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Abstract: Liver cirrhosis, which is considered one of the leading causes of death in the world, can
lead to severe complications, and is often followed by a liver transplantation. These patients take an
average of nine medications daily. If not managed adequately, it can be accompanied by serious drug-
related problems. To reduce this risk, a clinical pharmacist may be included as part of the healthcare
team to optimize medication therapy in this population. This study aimed to systematically identify
the pharmaceutical interventions which reduced drug-related problems and improved medication
therapy for adult hospitalized liver cirrhotic and liver transplant patients when compared to standard
care. Three databases (PubMed, Embase, and CENTRAL) were systematically searched from the
inception of each database to 25 October 2023, and interventional studies in the English language
were included. The risk of bias was assessed according to RoB-I for the UBA study and RoB2 for the
identified RCT. The detected interventions to reduce drug-related problems in liver cirrhotic and
liver transplant patients were extracted and classified according to a “Hierarchy of Controls” model.
Two studies from Germany and the USA met our inclusion criteria, respectively. In these studies, we
identified two interventions that included education, expert consultation, and the monitoring of the
immunosuppressive medications serum level. The main objective of the two included studies was
improving patients’ compliance through adherence. These pharmaceutical interventions identified
were classified as administrative controls, which is one of the lowest levels in the “Hierarchy of
Controls” with which to address a potential risk. Pharmaceutical interventions to optimize medication
therapy were found to be rare in the examined population, and were limited to “administrative
controls”. These interventions were limited to transplant patients” education and the monitoring
of the immunosuppressive medication serum levels. No interventional studies were found to have
investigated pharmaceutical interventions in patients with liver cirrhosis. Especially regarding this
patient group, future studies to reduce DRPs using pharmaceutical interventions are needed. This
study received no external funding and its PROSPERO registration number is CRD42022309122.

Keywords: pharmaceutical care; liver transplantation; liver cirrhosis; experimental study; drug-
related problems

1. Introduction

Liver cirrhosis is an end-stage liver disease and includes many potential complica-
tions [1]. Liver transplantation might be considered for adult patients with liver cirrhosis
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whenever a major complication occurs [2]. The complications of liver cirrhosis include
ascites, varices, hepatic encephalopathy, hepatocellular carcinoma, hepatopulmonary syn-
drome, and coagulation disorders, which can impair patients” quality of life and decrease
their expected years of life [3]. According to the World Health Organization (WHO), liver
cirrhosis accounts for 1.8% of all deaths in Europe, causing about 170,000 deaths per year [4].
A total of 75% to 80% of liver cirrhotic cases in Europe are caused by alcohol consumption,
which is the third leading risk factor for disease and mortality after tobacco use and high
blood pressure [5]. In 2010, liver cirrhosis was ranked among the top 10 leading causes of
death in the United States that contributed to years of life lost due to premature mortal-
ity [6,7]. The other causes of liver cirrhosis include viral hepatitis, autoimmune diseases,
inherited liver diseases, and the inappropriate use of certain medications. According to
Weersink et al. [8], patients with cirrhosis take an average of nine medications each day
to manage its complications, and around two-thirds of patients use potentially unsafe
drugs during their follow-up. This can lead to serious drug-related problems (DRPs).
The Pharmaceutical Care Network Europe (PCNE) defined a DRP as “an event or circum-
stance involving drug therapy that actually or potentially interferes with desired health
outcomes” [9]. DRPs constitute a frequent safety issue among hospitalized patients, leading
to patient harm and increased healthcare costs [10]. DRPs include the choice of drug, drug
dosage, adverse drug reactions, drug interactions, the lack of monitoring of a drug’s effects,
toxicity, and adherence problems, which can be actual or potential [11]. The pharmacoki-
netic and pharmacodynamics characteristics are altered in patients with cirrhosis due to
the functional abnormalities of the hepatocytes [12]. Furthermore, DRPs occur frequently
in liver cirrhotic patients; Franz et al. found in a Swiss retrospective study that over one-
fifth of patients were affected by one or more potential drug-drug interactions (pDDI,
86/400 patients) [13]. Of 132 pDDIs, 3 resulted in a hospital admission. In another study
which used the same patient population, nearly half of all the patients received medication
doses which were not appropriate (184/400 patients) [14]. In a 10-bed medical intensive
care unit at a tertiary care hospital in India, the medication charts for 78 patients with
decompensated liver cirrhosis were retrospectively reviewed. This identified an incidence
rate of DRPs of 298 per 1000 patients [15]. The most common type of DRPs were pDDIs, but
almost ten percent of the DRPs contained a contraindicated medication. It is not only liver
cirrhotic, but also liver transplant patients, who are affected by high frequencies of DRPs.
This was illustrated by a cohort study in Saudi Arabia, which included 255 liver transplant
patients [16]. The patients were affected by 407 medication errors (1.6 errors/patient). Most
of those errors were unrelated to the immunosuppressants (87%), indicating the need to
include all prescribed medications in a pharmaceutical care program, not only those in the
immunosuppressants regimen.

To reduce the risks of DRPs, a clinical pharmacist may be involved regularly as a part
of the healthcare team in different settings, contributing to the optimization of drug therapy
and the prevention of DRPs [11,17]. Recently, Mulder et al. compared two cohorts of Dutch
liver transplant patients for DRPs, one with and one without ambulatory pharmaceutical
consultation (94 and 197 patients, respectively) [18]. The cohort with pharmaceutical
consultation showed significantly less use of suboptimal or contraindicated therapies (2.4%
vs. 9.5% of DRPs, e.g., use of naproxen for headache) and unnecessary drugs (17.3% vs.
58.7% of DRPs, e.g., the use of three low-dosed antihypertensive drugs for well-regulated
blood pressure).

