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Abstract

Cirrhosis is.@ morbid condition associated with frequent hospitalizations and high
mortality. Management of cirrhosis requires complex medication regimens to treat
underlyingliver disease, complications of cirrhosis, and comorbid conditions. This
review examines the complexities of medication management in cirrhosis, barriers to
optimal medication use, and potential interventions to streamline medicagiomens

and avoid«medication errorA.literature review was performed by searching PUBMED
through,December 201ahd article reference lists to identify articles relevant to
medication management, complications, adherence, and interventions to improve
medication use in cirrhosis. The structural barriers in cirrhosis include sheer medication
complexity related to the number of medications and potential for cognitive ingrairm

in this population, faulty medication reconciliation, and limited adherence.dTeste
interventions have included patient self-education, provider driven patient education
intensive case managenmaemcluding medication blister packs, and smartphone
applicationsInitiatives are needed to improve patient, caregiver, and provider education
on appropriate use of medications in patients with cirrhosis. A multidisciplinary team

should be established to coordinate care with close monitoring, address patient and
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caregiver concerns, and to provide timely access to outpatient evaluation of
urgent/complex issueButurestudiesevaluating the clinical outcomes and cost
effectiveness of interventions ameeded.

Abstract Word Count: 197

Keywords; End-Stage Liver Disease; Medication Adherence; Patient Education; Case

Managenent

Key Poaints:

e 'Providers should be aware of tkeown adverse effectdf medicationsisedto
treatscomplications of cirrhosis) addition totheadverse effects faoutinely
usedmedications in this population

e Complex medication regimens and medication list discrepancies are common in
cirrhosis. Other factors that limit optimal and safe medication use include
Impairedcognition related tairrhosis,medication adverse effecsyboptimal
adherence, and provider knowledge gaps.

e Patient education, case management, and novel technologies can be used to
overcome these barriefRestructuring delivery of care to include
multidisciplinary teamapproach and ensuring timely access to outpatient care is
also needed.
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I ntroduction

Cirrhosisis the end resuttf chronic liver diseasdt affectsover 600,000 adults in
the United Statewith estimates that an additional fiwellion haveat leastridging
fibrosis%=These numbersill rise as baby boomers with chronic hepatitis C age and the
incidenee ‘of nonalcoholic fatty liver diseag®ws’. Indeed patients with cirrhosis
seekingmedicalattentionhas increased by 59% over the past decad cirrhosis is
now_the*1¥' leading cause of death in the United Stat€éempounding the problem of
rising prevalence,ichosis isan expensiveondition,with anestimatedannual
health€areost of $2billion dollarsin the United Statés

Theprimary drivers of morbidity anzbst in cirrhosis areomplicationsof
decompensated diseasscites, hepatic encepbahathy(HE), and variceal hemorrhage.
Patients are_ frequently hospitalized for these conditions,higtin 30day readmission
rates ranging from 252% 2. Providergrescribea variety ofmedicationswith narrow
therapeuticwindowto treat theseomplications Even for the most experienced
providersmanaging these medications is challengihgrisks of medicatiorerrors and
serioussideeffects aranagnified by difficulties with patient adherence, medication
interactionsand the need for frequent dosagkustmentsHerein, we review thdata on

challenges and solutions for optimal medication manageim@attients with cirrhosis.
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Methods

A literature review was performed by searching PUBMED for relevant full text
articles througlibecember 2017The authors searched for articles usagwords: liver
cirrhosisg.enestage liver disease, drug therapy, medication errors, medication adherence,
medicationreconciliation, patient education, disease management, case management. An
additional'search of article reference lists was performed to identify fgtindies. Only

English'language publications were considered.
Complieations of Medical Therapy

This section reviews the special considerations that need to be made mlgen us

routine, even ovethe-counter, medications ipatients with cirrhosi¢Table 1).

