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Chapter 1

General introduction





John, a 49-yr-old man, visits his general practitioner (GP). John has a history of 

obesity and non-alcoholic steatohepatitis and suffers from cirrhosis (Child-Pugh 

B) which has been stable for the last few years. His cholesterol levels were too high 

and therefore his GP wants to start pharmacotherapy. A family member of John 

has had negative experiences with simvastatin so John prefers to take a different 

statin. The GP decides to prescribe atorvastatin and consults the standard Dutch 

prescribing information source. This recommends that atorvastatin should be 

used with caution in patients with a history of liver disease. This text is similar 

for all the other statins. The GP therefore decides to start atorvastatin and writes 

a prescription for 10 mg atorvastatin per day for John. His pharmacist was not 

aware of John’s cirrhosis and dispensed the atorvastatin. One week later, John 

wakes up with severe myopathy and feels miserable. He visits the emergency room 

and is admitted to hospital for a suspected atorvastatin-induced rhabdomyolysis. 

In the Summary of Product Characteristics (SmPC) of atorvastatin a study is 

described in which exposure to atorvastatin was ten times higher in patients with 

cirrhosis compared to healthy controls. Why did this information not reach his GP 

when starting John on atorvastatin, nor the pharmacist filling John’s prescription?
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Cirrhosis

Worldwide, approximately one million people die each year due to cirrhosis [1]. In the 
Netherlands, it is estimated that there are between 8,500 and 17,500 patients with cirrhosis 
[2]. The most prevalent liver diseases causing cirrhosis in Europe are chronic alcohol use 
disorder, viral hepatitis B and C, and non-alcoholic steatohepatitis (NASH) [3]. As NASH is 
strongly linked to obesity and metabolic syndrome, there is an increasing concern that the 
incidence of cirrhosis due to NASH will rise strongly in the coming decades [4, 5]. Cirrhosis 
therefore continues to be an important cause of morbidity and mortality worldwide.

All chronic liver diseases progress in a similar way to cirrhosis [6-8]. The disease damages 
liver cells (i.e. hepatocytes) and this triggers an inflammation reaction known as hepatitis. 
If the disease is not adequately treated, hepatitis can result in scar tissue: fibrosis. Necrosis 
of hepatocytes induces regeneration of new liver cells [6], formed as nodules in the scar 
tissue. Due to the presence of fibrosis and nodules, intrahepatic blood flow decreases. This 
increases the blood pressure in the (portal) vein before the liver and portal hypertension 
develops [7]. Cirrhosis is characterized by this modified hepatic architecture and blood flow. 

Complications of cirrhosis are the result of both hepatocellular dysfunction and portal 
hypertension. Dysfunction of hepatocytes affects several of the metabolic and synthetic 
functions of the liver [6]. For example, the metabolism of endogenous (e.g., bilirubin) 
and exogenous substances (e.g., medication) could decrease. Furthermore, impaired 
detoxification of ammonia can lead to hepatic encephalopathy. In addition, cirrhosis affects 
the synthetization of plasma proteins, such as albumin, and blood coagulation factors. A 
complication of portal hypertension is the development of varices [7]. Varices are often 
formed in the esophagus and stomach and come with a risk of bleeding. Varices can also 
bypass the liver and directly emerge in the inferior vena cava. Other complications of portal 
hypertension are alterations in splanchnic circulation resulting in fluid accumulation in the 
abdomen (i.e., ascites) [7]. The complications of both hepatocellular dysfunction and portal 
hypertension deteriorate with increasing severity of cirrhosis.

To assess the severity and prognosis of cirrhosis two classifications are commonly used [9]. 
The Model for End-Stage Liver Disease (MELD) score is based on three parameters (bilirubin, 
INR and creatinine) and is the classification used to prioritize liver transplants. The Child-
Turcotte-Pugh (CTP) classification consists of five parameters (Table 1) and was originally 
developed to assess the risk of variceal bleeding during surgery [10]. Per parameter, one to 
three points are scored with a total between 5 and 15. This total score represents a class; 
patients with 5 or 6 points are classified as CTP A (mild), 7-9 points as CTP B (moderate) and 
patients with more than 9 points are classified as CTP C (severe). Besides its clinical use, the 
CTP classification is also requested by registration authorities to be used in pharmacokinetic 
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studies for categorizing patients by severity of hepatic dysfunction [11, 12]. All the individual 
parameters of the CTP classification are not specific for hepatic dysfunction, for example 
bilirubin can be increased due to hemolysis and albumin decreased due to sepsis [9]. 
Therefore, the CTP classification cannot be used to screen for hepatic impairment. It should 
only be used in patients with a confirmed diagnosis of cirrhosis.

