin B1)

A11DA01

1374

24.5

Temazepam

N05CD07

1302

23.2

Other emollients + protectives

D02AX

1236

22.0

Oxazepam

N05BA04

1121

20.0

Phytomenadione

B02BA01

894

15.9

The total number of users per safety class is calculated for the total follow-up and includes all drugs from that class, not only the
top five. Patients were only counted once in the total number.
ATC, Anatomical Therapeutical Chemical.
a. The drug-risk category indicates potential safety risks, b. For drugs evaluated by Weersink et al. [11], total numbers represent the
number of evaluated drugs prescribed, c. This is a top three, because there were only three drugs part of this class, d. Since no data
were available about the severity of cirrhosis (Child-Pugh class), these drugs could not be classified further, e. For drugs with no
safety evaluation as yet, the total is the total number of ATC classes without evaluation.

Assessment of potential safety
Of the 102,927 prescriptions, 48.3% consisted of one of the 209 drugs that carried a safety
recommendation according to [11], while the safety of the remaining prescriptions (51.7%)
has not yet been evaluated. During the total follow-up, almost all patients used at least
one drug for which the safety has not yet been evaluated (96.4%)(Table 3). Furthermore,
39.9% of patients used a drug for which the limited clinical data do not allow safety to be
determined (“unknown”). More than two-thirds (68.9%) of patients used a drug of which the
safety depends on the severity of cirrhosis (Child-Pugh class [17]).
Potentially unsafe drugs were used by 60.0% of patients during the entire follow-up. Most
patients used one of these drug (35.7% of patients), but 24.3% used multiple drugs (range
2-8). Examining the duration of use, 63.3% of potentially unsafe drugs were dispensed more
than once (median 2; IQR 1-8). General practitioners prescribed 62.6% of potentially unsafe
drugs, specialists 33.3% and the prescriber was either another healthcare professional or was
unknown in 4.2% of prescriptions. Pantoprazole was the most commonly used potentially
unsafe drug, while three NSAIDs were in the top five (Table 3).
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Discussion
This study described drug utilization in a large, real-world cohort of patients with cirrhosis.
We demonstrated that patients with cirrhosis used a median of nine drugs in the year after
the diagnosis, with proton pump inhibitors and diuretics being the most commonly used
drug groups. Nearly half of the prescriptions consisted of drugs with a safety advice, and the
potential safety of these prescriptions were further assessed. Almost two-thirds of patients
used a potentially unsafe drug during the study period, while 40% used a drug for which
safety was never clinically studied in patients with cirrhosis.
Two hospital-based studies examined drug utilization in cirrhosis on a smaller scale. The first
was a Spanish multicenter prospective study in a cohort of a little over 500 admitted patients
[3, 4], while the second was a retrospective chart study in a Swiss university hospital among
400 patients [2, 13]. We found a comparable prevalence of drug use for complications of
cirrhosis (i.e. diuretics, β-blockers and osmotically acting laxatives); however, the use of
NSAIDs, benzodiazepines and glucocorticoids seemed higher in our cohort. A possible
explanation for this is that the largest part of prescriptions in our study came from general
practitioners, i.e. primary care. In addition, the proportion of proton pump inhibitor use
appeared higher in our study, which is probably due to the increasing prevalence of proton
pump inhibitor use found over time [18, 19].
We found a period prevalence of 60% potentially unsafe drug use during the total followup. As we only assessed potential safety for half of the prescriptions, potentially unsafe drug
use is possibly more prevalent. NSAIDs were frequently prescribed, however they increase
the risk of renal dysfunction and gastrointestinal bleeding in patients with cirrhosis and
therefore should be avoided [11, 13]. Healthcare professionals are often not aware of these
risks and are afraid of prescribing paracetamol because of possible hepatotoxicity [20, 21].
The prevalence of diclofenac use was indeed higher than paracetamol use in our study.
While paracetamol does cause hepatotoxicity when overdosing, conversion to the reactive
hepatotoxic metabolite is not increased in cirrhosis but possibly even decreased due to
reduced enzyme activity [22]. Research is limited in decompensated patients with other risk
factors for hepatotoxicity (malnourishment or chronic alcohol abuse) and a dose reduction
may be warranted [22]. Pantoprazole and atorvastatin are potentially unsafe drugs also
commonly used. For both drugs, large pharmacokinetic alterations occur in patients with
cirrhosis (five- to sevenfold increases in exposure [8, 23]), and in our practical guidance we
therefore recommended using another drug from the same group without these large
increases in exposure (e.g. esomeprazole or rosuvastatin) in order to prevent ADRs [7, 24,
25]. Almost 40% of patients used a drug classified as ‘unknown’, meaning there was no, or
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not enough, literature to formulate a recommendation on safety and dosing in cirrhosis.
Most prevalent in this class were some important antibiotics (i.e. doxycycline, nitrofurantoin
and flucloxacillin). Clinical research is needed to assess the safety of these drugs in cirrhosis.
Likewise, almost all patients used a drug for which no safety evaluation was yet available.
Based on the findings of this study, prioritization of the subsequent drugs to be evaluated is
possible. Benzodiazepines are important candidates based on their high prevalence of use.
Patients in this study were followed for several years to get a complete picture of realworld drug use. We excluded cirrhotic patients without a single drug prescription during
the total follow-up as these were most likely patients lost to follow-up, either because they
moved away or they received their drugs from a pharmacy outside the database area, and,
in some cases, mislinkage may have occurred. Excluding these patients might have resulted
in an overestimation of the prevalence of drug use; however, we think it was unlikely that
patients with cirrhosis did not receive any medication after hospital discharge and during
total follow-up.
Our cohort included a substantial number of cirrhotic patients in The Netherlands. We
did not have detailed clinical data, which limited our analyses. A comparison with the
prescribed dose was therefore not possible because most dosing recommendations
depend on the severity of cirrhosis (Child–Pugh class [17]). Likewise, information on the
outcome of treatment (i.e. occurrence of ADRs) would have provided actual safety data.
Hence, no assessment of the clinical safety of the drug regimens could be made with these
data, and the drug-risk category indicates potential safety risks. Nevertheless, the focus
of this study was to provide insight into drug prescriptions and potentially inappropriate
drug utilization in these patients on a large scale. A further study using patient charts can
examine adherence to the recommendations on a more granular level. In addition, more
prospective data on clinical outcomes of drug use in patients with cirrhosis are needed to
determine actual safety risks, for example as undertaken by Chalasani et al [26]. Important
areas to explore are potential drug-related complications that were attributed to hospital
admission or death, such as gastrointestinal bleeding or renal insufficiency attributable
to NSAIDs, hepatic encephalopathy or spontaneous bacterial peritonitis linked to proton
pump inhibitors, and rhabdomyolysis caused by statins.
How could the prescribing of potentially unsafe drugs in cirrhosis be reduced in practice?
Several interventions have shown to be effective in changing prescribing, such as educational
outreach visits, audit and feedback and clinical decision support [27, 28]. However, specific
applications in cirrhotic patients seem rare. In The Netherlands, the recommendations on
safe drug use have been incorporated in clinical decision support systems used by general
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practitioners and pharmacists and on a free website [29]. To our knowledge, this approach is
new for this patient group and can possibly serve as an example to implement personalised
pharmacotherapy in clinical practice.

Conclusions
Our study demonstrated that patients with cirrhosis use many drugs, with proton pump
inhibitors and diuretics being the most commonly used drugs. We showed that a large
number of cirrhotic patients used potentially unsafe drugs, which possibly puts them
at risk for ADRs due to pharmacokinetic or pharmacodynamic changes. Personalised
pharmacotherapy is necessary in these patients to prevent ADRs.
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Abstract
Aims
To study community pharmacists’ level of knowledge on medication safety in patients with
hepatic impairment and their practice in caring for these patients.

Methods
Pharmacists from Dutch community pharmacies (n=1545) were invited to participate in an
online survey. The survey consisted of 27 questions covering two main topics: knowledge
and current practice. The level of knowledge was measured by a six-item knowledge test.
Multiple linear regression was used to identify predictors of correctly answered responses.

Results
In total, 338 pharmacists (22%) completed the questionnaire. The mean knowledge score
was 2.8 (SD 1.6). Only 30.3% of respondents were able to appropriately advise on use of
analgesics in severe cirrhosis. Postgraduate education on hepatic impairment, knowledge
of recently developed practical guidance, and fewer years of practice were associated
with a higher level of knowledge. In total, 70.4% indicated to evaluate medication safety
in a patient with hepatic impairment at least once weekly. In the past 6 months, 83.3% of
respondents consulted a prescriber about a patient with hepatic impairment. Frequently
encountered barriers in practice were insufficient knowledge on the topic and a lack of
essential patient information (i.e. diagnosis and severity of the impairment).

Conclusion
Community pharmacists regularly evaluate the safety of medication in patients with
hepatic impairment, yet their level of knowledge was insufficient and additional education
is needed. Pharmacists experienced several difficulties in providing pharmaceutical care. If
these issues are resolved, pharmacists can play a more active role in ensuring medication
safety in their patients with hepatic impairment.
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Introduction
Patients with hepatic impairment are prone to develop adverse drug reactions due to
changes in the pharmacokinetics and pharmacodynamics of medicines [1,2]. Research
showed that nearly 30% of patients with liver cirrhosis, the advanced stage of all chronic
liver diseases, experience adverse drug reactions [3]. A Dutch study showed that almost
two-thirds of patients with liver cirrhosis used potentially unsafe drugs [4]. In addition, a
recent study among 57 patients with cirrhosis identified a median of six medicationrelated problems per patient [5]. Almost 60% of these problems could be resolved during
a pharmacist-led medication review. This suggests that pharmacists, as medication experts,
could play a key role in preventing and resolving medication-related problems in this
vulnerable patient group.
A barrier for pharmacists to fulfil this role was the lack of concrete prescribing
recommendations for patients with hepatic impairment and deficiencies in the information
for these patients in the product labels [6-8]. Yet, in 2018, practical guidance for safe drug use
in this specific patient group was published [9]. In the Netherlands, the website containing
all guidance (www.drugsinlivercirrhosis.org) has been available since 2017. Furthermore,
the guidance was integrated in all relevant Clinical Decision Support Systems (CDSS) used
in Dutch community pharmacies. Implementing changes in practice may take time and
pharmacists might encounter difficulties in practice [10]. For example, a substantial part of
the recommendations depends on the severity of hepatic impairment, being expressed
using the Child-Turcotte-Pugh (CTP) classification [9,11]. Therefore, it is important that
this severity class is registered in the medical and pharmaceutical record of a patient and
exchanged between relevant healthcare providers. In addition, pharmacists need to be
familiar with the recommendations and have sufficient knowledge about the topic to be
able to interpret and apply the information in their practice.
Previous work focused on knowledge and practices of physicians in prescribing analgesics
for patients with chronic liver disease [12-14]. Little is known about the knowledge of
community pharmacists on safe medication use in patients with hepatic impairment. Few
studies described the care provided by pharmacists for a subgroup of patients: those with
viral hepatitis C [15-17]. But those studies focused on clinical pharmacists or described
care in only one clinic. Therefore, this study aimed to determine the level of knowledge
of community pharmacists on medication safety in patients with hepatic impairment and
their practice in caring for this patient group.
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Methods
Study setting
In the Netherlands, patients are usually registered with one general practitioner (GP)
and one community pharmacy [18]. The GP keeps a medical record per patient and the
pharmacist a pharmaceutical record. In general, these are electronic records which operate
a CDSS. Clinical risk management of medication use is an important activity of Dutch
community pharmacists [19]. In case the CDSS generates a medication safety alert (e.g.
contraindications, drug-drug interactions), the pharmacist assesses the clinical relevance of
the alert and if applicable, takes action (e.g. inform the patients, adjust the dose or switch
drugs in cooperation with the GP).

Study population
We conducted a cross-sectional survey among pharmacists from the Utrecht Pharmacy
Practice network for Education and Research (UPPER) network. The UPPER network consists
of 1545 community pharmacies, representing 75% of all community pharmacies in the
Netherlands at the time the survey was performed [20]. An invitation for the pharmacist
to participate in the electronic survey was sent in March 2018, one and a half years after
the implementation of the first safety and dosing advices in cirrhosis [9]. A reminder
was sent two weeks later and the questionnaire was closed two weeks thereafter. As an
incentive, all respondents were given the option to receive additional information about
"pharmaceutical care in patients with hepatic impairment" by providing their email address
at the end. The survey was conducted with Survey Monkey® software. It was approved by
the UPPER Institutional Review Board of Utrecht University (number: UPF1801).

Survey
The survey consisted of 27 questions covering two main topics: knowledge and current
practice and can be found in Appendix 1. The questionnaire was developed by the authors
with expertise in hepatic impairment and pharmacy practice, and piloted among 13
pharmacists.
The topic knowledge was divided into self-perceived knowledge of pharmacists, questions
on educational needs and a brief knowledge test. Self-perceived knowledge was tested by
four statements where pharmacists recorded their agreement on a five-point Likert scale. To
investigate educational needs, we asked the pharmacists about the training they received
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on medication safety in patients with hepatic impairment and if they wished to receive
additional education. The knowledge test consisted of six multiple-choice questions and
the participants were instructed to complete those without using reference works.
The topic of current practice was covered with questions on how often the pharmacists
encountered a medication safety alert from their CDSS about a patient with hepatic
impairment, the familiarity of pharmacists with the new recommendations and website
[9], and questions about contact with other healthcare professionals. To include potential
topics that were not covered by the survey, we added three open-ended questions about
current practice and difficulties experienced in providing pharmaceutical care to patients
with hepatic impairment at the end of the questionnaire.

Data analysis
We used both descriptive and inferential statistics to analyse the data. Due to missing
values, the number of respondents per question varied and, where appropriate, the
absolute number of respondents per question was listed. In total, less than 5% of items was
missing. Due to the low rate scoring of some of the multiple-choice questions, we merged
responses from selected questions into fewer categories. The statements on knowledge
were recoded from a five-point Likert scale into a three-level scale: “strongly disagree/
disagree”, “neutral”, “agree/strongly agree”. The answers on the frequency of a medication
safety alert were recoded into “often” (daily/weekly) and “rarely” (monthly/less than once a
month). The answers “countryside” and “village” from the variable “location of pharmacy”
were combined into “village or countryside”. Answers to the question about the community
pharmacy registration were merged into “registered as community pharmacist” and “not
(yet) registered as community pharmacist”.
The outcome of the knowledge test was the number of correctly answered questions,
with a maximum of 6. Univariate analyses were performed for all potential explanatory
variables. The variables age and years of practice were highly correlated and therefore only
one variable (i.e. years of practice) was included in the analysis. After univariate analyses,
variables with p-values <0.25 were included in multiple linear regression analysis. Cases with
missing data were deleted pairwise. A p-value <0.05 was considered statistically significant.
The analyses were performed with Statistical Package for Social Sciences (SPSS), version 25.
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Results
Of the 1545 pharmacists invited to participate, 338 completed the survey (22% response
rate). The characteristics of the respondents are presented in Table 1. Respondents were
predominantly female pharmacists, working in a community pharmacy in an urban area.

Table 1. Characteristics of the respondents
n (%)
Gendera
Female

207 (66.6)

Male

104 (33.4)

Age in years , mean ± SD

42 ± 11

a

Registered as community pharmacist
Yes

b

274 (89.8)

No or not yet

31 (10.2)

Years of practice , median (IQR)
b

15 (7-25)

< 10

112 (36.7)

11-20

98 (32.1)

21-30

67 (22.0)

> 31

28 (9.2)

Practice setting

a

Community pharmacy

295 (94.9)

Outpatient pharmacy

16 (5.1)

Location of pharmacy

b

Urban area

190 (62.3)

Village or countryside

115 (37.7)

SD, standard deviation; IQR, interquartile range. a. number of respondents is 311, b. number of respondents is 305.

Knowledge
Respondents were asked about their self-perceived knowledge on medication safety in
hepatic impairment (Figure 1). A minority of pharmacists (20.4%) perceived their knowledge
about the influence of hepatic impairment on medication as sufficient, and 29.0% indicated
that they were able to interpret hepatic laboratory values. In total, 69.6% (n=218) of
respondents received prior education on medication safety in hepatic impairment. Almost
half (44.1%; n=138) of pharmacists received training while in pharmacy school, and 18.2%
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(n=57) during their two-year registration period as community pharmacist. A total of 42.8%
(n=134) received education during a postgraduate course or a pharmacotherapy meeting.
Almost all respondents (90.7%; n=284) expressed a wish for additional education on this
topic.

