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Chapter 1

General introduction and outline of the thesis

The ageing global population is experiencing an increase in medically complex patients
due to frailty, multimorbidity, associated polypharmacy and cognitive impairment. This
increasingly frail and older population is at risk of significant morbidity and mortality,
with an even higher risk when hospitalized®*. Furthermore, ageing of the population is
associated with increased healthcare costs, although healthcare budgets are becoming
increasingly restricted to control costs*. Consequently, determining priorities and
allocating resources while maintaining high-quality care is crucial. Potential interesting
initiatives that have been implemented to improve care include (I) task delegation from
physicians to other healthcare professionals; (II) physician support by other healthcare
professionals; and (lll) electronic tools, such as computers and computerised decision
support systems (CDSS)>’. Many clinical trials have investigated these initiatives with
varying results in reducing adverse healthcare outcomes®. However, to date data on the
real-life clinical setting of such initiatives are lacking. Therefore, this thesis aims to
address knowledge gaps in real-life clinical settings and put initiatives to improve in-
hospital management and optimize medication of frail and older individuals in a broader
perspective than just clinical trials.

In-hospital management

In the context of in-hospital management, the ageing population, and thus increasing
proportion of frail older individuals leads to an undisputed increase in hospital
admissions®. Therefore, a comprehensive and multidisciplinary approach of care is
necessary to address the complexity of this population and improve patient outcomes.
Various models of collaborative care have been implemented for in-hospital care, such
as orthogeriatric care, which has been embraced by both surgical and medical
professionals®®. However, the optimal approach to orthogeriatrics is subject to change,
and there is a lack of studies comparing different types of care.

One of the key elements of successful co-management is medication optimization,
including appropriate (de)prescribing!. However, restarting deprescribed medication
automatically in the outpatient setting is common, indicating a need to optimize
medication management and ensure effective communication between in-hospital and
outpatient care.
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Polypharmacy

Polypharmacy is commonly defined as the use of five or more medications and is a
common phenomenon in older adults, particularly in those over the age of 65'2. The
prevalence of polypharmacy in this age group is estimated to be around 25%, and it
increases to over 40% in adults aged 70 and above®*. While polypharmacy may be
necessary to treat multiple coexisting conditions, it may also lead to a wide range of
medication-related problems (MRPs) and adverse health outcomes'#*®. One of the most
significant consequences is an increased risk of falls, which can result in fractures,
hospitalizations, and even death>®. Medications that affect the central nervous system,
such as sedatives, hypnotics, and opioids, are particularly implicated in falls!’.
Polypharmacy is also a known risk factor for hospitalization, with older adults taking
multiple medications more likely to be admitted to the hospital for medication-related
issues'®. Therefore, healthcare professionals should be vigilant when prescribing
medications to older adults, carefully considering the potential benefits and risks of each
drug. Comprehensive medication reviews can help identify and resolve medication-
related problems, potentially improving health outcomes and reducing healthcare
costs?®,

Medication-related problems

Both medication use and polypharmacy can give rise to numerous issues for patients,
with varying definitions used in the literature to denote their consequences. Figure 1.1
illustrates these consequences. An "Adverse Drug Reaction" (ADR) occurs when an
unintended and harmful reaction to medication occurs during the normal use!®. An
example of an ADR is diarrhoea occurring as a side effect of antibiotic use or colchicine.
An "Adverse Drug Event" (ADE) refers to any undesirable medical event that occurs
during drug treatment due to normal use or as a result of suboptimal treatment®. An
example of an ADE is an allergic reaction to antibiotic treatment. "Drug-related
problems" (DRPs) encompass both ADRs and ADEs, as well as problems arising from
drug-drug interactions, prescription errors, and non-adherence to therapy*?2. An
example of a DRP is the incorrect daily use (taking the weekly dosage daily) of
methotrexate instead of once a week.
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Figure 1.1 Schematic overview of medication-related problems defined as ADR, ADE and DRP; ADR: Adverse
Drug Reaction; ADE: Adverse Drug Event; DRP: Drug-Related Problem.

Medication-related hospital admissions and - readmissions

Polypharmacy is a known risk factor for medication-related admissions and
readmissions, which are defined inconsistently in the literature?>**. Such admissions are
commonly attributed to ADRs, ADEs or DRPs. Variations in definitions have led to
significant variability in reported prevalence rates. In the Netherlands, medication-
related admissions accounted for approximately 10% of all admissions in 2006, with
medication-related readmissions representing around 20% of all readmissions®?’.
Whether an admission or readmission was medication-related was based on an expert
team's assessment?>. However, underreporting is likely, and it is recommended by the
polypharmacy guideline that the triggerlist is used to evaluate the possibility of
medication-related admissions in hospitalized patients aged 70 years and above and
with polypharmacy?®. The triggerlist comprises the ten most common medication-
related issues that may lead to admission and medication review is advised if a
medication-related admission is detected, preferably in consultation with an expert?,

Interventions to reduce medication-related (re)admissions

Medication review is currently the most widely studied intervention for reducing
medication-related (re)admissions®®. However, interventions vary widely in terms of
scope and follow-up, and measured outcomes vary considerably across different
studies?3°. Generally, a reduction in hospital (re)Jadmissions is the primary outcome3!,
While a medication review has been shown to reduce (re)admissions, it is difficult to
determine the optimal intervention, given the diversity of interventions and outcomes,
particularly since many studies have produced negative results3%32:34,
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Clinical Decision Support Systems (CDSS)

Recent studies have examined the potential benefits of implementing a Clinical Decision
Support System (CDSS) in reducing hospital admissions and readmissions, and
emergency department visits*38. A CDSS utilizes clinical rules that integrate patient-
specific characteristics, laboratory results and medication information3. The aim is to
provide guidance on medication interactions and indications based on standardized
guidelines, using START/STOPP criteria to aid pharmacists and clinicians®®. Patient data
such as medical history, age and lab results can be incorporated into the clinical rules®.
A report of all the rules and advice is generated for the clinician or pharmacist.

Two large-scale clinical trials have explored the effectiveness of CDSS in combination
with a pharmacist-led medication review on hospital admissions and ADRs***”. However,
both trials reported negative results, with only a small percentage of the clinical
recommendations being followed (39% and 15%, respectively)¢-374,

Improving interventions and medication reviews to reduce
medication-related problems

As indicated above, it is important to prevent medication-related problems and
associated (re)admissions. Performing a medication review, with or without the use of a
CDSS, is a potentially effective intervention to achieve this goal. However, it is currently
unknown how these interventions can be best executed and in what way.

To improve the results of these interventions, it may be useful to improve follow-up, as
the durability of medication reviews is often limited*!. Involving primary care physicians
in the follow-up process may help to improve this aspect and should therefore be
further investigated.

Additionally, it has been observed that the recommendations generated by a CDSS are
only followed in a small percentage of cases®**3”4°. This may be due to various factors,
such as the clinical relevance of the rules and alert fatigue®%4%4243 To improve this in the
future, it is important to first determine the natural course of the CDSS-generated
recommendations and to evaluate whether certain rules have a greater impact on
outcomes than others. This will enable the assessment of whether a rule needs to be
further evaluated.

Lastly, studies have shown that the populations in which these interventions are
conducted are diverse, which can influence the results and effectiveness of the
intervention****, It is important to identify the most effective population group for
medication reviews. While older people with polypharmacy have been predominantly
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studied, it may be beneficial to include additional risk factors to make the intervention
more effective and practical®**®. By doing so, the intervention can be targeted to a
smaller, high-risk patient group and may become more feasible in clinical practice.

Outline of the thesis

In this thesis, we aim to bridge knowledge gaps in real-life clinical settings and explore
initiatives, such as co-management and the use of CDSS, to improve the in-hospital
management and optimize medication of frail and older individuals beyond the scope of
clinical trials. Chapter 2 details the implementation and evaluation of a Nurse-
Practitioner led Orthogeriatric Care Program, which includes as an essential part of the
program medication review and follow-up, by measuring 3-month and 1-year mortality,
in comparison to standard care. Chapter 3 provides an overview on what is currently
known about medication-related hospital admissions and readmissions, associated risk
factors and possible interventions to reduce these (re)admissions. In Chapter 4, we apply
the lessons learned from the literature review in chapter 3 and design the CHECkUP
study protocol. This study aims to investigate whether the continuous use of a CDSS
after discharge decreases the number of hospital readmissions in older patients with a
history of unplanned, probably medication-related hospitalization according to the
triggerlist from The Dutch multidisciplinary guideline for polypharmacy in older
patients®. Chapter 5 evaluates the use of the triggerlist to select high-risk patients and
assesses its additional value in identifying these patients. Chapter 6 describes a real-
world study of an in-hospital implemented CDSS, in which we investigate whether
generated alerts are being resolved (with or without pharmacist intervention). As such,
this study contributes to the knowledge gap that describes the natural course of
generated alerts and the impact of the pharmacist’s action on the alert’s outcome.
Chapter 7 summarizes and discusses the thesis’s main findings, including its clinical
relevance, some methodological considerations and future perspectives.
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Chapter 2

Abstract

Background

Hip fractures are a major cause of mortality and disability in frail older adults. Therefore,
orthogeriatrics has been embraced to improve patient outcomes. With the optimal
template of orthogeriatric care still unknown, and to curtail rising healthcare
expenditure we implemented a nurse-practitioner led orthogeriatric care program
(NPOCP). The objective was to evaluate NPOCP by measuring 3-month and 1-year
mortality, compared to usual care. In addition, length of stay (LOS) and location of
hospital discharge were reported.

Methods

An anonymised data set, of hip fracture patients (n=300) who presented to Maastricht
University Medical Centre, the Netherlands, a level-1 trauma centre, was used. NPOCP
was implemented on one of two surgical wards, while the other ward received usual
care (UC). Patient allocation to these wards was random.

Results

144 patients received NPOCP and 156 received UC. In the NPOCP, 3-month and 1-year
mortality rates were 9.0% and 13.9%, compared to 24.4% and 34.0% in the UC group
(P<0.001). The adjusted hazard ratio (aHR) for 3-month (aHR 0.50 [95%Cl:0.26-0.97])
and 1-year mortality (aHR 0.50 [95%Cl:0.29-0.85]) remained lower in NPOCP compared
to UC. Median LOS was 9 days [IQR 5-13] in patients receiving UC and 7 days [IQR 5-13]
in patients receiving NPOCP (P=0.08). Thirty-eight (27.5%) patients receiving UC and
fifty-seven (40.4%) patients receiving NPOCP were discharged home (P=0.023).

Conclusion

Implementation of NPOCP was associated with significantly reduced mortality in hip
fracture patients and may contribute positively to high quality care and improve
outcomes in the frail orthogeriatric population.
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Introduction

Hip fractures are a major cause of mortality and disability in frail older adults, with a
rising prevalence due to ageing of the population®. Therefore, orthogeriatrics, entailing a
holistic, multidisciplinary approach to care for this frail population, has been embraced
by both surgical and medical professionals to improve patient outcomes?. However, the
optimal template of how to perform orthogeriatric care is still unknown, which may
contribute to the considerable variation in reported mortality and morbidity reduction
by implementation of these programs®.

Parallel with the rising burden of the orthogeriatric population on healthcare
expenditure, healthcare providers and policy makers are deciding on priorities and
resource allocation in times when healthcare budgets are becoming increasingly
restricted*. From this health economic perspective, delegation of tasks from physicians
to nurse practitioners (NP) is potentially cost-saving and might lead to more efficient
care. In the non-surgical ageing population this approach has proven to be effective in
several settings, such as the primary care and long-term care setting, with nurse or NP-
led programs having at least comparable outcomes to physician-directed programs?.

Furthermore, the recognition of these health-care professionals is further underscored
by the fact that curricula are being developed for NPs working with frail older individuals
in the hospital setting®. Nevertheless, to our knowledge, NP-led programs have not been
explored in the orthogeriatric population, where mainly non-holistic interventions, solely
focusing on osteoporosis (fracture liaison service) or delirium, by nurses or NPs have
been deployed”®.

To improve outcomes in our orthogeriatric population, we implemented a NP-led
orthogeriatric care program. The program was evaluated by measuring 3-month and
1-year mortality, compared to standard care. In addition, length of stay, location of
hospital discharge and postoperative medical complications were reported as secondary
outcomes.

Methods

Patients

The present study used an anonymised data set of hip fracture patients (n=300) who
were registered for a yearly audit on quality of care based on the Hospital Standardized
Mortality Ratio (HSMR)®. Diagnosis-specific HSMRs may serve as a marker for quality of
care over time and also provide insight in trends of care improvement after quality
improvement initiatives have been implemented?®.
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In the Maastricht University Medical Centre, the Netherlands, a level-1 trauma centre, all
hip fracture patients between January 1 and December 31, 2018 were included. If a
patient was admitted more than once, the first fracture episode was included for
analyses. The institutional review board of the MUMC approved the study with waiver of
consent.

Data collection

The HSMR data set contained demographic, clinical and follow-up data including age,
sex, fracture type, Charlson Comorbidity Index (CCI)!, length of stay, discharge
destination and in-hospital mortality. Additional data on American Society of
Anesthesiologists Physical Status Classification System (ASA), surgical intervention rate,
weight bearing restrictions, consultation by NP or geriatrician, follow-up after discharge,
medication review, 3-month and 1-year mortality, and identified postoperative medical
complications (delirium, infections (urinary tract infection, pneumonia), myocardial
ischaemia, heart failure and acute kidney injury) were obtained using hospital medical
records.

Nurse Practitioner-led Orthogeriatric Care Program (NPOCP)

The NP-led Orthogeriatric Care Program (NPOCP) was implemented on one out of two
surgical wards of the MUMC. Patient allocation to these wards was random. In 2017, (a-
prior to implementation) 1-year mortality between both wards was similar
(Supplementary figure 2.1).

Table 2.1 shows the difference between NPOCP and usual care (UC). NPOCP was
conducted by two NPs with both six years of experience in in-patient geriatric care. As
such, they already had extensive experience in performing a comprehensive geriatric
assessment (CGA). During the run-in period (4 weeks), the NPs were trained by the
supervising geriatrician and a senior orthopaedic surgeon. The NPs were specifically
trained to diagnose and manage comorbidities, postoperative (medical) complications,
and polypharmacy. In addition, multiple hip fracture surgeries were attended.

During weekdays, the two NPs were alternately one week available for a total of one
fulltime-equivalent for the NPOCP-ward. Figure 2.1 shows a schematic overview of
NPOCP. (1) On admission, the NP performs a CGA, addressing medical, cognitive and
functional capabilities or disabilities in order to develop an integrated care plan for
treatment and follow-up. (2) In the acute (pre-operative) setting of NPOCP, the CGA
initially focused on the diagnosis and treatment of acute medical/cognitive problems
that prevent patients from safely undergoing surgery. Also, a medication review to
prevent inappropriate medication use was performed. (3) Next, daily interdisciplinary
ward rounds by the NP and orthopaedic resident were implemented, to ensure repeated
interdisciplinary multidimensional assessment that focused on acute diagnoses, such as
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acute fracture complications and timely diagnosis and/or prevention of other life-
threatening postoperative complications. Also, a personalised therapeutic plan to
enhance recovery (physiotherapy) and to promote independence (occupational therapy)
was discussed with patients and their relatives. Furthermore, weekly grand rounds with
the attending orthopaedic surgeon and geriatrician, and if necessary, (4) geriatric follow-
up after discharge were implemented. For all patients, a final discharge report in which
was written to be shared with the general practitioner, home care agency and/or
nursing home physician.

Table 2.1 Outline of organisation usual care versus NP-led Orthogeriatric Care Program.

Usual Care

NPOCP

Ward rounds

Consultation by NP

Comprehensive
Geriatric
Assessment (CGA)
Follow-up round
(afternoon)

Grand rounds

Physiotherapy

Nutritional
therapy

Occupational
therapy

Discharge letter

and planning

Training staff

Responsibility

Daily visits solely performed by
orthopaedic resident/surgeon

No standard consultation NP or
geriatrician

Consultation of NP by orthopaedic
resident/surgeon to prevent
delirium based on clinical suspicion
or if patients are identified as frail
based on hospital frailty screening
tool.

CGA only performed in consultation
was requested

Medication review as part of CGA
None

No participation from NP or
geriatrician

Daily individual training post-surgery
Protein enriched diet

Screening nutritional status by the
ward nurse and follow-up once a
week

Evaluation of the need for daily living
aids when deemed necessary by the
ward nurse

Early discharge planning. Final
discharge report written by
orthopaedic resident/surgeon sent
to the general practitioner

Nursing staff on the ward is trained 2
times a year by NP or geriatrician on
subjects in geriatric care

The orthopaedic surgeon is solely
responsible for patient treatment

Every weekday, interdisciplinary ward rounds with
NP and orthopaedic resident/surgeon takes place.
Weekend days: visit by orthopaedic
resident/surgeon

Daily multidimensional assessment and follow-up by
the NP

Reduces consultations with other specialists.

CGA on the first weekday after admission for all
patients

Medication review as part of CGA

Each afternoon follow-up of lab results, X-rays,
acute matters

Weekly grand rounds with orthopaedic
resident/surgeon, NP and geriatrician

Daily individual training post-surgery.

Protein enriched diet

In addition to screening by the ward nurse,
assessment of nutritional status on admission
(within CGA) is performed. Nutritional assistance is
started <24h of hospitalisation. Daily (weekdays)
follow-up.

Personalised treatment plan to enhance recovery
and to promote independence is made

Early discharge planning with a shared final
discharge report sent to all relevant healthcare
workers (general practitioner, rehabilitation centre,
home care agency, nursing home doctor)

Nursing staff on the ward is trained bimonthly by
the NPs or geriatrician (on different subjects) or
geriatrician.

NPs are being trained by the geriatrician (monthly)
Before implementation and in the first weeks of
implementation the NPs were trained by both the
geriatrician and orthopaedic surgeon to diagnose
and manage comorbidities, postoperative (medical)
complications, and polypharmacy. They also
attended several hip fracture surgeries.

Shared responsibility for patient treatment
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Figure 2.1  Schematic overview of the Nurse Practitioner-led Orthogeriatric Care Program (NPOCP).

