University of Groningen

Medication safety in patients with cirrhosis
Weersink, Rianne
DOI:
10.33612/diss.99705129
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Weersink, R. (2019). Medication safety in patients with cirrhosis. [Thesis fully internal (DIV), University of
Groningen]. Rijksuniversiteit Groningen. https://doi.org/10.33612/diss.99705129

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverneamendment.
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 09-01-2023

Chapter 2

Developing practical guidance
for safe medication use in
patients with cirrhosis

2.1: Evaluating the safety and dosing of drugs in patients
with liver cirrhosis by literature review and expert opinion
Rianne A. Weersink
Margriet Bouma
David M. Burger
Joost P.H. Drenth
Nicole G.M. Hunfeld
Minke Kranenborg
Margje H. Monster-Simons
Sandra A.W. van Putten
Herold J. Metselaar
Katja Taxis
Sander D. Borgsteede
BMJ Open 2016;6:e012991

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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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:
•
•
•
•
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Data from the SmPC
Details on the electronic database search (search strategy, study selection process in
a flowchart)
Summary tables with pharmacokinetic and safety data
References
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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.
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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
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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].
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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)

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

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

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

58

Safe use of proton pump inhibitors in patients with cirrhosis

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

Results

Letter to the editor
of study Cole

8 included studies
were not published
No meta-analysis (-)

Meta-analysis of level
3-4 evidence (-)

Remarks

Safe use of proton pump inhibitors in patients with cirrhosis

69

70

Ref

[6]

[71]

[72]

[11]

LoE

3

3

3

3

Follow-up study

Multi-center prospective study

cohort

Retrospective

Retrospective
cohort

Design

APPENDIX 1. Continued

Cirrhosis
(n=272)

Cirrhosis +
ascites

Decompensated cirrhosis

End-stage
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Patients

PPI use
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CTP A/B/C
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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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Cirrhosis +
ascites + SBP
(n=18; CTP
B/C 2/16)

Cirrhosis +
ascites + SBP
(n=51; CTP
B/C 11/40)

Cirrhosis +
ascites +
SBP (n=533;
CTP A/B/C
3/364/166)

Cirrhosis
(n=86418)
with 947 SBP
diagnoses
(cases)

Cirrhosis +
developed HE
(n=1166)

Patients

PPI use

PPI use

PPI use

PPI users
(n=29,574
person-years)

PPI use

Intervention

Cirrhosis +
ascites (n=47;
CTP B/C
22/25)

Cirrhosis +
SBP (n=102;
CTP B/C
11/40)

Cirrhosis
+ ascites
(n=607;
CTP A/B/C
11/478/118)

Nonusers
of PPI
(n=660,169
person-years)

Cirrhosis
(n=1166)

Control

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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Cirrhosis +
clostridium
difficile
infection
(n=54; CTP
A+B/C 25/29)

Cirrhosis +
ascites + SBP
(n=83; CTP
B/C 25/58)

Cirrhosis +
ascites

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

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

Cirrhosis +
ascites +
SBP (n=52;
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 +
ascites (n=93;
CTP B/C
59/34)

No PPI use
(n=525)

Cirrhosis + no
SBP (n=65;
CTP B/C
34/31)

-

Cirrhosis + no
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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Control

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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CC, case-control study; cDDD, cumulative defined daily doses; CI, confidence interval; CS, case series; CTP, Child-Turcotte-Pugh class; CR, case report; GEV, gastro-esophageal varices; H2RA, histamin-2 receptor antagonist; HCC,
hepatocellular carcinoma; HE, hepatic encephalopathy; IQR, interquartile range; LoE, level of evidence; MDR, multidrug-resistant; MELD, Model for End-stage Liver Disease; NOS, Newcastle-Ottawa Scale; OR, odds ratio; PC,
prospective cohort study; PPI, proton pump inhibitor; RC, retrospective cohort study; Ref, reference; RR, rate ratio; SBP, spontaneous bacterial peritonitis.
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2.3: Altered pharmacokinetics of statins explain increased
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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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