My knowledge on medication safety in patients with
hepatic impairment is sufficient to judge the clinical
relevancy of medication alerts

My knowledge on the influence of hepatic
impairment on medicines is sufficient

31.4%

20.4%

I am able to interpret laboratory values to assess if
hepatic function is impaired

28.1%

29.0%

I know which liver diseases can lead to hepatic
impairment

30.5%

34.3%

38.2%

51.5%

22.8%

28.1%

48.2%

37.6%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Strongly agree/agree

Neutral

Disagree/strongly disagree

Figure 1. Self-perceived knowledge on medication safety in hepatic impairment among pharmacists
(n=338)

The mean score of the respondents on the knowledge test was 2.8 (SD 1.6) correct answers
out of six questions (mode 2.0). Fifteen respondents (4.7%) were able to answer all six
questions correctly, and 6.3% answered all incorrectly (n=20). As can be seen in Table 2,
77.6% of pharmacists did not know which laboratory parameters are used to assess hepatic
function, and 69.7% were not able to give a proper analgesic advice in a patient with severe
cirrhosis. On the other hand, 64.0% of the pharmacists were familiar with the Child-Pugh
classification, and 61.8% knew that medication adjustments are only needed in patients
with cirrhosis.
In multiple linear regression analysis three variables were associated with the total
knowledge score (Table 3). Higher knowledge scores were associated with postgraduate
education or a pharmacotherapy meeting on hepatic impairment (p<0.001) and familiarity
with the new recommendations or website (p<0.001). A higher total knowledge score was
also negatively correlated to years of practice (p<0.001).

129

Chapter 3.2

Table 2. An overview of the knowledge test containing the questions, the correct and incorrect
answers (n=317)
QUESTION
1.

2.

3.

4.

5.
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n (%)

Which laboratory parameters are used to assess liver function?
Correct: Albumin, bilirubin and INR

71 (22.4)

Incorrect:

246 (77.6)

• Gamma-GT and Alkaline Phosphatase

17 (5.4)

• ASAT and ALAT

210 (66.2)

• Lactate dehydrogenase and ammonia

1 (0.3)

• I do not know

18 (5.7)

Which classification is used to estimate the severity of hepatic impairment?
Correct: Child-Pugh

203 (64.0)

Incorrect:

114 (36.0)

• ASAT / ALAT ratio

31 (9.8)

• Hy’s Law

0 (0)

• None of the above answers

7 (2.2)

• I do not know

76 (24.0)

In which of the following diseases is the impairment of hepatic function clinically relevant for
medication use?
Correct: Liver cirrhosis

196 (61.8)

Incorrect:

121 (38.2)

• Viral hepatitis

1 (0.3)

• Steatosis hepatis (fatty liver)

2 (0.6)

• All three answers mentioned

80 (25.2)

• None of the above answers

2 (0.6)

• I do not know

36 (11.4)

What do you do if a GP adds the contraindication “hepatic impairment” in the medical record of a
patient because of a liver cyst?
Correct: The contraindication is irrelevant, I remove it in consultation with the GP

165 (52.1)

Incorrect:

152 (47.9)

• The contraindication is relevant, I do not do anything

19 (6.0)

• I do not know what to do

133 (42.0)

A physician asks your advice on pain relief in a patient with arthrosis and severe liver cirrhosis.
Which analgesic would you certainly not recommend?
Correct: Diclofenac

96 (30.3)

Incorrect:

221 (69.7)

• Acetaminophen (paracetamol)

140 (44.2)

• Tramadol

12 (3.8)
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Table 2. Continued
QUESTION

6.

n (%)

• Morphine

19 (6.0)

• I do not know

50 (15.8)

Which pharmacokinetic process(es) are affected by hepatic impairment?
Correct: All of the pharmacokinetic processes

158 (49.8)

Incorrect:

159 (50.2)

• Absorption

0 (0)

• Distribution

0 (0)

• Metabolism

125 (39.4)

• Excretion

19 (6.0)

• No influence on pharmacokinetics

0 (0)

• I do not know

15 (4.7)

ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; GP, general practitioner; GT, glutamyltransferase.

Table 3. Multiple linear regression analysis of variables associated with total knowledge score.
Variables predicting knowledge levels of pharmacists in a multiple linear regression model (n=305)
Predictors

Coefficient (β)

SE

95% CI

p-value

[Intercept]

2.019

0.192

Years of practice

-0.029

0.008

-0.045

-0.014

<0.001

Postgraduate education course or
pharmacotherapy meeting

0.720

0.161

0.403

1.037

<0.001

Familiar with new recommendations
or website

1.372

0.171

1.035

1.709

<0.001

Adjusted R2=0.27. SE, standard error; 95% CI, 95% confidence intervals of the coefficients.

Current practice
Seventy percent of pharmacists indicated to encounter at least once a week a medication
safety alert from their CDSS concerning a patient with hepatic impairment (Table 4). A
proportion of 53.4% were familiar with the new alerts in their CDSS. A total of 55.4% were
aware of the website with advice about medication safety in cirrhosis.
Among healthcare professionals, the GP was most often consulted with a question about a
prescription in a patient with hepatic impairment. A total of 71.3% of respondents contacted
a prescriber in the past 6 months to retrieve the severity of a patient’s hepatic impairment.
More than half of these respondents experienced difficulties during that contact. In an open

131

Chapter 3.2

question, pharmacists explained these difficulties. A frequently mentioned remark was the
lack of relevant patient information (e.g., severity of hepatic impairment or diagnosis of
cirrhosis): “General practitioners become irritated when I ask for a patient’s renal function,
let alone when I also ask which patients have cirrhosis.” [Female, 63 years old]. Respondents
also indicated that there was a lack of knowledge on this topic: “My general practitioners
have no idea what hepatic impairment exactly means. The contraindication hepatic
impairment is registered while the patient ‘only’ had an increase in ALAT and / or ASAT.”
[Female, 36 years old].
Another open-ended question asked about the role of pharmacists in caring for patients
with hepatic impairment. Overall, there was a sense of willingness amongst respondents to
take responsibility in ensuring optimal medication use in patients with hepatic impairment:
“Our role is to provide information about the use of medication when a patient has hepatic
impairment and the possible consequences.” [Female, 57 years old].

Table 4. Current practice among pharmacists in caring for patients with hepatic impairment
n (%)

How often do you encounter a “hepatic impairment” medication safety alert in
your CDSS?

Often
(daily/
weekly)

Rarely
(monthly
or less)

238 (70.4)

100 (29.3)

Yes

No

Familiarity with new CDSS alerts or website

218 (69.6)

95 (30.4)

Are you familiar with the new CDSS alerts?

167 (53.4)

146 (46.6)

Are you familiar with the website?

173 (55.4)

139 (44.6)

279 (83.3)

56 (16.7)

262 (78.2)

73 (21.8)

In the past 6 months, have you consulted one of the following prescribers
with a question about medication safety in a patient with hepatic
impairment?
General practitioner
Gastroenterologist

86 (25.7)

249 (74.3)

Other prescriber

54 (16.1)

281 (83.9)

239 (71.3)

96 (28.7)

135 (56.7)

103 (43.3)

In the past 6 months, have you consulted a prescriber about a patient’s
severity of hepatic impairment?
If yes, did you encounter difficulties during that contact?

Number of respondents varied per question from 312-338 and n=238 for the last question. CDSS, clinical decision support system.
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Discussion
This study is unique in assessing community pharmacists’ level of knowledge on medication
safety in patients with hepatic impairment and their practice in caring for these patients. We
demonstrated that 70% of the respondents evaluated at least once a week the safety of a
medicine in a patient with hepatic impairment and more than 80% consulted a prescriber
in the past 6 months with a medication safety question. Yet, the pharmacists’ knowledge
level – subjective and objective – was insufficient and they expressed a wish for additional
education. Furthermore, pharmacists experienced difficulties in caring for these patients
due to problems in the contact with prescribers and limited access to essential patient data,
like the severity of hepatic impairment.
Pharmacists had limited knowledge on different topics of pharmaceutical care in hepatic
impairment. Strikingly, only about one fifth of respondents knew which laboratory parameters
are used to evaluate hepatic function. In addition, a large proportion of pharmacists was not
able to give correct advice on analgesic use in severe cirrhosis. Knowledge of pharmacists
on this topic does not seem to have been assessed previously, yet a few studies evaluated
physicians’ practices in prescribing analgesics in patients with cirrhosis [12-14]. These studies
found similar results: an overall limited knowledge on the topic. Possible explanations for
this finding are that medication safety in hepatic impairment is a rather complex topic and
hepatic impairment (i.e., liver cirrhosis) is not a very common disease. Gastroenterologists,
specialized in caring for these patients, also knew more often which analgesic was safe
to prescribe compared to non-gastroenterologists [12]. In addition, the former lack of
practical guidance possibly contributed to the low knowledge level. This lack of guidance
probably also limited the quantity and quality of education on the topic: less than half
of the respondents in our survey had some training in hepatic impairment during their
pharmacy degree. These results mark the need for additional or higher quality education
about medication safety in hepatic impairment. The respondents in our study that took a
postgraduate course also had a higher score on the knowledge test, possibly indicating the
effect of additional education.
Pharmacists with less years in practice scored higher on the knowledge test. Previous
studies assessing healthcare professionals’ knowledge on other topics (e.g., (pharmaco)
genetics) also showed that more recent graduation was related to higher knowledge scores
[21,22]. Recent graduates probably remember most from the education received during
pharmacy school or their registration period and may be more willing to learn. Notable
was also the association between familiarity with the new recommendations in the CDSS
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or the website and a higher score on the knowledge test. Participants familiar with the
website or recommendations are possibly more interested in the topic and might have
read background information about medication safety in patients with hepatic impairment.
When consulting prescribers about patients with hepatic impairment, more than half of the
pharmacists experienced difficulties during that contact. One of the difficulties mentioned
was the lack of relevant patient information, i.e. data on the diagnosis and the severity of
hepatic impairment. Exchange of relevant patient data between physicians and pharmacists
is necessary to ensure safe and optimal medication use and prevention of medicationrelated problems. Warholak et al. showed that pharmacists were able to give better
pharmaceutical support when they had a more complete overview of a patient’s medical
record [23]. Furthermore, a review on clinical decision support noted that drug-disease
interaction alerts could only work if the diagnoses and conditions of a patient, even as the
degree of impairment have been accurately entered into the medical or pharmaceutical
record of a patient [24]. Efforts are needed to improve exchange of these patient data.

Limitations
The current study achieved a response rate of 22%, which is considered low for web-based
questionnaires [25,26]. Though, it is reasonable for the UPPER network with a usual response
rate of 10-15% in their surveys [20,27]. Non-response bias was possible: pharmacists with
limited interest and knowledge on this topic possibly did not participate, resulting in a
higher average knowledge score. On the other hand, participants received additional
information on the topic as incentive, which could have attracted pharmacists with limited
knowledge resulting in a lower mean level of knowledge. When comparing characteristics
of respondents with Dutch national data from 2004, a high frequency of female pharmacists
was noted in our sample [28]. A likely explanation is that in the past 15 years, the male/
female ratio among community pharmacists in the Netherlands has changed, as described
by the Dutch Foundation for Pharmaceutical Statistics [29].
To test the level of knowledge of participants, we used six multiple-choice questions. Thus,
the score on the knowledge test only gives a global impression about the pharmacists’
knowledge. Nevertheless, in our opinion, the designed questions represent minimal
requirements for providing proper care in these patients.

Implications for practice and future research
The results of this study point to a compelling need for more education on medication safety
in patients with hepatic impairment. It is recommended to provide basic knowledge and
create awareness for this patient group during the pharmacy and medicine undergraduate
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studies and provide more advanced practice-based education in a postgraduate course.
In a couple of years, this study and especially the knowledge test could be repeated to
evaluate improvement.
To improve medication safety in patients with hepatic impairment, pharmacists and
prescribers can be supported by their CDSS [24]. The practical guidance on medication
safety in patients with hepatic impairment was published in English, yet only integrated
in CDSS in the Netherlands [9]. This study provides valuable insights for other countries
that want to integrate decision support for safe use of medication in hepatic impairment.
To make optimal use of clinical decision support, the exchange of the diagnosis and
severity of hepatic impairment between healthcare professionals needs to be improved.
Pharmacotherapy meetings between GPs and pharmacists can help. These meetings
could be used to discuss practicalities limiting the exchange of the diagnosis and severity
of hepatic impairment and to improve involvement and knowledge among participants.
Previous studies have shown the positive impact of high quality pharmacotherapy meetings
in optimizing pharmacotherapy [30,31].
Medication-related problems are very common in patients with cirrhosis. A recent singlecenter trial showed that more than half of medication-related problems could be resolved
by a pharmacist-led medication review [5]. These results are promising and the guidance
we developed can support pharmacists. Yet, for large-scale implementation of pharmacistsled medication reviews in these patients, there are still some barriers to overcome as we
demonstrated in this study.

Conclusion
We showed that the level of knowledge of community pharmacists on medication safety
in patients with hepatic impairment is low and that additional education is needed and
wanted. The majority of pharmacists encounter patients with hepatic impairment regularly;
however, when providing care in these patients they frequently experience difficulties
in the contact with other healthcare professionals and lack essential patient information.
If these issues are resolved, pharmacists can play a more active role in ensuring safe and
optimal medication use and prevention of medication-related problems in patients with
hepatic impairment.
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APPENDIX 1. Questionnaire
This is the translated version of the original Dutch questionnaire.
1.

How often do you encounter a “hepatic impairment” medication safety alert in
your clinical decision support system?
Ο Daily
Ο Weekly
Ο Monthly
Ο Less than once a month

2.

Please indicate to which extent you agree with the following statements:

I know which liver diseases can lead to hepatic
impairment.
I am able to interpret laboratory values to assess
if hepatic function is impaired
My knowledge on the influence of hepatic
impairment on medicines is sufficient
My knowledge on medication safety in patients
with hepatic impairment is sufficient to judge
the clinical relevancy of medication alerts in
these patients

3.

Strongly
disagree
Ο

Disagree
Ο

Neutral
Ο

Agree
Ο

Strongly
agree
Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο

Among the following reference works, which reference work(s) do you use to
judge the clinical relevancy of a medication safety alert in patients with hepatic
impairment?

Kennisbank
Summary of product characteristics (SmPC)
Commentaren medicatiebewaking
Farmacotherapeutisch Kompas
Other (please specify)

Yes
Ο
Ο
Ο
Ο
Ο

No
Ο
Ο
Ο
Ο
Ο

4.

Are the current reference works sufficient for you when judging clinical relevancy
of alerts?
Ο Yes
Ο No

5.

In the past 6 months, have you consulted one of the following prescribers with a
question about medication safety in a patient with hepatic impairment?

General practitioner
Gastroenterologist
Prescriber other than general practitioner or gastroenterologist
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Yes
Ο
Ο
Ο

No
Ο
Ο
Ο
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6.

a. In the past 6 months, have you consulted a healthcare professional or the
patient his medical record to acquire the severity of hepatic impairment? If “No”
proceed to question 7.
Ο Yes		
Ο No
b. Are you experiencing any difficulties in the contact with other healthcare
professionals about the contraindication hepatic impairment?
Ο Yes		
Ο No

7.

Which laboratory tests are used to assess liver function?
Ο Gamma-GT and Alkaline Phosphatase
Ο ASAT and ALAT
Ο Albumin, bilirubin and INR
Ο Lactate dehydrogenase and ammonia
Ο I do not know

8.

Which classification is used to estimate the severity of hepatic impairment?
Ο Child- Pugh
Ο ASAT / ALAT ratio
Ο Hy’s Law
Ο None of the above answers
Ο I do not know

9.

In which of the following diseases is the impairment of hepatic function clinically
relevant for medication use?
Ο Viral hepatitis
Ο Liver cirrhosis
Ο Steatosis hepatitis (fatty liver)
Ο All three answers mentioned
Ο None of the above answers
Ο I do not know

10. What do you do if a general practitioner adds the contraindication “hepatic

impairment” in the medical record of a patient because of a liver cyst?
Ο The contraindication is relevant, I do not do anything.
Ο The contraindication is irrelevant. I remove this in consultation with the general
practitioner.
Ο I do not know what is right to do.
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11. A physician asks your advice on pain relief in a patient with arthrosis and severe

liver cirrhosis. Which analgesic would you certainly not recommend?
Ο Acetaminophen (paracetamol)
Ο Diclofenac
Ο Tramadol
Ο Morphine
Ο I do not know
12. Which pharmacokinetic process(es) are affected by hepatic impairment?