1 Every hip fracture patient admitted to the surgical ward is included in the NPOCP.

2 On admission a Comprehensive Geriatric Assessment (CGA) is performed by the Nurse
Practitioner (NP). CGA is a multidimensional assessment process that focuses on medical,
cognitive and functional capabilities or disabilities in order to develop an integrated care plan
for treatment and follow-up. In the acute (pre-operative) setting of NPOCP, the CGA initially
focuses on the diagnosis and treatment of acute medical/cognitive problems that prevent
patients from safely undergoing surgery. Also, a medication review to prevent inappropriate
medication use is performed.

3 Daily multidimensional assessment and interdisciplinary rounds by the NP and orthopedic
surgery resident: In the second, postoperative, stage of the NPOCP, the daily interdisciplinary
multidimensional assessment focuses on acute problems, such as acute fracture
complications and timely diagnosis and/or prevention of other life-threatening postoperative
complications, such as myocardial infarction, pulmonary embolism, acute kidney injury,
sepsis, delirium etc. on the one hand and a therapeutic plan to enhance recovery and to
promote independence on the other.

4 After discharge, most orthogeriatric care programs will end. In our NPOCP however,
adequate (geriatric) follow-up is guaranteed. During the first follow-up appointment the NP
will initiate the diagnostic (and if necessary therapeutic process) concerning osteoporosis.
Furthermore, a follow-up CGA with special attention to (de)prescribing medication,
cardiovascular risk management and kidney function, cognitive function, functional status
and fall prevention will be performed.

This figure was created using Servier Medical Art templates, which are licensed under a Creative Commons
Attribution 3.0 Unported License; https://smart.servier.com.

Statistical analysis

Descriptive statistics were used to describe the population and were presented as mean
(SD), median (IQR) or percentage, and T-test, Chi-square test, Mann-Whitney U test, and
analysis of variance (ANOVA)-test were used as appropriate.

Our primary outcome was mortality at 3 and 12 months after hip fracture diagnosis.
Secondary outcomes included length of stay, location to which patients were discharged
and identified postoperative medical complications (delirium, infections, myocardial
ischaemia, heart failure and acute kidney injury).

Cox proportional hazard analyses were performed to compare 3-month and 1-year
mortality between the NPOCP and usual care (UC), adjusting for sex, age, fracture type,
and CCI. P-values <.05 were considered statistically significant. Statistics were performed
using SPSS statistics v.25 (IBM, Armonk, New York, USA). Inspection of log(-log(survival))
curves showed parallel lines, satisfying the proportional hazards assumption.
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Results

A total of 300 hip fracture patients, of which 121 (40.3%) were male, with a mean age of
77.8 (SD 14.4) years and median CCl of 1 (IQR 0-2), were analysed in 2018. 155 (51.5%)
patients had a ASA classification Ill or higher. Hip fractures were classified as femoral
neck fracture in 187 (62.3%), intertrochanteric fracture in 101 (33.7%) and
subtrochanteric fracture in 12 (4.0%) of the patients, respectively.

144 patients received NPOCP and 156 received UC. Patients receiving UC had a higher
median CCl (1 (0-2) vs. 0 (0-2), P=0.007) and were more likely to have sustained an
intertrochanteric or subtrochanteric fracture compared to patients receiving NPOCP
(48.1% vs. 25.4%, P<0.001). Patients receiving NPOCP were more likely to be followed on
the outpatient clinic after discharge (15.3% vs. 8.3%, P=0.072) The demographic and
clinical characteristics are summarized in Table 2.2.

Table 2.2 Demographic and clinical characteristics.
Total cohort NPOCP-ward Usual Care P-value
(n=300) (n=144) (n=156)
Mean age — yr (SD) 77.8 (14.4) 76.8(12.2) 78.7 (16.1) 0.240
Male —n (%) 121 (40.3) 51 (35.4) 70 (44.9) 0.101
Type of fracture, n (%)
Femoral neck fracture 187 (62.3) 106 (73.6) 81(51.9)
Intertrochanteric fracture 101 (33.7) 35 (24.3) 66 (42.3) <0.001
Subtrochanteric fracture 12 (4.0) 3(2.1) 9(5.8)
ASA classification, n (%)
ASA | 26 (8.7) 11(7.6) 15 (9.6)
ASA I 119(39.7) 65 (45.2) 54 (34.6) 0.321
ASA I 127 (42.3) 56 (39.0) 71 (45.5)
ASA IV 28(9.3) 12 (8.3) 16 (10.3)
Surgical intervention, n (%) 136 (94.4) 147 (94.2) 1.00
Weight bearing restrictions*, n (%)
Full weight bearing 270 (95.4) 126 (92.6) 144 (97.9)
Partial weight bearing 8(2.8) 6 (4.4) 2(1.4) NT
Non weight bearing 5(1.8) 4(3.0) 1(0.7)
Consultation by NP or geriatrician, n %) N/A *x 96 (60.9)
Follow-up after discharge, n (%) 35(11.7) 22 (15.3) 13(8.3) 0.072
Medication review N/A ** 44 (27.8) NT
Charlson Comorbidity Index, n (%)
0 129 (43.0) 73 (50.7) 56 (35.9)
1 73 (24.3) 34 (23.6) 39(25.0) 0.043
2 40 (13.3) 16 (11.1) 24 (15.4)
>3 58 (19.3) 21 (14.6) 37(23.7)
Charlson Comorbidity Index
median (IQR) 1(0-2) 0(0-2) 1(0-2) 0.007

Data were presented as mean (SD), median (IQR) or percentage and T-test, Chi-square test, Mann-Whitney U
test, and analysis of variance (ANOVA)-test were used as appropriate.

* = denominator is 283 for total cohort, 136 for NPOCP and 147 for UC

** = incorporated in NPOCP

N/A = Not Available

NT = Not Tested
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In the NPOCP, the 3-month and 1-year mortality rates were 9.0% [95%Cl: 4.9-14.9%] and
13.9% [95%Cl: 8.7-20.6%)], compared to 24.4% [95%Cl: 17.9-31.9%] and 34.0% [95%ClI:
26.6-42.0%] in the UC group, respectively (P<0.001) (Figure 2.2). The adjusted hazard
ratio (aHR) for 3-month (aHR 0.50 [95%Cl: 0.26-0.97]) and 1-year mortality (aHR 0.50
[95%CI: 0.29-0.85]) remained substantially lower in the NPOCP compared to UC after
adjustment for sex, age, fracture type and CCl.

Age (per year, aHR: 1.06, 95%Cl: 1.03-1.09), male sex (aHR: 1.64, 95%Cl: 1.02-2.65) and
increased CCI (score of 1, aHR: 3.85, 95%Cl: 1.69-8.76, score of 2, aHR: 6.69, 95%ClI:
2.88-15.49, score of 3 or greater, aHR: 7.49, 95%Cl: 3.36-16.59) also remained predictive
of mortality.

Figure 2.2 Mortality after implementation of a Nurse Practitioner-led Orthogeriatric Care Program (NPOCP).

Secondary outcomes

Median length of stay was 9 days [IQR 5-13] in patients receiving UC and 7 days [IQR
5-13] in patients receiving NPOCP, respectively (P=0.08). Thirty-eight (38/156; 27.5%)
patients receiving UC and fifty-seven (57/144; 40.4%) patients receiving NPOCP were
discharged to their own living environment (P=0.023) (Table 2.3).

Identified postoperative medical complications

Table 2.3 shows the percentages of patients with identified complications. The most
common identified complications were delirium (32%), infection (19%) and acute kidney
injury (20%). In patients receiving NPOCP, we overall observed a higher detection rate of
complications, and for myocardial infarction this difference was significant (6.9% vs.
1.9%, P=0.045).
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Table 2.3 Secondary outcomes, length of stay, discharge destination and identified complications.

Total cohort NPOCP-ward Usual Care P-value
(n=300) (n=144) (n=156)
Length of stay, days, median (IQR) 8.0(5.0-13.0) 7.0 (5.0-13.0) 9.0 (5.0-13.0) 0.08
Discharge destination, n (%)
Own living environment 95 (34.0) 57 (40.4) 38 (27.5) 0.023
Geriatric Rehabilitation Centre 179 (64.2) 81 (57.5) 98 (71.0)
Other Hospital 5(1.8) 3(2.1) 2(1.5) NT
Complications
Delirium 96 (32.0) 51(35.4) 45 (28.8) 0.265
Infections (UTI, pneumonia) 57 (19.0) 34 (23.6) 23(14.7) 0.056
Myocardial ischaemia 13 (43.3) 10(6.9) 3(1.9) 0.045
Heart failure 24(8.0) 16 (11.1) 8(5.1) 0.087
Acute kidney injury 60 (20.0) 35(24.3) 25 (16.0) 0.084
Other 9(3.0) 5(3.5) 4(2.6) NT

Chi-square test or Mann-Whitney U test were used as appropriate.

NT=Not Tested.

Discussion

This study demonstrates lower 3-month and 1-year mortality in hip fracture patients
receiving NPOCP compared to UC. The program tended to shorten length of stay, with
the median stay being 2 days shorter, and more patients were discharged home. An
interesting additional finding was the observation that patients in NPOCP more
complications were registered.

The beneficial impact of NPOCP on mortality is not surprising and consistent with other
studies in which comprehensive orthogeriatric care is compared to UC*?*? or compared
to the geriatric consultation model**. However, to the best of our knowledge, our study
is the first to show a large beneficial impact on both mortality and location of discharge
as a marker of ability, in a model in which, from a geriatric point of view NPs are
primarily in the lead. Key differences with existing orthogeriatric care models that may
contribute to our findings are that delivery of geriatric care was started directly on
admission and was predominantly delivered by a NP with a background in geriatric care,
as opposed to physician-led or non-holistic nursing interventions that solely focus on
one aspect of the orthogeriatric population (such as osteoporosis or delirium)”2. Second,
daily multidimensional assessment was performed by the same person, increasing
awareness of life-threatening conditions with delirium as only symptom. Our
observation that patients in NPOCP experienced more complications indirectly supports
this statement. As such, we postulate that NPOCP promotes early recognition of life-
threatening conditions/complications and may therefore be consistent with the
observed reduction of mortality. Third, appropriate follow-up after hospital discharge, as
key component of CGA was secured. Fourth, repeated medication-reviews to initiate
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appropriate indicated (osteoporosis treatment) drugs and to avoid inappropriate and
potentially harmful drugs, are effectuated®.

This study has a number of strengths and limitations. Strengths include the use of HSMR-
data so that the hospital acted as a natural control group in a before-and-after
implementation of NPOCP and the study is reproducible to anyone with access to HSMR-
data. Also, the a-prior analysis showed 2017 mortality rates were similar between both
wards (Supplementary Figure 2.1). Therefore, this study could be considered as a
pseudo-randomised trial. We acknowledge that mortality in the UC group was lower in
the year prior to implementation of NPOCP. We were unable to find any clearly
identifiable factors, such as changes in clinical practice or staffing reallocations after
implementation of NPOCP, that might explain this difference. Therefore, we were not
able to completely rule out an unidentified source of selection bias that might explain
this discrepancy. However, mortality data are known for their year-to-year fluctuations
and within group comparisons do not address the efficacy of any intervention, whereas
between group assessments do prove treatment effects®®.

This study is also limited by its single-centre, retrospective and observational design.
Although patient allocation to the surgical ward (and thus whether patients received
NPOCP or UC) was random, patients receiving UC had more comorbidities and were
more likely to have intertrochanteric or subtrochanteric fractures, which are in general
associated with longer length of stay. Nevertheless, since in the UC group only three
patients had partial or non-weight bearing restrictions, we believe this has not strongly
influenced the results.

Despite the fact we have adjusted for baseline inequalities in our statistical analyses,
residual confounding by unmeasured factors possibly related to frailty and even
mortality, still may have occurred. However, given the large protective effect associated
with NPOCP it is highly unlikely the positive effect of NPOCP is completely explained by
residual confounding.

Furthermore, we were unable to assess cause-specific mortality limiting the conclusions
drawn with regard to the influence of our NPOCP on specific death causes, such as for
example, sepsis and myocardial infarction. Moreover, the current study was not suitable
to address whether NPOCP influenced the incidence of complications as NPOCP, by its
aim and design, led to a more proactive diagnosis (and thus identification) of
complications than the usual care arm of our study. Finally, the implementation and
success of NPOCP depends, as any significant system change, on the effort and attitudes
of all stakeholders. Local preferences in practice may differ. In our experience, the
surgical team displayed a great willingness to cooperate and foster a highly constructive
collaboration with the NPs, but it is known that nurse-led programs are met with some
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resistance or reservation in certain areas. Our results (or at least the magnitude) may
therefore not be generalizable to other wards or other centres.

In conclusion, implementation of NPOCP significantly improved mortality in hip fracture
patients, and may contribute positively to high quality, long-term care for the frail
orthogeriatric population. Additional studies evaluating NP-led programs in other
settings and its cost-effectiveness are urgently needed, as an approach to eventually
achieve long-term and cost-effective care for the entire frail older surgical population.
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Supplementary figure 2.1

Figure S2.1  Mortality (2017) on the two surgical wards before implementation of a Nurse Practitioner-led
Orthogeriatric Care Program (NPOCP).
Usual Care ward (orange)
Ward where in 2018 NPOCP was implemented (blue).
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Abstract

Background

The number of medication-related hospital admissions and readmissions are increasing
over the years due to the aging population. Medication-related hospital admissions and
readmissions lead to decreased quality of life and high healthcare costs.

Aim of the review

To assess what is currently known about medication-related hospital admissions,
medication-related hospital readmissions, their risk factors, and possible interventions
which reduce medication-related hospital readmissions.

Method

We searched PubMed for articles about the topic medication-related hospital
admissions and readmissions. Overall 54 studies were selected for the overview of
literature.

Results

Between the different selected studies there was much heterogeneity in definitions for
medication-related admission and readmissions, in study population and the way studies
were performed. Multiple risk factors are found in the studies for example:
polypharmacy, comorbidities, therapy non adherence, cognitive impairment, depending
living situation, high risk medications and higher age. Different interventions are studied
to reduce the number of medication-related readmission, some of these interventions
may reduce the readmissions like the participation of a pharmacist, education
programmes and transition-of-care interventions and the use of digital assistance in the
form of Clinical Decision Support Systems (CDSS). However the methods and the results
of these interventions show heterogeneity in the different researches.

Conclusion

There is much heterogeneity in incidence and definitions for both medication-related
hospital admissions and readmissions. admissions and readmissions. Some risk factors
are known for medication-related admissions and readmissions such as polypharmacy,
older age and additional diseases. Known interventions that could possibly lead to a
decrease in medication-related hospital readmissions are spare being the involvement of
a pharmacist, education programs and transition-care interventions the most mentioned
ones although controversial results have been reported. More research is needed to
gather more information on this topic.

Impact on practice statements

- Medication-related admissions and medication-related readmissions are common,
however we still do not know enough about them to reduce them.

- Defining a common definition for medication-related admissions and medication-
related readmission may ensure less heterogeneity in the future researches.
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Introduction

Thousands of medical interventions are performed each day in healthcare to improve
the health status of our patients. The prescription of medication is an important
intervention within the medical care for older patients*?. The rising incidence of
multimorbidity and consequently polypharmacy adds to the complexity of managing
older patient in particular®. Inadequate medication management and polypharmacy are
important risk factors for adverse drug events and drug-drug interactions and frequently
lead to hospital admissions and hospital readmissions and other undesirable
consequences such as increased morbidity, decreased self-reliance and even death*”.
The number of acute and medication-related hospital admissions is increasing over the
years due to the aging population®. In medication-related hospital admissions two
categories can be distinguished, namely primary admissions and readmissions. Less
research is performed in the latter category. Both admissions and readmissions account
for decreased quality of life and high healthcare costs®.

Aim of the review

With this literature overview we aim at giving an overview on what is currently known
about medication-related hospital admissions, medication-related hospital readmissions,
their risk factors, and possible interventions which reduce medication-related hospital
readmissions.

Methods

Search strategy

We performed an overview of literature. We did not perform a systematic review. Data
source used was PubMed. We searched for articles with a set of MeSH terms and text
words selected to cover articles on medication-related admissions and medication-
related readmissions. The search was limited for articles published in English language.
The search was performed in February 2017, with no limitations with regard to the
publication date. We included articles that investigated the incidence of medication-
related admissions and medication-related readmissions and their risk factors. We also
included articles that investigated possible interventions which may reduce the rate of
medication-related readmissions. We selected studies that were performed in hospitals.
We did not differentiate between hospital types for the performed studies. All study
designs were allowed. The outcomes of the selected articles were dependant of the
study. It was important that the outcome was related to the incidence of the
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medication-related admissions and readmissions or their risk factors. Studies which
investigated possible intervention to reduce the readmissions were also included.

We first selected articles based on the title. After the first selection two authors (AL and
KH) independently assessed the articles for usability based on the abstract of the
articles. Excluded were articles investigating an intervention or a treatment for a disease
in which they had as a primary or secondary outcome the readmission rate. The quality
of the different studies was not an exclusion criteria. When there was disagreement on
in/exclusion of an article, a third reviewer was consulted and consensus was reached.

Results

In total 476 records were retrieved with the PubMed search and we selected 12 records
through references. Figure 3.1 shows the selection of the studies used for this literature
overview. Overall 54 studies were assessed as relevant for the overview of this topic. In
most of the excluded articles, the objective did not match our topic.

Records identified Citations identified through
through references (n=12) PubMed (n=476)

Excluded after title review based on
the incluson and exclusion criteria
v v (n=393)

Records after first selection (n=95)

\ 4

Full-text articles excluded after abstract and full text
review based on the inclusion and exclusion criteria
(n=41)

- Other subject

- Study based on one typical intervention/treatment

A\ 4

v
Studies included (n=54)

Figure 3.1  Flow diagram of the selection of studies for this literature overview.
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Medication-related hospital admissions

Medication-related problems are a daily occurrence at the emergency department.
However, incidence rates on hospital admissions due to medication-related problems
differ because of the lack of a clear definition and the lack of identification which may
underestimate the problem?!.