This review not only performed a search to summarize the existing evidence for
pharmaceutical interventions in liver transplant patients, but it also sought to classify the
intervention type. To do so, the “Hierarchy of Controls” was used, which is a five-step
approach to control risks (e.g., with medication therapy) [19]. It ranks risk control methods
from the highest level of protection and reliability to the lowest and least reliable protection
as follows: “Elimination-“, “Substitution-“, “Engineering-“, and “Administrative Controls”,
followed by “Personal Protective Equipment”, as shown in Figure 1.
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Engineering controls

Administrative
controls

Figure 1. “Hierarchy of Controls”, including personal protective equipment (PPE). Adapted from the
National Institute for Occupational Safety and Health (NIOSH), Washington, DC, USA.

This systematic review identifies and evaluates the pharmaceutical interventions that
improved medication therapy in adult liver cirrhotic and liver transplant patients, by
reducing DRPs when compared to standard care.

2. Materials and Methods

For the reporting of this systematic review, the PRISMA 2020 guidelines were fol-
lowed [20]. The review was registered with PROSPERO (reg. no. CRD42022309122) and
with the ethics committee of the University RWTH Aachen (EK 23-048).

2.1. Eligibility Criteria and Definitions

This systematic review included all studies published in the English language that
investigated the pharmaceutical interventions in an intervention group (pharmaceutical
intervention) compared to a separate control group (standard care).

All the human interventional studies that investigated pharmaceutical interventions to
reduce DRPs in the treatment of adult liver cirrhotic patients (>18 years old) and/or liver
transplant patients in a hospital setting were considered. Only the studies that included
liver transplant patients (no other types of transplantations) and/or liver cirrhotic patients
were included. Reviews, case reports, journal letters, journal notes, commentaries, and
editorials were excluded, as were studies that only presented descriptive results without
separate control and intervention groups, and studies that only addressed the economic
impacts. The definitions of the study types were adopted from the Cochrane Effective
Practice and Organization of Care Review Group [21]. A randomized controlled trial (RCT)
was defined as an experimental study in which the people involved receive random types
of interventions. An uncontrolled before-after study (UBAs) was defined as a study that
involves an interventional group and a control group.

A “Pharmaceutical intervention” was defined as a recommendation initiated by a
pharmacist in response to a DRP occurring in an individual patient in any phase of the
medication-use process [17]. The Pharmaceutical Society of Australia has defined a clinical
intervention as “any professional activity by the pharmacist directed towards improving
the quality use of medicines and resulting in a recommendation for a change in the patient’s
medication therapy, means of administration or medication-taking behaviour” [22]. These
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interventions were classified according to the “Hierarchy of Controls”, a method suggested
by the United States National Institute for Occupational Safety, to help to arrange interven-
tions in a sequential order through different levels [19]. It ranks risk control methods, from
the highest level of protection and reliability to the lowest and least reliable protection, as
follows: “Elimination-", “Substitution-”, “Engineering-", and “Administrative Controls”,
followed by “Personal Protective Equipment”, as shown in Figure 1. The first three steps
may be summarized as the “higher levels” of control that have shown a 1.5 higher chance
of resulting in significantly reduced error rates compared to the remaining two steps, which
are summarized as the “lower levels” of control [19]. Originating from within occupa-
tional safety, the method was adapted to healthcare risk management by Card et al., and
subsequently to medication safety by Koeck et al. [23,24].

2.2. Information Sources

Three databases were searched (Medline, Embase, and CENTRAL) for studies that
investigated pharmaceutical interventions in liver transplant patients and liver cirrhotic
patients in a hospital setting. Manual reference checks were carried out to look for missing
studies, but none met our inclusion criteria.

2.3. Search Strategy

The research spanned the interval from each database’s inception to 25 October 2023.
The terms for the searches in Medline, CENTRAL, and Embase were compiled and pilot-
tested before the searches, and included subject headings and keywords. For each database,
an adapted version of the search term was used (Supplementary Table S1). No automatic
filters were activated for the search terms; only medical subject headings and keywords
were used.

2.4. Selection Process

Two reviewers (N.J. and J.A K.) independently screened all the references (titles and
abstracts) that were retrieved using the search strategy. Two reviewers (N.J. and A.E.)
rescreened new articles until 25 October 2023, but no relevant articles were found. To do
this, a previously published abstract screening form was pilot-tested that contained nine
exclusion criteria (Supplementary Table S2) [25]. When no exclusion criterion was applied,
the abstract was considered for the data collection process. The results of the abstract
screening were analyzed using Excel 2016 (Redmond, WA, USA). The interrater agreement
was calculated via Cohen’s K [26].

2.5. Data Collection Process

For all the abstracts that did not fulfill the exclusion criteria, the full texts were
retrieved. Initially, these full texts were checked against the above-mentioned exclusion
criteria. When the full texts seemed eligible, a detailed collection of the data items followed.
The first reviewer (N.].) performed the data collection, and the second reviewer (J.A.K.)
amended these results when necessary. In the case of disagreement, this was resolved by
discussion. A third party (A.E.) was contacted when no consensus was reached. Each full
text was characterized as having either a single intervention or a bundle of interventions.
The results were analyzed using Excel 2016 (Redmond, WA, USA).

2.6. Data Items

The extraction of the data from the enclosed articles included the publication details,
the country of the study’s performance, the characteristics of the included patients, the
study design, and the intervention(s)” number, type, and effect.

2.7. Study Risk of Bias Assessment

The risk of bias in the studies included was independently assessed by two reviewers
to reduce bias and the potential for errors. N.J. and PE. assessed ROBIN-I; RoB2 was
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determined by N.J. and ]J.A K. using the Cochrane risk of bias tool framework. The ROBINS-
I tool was used to rate the risk of bias in the non-randomized studies, and the RoB2 tool to
evaluate the randomized studies [27].

2.8. Effect Measures

The effectiveness of the treatments was determined by separately calculating the error
rate for the control and intervention groups, where applicable. Based on this, the “Absolute
Risk Reduction” (ARR) for the main outcome of each study was calculated (Table 1). The
outcomes are described in Section 3.4.



J. Clin. Med. 2023, 12, 7030

6 of 15

Table 1. Summary of study characteristics. CG = control group; IG = intervention group; MEMS = medication event monitoring system.