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

Parameter 1 point 2 points 3 points

Ascites Absent Mild Moderate to severe

Encephalopathy None Grade 1-2 Grade 3-4

Albumin (g/L) >35 28-35 <28

Bilirubin (µmol/L) <34 34-51 >51

Prothrombin time (INR) <1.7 1.7-2.3 >2.3

Effect of cirrhosis on pharmacokinetics and pharmacodynamics

Cirrhosis and its complications influence the pharmacokinetics and pharmacodynamics of 
medication. In Table 2, an overview is given of the several pathophysiological changes that 
can occur in cirrhosis and the effects on pharmacokinetic parameters [13-16]. The resultant 
of these changes for the individual patient is difficult to predict, because it depends on both 
patient and drug characteristics. However, if liver function declines, these changes are likely 
to increase. Patients with the most severe cirrhosis (i.e. CTP class C) often suffer from the 
largest pharmacokinetic alterations, leading to high plasma concentrations and exposure 
to medicines. 

The pharmacodynamics of medicines can also be altered in cirrhosis [14-16]. Patients may 
respond differently to the same medicine concentration as healthy persons. This difference 
in therapeutic response could be caused by changes in access of the medicine to the site of 
action, or changes in the number and sensitivity of receptors [15]. For example, a reduced 
density of ß-adrenoreceptors was found in patients with cirrhosis probably affecting the 
response to ß-blocking agents [15].  
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Table 2. Overview of pathophysiological abnormalities that can occur in patients with cirrhosis and 
the consequences on pharmacokinetic parameters [13-16]

 Pathophysiological change Pharmacokinetic change

Absorption • Portal hypertensive gastropathy, ulcers of 
the upper gastro-intestinal tract, gastritis

• Increased intestinal permeability
• Impaired gastrointestinal motility with 

delayed gastric emptying

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

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

• Reduced intrinsic clearance

• Decreased first-pass effect resulting in a 
higher bioavailability

• Pro-drug metabolism diminished

Distribution • Decreased levels of plasma proteins (e.g. 
albumin, α

1
-acid glycoprotein) due to 

impaired synthesis in the liver
• Accumulation of endogenous substances, 

such as bilirubin, displacing binding sites of 
plasma proteins

• Fluid retention (ascites, oedema)

• Plasma protein binding reduced resulting 
in a larger fraction of unbound drug

• Enlarged volume of distribution causing a 
longer elimination half-life

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

• Reduced activity of phase I and II drug 
metabolizing enzymes (reduced intrinsic 
clearance)

• Changes in stereoselectivity of hepatic 
drug metabolism 

• Both resulting in a longer elimination 
half-life

• Decreased blood flow across the liver • Slower clearance by drug metabolizing 
enzymes

Elimination • Bile flow obstruction, due to cancer or 
sclerosing cholangitis

• Reduced protein transporter expression

• Biliary excretion reduced
• Disrupted enterohepatic recycling 

• In advanced cirrhosis, renal impairment • Reduced renal elimination

TIPS: transjugular intrahepatic portosystemic shunt

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

Practical guidance for safe medication use in cirrhosis

Most information for healthcare professionals on medication use in practice originates 
from the product information developed by pharmaceutical companies. Preceding 
studies showed that the information about patients with hepatic impairment included 
in the product information was often unclear, inconsistent and recommendations were 
not specified by severity of impairment [23, 24]. Hence, it failed to support healthcare 
professionals adequately in safe prescribing in patients with cirrhosis. 

A few research groups attempted to provide healthcare professionals more support by 
publishing reviews on the use of certain medicines (groups) in cirrhosis [25-28]. Yet, most 
remained vague in their advice (e.g., “use with caution” or “dose adjustment needed”), 
came from different research groups and did not get updated. Steelandt and colleagues 
tried to support healthcare professionals by developing a pharmacokinetic model to 
predict the impact of cirrhosis on drug exposure [29]. However, they fail to provide actual 
dosing recommendations, nor do they give advice on the safety of medication in cirrhosis. 
In summary, despite the importance of tailored pharmacotherapy in cirrhosis, practical 
guidance to support healthcare professionals is still lacking [30]. This thesis intends to 
address this problem by developing practical guidance for the safe use of medication in 
patients with cirrhosis.