The most commonly used definition is an admission due to an adverse drug reaction
(ADR). ADR is defined as: “a response to a drug that is noxious and unintended and
occurs at doses normally used in man for the prophylaxis, diagnosis or therapy of
disease, or for modification of physiological function”!?. Another accepted definition of a
medication-related hospital admission is an admission due to an adverse drug event
(ADE): “any untoward medical occurrence that may present during treatment with a
pharmaceutical product but which does not necessarily have a causal relationship with
this treatment”!®. Finally, medication-related hospital admissions are also defined as
admissions due to drug related problems (DRP)*. A DRP is defined as an event or
circumstance that involves a patient’s drug treatment that actually, or potentially,
interferes with the achievement of an optimal outcome?®*6.

Studies on the incidence of the association between hospital admissions and the
presence of an ADR or ADE show great variety (0.5-18.9% and 5.6-19.3%
respectively)”1%1722 A possible reason for the wide range of incidences is, as mentioned
above, the variability in the used definition for medication-related hospital admissions.
Since ADE and DRP comprises a broader set of possible problems compared to ADR,
incidence numbers could be higher. Also, patient inclusion criteria differ between
studies. Some studies include all adults while other studies only include patients above
60 years old'®71922_ This influences the interpretation and comparability of results.
Furthermore, the type of patients differs between studies; where some studies include
all unplanned admissions, other studies only include patients admitted for a specific
ward!017192122 - Anart from the different inclusion and exclusion criteria, the study
methods are also different. Different kind of designs and the selection procedure are
used which may lead to a lack of identification of a medication-related
admission1719.21.23,

In conclusion, there was much heterogeneity between studies in study population and
the way studies were performed??. Although there was great variety in incidence, overall
studies showed that medication-related hospital admissions are a significant and
possible preventable cause of unfavourable outcome and high healthcare costs.
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Medication-related hospital readmissions

A hospital readmission is a second admission to the hospital within a certain period of
time. In literature, different time periods are being used between the hospital discharge
and readmission, ranging from 30 days to three years. However, a period of 30 days is
most common?*?°. Worldwide, readmissions are an important indicator for quality of
healthcare and is therefore also part of the basic set of quality indicators of the Dutch
Healthcare inspectorate (1GJ)*.

As with medication-related hospital admissions, different definitions of medication-
related readmissions are being used with regard to ADRs, ADEs and DRPs. A common
definition assumes that medication-related hospital readmissions are readmission due to
problems around pharmacotherapy?!. Different DRPs can occur in patients using
medication, especially patients with polypharmacy. Examples for DRPs are problems
with medication adherence, ADRs, inappropriate drug selection, drug use without
indication, drug-drug interactions, additional therapy needed, lack of therapy
monitoring, sub-therapeutic dosage and supra-therapeutic dosage. All problems in these
categories can lead to a medication-related hospital readmission®!. Another definition
assumes medication-related readmissions based on ADRs and ADEs?#*2. Because of the
differences in definition, incidences of medication-related readmissions vary greatly and
range from 0.09% to 64.0%%7-2°. According to the definition you would expect that the
rate for medication-related readmissions based on ADRs is lower compared to ADE. The
prevalence for the ADRs related hospital admission varies from 0.5%-18.9%'72% and for
de ADEs related hospital admission varies from 5.6% till 19.3%"23.

Besides the variety in definitions used in the studies for medication-related hospital
readmissions, the time between discharge and readmission also differs between studies,
ranging from 30 days to three years?*2?°. This makes interpretation of the results difficult.
To conclude, studies with regard to hospital readmissions are also difficult to interpret
due to differences in study design and definitions used.

Risk factors for medication-related admission and medication-related
readmissions

Several risk factors have been identified in medication-related hospital admissions due
to ADE’s. According to Leendertse et al, patients with impaired cognition, four or more
comorbidities, dependent living situation, polypharmacy, impaired renal function and/or
nonadherence to the medication regimen were found to be at greater risk of a hospital
admission”1%. These risk factors are consistent with other studies performed on this
topic?323. The most common drugs associated with (potentially preventable) admissions
were anticoagulants, antiplatelet drugs, vasodilators, psychotropic medications and
diuretics”?333, Little is known about the risk factors of a medication-related readmission
for older patients but it is likely that there is great overlap with the risk factors for
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medication-related admissions. Possible additional risk factors are a higher Charles
comorbidity score and inadequate follow-up due to a missed appointment with the
successive physician?*#272 Increased age is also found as a risk factor of ADRs or ADPs
related readmissions?>26,

Some specific medications are also associated with a higher incidence of medication-
related hospital readmissions. The most frequent medications which are associated with
medication-related hospital readmission are antiplatelet medications, diuretics, anti-
coagulants and anti-hypertensive drugs®>?®. Zhang et. al. found a greater risk for
repeated ADRs for the drug categories hormones, primarily systemic agents (including
antineoplastic, immunosuppresses and neoplastic antibiotics) and bacterial vaccines,
resulting in a hospital readmission or an ADR during hospitalisation?*. Alassaad et al,
found in patients above 80 years old that drugs prescribed for peptic ulcer or
gastroesophageal reflux disease and opioids are associated with an increased risk for
readmission, the reason for the readmission was not mentioned3*. Beside a higher risk
for medication-related readmission due to specific medications, some studies also
investigate the association between the complexity of the medication list and
medication-related hospital readmission3>3¢. The Medication Regimen Complexity Index
(MRCI) is a frequently used score to predict the complexity of the medication regimen. It
is based on 65 items and considers dosing frequency, dosage forms and other
characteristics which may influence the complexity3”*. A higher MRCI score reflects a
more complex medication regime. Although a clear association was not established,
most studies show a higher readmission rate when patients have higher MRCI36384°,

Olson et al investigated if specific older patient populations are at risk for medication-
related hospital readmission®*. They found that older men with adult children as
caregiver seemed to have an increased risk for hospital readmissions*!. Possible
explanations are e.g. difficulties with regard to medication adherence due to parents
who want to maintain their autonomy, or in case of siblings sharing the care for parents
there could be confusion about the responsibilities. Another explanation is that
medication problems could be related to informal caregiving itself. More research is
needed to investigate the reason why males with adult children as caregivers show an
increased risk for hospital readmissions.

Other risk factors which are associated with a higher readmission rate are low
adherence, experiencing a fall in the last 12 months, weight loss and medical error due
to discontinuity of care from inpatient to outpatient setting*>>. Table 3.1 shows the
different published risk factors.
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Table 3.1

Risk factors for medication-related admissions and medication-related readmissions.

Risk factor

Studied in the following population

Found in the studies

High risk medication

Polypharmacy

Low or intermediate therapy
adherence (combined) / non
adherence

Inappropriate medication
No pharmacy consult

Work up error / missing follow up

appointments
Older age

Male sex

Female

Black race

Comorbidities (including high
comorbidity score)

Renal disease / - insufficiency

Congestive heart failure
Cancer

Iron deficiency anemia
Presence of pulmonary disease
Cogpnitive impairment or
dementia

Weight loss

Falling in the last 12 months
Length of stay in the hospital

Discharged to nonhome setting /

Depending living situation
Elderly men with adult children
as caregivers

Responsibility

Feelings of loneliness

Self- rated health

Life- Satisfaction

Adult patients hospitalization at general medicine
50 years old and older and had one of a selection
comorbidity

Adult patients

Adult patients with heart failure

Patients 70 years old or older

Patients hospitalized in an geriatric unit

Adult patients

Patients above 65 years old or ten or more
medications, heart failure, pharmacist consultation
of duplications in medication list

Adult patients

Patients hospitalized in an geriatric unit

Adult patients

Adult patients

Adult patients

Adult patients

Adult patients

Adult patients

Adult patients

Adult patients

60 years and older

Patients hospitalized in an geriatric unit

Adult patients hospitalization at general medicine
Adult patients

Adult patients

60 years and older

Adult patients hospitalization at general medicine
Patients hospitalized in an geriatric unit

Adult patients

Adult patients hospitalization at general medicine
Adult patients hospitalization at general medicine
Patients 65 years old or older

80 years old and older

Adult patients hospitalization at general medicine
80 years old and older

Patients 70 years old or older

Adult patients

Adult patients hospitalization at general medicine
Adult patients

Adult patients

60 years and older

Patients 70 years old or older

Adult patients

Adult patients

Adult patients
Adult patients
Adult patients
Adult patients

Allaudeen et al.*
Schoonover et al.*°

Willson et al.*®
Colavecchia et al.*®
Wimmer et al.*
Cabre et al.*®
Mclachlan et al.?®
Rosen et al.*

Leendertse et al.”
Cabre et al.*®
Thomas et al.?’
Moore et al.*®
Thomas et al.?’
Hallgren et al.®®
Leendertse et al.”
Thomas et al.?’
Davies et al.?®
Hallgren et al.*
Zhang et al.’
Cabre et al.*
Allaudeen et al.*
Hallgren et al.*®
Leendertse et al.”
Zhang et al.?*
Allaudeen et al.*
Cabre et al.*
Leendertse et al.”
Allaudeen et al.*
Allaudeen et al.*
Hauviller et al.?®
Alassaad et al.**
Allaudeen et al.*
Alassaad et al.**
Wimmer et al.*
Leendertse et al.”
Allaudeen et al.*
Hallgren et al.*®
Leendertse et al.”
Zhang et al.?*
Wimmer et al.*
Leendertse et al.”
Olson et al.*

Hallgren et al.®®
Hallgren et al.*
Hallgren et al.*®
Hallgren et al.*®
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Interventions which may reduce the medication-related readmissions

Different interventions to reduce the risk of medication-related admissions or
readmissions are mentioned in literature. One of them is the involvement of a
pharmacist as part of the medical team“®. The effect of such an intervention is hard to
evaluate due to the different ways the participation of the pharmacists is executed.
Furthermore there was great difference in the way a patient is involved in his/her
medication management**>2. Overall, studies show a possible benefit with regard to
participation of a pharmacist, especially in patients with a high risk of medication-related
admissions, but studies show great heterogeneity®1°3>4,

Different studies investigated whether education could improve the medication
adherence, because low and intermediate medication adherence is associated with
more readmissions compared to high medication adherence*?. Some publications show
that some interventions increase the medication adherence however there is a great
heterogeneity and not all methods are effective®®. Besides education to increase the
medication adherences different studies investigated whether packaging of the
medication would increase the medication adherence. A meta-analysis found that
packaging intervention increases medication adherence®®. As earlier mentioned, high
adherence is associated with less readmissions, this means that packaging intervention
might indirectly lead to less medication readmission. Different education programmes
and transition-of-care interventions are used in several studies; most of them show
lower readmission. However, these interventions are time consuming and the studies
show great heterogeneity>>>"°8,

Digital assistance in the form of Clinical Decision Support Systems (CDSS), is also being
investigated as intervention to improve outcome in medication-related problems>>,
CDSS supports the healthcare professional, pharmacist and/or physician, in optimizing
medication. This system is based on a database that generate drug safety alerts for the
use of medication based on different guidelines/criteria, laboratory values and patient
characteristics®>®°. Studies show that a CDSS can support the professional in performing
a medication review>>®l, The system is especially of additional value in recognizing
absent medication when there is a clear indication and when there are contra
indications or interactions for medication®. Another benefit of a CDSS is that the
medication is monitored continuously whereas a manual medication review is
performed only once or twice a year due to time pressure®®. For example, the renal
function changes over time, requiring adjustment of medication which will be
immediately detected by the CDSS in contrary to manual medication review. Previous
studies have shown that the use of CDDS has an additional value for the manual
medication review> 61,
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Discussion

The aim of this literature overview was to give an overview on what currently is known
about medication-related hospital admissions, medication-related hospital readmissions,
their risk factors, and possible interventions which reduce medication-related hospital
readmissions. The incidence of medication-related hospital admissions shows a great
variety and ranges between 0.5 and 19.3 % and is dependant of the definition used in
the different studies”'%17-2022 The incidence of medication-related hospital readmissions
has even a broader range, namely 0.09% up to 64.0%%7-%°. The most important identified
risk factors for medication-related admissions or medication-related readmission are
high risk medication, polypharmacy, therapy nonadherence, older age, comorbidities,
renal disease, congestive heart failure, cognitive impairment and length of stay in the
hospital”23-2527.33,3638-40,42-44 ' The most common medications associated with (potentially
preventable) admissions are anticoagulants, antiplatelet drugs, vasodilators,
psychotropic medications and diuretics”>>33.

However all of the results show much heterogeneity between studies. The study designs
and definitions used for medication-related admissions and medication-related
readmissions are different between the studies. In the included studies, different
interventions are investigated such as the involvement of pharmacists in medication
reviews during the admissions of patients, different education programs and transition-
care interventions. Some studies show less medication-related readmissions, however
the results are controversial. Probably due to the different methods, study populations
and interventions which are investigated. For example the involvement of pharmacist in
medication reviews during an admission is different in the selected articles, however
overall there is a possible benefit with regard to participation of a pharmacist, especially
in patients with a high risk of medication-related admissions. Beside the involvement of
a pharmacist in the medication reviews during the admission, other studies investigated
the value of the use of CDDS. As mentioned earlier previous studies have shown that the
use of CDDS has an additional value for the manual medication review>>%?, But the effect
on the readmission rate is not known yet.

The limitation of this study is that the review was not systematic and the search was
limited to the PubMED database. The aim of the study and the search were both broad,
however we only performed one search. Afterwards it was possibly better to specify the
aim and to convert the search for the more specific aim. With this search used for this
review we found a lot of articles not related on this subject. Possibly we also missed
articles on this subject because we only performed one search. The strength of this
review is that this review gives an overview about a topic which is important in the daily
care. Although there is a great variety in results, overall the studies show the importance
to get more knowledge about this topic to prevent potential preventable unfavourable
outcomes and high healthcare costs.
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In the future we want to investigate the additional value of the CDSS in medication-
related hospital readmissions in people older than 60 years. Because there is a lack of a
definition in the literature for a medication-related admission and readmission, we have
chosen to select unplanned admissions which are possible medication-related. The
Dutch guideline “Polypharmacy in the older patient” includes a trigger list that can be
used to establish whether an admission is possibly medication-related®. The trigger list
is mainly based on three studies namely the HARM-, IPCI- and Quadret, and presents the
most frequent medication-related problems which can lead to an admission”-11.6364,

Patients aged 60 years and older with an unplanned hospital admission will be included
in the study if the unplanned hospital admission is assessed to be medication-related
according to the trigger list. Participants will be randomized in intervention or control
group. In the control group care as usual will be continued. In the intervention group a
medication check will be performed weekly using the CDSS. The generated
alerts/recommendations will be sent to the general practitioner and/or home
pharmacist. Follow-up will be one year. With the assistance of the CDSS we aim at
reducing the medication related readmissions from 20% to 15%.

Conclusion

The definition for both medication-related hospital admissions and readmissions varies
in different studies leading to a great incidence range. Several risk factors related to
medication-related hospital admissions and/or readmissions have been identified: high
risk medication, polypharmacy, therapy nonadherence, older age, comorbidities, renal
disease, congestive heart failure, cognitive impairment and length of stay in the hospital.
Known interventions that could possibly lead to a decrease in medication-related
hospital readmissions are spare being the involvement of a pharmacist, education
programs and transition-care interventions the most mentioned ones although
controversial results have been reported. More research is needed to gather more
information on this topic.
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Abstract

Background

Due to ageing of the population the incidence of multimorbidity and polypharmacy is
rising. Polypharmacy is a risk factor for medication-related (re)admission and therefore
places a significant burden on the healthcare system. The reported incidence of
medication-related (re)admissions varies widely due to the lack of a clear definition.
Some medications are known to increase the risk for medication-related admission and
are therefore published in the triggerlist of the Dutch guideline for Polypharmacy in
older patients. Different interventions to support medication optimization have been
studied to reduce medication-related (re)admissions. However, the optimal template of
medication optimization is still unknown, which contributes to the large heterogeneity of
their effect on hospital readmissions. Therefore, we implemented a clinical decision
support system (CDSS) to optimize medication lists and investigate whether continuous
use of a CDSS reduces the number of hospital readmissions in older patients, who
previously have had an unplanned probably medication-related hospitalization.

Methods

The CHECKUP study is a multicentre randomized study in older (260 years) patients with
an unplanned hospitalization, polypharmacy (=5 medications) and using at least two
medications from the triggerlist, from Zuyderland Medical Centre and Maastricht
University Medical Centre+ in the Netherlands. Patients will be randomized. The
intervention consists of continuous (weekly) use of a CDSS, which generates a
Medication Optimization Profile, which will be sent to the patient’s general practitioner
and pharmacist. The control group will receive standard care. The primary outcome is
hospital readmission within one year after study inclusion. Secondary outcomes are one-
year mortality, number of emergency department visits, nursing home admissions, time
to hospital readmissions and we will evaluate the quality of life and socio-economic
status.

Discussion

This study is expected to add evidence on the knowledge of medication optimization and
whether use of a continuous CDSS ameliorates the risk of adverse outcomes in older
patients, already at an increased risk of medication-related (re)admission. To our
knowledge, this is the first large study, providing one-year follow-up data and reporting
not only on quality of care indicators, but also on quality-of-life.
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Introduction

The population is ageing, leading to an increased incidence of multimorbidity and
related polypharmacy®. Polypharmacy is a well-known risk factor for hospital
(re)admissions, which can have detrimental effects on older patients and therefore are
considered an important measure of quality of care?. As such, it is not surprising that a
significant number of these hospital readmissions is directly medication-related and that
medication-related hospital (re)admissions occur more frequently in older individuals®*.

The incidence of both medication-related hospital admissions and readmissions varies
widely, ranging from 0.5 to 19.3% and 0.09% to 64.0%, respectively’. Several
explanations might be given for this wide range. First, there is lack of a clear definition of
“medication-related hospital admission” and “medication-related hospital readmission”.
Most definitions are based on the assumption that (re)admissions are directly related to
problems around pharmacotherapy and are defined as (I) drug-related problems, such
as drug-drug interactions, inappropriate drug use, sub- and supra-therapeutic dosage,
and adverse drug reactions*®. Second, another explanation for the wide range in
incidence of medication-related hospital (re)admissions might be the difference in time-
at-risk of adverse outcome, i.e. the time between discharge after the first hospital
admission and subsequent readmission in different studies. The follow-up time of these
studies ranges from 30 days to three years and it is self-evident that the percentages of
readmissions rise substantially when the follow-up time increases®*2. Third, medication-
related (re)admissions are probably under recognized, especially in older patients who
often tend to have an atypical presentation of illness.