Diureties

As many as 58% of patients with decompensated cirrhosis will develop &scites
Few patients manage to adheréht® recommendeitvo-gram sodium diet, anchk
restriction alones insufficient for manyDiuretic use requires vigilance tmalance
volumecontrol versus the risks of over diuresis leading to electrolyte imbadence
acute kidney injuryAKl). First, mtients needo have monitoring atheir electrolytes
and repal*function Active, anticipatorymanagementiemandpatients gettingegular
labs,substantiahon+eimbursedime to co-ordinate testinganda medical teanto follow
up results. Up to 28 of readmissions after discharge for cirrhosis complications are
attributable toAKI , hyponatremia, and hypo(or hyper)kaletifaSecond, diuretic
therapy.needs frequent adjuents. To accurately assesdume status, gtientsare
asked to.record their daily weights but many don’t and dose adjustments based on
patientreportedswelling can be flawedVhereagshe complexities ofvarfarin
adjustmentsre handled bginticoagulation clinicsnaking dose adjustments based on
standardizedabs,systems of care for diuretics are lacking, and depebdnly on labs
but also on clinical assessmefAh example of howAKI can occurin the course of

seemingly routine care fgatients with cirrhosis is laid out Figure 1.
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Lactulose and Rifaximin

HE affects up to 40%f patients wittdecompensatedirrhosis™. Lactulose and
rifaximin arethe princial pharmacological therapies fAlE. Lactulose must be taken
several times a day, titratedytield at leas2-3 bowel movements daify One nissed
dose maycause a downward spiral progreswse confusion, leading to further missed
doses 'and'worsenirtdE. Furthermore, lactulose &ssociateavith abdominal cramping,
and freguient loose stodla desired effectyhich contribute topooradherencé?.
Rifaximin, a poorly-absorbable antibiottg, is well tolerated ad has been shown to

reducehospitalreadmission§"*

. Still, only 60% of patients with overt HE are prescribed
rifaximin®®.Although rifaximin is generally cost savinip patients witha prior
hospitalizatiorfor overt HEby reducingreadmissions, coverage by insurers remains

limited .

Beta Blockers

Non-selective betdlockers (NSBBs) canprevent aricealnemorrhagén patients
with _large varicesldeally, the dose should be titrated to decrease hepatic vein portal
pressure gradient 012 mmHg or a decrease in 20% from baselngthese
measUtements are not widely availablin clinical practice the dos@f NSBBis
titrated-to"decreasheresting heartate to 55-60 beats per mintfte target achieved by
only 9.8%of patients®. Inadequate dosagecounts fotreatmenfailure (variceal
hemorrhage) and may laeresult olack of monitoring during clinical follow-up. In
addition,NSBBs cause a myriad dfideeffectsincludingfatigue,depression, sexual
dysfunction,.and orthostasis. Though controverBi8BBs mayincreaseherisk of AKI

in patients.with asciteparticularly those with baselirypotensioff?*,

Proton Pump Inhibitors (PPIs)

PPIs are one of the most widely prescribed medic&fionkey often are started
for a specific indication, and continued without reviewing if they are still neegetb U
63% of patients with endtage liver disease (ESLDh PPIs are prescribed them

This article is protected by copyright. All rights reserved



inappropriately, for example as lotgrm therapy after variceal bleeding (where reflexive
in-hospital management of bleeding is continued on discHafgeyhere is growing

concern that chronic use is asmted with adverse effects specific to patients with
cirrhosis. PPl use and spontaneous bacterial peritonitis (SBP) have been associated in a
metaanalysis, possibly because PPIs increase the risk of small intestinal bacterial
overgrowthwhich, in turrieads to bacterial translocation and $BR addition, patients
with"cifrhesis on a PPI have an increased risk of C. difficile infettidmrough similar
adverse‘changes in the gut microbiome, PPIs may increase the risk of HE and

readmission to hospital
Structural Barriersto Optimal Medication Management
Medication Complexity

Pdients with cirrhosisncluding somevith compensated cirrhosis ave multiple
medications with an averagetween 3 and 10 medicatid?&?°. Volk et al. showed that
in patients with cirrhosighe number of medicatiora discharge capredict time to
readmissiofT. In additionto the numbeof medicationsdosing frequency and tmeed
to activelytitrate by symptom and effechake medication regimens for patients with
cirrhosiscomplex This is further complicaterh patients with HE whergnpaired
cognitienlimits the ability of patients to remember to take their medications and td adjus
dosingaceording to their response. While caregivers can help assess responses to some
medications such as body weight for diuretics, recording the number of bowel

movements In response to lactulose is more difficult and reliant on patientrrgport