Ο Absorption
Ο Distribution
Ο Metabolism
Ο Excretion
Ο All of these pharmacokinetic processes
Ο No influence on pharmacokinetics
Ο I do not know
13. During which of the following moments did you receive education on medication

safety in patients with hepatic impairment?
Pharmacy school
Registration as community pharmacist
Elective postgraduate course or Pharmacotherapeutic Audit Meeting

Yes
Ο
Ο
Ο

No
Ο
Ο
Ο

14. Would you like additional education on medication safety in patients with

hepatic impairment?
Ο Yes
Ο No
15. In your opinion, during which of the following moments should training be

given on this subject?
Pharmacy school
Registration as community pharmacist
Elective postgraduate course or Pharmacotherapeutic Audit Meeting

Yes
Ο
Ο
Ο

No
Ο
Ο
Ο

16. a. Are you familiar with the new medication safety recommendations on patients

with hepatic impairment in your clinical decision support system (G-standard or
Pharmabase)? If “No”, proceed to question 17.
Ο Yes
Ο No
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b. Have you used these recommendations in the past 6 months?
Ο Yes
Ο No
17. a. Are you familiar with the website www.geneesmiddelenbijlevercirrose.nl? If

“No”, proceed to question 18.
Ο Yes
Ο No
b. Have you used this website in the past 6 months?
Ο Yes
Ο No
18. What is your age?

19. What is your gender?

Ο Female

Ο Male

20. a. What is your practice setting? If the answer is “community pharmacy”, proceed

to question 20c.
Ο Community pharmacy

Ο Outpatient pharmacy

b. In what type of hospital do you work? (proceed to question 21)
Ο Academic hospital		
Ο Periphery hospital
c. How many patients are connected to the pharmacy where you work?

21. Where is the pharmacy where your work located?

Ο Countryside

Ο Village		

Ο Urban area/city

22. How many years of practical experience as pharmacist do you have?

23. Are you registered as community pharmacist or are you in training to be

registered as community pharmacist?
Ο I am registered as community pharmacist
Ο I am in training to be registered as community pharmacist
Ο I am not registered as community pharmacists, nor am I in training.
Ο Other
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24. At which university did you attend pharmacy school?

Ο University of Amsterdam
Ο University of Groningen
Ο University of Leiden
Ο University of Utrecht
Ο Other
25. Do you believe that the current pharmacy practice in ensuring medication

safety in patients with hepatic impairment is sufficient?

26. Are there any difficulties you encounter when caring for patients with hepatic

impairment?

27. What should be the role of a pharmacist in the care for patients with hepatic

impairment?
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Abstract
Background: In 2005, the European Medicines Agency (EMA) released guidance on
pharmacokinetic studies in patients with hepatic impairment. This guidance describes
the design of these studies and what information should be presented in the Summary of
Product Characteristics (SmPC). We aim to evaluate the availability and clinical applicability
of information on medicine use in patients with hepatic impairment in SmPCs and
registrational dossiers of recently approved medicines.
Methods: We reviewed SmPC information on use in patients with hepatic impairment
of 51 new medicines authorized between 2015 and 2017. Per medicine, we assessed
the availability of nine information items derived from the EMA guidance; i.e., type of
hepatic disease studied, stratification by severity of hepatic impairment, influence of
hepatic impairment on the pharmacokinetics, safety advice in mild, moderate and severe
hepatic impairment and dosing recommendation in mild, moderate and severe hepatic
impairment. If unavailable, the European Public Assessment Report (EPAR) and study report
were consulted consecutively. Of available items, clinical applicability was assessed by
labelling information as “clear” or “ambiguous”.
Results: Of 51 medicines, 15 had no pharmacokinetic study in patients with hepatic
impairment described in their SmPC. The other 36 SmPCs contained on average 7 of the 9
information items (range 4-9). One SmPC contained all 9 items and after consulting the study
reports 11 SmPCs were complete. The item “type of hepatic disease studied” was available
in one SmPC, though could be retrieved in 21 study reports. Regarding clinical applicability,
there was no medicine with all information items available and clearly formulated in the
SmPC. A total of 12 medicines (33%) contained only clearly formulated information, while
24 (67%) contained at least one ambiguously formulated information item (range 0-4).
Items often ambiguously formulated were: “definition of mild, moderate and severe hepatic
impairment” (15 ambiguous SmPCs) and “safety advice in severe hepatic impairment” (17
ambiguous SmPCs).
Conclusion: While SmPCs contain a large part of information requested by the EMA, clinical
applicability seems low as it is often unclear to which specific type of hepatic disease
patient the advice applies. This can negatively influence the practical use by healthcare
professionals.
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Introduction
Patients with hepatic impairment are at risk for adverse drug reactions when using
medicines as drug concentrations could increase due to pharmacokinetic (PK) changes
[1,2]. The influence of hepatic impairment on the PK of a medicine depends on the type
and severity of the underlying hepatic disease [1,3]. Cirrhosis, the advanced stage of all
chronic liver diseases, has the largest influence on drug concentrations [1,4-6]. Research
demonstrated that nearly 30% of patients with cirrhosis suffers from adverse drug reactions
and that almost 80% of these reactions was possibly preventable because inadequate
dosages or contraindicated medicines were used [7].
The knowledge on dose adjustments and contraindications for medicines in patients with
hepatic impairment is often based on the results of PK studies conducted by pharmaceutical
companies. Realizing that information was not always generated to the same extent for
different medicines, the European Medicines Agency (EMA) published a guideline on
the evaluation of pharmacokinetics in patients with hepatic impairment in 2005 [8]. This
guideline provides recommendations on the design and reporting of PK studies in subjects
with impaired hepatic function. The results from these PK studies are presented in a study
report and discussed in the European Public Assessment Report (EPAR). In the Summary of
Product Characteristics (SmPC), the safety and dosing recommendations resulting from the
PK studies are presented to healthcare professionals.
Previous research indicated possible shortcomings in information provided in SmPCs on
medication use in patients with hepatic impairment. A small study from 2002 reported
that the advice in SmPCs was often inconsistent, unclear and unhelpful [9]. A more recent
study (2013) evaluated prescribing guidance on patients with hepatic impairment in USA
Food and Drug Administration (FDA)-approved labels and reported non-specific dose
recommendations [10]. No previous study has assessed the quality of prescribing information
in SmPCs after release of the EMA guideline, nor in other authorization documents. Our aim
is therefore to evaluate the availability of specific information on the use of a medicine in
patients with hepatic impairment in SmPCs, EPARs and study reports of recently approved
medicines and to evaluate the clinical applicability of the SmPC information.
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Methods
We included all human medicines authorized through a centralized procedure by the EMA
from 2015 until 2017 containing a new chemical entity. The EMA guideline recommends
studies in patients with hepatic impairment if medicines are likely to be used in this
population, and if hepatic impairment is likely to influence pharmacokinetics [8]. To focus
our analysis on these medicines, we excluded single-use medicines (such as vaccines), nonsystemic locally acting medicines, orphan medicines and medicines that had a conditional
approval or were approved under exceptional circumstances. Fixed-dose combination
medicines were also excluded since these often contain one advice based on PK alterations
and studies of two or more medicines which was difficult to incorporate in our method.
We used data from three different authorization documents: SmPCs, EPARs and study
reports. The SmPCs and EPARs were retrieved from the EMA website (https://www.ema.
europa.eu) in April and May 2018. The versions of the documents available on this website
correspond to the most recently updated version. Study reports are often not or only partially
publicly available and individual patient data (such as medical histories of study subjects)
are also not (yet) published [11]. If available, study reports were accessed through the EMA’s
clinical data website (https://clinicaldata.ema.europa.eu). The non-publicly available study
reports and individual patient data were accessed at the Dutch Medicines Evaluation Board.
Per medicine, we examined the SmPC to assess whether a study in patients with hepatic
impairment was conducted and described (Figure 1). If a study was described in the SmPC,
the availability of the information and the clinical applicability were assessed. For medicines
without a study in hepatic impairment, we assessed if this was explicitly mentioned in the
SmPC and if a justification was given for its absence.

Assessment of information availability and clinical applicability
For the assessment of information availability, we used nine information items derived
from the section about labelling of the EMA guideline (Table 1) [8]. The guideline describes
that characteristics of the patients included in the hepatic impairment study should be
stated in the SmPC which we assessed by two information items: (1) description of the
type of hepatic disease studied, and (2) stratification by severity of hepatic impairment.
The third information item included a description of the influence of hepatic impairment
on the pharmacokinetics. Concerning the remaining information items: the EMA states
that specific recommendations should be given on the use (e.g., warnings, precautions)
and dosing of medicines in patients with hepatic impairment. We incorporated this into
one information item on the safety and one on dosing per severity of hepatic impairment
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(i.e. mild/moderate/severe) (6 information items). A safety and dosing recommendation
could be related to the same sentence. For example, the dosing recommendation “no
dose adjustment needed” was also counted as safety recommendation since it implies that
the medicine can be used. Four of the researchers (RW, LT, MMS, KT) established the nine
information items in consensus.

Study in patients with hepatic
impairment conducted and
described in the SmPC?

Yes

No

Information available in SmPC on
nine items required by the EMA?

Yes

Information in SmPC on:
(1) Absence of study?
(2) Justification for absence?

No

Information in SmPC on eight items
clinically applicable?

Available in:
(1) EPAR?
(2) Study report?

Figure 1. Flowchart of steps followed per medicine
EMA: European Medicines Agency, EPAR: European Public Assessment Report, SmPC: Summary of Product Characteristics

Per medicine, we evaluated if the nine information items were available in the SmPC (Table
2). For unavailable items, we first consulted the EPAR to assess if the item was found there
and if still not available, the study report was checked. Of the available information items
in the SmPC, the clinical applicability was assessed (Table 2). Per item, we evaluated the
formulation of the SmPC information and labelled it as “clear” or “ambiguous” information.
This assessment focused on the applicability of the advice to healthcare professionals: is
it clear to which patients the advice applies and what the healthcare professional should
do? As the item “the influence of hepatic impairment on the pharmacokinetics” is not a
description of the “at-risk population”, nor an instruction, this item was not evaluated. The
clear description of the characteristics of the patients was assessed based on a previous
study [9]. The clinical applicability of the safety and dosing recommendations was based
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on a study by Salgado et al. [12]. If there was no clear statement that the medicine can or
cannot be used, the safety recommendation could only be labelled as “clear” information
if there were safety actions specified for prescribers. This is in line with the EMA guideline:
“When precaution is recommended and no specific dose recommendations can be given,
measures to be taken by the prescriber (e.g. careful monitoring) should be specified.” (Table
1) [8].

Table 1. Content of section 5 “labelling issues” from the EMA guideline on the evaluation of
pharmacokinetics in patients with hepatic impairment [8]
“Specific dosing recommendations should be given in section 4.2 with cross-reference to section 5.2, and, when
relevant, to sections 4.3 and/or 4.4. The characteristics of the subjects included in the hepatic impairment study
should be stated in section 4.2 and extrapolations should not be made beyond what has actually been studied.
Efforts should be made to describe the change in pharmacokinetics related to changes in clinical parameters
like S-albumin, S-bilirubin or prothrombin time (preferably expressed in terms of the International Normalised
Ratio, INR) if a relationship has been found. Even when no posology adjustment is needed, this should be stated
in section 4.2.
Lack of information regarding influence of hepatic impairment on the pharmacokinetics could result in a
contraindication or warning, depending on the characteristics of the drug. When precaution is recommended
and no specific dose recommendations can be given, measures to be taken by the prescriber (e.g. careful
monitoring) should be specified.
Information regarding the influence of hepatic impairment on the pharmacokinetics should be given in the
Special populations subsection of section 5.2, with cross-reference to section 4.2 if posology adjustment is
needed and 4.5 if interactions may be changed. The information should include which type of hepatic disease
has been studied, effects on parent compound and metabolites and, when relevant, include effects on protein
binding and unbound exposure.
Also when pharmacokinetics in patients with hepatic impairment has not been evaluated, this information
should be given in section 5.2. When relevant, information that hepatic impairment is unlikely to affect the
pharmacokinetics to a clinically relevant extent could be included if this has been well justified.”[8]

Analyses
Two authors (LT, RW) evaluated the availability and clinical applicability of information in
the SmPCs and EPARs and discussed in case of discrepancies. If the authors still disagreed, a
discussion was held with two other researchers (MMS, KT) until consensus was reached. RW
examined the study reports together with an employee of the Dutch Medicines Evaluation
Board (MMS). The results were analysed using Microsoft Excel and reported with descriptive
statistics.
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Table 2. Method used for assessing the availability and clinical applicability of information in SmPCs
Assessment of availability

Assessment of clinical applicability
Example sentences

Is the following information item
available?

Description

Clear
information

Ambiguous
information

Characteristics of patients

1. Type of hepatic disease studied

Is the patient group
clearly described? Is the
term ‘hepatic impairment’
defined?

“patients with
cirrhosis”

“patients
with hepatic
impairment”

2. Stratification by severity of hepatic
impairment

Are the terms used to
grade the severity of
hepatic impairment
defined?

“mild hepatic
impairment (ChildPugh A)”

“mild hepatic
impairment”

Clear statement that
medicines can or cannot
be used or which safety
actions are neededa

“contraindicated”,
“use with caution
while monitoring …
”, “dose adjustment
(not) needed)”

“use with
caution”, “it
is preferable
to”, “not
recommendded to use”

Specified dose adjustment
or stating that no
dose adjustments are
necessarya

“adjust dose to 500
mg once daily”, “no
dose adjustment
is necessary”,
“contraindicated”

“dose
adjustment is
necessary”

Influence on pharmacokinetics
3. Influence of hepatic impairment
on the pharmacokinetics

Clinical applicability not tested

Safety recommendations
Advice on safety in patients with:
4. Mild hepatic impairment
5. Moderate hepatic impairment
6. Severe hepatic impairment
Dosing recommendations
Dosing recommendations in patients
with:
7. Mild hepatic impairment
8. Moderate hepatic impairment
9. Severe hepatic impairment

a. These items were assessed for every severity class (i.e. mild, moderate and severe).
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Results
From 2015 until 2017, the EMA authorized a total of 258 new human medicines and 101
were new chemical entities (Figure 2). We included 51 medicines in our study (Table 3). With
27 (53%) of these a dedicated PK study was conducted in patients with hepatic impairment.
For nine medicines (18%), the SmPC described a population PK analysis and for three of
these nine a dedicated PK study is currently ongoing or recently finished.
For 15 (29%) included medicines, no study was performed to assess the impact of hepatic
impairment on the PK. Thirteen of these were monoclonal antibodies or other medicines
not metabolized or eliminated by the liver. The remaining two are partly excreted in faeces
and have no ongoing dedicated PK study. Eleven of these 15 medicines also described in
the SmPC that no study was performed and eight provided a justification for the absence
of a hepatic impairment study.

New medicines
approved by the EMA
between 2015-2017
(n=258)

Excluded medicines (n=157)

Not containing a new chemical
entity (n=157)

New chemical entities
(n=101)

Included medicines
(n=51)

Figure 2. Flowchart of inclusion of medicines
EMA: European Medicines Agency
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Excluded medicines (n=50)

Orphan medicines (n=24)

Medicines conditional
approved or under exceptional
circumstances (n=12)

Single-use medicines (n=7)

Non-systemic locally acting
medicines (n=5)

Fixed-dose combination
medicines (n=2)
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Availability of information
Of the 36 medicines with a PK study, the SmPCs contained on average 7 of the 9 information
items (range 4-9). The items “influence of hepatic impairment on the pharmacokinetics”,
“safety advice in mild hepatic impairment” and “dosing recommendation in mild hepatic
impairment” were found in the SmPCs of all of these 36 medicines (Table 4). Low scoring
items were “the type of hepatic disease studied” (n=1, 3%) and “dosing recommendation in
severe hepatic impairment” (n=16, 44%). The number of medicines with all nine information
items available increased from one (3%) after the SmPC and EPAR evaluation, to 11 (31%)
medicines after consulting the study report. Of all the study reports consulted (n=35), 10
(29%) were publicly available on the EMA website.