While there is ongoing discussion and a clear definition about medication-related
hospital (re)admissions is lacking, the Dutch multidisciplinary guideline for polypharmacy
in older patients published the (so-called) triggerlist with clinical events (triggers) and
often involved medications that are known to be associated with an increased risk of
medication-related admissions'®. As such, this list could serve as a guide whether to call
a hospital (re)admission medication-related. Table 4.1 shows the triggerlist, which is
compiled based on data from the HARM-, IPCI- and QUADRAT studies*?’.

In order to reduce medication-related hospital (re)admissions, several interventions that
involve medication review have been investigated. Although a recent systematic review
showed that an isolated medication review had no effect on readmission rates, multiple
studies claim the opposite by showing involvement of a pharmacist does lead to a
reduction in readmission rates'®2%, This discrepancy might be explained by the fact that
medication reviews often are a part of more comprehensive interventions?? and also
that pharmacists do not just perform isolated medication reviews, but often (implicitly)
combine it to a multifaceted program that includes medication reconciliation, patient
counseling and adequate follow-up?3. Nevertheless, these programs performed during
admission are very time consuming, relatively expensive and the quality may vary
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considerably between pharmacists?. To overcome these problems a clinical decision
support system (CDSS) that monitors medication and patient characteristics
continuously and sends recommendations to general practitioners (GPs) and
pharmacists after detecting a medication-related problem, could be used?.
Consequently, possible medication-related problems will be detected immediately in
contrast to manual medication reviews that are usually performed only once or twice a
year. Currently available research on the continuous use of a CDSS mainly focuses on the
inpatient (hospital and nursing home) setting?*?®. As such, there exists a critical
knowledge gap in the outpatient setting that needs to be addressed.

In view of the considerations above, the aim of this study is to investigate whether the
continuous use of a CDSS decreases the number of hospital readmissions in older
patients who previously have had an unplanned probably medication-related
hospitalization according to the triggerlist from The Dutch multidisciplinary guideline for
polypharmacy in older patients®3.

Table 4.1 Triggerlist from the Dutch guideline “Polypharmacy in the older patient”*3.

Trigger (adverse clinical event) Often involved medication

Fracture / fall Psychotropic medication (falls)/ corticosteroids /
antihypertensive drugs

Collapse / hypotension / dizziness Cardiac medication (antihypertensive drugs and
antiarrhythmics)/ psychotropic medication

Bleeding (Gl tract)/ supratherapeutic INR Anticoagulants
Antiplatelet drugs
NSAID

Electrolyte imbalance / dehydration Diuretics, ACEi, All-blocker, NSAID, antidepressants

Renal insufficiency ACEi, All-blocker, NSAID

Hypo- or hyperglycaemia Insulin/oral antidiabetics, Corticosteroids

Heart failure NSAID

Obstipation / ileus Opioids / calcium blockers

Vomiting / diarrhea Antibiotics

Delirium / confusion / drowsiness Psychotropic medication / cardiac medication /

medication for micturition complaints /
benzodiazepines

Methods/Design

Study design and setting

The “Control in the Hospital by Extensive Clinical rules for Unplanned hospitalizations in
older Patients” (CHECKUP) is a multicentre, prospective and randomized study. This study
will be embedded in two hospitals namely Zuyderland Medical Centre (MC) (location
Sittard-Geleen and location Heerlen) and Maastricht University Medical Centre +
(MUMCH+), The Netherlands. Zuyderland MC is a large teaching hospital and MUMC+ is an
academic hospital. The patients will be randomized by block randomizations with a size of
two. This study is blinded for patients as well as for the participating GPs and pharmacists.
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Study population

All patients aged 60 years and older with an unplanned hospital admission are eligible
for inclusion if they meet the inclusion criteria. The inclusion criteria are polypharmacy
(defined as using =5 medications chronically), using at least two medications from the
triggerlist and the ability to give informed consent.

Patients with a life expectancy of less than three months (assessed by the involved
practitioners); patients with an intentional auto-intoxication; and patients treated with
cytostatic will be excluded.

Qutcomes

Primary outcome

The primary outcome of this study is hospital readmission within one year after study
inclusion.

Secondary outcomes

The secondary outcomes of this study are (I) mortality within one year after study
inclusion; (II) the number of emergency department visits; (lll) the number of nursing
home admissions; (IV) time to hospital readmission; and (V) the number of hospital
readmissions after 30 and 180 days. Next, we will analyze whether the readmission is
(probably) medication-related. Whether a hospital readmission is medication-related will
be defined afterwards, using the triggerlist. The information for secondary outcomes will
be obtained from the electronic prescription system and electronic patient record.
Furthermore, quality of life (QoL) and costs measured from a societal perspective will be
assessed at baseline (hospital discharge) and after three, six and/or twelve months (see
questionnaires).

Study procedures

Three times a week the electronic prescription system is used to select the patients of
60 years and older admitted to the hospital with polypharmacy and at least two
medications from the triggerlist. A research nurse will visit the patient at the ward and
assess whether the patient is eligible for inclusion. The patients will receive written
information about the study and after two days the research nurse will visit them again.
Then they have to indicate whether they are willing to participate by signing informed
consent. Inclusion already started in April 2019 and will finish in August 2022.

After inclusion, patients will be randomized into the intervention or the control group by
using a digital randomization system with block randomization. The randomization is
blinded for the patients, the GP and the pharmacist. Figure 4.1 illustrates the study
design and randomization procedure.
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CDSS

In the present study we use a CDSS (we use the Clinical Rule Reporter, developed by
Digitalis) to optimise medication on a continuous basis, ensuring that new medication
interactions or problems, e.g. related to comorbidity, laboratory data (renal function)
are quickly identified. This software has been validated and is currently used in multiple
settings i.e. hospital and nursing homes?4?6. The CDSS analyses the pharmacotherapy of
patients using data regarding the patient's medication, patient characteristics such as
age, sex and laboratory values, and different guidelines/criteria specific for medication
assessment, such as the START/STOPP criteria®?#?>?’. Combined with the patient’s
medication list and characteristics, these different guidelines and criteria are
summarized in 151 different clinical rules (see supplementary file 4.1, Table S4.1). These
clinical rules aim to optimize the medication list and gives clinically relevant
recommendations, such as lab orders, dose adjustment, stop medication. Then, the
different recommendations per patients are summarized into a Medication Optimization
Profile (MOP). Figure 4.2 shows a schematic overview of the CDSS and an example of
how different characteristics can trigger different recommendations.

Figure 4.2  Schematic overview of the CDSS and example. When running the CDSS, the patient’s medication
list (1) is combined with his/her characteristics (2), such as age, sex and laboratory values (renal
function, potassium level etc.). Next, these data are run through the 225 different clinical rules
(3). When no clinical rules apply, a green signal is given (4) and no further actions are
required(C). When clinical rules do apply a red signal is given and clinical recommendations (5)
will be sent to the GP and/or pharmacist. The figure also shows an example of a 75 year-old
female that is prescribed digoxin. The clinical rule about ‘potassium and digoxin’ is applied and
different scenario’s in which the potassium level is unknown (A), 6.2 mmol/L (B) or 4.7 mmol/L
(C) lead to different clinical recommendations with the recommendation to order lab (A), correct
electrolyte imbalances or dose adjustment (B) or no action is required (C), respectively. This
figure was created using Servier Medical Art templates, which are licensed under a Creative
Commons Attribution 3.0 Unported License; https://smart.servier.com.
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Participation GPs and pharmacist

During the one year study period, the patient’s own GP and pharmacist receive the
MOQOPs, to optimize pharmacotherapy. All GPs and pharmacists in the region were
approached to voluntarily participate in the study. Only patients of GPs and pharmacists
who had indicated to take part in the study will be able to participate.

Intervention group

Patients included in the intervention group will undergo continuous medication checks
using the CDSS once the patient is discharged. At discharge, the GP and pharmacist will
receive their patient’s MOP. From then on the MOPs will be sent on a weekly basis for
the period of one year. The GPs and the pharmacists can access this MOP and make
necessary changes to the medication when appropriate. When they decide not to follow
the recommendation made by the CDSS they are asked to indicate a reason.

Control group

The control group will receive standard care. The GPs and the pharmacists are not
informed of which patients are participating as control. Therefore the GPs and
pharmacists are blinded for this part of the study. The CDSS will also generate a MOP at
discharge for patients in the control group. However this will not be sent to the patient’s
GP and pharmacist and is only generated for analysis at the end of the study.

Questionnaires

All patients (both intervention and control group) will be sent standardized
questionnaires about the quality of life (EuroQol 5D-5L (EQ-5D-5L)) and costs from a
societal perspective (Resource Use Measurement (RUM)) at hospital discharge, and after
three, six and/or twelve months after inclusion?®?°. The research nurse will determine
whether the included patient will receive the second RUM questionnaire at three, six or
twelve months after inclusion, in order to make sure that the groups are equal. The
patients will receive the questionnaires via email and receive an automatically generated
reminder after one week. The questionnaire must be completed within one month.

Sample size calculation

Based on a pilot-study the readmission rate for this selected group is estimated to be
20%°. The aim of this study is to reduce the readmission rate from 20% to 15%. To
demonstrate this reduction (power 80%; significance level 5%; dropout 20%) at least
1130 evaluable patients are necessary per group. The target population is 2400 patients.
The study will include 1200 patients in the intervention group and 1200 patients in the
control group divided over the two hospitals with a minimum of 600 patients per
location (300 per group).
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Data analysis / Statistical analysis

The effect evaluation will be analyzed according to the intention to treat principle. The
difference in primary and secondary outcome variables between the intervention and
the control group will be assessed using mixed effect models to account for the
clustering of patients within physician and/or repeated measurements. A logit link
function will be used for the binary outcomes and an identify link for numerical
outcomes. A likelihood-based approach will be applied to account for missing outcomes
variables, assuming missingness at random (MAR). The stratification variable (hospital
location), variables related to missing data/drop outs (to ensure MAR) and variables
related to the outcome such as age and sex, will be included in the fixed part of the
models.

Economic evaluation/ Cost analysis

The economic evaluation will be performed according to the Dutch guidelines of the
national health care institute3'. As mentioned earlier, the study will include 1200
patients in the intervention group and 1200 patients in the control group. As it is
impossible to follow each patient, during one year follow-up we will use intermittent
data collection instead of continuous data collection, because results showed that the
best estimations of annual impact can be obtained by random cohort data collection,
using 3 random cohorts, enduring that at least a third of the participants will be
measured at each measured point3’. Intermittent measurement combined with
individual mean (IM_ imputation) will be used to calculate the annual costs per Quality
Adjusted Life Years (QALYs). This means that at each measurement point 400 patients
per group will complete the RUM instrument for the costs and EQ-5D-5L for the QALYs
during every three — six months after inclusion.

Discussion

This study is expected to add evidence on the knowledge of medication optimization and
whether continuous use of a CDSS ameliorates the risk of hospital readmission and other
adverse outcomes in older patients who have already had an unplanned hospitalization.

Hospital (re)admissions place a significant burden on the healthcare system, with impact
on quality of life from the patient perspective and being an important cost driver from
the societal perspective. In earlier studies, different interventions have been
investigated to reduce readmissions, but the results were inconclusive due to large
heterogeneity in study designs and therefore their effect on hospital readmissions. As
such, the optimal template of medication optimization is still unknown. This is the first
study that includes patients with a high risk of having a medication-related admission
based on the triggerlist. We deliberately chose to include all readmissions as primary
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outcome and not specifically medication-related readmissions because a clear definition
is lacking. By using a suboptimal definition it is likely we would miss readmissions that
later turn out to be medication-related.

To our knowledge, this is the first large randomized blinded study providing one-year
follow-up data and reporting not only on quality of care indicators (readmissions), but
also on quality-of-life and costs. This contrasts to other studies in the field, which usually
have a follow up of 30 or 60 days at most. This is an important strength of our study,
while we believe that in this population healthcare status and medication prescriptions
alter frequently and a follow up of only 30 or 60 days is too short to identify all possible
consequences and the time to the occurrence of adverse outcome might vary
considerably. Another strength of this study is that it will be conducted in the outpatient
setting and directly in daily clinical practice and therefore improves the possibility to
implement the CDSS in the shortest possible notice. The inclusion of patients has already
started in April 2019, but the patient inclusion was slower than expected due to
different causes. The participation of GPs and pharmacists was lower than expected, we
experienced several IT problems (not related to CDSS itself) that affected inclusion and
from March 2020 we had to deal with the COVID-19 pandemic. As such, during many
months the inclusion was discontinued.

In conclusion, we strongly believe that the continuous use of a CDSS reduces the number
of hospital readmissions in older patients already at an increased risk of medication-
related hospital admission. It is of vital importance to determine the optimal template of
medication optimization and further improve this essential process to eventually achieve
high-quality and cost-effective care, especially in older patients with polypharmacy.
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Supplementary table 4.1

Table S4.1  Overview of the clinical rules.

Title of the rule

1 Check whether Benzodiazepine deprescribing is possible
2 Check whether Brotizolam deprescribing is possible

3 Check whether Flunitrazepam deprescribing is possible
4 Check whether Flurazepam deprescribing is possible

5 Check whether Loprazolam deprescribing is possible

6 Check whether Lorazepam deprescribing is possible

7 Check whether Lormetazepam deprescribing is possible
8 Check whether Midazolam deprescribing is possible

9 Check whether Nitrazepam deprescribing is possible

10 Check whether Oxazepam deprescribing is possible

11 Check whether Temazepam deprescribing is possible

12 Check whether Zolpidem deprescribing is possible

13 Check whether Zopiclon deprescribing is possible

14 Gastric protection (version 2)

15 Treatment with antihypertensive medications: Angiotensin-converting enzyme (ACE) inhibitors and

angiotensin Il receptor blockers (ARBs)
16 Low-density lipoprotein (LDL) optimalisation
17 MDRD & ACE for older patient
18 MDRD or CKD-EPI and ACR are required

19 Carbamazepine/Oxcarbamazepine + hyponatraemia
20 Potassium levels

21 Potassium levels + digoxin

22 selective serotonin reuptake inhibitor (SSRI's) with significant hyponatremia
23 Thiazides and hyponatraemia

24 Unknown potassium serum level

25 MDRD required

26 Renal dysfunction + Aciclovir - Oral

27 Renal dysfunction + Acipimox

28 Renal dysfunction + Alendronic acid

29 Renal dysfunction + Amantadine

30 Renal dysfunction + Amoxicillin

31 Renal dysfunction + Apixaban

32 Renal dysfunction + Barnidipine

33 Renal dysfunction + Benzylpenicillin

34 Renal dysfunction + Carbasalate calcium (analgesic)
35 Renal dysfunction + Cefalexin

36 Renal dysfunction + Cefazolin

37 Renal dysfunction + Cefotaxime

38 Renal dysfunction + Ceftazidime

39 Renal dysfunction + Cefuroxime

40 Renal dysfunction + Cetirizine

41 Renal dysfunction + Chloroquine

42 Renal dysfunction + Chlortalidone

43 Renal dysfunction + Cimetidine

44 Renal dysfunction + Ciprofloxacin - IV
45 Renal dysfunction + Ciprofloxacin - Oral
46 Renal dysfunction + Co-amoxiclav

47 Renal dysfunction + Colchicine

48 Renal dysfunction + Dabigatran

49 Renal dysfunction + Dalteparine
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Table S4.1  (continued)

Title of the rule

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

Renal dysfunction + Danaparoide

Renal dysfunction + Daptomycine

Renal dysfunction + Deferasirox

Renal dysfunction + Edoxaban

Renal dysfunction + Entecavir

Renal dysfunction + Ertapenem

Renal dysfunction + Fluconazole

Renal dysfunction + Ganciclovir

Renal dysfunction + Hydroxychloroquine
Renal dysfunction + Imipenem/cilastatin
Renal dysfunction + Lacosamide

Renal dysfunction + Levetiracetam
Renal dysfunction + Levocetirizine

Renal dysfunction + Levofloxacin

Renal dysfunction + Lithium

Renal dysfunction + Memantine

Renal dysfunction + Meropenem

Renal dysfunction + Metformine

Renal dysfunction + Midazolam

Renal dysfunction + Nitrofurantoin
Renal dysfunction + Norfloxacin

Renal dysfunction + Ofloxacin

Renal dysfunction + Oseltamivir

Renal dysfunction + Paliperidone

Renal dysfunction + Parathyroid hormone
Renal dysfunction + Pergolide

Renal dysfunction + Piracetam

Renal dysfunction + Pramipexole

Renal dysfunction + Probenecid

Renal dysfunction + Proguanil

Renal dysfunction + Quinine

Renal dysfunction + Risperidone

Renal dysfunction + Rivaroxaban

Renal dysfunction + Rosuvastatin

Renal dysfunction + Solifenacin

Renal dysfunction + Sotalol (1)

Renal dysfunction + Sotalol (2)

Renal dysfunction + Sucralfate

Renal dysfunction + Sulfadiazine

Renal dysfunction + Tazocin/Piperacillin
Renal dysfunction + Teicoplanin

Renal dysfunction + Terbinafine

Renal dysfunction + Tetracycline

Renal dysfunction + Tranexamic acid
Renal dysfunction + Valaciclovir

Renal dysfunction + Varenicline

Renal dysfunction + Venlafaxine
Acetosal and acenocoumarol or fenprocoumon
Bisphosphonates and calcium, and vitamin D supplementation
Bisphosphonates, Calcium and Vitamin D supplementation
Chronic use of laxatives

Concomitant use of an ACE-inhibitor with codeine
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Table S4.1  (continued)

Title of the rule

102

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

Diclofenac, celecoxib and etoricoxib should not be used in patients with angina pectoris or ischemic
heart disease

Diclofenac, celecoxib and etoricoxib should not be used in patients with stroke in the anamnesis
Dipyridamol usage and no antihypertensive medication

Gastric protection

Nitrate and no beta blocker

Use of dipyridamol without acetosal

Use of LMWH and acenocoumarol for more than 5 days

Anticholinergic antispasmodic drugs + chronic constipation

Anticholinergic antispasmodic drugs + chronic constipation

Anticholinergics to treat extrapyramidal side effects of neuroleptic medications
Aspirin, clopidogrel or dipyridamole + concurrent bleeding disorder

Beta blockers with diabetes mellitus(DM) and hypoglycaemic episode a month
Bladder antimuscarinic drugs with constipation

Bladder antimuscarinic drugs with constipation

Bladder antimuscarinic drugs with dementia

Bladder antimuscarinic drugs with dementia

Bladder antimuscarinic drugs with glaucoma

Bladder antimuscarinic drugs with glaucoma

Bladder antimuscarinic drugs with prostatism

Bladder antimuscarinic drugs with prostatism

Calcium channel blockers with chronic constipation (1)

Calcium channel blockers with chronic constipation (2)

Estrogens with history of breast cancer or venous thromboembolism
Glibenclamide or Chlorpropamide with DM type 2

Glibenclamide or Chlorpropamide with DM type 2

Long term neuroleptics with parkinsonism

Long term neuroleptics with parkinsonism

Long-acting Benzodiazepines or long-acting metabolites

Nebulized ipratropium and/or beta2 adrenergics with glaucoma

Nebulized ipratropium and/or beta2 adrenergics with glaucoma
Non-cardioselective beta-blocker with Chronic obstructive pulmonary disease (COPD)
Non-cardioselective beta-blocker with COPD

Phenothiazines in patients with epilepsy

Phenothiazines in patients with epilepsy

Prochlorperazine or metoclopramide with Parkinsonism

Prochlorperazine or metoclopramide with Parkinsonism

Prolonged use of 1st generation antihistamines

Theophylline as monotherapy for COPD

Thiazide diuretic with a history of gout (1)

Thiazide diuretic with a history of gout (2)

Tricyclic antidepressants with cardiac conductive abnormalities (1)

Tricyclic antidepressants with cardiac conductive abnormalities (2)

Tricyclic antidepressants with constipation (1)

Tricyclic antidepressants with constipation (2)

Tricyclic antidepressants with dementia (1)

Tricyclic antidepressants with dementia (2)

Tricyclic antidepressants with glaucoma (1)

Tricyclic antidepressants with glaucoma (2)

Tricyclic antidepressants with prostatism or prior history of urinary retention (1)
Tricyclic antidepressants with prostatism or prior history of urinary retention (2)
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Chapter 5

Abstract

Background

Of all hospital admissions in older patients, 10-30% seem to be medication-related.
However, medication-related admissions are often unidentified in clinical practice. To
increase the identification of medication-related hospital admissions in older patients a
triggerlist is published in the Dutch guideline for polypharmacy.