First Author S Study and Population Numbe.r of p— Eff‘ect of
tudy : Standard Intervention(s), Hierarchy of Primary
(Year of Country T Patient and Age Gender . ¢ C 15" Results Out
Publication) ype Setting Group Care Descrlptlf)n o ontrols utcome
Intervention(s) [%]
Single intervention. Primary outcome: patients’ compliance
Pharmaceutical care with immunosuppressive therapy,
program: defined as the number of correct MEMS
—  One week before bottle openings per all monitored days;
discharge, meet >80% was seen as compliant.
with patient CG: data from 21 patients were available
3—4 times. and 12 patients were compliant (57%). IG:
Education about data from 20 patients were available and
drug action, side 18 patients were compliant (90%).
effects, Secondary outcomes:
interactions, vital —  Pill counts: Data from 24 patients
Liver signs, laboratory in each group were available. The
transplant data, and CG had 14/24 patients and the IG
a tiSn ts G dlscharge had 24 /24 patients, with a mean
University pCG— . Femaie' glec‘l;?at}llon. compliance rate >90%.
hospital, 24 patients; 11 (46%) dirSlChlsfgea 8e B gﬁ}:ﬁizzﬁgfﬁ:ﬁ g.rolff
e Gemany ner MR IO M laGR) - Roune - medionpn, Admiemine S g ARR =350
follow-up Age: CG ' Female: ' information available. The CG had 62/121
: o\ regarding im- (51%) and the IG had 98/125 (78%)
care. mean,. 12 _(46 ) o munosuppressive of the serum concentrations in the
50.1 years; IG Male: 14 (54%) therapy, diary for target range.
52Igean, vital signs, and —  Morisky score (MMAS-4): there are
© years. laboratory data. 4 questions; a “no” answer means
—  During the first compliance. CG: after a study
year after duration of 12 months,
transplantation: 12/19 patients answered “no” for

meet with the
patient at least
once per quarter,
at most monthly.
Discussion about
medication
changes,
laboratory values,
and DRPs.

all 4 questions (63%). 1G:
20/23 patients (87%).

—  Self-report: the number of
forgotten doses in the last 4 weeks.
CG: after a study duration of
12 months, 12/19 patients declared
no forgotten doses (63%). IG:
19/23 patients (83%).
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Table 1. Cont.

First Author Study and Population Numbe'r of e Eff‘ect of
Study : Standard Intervention(s), Hierarchy of Primary
(Year of Country Patient and Age Gender C . ' Results
Publication) Type Setting Group Care Description of Controls Outcome
Intervention(s) [%]
Single intervention. Primary outcome: the percentage of
Post-transplant . .
. tacrolimus drug levels in range.
. . face-to-face pharmacist : .
Liver Routine ltati dicati CG (tacrolimus drug levels in range three
transplant clinical care consultation (medication weeks before the post-transplant
Tertiary care 5P . adherence monitoring; .. . . p p
Schuh, MJ USA UBA and patients. Female: 29 with screening for CYP3A, Administrative pharmacist consultation): 25% of drug ARR = 249
(2018) [29] inpatients 74 patients. Male: 45 pre-transplant interac%in foods Controls levels in range (5-10 ng/mL). IG i
P ’ Age: mean, pharmacist me dicatiois an d, (tacrolimus drug levels in range four
59.7 years consultation. ! months after the post-transplant
supplements; and

education of
patients/caregivers).

pharmacist consultation): 49% of drug
levels in range.
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2.9. Synthesis Methods

Each intervention was independently classified by two of the authors (N.J. and J.A.K.),
according to the “Hierarchy of Controls” model [19]. In the case of varying results, dis-
crepancies were resolved by a discussion. A third party (A.E.) was contacted when no
consensus was reached. The “Hierarchy of Controls” model classifies interventions into five
categories, according to the assumed potential for risk reduction (Figure 1). “Elimination”
is considered the most effective type of intervention with which to reduce risk. “Substi-
tution”, the second category in the hierarchy;, is the substitution of hazardous methods or
materials for less hazardous ones, thus reducing the risk of DRP [30]. One example of this
is implementing a computerized physician order entry to reduce medication errors, in com-
parison to paper-based prescribing [31]. “Engineering controls” involve isolating hazards
or altering how tasks are carried out to lower the risk of hazards, e.g., a Clinical Decision
Support System that warns a provider before processing an overdosed medication [25].
“ Administrative controls”, the fourth step, have a lower protection level from hazards as
compared to the others. They do not eliminate risks; rather, they minimizes the exposure to
hazards, e.g., through educational supply and training procedures. The fifth and lowest
level is “personal protective equipment”.

3. Results
3.1. Study Selection

After screening 1230 abstracts, 10 full texts were eligible for further full-text screening,
according to the exclusion criteria (Figure 2). Of these 10 full texts, only two described
pharmaceutical interventions with which to reduce DRPs in an experimental context and,
thus, were included in this review (Table 1). The interrater agreement between the two
researchers to include or exclude an abstract was calculated via the weighted Cohen’s
k. This resulted in a coefficient of 0.57, which is a “moderate” agreement, according to
the nomenclature.

3.2. Study Characteristics

The two full texts included in this review represent two studies originating from
Germany and the United States [28,29]. One RCT was identified and one UBA. Both
studies investigated liver transplant patients, but no studies were identified that addressed
patients with liver cirrhosis in an inpatient setting. The studies were single-center studies
in a university hospital and a tertiary care hospital (Table 1). Both studies comprised
inpatients per the inclusion criteria; one of them also included follow-up care [28,29]. The
studies durations comprised the first three and twelve months after liver transplantation,
respectively [28,29].