Medication List Discrepancies and Faulty Reconciliation

Patientsoften havanedicationgprescribed by more than one doctor who do not
have thercomplete medication list and are not necessarily aware of the changes made by
other providers. When patients d@spitalized, medications are oftstiarted, adjusted,
or stoppedvith limited teaching and reconciliation at the time of care transitibhe

result is confusion whichanlead topatient harmandreadmissionsPharmacy support
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for high+isk patientshasbeen shown to decrease discrepanciest mutinclear if
decreased medication discrepancies leadetoeased health care utilizationimproves
patient outcomé& Hayward et alcompared the dose, frequency and indications of each
medicationreported by a group of Jatients with cirrhosisith a statewide pharmacy
record.Significant discrepanciesereadjudicated by a panel bépatologists (Table 2)
Half of the patient®iadsignificant discrepanciesith the potential for patient harm

within seven daydiscrepancies were associated witheolage, taking 5 medications
each dayand lower medication adherence (according tavthasky Medication
Adherence Scale (MMAS scoe))*’. This studyreinforces the importance of asking
about averthe counter or complementary medications, as only 31.8% of these
medications werésted by patients withowgpecificinquiry. It also highlighs the need

for structured patient education because only half of the patients reportedolbe imgy

to take their medicatiorend less than a third of the patients taking diuretics knew they
shouldkeep a record of their weight. This study was limited by patient resafost
patients=did'not bring their medication list in, arategivers were not alwapsesento

helpvetify'medications?.

Medication Adherence

Broadly,adherence is related to the complexity of the regimen, side effects, costs,
and patient understanding of the indications, regimen, and possible side effects.
Measuringadherence ¢hallengingn clinical and research settings as there are different
criteiaforwhat is considered “adherent” and no gold standard to measure it. With this in
mind, adherence rates for patemt the general populationith chronic conditions range
between 43,and 78% Adherence rates are around 72% when patient reported measures

are usetf.

Polis et al. examined complete medication regimen adherence surveying 29
cognitively.intact patients with Child-B cirrhosis. These patients had been hospitalized
at least once and were taking 3.2 medications on average. There are several key points
from this study. First, 54% of the patients reported they missed at least one these of
medications during the past 30 days. Reasons for missed doses included forgetfulness
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(42%), being away from home/change in routine (36%), sleeping through the dose time
(32%), and running out of medications (25%). Conversely, adherence was associated
with patients reporting less fatigue, less abdominal symptoms (such as painghloati

and higher emotional well-being. Second, only 62% of patients answered more than 75%
of the questions correctly on a quiz focused on disease knowledge and treatments. Higher
scores were not associated with adherence. Third, one in three patiedtsh&aiwould

adjust theirmedications if their symptoms improved without talking to their phgsicia
28

Cirrhosis specifically has many medications that capavgcularlynoxious,
furtherlimiting adherence (Table Zyor instancel.actulose adherencas meased by
patients’ report of takinghore than 75% of their prescribed doses) be as low as
319%%. The same study found that adherencéfa@imin usewas 92%. The wide gap
between takingnore than 75% prescribed dosesagtulose andifaximin argues that the
adversereffects of lactulosgayhave a largeeffect on adherence than HE itself.

Medication adherence in liver transplaandidates has been closely studied
because or adherence to anti-rejection medications is thought to be a leading cause of
graft failure In a study evaluating medication compliance in patients awaiting liver
transplant, 70% of patients were “low adhstéo their medication regimertefinedas
not having a perfedcore(<8) on theMMAS-8. The median number of medications
taken ipsthis, cohort of patienigas?, not including supplements. Loadherers were
morelikely:to be diabetic, had a higher medication complexity judnethe MRCI score
(Medication Regimen Complexity Index) and signifidarbwer selfreported health.
The most caommon reas®for not taking medicationsereforgetting to do so (27%) and
side effects (14%). Lactulose widie medicationthat thesegpatients were least likely to
take.High medicatiorburdenwas associated with neadherence, while highlELD
(Modelfer'EndStage Liver Diseas@y Child-Pugh scorewerenotassociated with

adherehcén multivariate analysis.