Aim
To assess whether the triggerlist has value as selection criterion to identify patients at
high risk of medication-related hospital admissions.

Method

This retrospective cohort study was carried out in 100 older (=60 years) patients with
polypharmacy and having two triggers from the triggerlist. The admissions were
assessed as either possibly or unlikely medication-related according to the Assessment
Tool for identifying Hospital Admissions Related to Medications.

Results

Of all the admissions 48% were classified as possibly medication-related. Patients with a
possible medication-related hospital admission were more likely to have an impaired
renal function (p=0.015), but no differences with regard to age, sex, comorbidity or
number of medicines were found.

Conclusion

The high prevalence of medication-related hospital admissions, suggests the triggerlist
may have added value as selection criterion in a cohort of older patients with
polypharmacy and can be used to improve the identification of a population at high risk
of medication-related hospital admissions.

Impact of findings on practice statements

- The triggerlist may be used in clinical practice to improve the identification of
patients with a medication-related hospital admission.

- The triggerlist can be easily automated and may therefore contribute to a feasible
and easy-to-implement approach in future research studies to select a population at
high risk of medication-related hospital admissions.

- Further prospective studies will be conducted to assess the prevalence of
medication-related hospital admission in a cohort of older patients with
polypharmacy and two triggers of the triggerlist.

76



Additional value of a triggerlist as selection criterion in identifying patients at high risk of MRA

Introduction

Polypharmacy increases the risk of medication-related hospital admissions (MRAs)Y2.
Overall, 10-30% of the hospital admissions in older patients seem to be medication-
related®. However, MRAs are often unidentified in clinical practice or under recognized
by definition, since many studies define MRAs based on adverse drug reactions (ADRs)>.
However, MRAs may also be defined as a hospital admission where medication-related
problems (MRPs) are the main cause or at least a significant contributing factor’. Since
MRPs, besides ADRs, also encompass drug-drug interactions, medication errors,
problems with medication adherence, inappropriate drug selection and for example sub-
and supra-therapeutic dosage, it is expected that the prevalence of MRAs will
significantly increase due to this broader definition®. To increase the identification of
MRAs in older patients the Dutch multidisciplinary guideline for polypharmacy in older
patients published a triggerlist that can be used to establish whether an admission is
medication-related. This list contains adverse clinical events, also called triggers (such as
falls, electrolyte disturbances or bleeding) and medication (such as psychotropic
medication and/or cardiac medication) that are often related to MRAs. Table 5.1 shows
the triggerlist™®. Nevertheless, although included in the aforementioned guideline, it has
not been investigated whether the triggerlist can be used to identify a population at high
risk of MRAs.

Table 5.1 Triggerlist from the Dutch guideline “Polypharmacy in the older patient”.

Trigger (adverse clinical event) Often involved medication

Fracture / fall Psychotropic medication (falls) / corticosteroids/
antihypertensive drugs

Collapse / hypotension / dizziness Cardiac medication (antihypertensive drugs and
antiarrhytmics) / psychotropic medication

Bleeding (Gl tract) / supratherapeutic INR Anticoagulants
Antiplatelet drugs
NSAID

Electrolyte imbalance / dehydration Diuretics, ACEi, All-blocker, NSAID, antidepressants

Renal insufficiency ACEi, All-blocker, NSAID

Hypo- or hyperglycaemia Insulin / oral antidiabetics, Corticosteroids

Heart failure NSAID

Obstipation / ileus Opioids / calcium blockers

Vomiting/ diarrhea Antibiotics

Delirium/ confusion / drowsiness Psychotropic medication / cardiac medication / medication

for micturition complaints/ benzodiazepines

Based on this hypothesis, the triggerlist is currently being used in the CHECKUP study as
an additional selection criterion, next to age (=60 years) and polypharmacy®. Especially
for the purpose of selection, the use of a triggerlist is interesting in terms of feasibility,
as it is convenient to complete and can be easily automated, without the need for an
expert panel or other time-consuming tools or questionnaires.
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Aim

The aim of the present study was to assess whether the triggerlist has value (added to
age and polypharmacy) as selection criterion to identify patients at high risk of a possible
MRA.

Ethics approval

This retrospective cohort study is a sub-study of the CHECKUP study, which has received
approval from the Medical Research Ethics Committee of Zuyderland Medical Centre
(METC number: METCZ20180091) on October 29, 2018 prior to study initiation. All
participants gave written informed consent before any data was collected.

Methods

Setting and population

This sub-study was carried out within the first 100 inclusions in the CHECKUP study.
CHECKUP is a randomised controlled trial that assesses whether an extensive weekly
medication screening using a clinical decision support system reduces hospital
readmissions within one year in older (260 years) patients with polypharmacy and
having at least two triggers from the triggerlist. Further details are described
elsewhere®.

Data collection

On admission, demographic data (age, sex) and clinical patient characteristics (Charlson
Comorbidity Index (CCI)*, number of medications prior to admission, eGFR, number of
trigger diagnoses and number of medications which causes trigger diagnoses) were
collected. We evaluated the number of trigger diagnoses and -medication based on the
medication list before admission. The inclusion criteria of CHECKUP (polypharmacy and
having at least two triggers from the triggerlist) were assessed on the first day after
admission.

Two independent reviewers, a student researcher and general pharmacist with 40 years
of working experience, assessed whether an admission was either possibly or unlikely
medication-related according to the Assessment Tool for identifying Hospital Admissions
Related to Medications (AT-HARM10) (See Supplementary Table S5.1)7. Data from the
admission letter, medication list upon admission, laboratory data and discharge letter
were used to complete AT-HARM10. A geriatrician and hospital pharmacist
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independently assessed discrepancies and finally all discrepancies were discussed with
the entire team to reach consensus. All reviewers read the instructions for use and the
examples supplemented to AT-HARM10. Six training cases were performed by the
reviewers and discussed with the researchers of Uppsala University who developed
AT-HARM10.

Statistical analysis

Descriptive statistics were used to present the demographics and results as means with
standard deviation (SD) or medians with interquartile ranges [IQR], whichever
appropriate. Statistical analyses to compare the demographic and clinical characteristics
of both groups (the possibly and unlikely MRAs) were performed using IBM SPSS version
27.0. P-values <0.05 were considered statistically significant.

Results

The mean age of the 100 patients included in this study was 75.2 years (SD 8.6). Forty-
five were female, the median CCl was 2 (IQR 1-3) and the mean number of medicines
prior to admission was 10.7 (SD 4.5). Demographic and clinical characteristics are shown
in Table 5.2.

Table 5.2 also shows the most frequent triggerlist diagnoses and medications of the total
cohort.

Ultimately, 48 [48%)] admissions were assessed as being possibly medication-related, 51
[51%] as unlikely medication-related, and on one [1%] admission no consensus could be
reached. The independent reviewers agreed on 64 of the admissions, identifying 35
[35%] as possibly medication-related and 29 [29%)] as unlikely medication-related,
respectively. After discussing the discrepancies, another 13 [13%] admissions were
assessed as possibly medication-related and 22 [22%] admissions as unlikely medication-
related. These results are summarized in Figure 5.1.

We found no significant differences with regard to age, sex, CCl, number of medicines or
triggerlist diagnoses/medications when comparing possibly and unlikely MRAs. Patients
with a possible MRA were more likely to have an impaired renal function (p=0.015, Table
5.2).
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Table 5.2 Baseline characteristics of older patients with polypharmacy during index admission.
Variable All admissions MRA possibly MRA unlikely P value
(n=100)* (n=48) (n=51)
Sex: n (%) 0.787
Female 45 22 (45.8) 22 (43.1)
Male 55 26 (54.2) 29 (56.9)
Age at admission, (years) n (%) : 0.443
60-74 44 22 (45.8) 21(41.2)
75-89 52 23(47.9) 29 (56.9)
>90 4 3(6.3) 1(2.0)
Mean + SD 75.2+8.6 74.7+9.0 75.8+8.2 0.504
Charlson Comorbidity Index Score (%) : 0.110
0 11 3(6.3) 8 (15.7)
1-2 52 24 (50.0) 28 (54.9)
3-4 32 16 (33.3) 15(29.4)
5-6 4 4(8.3) 0(0.0)
>7 1 1(2.1) 0(0.0)
Median (IQR) 2(1-3) 2(1-3) 2(1-3) 0.136
Renal function, eGFR (ml/min/1.73m?), n (%) 0.015
0-29 21 16 (33.3) 5(9.8)
30-50 24 9(18.8) 15(29.4)
>51 55 23 (47.9) 31(60.8)
Number of medicines at index admission, n (%) 0.407
0-4 4 1(2.1) 3(5.9)
5-9 43 19 (39.6) 24 (47.1)
>10 53 28 (58.3) 24 (47.1)
Mean + SD 10.7£4.5 109+43 10.5+4.7 0.641
Trigger diagnoses 0.962
0-2 13 6(12.5) 7(13.7)
3-5 44 21(43.8) 23 (45.1)
>6 42 21 (43.8) 21(41.2)
Mean + SD 50+1.9 50+1.8 50+2.0 0.997
Trigger medications 0.911
0-2 21 10 (20.8) 11(21.6)
3-5 45 21 (43.8) 24 (47.1)
26 33 17 (35.4) 16 (31.4)
Mean + SD A4.4+£2.2 4.54+2.2 43+2.3 0.747

Trigger diagnoses — Most common of the cohort
1. Delirium / confusion / drowsiness

2. Collapse / hypotension / dizziness

3. Elektrolyte imblance / dehydration

4. Bleeding / supratherapeutic INR

5. Renal insufficiency

Trigger medications — Most common of the cohort
1. Diuretics

2. Beta blockers

3. Platelet aggregation inhibitors

4. Angiotensin receptor blockers (ARBs)

5. Metformin

SD: Standard Deviation, IQR= Interquartile Range. * one patient was excluded from the comparative
analyses between possibly and unlikely MRA.
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Admission assesed by
researchers MJ and LP
N=100 [100%)]

Discrepancies

Agreements N=36 [36%]
N=64 [64%)] (discussed by the
multidisciplinary panel)
N=35 [35%] N=13 [13%]
N=29 [29%] MRA possibly: N=48 [48%)] N=22 [22%)]
MRA unlikely: N=51 [51%)]
MRA unknown: N=1 [1%] N=1 [1%]

Figure 5.1 Number of possibly and unlikely medication-related hospital admissions according AT-HARM10.

Discussion

This sub-study of the CHECKUP is the first to show that adding the triggerlist as selection
criterion in a cohort of older patients (260 years) with polypharmacy, might improve the
identification of a population at high risk of MRA, as 48% of the admissions were
classified as possibly medication-related by using the AT-HARM10.

The triggerlist was first introduced in the Dutch multidisciplinary guideline for
polypharmacy in older patients and was proposed as a list to recognize possible MRAs.
Although it has high face validity (i.e. the individual components (adverse clinical events)
in itself are associated with MRPs%%1213) " when it was introduced its use had not been
investigated yet. To date, only one study has used the triggerlist and in this study it was
not even used to assess whether a hospital admission was medication-related but to
investigate whether emergency department visits of patients that were not hospitalized,
were possibly medication-related®*.

While due to different definitions and the lack of a gold standard the prevalence of
MRAs varies considerably, it is important to adequately identify the population of
interest, i.e. those at high risk of MRA. This is especially important in intervention studies
like CHECKUP and other studies that aim to optimize medication in (frail) older
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patients!®>. Although by including older patients with polypharmacy the a-priori risk of
a MRA is already high, we hypothesized that by additionally using the triggerlist as
selection criterion, the posteriori probability might increase even further. Although we
were, by design, unable to directly test this hypothesis, the current literature supports
our assumption that selecting patients with risk factors leads to a higher prevalence of
MRAs. The prevalence of MRAs varies between 5.6% and 30% in adult patients without
any risk factors>*>®12 while studies that select patients with a higher risk for MRAs
found a prevalence of hospitalizations being medication-related between 38% and
42%16,17.

We did not find any significant differences with regard to age, sex, CCl, number of
medicines or triggerlist diagnoses/medications when comparing possibly and unlikely
MRAs. This is not surprising as in this study, by including only older patients (>60 years)
with polypharmacy and two trigger diagnoses, the number of patients using <5
medicines is minimal and not sufficient to demonstrate a significant association, which is
in agreement with Lea et al'®. Another explanation might be that this study is
underpowered to detect differences for these subcategories.

This study is not without limitations. First, the study is limited by its retrospective design.
All hospital admissions were evaluated based on the data in the hospital electronic
information systems, which were registered by other physicians. We also had no
information about compliance or over-the-counter drugs. The trigger diagnoses and
medications were assessed on the medication list used before admission which explains
that some included patients used less than five medications. Second, patients were
recruited from a single centre limiting the generalizability of our results. Third and
finally, when assessing whether a hospital admission was medication-related, the two
independent reviewers reached agreement in 64% of the admissions by using AT-
HARM10. This is lower compared to the 80% agreement found in the study of Coppes et
al'®. We believe this might be due to the difference in clinical experience between both
reviewers (a pharmacy student and a general pharmacist with 40 years of working
experience). For future research it is important to assess the possible MRAs, identified
with AT-HARM10, in terms of degrees of certainty, preventability and level of causality.
Nevertheless, since all discrepancies were discussed by a multidisciplinary panel, which
is considered the gold standard, we believe our final point estimate of MRAs is realistic.
Despite this, the application of AT-HARM10 in another patient population in another
country and also its feasibility still contribute to the further validation of this assessment
tool to identify MRAs.
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Conclusion

The high prevalence of MRAs, suggests the triggerlist has added value as selection
criterion in a cohort of older patients (=60 years) with polypharmacy and can be used to
improve the identification of a population at high risk of MRA, as 48% of the admissions
were classified as possibly medication-related by using AT-HARM10.
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Supplementary table

Table S5.1  The AT-HARM10 tool

The first three questions are used to identify admissions that are unlikely to be medication-
related while questions 4-10 are used to identify admissions that are possibly medication-
related. When one of the ten questions is answered with ‘yes’, the assessment is finished. When
all questions are answered with ‘no’, an expert panel is needed to assess whether an admission
is medication-related.

(V%

u2.

u3.

P4.

P5.

P6.

P7.

P8.

P9.

P10.

Was the admission caused by an infection or a previously undiagnosed disease (e.g. diabetes or heart
failure) that is not medication-related?

Was the admission caused by progression of a previously diagnosed disease that is not medication-
related?

Was the admission caused by physical trauma, substance intoxication, social circumstances or
allergies that are not medication-related?

Is it hinted or stated in the medical record that the admission was medication-related (including non-
compliance)?

Might (side) effects of the medications the patient was taking (prescribed or not prescribed) prior to
hospitalization have caused the admission (including over-treatment)?

Are there abnormal laboratory results or vital signs that could be medication-related and have might
caused the admission?

Was there any drug-drug interaction or drug-disease interaction (i.e. a contraindication) that might
have caused the admission?

Did the patient have any previously diagnosed untreated or sub-optimally treated (e.g. dose too low)
indications that might have caused the admission?

Was the patient admitted because of a problem with the dosage form or pharmaceutical formulation
(i.e. failure to receive the medication)?

Is the cause of the admission a response to cessation or withdrawal of medication therapy?
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Abstract

Background

Inappropriate prescribing is associated with negative patient outcomes. In hospitalised
patients, the use of Clinical Decision Support Systems (CDSS) may reduce inappropriate
prescribing and thereby improve patient-related outcomes. However, recently published
large clinical trials (OPERAM and SENATOR) have showed negative results on the use of
CDSS and patient outcome and strikingly low acceptance of recommendations.

Objective

The purpose of the present study was to investigate the use of a CDSS, in a real-life
clinical setting of hospitalized older patients. As such, we report on the real-life pattern
of this in-hospital implemented CDSS, including: (I) whether generated alerts were
resolved; (II) whether a recorded action by the pharmacist led to an improved number of
resolved alerts; and (Ill) describe the natural course of generated alerts, in particular of
those in the non-intervention group; as these data are largely lacking in current studies.