3.3. Risk of Bias in Studies

The results of ROBINS-1 and RoB2 are represented in Figures 3 and 4, respectively.
Both studies had small study sizes. The RCT (Klein et al. [28]) did not report the randomiza-
tion process. Neither the sequence generation nor the allocation concealment were clarified,
which resulted in some concerns about bias [27]. As randomization is not applicable for
UBAs, potential confounding has to be elaborated upon in the study design. Unfortunately,
this was not the case in the “Clinical Note” provided by Schuh et al. [29]. This introduced a
potentially serious risk for bias. For example, we could not identify whether one or more
clinical pharmacist/s performed the consultation visits (introducing the need for a con-
sistent level of patient training). Additionally, other potential determinants of a differing
tacrolimus level were not mentioned in this publication.
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Identification

Included Fligibilitv Screening

Figure 2. Results from the search and selection process, displayed using a PRISMA flow diagram.

Risk of bias due to confounding

Risk of bias in selection of participants into the study
Risk of bias in classification of interventions

Bias due to deviations from intended interventions

Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

0% 100%
B low ® moderate unclear serious M critical

Figure 3. Bias risk assessment (Robins-I) for the included UBA (Schuh et al. [29]).
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Risk of bias arising from the randomization process

Risk of bias due to deviations from the intended
interventions (effect of assignment to intervention)

Risk of bias due to missing outcome data

Risk of bias in measurement of the outcome
Risk of bias in selection of the reported result
0% 100%
B low some concerns M high

Figure 4. Bias risk assessment (RoB2) for the included RCT (Klein et al. [28]).

3.4. Results of Individual Studies

One study investigated the patients’ compliance with immunosuppressive therapy
as the primary outcome [28]. Compliance was defined through the number of correct
“medication event monitoring system” (MEMS) bottle openings per all monitored days. To
investigate this, patients who underwent liver transplantation between September 2003 and
January 2005 in one German transplantation center were randomly assigned to routine care
or an intervention group; the intervention group contained a pharmaceutical care program.
The pharmaceutical care program started one week before discharge from the hospital, and
included an educational approach. One clinical pharmacist met the patient three to four
times during the last week of their stay, and mentioned topics like immunosuppressive
drug effects/side effects, interactions, vital signs, and laboratory data. On the day of
discharge, the clinical pharmacist handed out the discharge medication plan, as well as
information regarding immunosuppressive therapy and a diary for documenting vital
signs and laboratory data. In the first year after transplantation, the clinical pharmacist met
the patient at least every three months to discuss medication or laboratory changes, as well
as drug-related problems. Twenty-four and twenty-six patients were assigned to the two
groups, of which twenty-one patients were evaluated for the primary outcome. Ninety
percent of those in the interventional group (18/20 patients) showed compliance with
the immunosuppressive therapy, compared to 57% of the control group (12/21 patients).
This corresponds to a 33% absolute risk reduction for the intervention group compared
to the control group. The secondary outcomes underlined the primary outcome, e.g., by
an increased number of immunosuppressant serum drug concentrations in range. Of the
121 tacrolimus serum concentrations in the control group, 51% (1 = 62) were assessed to
be in the therapeutic range, compared to 78% in the intervention group (98/125 serum
concentrations). This corresponds to an absolute risk reduction of 27%.

The second study Investigated the therapeutic drug levels of tacrolimus before and
after the pharmaceutical interventions [29]. Seventy-four patients were included who
received a liver transplantation at one center in the United States during the period from
March 2015 to March 2016. The first twenty-one days after transplantation were named
as the control period, and days 22-120 after transplantation as the intervention period.
Three to seven days after transplantation, a pharmacist consulted the patient to educate
them on tacrolimus medication regimens and on the interacting drugs, foods, and herbals.
The pharmacist addressed drug adherence via the assessment of medication fills /refills,
and provided education about pillboxes, the time intervals between drugs and food, and
reminder alarms for medication administration. In the first 120 days after transplantation,
the patient remained near the transplantation clinic to ensure proper immunosuppressive
drug titration. Seventy-four patients were included. Before the pharmacist post-transplant
consultation, 25% of the tacrolimus drug levels were in the therapeutic range. After
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consultation, this percentage rose to 49%. Thus, the intervention led to an absolute risk
reduction of 24%.

3.5. Synthesis of Results

Two different pharmaceutical interventions were identified to reduce DRPs. Both
studies represented single intervention studies and focused on interventions that had
educational purposes [28,29]. They led to comparable results, with absolute risk reductions
of 24 and 33%. In addition, the “tacrolimus levels in range” were considered a secondary
outcome in the study of Klein et al. [28], and a primary outcome in the study of Schuh
et al. [29]. Both studies resulted in comparable absolute risk reductions with respect to this
item (27% and 24%).

The pharmacist interventions included patient education about their individual medi-
cations pre- and post-transplantation, and lifestyle-related education [29], in addition to the
monitoring of patients’ compliance and adherence through their follow-up care [28,29]. In
one study, the clinical pharmacist optimized the medical therapy through participation in
the medical rounds with the medical team, and was responsible for screening the CYP3A4
interacting foods, medications, and herbal supplements in a hospital setting [29]. For the
measurability of the intervention, serum concentration controls were used in both studies.

Both studies implemented educational interventions that are categorized as “adminis-
trative controls” according to the “Hierarchy of Controls”, and the “lower levels” of control
according to Koeck et al. [19,23].

4. Discussion

Our systematic review is the first to use the “Hierarchy of Controls” to investigate
pharmaceutical interventions to reduce drug-related problems in liver cirrhotic and liver
transplant patients. At present, liver transplantation remains the only curative option for a
selected group of patients, but pharmacological therapies are currently being developed
that could delay or stop the progression to decompensated cirrhosis, or even reverse
cirrhosis [32]. The mortality from liver cirrhosis in 187 countries worldwide increased from
around 676,000 in 1980 to over 1 million in 2010 [33]. Weersink et al. stated that 60% of
the drugs used in liver cirrhotic patients were potentially unsafe after their classification
using a previously published practical guidance [8]. This guidance classified every drug
according to its potential safety risks (i.e., safe, no additional risks known, additional risks
known, unsafe, and unknown) and, if applicable, specific dosing advice was also given [8],
indicating the potential impact of a pharmacist contribution. Drugs were classified as safe
when no increase in harm was found compared to persons without liver cirrhosis [34].
Unfortunately, no experimental studies were identified that assessed the benefit of a clinical
pharmacist for liver cirrhotic patients concerning the reduction in DRPs.