Table 3. Characteristics of the included medicines (n=51)
n

%

2015

20

39

2016

15

29

2017

16

31

Alimentary tract and metabolism

2

4

Blood and blood forming organs

7

14

Cardiovascular system

3

6

Dermatological drugs

1

2

Genitourinary system and reproductive hormones

1

2

Systemic hormonal preparations

1

2

Antiinfectives for systemic use

5

10

Antineoplastic and immunomodulating agents

24

47

Musculoskeletal system

1

2

Nervous system

4

8

Respiratory system

2

4

Dedicated pharmacokinetic study

27

53

Population pharmacokinetic analysis

9

18

No study

15

29

51

100

Year of authorization

Therapeutic area

Study in patients with hepatic impairment

Total
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Table 4. Availability of information on patients with hepatic impairment in authorization documents
of 36 medicines
SmPC

EPAR

Study report

Information item

n

%

n

%

n

%

Type of hepatic disease studied

1

3

1

3

22

61

Stratification by severity of hepatic impairment

35

97

35

97

35

97

Influence of hepatic impairment on the pharmacokinetics

36

100

36

100

36

100

Safety advice in mild hepatic impairment

36

100

36

100

36

100

Safety advice in moderate hepatic impairment

33

92

33

92

33

92

Safety advice in severe hepatic impairment

31

86

31

86

31

86

Dosing recommendation in mild hepatic impairment

36

100

36

100

36

100

Dosing recommendation in moderate hepatic impairment

28

78

28

78

30

83

Dosing recommendation in severe hepatic impairment

16

44

17

47

17

47

Results are expressed in number and percentage of medicines with the information item available after consulting the SmPC, EPAR
or study report. The additional information from the study reports in terms of type of hepatic disease studied can be found in Table
5 and the dosing recommendations in moderate hepatic impairment in the published studies of these medicines [13,14]. EPAR,
European Public Assessment Report; SmPC, Summary of Product Characteristics.

The SmPC of one medicine described the type of hepatic disease studied which was
cirrhosis. This information was available though in 21 study reports. Table 5 provides an
overview of the hepatic diseases documented in these study reports. For five medicines, all
patients included in the study had cirrhosis documented in their medical history. For the
other medicines, and especially in the mild hepatic impairment group, the medical history
of the included patients described a variety of hepatic diseases with and without cirrhosis.
In some medical histories, we could not find a (chronic) liver disease documented.
The SmPCs of 35 (97%) medicines stratified hepatic impairment by severity with 27
describing the use of the Child-Pugh classification (all dedicated PK studies). All of these
27 medicines included patients with moderate hepatic impairment (Child-Pugh B) in their
PK study, 25 included patients with mild hepatic impairment (Child-Pugh A) and 14 severe
hepatic impairment patients (Child-Pugh C). The remaining eight medicines stratified the
severity of hepatic impairment by the National Cancer Institute (NCI) criteria of hepatic
dysfunction (all population PK analyses). All eight included patients with NCI mild hepatic
impairment in their study, one included patients with NCI moderate hepatic impairment
and none patients with NCI severe hepatic impairment.
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Table 5. Overview of hepatic diseases documented in the medical history of the included patients
in the study reports of 21 medicines. Expressed in number of patients and stratified by severity of
impairment and documentation of cirrhosis.

Totala
(n=368)

Mild hepatic
impairment
(n=115)

Moderate
hepatic
impairment
(n=166)

Severe
hepatic
impairment
(n=57)

Documented hepatic disease

n

%

n

%

n

%

n

%

Cirrhosis, totalb

264

71.7

68

59.1

139

83.7

43

75.4

Alcoholic liver disease

109

41.3

24

35.3

64

46.0

15

34.9

Viral hepatitis C

139

52.7

39

57.4

72

51.8

20

46.5

Viral hepatitis B

23

8.7

7

10.3

11

7.9

2

4.7

NASH

6

2.3

3

4.4

2

1.4

1

2.3

Other

15

5.7

4

5.9

6

4.3

5

11.6

26

9.8

2

2.9

16

11.5

5

11.6

Unknown
No cirrhosis documented, total
Alcoholic liver disease

b

104

28.3

47

40.9

27

16.3

14

24.6

24

23.1

10

21.3

8

29.6

2

14.3

Viral hepatitis C

59

56.7

34

72.3

12

44.4

11

78.6

Viral hepatitis B

6

5.8

0

0.0

5

18.5

1

7.1

NASH

8

7.7

4

8.5

3

11.1

1

7.1

Other

17

16.3

5

10.6

6

22.2

1

7.1

Unknown

7

6.7

2

4.3

0

0.0

0

0.0

a. The total number of patients contains data from one additional medicine. The medical history of this medicine was not stratified
by severity of impairment.
b. The individual hepatic diseases do not sum up to the total number because patients could have more than one hepatic disease
documented.
NASH, non-alcoholic steatohepatitis.

Table 6 gives an overview of the content of the safety and dosing recommendations,
stratified by severity of hepatic impairment. Contraindications and dose adjustments were
only advised in medicines subjected to a dedicated PK study.
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Table 6. Overview of safety and dosing recommendations in the SmPCs of 36 medicines, stratified by
severity of hepatic impairment

Safety recommendations

Mild
hepatic
impairment

Moderate
hepatic
impairment

Severe
hepatic
impairment

n

%

n

%

n

%

36

100

36

100

36

100

Can be used (i.e. dose adjustment (not) needed)

31

86

21

58

8

22

Use with caution

4

11

8

22

6

17

Outweigh benefits and risks

0

0

0

0

2

6

Not recommended to use

0

0

3

8

10

28

Should not be used

0

0

0

0

2

6

Contraindication

1

3

1

3

3

8

None (not available)

0

0

3

8

5

14

36

100

36

100

36

100

Dosing recommendations
Dose adjustment not needed

33

92

19

53

7

19

Dose adjustment needed

2

6

8

22

4

11

Should not be used/contraindication

1

3

1

3

5

14

None (not available)

0

0

8

22

20

56

Clinical applicability of information
Figure 3 shows the clinical applicability assessment of the SmPC information of the 36
medicines with a PK study. Table 7 provides examples of clear and ambiguous information
in SmPCs. When available, dosing recommendations were almost always formulated clearly,
while information on the definition of mild/moderate/severe hepatic impairment (20 clear
SmPCs, 56%) and the safety advice in severe hepatic impairment (14 clear SmPCs, 39%) was
often ambiguously formulated. The type of hepatic disease studied was only present in one
SmPC but ambiguously formulated. Four different wordings were used interchangeably
(hepatic impairment, chronic liver disease, pre-existing hepatic impairment and hepatic
cirrhosis) to define the “at-risk population” (Table 7). There was no medicine with all
information items available and clearly formulated. A total of 12 medicines (33%) contained
only clearly formulated information, while 24 (67%) contained at least one ambiguously
formulated information item (range 0-4).
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Table 7. Results of the assessment of the clinical applicability of the information: examples of clear and
ambiguous information described in SmPCs concerning the use in patients with hepatic impairment
Clearly formulated information

Ambiguously formulated information

Patient characteristics
All terms to grade severity of hepatic
impairment are defined: “Section
4.2: No dose adjustment is required in
patients with mild hepatic impairment
(Child Pugh A). The dose should be
reduced to 5 mg once daily in patients
with moderate hepatic impairment
(Child Pugh B) (see sections 4.4 and 5.2).
Tofacitinib should not be used in patients
with severe hepatic impairment (Child
Pugh C) (see section 4.3).”[14]

Ambiguous information on type of hepatic disease because
of all the different terms used, no clear definition: “Section
4.2: Exposure to brivaracetam was increased in adult patients with
chronic liver disease. (…) A maximum daily dose of 150 mg
administered in 2 divided doses is recommended for all stages
of hepatic impairment. (…) Section 4.4: There are limited clinical
data on the use of brivaracetam in patients with pre-existing
hepatic impairment. Dose adjustments are recommended for
patients with hepatic impairment. Section 5.2: A pharmacokinetic
study in subjects with hepatic cirrhosis (Child-Pugh grades A,
B, and C) showed similar increases in exposure to brivaracetam
irrespective of disease severity (50 %, 57 % and 59 %), relative to
matched healthy controls.”[16]
Definition lacking of terms to stratify severity of impairment:
“Section 4.2: No dose adjustment is required in patients
with mild or moderate hepatic impairment. Baricitinib is
not recommended for use in patients with severe hepatic
impairment. Section 5.2: There was no clinically relevant effect
on the PK of baricitinib in patients with mild or moderate
hepatic impairment. The use of baricitinib has not been studied
in patients with severe hepatic impairment.”[17]

Safety advice in patients with mild/moderate/severe hepatic impairment
Caution is explained: “There are no
data in patients with severe hepatic
impairment (see section 5.2). Rolapitant
should be used with caution in these
patients. If use cannot be avoided,
patients should be monitored for
adverse reactions to rolapitant (see
section 4.8).”[18]

Ambiguous safety advice in moderate and severe hepatic
impairment: “No dose adjustment of dasabuvir is required in
patients with mild hepatic impairment (Child-Pugh A). Dasabuvir
is not recommended in patients with moderate hepatic
impairment (Child-Pugh B) (see sections 4.4 and 4.8). Dasabuvir
should not be used in patients with severe hepatic impairment
(Child-Pugh C) (see section 5.2).”[19]

Dosing recommendation in patients with mild/moderate/severe hepatic impairment
Dosing advice specified: “Section
4.2: No dose adjustment of palbociclib
is required for patients with mild or
moderate hepatic impairment (ChildPugh classes A and B). For patients with
severe hepatic impairment (Child-Pugh
class C), the recommended dose of
palbociclib is 75 mg once daily on
Schedule 3/1 (section 4.4, 5.2)”[20]

Concrete dose recommendation in moderate hepatic
impairment lacking: “Section 4.2: No dose adjustment is
necessary in patients with mild hepatic impairment (Child-Pugh
Class A). There is limited clinical experience in patients with
moderate hepatic impairment (Child-Pugh Class B). Caution
must be exercised in these patients and dose adjustment may
be necessary (see section 5.2). There is no clinical experience in
patients with severe hepatic impairment (Child-Pugh Class C),
therefore, opicapone is not recommended in these patients (see
section 5.2).”[21]

For clarity, brand names have been replaced by generic medicines names in all examples.
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Type of hepatic disease studied

1

35

Stratification by severity of hepatic impairment

20

15

Safety advice in mild hepatic impairment

32

Safety advice in moderate hepatic impairment

4

24

Safety advice in severe hepatic impairment

3

9

14

17

Dosing recommendation in mild hepatic impairment

5

36

Dosing recommendation in moderate hepatic…

27

Dosing recommendation in severe hepatic impairment

1

16
0%

Clear information

1

20%

Ambiguous information

8

20
40%

60%

80%

100%

Information not available

Figure 3. Number and percentage of medicines with clear, ambiguous or unavailable information in
SmPCs (n=36)

Discussion
In this study we reviewed SmPC information on patients with hepatic impairment of 51
recently approved medicines and found that 36 described a PK study in patients with
hepatic impairment in their SmPC. On average, 7 of 9 information items requested by the
EMA were available in these SmPCs. Yet, safety advice or dose recommendations for patients
with severe hepatic impairment were unavailable for almost 60% of evaluated medicines
and/or ambiguously formulated. Essential information on the type of hepatic disease of
patients included in the required PK studies was lacking for 35 of 36 medicines, but could
be retrieved for 21 medicines in the non-publicly available part of the study report. Based on
the documentation in the study reports, we could not confirm that the appropriate patients
were studied in all PK studies. In addition, in more than 40% of evaluated medicines, the
severity of hepatic impairment of the studied patients was not clearly specified in the SmPC.
A substantial part of information requested in the EMA guideline was available in the SmPCs
of the medicines in our sample that conducted a PK study. For the other medicines, the
lack of a hepatic impairment study was often justified by negligible hepatic clearance of
the particular medicinal product which is accepted by the EMA [8]. Two earlier studies
found different results. A study from 2001 showed that only a few of the 25 studied SmPCs
gave specific, detailed advice on the use of a medicine in patients with hepatic impairment
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[9]. Chang and colleagues [10] observed that a large part of FDA labels provided dosing
recommendations, but these recommendations were in 60% of labels not stratified by
severity of hepatic impairment while almost all SmPCs in our sample did so. This may
be explained by different requirements between regulatory agencies, and differences
between US and EU labelling on hepatic impairment have been previously noted [22].
Considering, though that applicants usually conduct a single PK study in patients with
hepatic impairment that is submitted to all regulatory authorities. It is more likely that the
improved information in SmPCs is explained by the fact that these earlier studies included
medicines approved before March 2001, respectively 2011.
Prescribing information about patients with severe hepatic impairment was often lacking or
ambiguously formulated. This was probably caused by a lack of clinical data: in the PK study
of only 14 medicines, patients with severe hepatic impairment were included. Previous
studies also showed that with increasing severity of hepatic impairment, less prescribing
information is available [10,23]. If information on patients with severe hepatic impairment
was available, it was frequently ambiguously formulated. Vague statements such as “not
recommended to use” leave it open for interpretation whether the medicine is absolutely
contraindicated and what would be the circumstances of usage. Ambiguous formulations
such as “use with caution”, “not recommended to use” and “should not be used” were
also observed in studies examining SmPC recommendations in other clinical areas such
as renal impairment [12,24-26]. This finding should be seen in the light of the ethical and
practical difficulties faced with research in such a vulnerable patient group. Yet, although
no clinical data are available, measures to be taken by the prescriber could still be specified
or explained in the SmPC (see Table 7, example with rolapitant) as also advised by the EMA
[8].
Another important finding was that the type of hepatic disease of patients included in PK
studies was not specified in the SmPC text, even though specifically requested by the EMA
guideline [8]. As shown in literature, prescribers other than gastroenterologists often do not
know which patients with a liver disease need dose adjustments or avoidance of certain
medicines [27,28], possibly caused by the use of the undefined term “hepatic impairment”.
In the one medicine where the type of hepatic disease studied was available in the
SmPC, the recommendations were ambiguous because different wordings were used
interchangeably to define the “at-risk population”. The study from 2001 already concluded
that this “at-risk population” was often vaguely described [9], so it seems little to no progress
has been made in this area. We could find the information on the hepatic disease that
caused the impairment for most medicines in the study reports. But contrary to SmPCs and
EPARs, most of these reports are not (yet) accessible to healthcare professionals. The EMA is
trying to increase transparency by providing access to clinical study data on a website [11],
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yet we noticed we could only find study reports for 29% of the medicines. More importantly,
it appears that regulators are not aware that the hepatic disease information is relevant to
the healthcare professionals. We recommend to include this information in the SmPCs.
The FDA label study [10] described the explicit use of standardized terminology such as
the Child-Pugh score as solution for the non-specific phrase “hepatic impairment”. In our
sample, all dedicated pharmacokinetic studies used this score. An important remark to the
Child-Pugh classification is that it was not intended and validated as a measure to assess the
remaining capacity of the liver to eliminate medicines [8]. As the guideline also recommends,
appropriate use of the Child-Pugh classification is important because the parameters are not
specific of hepatic (elimination) impairment [8,29]. For example, everyone scores five points
(i.e. class A: “mild hepatic impairment”) because that is the minimum score and increases in
one of the parameters due to other causes (e.g., a bilirubin increase due to hemolysis or a
prolonged INR due to coumarin use) could even result in a “moderate hepatic impairment”
classification. The guideline provides no further details on appropriate use, however in
clinical practice the Child-Pugh score is intended to assess the severity and prognosis of
cirrhosis [29,30]. Prior literature also concluded that hepatic elimination was not significantly
impaired in a variety of chronic liver diseases unless cirrhosis was present [1,6]. Based on the
data we found in the study reports we cannot confirm that the Child-Pugh classification
was used appropriately in all studies. Most of the subjects in the pharmacokinetic studies
had documented cirrhosis and the Child-Pugh classification was used as intended. In the
remaining subjects, insufficient details were provided to assess if the hepatic elimination
capacity was relevantly impaired because there was no cirrhosis documented and for
some not even a (chronic) liver disease. Inappropriate use of the Child-Pugh classification
in clinical studies may result in an underestimation of the changes in pharmacokinetics
in patients with hepatic impairment due to cirrhosis. Because of its limitations, in further
research, alternatives for the Child-Pugh classification should be explored.