Methods

Hospitalised patients, aged 60 years and older, admitted to Zuyderland Medical Centre,
the Netherlands in 2018 were included. The evaluation of the CDSS was investigated
using a database used for standard care. Next to demographic and clinical data, we also
collected: the total numbers of CDSS alerts, the number of alerts ‘handled’” by the
pharmacist, those with an action of the pharmacist, and finally the outcome of the alerts
at day one and day three after the alert was generated.

Results

3,574 unique hospitalized patients, mean age 76.7 (SD 8.3) years and 53% female, were
included. From these patients, in total 8,073 alerts were generated, of which 7,907
(97.9% of total) were handled by the pharmacist (day one). In 51.6% of the alerts
handled by the pharmacist an action was initiated, resulting in 36.1% of the alerts
resolved after day one, compared to 27.3%, if the pharmacist did not perform an action
(P<0.001). On day three, in 52.6% of the alerts an action by the pharmacist was initiated,
resulting in 62.4% resolved alerts, compared to 48.0% when no action was performed
(P<0.001). In the category renal function, the percentages differed significantly between
an action vs. no action of the pharmacist at day one and at day three (16.6% vs. 10.6%,
P<0.001 (day one), 29.8 % vs. 19.4 %, P<0.001 (day three).

Conclusion

This study demonstrates the pattern and natural course of clinical alerts of an in-hospital
implemented CDSS in a real-life clinical setting of hospitalized older patients. Besides the
already known beneficial effect of actions by pharmacists, we have also shown that
many alerts become resolved without any specific intervention. As such, our study
provides important insight in the spontaneous course of resolved alerts, since these data
are currently lacking in the literature.
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Introduction

The population is ageing rapidly and as a result multimorbidity and associated
polypharmacy is an increasing health risk leading to considerable mortality and
morbidity!. As such, 30% of emergency department visits and hospital admissions in
older age are attributable to side effects and inappropriate prescription of medicine,
since the risk of inappropriate medication use, adverse drug events (ADE) and
medication-related problems (MRPs) is increasing®®. These risks increase even further
when older patients are hospitalized, at least in part due to the fact that acutely ill older
patients are often exposed to new prescriptions by multiple prescribers’®. Thus, a
variety of interventions to reduce MRPs in older hospitalized individuals has been
studied with widely varying impact>®. Most of these interventions studied the
participation of pharmacists to ideally prevent, and otherwise reduce the impact of
MRPs, although in recent years the involvement of a clinical decision support system
(CDSS) has emerged, showing possibilities to reduce potentially inappropriate
prescribing in hospitalised older patients”*1011,

Recently, two large clinical trials, the OPERAM (OPtimising thERapy to prevent Avoidable
hospital admissions in Multimorbid older people) trial and the SENATOR (Software
ENgine for the Assessment and optimisation of drug and non-drug Therapy in Older
peRsons) trial investigated medication optimisation supported by a CDSS including the
Screening Tool of Older Persons’ Prescriptions (STOPP) and Screening Tool to Alert to
Right Treatment (START) recommendations®*?. However, both studies found no
significant differences in incidence of adverse drug reactions, drug-related hospital
admissions and mortality between the intervention and control arms, and only a low
proportion of the recommendations accepted by the pharmacotherapy team or
attending physicians'**3. Potential explanations for these low acceptance rates were the
fact that recommendations were deemed of low clinical relevance by clinicians as well as
variable attitudes to the intervention and/or participation in clinical trials and patient-
specific factors*1°,

The ultimate goal of a CDSS is to improve patient-related outcomes, however, as long as
only low proportions of recommendations are accepted and rules with low clinical
relevance are used in CDSSs, it is unlikely this goal will be achieved'®!®'. These specific
factors, presumably leading to low response rates and alert fatigue, have not been
recorded in the initial trials evaluating CDSSs. Therefore, the purpose of the present
study was to report on existing knowledge gaps in a real-life clinical setting of
hospitalized older patients, in order to describe, evaluate and optimise the use of the
CDSS in clinical practice.
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To this end, we investigated the real-life pattern of an in-hospital implemented CDSS,

including

(I)  whether generated alerts were resolved;

() whether a recorded action by the pharmacist led to an improved number of
resolved alerts; and

(1) describe the natural course of generated alerts, in particular of those in the non-
intervention group, as these data are largely lacking in current studies.

Methods

System details - Description of CDSS system — Clinical Rule Reporter (CRR)

The CDSS used in Zuyderland Medical Centre, a large teaching hospital in the
Netherlands, is the Clinical Rule Reporter (CRR). The CRR has been implemented in daily
practice since 2016 and is mainly based on guidance for medication-related laboratory
testing, dosing support in patients with renal impairment, guidance for optimal use for
antibiotics and anticoagulation®®®. It is used for medication surveillance using
demographic, medication and laboratory data from admitted patients and contains
several clinical rules®. The CDSS in this study consisted of 80 rules (Supplementary Data
Table S6.1).

The CDSS analyses the medication from all admitted patients on a daily basis. The clinical
pharmacist receives (per patient) a report in which all alerts are given. The clinical
pharmacist then assesses whether further action is indicated according to a distinct rule.
For this study, we defined this action as ‘an action by the pharmacist’ when a rule was
discussed extensively (i.e. consultation between pharmacist and physician) or when an
intervention was performed by the pharmacist or by the physician (after consultation).

Patients

We included patients of 60 years and older, hospitalized in 2018 , from January 01, 2018
to December 31, 2018, in Zuyderland Medical Centre, the Netherlands. Patients
admitted to rehabilitation wards and short stay departments were excluded.
Demographic data (age and sex) were collected. The evaluation of the CRR was
investigated in a retrospective study using a database used for standard care, which is
why this study did not require ethical approval.

Data collection

The data of the generated alerts of the included patients and their management were
extracted to Qlik Sense version September 2020 SR1. Qlik Sense is a tool which visualizes
data in an interactive way. All rules were categorized in one of the following: renal
function, potassium, antibiotics (intravenous (IV) to oral), antibiotics (long use),

92



CDSS in hospitalized older patients: a real-world study

opioids/laxatives, anticoagulant therapy and unknown lab value. Next to the number of
unigue patients, the following data was collected in order to evaluate the use of the
CRR: 1. The total number of alerts, 2. The number of alerts ‘handled’ by the pharmacist,
3. The number of alerts resulting in an action of the pharmacist, 4. The outcome of the
alert (described as ‘green’ (resolved), ‘red’ (unresolved) and ‘unknown’. We also
calculated the percentage of resolved and unresolved alerts, after excluding the
‘unknown’ alerts. The latter being excluded because it is unknown whether an
‘unknown’ alert was actually resolved by discontinuing the medication (and thus the rule
that generated the alert did not apply anymore) or because the patient was discharged.

Statistical analyses

Descriptive statistics were used to describe the study population and presented as mean
(SD) or median (IQR) whichever appropriate. To test the differences in percentages in
the groups with or without an action by the pharmacist a Chi-square test was used.
Statistical analyses were performed using SPSS Statistics v25 (IBM, Armonk, NY, USA).

Results

Baseline characteristics

In 2018, anonymised data from 3,574 unique hospitalized patients were included for the
current analyses. The mean age was 76.7 (SD 8.3) years and 53% were female. From
these patients, in total 8,073 alerts were generated, of which 7,907 (97.9% of total) were
handled by the pharmacist (day one). The patient characteristics and subdivision of the
clinical alerts per category and subdivision whether the pharmacist performed or did not
perform an action are described in Table 6.1. The percentages of actions performed
varied between the different rule categories from 33.8% (opioids/laxatives) to 94%
(anticoagulant therapy), respectively (Table 6.1).

In 4,083 (51.6%) of the handled alerts an action was performed by the pharmacist,
resulting in 1,297 (36.1% after excluding unknown) resolved alerts after day one, while
when the pharmacist did not perform an action, which was the case in 3,824 alerts, 915
(27.3% after excluding unknown) alerts were resolved (36.1% vs. 27.3 %, P<0.001).
These results are schematically summarized in Figure 6.1.

For the evaluation of day three, 5,750 handled alerts were analysed. In 3,025 (52.6%)
alerts an action by the pharmacist was performed, resulting in 1,242 (62.4% after
excluding unknown) resolved alerts after day three, while when no action was
performed, which was the case in 2,725 alerts, 772 (48.0% after excluding unknown)
alerts were resolved (62.4% vs. 48.0%, P<0.001). These results are schematically
summarized in Figure 6.2.
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Table 6.1 Baseline characteristics.

Characteristics
Unique patients (n=3,754)

Age, mean (SD), years 76.7 (8.3)
Male sex, n (%) 1,764 (47.0)
Clinical alerts - handled - Day one Day three
Total 7,907 (100) 5,750 (100)
Rule category, n (%)
Renal Function 2,865 (36.2) 1,730 (30.1)
Potassium 2,417 (30.6) 1,748 (30.4)
Antibiotics [Intravenous to Oral] 446 (5.6) 382 (6.6)
Antibiotics [Long antibiotics use] 366 (4.6) 338(5.9)
Opioids/Laxatives 225(2.8) 206 (3.6)
Anticoagulant therapy 587 (7.4) 412 (7.2)
Unknown laboratory value 1,001 (12.7) 934 (16.2)
All actions by pharmacist 4,083 (51.6) 3,025 (52.6)
Rules per category with action by pharmacist, n (%)*
Renal Function 1,221 (42.6) 815 (47.1)
Potassium 1,519 (62.8) 1,106 (63.3)
Antibiotics [Intravenous to Oral] 197 (44.2) 164 (42.9)
Antibiotics [Long antibiotics use] 160 (43.7) 151 (44.7)
Opioids/Laxatives 76 (33.8) 70 (34.0)
Anticoagulant therapy 552 (94.0) 389 (94.4)
Unknown laboratory value 358 (35.8) 330 (35.3)

* Percentage is the number of actions by pharmacists divided by the number of clinical rule alerts per
category. The denominator is the number of clinical rule alerts per category

Rule categories

When we analysed the different rule categories separately, we found that only in the
category ‘renal function’ the percentages differed significantly between an action vs. no
action of the pharmacist (16.6% vs. 10.6%, P<0.001). In other rule categories, we
observed small positive effects when an action was performed by the pharmacist i.e. in
the categories potassium, antibiotics (both IV to oral and long antibiotics use) and
anticoagulants therapy, however these differences did not differ statistically significant
(Figure 6.3).

On day three, similar results were observed, with only in the category ‘renal function” a

significant difference between those with and without an action of the pharmacist (29.8
% vs. 19.4%, P<0.001) (Figure 6.4).
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Figure 6.3 Number of ‘positive’ outcome alerts per clinical rule category divided per action by pharmacist
day one. * P-value <0.001.
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Figure 6.4  Number of ‘positive’ outcome alerts per clinical rule category divided per action by pharmacist
day three. * P-value <0.001.
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Discussion

This study demonstrates the real-life pattern and natural course of clinical alerts of an in-
hospital implemented CDSS. As such, we have shown that when the pharmacist did not
perform an action, 27% and 48% of the generated alerts are resolved after one and
three days, respectively. These percentages improved to 36% and 62% on day one and
three, when an action by the pharmacist was performed. Also, we found that the
percentages of resolved alerts varied widely between different rule categories.

The finding that actions taken by pharmacists in response to the generated alerts were
beneficial and led to an improved total number of resolved alerts was not surprising,
since this has been studied extensively in the past?>?l, However, this study reveals that
many alerts are resolved without a specific intervention by the pharmacist. Our study
therefore may provide important insight in the null effect of CDSS in the OPERAM,
SENATOR trials, since alerts that are resolved without intervention are also addressed
per usual care and therefore are unlikely to improve clinical outcomes®'?. We speculate
that these “false positive” alerts may distract from potentially more clinically relevant
alerts and therefore lead to a reduced effect of CDSS interventions. We believe that the
CDSS may be particularly useful for rare MRPs with for instance uncommon high risk
medications, and that therefore the initial clinical trials may have been underpowered to
detect the impact of a CDSS on these events.

Our observational study shows some reassuring findings, given the total number of
resolved alerts on one hand, but also the total number of resolved alerts in specific
categories on the other hand, which are generally considered as more clinically relevant.
Most notably, are the number of resolved ‘anticoagulant therapy’ and ‘potassium’ alerts,
which may indicate that clinicians themselves are perfectly able to determine the clinical
relevance and also prioritization of these alerts. This is moreover substantiated by the
low number of resolved ‘opioid + laxative’ alerts, an otherwise clinically relevant
recommendation, which is likely to have been deemed as of lower priority in the acute
setting.

The discrepancy in acceptance of recommendations between our real-life clinical data
and data from recent trials may be explained by several factors. First, in the two largest
clinical trials to date, START/STOPP recommendations were used and therefore alert
fatigue may have occurred due to lower prioritization of otherwise clinically relevant
recommendations®>121415 This observation contrasts to our set of clinical rules that are
largely directly clinically relevant and also of more priority in the hospital setting,
although our figures also show that clinicians seem to be perfectly able to prioritize this
themselves. Second, variable attitudes towards the interventions itself (both OPERAM
and SENATOR: software generated recommendations) or participating in trials by
investigators or participants might have played a role, while when implemented in
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clinical practice these factors play no significant role. Third, in the SENATOR trial, specific
exclusion criteria, such as admission to a geriatric ward, were applied that not only limit
the generalizability of the findings, but also excluded a large proportion of the
population concerned, namely the geriatric population???2. Nevertheless, since OPERAM
had only minimal exclusion criteria, it is unlikely this explains this discrepancy
completely3?3.

We have shown that different rule categories show varying percentages of resolved
alerts. When investigating the impact of computerized interventions, acceptance rates
(or agreement with recommendations) vary widely between different studies and
interventions’. Recommendations may be not accepted by clinicians as the
recommendation might be deemed of low clinical relevance, patients insists on
medication continuation or that possible interactions will be monitored, instead of direct
medication discontinuation”24-25,

Our study has several strengths and limitations. Strengths include the large sample size
of 3,754 unique patients and real-life clinical setting of an already implemented CDSS.
Our study also has some limitations. First, our definition of ‘action taken by the
pharmacist’ is broad, because we defined ‘an action taken by the pharmacist’ when a
rule was discussed extensively (i.e. consultation between pharmacist and physician) or
when an intervention was performed by the pharmacist or the physician (after
consultation). This might increase the effect of the pharmacist, because a part of the
interventions of the pharmacist was already performed by the physician. Second, our
study is limited by its retrospective and observational design. Third, in 2018 our CDSS
only consisted of 80 clinical rules. As such, clinically relevant, but also well-known rules
(such as START/STOPP) have not been included in this version of the CDSS, making this
study difficult to interpret in the current field of studies investigating generic CDSSs.
Fourth, although this is a relatively large study, we only had access to a limited set of
clinical data and were therefore unable to investigate the impact of clinical predictors on
the percentage of alerts resolved. Despite this, we have included a cohort of patients in
which MRPs are of particular interest, namely the geriatric population, often excluded in
clinical trials.

99



Chapter 6

Conclusion

This study demonstrates the pattern and natural course of clinical alerts of an in-hospital
implemented CDSS in a real-life clinical setting of hospitalized older patients. Next to the
beneficial effect of actions by pharmacists, we have also shown that many alerts are
resolved without specific interventions. As such, our study provides insight in the
spontaneous course of resolved alerts, since these data are currently lacking in the
literature. Further research is needed to completely understand the effectiveness of
CDSS interventions and our proposed ‘natural course of clinical alerts’ may be an
important parameter in assessing the quality of clinical rules and thereby a potential
target to optimize CDSS.
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Supplementary table

Table S6.1  Overview of the clinical rules.

Title of the rule

1 Anticoagulation therapy and INR

2 Intravenous to oral antibiotic switch therapy - Amoxicillin and beta-lactamase inhibitor
3 Intravenous to oral antibiotic switch therapy - Benzyl penicillin
4 Intravenous to oral antibiotic switch therapy - Cefuroxime

5 Intravenous to oral antibiotic switch therapy - Clindamycin
6 Intravenous to oral antibiotic switch therapy - Erythromycin
7 Intravenous to oral antibiotic switch therapy - Flucloxacillin
8 Intravenous to oral antibiotic switch therapy - Levofloxacin
9 Intravenous to oral antibiotic switch therapy - Rifampicin
10 Intravenous to oral antibiotic switch therapy - Amoxicillin

11 Intravenous to oral antibiotic switch therapy - Ciprofloxacin
12 Intravenous to oral antibiotic switch therapy - Doxycycline
13 Intravenous to oral antibiotic switch therapy - Fluconazole
14 Intravenous to oral antibiotic switch therapy - Metronidazole
15 Intravenous to oral antibiotic switch therapy - Moxifloxacin
16 Intravenous to oral antibiotic switch therapy - Sulfamethoxazole and trimethoprim
17 Long use antibiotic therapy

18 MDRD required

19 Melphalan with specific resting period

20 Methotrexate weekly use

21 Opioids without laxative agents

22 Potassium levels

23 Potassium levels + Digoxin

24 Renal dysfunction + Aciclovir - Oral

25 Renal dysfunction + Acipimox

26 Renal dysfunction + Alendronic acid

27 Renal dysfunction + Amantadine

28 Renal dysfunction + Amoxicillin

29 Renal dysfunction + Apixaban

30 Renal dysfunction + Barnidipine

31 Renal dysfunction + Benzyl penicillin

32 Renal dysfunction + Carbasalate calcium

33 Renal dysfunction + Cefazolin

34 Renal dysfunction + Cefotaxime

35 Renal dysfunction + Ceftazidime

36 Renal dysfunction + Cefuroxime

37 Renal dysfunction + Cetirizine

38 Renal dysfunction + Chloroquine

39 Renal dysfunction + Chlortalidone

40 Renal dysfunction + Cimetidine

41 Renal dysfunction + Ciprofloxacin - intravenous

42 Renal dysfunction + Ciprofloxacin - Oral

43 Renal dysfunction + Co-amoxiclav

44 Renal dysfunction + Colchicine

45 Renal dysfunction + Dabigatran etexilate

46 Renal dysfunction + Fluconazole

47 Renal dysfunction + Ganciclovir

48 Renal dysfunction + Hydroxychloroquine

49 Renal dysfunction + Lacosamide
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Table S6.1  (continued)

Title of the rule

50 Renal dysfunction + Levetiracetam
51 Renal dysfunction + Levocetirizine
52 Renal dysfunction + Levofloxacin
53 Renal dysfunction + Lithium

54 Renal dysfunction + Memantine
55 Renal dysfunction + Meropenem
56 Renal dysfunction + Metformine
57 Renal dysfunction + Midazolam

58 Renal dysfunction + Nitrofurantoin
59 Renal dysfunction + Norfloxacin
60 Renal dysfunction + Ofloxacin

61 Renal dysfunction + Oseltamivir
62 Renal dysfunction + Paliperidone
63 Renal dysfunction + Piperacillin and beta-lactamase inhibitor
64 Renal dysfunction + Piracetam

65 Renal dysfunction + Pramipexole
66 Renal dysfunction + Risperidone
67 Renal dysfunction + Rivaroxaban
68 Renal dysfunction + Rosuvastatin
69 Renal dysfunction + Solifenacin

70 Renal dysfunction + Sotalol (o)

71 Renal dysfunction + Sotalol (p)

72 Renal dysfunction + Sucralfate

73 Renal dysfunction + Teicoplanin
74 Renal dysfunction + Terbinafine
75 Renal dysfunction + Tetracycline
76 Renal dysfunction + Tranexamic acid
77 Renal dysfunction + Valaciclovir
78 Renal dysfunction + Varenicline
79 Renal dysfunction + Venlafaxine
80 Unknown potassium serum level

INR, International Normalized Ratio; MDRD, Modification of Diet in Renal Disease-formula to calculate the
estimated Glomerular Filtration Rate (eGFR).