I nterventionsto Improve M edication M anagement
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Congestive heartflure (CHF)is a similar disease model inat patients are
medically complex and on multiple medications, which often inctlideetics.Patients
in this populatiorhave similar readmission rates as those with cirrffofgsearch in
CHF has shown that interventions to improve medication adherenceasugbatient
patient education, multidisciplinary care involvement, post discharge clinic foioand
telemonitoring, improves mortality and readmission riteghe costeffectiveness of
these interventions combined or used individually is not well kd&tRrBuilding on this
model"amulti-faceted approadincluding patient and provideducation, case
management, and delivery system redesgeeded to improve medication management
in patientsswith cirrhosisDetailed below are examples of interventiamed at
improving medication usm patiens with ESLD (Table 3)

Patient Education

The simplesinterventionis patient seHeducation. Larrey et el. showed that
frequepty(5=6 sessions over 48 weeks) nursing-led education visits for patients
undergeing‘interferoand ribavirin therapy for hepatitis C improved both adherence
(69.7%:\. 53.%, P<0.03) and sustained virologic response rates (38.2% vs.*24.8%)
35% ofthe included patienksd extensive fibrosis, defined asF8 fibrosis. Though
these regimens are outdated, their results show the downstreafiisbef investing in

nursing,visits for patient education.

In.decompensated cirrhosis. Volk et al. gpaients with cirrhosi25% of
whomwere decompensated with H& booklen prevention and management of
complications of cirrhosis as well health management topics such as surgery and
hospitalizationsPatients took guiz before and after receiving the booklet which focused
on recommendesialt intake and the safety of medications such as statins, acetaminophen,
andNSAIDs (Non-Steroidal Antilnflammatory Drugs)Only 53% of the 15 questions
were answered correctit baseline, but the correct response magesignificantly to
67%aftertheinterventiot’. This is promising, but is unknown whether this ongéme

intervention improvednedication adherence or patient outcomes.
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Case Management

Intensive outpatiertase managemeand follow-uphas also beeavaluatedo
improve outcomes and to reduce hospital readmissions. 8V@gperformed a
randomized trial of a case management program in patients discharged from tted hospit
with cirrhesis and ascites. Their multimodal intervention included a booklet wisingur
led education on management of ascites and encephalopathy, medication blister packs, a
postdischargenomevisit, weekly nurse phone calls, rapid access to care for patient
concerns;and written and telephone reminders before appointments. This irderdieht
improve attendance at appointments andtiple process measur@spatocellular
carcinomasereening, transplant evaluation, and hepatitis A/B vaccination)t tiat not
reduce ‘theshumber of days patients spent in the hdépitéiile the authors did not
examine medication use or adherence specificallysthdyunderscores howhronic
disease management with patient education on medication use can improwve patien
centered outcomeBreventable readmissions ae important target for interventiots
optimizesmedication management in cirrhpbigt using this as the only target may be
missingother key outcomdsanwal et alfoundthat improved contact with medical
professionals was associated with incredsespital readmissions thougfhortality was
decreasel!, leading to the conclusion thaadmissionso manageproblems irearlier
stagesnay be beneficial for patiefits

Smart Phone Applications

Smart phone based applicatiqfapps”), such as the “Patient Buddy” have been
adapted.to.improve medication ygeth anemphasis on reducing admissions for AE.
pilot study.enrolledlO patients admitted for decompensated cirrhosast with HE)and
their caregiverso receivean iPhondoaded with airrhosis modifiedPatient Buddy app
to track'medications, sodium intake, weights, aeekly cognitive assessments (assessed
via orientation questions and the EncephalApp Stroof‘tpstformed by caregiveys.
Participants were educated on emergencies that should prompt them to reathesut to
care teamPatients and caregivers were instructechpuithe patient’sndividual
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medication intake each ddy a critical medication entry was missing, an alert was
deliveredto the patient, caregiver, and study team. The study team followed up these
alerts witha message via the application or a phone call. Caregiver identified changes in
orientation questions or the EncephalAppults were classifiedsampending HE and
expedited.outpatient followp was arrangkas neededdverall,42.5% of patientin this

pilot studywere readmitted within 30 days. However, no patiemie admitted foHE.