Strengths and limitations
We performed an in-depth analysis of the hepatic impairment information in authorization
documents. Unique to our study is the access we had to the non-publicly available part
of the study reports. We studied a limited number of medicines, making comparisons
between therapeutic groups or between SmPC information over time not possible. Hence,
our results cannot be generalized to older medicines, especially not those authorized before
publication of the guideline in 2005. Furthermore, we only studied medicines that were
granted market authorization via a centralized procedure, so results are not necessarily valid
for medicines authorized through a national or decentralized procedure. Nevertheless, in
national and decentralized procedures, use of the EMA guidelines is also recommended.
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Implications
The lack of clear guidance in SmPCs on patients with severe hepatic impairment can be
challenging for healthcare professionals treating these severely ill patients who need
medicines but are very sensitive to pharmacokinetic and pharmacodynamic alterations.
As there are practical and ethical issues involved in conducting pre-registration studies
in patients with severe hepatic impairment, it would be helpful to collect post-marketing
data. Further research could explore the potential of registries as information source on
treatment and outcome in that patient group.
The EMA reinforced in their hepatic impairment guideline the need for further research
to strengthen and improve the guideline [8]. We recommend to update the guideline on
three points. First, the guideline must mention that all terms used to describe the severity
of hepatic impairment in the SmPC should also be defined (e.g., patients with mild hepatic
impairment (Child-Pugh A)). Although these definitions are easy to include, more than
40% of SmPCs did not provide this information. Second, the guideline describes that if
precautious use of a medicine is advised, SmPCs should also specify measures to be taken by
the prescriber [8]. Nevertheless, we noticed a high prevalence of ambiguous safety advice
that lacked such specifications. Therefore, this should be better expressed in the guideline
and perhaps also better monitored by the regulators. Finally, we showed that the main
weakness of the guideline is the vague term “hepatic impairment” that leaves room for
interpretation. Pharmaceutical companies and regulators interpret this differently resulting
in a diversity of patient populations in the PK studies. Healthcare professionals as well can
have difficulties to interpret “hepatic impairment”, possibly resulting in non-optimal advice,
under- or overdosing. As there is no generally accepted definition for the term “hepatic
impairment”, its use is not helpful in clinical practice [22]. Therefore, the EMA guideline
needs to be updated to include a more precise definition. Perhaps, it is even better not to
use the ambiguous term “hepatic impairment” anymore. Instead we recommend to use
the clearly defined term “liver cirrhosis” in authorization documents, but also in online drug
reference works and in the published pharmacokinetic studies. These activities may prevent
prescribing problems in practice, such as the use of inadequate dosages or contraindicated
drugs in patients with cirrhosis, as demonstrated by Franz et al. [7]. In the Netherlands,
the drug-disease interaction “hepatic impairment” has been replaced in clinical decision
support systems by a new drug-disease interaction “liver cirrhosis” to better support
healthcare professionals [31,32].
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Conclusion
In this study, we have shown that SmPCs of recently approved medicines contain a large
part of the information required by the EMA guideline on patients with hepatic impairment.
Although available, the safety advice was often ambiguously formulated and therefore not
per se clinically applicable. Unclear advice on patients with severe hepatic impairment
was often explained by a lack of research. Information on the type of hepatic disease was
often lacking in the SmPC, but could be found in the non-publicly available part of the
study report. We recommend that such information should be included in SmPCs. This
information is also needed to judge if the Child-Pugh classification was used appropriately,
because the parameters it includes are not specific of hepatic (elimination) impairment.
Based on our results we cannot conclude that the appropriate patients were studied in all
hepatic impairment studies. We specifically recommend to update the 2005 EMA guideline
to use the clearly defined term “liver cirrhosis” instead of “hepatic impairment”. This will
support pharmaceutical companies in conducting and reporting PK studies in the most
relevant patients with hepatic disease and healthcare professionals when prescribing for
these vulnerable patients.
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Spontaneous ADR reports on patients with cirrhosis

To the editor
Patients with cirrhosis have a high risk of adverse drug reactions (ADRs), in part due
to alterations in drug pharmacokinetics [1,2]. Less is known about pharmacodynamic
alterations that could occur because of the pathophysiology of cirrhosis. For example, up to
50% of patients with cirrhosis and ascites that use ibuprofen suffer from renal impairment
because ibuprofen potentiates the renal vasoconstriction occurring in cirrhosis [3]. Data
on pharmacokinetic changes are obtained during pre-marketing studies. These are usually
single-dose studies, with few participants. Patients with severe cirrhosis are frequently not
included [2]. Hence, potential drug safety issues in patients with cirrhosis are often revealed
in the post-marketing setting. To obtain more information on ADRs in these patients we
rely on information from clinical practice. One of the tools to do so are spontaneous reports,
provided that the quality of clinical documentation is sufficient. Spontaneous reports have
been studied in other populations in which pharmacokinetic and pharmacodynamic
alterations could occur (e.g., infants [4], elderly [5]), yet no study focused on patients with
cirrhosis. Therefore, in this study we aim to determine the number of spontaneous ADR
reports on patients with cirrhosis and the quality of documentation. Furthermore, we
analysed the nature of the ADR reports.
We extracted all reports submitted between January 1990 and July 2018 to the Netherlands
Pharmacovigilance Center Lareb mentioning “cirrhosis” in the medical history, clinical
information or narrative. We excluded duplicate reports, reports with cirrhosis as ADR and
reports with an uncertain diagnosis of cirrhosis. The diagnosis was considered uncertain if
the report mentioned “possible cirrhosis” or if a liver transplantation was described with no
details on disease recurrence. Moreover, the report was excluded if it mentioned “primary
biliary cirrhosis”, since a large part of these patients do not have cirrhosis yet [6]. The content
of the included reports was quantitatively described.
In total, 50 reports were retrieved from the Lareb database. Twelve were excluded because
they were duplicates (n=2), reported about cirrhosis as ADR (n=2) or reported about
patients with an uncertain diagnosis (n=8). Table 1 shows some characteristics of the 38
included reports. The severity of cirrhosis was described in 12 reports (32%) and 7 (19%)
used a validated severity classification (i.e. Child-Pugh classification).
A total of 58 suspected ADRs were reported (median 1; range 1-5) and most frequent
were: thrombocytopenia, a rash and seizures (all reported thrice). The reports included 43
suspected drugs (median 1; range 1-3) with most commonly involved: pegylated interferonalpha-2a (n=3) and meropenem, norfloxacin and propranolol (all n=2). Of the 66 suspected
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ADR-medicine combinations, the causality according to the Naranjo score was “probable”
in 11 (17%) and “possible” in 55 (83%). The ADR was mentioned in the drug label in 39
combinations (59%), in literature in 4 (6%) and 23 (35%) could not be found in the label, nor
in literature.
To our knowledge, this is the first study examining spontaneous ADR reports on patients
suffering from cirrhosis. The number of reports seemed low, suggesting selective reporting
or inadequate documentation of cirrhosis as (co)morbidity. Furthermore, the quality of
documentation was poor; key data on the diagnosis and severity of cirrhosis were frequently
lacking. It is not only important that reporting of ADRs on these patients is encouraged,
but also that sufficient patient details are requested during reporting from the treating
physicians. The low quantity and quality of reports limited analyses of the nature of ADR
reports to explore potential drug safety issues in cirrhosis. To gain more knowledge on
ADRs in patients with cirrhosis, data from a pharmacovigilance center could be combined
with post-marketing data from other sources, such as electronic health records.

Table 1. Characteristics of spontaneous ADR reports on patients with cirrhosis (n=38)
n

%

Physician

30

79

Pharmacist

5

13

Other healthcare professional

2

5

Unknown

1

3

Not described

26

68

Child-Pugh A

3

8

Child-Pugh B

4

11

Decompensated cirrhosis

3

8

Severe cirrhosis

2

5

Death

3

8

Life-threatening

5

13

Hospitalization

11

29

Serious

4

11

Non-serious

14

37

Unknown

1

3

Reporter

Severity of cirrhosis

Seriousness reaction
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Parts of this discussion have been submitted

General discussion

Patients with cirrhosis have a high risk of adverse drug reactions (ADRs). These patients
need tailored pharmacotherapy to avoid ADRs. In this thesis, we developed practical
guidance for healthcare professionals. In addition, the current practice of prescribing by
physicians and safety monitoring by community pharmacists was explored to identify areas
of improvement for safe medication use in patients with cirrhosis. At last, the quality of data
from pre- and post-marketing information sources on safe medication use in patients with
cirrhosis was studied.

Main findings from this thesis
Chapter 2 of this thesis described the development of practical guidance. In the first part,
the method used to evaluate the safety and dosing of medication in patients with cirrhosis
was provided (Chapter 2.1). Using this method, recommendations for over 200 medicines
were formulated (Chapter 2.4). Nearly 70 medicines were classified as unsafe in (a stage
of) cirrhosis because of pharmacodynamic changes or large increases in exposure. Proton
pump inhibitors (PPIs) are an example of medicines largely cleared by the liver. We showed
in Chapter 2.2 that some PPIs are subjected to major pharmacokinetic changes in patients
with cirrhosis and need to be avoided in the vulnerable, cirrhotic patient. Another example
are the statins; in Chapter 2.3 we discussed the safety of simvastatin based on a recent trial
that found a high incidence of a specific ADR (rhabdomyolysis) in patients with advanced
cirrhosis. These chapters clearly demonstrated the importance of tailored pharmacotherapy
in these patients, and provide safety and dose recommendations for medication frequently
used in cirrhotic patients.
In Chapter 3, current practices in Dutch healthcare were explored. In a large, real-world
cohort of patients with cirrhosis we showed that almost 40% of patients used a drug of
which the safety was never clinically studied (“unknown”). Furthermore, 60% of patients
used a potentially unsafe medicine: e.g., nonsteroidal anti-inflammatory drugs (NSAIDs)
were frequently prescribed (Chapter 3.1). In Chapter 3.2, it was noticed that the level of
knowledge among community pharmacists on medication safety in patients with cirrhosis
was low. The pharmacists also experienced limited access to relevant patient data (e.g.,
diagnosis and severity of hepatic impairment) which may adversely affect their practice.
Both chapters demonstrated areas for improving the current practice and consequently
medication safety in patients with cirrhosis.
In Chapter 4 of this thesis, we assessed the quality of pre- and post-marketing information
on safe drug use in cirrhosis. In Chapter 4.1, we showed that the Summaries of Product
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Characteristics (SmPCs) of recently approved medicines contained a substantial part of
information requested by the European Medicines Agency (EMA) on patients with hepatic
impairment. Although available, the safety advice was often ambiguously formulated
and therefore not clinically applicable. We also examined the quality of documentation
of spontaneous ADR reports from the Lareb Pharmacovigilance Center (Chapter 4.2). We
noticed that the documentation of the disease was often insufficient and that a specification
of the severity of cirrhosis was lacking in most reports. The quality of information from these
pre- and post-marketing information sources is therefore poor due to the lack of key patient
data.
In this last Chapter, the results of this thesis will be put into a broader perspective. Three
main topics emerging from this thesis will be discussed:
I.
II.
III.

The term hepatic impairment in relation to medication
The pharmacology of adverse drug reactions in cirrhosis
The ways to optimize safe medication use in cirrhosis in practice

In each of the following sections, one topic will be discussed and implications for practice
and further research will be provided. In the end, conclusions from this thesis are given and
the most important implications for practice and further research.
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The term hepatic impairment in relation to medication
An aspect that was noted in several of our studies was an ambiguous description of
the patient population. In the SmPCs, recommendations on medication use were often
provided for the undefined group of “patients with hepatic impairment”. In addition, the
severity of hepatic impairment was not always clearly described in data from pre- and postmarketing information sources.

Difficulties in defining hepatic impairment
The term hepatic impairment is ambiguous because there is no generally accepted
definition [1]. This lack of a definition is probably due to the complexity of the topic. There is
not a single (laboratory) parameter that assesses the remaining hepatic capacity to eliminate
medicines [2, 3]. As a result, it is not easy to determine who suffers from an impaired hepatic
function to eliminate medicines. The most commonly used classification for grading the
severity of hepatic impairment (i.e. the Child-Pugh classification [4]) was not intended and
validated for this purpose. The parameters it includes are not specific for hepatic function,
and in case the Child-Pugh score is calculated in persons without cirrhosis they will all be
categorized as “mild hepatic impairment”, because that is the minimum score [5]. Hence, it
cannot be used to determine if a patient suffers from hepatic impairment.
What we do know is that the liver functions are not easily affected by aging, nor by liver
injury. There is evidence that the activity of hepatic enzymes declines with age, but because
of the large overcapacity of the liver, this is not considered to alter the pharmacokinetics
of medicines to a clinically relevant extent [6]. Hepatic impairment is therefore always the
consequence of a hepatic disease [6]. Yet, a hepatic disease only affects the hepatic drug
elimination function in an advanced stage [7]. The changes in pharmacokinetics that occur
in patients with chronic liver diseases such as viral hepatitis or non-alcoholic fatty liver
disease are usually minor compared to the changes seen in the advanced stage of the
disease when cirrhosis is present [8-12]. This is also the current assumption in literature:
mild changes in pharmacokinetics could occur in chronic liver disease, but only when the
disease has progressed to cirrhosis, medication adjustments may be needed [2, 13]. The
only exception could be cholestasis, for example caused by hepatic cancer or metastases,
in which biliary excreted medicines can accumulate, however not much is known [2, 3].
Thus, a uniform definition of hepatic impairment is probably lacking due to the complexity
of drug handling in the liver.
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The clinical consequences of unclear information
Without a definition of hepatic impairment, misinterpretation could occur. Horak et al. [14]
demonstrated the clinical consequences in their study with the anticancer drug gefitinib.
They included healthy controls and two groups of patients with hepatic impairment, both
with a different etiology. Patients with moderate hepatic impairment due to cirrhosis
had twofold higher exposure to gefitinib as the healthy controls. Patients with moderate
hepatic impairment due to cancer with hepatic metastases did not show this increase in
exposure [14]. For the first group of patients, dose adjustments are probably needed to
prevent ADRs, while dose adjustments could limit efficacy in the second group. Hence,
providing medication advice on patients with hepatic impairment without defining this
term can have serious consequences.
Clear information on the degree of hepatic impairment is also important. In the SmPC and in
literature, two different classifications are frequently used: the Child-Pugh classification and
the National Cancer Institute (NCI) criteria [4, 15]. Both use the same classes: mild, moderate
and severe hepatic impairment. However, patients included in these classes have a different
etiology of hepatic impairment. The Child-Pugh classification is designed and used in clinical
practice as classification for the severity of cirrhosis [4]. The NCI criteria are, as the name
suggests, used to classify the severity of hepatic impairment due to cancer (metastases) in
the liver [16]. The study of Horak et al. on gefitinib compared both classification systems [14].
Half of the patients in their study with moderate and severe hepatic impairment according
to the Child-Pugh classification, would have been classified as “normal hepatic function”
using the NCI criteria [14]. This study confirms that it is of vital importance to explain both
the etiology of hepatic impairment and the classification system used to grade the severity
when describing patients in SmPCs or in literature.