104















Chapter 7

General discussion and summary






General discussion and summary

General discussion and summary

With the ageing of the population and the resulting increase in multimorbidity, a notable
consequence is the rise in hospital admissions and readmissions of (frail) older
individuals?®. It has been estimated that approximately 10-30% of these hospitalizations
and readmissions are medication-related, of which about 50% could have been
prevented?*. Therefore, it is important to gain insight into several aspects regarding the
in-hospital management and follow-up care of older individuals in general, with a
specific focus on medication-related problems. These insights are crucial not only for
enhancing their health outcomes but also for mitigating the occurrence of readmissions,
medication-related problems and other adverse health outcomes. Moreover, these
insights are also essential for overseeing healthcare expenditures and alleviating the
economic burden in the future.

As described in Chapter 1, the main aim of this thesis was to address critical knowledge
gaps within real-life clinical contexts, offering initiatives to enhance in-hospital
management and optimize medication strategies for older, frail individuals. This
approach extends beyond the scope of conventional clinical trials, aiming to provide a
comprehensive perspective on addressing the difficulties linked with this specific
demographic shift. The specific knowledge gaps that have been studied are presented in
Figure 7.1, that visualizes an overview of the entire thesis.

In this chapter, we begin by summarizing the main results of each chapter and discuss
them while integrating information from different chapters and literature. Finally,
methodological aspects will be highlighted, overarching conclusions will be drawn and
we will offer insights into potential future directions.

In-hospital management

In Chapter 2, we investigated the implementation of a Nurse Practitioner-led
Orthogeriatric Care Program (NPOCP), which is a comprehensive and multidisciplinary
approach of care for the orthogeriatric population. As part of this program, a
Comprehensive Geriatric Assessment (CGA) along with a medication review was
conducted for all admitted patients. Additionally, both nurse practitioners and the
orthopaedic surgeon conducted regular daily rounds for the included patients. The
effectiveness of this intervention was compared against standard usual care (UC). As
such, we have shown that the intervention group (NPOCP group) exhibited a statistically
significant reduction in both 3-month and 1-year mortality rates. Specifically, the
3-month mortality rate decreased to 9.0% [95%Cl: 4.9-14.9%)], and the 1-year mortality
rate decreased to 13.9% [95%Cl: 8.7-20.6%], as compared to 24.4% [95%Cl: 17.9-31.9%]
and 34.0% [95%Cl: 26.6—42.0%] for the UC group, respectively (both P<0.001).
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Furthermore, we found a higher detection rate of complications and comorbidities in
the NPOCP group, suggesting a possible mechanism of action. Our findings align with
similar studies that highlight reduced mortality rates upon introducing co-management
protocols for hip fracture patients®®.

Another pivotal aspect of NPOCP was considered the optimization of medication, which
included appropriate prescribing and deprescribing practices. Changes made during
hospitalization were effectively communicated to the general practitioners (GPs)
through a written medication list upon discharge that was included in the discharge
letter. Nevertheless, we were unable to investigate this in further detail and upon
follow-up in the outpatient clinic we observed more than once that previously
discontinued medications were automatically resumed, underscoring the urgency of
improving medication oversight and ensuring smooth communication between in-
hospital and outpatient care settings. Previous studies on this topic, for instance on the
initiation of osteoporosis medication, showed that in patients who received
orthogeriatric co-management significantly higher rates of osteoporosis medication was
prescribed’®. However, within these and other studies, there was no significant
difference in the risk of recurrent fractures over the course of one year”*1°. These
findings should stimulate to extend future research beyond mortality rates and also
include other clinically relevant outcome measures, such as readmissions, functional
status and quality of life.

Medication-related admissions and readmissions

In Chapter 3, we performed a literature review regarding what is known about
medication-related admissions and readmissions, their risk factors, and possible
interventions which reduce medication-related hospital (re)Jadmissions. As such, we have
observed a wide variation in the incidence of medication-related hospital admissions,
ranging from 0.5% to 19.3%'13. This difference is often related to the varying definitions
used in the different studies. Furthermore, the incidence of medication-related hospital
readmissions has an even broader range, namely 8.7% to 64.0%, illustrating the difficulty
of capturing this ‘entity’**. The most important identified risk factors for medication-
related (re)admissions were not surprising as high-risk medication (such as
anticoagulants, antiplatelet drugs, vasodilators, psychotropic medications and diuretics),
polypharmacy, therapy non-adherence, older age, comorbidities, renal disease,
congestive heart failure, cognitive impairment and hospital length of stay were already
known to be associated with medication-related (re)admission®*>2°. Another aspect that
contributes to the wide variety of incidence figures is the fact that there is (next to the
definition) substantial heterogeneity in study populations, interventions and
methodologies?t23. Study populations often differ with regard to age, co-morbidities and
settings, while the interventions frequently investigated to prevent medication-related
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readmissions often involve medication reviews, but how they were performed and/or
communicated was very different. Also, the type of professional which performed the
medication review differed, as some were performed by a pharmacist, others by a
geriatrician or a combination?*?>. To conclude, there is considerable diversity in the
methods of conducting these medication reviews and in the follow-up procedures. All of
these aforementioned differences contribute to widely varying outcomes and results.

A recent meta-analysis indeed confirms that there is no intervention proven to
demonstrate a reduction in readmissions following the implementation of a standalone
medication review?®. However, when a medication review is integrated with
comprehensive education, medication verification, and effective transition of care, a
positive impact on readmission rates seems to emerge?®. It is postulated that the one-
time medication review is insufficient, due to factors such as the "shelf life" of a
medication review, which could be enhanced through education, verification, and
transition of care?”. The consistency of medication reviews can vary, and this
inconsistency, along with the growing complexity arising from increased polypharmacy
and multimorbidity, is why there has been increasing research into the potential added
value of Clinical Decision Support Systems (CDSS) in recent years?®%°. This is often seen
as complementary to manual medication reviews. Furthermore, research has been
conducted on the repetitive use of CDSS, but this was typically limited to the hospital
stay without subsequent follow-up in the primary care setting3%3!. Given the limited
literature on the frequent and repetitive use of CDSS, as it is often employed only
sporadically, we have developed a study to investigate whether weekly deployment of a
CDSS will reduce readmissions within 1 year. Chapter 4 describes therefore the CHECkUP
(Control in the Hospital by Extensive Clinical rules for Unplanned hospitalizations in older
Patients) study protocol. This study aims to decrease readmissions within one year
through a weekly medication review utilizing a CDSS, with recommendations sent to GPs
and/or pharmacists. For this study, patients aged 60 years or older with an unplanned
hospital admission are included. In addition, the inclusion criteria are polypharmacy
(defined as the use of five or more medications), and patients had to have two triggers
from the triggerlist®. With these patient characteristics, the goal was to select a high-
risk population for medication-related admissions.

The triggerlist is included in the Dutch guideline on polypharmacy and was developed in
order to raise awareness for identifying patients with medication-related admissions
since there is likely an underreporting of the number of medication-related admissions3?.
The triggerlist is based on a list where the triggers, or the reasons for admission, pose an
increased risk of medication-related admissions®2. These triggers are then linked to
medications that are often the cause of these specific admission reasons. In the current
literature, the use of this triggerlist is not commonly employed for identifying
medication-related admissions or for identifying patients at a heightened risk of
medication-related admissions. It has been used in the setting of the emergency
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department (ED), were it was used to identify whether ED visits (without admission)
were medication-related?. This study investigated ED visits in older adults aged 70 and
older without admission, they concluded that 23% were potentially medication-related
based on the triggerlist33.

After inclusion in CHECKUP, the patients are randomized into the intervention group or
the control group. In the intervention group, a weekly medication assessment via the
CDSS is performed, and when there are recommendations, they are sent to GPs and/or
pharmacists. The control group receives standard care. The primary outcome measure is
hospital readmission within one year after study inclusion. Secondary outcome
measures include mortality within one year after study inclusion, number of ED visits,
number of nursing home admissions, time to hospital readmission, and whether the
readmission is medication-related or not. This study differs from other studies in that the
CDSS assesses medication on a weekly basis for a duration of one year, providing a more
thorough assessment and longer follow-up period for patients. However, this direct
transmission of recommendations to GPs and/or pharmacists could also be a limitation
of the study, as it adds extra workload to the general practitioner's or pharmacist’s
regular duties and may result in suboptimal timing, potentially leading to some alerts not
being reviewed. Another limitation could be the quality of the CDSS rules, as it was
primarily developed for hospital use and may not be sufficiently adapted for primary
care.

Identifying high-risk older patients

In line with the growing challenges posed by an ageing population suffering from
multiple chronic illnesses and their impact on healthcare expenditure, healthcare
providers and policymakers are faced with the task of determining where to focus their
efforts and allocate resources, especially in times when healthcare budgets are
becoming more limited34. From a health economic perspective, it is therefore important
to identify individuals who are at a high-risk of experiencing adverse health outcomes
and for whom interventions could potentially be life- and cost saving and which may
lead to more efficient healthcare delivery®®. Therefore, it is essential to identify
individuals who are at increased risk of being hospitalized due to medication-related
issues. It is for this reason that in the CHECkUP study (protocol in Chapter 4) we are
selecting patients aged 60 and older, with polypharmacy and two triggers from the
triggerlist, in order to create a group in which patients have a high-risk of medication-
related hospital admissions. Initially, this was a pragmatic and intuitive decision, likely to
select patients at a higher risk of medication-related hospital admission. After inclusion
of the first 100, patients we investigated whether this approach was adequate. As such,
in Chapter 5, we examined whether adding the triggerlist contributes to the selection of
high-risk patient groups. We selected the first 100 consecutive patients from the
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CHECKUP study and assessed their hospital admissions using the AT-HARM10 tool, which
showed that these patients could be identified as probable medication-related
admissions in 48% of cases®®. This percentage is significantly higher than the average
percentage of medication-related admissions (5-20% in patients older than 70), which
might indeed suggest that selecting patients by two triggers from the triggerlist
identifies a high-risk population®3738, Furthermore, using these characteristics, i.e. age
and triggerlist, not only can the group be quickly recognized, but the procedure can also
be automated.

The CHECKUP study is not the first study attempting to select patients at high-risk of
medication-related admissions. It is known that when selecting patients with risk factors
for medication-related admissions, there is a higher percentage of medication-related
admissions. Studies selecting patients with multimorbidity, or older patients with
multimorbidity and polypharmacy, found an incidence of medication-related admissions
of 38% and 42% respectively®*%°. Although these patients exhibit an increased risk of
medication-related admissions, our preference lies in selecting patients through the
triggerlist because it can be automated based exclusively on medication data.

As previously mentioned, the definition of a medication-related admission varies, but so
does the assessment of what qualifies as such an admission. Typically, a panel that
includes pharmacologists or geriatricians evaluates an admission and its underlying
reason to determine whether the admission is medication-related or not>*+42, There are
also tools available used to assess whether an admission is medication-related, such as
the AT-HARM10 tool (which was also used in Chapter 5)%. This tool consists of ten
questions, with three specifically designed to assess that the admission is probably not
medication-related and seven questions designed to identify that the admission may be
medication-related (possible medication-related admission). These questions can be
easily answered by treating physicians and pharmacists, allowing for a relatively quick
assessment of whether an admission is medication-related or not. However, it is not a
tool easily automated for selecting a high-risk group, such as an ED or primary care
setting.

Recently, a tool has been developed that lists 26 triggers to improve the identification of
medication-related admissions in older adults*®. This trigger tool was developed based
on the OPERAM study, namely the drug-related admissions adjudication guide*®*3. This
trigger tool starts from the admission diagnosis and additional questions are asked from
there to assess whether this admission is likely medication-related or not. Recent
research using this tool to assess whether an admission is medication-related found a
percentage of 15.6%*. Therefore, more tools have been developed to increase
identification of medication-related admissions and raise awareness of this issue. It is
certainly important to recognize medication-related admissions in order to try to
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prevent admissions or other medication-related problems in these patients. Identifying
this problem can be particularly challenging, especially in the older population.

Furthermore, in older adults, an ADE often manifests as a geriatric syndrome, adding
complexity to the identification®®. Nevertheless, the debate centres around whether the
priority should be identifying medication-related admissions or proactively selecting a
group with the highest likelihood of experiencing such admissions and readmissions,
similar to the approach used for patients with cardiovascular risk factors who are already
being treated and monitored according to cardiovascular risk management protocols®.
Since we know that medication-related problems, including medication-related
admissions, are frequent, it is imperative that we shift away from narrowly defining
medication-related admissions. Instead, we should strongly prioritize future studies that
aim to identify the population at highest risk of medication-related problems. It is
important that this group is easily identifiable so that both primary and secondary care
can quickly identify this group and provide the necessary care. As previously indicated in
Chapter 5 of our study, the selection of patients aged 60 and older, with polypharmacy,
and having two triggers from the triggerlist leads to a percentage of 48% for medication-
related issues. This percentage is even higher than the previously mentioned 42% found
in a group of older patients with multimorbidity and polypharmacy®®. However, it is
important to note that these groups were not examined simultaneously. Nevertheless,
the advantage of this selection is its automation, allowing for the rapid identification of a
patient group. However, this identification has not been validated yet and needs further
development, but it may hold promise as potential future approach to select patients at
high-risk of medication-related admissions and possibly other medication-related
problems. The anticipation is that the interventions implemented to mitigate
medication-related issues in this group will yield greater significance and effectiveness
although additional research is required. This approach is applicable to both primary and
secondary healthcare settings.

In conclusion, the near future should focus on developing a tool that can quickly select
patients at high-risk of medication-related admissions, and interventions aimed at
reducing medication-related readmissions, such as the previously mentioned medication
review combined with education and medication verification, should be tested in this
group. Comparing this approach to patients with a high cardiovascular risk, discussing
the triggerlist, and automating the selection of high-risk patients for medication-related
admissions in both primary and secondary care are essential considerations.

117



Chapter 7

Improving CDSS

Recently, two major studies have been conducted to assess the effect of implementing a
CDSS, namely the OPERAM and SENATOR trials, which evaluate the impact on
readmissions within one year and adverse drug reactions (ADRs), respectively*>“®. Both
studies did not find a significant reduction in readmissions and ADRs with the use of a
CDSS. Both investigations evaluated the use of the CDSS in combination with an one-
time medication review. Possible explanations for this negative result include a low
implementation of medication recommendations, specifically 15% and 39% in the
SENATOR and OPERAM trials, respectively®*4547  Additionally, in both studies, the
medication review was conducted only once, which might have also influenced the
results.

These studies did also assess how many of the recommendations generated by the CDSS
were followed by the assessor; however, there is limited understanding of how to
evaluate the quality of a CDSS, and there have been no studies published so far that
demonstrate the routine daily use of a CDSS in practice®®4.

In Chapter 6, we therefore investigated the use of a CDSS in daily practice and the
impact of the pharmacist on the CDSS’s outcomes. We observed that involvement of a
pharmacist had a positive effect on the alert outcomes, with 36.1% of the alerts being
resolved after day one when the pharmacist took action, compared to 27.3% when no
pharmacist action was taken (P<0.001). On day three, in 52.6% of the alerts, a
pharmacist’s action was initiated, resulting in 62.4% of resolved alerts, compared to
48.0% when no action was taken (P<0.001). When we evaluated these results per
category, we noticed that this effect was particularly significant in the category renal
dysfunction, with 16,6% and 29.8% of the alerts being resolved after day one and day
three respectively with an action of the pharmacist compared to 10.6% and 19.4% when
no action was taken (both P<0.001). Another interesting finding was that the percentage
of resolved rules varies significantly among all groups. Both findings suggest that an
action by a pharmacist may not add value to every rule, and it also suggests that the
number of resolved rules depends on the knowledge of the treating physicians in the
clinic. High percentages of resolved rules were found in the "anticoagulant therapy" and
"potassium" groups. This is likely due to the basic knowledge (and sense of urgency) of
the clinicians because a significant number of rules gets resolved, and we also found no
difference in percentages in these categories when the pharmacist took action®4
These findings are important to consider in future research on evaluating the quality of a
CDSS and to assess which rules are essential, as the goal is to create a scenario where
each triggered rule offers enhanced value compared to standard care. In this particular
scenario, you may choose to exclude the rules related to "potassium" and "anticoagulant
therapy" from the CDSS because it does not enhance care but likely contributes to alert
fatigue. Another way to look at it is considering the potential severity of side effects and
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the negative outcomes of specific rules and then it might be advisable to retain them in
the CDSS. To assess the effect of a CDSS, it is important to evaluate the quality of the
CDSS. However, there is limited research on this topic, and this is the first study to
examine the use of a CDSS in daily practice and the natural course of the rules without
the intervention of an assessor on the rules. How to evaluate the quality of a CDSS is also
not yet known. Figure 7.2 illustrates the factors influencing a CDSS.