Furthermore, although this topic is very relevant, we could only identify two exper-
imental studies in transplant patients [28,29]. This result is underlined by a systematic
review that evaluated pharmaceutical interventions in solid-organ transplantations [35].
This publication included only one article focused on liver transplantation, which is also
included in our review [28].

The two studies included here were limited to educational interventions and health-
care team counseling, which led to fewer rejection episodes [28] and showed an increased
achievement of target serum concentrations in immunosuppressive therapy [31]. Although
the mentioned interventions were limited to pharmaceutical consultations, they succeeded
in reducing DRPs by enhancing patients” adherence. A retrospective cohort study showed
that 22-62% of liver transplant patients reported non-adherence [36]. Another retrospec-
tive study concluded that 1 in 10 transplant patients might have died from poor drug
adherence after liver transplantation [37]. Pharmacists play a major role in a multidisci-
plinary team, by enhancing the patients” and caregivers’ understanding of the importance
of immunosuppressive therapy [38].
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All of the interventions mentioned in our two selected studies are classified as “ad-
ministrative controls”, which is one of the lowest levels for reducing the risk of error in
the hierarchy. Card et al. discussed that interventions may be best performed at the three
highest levels of controls (i.e., elimination, substitution, and engineering controls) [24].
Examples of “higher level” interventions are, e.g., patient ID reentry at drug prescribing, the
implementation of a computerized prescribing order entry, or a Clinical Decision Support
System with alert functions [23]. According to Manuele et al., the actions described as being
in the “higher levels” of control are more effective, because they: (1) are preventive actions
that reduce risk by using design and substitution measures; (2) rely the least on personnel
performance; and (3) are less defeatable. The actions described as being in the “lower
levels” of control rely greatly on the performance of people [30]. Furthermore, the use of
interventions from the “higher levels” of control were associated with a 1.5- and 1.6-times
higher chance of resulting in significantly positive results, respectively [23,24]. However,
in a recently published systematic review that included pharmacists’ interventions with
diverse types of transplant patients, all the described interventions were in the “lower
levels” of control (e.g., pharmaceutical care service, interviews, and patient education) [35].
Thus, intervention types should be developed and tested that support patient safety via
“higher level” interventions, e.g., a mandatory medication approval (engineering control)
or the substitution of tacrolimus dosage forms that have to be administered two times
daily by those that have to be administered once daily only (substitution control). These
“higher level” interventions may be accompanied by educational campaigns, because a
recent review concluded that bundles of interventions might be more effective than single
interventions [23]. Despite this, experienced clinical pharmacists in the field should train
those who would build up a pharmaceutical care program in liver transplant centers. The
British Association for the Study of the Liver founded a specialist pharmacy group, the
“British Hepatology Pharmacy Group”, to optimize the medication of patients with liver dis-
eases via supporting colleagues [39]. Furthermore, the American Society of Health-System
Pharmacists published a report on transplant pharmacy services, to give a guideline for the
minimal and optimal services that should be provided by local transplant pharmacists [40].
In this guideline, it is pointed out that all transplant pharmacy services should be rendered
compliant with national and/or local requirements. However, the transplant pharmacy
service may be divided into three phases: the first is the pre-transplantation phase, the
second is the peri-operative phase, and the third is post-transplantation and the ambu-
latory management setting. As of now, clinical pharmacists in the United States do not
have a standard of practice for the provision of transplant pharmacy services, indicating a
worldwide need for the building up and structuring of such pharmacy services. Schuh et al.
mentioned this three-part service in their study [29]. In this specific context, pharmacist
participation pre-transplant was required, so post-transplantation involvement was built up
by those colleagues. In other circumstances, like in the European system, no requirements
for transplant pharmacists exist as of now. Only a few transplant pharmacists are in place,
e.g., in German transplant centers; the implementation of services and the networking
of German and European solid-organ transplant pharmacists is currently needed. When
focusing on European bone and marrow transplantation centers, 75 centers reported having
a clinical pharmacist or pharmacologist as part of the interdisciplinary team [41]. The
European Society for Blood and Marrow Transplantation lists 647 centers for 2022. Thus, a
minimum of 12% of all centers are equipped with a dedicated pharmacist. For solid-organ
transplant pharmacists, the corresponding data are not known.

The primary outcomes were identified as surrogates for patient clinical outcomes;
namely, the percentage of days with the correct bottle openings of immunosuppressive
drugs [28], as well as tacrolimus drug levels in range [28,29]. Direct patient-centered
outcomes were not identified in the two studies; those outcomes were described in a sys-
tematic review to be “patient satisfaction”, “patient clinical outcomes”, and “organizational
outcomes” [42].
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The strength of our review is that we use, for the first time, the “Hierarchy of Controls”
to classify the pharmaceutical interventions with which to reduce drug-related problems
in liver cirrhotic and/or liver transplant patients. Using this tool, we can elaborate on the
level of pharmaceutical interventions in this patient group for the first time.

In addition, there are limitations to mention. We included only studies that solely
focused on liver cirrhotic and/or liver transplant patients. Studies with liver and other
solid-organ transplantations were excluded. Although patients with liver transplantation
receive similar immunosuppressive therapy compared to, e.g., kidney transplantation,
there are some differences. The main difference is that there are far more kidney transplan-
tations compared to liver transplantations. In 2022, there were more than two times more
kidney transplantations registered in eight European countries as compared to liver trans-
plantations (4025 vs. 1500 living and deceased donor transplantations, respectively [43]).
In addition, the number of kidney transplantation centers in eight European countries is
double that of liver transplantation centers (69 vs. 38 centers, respectively) [44]. These
numbers also reflect the scientific output; in a current systematic review about the impact of
transplant pharmacists, three-fourths of the included studies addressed kidney transplant
patients (8/12 studies). Only one study addressed liver transplant patients. Thus, enlarging
the inclusion criteria to include studies that were not solely focused on liver transplant
patients would have based our results mainly on other types of transplantations.