Conclusions

Medication management fpatiens with cirrhosis iscomplex and isssociated
with multiple risks,including butnot limited toorthostatic hypotension, falls, worsening
ascites, andiAK(Figure 1. Optimal caraequires coordinated follow-up witkell-
informed providers andlosemonitoring. In addition, efforts designed to promp#tient
selFfmanagement strategies and adherence while anticipating the pitfalls presented by
cognitivepdysfunction and frequent hospitalization, and to educate and empower
caregivers:to assist in the care of patients should be implem&htedxisting literature
suggests patients with cirrhosis and a high medication burden are at highest risk for poor
outcomes through ineffective medication management, but further work needs to be done
identifying at risk patients. There are also large gaps in the literature evaluating
medication interventions for this population. Conclusicers be drawn from similarities
in CHEgbut,clearly more research needs to be done in cirrhosis. Future interventions

should beevaluated foclinical and cost effectiveness.

Based on the existing evidence, the optimal solution would create a sylsezm
there is multidisciplinary involvement (nurses, pharmacists, and physicians) in the
inpatient.and outpatient settings, standardized post hospitalization clits¢ arsl easy
access.toproviders (telephone or in-pergdonpatients concerns (Figurg. Many
aspectstof.this are included in the established chronic carefhedsth focuses on
active care between visits, mobilizing community support, enhancing patient self-
management, and focusing on evidenced basedTthis model has been proposed to be
incorporated into cirrhosis cairethe past. Introducing a cirrhosis quality collaborative
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at each centanayalso help meet some of these gdatsncorporating quality metrics

into the electronic health rec4fdA clinical trial randomizing patients with

decompensated cirrhosis to usual care v. pharmacist driven medication management
patient education is currently ongoing by Hayward et al. The primary outcome of this
study is.medication discrepancies, but they are also evaluating adherence, qudity of |
medication.beliefs, and clinical outcomes such as hospitalizations and métalitgf
thesenitiativesrequire systematic redesign of how patients with decompensated cirrhosis
receive careDespitethe challengef cost and provider buiyy, these changes are

essentiato improvethe standard ahedication management and clinical outcomes in

cirrhosis
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Tablel: Commonly usededicatiors and Adverse fiiects in Cirrhosis

Medication Indication Take Home Point Adverse Effects
Class
NSAIDs Acute and Readily available and often - AKI
chronic pain prescribed first line, but - Gastrointestinal
should not be used in the bleeding
presence of ascité¥s
Acetaminophen Lower daily dose< 2000 - Acute liver
mg daily) is safe to uskand injury/failure with
preferred first lingpain higher than
medication recommended doses
Narcotics Commonly prescribefl9- - Constipation
60% of patientsf=? - HE
- Drug dependence
ProtonsPump GERD, PUD, | Longterm PPl use is often - Potential association
Inhibitors dyspepsia not indicated up to 63% of with Spontaneous
patients are continued on a Bacterial Peritonitis
PPlindefinitely after a HEX0%
variceal blee®f - C. difficile infectior®
Statins Cardiovascular Statinshave been shown to - Elevatediver

risk reduction

be safe in compensated
cirrhosis and should be
continued as clinically
indicated. Recent studies
suggestheymaybe
beneficial in patients with

cirrhosis®**®

enzymegonly
clinically significant if
bilirubin is elevated
which israrg®

- Myalgias

NSAIDs: NonSteroidal Anti Inflammatory Drugs

AKI: AcutesKidney Injury

HE: Hepatic Encephalopathy

PPI._Proton Pump Inhibitors

GERD: Gastroesophageal reflux disease

PUD: Peptic ulcer disease
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Table2: Medication Adherence in thi&re and PostLiver Transplant PatierRopulation