Implications for practice and future research
As presented, the term “hepatic impairment” is ambiguous and can therefore be misleading.
Hence, it would be better not to use the term “hepatic impairment” anymore in relation
to medication in SmPCs, literature or other medication information sources. Instead,
describe the etiology of the hepatic impairment (e.g., cirrhosis, hepatic metastases). This is
a particularly important message for the EMA and the Food and Drug Administration (FDA).
Both have guidelines for the pharmaceutical industry on how to evaluate the influence of
hepatic impairment on the pharmacokinetics of new medicines [6, 17]. Yet, both guidelines
do not specifically define hepatic impairment in terms of a hepatic disease. This is probably
an important reason for the continuous use of the ambiguous term “hepatic impairment”
in SmPCs and literature. Therefore, we urge the EMA and FDA to change their guideline on
this point. In our practical guidance, we decided to focus on patients with cirrhosis because
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current literature suggests these patients are most at risk for alterations in pharmacokinetics
[2, 13]. In addition, cirrhosis is a clearly defined disease stage [18]. Possibly, the EMA and FDA
could follow our example.
With regard to grading the severity of hepatic impairment, the Child-Pugh classification is
not an ideal classification system. It was not developed to grade the remaining capacity of
the liver to eliminate medicines and it cannot be easily determined because it includes two
parameters that are clinically graded by the gastroenterologist (i.e., the severity of ascites
and the severity of hepatic encephalopathy) [5]. In further research, alternatives for the ChildPugh classification should be explored. Due to the complexity of drug handling in the liver
it can be questioned if there will ever be a simple parameter like creatinine clearance used
in renal impairment. Another scoring system frequently used in these patients is the Model
for End stage Liver Disease (MELD) score. This includes only laboratory parameters (i.e.,
bilirubin, creatinine and INR) [5]. A study showed that both the MELD-score and the ChildPugh classification correlate with midazolam clearance [19]. A recent editorial described
that the FDA is revising their guideline and might advise the use of the MELD-score [20]. If
this is the case, it is highly recommended that it will include some sort of conversion table
with the Child-Pugh classification, if possible, to avoid wasting all previous research and
recommendations based on the Child-Pugh score.
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Pharmacology of adverse drug reactions in cirrhosis
Patients with cirrhosis have a high risk of ADRs when using medicines because of alterations
in the pharmacology of medicines (i.e., the pharmacokinetics (PK) or pharmacodynamics
(PD)). To avoid medication harm, we classified 31% of 218 medicines as unsafe in (a stage of)
cirrhosis and for 30% of medicines a dose adjustment was advised (Chapter 2.4). Surprisingly,
a large part of medicines was classified as unsafe due to an increased risk of a specific
ADR. Previous studies mostly focused on PK alterations occurring in cirrhosis and covered
changes in the profile and frequency of ADRs in patients with cirrhosis only to a limited
extent [2, 3, 13]. Therefore, we will go more into depth about the pharmacology of ADRs in
patients with cirrhosis. This may help to better understand and recognize medication harm
in patients with cirrhosis.
Croxen and colleagues probably made the most comprehensive overview of undesirable
side effects in patients with liver disease [21]. By using the same classification of effects,
Figure 1 was designed. This figure provides an overview of ADRs that patients with cirrhosis
seem to be more susceptible to compared to healthy controls. It was composed based on
(some of) the studies retrieved during the development of practical guidance. In addition,
an explanation (i.e. the biological plausibility) for the increased sensitivity is given in the
form of pathophysiological changes.

Renal effects
Probably most familiar are the harmful effects that medicines could have on kidney
function in cirrhosis [22]. Several studies with NSAIDs [23-25] and a meta-analysis on reninangiotensin-aldosterone system (RAAS) inhibitors [26] showed a high risk of renal impairment
in patients with (advanced) cirrhosis. This is due to the alteration in systemic hemodynamics
occurring in cirrhosis. Portal hypertension causes splanchnic vasodilation. To preserve renal
function, the RAAS system is activated leading to excretion of renal vasodilators for the
afferent arterioles (e.g., prostaglandins) and vasoconstrictors for the efferent arterioles (e.g.,
angiotensin-II (AT-II)) [27]. Medicines that interfere with this mechanism, such as RAASinhibitors and NSAIDs by inhibiting AT-II and prostaglandin synthesis respectively, could
cause acute renal impairment [22].
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Pathophysiological changes:
• Altered systemic hemodynamics
• RAAS activation

Renal effects:
• Renal impairment (NSAIDs, RAAS-inhibitors)

Pathophysiological changes:
• Splenomegaly and hypersplenism
• Reduced thrombo- and erythropoetin
synthesis
• Impaired synthesis of procoagulation and
anticoagulation factors

Hematological effects:
• Cytopenia (Azathioprine, Interferon-α)
• Hemolytic anemia (Ribavirin)
• At risk of both thrombosis and bleeding

ADR: adverse drug reaction, GI: gastro-intestinal, PPIs: proton pump inhibitors, NSAIDS: non-steroidal anti-inflammatory drugs, RAAS: renin-angiotensin-aldosterone system

Figure 1. Overview of ADRs that patients with cirrhosis seem to be more susceptible to compared to healthy controls and underlying pathophysiological
changes.

Pathophysiological changes:
• State of immune dysfunction (e.g., alterations in GI
motility and permeability)
• Impaired immune response

Immunological effects:
• Infections (Interferon-α)
• Spontaneous bacterial peritonitis (PPIs)

Pathophysiological changes:
• Altered permeability blood-brain barrier
• Increased affinity and/or density of receptors in the brain

Neurological effects
• (Precipitating) hepatic encephalopathy (Benzodiazepines)
• Confusion (Cimetidine)
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Immunological effects
Patients with cirrhosis are in a state of immune dysfunction due to a number of factors (e.g.,
increased mucosal permeability of the gastro-intestinal tract, a reduced activity of hepatic
reticuloendothelial cells) [28, 29]. Immunosuppressive therapy (such as interferon-α) may
worsen this state. Indeed, a higher prevalence of infections have been noted in cirrhotic
patients on interferon-α therapy compared to healthy controls [30, 31]. PPIs are another
group of drugs that have been associated with an increased risk of infections, such as
spontaneous bacterial peritonitis in patients with cirrhosis (Chapter 2.2). This is explained
by the increase in the pH of gastric acid caused by PPIs which could lead to bacterial
colonization, overgrowth and translocation [32].

Neurological effects
Another more familiar risk is the neurotoxicity of medicines (e.g., confusion, hepatic
encephalopathy (HE)) in patients with cirrhosis. A recent work demonstrated the significant
role of medicines in precipitating HE [33]. Among 2810 patients, 5% of the 913 HE episodes
were related to benzodiazepines, 4% to opioids and 1% to hypnotics. Another study showed
that patients with cirrhosis using benzodiazepines for 3 to 10 days had a fivefold higher risk
of developing HE than patients not using benzodiazepines [34]. Currently, there are two
pathophysiological mechanisms proposed as underlying to this increased neurotoxicity: (1)
a higher permeability of the blood-brain barrier (BBB) and (2) an increased density or affinity
of certain receptors in the brain.
Focusing on the BBB-theory: in a recent study, several drugs and metabolites were found
in the cerebrospinal fluid (CSF) of 14 patients with HE that were not present in the CSF
of controls [35]. In addition, a doubled CSF to serum ratio of cimetidine in patients with
cirrhosis was observed [36]. Both results suggest accumulation of medicines in the brain.
The reason for the increased BBB permeability is not well known. It has been suggested
that it is caused by high exposure to bilirubin leading to down-regulated or occupied efflux
pumps (i.e. P-glycoprotein and multi-drug-resistance protein (MRP)-1) [35].
With regard to the increased sensitivity theory, at comparable (unbound) plasma levels of
benzodiazepines, excessive sedation was noted in cirrhotic patients compared to controls
[37-39]. Benzodiazepine levels in the CSF were not higher than those in controls [40].
Another study demonstrated an increased density of one type of benzodiazepine receptor
(“peripheral-type”) in the brain of deceased patients with HE [41]. The upregulation is
possibly caused by inflammation [43]. The receptor binds, among others, benzodiazepine-
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like drugs. Activation leads to synthesis of neurosteroids that can modulate the gammaaminobutyric acid (GABA)-A receptor system and have been linked to the pathogenesis of
HE [42].

Hematological effects
Due to their disease, patients with cirrhosis frequently already have alterations in
baseline hematological parameters. Portal hypertension can lead to hypersplenism and
a lower platelet count [43, 44]. In addition, the liver synthesizes several proteins, such as
hematopoietic growth factors (thrombopoietin and erythropoietin) and coagulation factors
(procoagulants and anticoagulants) [45, 46]. We first discuss effects on hematopoiesis,
followed by effects on coagulation.
Several medicines (e.g., azathioprine, interferon-α, ribavirin) have been linked to an increased
risk of hematotoxicity in patients with cirrhosis. Myelosuppression is a well-known ADR
of azathioprine and two studies showed that cytopenia was more prevalent in patients
with cirrhosis compared to patients without cirrhosis [47, 48]. Of note, azathioprine is also
metabolized by the liver and pharmacokinetics could alter in cirrhosis [49]. Interferon-α
could provoke mild bone marrow suppression and a higher prevalence of neutropenia and
thrombocytopenia was found in patients with cirrhosis compared to patients without [50,
51]. In addition, decreases in platelets and leukocytes were more marked in the patients
with cirrhosis [52]. An article revealed that particularly patients with cirrhosis lacked an
appropriate compensatory increase in thrombopoietin in response to thrombocytopenia
[53]. Lastly, ribavirin is known for inducing haemolytic anaemia and a study with ribavirin
demonstrated that a lower baseline platelet count resulted in a significantly higher drop in
haemoglobin levels [54]. Patients with cirrhosis had a significantly lower baseline platelet
count and the authors therefore described that not per se the histological diagnosis of
cirrhosis, but more its clinical expression puts them at risk for more severe ribavirin-induced
haemolytic anaemia [54].
The effects of medicines on coagulation in cirrhosis are quite complex. The hemostatic
balance in patients with cirrhosis is very fragile, partly due to impaired hepatic synthesis
of pro- and anticoagulants [45]. Therefore, patients with cirrhosis are at risk for both
bleeding and thrombotic events [45]. Anticoagulant therapy is further challenged by the
large involvement of the liver in the pharmacokinetics of these medicines. In addition,
regular laboratory parameters to monitor therapy (e.g., INR) are often increased at baseline
due to the before mentioned changes. Overall, anticoagulation therapy is complex and
challenging in patients with cirrhosis and much is still unknown [45].
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In summary, these data demonstrate the impact of cirrhosis on the pharmacology of
medicines. Discrimination between PK (alterations in plasma levels or distribution of
medicines) and PD changes (increased sensitivity for the (side) effect of the medicine) is
difficult and in the described studies not always possible. The provided overview of ADRs
is probably incomplete since some effects are still undetected or hardly studied. Detecting
additional medication harm in patients with cirrhosis is quite challenging. We continue by
discussing these challenges and the implications for practice and further research.

Implications for practice and future research
Patients with cirrhosis should receive pharmacotherapy tailored to the alterations in
pharmacology. Healthcare professionals can be supported by the practical guidance for
over 200 medications we developed (Chapter 2.4). However, there is no guidance for all
medicines and for some, no concrete advice could be given due to limited or lacking
clinical data.
There is a long list of remaining medicines of which the safety and optimal dose in cirrhosis
is yet to be determined. The medicines on this list could be prioritized based on their use
in patients with cirrhosis (Chapter 3.1). Another approach is to prioritize them based on
expected harm. Medicines known to cause one of the before mentioned effects in healthy
controls could be given priority, even as medicines largely cleared by the liver. For example:
valproate, known to cause encephalopathy [55]; aminoglycosides, known to induce renal
impairment [56]; or loperamide, subjected to a very large first-pass effect (F = 0.3%) [57]. A
con of this approach is that unknown harms may be even more dangerous. Moreover, it is
difficult to prioritize between sorts of harms, so prioritizing based on usage is probably a
more judicious choice.
For clinical practice, precaution is needed when prescribing medicines with no advice,
especially in patients with severe cirrhosis (Child-Pugh C), since they are most at risk for
changes in pharmacology. The principle “start low, go slow” should certainly be followed
in these situations. The patient should be closely monitored for signs of toxicity, with a
particular focus on the effects discussed in the previous section. If an ADR occurs, one
should try to assess if this is due to a too high dose for this patient or because of an
increased susceptibility for this ADR. Especially in case of PK alterations, dose adjustments
could be of help, while in case of an increased susceptibility, a lower dose could result
in decreased efficacy. If an ADR is likely, it would be of great help to report it to the local
pharmacovigilance center or publish it as a case-report to supplement knowledge in this
area.
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Challenges in studying medication safety in cirrhosis
There are still major gaps in knowledge on the safety and optimal dose of certain medicines
in patients with cirrhosis. Therefore, more research is needed on both PK and PD alterations.
The primary information about alterations in pharmacology in patients with cirrhosis
originates from the pre-marketing studies conducted by the pharmaceutical industry.
These studies concentrate on PK, as is also the focus of the EMA and FDA guideline [6,
17]. Both guidelines do acknowledge that PD can be changed in hepatic impairment and
advise to include efficacy and safety endpoints in the PK studies when possible [6, 17]. Yet,
this is limited by their design: a small number of patients (usually around six per severity
class and often no patients with severe cirrhosis) and only a single dose of the study drug
is administered. ADRs could be hard to detect because of a low frequency or because they
resemble the natural course of cirrhosis [58]. As a result, it is likely that alterations in ADRs are
not yet revealed during these pre-marketing studies. Larger studies with a longer follow-up
are needed, which are usually performed in the post-marketing setting.
In this post-marketing phase, experimental research is wanted (e.g., PK studies, randomized
controlled trials). However, performing these studies is complicated by difficulties in
recruiting enough relative healthy cirrhosis subjects and by ethical concerns of research
in such a patient group (especially in Child-Pugh C patients) [2]. As such, post-marketing
information mostly results from clinical practice (e.g. spontaneous reporting, case-reports
and case-series) and observational research. In particular for these types of research, a few
methodological issues are important to consider.
In the first place, when evaluating additional medication harm in patients with cirrhosis, two
questions are specifically relevant:
1.
2.

Is the harm an ADR or a complication of cirrhosis?
Is the harm more common in patients with cirrhosis than in healthy controls?

To best answer these question, a control group of patients with cirrhosis and one of
healthy controls is desired. This approach was used in a study that assessed the risk of renal
impairment by tobramycin in patients with liver dysfunction [59]. They wanted to control
for both the effect of the drug (tobramycin) and the disease (liver dysfunction) itself on
the adverse outcome of interest (renal impairment) [58, 59]. The authors used data from
a randomized controlled trial, formed four groups (Table 1) and analyzed the results by
multiple logistic regression with an interaction term. Liver disease alone did not significantly
increase the odds of renal impairment. Tobramycin use did: the odds for developing
renal dysfunction in healthy users was 6.0 [confidence interval (CI) 3.8-9.50]. Patients with
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liver dysfunction that used tobramycin had a relative odds of 31.8 [CI 19.7-51.4] for renal
dysfunction. This study thoroughly demonstrated this drug-disease interaction and the
design could be an example for further studies.