However, this focus on studies of solely liver cirrhotic and/or liver transplant patients
led to two studies only. Our results should, therefore, be interpreted cautiously.

5. Conclusions

This is the first study that has investigated pharmaceutical interventions in liver
cirrhotic and liver transplant patients using the “Hierarchy of Controls”. The identified in-
terventions were limited to “administrative controls”, one of the lowest levels, and included
education and monitoring of the immunosuppressive medications. Studies that focused on
pharmaceutical care in liver transplant patients are rare, and investigations of liver cirrhotic
patients are altogether missing. In addition, investigations into pharmaceutical care for
drug classes other than immunosuppressant drugs are needed.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12227030/s1, Supplement Table S1: Search terms that were
used for this systematic review, adapted to each database. Supplement Table S2: Nine exclusion
criteria for abstract screening.

Author Contributions: Conceptualization: N.J.; methodology: N.J., A.E., J.A K. and PE.; validation:
AE., AK. and PE.; formal analysis: N.J.; Investigation: N.J.; Resources: A.E.; Data curation: N.J.;
writing—original draft preparation: N.J.; writing—review and editing: A.E., AK,, TEU,, J.AK. and
PE.; visualization: A.E.,J. A K. and PE.; Supervision: A.E., AK. and T.F.U.; project administration:
AE., AK. and T.FU.; funding acquisition: none. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the University RWTH Aachen
with the approval number EK 23-048.

Informed Consent Statement: Not applicable.
Data Availability Statement: Data are available upon request to the corresponding author.

Conflicts of Interest: The authors declare there are no conflict of interest.


https://www.mdpi.com/article/10.3390/jcm12227030/s1
https://www.mdpi.com/article/10.3390/jcm12227030/s1
https://doi.org/10.18632/oncotarget.24383

J. Clin. Med. 2023, 12, 7030 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

European Association for The Study of the Liver. EASL Clinical Practice Guidelines: Liver transplantation. J. Hepatol. 2016, 64,
433-485. [CrossRef] [PubMed]

Nusrat, S.; Khan, M.S,; Fazili, J.; Madhoun, M.F. Cirrhosis and its complications: Evidence based treatment. World ]. Gastroenterol.
2014, 20, 5442-5460. [CrossRef]

Martin Blachier, H.L.; Peck-Radosavljevic, M.; Valla, D.-C.; Roudot-Thoraval, E. The Burden of Liver Disease in Europe A Review of
Available Epidemiological Data; EASL: Geneva, Switzerland, 2013.

(WHO), W.H.O. Alcohol in the European Union: Consumption, Harm and Policy Approaches. Available online: https://www.
euro.who.int/__data/assets/pdf_file/0003/160680/e96457.pdf (accessed on 27 September 2023).

Murray, C.J.; Atkinson, C.; Bhalla, K,; Birbeck, G.; Burstein, R.; Chou, D.; Dellavalle, R.; Danaei, G.; Ezzati, M.; Fahimi, A.; et al.
The state of US health, 1990-2010: Burden of diseases, injuries, and risk factors. JAMA 2013, 310, 591-608. [CrossRef] [PubMed]
Cheemerla, S.; Balakrishnan, M. Global Epidemiology of Chronic Liver Disease. Clin. Liver Dis. 2021, 17, 365-370. [CrossRef]
[PubMed]

Weersink, R.A.; Taxis, K.; Drenth, ].P.H.; Houben, E.; Metselaar, H.].; Borgsteede, S.D. Prevalence of Drug Prescriptions and
Potential Safety in Patients with Cirrhosis: A Retrospective Real-World Study. Drug Saf. 2019, 42, 539-546. [CrossRef] [PubMed]
PCNE Classification for Drug Related Problems. Available online: https://www.pcne.org/working-groups/2/drug-related-
problems (accessed on 28 November 2022).

Kaufmann, C.P; Stampfli, D.; Hersberger, K.E.; Lampert, M.L. Determination of risk factors for drug-related problems: A
multidisciplinary triangulation process. BMJ Open 2015, 5, €006376. [CrossRef] [PubMed]

Viktil, K.K.; Blix, H.S. The impact of clinical pharmacists on drug-related problems and clinical outcomes. Basic Clin. Pharmacol.
Toxicol. 2008, 102, 275-280. [CrossRef]

Hayward, K.L.; Weersink, R.A. Improving Medication-Related Outcomes in Chronic Liver Disease. Hepatol. Commun. 2020, 4,
1562-1577. [CrossRef]

Franz, C.C.; Egger, S.; Born, C.; Rétz Bravo, A.E.; Krdhenbiihl, S. Potential drug-drug interactions and adverse drug reactions in
patients with liver cirrhosis. Eur. J. Clin. Pharmacol. 2012, 68, 179-188. [CrossRef]

Franz, C.C.; Hildbrand, C.; Born, C.; Egger, S.; Ritz Bravo, A.E.; Krdhenbiihl, S. Dose adjustment in patients with liver cirrhosis:
Impact on adverse drug reactions and hospitalizations. Eur. ]. Clin. Pharmacol. 2013, 69, 1565-1573. [CrossRef] [PubMed]
Aghili, M.; Neelathahalli Kasturirangan, M. Identifying characteristics of drug-related problems in critically ill patients with
decompensated liver cirrhosis. Eur. J. Gastroenterol. Hepatol. 2019, 31, 1569-1576. [CrossRef]

Shawagqfeh, M.S.; Alangari, D.; Aldamegh, G.; Almotairi, ].; Bin Orayer, L.; Albekairy, N.A.; Abdel-Razaq, W.; Mardawi, G.;
Almugqpbil, F; Aldebasi, T.M.; et al. Unveiling medication errors in liver transplant patients towards enhancing the imperative
patient safety. Saudi Pharm. J. 2023, 31, 101789. [CrossRef] [PubMed]

Maes, K.A.; Tremp, R.M.; Hersberger, K.E.; Lampert, M.L. Demonstrating the clinical pharmacist’s activity: Validation of an
intervention oriented classification system. Int. J. Clin. Pharm. 2015, 37, 1162-1171. [CrossRef] [PubMed]

Mulder, M.B.; Doga, B.; Borgsteede, S.D.; van den Burg, A.M.; Metselaar, H.].; den Hoed, C.M.; Hunfeld, N.G.M. Evaluation of
medication-related problems in liver transplant recipients with and without an outpatient medication consultation by a clinical
pharmacist: A cohort study. Int. J. Clin. Pharm. 2022, 44, 1114-1122. [CrossRef]

Hierarchy of Controls. The National Institute for Occupational Safety and Health (NIOSH). 2015. Available online: https:
/ /www.cde.gov/niosh/topics/hierarchy/default.html (accessed on 5 July 2023).