Figure 7.2 Influencing factors and improvement opportunities for CDSS; the figure represents use of CDSS
in the inpatient as well as the outpatient setting. CDSS: Clinical Decision Support System.

The quality of a CDSS is determined by various factors, including the quality of the rules
incorporated into the CDSS, the accuracy/precision of information such as laboratory
results and other patient characteristics, the added value of a rule compared to the
clinician’s standard knowledge, the clinical relevance of a rule, and the potential severity
of consequences if the medication adjustment is not implemented*®>. Finally, the
frequency and follow-up of CDSS usage is important. Ideally, you want a situation in
which the clinician receives alerts that directly impact the patient in most instances
because not taking action would pose a risk to the patient or other compelling reasons
for sending an alert due to exceptional medication adjustments that are not recognized
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by all clinicians in regular care. In this regard, both categories could be prioritized
differently. If every rule is clinically relevant, alert fatigue will decrease. Currently, the
focus is mainly on whether the rule itself is clinically relevant (based on the opinion of
the pharmacist or physician) and sometimes, clinical relevance is also assessed based on
the pharmacist’s handling. However, if clinicians always recognize this rule, it has no
added value. Therefore, an approach must be developed to ensure that the pharmacist’s
assessment in combination with the CDSS always provides added value compared to the
clinician alone.

The SENATOR trial has previously examined the factors contributing to non-compliance
with rules. They found the following factors affecting the implementation of the
recommendations: setting and timing of the recommendation, clinical relevance of the
recommendations, the expertise and specialization of the prescriber, therapeutic
relationship with the patient and the patient®,

It is not yet known how to assess the quality of a CDSS. Additionally, consideration can
be given to how often such a rule should be triggered. In the studies published so far,
CDSSs were run only once, while in clinical practice, CDSSs are run daily, and in the
CHECKUP study, it will be run on a weekly basis. Further research is needed to determine
how often the CDSS should be run to achieve the most effective intervention, and this
should be investigated in different settings, including primary care, secondary care, both
in the clinical and outpatient settings.

Methodological considerations

The main strengths and limitations of the various studies included in this thesis have
been discussed in their respective chapters. Nevertheless, before we can draw
overarching conclusions about this work and consider future prospects, it is essential to
engage in a broad reflection on methodology and the patient populations involved.

Each chapter of this thesis is based on different data, and from various perspectives, we
have attempted to examine how we can improve care for older and frail individuals.
Although the older patient is central to this thesis, different inclusion criteria were used
for the various studies. For example, in Chapter 2, patients aged 70 years and older were
included, while in Chapters 4-6, patients aged 60 years and older were included.
Nevertheless, although age limits vary in different studies when researching older adults,
we mainly aimed at selecting the most vulnerable group to improve care, and by adding
risk factors (depending on the subject), we attempted to select patients at high-risk of
adverse outcomes.
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Secondly, all the studies were conducted at a single centre. NPOCP was investigated at
the Maastricht University Medical Centre (MUMC+) in Chapter 2, and the studies on
medication-related admissions and the CDSS in Chapters 5 and 6 were conducted at the
Zuyderland Medical Centre, both in the Netherlands. Since all our studies are single
centre studies, the results may not be replicable to other hospitals. However, the focus
is on older patients with issues that occur in all hospitals, and we are also investigating
interventions that are part of standard or additional care. Therefore, we expect the
results of these studies to be relevant and applicable to other hospitals.

Thirdly, it is important to note that all the studies conducted were retrospective and, to
some extent, observational, grounded in an examination of routine clinical practices. An
important limitation of this approach is that the effectiveness of the interventions is
influenced in part by the competency and performance of healthcare providers and
pharmacists during the study period, which are usually a (too) positive reflection of
reality because of their engagement and interest in the subject, clinical care, and any
potential study on this topic®. Single centre studies, observational designs and the
analysis of real-world clinical scenarios introduce a degree of variability that may hinder
direct reproducibility of the findings. Nevertheless, the advantage of investigating daily
clinical practices is that it offers valuable insights into standard care procedures, and the
knowledge gained from such research can promptly inform and facilitate improvements
in healthcare delivery.

Fourthly, as also discussed in Chapter 3, there exists a substantial body of research on
medication-related hospital admissions and readmissions, along with corresponding
interventions and definitions. Nonetheless, this research landscape is marked by
significant heterogeneity in study design and population. This makes it difficult to
compare our study results with any other research. That being said, this brings us to
another important topic, namely the lack of an universally accepted definition for
identifying medication-related (re)admissions, and also the evaluation of CDSSs remains
underexplored, with no established gold standard. However, we consider this topic so
important that more research needs to be conducted. It would be better if the research
became more homogeneous in terms of setting, population, and intervention. Our
studies can serve as a stepping stone to help determine the most suitable setting,
population, and intervention for future research in this area.

Conclusion and future perspectives

This thesis contributes to the knowledge on several aspects of the care for older
individuals during hospital admission. With the ageing of the population, it is crucial to
enhance the care for older individuals and assess the quality of care. Additionally, it is
important to determine which patients stand to benefit the most. In this thesis, we
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examined in-hospital management, medication-related admissions, and the use of a
CDSS. We demonstrated (I) that implementing a NPOCP for patients with a hip fracture
leads to significantly lower one-year mortality rates, (Il) a clear definition for medication-
related admissions is lacking, as is an effective intervention to reduce them, (Ill) selecting
high-risk patients for future research on medication-related admissions is of utmost
importance, using the triggerlist may contribute to this endeavour, (IV) furthermore, we
demonstrate that pharmacist engagement in a CDSS offers added value, even though
notable variations exist among different rules.

This thesis presents new insights on enhancing the care provided to older individuals and
the prospective identification of high-risk patients for medication-related hospital
admissions. It is imperative to establish more consistency in the care of older individuals
and direct interventions toward those who stand to gain the most. This thesis centres its
attention on patients with a high susceptibility to medication-related hospitalizations,
and it finds that the triggerlist can be used for this purpose. Nonetheless, while this
approach enables automated patient selection, it necessitates further validation.

Future studies should focus on interventions targeted at mitigating medication-related
problems and admissions within this high-risk patient group. Established measures such
as medication reviews may have a a more substantial impact, rendering them more
feasible for practical implementation. Furthermore, this thesis also addresses another
recognized intervention, the use of a CDSS. To date, there has been limited exploration
into the quality of CDSS and the natural evolution of rules within such systems. In future
research evaluating the effectiveness of a CDSS, it is crucial to evaluate the CDSS on
multiple fronts, including (1) the quality of the rules themselves, (lI) assessing whether
the rules and the actions of pharmacists enhance standard care, and (Ill) monitoring the
frequency and follow-up regarding the rules.

Therefore, future research must prioritize the enhancement of CDSS quality in order to
potentially achieve improvements in clinical outcome measures, such as medication-
related problems or readmissions. Ultimately, these interventions are crucial for
ensuring the accessibility, effectiveness, and affordability of healthcare for older
individuals in the years to come.
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Onze samenleving vergrijst met een steeds ouder wordende bevolking. Dit leidt tot een
toename van mensen met chronische aandoeningen en kwetsbare ouderen, wat
resulteert in polyfarmacie (het gebruik van vijf of meer medicijnen), ziekenhuisopnames
en -heropnames, vaak gerelateerd aan medicatie. Hierdoor stijgen de zorgkosten.

De zorg voor (kwetsbare) oudere patiénten is complex. Er wordt al veel onderzoek
gedaan om de zorg voor deze groep patiénten te verbeteren. Vaak wordt er gekeken
naar “collaborative care”, waarbij zorgverleners uit verschillende disciplines
samenwerken om optimale zorg te bieden, ook wel co-management genoemd.
Orthogeriatrisch co-management is een goed voorbeeld, waar orthopedisch chirurgen
nauw samenwerken met klinisch geriaters en/of internisten-ouderengeneeskunde om
de zorg voor patiénten met een heupfractuur te verbeteren. Medicatiebeoordelingen en
—optimalisatie spelen een belangrijke rol in deze vorm van zorg.

Met als doel de zorg voor (kwetsbare) ouderen te verbeteren, wordt ook onderzoek
gedaan naar het optimaliseren van medicijngebruik om medicatiegerelateerde
problemen te voorkomen. Dit onderzoek omvat zowel handmatige medicatie-
beoordelingen, alsook de beoordelingen met behulp van computerondersteuning,
waarbij gebruik wordt gemaakt van een Clinical Decision Support System (CDSS); wat
een computergestuurd systeem is dat artsen en apothekers ondersteunt bij het
beoordelen van medicatie. Een CDSS biedt deze ondersteuning door geintegreerde
klinische informatie, richtlijnen, suggesties en waarschuwingen te verstrekken op basis
van de medische geschiedenis van de patiént, laboratoriumresultaten, symptomen en
andere relevante gegevens bij deze beoordelingen.

Het doel van dit proefschrift was om de effectiviteit van verschillende initiatieven gericht
op het verbeteren van de zorg en follow-up voor (kwetsbare) ouderen te onderzoeken.
Dit omvatte co-management, het identificeren van hoog-risico patiénten en medicatie-
optimalisatie met behulp van computerondersteuning, gebaseerd op gegevens uit de
dagelijkse praktijk.

Hoofdstuk 2 beschreef een vorm van orthogeriatrisch co-management, waarbij de
verpleegkundig specialist primair samen met de orthopedisch chirurg zorg verleende aan
kwetsbare oudere patiénten met een heupfractuur. De verpleegkundig specialist bracht
iedere patiént volledig in kaart en beoordeelde de medische, cognitieve en functionele
mogelijkheden en beperkingen van de patiénten en voerde een medicatiebeoordeling
uit. Deze multidisciplinaire aanpak werd vergeleken met de normale zorg zonder co-
management en resulteerde in een aanzienlijke afname (50%) van de sterfte na zowel 3
maanden als 1 jaar. Tevens werden er meer complicaties en ziektebeelden geregistreerd
in de interventiegroep, wat suggereert dat de (h)erkenning van deze complicaties en
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aandoeningen het werkingsmechanisme zou kunnen zijn waardoor co-management
bijdraagt aan de vermindering van sterfgevallen.

In hoofdstuk 3 werd er een samenvatting gegeven over de literatuur die tot op heden
bekend is over medicatiegerelateerde (her)opnames, inclusief de risicofactoren en
mogelijke interventies om deze opnames te reduceren. We vonden een grote spreiding
in de gerapporteerde percentages van medicatiegerelateerde opnames en -
heropnames, variérend van 0.5% tot 19.3% en 8.7% tot 64%, respectievelijk. Deze
variatie kan worden toegeschreven aan het gebruik van verschillende definities voor
medicatiegerelateerde (her)opnames in de literatuur. Het verschil kan worden verklaard
door de specifieke aard van het medicatieprobleem dat de opname heeft veroorzaakt,
zoals bijwerkingen, interacties of therapieontrouw. De meest voorkomende
risicofactoren voor een medicatiegerelateerde (her)opname zijn polyfarmacie,
verminderde therapietrouwheid, oudere leeftijd, comorbiditeiten, nierfalen,
geheugenproblematiek, hartfalen en langere duur van ziekenhuisopnames. Bovendien is
bekend dat het gebruik van bepaalde medicijnen het risico verhoogt, zoals
bloedverdunners, bloeddrukverlagende middelen en psychotrope (bewustzijns-
veranderende) medicijnen. We beschreven ook dat er al meerdere interventies zijn
onderzocht om medicatiegerelateerde (her)opnames te verminderen, waarbij de
medicatiebeoordeling het meest voorkomend is. Echter, de medicatiebeoordeling wordt
op veel verschillende manieren uitgevoerd en door verschillende professionals zoals de
apotheker of de klinisch geriater. Daarnaast kan deze medicatiebeoordeling zowel
handmatig als met ondersteuning van een computersysteem worden uitgevoerd. Tot op
heden is er nog geen eenduidige interventie geidentificeerd die consistent leidt tot een
vermindering van opnames, en deze diversiteit in benaderingen kan een factor zijn die
hieraan bijdraagt.

In hoofdstuk 4 beschreven wij het onderzoeksprotocol van de CHECKUP (Control in the
Hospital by Extensive Clinical rules for Unplanned hospitalizations in older Patients).
Deze studie heeft als doel te onderzoeken of een wekelijkse medicatiebeoordeling,
ondersteund door een computersysteem, kan leiden tot een lager aantal
ziekenhuisheropnames binnen 1 jaar. Voor deze studie includeerden we patiénten die
60 jaar of ouder zijn, ongepland zijn opgenomen in het ziekenhuis, vijff of meer
medicijnen gebruiken en die twee triggers hebben van de triggerlijst. Met deze
inclusiecriteria trachtten we een patiéntengroep te selecteren die een hoog risico
hebben op een medicatiegerelateerde opname. De triggerlijst is opgenomen in de
Nederlandse richtlijn over polyfarmacie en is ontwikkeld om meer bewustwording te
creéren bij behandelaren voor medicatiegerelateerde opnames omdat deze vaak niet
herkend worden. De lijst bevat de tien meest voorkomende medicatiegerelateerde
problemen die een ziekenhuisopname kunnen veroorzaken zoals bijvoorbeeld een
fractuur of een achteruitgang van de nierfunctie. Daarnaast wordt in deze lijst per trigger
de medicijnen benoemd die het vaakst deze problemen veroorzaken.
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De interventie die we binnen de CHECKUP onderzoeken bestaat uit een
medicatiebeoordeling middels een computersysteem. Dit computersysteem beoordeelt
de medicatie gebruikmakend van patiéntgegevens, laboratoriumgegevens en richtlijnen
die geintegreerd zijn in het computersysteem. Het computersysteem geeft dan een
advies om eventueel medicatie aan te passen, te stoppen, te starten of geeft
bijvoorbeeld het advies om laboratoriumgegevens te verkrijgen van de patiént omdat
dat belangrijk is op basis van het medicatiegebruik. Deze adviezen worden verstuurd
naar de behandelaar in de 1¢© lijn (de huisarts en/of de apotheker). Wekelijks beoordeelt
het systeem de medicatie en bij nieuwe bevindingen zal de 1¢ lijn het advies ontvangen.

Voor de CHECKUP studie hebben we getracht patiénten te includeren die een hoog risico
hebben op een medicatiegerelateerde opname, dit was initieel een pragmatische keuze
en dit is de eerste studie die deze selectiecriteria gebruikt. In hoofdstuk 5 toetsten we of
deze aanname correct was. We selecteerden de eerste 100 patiénten die we
geincludeerd hadden voor de studie. Van deze 100 patiénten hebben we geévalueerd of
de opname waarschijnlijk gerelateerd was aan medicatie, gebaseerd op de AT-HARM
tool. Deze tool bestaat uit tien vragen waarvan er drie specifiek bedoeld zijn om te
beoordelen of de opname waarschijnlijk niet gerelateerd is aan medicatie, en zeven
vragen die bedoeld zijn om te identificeren of de opname juist wel gerelateerd is aan
medicatie. Wij constateerden dat 48% van de geincludeerde patiénten waarschijnlijk
waren opgenomen vanwege een potentieel medicatiegerelateerd probleem. Dit
percentage ligt hoger dan het gemiddelde percentage medicatiegerelateerde opnames
(5-20% bij patiénten ouder dan 70), wat suggereert dat we ouderen hebben
geselecteerd met een hoog risico op een medicatiegerelateerde opname. Het voordeel
van deze selectie is dat je deze groep snel en automatisch kunt identificeren op basis van
leeftijd en de medicatielijst. Deze identificatie is echter nog niet gevalideerd en behoeft
verdere ontwikkeling en validatie. Als blijkt dat deze selectie in staat is om ouderen met
een verhoogd risico op medicatiegerelateerde opnames en problemen te identificeren,
kunnen bekende en nieuwe interventies onderzocht worden in deze hoog-risico
populatie met als doel deze problemen te verminderen.

Naast het selecteren van de hoog-risico ouderen is het ook belangrijk dat de kwaliteit
van de computersystemen die worden gebruikt om medicatie te beoordelen verbeterd
worden. Daarom hebben we in hoofdstuk 6 gekeken naar het gebruik van een
computersysteem in de dagelijkse praktijk en naar de invloed van de apotheker op het
resultaat van de adviezen van het computersysteem. Dagelijks beoordeelde het
computersysteem de medicatie van alle opgenomen patiénten in het Zuyderland MC, de
beoordelingen van 2018 hebben we onderzocht. Wanneer er actie nodig was, gaf het
computersysteem een rode waarschuwing en wanneer er geen actie nodig was dan was
de waarschuwing groen. Wanneer het probleem was opgelost, werd een rode
waarschuwing groen. We hebben enerzijds gekeken naar hoeveel van de
adviezen/waarschuwingen van het computersysteem werden opgelost en daarnaast
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naar de invloed van de apotheker wanneer die een actie uitvoerde bij een rode
waarschuwing. Zowel op dag 1 en als op dag 3 zagen we dat het percentage van
opgeloste waarschuwingen hoger was wanneer de apotheker een actie uitvoerde.

Daarnaast zagen we dat het percentage van opgeloste waarschuwingen op dag 3 hoger
lag ten opzichte van dag 1, ook wanneer de apotheker geen actie uitvoerde. Dit
suggereert dat adviezen/waarschuwingen ook worden opgelost zonder de tussenkomst
van een apotheker. Dit is de eerste studie die een computersysteem in de dagelijkse
praktijk beoordeelde en keek naar het natuurlijk beloop van de adviezen van het
computersysteem.

Samenvattend hebben wij middels dit proefschrift meer inzicht gekregen in de zorg voor
ouderen in de vorm van co-management, het selecteren van hoog-risico ouderen op een
medicatiegerelateerde opname en in het gebruik van een medicatiebeoordeling middels
een computersysteem in de dagelijkse praktijk. Desalniettemin is het van belang om
verder te onderzoeken hoe we de zorg en de follow-up kunnen verbeteren voor de
(kwetsbare) ouderen en dient er aandacht te zijn voor hoe we het gebruik en de
kwaliteit van computersystemen die ondersteunen bij medicatie-optimalisatie kunnen
verbeteren.
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