Table 1. Design to study renal impairment caused by tobramycin (n=179), as used by Moore et al [59].
Tobramycin (n=91)
(Drug of interest)

Cefotaxime (n=84)
(Comparable drug)

Liver dysfunction
(n=29)

Group 1: renal
impairment in 11/15
patients (73%)

Group 2: renal
impairment in 0/14
patients (0%)

Controls
(n=150)

Group 3: renal
impairment in 26/76
patients (34%)

Group 4: renal
impairment in 7/74
patients (9%)

Effect of disease:
Liver dysfunction: 11/29 (38%)
Controls: 33/150 (22%)

Effect of drug
Tobramycin: 37/91 (41%)
Cefotaxim: 7/84 (8%)

Drug-disease
interaction

In the second place, in research it is also important to discriminate between medication harm
due to an overdose or due to an increased susceptibility. For example, in a study among
patients with severe hepatic dysfunction, 23% of 39 patients that used β-lactam antibiotics
developed leukopenia, compared to none of the 16 patients using other antibiotics [60]. The
authors reported that this high frequency of leukopenia was probably caused by excessive
serum concentrations, although these were not measured. Furthermore, they proposed
dose reductions for β-lactam antibiotics in these patients. As previously elaborated, patients
with cirrhosis can be more susceptible for hematotoxicity. As efficacy is important for
antibiotics, dose adjustment should only be advised when PK data (i.e. (unbound) plasma
levels) are available. PK changes are also sometimes overlooked in studies on the safety
of medicines in patients with cirrhosis. We noted in our review of PPIs (Chapter 2.2) that
almost all included safety studies determined the ADR risk and the dose-dependency of
this risk for the complete group of PPIs. The PK of all PPIs change in cirrhosis, but for every
PPI to a different extent. This can influence the ADR risk, which was confirmed in an article
that demonstrated different odds for developing HE per PPI when these were stratified by
individual PPI [61]. Therefore, try to also assess the ADR risk per individual medicine instead
of only assessing the risk (or worse: the dose-dependency of the risk) for the complete
medicine group.
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Predicting (un)safe medication use
In situations where there is paucity of data, prediction or modelling studies could be of help.
In particular for patients that are not likely to be included in (future) studies (i.e. patients
with Child-Pugh C cirrhosis). A recent work used 84 published PK studies and combined
the results with the individual drug PK parameters to assess if certain PK parameters
correlated to larger PK alterations [62]. In patients with Child-Pugh B and C cirrhosis, a trend
was found towards higher exposure to medicines with higher hepatic extraction ratios.
However, the clinical meaning of this finding is uncertain since some medicines with a
low hepatic extraction ratio also exhibited major increases in exposure. In addition, the
only significant negative predictor for large PK alterations was extensive renal elimination
[62]. If more than 40% of a medicine was excreted unchanged in urine, the increase in
exposure was predicted to be less than twofold. Yet, this finding should be interpreted
with caution since patients with severe cirrhosis also frequently suffer from (covert) renal
impairment. Furthermore, it seems like the authors did not take the administration route
of the study drugs into account in their analysis, which certainly influences PK changes in
cirrhosis [63]. Despite these limitations, the interesting approach used in this study could
be further explored. For example, by using all the PK data gained during our development
of practical guidance. Alternatively, by an even larger method: an in-depth analysis of both
the classification and dosing of medicines in our guidance. In this way, one could determine
if certain drug characteristics (PK or PD parameters) correlate to an unsafe classification or a
dose modification and use this knowledge to predict safety concerns or dose adjustments
for other medicines.
Another way of predicting medication safety in patients with cirrhosis is using Big Data
approaches based on real-world data. If patients with cirrhosis need essential treatment,
they will be treated although (safety) evidence may be limited. The outcome of such
pharmacotherapy can be valuable information for subsequent treatments. A work applied
such a design to support clinical decision-making in geriatric oncology patients [64]. By
using a large database of former patients with their characteristics and the results of their
treatment, clinicians wanting to start treatment in new patients were supported with safety
and efficacy outcome data on previous patients. In this manner, evidence level was shifted
from expert opinion (level 5) to case-series (level 4) [64]. To use this approach in patients
with cirrhosis, a large database would be needed because cirrhosis is not as common as
cancer. This resembles a register design in which all patients with cirrhosis treated with
a certain medicine are included to study safety outcomes of the treatment. This is a very
interesting design, yet also challenging to perform and expensive.
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The ways to optimize safe medication use in patients
with cirrhosis
A recent Australian study showed that patients with decompensated cirrhosis suffered
from a median of 6 medication-related problems per patient (range 2-17) [65]. Almost
half of these problems was judged as high risk of potential harm to the patient. Besides
inappropriate prescribing (incorrect choice of medicine or dosage), there were also several
other medication-related problems noted (e.g., non-adherence, monitoring issues) [65]. This
study demonstrated that improving medication safety in patients with cirrhosis is much
broader than only the availability of practical guidance. In Figure 2, an overview is given of
issues revealed in this thesis and in literature that currently limit optimal use of medicines
in patients with cirrhosis and their risk factors. We start by discussing patient-related issues,
then broaden our view to the healthcare professionals and subsequently to the information
sources that healthcare professionals use for clinical decision-making.

PATIENT WITH
CIRRHOSIS
• Issues: Nonadherence,
potentially unsafe OTC
medicine use
• Risk factors: polypharmacy, complex
regimens, cognitive
impairment, lack of
knowledge

HEALTHCARE
PROFESSIONAL

SUPPORT OF HCP
(drug information
reference works; CDSS)

• Issues: Inappropriate
prescribing or dispensing,
lack of monitoring, poor
communication with
patient

• Issues: outdated or
unclear information; CDSS
alert not generated

• Risk factors: limited
knowledge, insufficient
patient information

• Risk factors: lack of
transparancy on
supporting evidence,
patient information
missing in CDSS

Figure 2. Issues that currently limit optimal use of medication in patients with cirrhosis and their risk
factors.
CDSS, clinical decision support system; OTC, over-the-counter; HCP, healthcare professionals.

Patients
Nonadherence was the most common drug-related problem noted in patients with
decompensated cirrhosis and can be either unintentional or intentional [65]. Risk factors
for unintentional nonadherence in patients with cirrhosis could be the relatively large
number of medicines used, the complex medication regimen and cognitive impairment
[66-68]. Studies showed that patients with cirrhosis use a median of 5-10 different
medicines per patient [65, 68, 69]. In addition, the medicines are often prescribed in a
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complex regimen. For example, lactulose needs to be titrated by the patient according to
the number of bowel movements per day [66, 68]. Cirrhotic patients also frequently suffer
from cognitive impairment as complication of their disease [68]. All these factors could lead
to unintentional nonadherence. Adherence can also be intentional, for example due to
the patients’ perception of his disease and the necessity of treatment [65]. This could be
prompted by a lack of knowledge about cirrhosis and the treatment among patients, which
was demonstrated in two studies [70, 71].
A lack of knowledge among patients can also lead to another medication-related problem:
the use of potentially unsafe over-the-counter (OTC) medicines, such as NSAIDs. The two
studies that assessed knowledge level of patients also asked patients a question on the
safety of OTC-medications [70, 71]. In both studies, more than half of the patients did not
know that NSAIDs should be avoided [70, 71]. These data demonstrate that patients could
use support in medication management and education on the disease and treatment.

Healthcare professionals
Optimal use of medicines in patients with cirrhosis can be limited by the healthcare
professional through inappropriate prescribing or dispensing of medicines, a lack of
monitoring, or poor communication with the patient. As demonstrated in Chapter 3.1, use
of potentially unsafe medication was quite common among patients with cirrhosis. Yet,
medication considered safe to use in cirrhosis, could also lead to ADRs and therefore the
patients should always be monitored for signs of overdosing. Issues with monitoring led to
medication-related problems in more than half of patients with cirrhosis in the Australian
study [65]. Finally, poor communication with the patient could induce problems such as
nonadherence. In two qualitative studies, some patients with cirrhosis suggested that their
healthcare professionals did not inform them well enough about the disease and treatment
which affected their self-management [72, 73].
These three issues could be caused by several factors, of which we discuss two important
ones related to these specific patients. Namely, a limited knowledge on the topic and a
lack of patient data among healthcare professionals. In Chapter 3.2, we showed that
knowledge on medication safety in cirrhosis was limited among community pharmacists.
Other research suggests that this lack of knowledge is also present among physicians, in
particular those not specialized in gastroenterology [74-76]. The lack of patient information
refers to information on the medicines the patients use and on the diagnosis and severity
of cirrhosis. Literature showed that OTC medicines and complementary medicines were
frequently lacking on the patients’ medication list available to healthcare professionals
[68, 77]. Yet, these medicines could interact with other medication or lead to ADRs, so it
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is important that healthcare professionals are aware of their use. The lack of data on the
diagnosis and severity of cirrhosis was indicated by community pharmacists and general
practitioners in Chapter 3.2 and consequences will be discussed in the following paragraph.

Support of healthcare professionals
In deciding on safe prescribing or dispensing of medicines in patients with cirrhosis,
healthcare professionals are supported by information from drug information reference
works. An example is the Pharmaceutical Compass, the major prescribing information
source for physicians in the Netherlands [78]. An international example is Micromedex®
[79]. Outdated or unclear advice in such reference works increases the risk of inappropriate
prescribing and can subsequently lead to suboptimal medication use in patients with
cirrhosis. The information provided in these reference works is largely based on the product
information (i.e., the Summary of Product Characteristics (SmPC)) [80]. Yet, discrepancies
have been observed between the advice in SmPCs and published literature on the safety of
certain medicines in patients with hepatic impairment [1]. Furthermore, our research group
and other groups noted key deficits and vagueness in the advice of SmPCs on patients
with hepatic impairment (Chapter 4.1) [1, 80, 81]. It is difficult to determine the exact cause
of such discrepancies or vagueness in advice because the SmPC is currently not very
transparent about the supporting evidence [82].
To further support healthcare professionals in safe prescribing and dispensing, clinical
decision support systems (CDSS) are frequently used that could alert the professionals for
potentially unsafe drug use [82, 83]. However, an alert only appears if the patient is correctly
marked in the CDSS [83]. If “cirrhosis” is not entered in the patient’s record, the medication
safety alerts will not be generated and therefore be missed by the healthcare professional
[83]. In Chapter 3.2, we demonstrated that both the diagnosis and severity of cirrhosis
are often not known by community pharmacists, nor by some general practitioners. This
currently limits the support of healthcare professionals by CDSS and therefore medication
safety in patients with cirrhosis.

Implications for practice and future research
Support of healthcare professionals
The SmPC remains the primary source of information on medicines. Therefore, in an ideal
situation, it should be up-to-date. To check if all relevant literature is included in the risk/
benefit assessment for patients with cirrhosis, transparency about the supporting evidence
is needed. For the European situation, the European Public Assessment Report (EPAR) is
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probably best suited for this background information. It is also described in literature that
there is a desire for the EPAR to be a sort of living document, fitting in the bigger wish for
more transparency at the EMA [84, 85].
To improve support of healthcare professionals by CDSS, exchange of key patient data
(i.e. the diagnosis and severity of cirrhosis) between professionals should be encouraged.
In the ideal situation, the gastroenterologist enters the diagnosis and severity of cirrhosis
in the hospital CDSS and this is automatically exchanged between healthcare providers
in primary and secondary care [83]. A more short-term approach is the organization of
pharmacotherapy audit meetings between general practitioners and pharmacists on this
topic to discuss practicalities limiting the exchange of the diagnosis and severity of cirrhosis.
Healthcare professionals
There is abundant room for improving medication safety and management in patients with
cirrhosis by healthcare professionals. A relatively simple way is to improve the knowledge
of healthcare professionals on medication safety in cirrhosis. During the pharmacy and
medicine undergraduate studies, basic knowledge and awareness for this patient group
could be created. In a postgraduate course, more advanced practice-based education
could be provided.
A more demanding method to improve medication care in cirrhosis is establishing
multidisciplinary cirrhosis care teams to enhance care coordination [66, 86]. In such
teams, the patient’s specific needs could be more easily aligned to the appropriate team
member. The authors of one study proposed a very broad number of team members (e.g.,
hepatologists, mid-level care providers (nurse practitioners), pharmacists and specialists in
certain areas such as palliative care and addiction) [86]. Another review article more aimed
at medication proposed a smaller team consisting of physicians, nurses and pharmacists
[66].
Pharmacists, as medication experts, could play an important role in terms of medication. They
can assess adherence, support the patient with medication management and monitor the
patient for possible signs of toxicity [87]. This was demonstrated in a recent trial where 375
medication related-problems were identified by a pharmacist and almost 60% was resolved
by this pharmacist during a medication review [65]. An implication of this trial could be that
pharmacists-led medication reviews in patients with cirrhosis should be implemented on a
larger scale. Yet, there are some barriers to overcome. At least in the Netherlands, pharmacists
need to be better trained in medication safety in cirrhosis because current knowledge level
is low. Because of the complexity of the topic, one can also argue if it may be better to have
a specialized (clinical) pharmacist in every region. Therefore, not every pharmacist needs
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to be familiar with the complete topic, but can consult a specialized pharmacist when in
doubt about medication safety in a patient. Furthermore, other healthcare professionals
(e.g., the general practitioner, gastroenterologist, nurses), could also consult this specialized
pharmacist with medication-related questions. This could possibly save time for both the
general practitioner and gastroenterologist, who could focus on diagnosing and treating
the liver disease and co-morbidities. This results in the medication care team as depicted
in Table 2. In a further study, the effect of such a care team on (patient-reported) outcomes
(e.g., ADRs, adherence, and quality of life) could be determined.
Patients
In the proposed care team, pharmacists could support cirrhotic patients with their
medication management, for instance by specific adherence tools (e.g., smart pill dispensers
or package systems). The knowledge gap among the patients implies that they should
be better informed about medicines and the additional risks in cirrhosis [70, 71, 88]. This
could also be a task of the specialized pharmacists. More short-term approaches are as
well possible. For example, development of a patient information leaflet on medication
use in cirrhosis. Previous work revealed that an information leaflet on cirrhosis and selfmanagement significantly improved knowledge among patients [70, 71]. On our website,
we also included a part for patients with concise advice on the use of medicines in cirrhosis.
A further study could assess if patients comply with the advice on our website and if not,
what the reasons are for noncompliance.
Another group of persons to take into account are the caregivers of the patient. A study
demonstrated that caregivers also feel responsible for medication management in their
relatives with cirrhosis and HE [89]. Pharmacists could support the caregivers with this
medication management and be a source of medication information for them.

Table 2. Proposed care team to improve safe medication use in patients with cirrhosis
Primary care

Secondary/tertiary care

General practitioner
• Treatment of minor ailments and coordination of
this care
• Exchange of diagnosis and severity of cirrhosis

Gastroenterologist/hepatologist
• (Coordination of) treatment of the liver disease
• Determines diagnosis and severity of cirrhosis

Community pharmacist
• Checking medication safety of new prescriptions
• Consults specialized pharmacist if necessary

Specialized (clinical) pharmacist
• Monitoring pharmacotherapy (adherence and
ADRs)
• Answering medication-related questions
• Medication review

This model focusses on the Dutch healthcare setting. ADR: adverse drug reactions.
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Conclusions
This thesis is the first to provide practical guidance for tailored pharmacotherapy in patients
with cirrhosis based on a transparent method. We confirmed that tailored pharmacotherapy
is important in patients with cirrhosis to avoid ADRs due to alterations in the pharmacology
of medicines. Several potential improvements for safe medication use in current practice
were provided. Finally, we noticed a poor description of key patient data in pre- and postmarketing information sources.
The findings of this thesis have a number of implications for practice, of which we distilled
the most important ones:
•
•

•

The term “hepatic impairment” should not be used anymore in relation to medication.
Instead, describe the etiology of the impairment (e.g., cirrhosis).
There are still major deficits in knowledge on the safety and optimal dosage of (certain)
medicines in cirrhosis. Therefore, precaution is needed when using these medicines,
especially in Child-Pugh C patients. The patient should be closely monitored for ADRs,
with a particular focus on the effects we discussed.
Several patient- and healthcare-related factors currently limit optimal medication use
in patients with cirrhosis. Specialized pharmacists could be of support to both the
patient and other healthcare professionals.

This thesis laid the groundwork for future research on medication safety in patients with
cirrhosis. Essential topics for further research are:
•

•

Alternative measurements for the Child-Pugh classification should be explored that
grade the remaining capacity of the liver to eliminate medicines. Preferably a score
only consisting of laboratory measurements.
Research is needed on the pharmacology of ADRs in patients with cirrhosis. A distinction
between higher plasma levels and an increased sensitivity is important in such studies.
In severe cirrhosis, alternative methods to predict medication safety and dosing should
be studied.