Liberati, A.; Altman, D.G,; Tetzlaff, ].; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. PLoS Med. 2009, 6, €1000100. [CrossRef]

Cochrane Effective Practice and Organisation of Care. What Study Designs Should be Included in an EPOC Review and what
Should They be Called? Available online: http://epoc.cochrane.org/sites/epoc.cochrane.org/files /public/uploads/EPOC%20
Study%20Designs%20About.pdf (accessed on 14 November 2022).

Pharmaceutical Society of Australia. Guidelines for Pharmacists Performing Clinical Interventions. Available online: https://
www.ppaonline.com.au/wp-content/uploads/2019/01/PSA-Clinical-Interventions-Guidelines.pdf (accessed on 30 June 2022).
Koeck, J.A.; Young, N.J.; Kontny, U.; Orlikowsky, T.; Bassler, D.; Eisert, A. Interventions to Reduce Pediatric Prescribing Errors in
Professional Healthcare Settings: A Systematic Review of the Last Decade. Paediatr. Drugs 2021, 23, 223-240. [CrossRef]

Card, A.J.; Ward, J.; Clarkson, PJ. Successful risk assessment may not always lead to successful risk control: A systematic literature
review of risk control after root cause analysis. |. Healthc. Risk Manag. 2012, 31, 6-12. [CrossRef]

Koeck, J.A.; Young, N.J.; Kontny, U.; Orlikowsky, T.; Bassler, D.; Eisert, A. Interventions to Reduce Medication Dispensing,
Administration, and Monitoring Errors in Pediatric Professional Healthcare Settings: A Systematic Review. Front. Pediatr. 2021,
9, 633064. [CrossRef]

Cooper, H.; Hedges, L.V.; Valentine, J.C. The Handbook of Research Synthesis and Meta-Analysis, 2nd ed.; Russell Sage Foundation:
New York, NY, USA, 1994.

Sterne, J.A.; Hernan, M.A; Reeves, B.C.; Savovig, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T,;
Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BM] 2016, 355, i4919.
[CrossRef]


https://doi.org/10.1016/j.jhep.2015.10.006
https://www.ncbi.nlm.nih.gov/pubmed/26597456
https://doi.org/10.3748/wjg.v20.i18.5442
https://www.euro.who.int/__data/assets/pdf_file/0003/160680/e96457.pdf
https://www.euro.who.int/__data/assets/pdf_file/0003/160680/e96457.pdf
https://doi.org/10.1001/jama.2013.13805
https://www.ncbi.nlm.nih.gov/pubmed/23842577
https://doi.org/10.1002/cld.1061
https://www.ncbi.nlm.nih.gov/pubmed/34136143
https://doi.org/10.1007/s40264-018-0744-1
https://www.ncbi.nlm.nih.gov/pubmed/30357649
https://www.pcne.org/working-groups/2/drug-related-problems
https://www.pcne.org/working-groups/2/drug-related-problems
https://doi.org/10.1136/bmjopen-2014-006376
https://www.ncbi.nlm.nih.gov/pubmed/25795686
https://doi.org/10.1111/j.1742-7843.2007.00206.x
https://doi.org/10.1002/hep4.1612
https://doi.org/10.1007/s00228-011-1105-5
https://doi.org/10.1007/s00228-013-1502-z
https://www.ncbi.nlm.nih.gov/pubmed/23588561
https://doi.org/10.1097/MEG.0000000000001492
https://doi.org/10.1016/j.jsps.2023.101789
https://www.ncbi.nlm.nih.gov/pubmed/37799574
https://doi.org/10.1007/s11096-015-0179-z
https://www.ncbi.nlm.nih.gov/pubmed/26290379
https://doi.org/10.1007/s11096-022-01423-6
https://www.cdc.gov/niosh/topics/hierarchy/default.html
https://www.cdc.gov/niosh/topics/hierarchy/default.html
https://doi.org/10.1371/journal.pmed.1000100
http://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/EPOC%20Study%20Designs%20About.pdf
http://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/EPOC%20Study%20Designs%20About.pdf
https://www.ppaonline.com.au/wp-content/uploads/2019/01/PSA-Clinical-Interventions-Guidelines.pdf
https://www.ppaonline.com.au/wp-content/uploads/2019/01/PSA-Clinical-Interventions-Guidelines.pdf
https://doi.org/10.1007/s40272-021-00450-6
https://doi.org/10.1002/jhrm.20090
https://doi.org/10.3389/fped.2021.633064
https://doi.org/10.1136/bmj.i4919

J. Clin. Med. 2023, 12, 7030 15 of 15

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Klein, A.; Otto, G.; Kramer, I. Impact of a pharmaceutical care program on liver transplant patients’ compliance with immunosup-
pressive medication: A prospective, randomized, controlled trial using electronic monitoring. Transplantation 2009, 87, 839-847.
[CrossRef]

Schuh, M.].; Massoglia, G. Pharmacist impact on tacrolimus serum concentrations in liver transplant patients. Consult. Pharm.
2018, 33, 268-272. [CrossRef] [PubMed]

Manuele, FA. Risk Assessment and Hierarchies if Control. Prof. Saf. 2005, 50, 33-39.