Article Patient Adherence Significantfindings Affecting
population n measure clinical
outcomes?
Hayward_| Cirrhosisn=50; | Self-reported 54% had>1 and 24% had3 Not measured
20162 40% medication list | discrepanies between what
decompensated compared to patientswere takingand the
medical record | prescribed regimens
Leevy Hepatic Retrospective | 92%took rifaximin for >75% | Fewer
2007° encephalopathy| reviewof of prescribed doses hospitalizations
n=145 95% medical record and hospital
with cirrhosis, 30% tooklactulosefor > 75% days when
12% on of prescribed doses .
transplant list patients were
taking rifaximin
Polis Cirrhosis n=29; | Patient 54% “sometimes forgot to tak| Not measured
20158 mean MELD response their medicationsin the past
11 (MMAS-8) 30 days
29% had missed 1 or more
medication over the last two
weels
Kuo 2016° | Patients bted | Patient 42% “sometimes forgot to tak| Not measured
for liver response their medications”
transplant (MMAS-8)
n=181;, mean 28% missedl or more
MELD 13 medications in the past 2
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weeks

12% missed. or more

medications in the day prior

Serper
2015°

Liver transplant
recipients n=
105 median20
montts from

transplant

Structured
interviewsto
determine
patient
knowledge and
selfreported
use compared
with medical
record
abstractiorand
tacrolimus

bloodlevels

86%displayedcorrect
medication treatment

knowledge

78% could demonstrate
simulatedregimenuse to

researchers

14% selfreported as nen

adherent

32% nonadherenc®ased on

tacrolimus levels

Highertreatment
knowledge
scoresand
demonstrated
regimen use
associated with
redued
readmissions
after liver

transplant

MELD: Model for EndStage Liver Disease
MMAS-8: Morisky Medication Adherence Scale
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Table3: Interventions in MedicatioManagement

Article Domain Intervention | Population| Process Measur¢ Process
;N measures/
Improved
clinical
outcomes?
Volk Patient self Educational Cirrhosis; Cirrhosis knowledgg Median
2013* management booklet 150;70% survey at baseline | knowledge
Child A and at 3 months increased/
cirrhosis not evaluated
Larrey Nursing led Scheduled CHC; 244; | Adherence, SVR 48-week
20110 education nurse clinic 29.4% F34 adherence
visits fibrosis improved/
Higher SVR in
treatment
group
Asavakarn| Pharmacy led, | Education LT Immunosuppressan| Improved
20167 multidisciplinary | during recipients; knowledge knowledge/
team educational hospitaliaton | 50; 64%<3 | questionnaire not evaluated
approach for LT and months post
initial follow-up | LT
visit
Promraj~{"Pharmacy led, | Education LT Immunosuppressive Higher
20168 multidisciplinary | during recipients; | Therapy Adherence| medication
team educational hospitalization | 50;64%<3 | Scale knowledge
appoach for LT and months post scores
initial follow-up | LT correlated with
visit higher
ITAS/not
evaluated
Russe™ | Multidisciplinary | Outpatient LT 30-day readmission | 30-day
2016° protocol to service recipients; readmission
reduce expansion, 167; mean | Length of stay for | rate/36day
readmissions Pharmacist MELD at index admission for | readmission
teaching LT 21 liver transplant rate decreased
Wigg Chronic disease | Delivery system| Cirrhosis Days hospitalized | Improved
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D

20137 management redesign with ascites; | for liver related clinic
program 40; mean reasons attendance,
Self MELD 11 Hepatocellular
management Attendance to carcinoma
support outpatient clinic screening
visits rates, referral
Protocol driven for LT, and
decision Quality of care Hepatitis A/B
support measures vaccination
Clinical Did not reduce
information days
systems hospitalized
for liver
related reasons
or all cause
admission rate
Ganapathyj=Smat phone Smart phone Decompensg 30-day readmission | No 30-day
2017% | App to reduce app to track ted cirrhosis; readmissions

readmissions

medications,
sodium intake,
daily weight,
signs of HE

Patient and
caregiver

education

Enhanced
communication
with health care

team

40; mean
MELD 19.5

Medication

adherence

Contact with study

team

for HE

App was
tolerable for
patients and

caregivers

CHC: Chronic Hepatitis C

HE: Hepatic Encephalopathy

ITAS: Immunosuppressive Therapy Adherence Scale

LT: Liver Transplant
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MELD: Model for EndStage Liver Disease
SVR: Sustained Virologic Response
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