Current practice

Healthcare professionals have an important role in ensuring safe medication use in patients 
with cirrhosis. Exploring different aspects of medication safety in cirrhosis in the current 
practice could provide useful insights. In particular, when focusing on primary care where 
medication risks may be higher due to less monitoring and a higher range of drugs 
prescribed. 
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Drug utilization studies can be effective to explore prescribing for patients with cirrhosis, 
yet there is little published data. A Spanish and Swiss research group both performed a 
cross-sectional study on prescription patterns of patients admitted to hospitals [20-22, 31]. 
The Swiss group also compared the medication use of the patients to advice from the drug 
label and from published literature [21, 22]. Furthermore, a small Dutch study examined 
prescribing in 41 patients with decompensated liver cirrhosis and compared it to the drug 
label [32]. None of these assessed real-world drug use in primary care. Therefore, in this 
thesis we examine prescription patterns and potential safety of these prescriptions in a real-
world cohort of patients with cirrhosis.

Pharmacists, as medication experts, could play a key role in preventing and resolving 
medication-related problems in patients with cirrhosis. Previous work focused on knowledge 
and practices of physicians in prescribing analgesics for patients with chronic liver disease 
[33-35]. Little is known about the knowledge of community pharmacists on safe medication 
use in these patients. Few studies described the care provided by pharmacists for a 
subgroup of patients: those with viral hepatitis C [36-38]. However, these articles focused 
on clinical pharmacists or described care in only one clinic. Hence, in this thesis, we explore 
this specific aspect of current practice: the care provided by community pharmacists. 

Information on medication safety in cirrhosis

During the lifecycle of a medicine, data on medication safety in patients with cirrhosis 
originates from different sources. In the pre-marketing phase, pharmaceutical companies 
perform pharmacokinetic studies according to the 2005 European Medicines Agency 
(EMA) guideline [11]. The results of these studies and subsequent prescribing advice are 
published in the product information (i.e., the Summary of Product Characteristics (SmPC)). 
This document is the essential basis for information on safe medication use in patients with 
cirrhosis. Research indicated shortcomings in information provided in the SmPCs on this 
population [23, 24], though no study assessed the quality of the information provided in 
SmPCs after release of the EMA guideline [11]. 

The small number of patients and the short follow-up time limit the safety data available 
from pre-marketing studies. Hence, after market authorization, post-marketing information 
is valuable to expand our knowledge on the safety profile of a medicine in patients with 
cirrhosis. To obtain more information on ADRs in these patients, we rely on information 
from clinical practice. One of the tools to do so are spontaneous reports, provided that 
the quality of clinical documentation is sufficient [39]. Currently, no study has assessed 
information from spontaneous ADR reports on patients with cirrhosis. In this thesis, we 
examine the quality of information from these pre- and post-marketing information sources 
on safe medication use in patients with cirrhosis.
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Aim of this thesis

The aim of this thesis is to improve safe medication use in patients with cirrhosis. To achieve 
this aim, the following objectives were established:

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

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

III. To assess the quality of information on safe medication use in patients with cirrhosis in 
pre- and post-marketing information sources.
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Outline of this thesis

This thesis consists of three parts divided into individual chapters.

Chapter 2 focusses on the development of practical guidance for safe medication use in 
patients with cirrhosis. In the first part, the method used to evaluate the safety and dosing 
of medicines in cirrhosis is described as study protocol (Chapter 2.1). In Chapter 2.2 and 
Chapter 2.3, examples of the evaluation of the safety of a medicine group are given. This 
first example is the group of proton pump inhibitors (PPIs) and the second example is 
the group of statins. In Chapter 2.4, an overview is provided of the developed practical 
guidance for safe medication use in patients with cirrhosis.

In Chapter 3, current practices in Dutch healthcare are explored. In Chapter 3.1, we assessed 
prescribing for patients with cirrhosis in the Netherlands. We also compared prescription 
patterns to our practical guidance to assess potential improvements for prescribing. In 
Chapter 3.2, the level of knowledge among community pharmacists on medication safety 
in patients with cirrhosis was studied and their practice in caring for these patients.

Chapter 4 focusses on the quality of information from pre- and post-marketing information 
sources on safe medication use in patients with cirrhosis. In Chapter 4.1, we examined 
whether information required by the EMA was available in SmPCs and we evaluated the 
clinical applicability of this information. Chapter 4.2 evaluates spontaneous ADR reports 
from Pharmacovigilance Center Lareb. We analyzed the nature, quantity and quality of the 
reports on patients with cirrhosis.

These chapters are followed by a general discussion (Chapter 5).
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