Jozefczyk, K.G.; Kennedy, WK.; Lin, M.].; Achatz, J.; Glass, M.D.; Eidam, W.S.; Melroy, M.]. Computerized prescriber order entry
and opportunities for medication errors: Comparison to tradition paper-based order entry. . Pharm. Pract. 2013, 26, 434—437.
[CrossRef] [PubMed]

Schuppan, D.; Afdhal, N.H. Liver cirrhosis. Lancet 2008, 371, 838-851. [CrossRef]

Mokdad, A.A.; Lopez, A.D.; Shahraz, S.; Lozano, R.; Mokdad, A.H.; Stanaway, J.; Murray, C.J.; Naghavi, M. Liver cirrhosis
mortality in 187 countries between 1980 and 2010: A systematic analysis. BMC Med. 2014, 12, 145. [CrossRef]

Weersink, R.A.; Bouma, M.; Burger, D.M.; Drenth, J.P.; Hunfeld, N.G.; Kranenborg, M.; Monster-Simons, M.H.; van Putten, S.A;
Metselaar, H.J.; Taxis, K.; et al. Evaluating the safety and dosing of drugs in patients with liver cirrhosis by literature review and
expert opinion. BM] Open 2016, 6, €012991. [CrossRef]

Sam, S.; Guérin, A.; Rieutord, A.; Belaiche, S.; Bussiéres, J.F. Roles and Impacts of the Transplant Pharmacist: A Systematic Review.
Can. J. Hosp. Pharm. 2018, 71, 324-337. [CrossRef]

Lieber, S.R.; Volk, M.L. Non-adherence and graft failure in adult liver transplant recipients. Dig. Dis. Sci. 2013, 58, 824-834.
[CrossRef]

O’Carroll, R.E.; McGregor, L.M.; Swanson, V.; Masterton, G.; Hayes, P.C. Adherence to medication after liver transplantation in
Scotland: A pilot study. Liver Transpl. 2006, 12, 1862-1868. [CrossRef]

Asavakarn, S.; Sirivatanauksorn, Y.; Promraj, R.; Ruenrom, A.; Limsrichamrern, S.; Kositamongkol, P.; Mahawithitwong, P.;
Tovikkai, C.; Dumronggittigule, W. Systematic Pharmaceutical Educational Approach to Enhance Drug Adherence in Liver
Transplant Recipients. Transplant. Proc. 2016, 48, 1202-1207. [CrossRef] [PubMed]

The British Hepatology Pharmacy Group (BHPG). Available online: https://www.basl.org.uk/index.cfm/content/page/cid /20
(accessed on 22 September 2023).

Maldonado, A.Q.; Hall, R.C.; Pilch, N.A.; Ensor, C.R.; Anders, S.; Gilarde, J.A.; Tichy, EM. ASHP Guidelines on Pharmacy
Services in Solid Organ Transplantation. Am. J. Health Syst. Pharm. 2020, 77, 222-232. [CrossRef] [PubMed]

Duncan, N.; Moreno-Martinez, M.E.; Pires, V.; Domingos, V.; Bonnin, A.; Nezvalova-Henriksen, K.; Admiraal, R.; Bauters, T.;
Langebrake, C. Role and competencies of the EBMT clinical pharmacists and clinical pharmacologists: A pan-European survey.
Bone Marrow Transplant. 2023, 58, 829-831. [CrossRef] [PubMed]

Rathert, C.; Wyrwich, M.D.; Boren, S.A. Patient-centered care and outcomes: A systematic review of the literature. Med. Care Res.
Rev. 2013, 70, 351-379. [CrossRef] [PubMed]

Eurotransplant Annual Report. Available online: https://www.eurotransplant.org/wp-content/uploads/2023/09/ Annual-
Report-ET-2022.pdf (accessed on 24 October 2023).

Eurotransplant Factsheet. Available online: https:/ /www.eurotransplant.org/wp-content/uploads /2023 /03 /ET-Factsheet-2022
_11.pdf (accessed on 24 October 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/TP.0b013e318199d122
https://doi.org/10.4140/TCP.n.2018.268.
https://www.ncbi.nlm.nih.gov/pubmed/29789048
https://doi.org/10.1177/0897190012465982
https://www.ncbi.nlm.nih.gov/pubmed/23462046
https://doi.org/10.1016/S0140-6736(08)60383-9
https://doi.org/10.1186/s12916-014-0145-y
https://doi.org/10.1136/bmjopen-2016-012991
https://doi.org/10.4212/cjhp.v71i5.2843
https://doi.org/10.1007/s10620-012-2412-0
https://doi.org/10.1002/lt.20828
https://doi.org/10.1016/j.transproceed.2015.12.100
https://www.ncbi.nlm.nih.gov/pubmed/27320587
https://www.basl.org.uk/index.cfm/content/page/cid/20
https://doi.org/10.1093/ajhp/zxz291
https://www.ncbi.nlm.nih.gov/pubmed/31834928
https://doi.org/10.1038/s41409-023-01983-9
https://www.ncbi.nlm.nih.gov/pubmed/37029183
https://doi.org/10.1177/1077558712465774
https://www.ncbi.nlm.nih.gov/pubmed/23169897
https://www.eurotransplant.org/wp-content/uploads/2023/09/Annual-Report-ET-2022.pdf
https://www.eurotransplant.org/wp-content/uploads/2023/09/Annual-Report-ET-2022.pdf
https://www.eurotransplant.org/wp-content/uploads/2023/03/ET-Factsheet-2022_11.pdf
https://www.eurotransplant.org/wp-content/uploads/2023/03/ET-Factsheet-2022_11.pdf

	Introduction 
	Materials and Methods 
	Eligibility Criteria and Definitions 
	Information Sources 
	Search Strategy 
	Selection Process 
	Data Collection Process 
	Data Items 
	Study Risk of Bias Assessment 
	Effect Measures 
	Synthesis Methods 

	Results 
	Study Selection 
	Study Characteristics 
	Risk of Bias in Studies 
	Results of Individual Studies 
	Synthesis of Results 

	Discussion 
	Conclusions 
	References