To conclude, this thesis aimed to improve medication safety in patients with cirrhosis. To
further improve medication safety, close collaboration between all different stakeholders
is required: from regulatory agencies and the pharmaceutical industry, to healthcare
professionals and the patients with cirrhosis.
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Summary
Cirrhosis has a major impact on the pharmacology of medicines. Due to pharmacokinetic
changes, plasma concentrations of medicines may increase and consequently the risk of
adverse drug reactions (ADRs). In addition, patients with cirrhosis can be more susceptible
for certain ADRs compared to healthy controls because of the pathophysiology of cirrhosis.
Thus, the alterations in pharmacology that occur due to cirrhosis negatively influence
medication safety. In this thesis, we aimed to improve safe medication use in patients with
cirrhosis.
To anticipate changes in pharmacology, tailored pharmacotherapy is needed in patients
with cirrhosis. Yet, concrete safety and dosing recommendations based on a systematic
method were lacking. In Chapter 2, we addressed this problem by establishing practical
guidance for the safe use of medication in patients with cirrhosis. First, we developed a
method to evaluate the safety and dosing of medicines in patients with cirrhosis (Chapter
2.1). This method consisted of six steps: (1) collection of evidence, (2) data extraction and
presentation, (3) classification and dosage suggestion, (4) discussion and conclusion by an
expert panel, (5) implementation, and (6) continuity. Every medicine received a safety class,
which could be: safe; no additional risks known; additional risks known; unsafe; or unknown,
and could also depend on the severity of cirrhosis of the patient. This safety classification
was based on evidence of additional harm in patients with cirrhosis compared to healthy
controls. If deemed necessary based on pharmacokinetic alterations, a dose adjustment
could also be advised.
In Chapter 2.2, we used this method to evaluate the safety and dosing of proton pump
inhibitors (PPIs) in patients with cirrhosis. In a literature review 69 articles were retrieved
and combined with data from the product information. For all PPIs, alterations in the
pharmacokinetics occurred in patients with cirrhosis. These changes are quite large
for lansoprazole and pantoprazole (4- to 8-fold increase in exposure). Therefore, both
medicines were classified as unsafe in all stages of cirrhosis. In patients with severe cirrhosis,
we only advised the use of esomeprazole in a reduced dose. Of note, studies suggested
an association between the use of PPIs and the development of infections and hepatic
encephalopathy. Therefore, the use of PPIs should be carefully considered.
In Chapter 2.3, we discuss the safety of statins in patients with severe cirrhosis in response to
a recently published randomized controlled study. In this trial, a relatively high prevalence
of rhabdomyolysis was found among patients with advanced cirrhosis using simvastatin.
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We suggest that this is explained by changes in the pharmacokinetics of simvastatin due
to cirrhosis. In addition, we advise that future efficacy studies should be combined with
pharmacokinetic studies in this population to develop safe therapeutic strategies.
The practical guidance for safe medication use in cirrhosis is described in Chapter 2.4. We
formulated 218 recommendations for a total of 209 medicines. Nearly 70 medicines were
classified as unsafe in (a stage of) cirrhosis. An increased risk of (certain) ADRs was the main
reason for classifying medicines as unsafe. For almost 30% of medicines a dose adjustment
was advised in (a stage of) cirrhosis. In 39 recommendations (18%), the safety was classified
as ‘unknown’ and no advice could be given due to lacking or limited clinical data. The
recommendations were integrated in all relevant clinical decision support systems in the
Netherlands and published on a free website: www.geneesmiddelenbijlevercirrose.nl.
Implementing the recommendations into clinical practice can possibly enhance medication
safety in this vulnerable patient group.
In Chapter 3, we aim to identify areas of improvement for safe medication use in cirrhosis
by exploring the current practice of prescribing and safety monitoring by healthcare
professionals. In Chapter 3.1, we determined the most frequently used medicines in
patients with cirrhosis and compared real-world drug use to our practical guidance. In a
retrospective study, we used a database that links prescribing data with hospital discharge
diagnoses and included 5,618 patients with cirrhosis. They used a median of nine drugs in
the first year after hospital admission. Of the 102,927 prescriptions, 48% consisted of one
of the 209 drugs that carried a safety recommendation. Potentially unsafe drugs were used
by 60% of patients during the entire follow-up. Three nonsteroidal anti-inflammatory drugs
(NSAIDs) were among the five most commonly used potentially unsafe drugs. More efforts
are needed to decrease potentially unsafe drug use in patients with cirrhosis.
In Chapter 3.2, we studied Dutch community pharmacists’ practices and level of knowledge
on medication safety in patients with hepatic impairment. An online survey was completed
by 338 pharmacists and 70% of these evaluated at least once weekly the safety of a medicine
in a patient with hepatic impairment. Yet, their level of knowledge was limited with a mean
knowledge score of 2.8 out of 6 on a knowledge test. Only 30% of respondents could
appropriately advise on safe analgesics use in severe cirrhosis. A frequently encountered
barrier was the lack of essential patient information (i.e., the diagnosis and severity of the
impairment). If these issues are resolved, pharmacists can play a more active role in ensuring
medication safety in their patients with hepatic impairment.
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The focus of Chapter 4 was on the quality of information on medication safety in patients
with cirrhosis from pre- and post-marketing information sources. In Chapter 4.1, we
examined the information from the Summaries of Product Characteristics (SmPCs) of 51
recently approved medicines. In total, 36 described a pharmacokinetic study in patients
with hepatic impairment. A substantial part of information requested by the European
Medicines Agency was available in these SmPCs. Yet, clinical applicability of the information
seems low as it was often unclear to which hepatic disease patient the advice applied. In
almost 60% of SmPCs, safety or dosing recommendations for patients with severe hepatic
impairment were unavailable or ambiguously formulated. These deficiencies can negatively
influence the practical use of SmPC information by healthcare professionals.
In Chapter 4.2, we determined the number of spontaneous ADR reports on patients with
cirrhosis, the quality of documentation and the nature of the ADR reports. We retrieved 50
reports submitted to Pharmacovigilance Center Lareb that mentioned “cirrhosis”. Twelve
were excluded because of lacking data on the diagnosis of cirrhosis. The severity of cirrhosis
was described in only 12 reports (32%) and 7 (19%) used a validated severity classification.
The low quantity and quality of reports limited analyses of the nature of ADR reports to
explore potential drug safety issues in cirrhosis.
In the general discussion (Chapter 5), we placed the findings from this thesis in a broader
perspective. We emphasized that the foundation for clear medication safety advice is a
clear description of the patient population, and not the use of ambiguous wording such
as “patients with hepatic impairment”. In addition, we elaborated on the complex impact
cirrhosis has on the pharmacology of medicines and the difficulties in studying medication
harm in patients with cirrhosis. At last, we discussed medication-related problems in
patients with cirrhosis and how to optimize safe medication use by these patients.
In conclusion, patients with cirrhosis need tailored pharmacotherapy. The practical
guidance we developed supports healthcare professionals and patients to improve safe
medication use in patients with cirrhosis. To further improve medication safety in these
patients, a close collaboration is needed between all the different stakeholders involved;
from regulatory agencies and the pharmaceutical industry, to healthcare professionals and
the patients with cirrhosis.
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Samenvatting
Levercirrose is een aandoening die geleidelijk ontstaat en waarbij gezond leverweefsel wordt
vervangen door littekenweefsel. Cirrose heeft een grote invloed op hoe geneesmiddelen
zich gedragen in het lichaam, de zogenoemde farmacologie. Doordat de lever minder
goed functioneert, worden medicijnen langzamer afgebroken en kan de hoeveelheid
in het bloed stijgen. Dit noemt men een gewijzigde farmacokinetiek en dit verhoogt
het risico op bijwerkingen. Daarnaast kunnen patiënten met cirrose gevoeliger zijn voor
bepaalde bijwerkingen dan gezonde mensen. Dit alles kan de veiligheid van medicatie
bij patiënten met cirrose negatief beïnvloeden. Het doel van dit proefschrift was om de
medicatieveiligheid bij patiënten met cirrose te verbeteren.
Om rekening te houden met de farmacologische veranderingen die kunnen optreden, is
farmacotherapie op maat nodig bij patiënten met cirrose. Echter, het ontbrak aan concrete
veiligheids- en doseringsadviezen gebaseerd op een systematische methode. In Hoofdstuk
2 hebben we dit probleem aangepakt door praktische adviezen te ontwikkelen voor het
veilig gebruik van medicatie bij patiënten met cirrose. We begonnen met het opzetten van
een methode om de veiligheid en dosering van geneesmiddelen bij patiënten met cirrose
te evalueren (Hoofdstuk 2.1). Deze methode bestond uit zes stappen: (1) verzameling van
bewijs, (2) opstellen van een rapport, (3) voorlopige classificatie en doseeradvies, (4) discussie
en conclusie in een expertpanel, (5) toepassing en (6) continuïteit. Per geneesmiddel werd
een veiligheidsadvies opgesteld gebaseerd op bewijs van extra nadelige effecten bij
patiënten met cirrose in vergelijking met mensen zonder cirrose. De veiligheidsklasse kon
zijn: veilig; geen nadelige effecten bekend; nadelige effecten bekend; onveilig; of onbekend
en kon ook afhankelijk zijn van de ernst van cirrose. Een dosisaanpassing werd geadviseerd
wanneer de hoeveelheid geneesmiddel in het bloed sterk steeg.
In Hoofdstuk 2.2 gebruikten we deze methode om de veiligheid en dosering van de
maagzuurremmers (protonpompremmers (PPIs)) bij cirrose te beoordelen. In een
literatuuronderzoek werden 69 artikelen gevonden en gecombineerd met gegevens uit
de productinformatie. Bij alle PPIs treden er veranderingen in de farmacokinetiek op bij
patiënten met cirrose. Deze veranderingen zijn het grootst bij lansoprazol en pantoprazol
(4- tot 8-voudige verhogingen in de blootstelling). Daarom zijn beide middelen als onveilig
beoordeeld bij cirrose. Bij patiënten met ernstige cirrose raadden we alleen het gebruik van
esomeprazol aan in een verlaagde dosering. In literatuur werd een associatie beschreven
tussen het gebruik van PPIs bij cirrose en de ontwikkeling van infecties en verwardheid
(hepatische encefalopathie). Het gebruik moet daarom goed overwogen worden. In
Hoofdstuk 2.3 bediscussiëren we de veiligheid van statines bij patiënten met cirrose als
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reactie op een recentelijk gepubliceerde gerandomiseerd controle onderzoek. In dit
onderzoek trad er relatief vaak een ernstige bijwerking (rhabdomyolyse) op bij patiënten
met gevorderde cirrose na gebruik van simvastatine. Wij suggereren dat dit komt door een
veranderde farmacokinetiek. Tevens adviseren we dat effectiviteitsstudies in deze populatie
gecombineerd moeten worden met farmacokinetische studies om veilige farmacotherapie
te ontwikkelen.
De ontwikkelde adviezen voor veilig medicatiegebruik zijn beschreven in Hoofdstuk 2.4.
In totaal werden 218 adviezen opgesteld voor 209 geneesmiddelen. Bijna 70 medicijnen
werden geclassificeerd als onveilig bij (een stadium van) cirrose. Een verhoogde gevoeligheid
voor bepaalde bijwerkingen was de meest voorkomende reden om medicijnen als
onveilig te beoordelen. Voor bijna 30% van de middelen werd een dosisaanpassing
geadviseerd bij (een stadium van) cirrose. Vanwege weinig tot geen klinische gegevens
was het advies 39 keer "onbekend" (18%). De praktische adviezen zijn geïntegreerd in
alle medicatiebewakingssystemen in Nederland en gepubliceerd op een website: www.
geneesmiddelenbijlevercirrose.nl. De toepassing van deze adviezen in de klinische praktijk
kan mogelijk de medicatieveiligheid bij deze kwetsbare patiëntengroep verbeteren.
Hoofdstuk 3 richt zich op de huidige praktijk van voorschrijven en medicatiebewaking
onder zorgverleners bij patiënten met cirrose om zo mogelijke verbeterpunten te
identificeren. In Hoofdstuk 3.1 onderzochten we retrospectief welke geneesmiddelen
het vaakst gebruikt worden door patiënten met cirrose. We gebruikten gegevens uit een
receptendatabase die gekoppeld was aan een ziekenhuisdatabase met ontslagdiagnoses.
Het geneesmiddelgebruik in dit cohort vergeleken we met onze adviezen. De 5.618
patiënten met cirrose gebruikten in het eerste jaar na ziekenhuisopname een mediaan
van negen verschillende geneesmiddelen. In de tijd dat we de patiënten volgden werden
102.927 recepten voorgeschreven, 48% bestond uit een van de 209 geneesmiddelen met
een door ons opgesteld advies. Potentieel onveilige medicatie werd gebruikt door 60% van
de patiënten gedurende de follow-up. De top vijf van meest gebruikte potentieel onveilige
middelen bestond uit drie niet-steroïde anti-inflammatoire geneesmiddelen (NSAID’s). Er
zijn meer inspanningen nodig om potentieel onveilig geneesmiddelgebruik bij cirrose te
verminderen.
In Hoofdstuk 3.2 onderzochten we het kennisniveau van openbaar apothekers en de huidige
praktijk van medicatiebewaking bij patiënten met een leverfunctiestoornis. Een online
vragenlijst werd door 338 apothekers ingevuld en 70% beoordeelde ten minste wekelijks
de veiligheid van een medicijn bij een patiënt met een leverfunctiestoornis. Echter, hun
kennisniveau was beperkt met een gemiddelde kennisscore van 2,8 goede antwoorden
op 6 vragen. Ook wist maar 30% van de apothekers gepast advies te geven over het
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gebruik van pijnstillers bij een patiënt met ernstige cirrose. Een frequente belemmering
in het uitvoeren van medicatiebewaking was het gebrek aan essentiële patiëntinformatie
(diagnose en ernst van cirrose). Wanneer deze problemen aangepakt worden, kunnen
apothekers een actievere rol spelen in het verbeteren van veilig medicatiegebruik door
patiënten met cirrose.
Hoofdstuk 4 richt zich op de kwaliteit van informatie over medicatieveiligheid bij patiënten
met cirrose uit pre- en post-marketing informatiebronnen. In Hoofdstuk 4.1, bestudeerden
we de productinformatie (d.w.z. de Summaries of Product Characteristics (SmPC's)) van 51
medicijnen die recent op de markt zijn gebracht. Een totaal van 36 middelen beschreef
een farmacokinetische studie bij patiënten met cirrose en een groot deel van de informatie
gevraagd door het Europees Geneesmiddelen Agentschap (EMA) was beschikbaar in deze
SmPC's. Echter, de klinische toepasbaarheid van de informatie leek beperkt omdat het
vaak onduidelijk was op welke leverpatiënten het advies precies van toepassing was. Voor
patiënten met een ernstige leverfunctiestoornis was in bijna 60% van de SmPC's geen of
onduidelijke informatie beschikbaar over het gebruik bij deze patiënten. Deze gebreken
kunnen de toepasbaarheid van SmPC's door zorgverleners negatief beïnvloeden.
In Hoofdstuk 4.2 bestudeerden we het aantal spontane meldingen van bijwerkingen bij
patiënten met cirrose, de kwaliteit van de documentatie en de aard van de melding. In
totaal werd er in 50 meldingen van het bijwerkingencentrum Lareb "cirrose" vermeld.
Twaalf meldingen werden geëxcludeerd omdat er essentiële informatie ontbrak over de
diagnose van cirrose. De ernst van cirrose werd in maar twaalf meldingen beschreven
(32%) en in zeven (19%) werd hierbij een gevalideerde ernstclassificatie gebruikt. De
beperkte kwantiteit en kwaliteit van de meldingen limiteerden analyses naar de aard van
de bijwerkingen en potentiële medicatieveiligheidsproblemen.
In de discussie (Hoofdstuk 5) hebben we de bevindingen uit dit proefschrift in
een breder perspectief geplaatst. We benadrukten dat de basis voor duidelijke
medicatieveiligheidsadviezen een heldere beschrijving van de patiëntpopulatie is en niet
het gebruik van dubbelzinnige termen als "patiënten met een leverfunctiestoornis". Tevens
gingen we in detail in op de complexe impact die cirrose kan hebben op de farmacologie
van medicijnen en met welke moeilijkheden men geconfronteerd kan worden bij onderzoek
naar medicatieveiligheid bij patiënten met cirrose. Tot slot bediscussieerden we medicatiegerelateerde problemen bij patiënten met cirrose en hoe veilig geneesmiddelgebruik
geoptimaliseerd kan worden bij deze patiënten.
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Concluderend hebben patiënten met cirrose farmacotherapie op maat nodig. De adviezen
die we ontwikkeld hebben kunnen zowel de patiënt als zorgverleners ondersteunen bij
veilig medicijngebruik door patiënten met cirrose. Om de medicatieveiligheid verder te
versterken is een nauwe samenwerking nodig tussen alle verschillende betrokkenen: van
geneesmiddelautoriteiten en de farmaceutische industrie tot zorgverleners en de patiënten
met cirrose.
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uit om jullie weer te zien. We hebben al veel meegemaakt met z’n allen en ik hoop dat er
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waren altijd een leuke afleiding.
Mijn eigen familie wil ik uiteraard ook nog benoemen. Ik vond het altijd heerlijk om weer een
weekendje bij te komen van de drukte en thuis in Twente te zijn. Pap, mijn nieuwsgierigheid
kwam me heel goed van pas de afgelopen jaren, drie keer raden van wie ik dat heb. Mam,
jij hebt me geleerd niet zomaar alles aan te nemen voordat je er zelf goed en kritisch over
na hebt gedacht. Dank daarvoor. Linda, jouw enthousiasme en positieve instelling zijn altijd
weer aanstekelijk. Jan, ik vond het heel knap van je hoe je jaren geleden in je eentje naar
Amerika ging. Fijn om m’n kleine (grote) broertje nu weer in de buurt te hebben.

214

Dankwoord

Tot slot, lieve Tjeerd. Jij kent me al wel een tijdje langer dan m’n promotie. De afgelopen
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