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Abstract

Background: Clinical pharmacy services in the critical care settings have expanded
dramatically, they transitioned from dispensing to proactive interventions that yield positive

clinical, humanistic and economic impact on patient care and health care institutions.

Study problem and justification: Clinical pharmacy services have limited implementation
in Palestine. Many intensive care units (ICUs) patients do not get the intended beneficial
effects of their treatment due to administration of unnecessary medication and the
consequent huge cost burden. These can be reduced by CP interventions within the national

context, which needs to be evaluated.

Aim: To evaluate the impact of the clinical pharmacist interventions on costs of care and
safety of patient by assessing treatment related problems among medical intensive care units’

patients in Palestine.

Methodology: A prospective interventional study at medical ICU of the major public
hospital in Ramallah district was conducted over a 4-month period (between September and
December 2020). Patients were randomly assigned to either an intervention (with clinical
pharmacist involvement) or a control group (without cp involvement). Treatment related
problems were identified in both study groups by the clinical pharmacist, but interventions
were only provided to the intervention group. The total economic benefit included both cost
savings from intervention and cost avoidance from preventable adverse drug events (ADES)
resulted from CP interventions. The primary outcomes with the clinical pharmacist
interventions were net benefit and benefit to cost ratio , which were calculated using
previously published methodologies and adjusted to the Palestinian settings . The analysis
of CP interventions acceptance by physicians was performed.



Results: During the 4-month study period, the 117 patients admitted to the ICU were
included into the analysis; 66 patients in the intervention group and 51 in the control group.
The interventions made by a clinical pharmacist resulted in direct cost saving of
NIS16,195.32 and cost avoidance of NI1S22,087.5. Translated into a net savings of NI1S232
per intervention and NIS580 per patient. Comparison of benefits (N1S38,282.82) and costs
(N1S19,877.65) indicate a net economic benefit to the institution of (NIS 18,405.17) and a

benefit cost ratio of 1.93.

Conclusion: This prospective interventional study documented the significant role of a
clinical pharmacist in a multidisciplinary ICU team. Despite using a conservative approach,
integrating a clinical pharmacist in the ICU team was investment that resulted in cost saving
and cost avoidance. With further formalizing clinical pharmacy services at hospitals and
integrating the clinical pharmacist as a part of the critical care team, an even higher economic

benefit is anticipated
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Definitions

Adverse drug event (ADE) is “an injury resulting from the use of a drug. Under this
definition, the term ADE includes harm caused by the drug (adverse drug reactions and
overdoses) and harm from the use of the drug (including dose reductions and

discontinuations of drug therapy).” (Morimoto et. al, 2004)

Clinical pharmacy is “a health science discipline in which pharmacists provide patient care
that optimizes medication therapy and promotes health, wellness, and disease prevention”
(American Collage of Clinical Pharmacy (ACCP), 2008)

Clinical pharmacists are licensed practitioners with advanced education and training who
practice in all types of patient care settings with a focus on comprehensive medication

management” (Jacobi, 2016)

Comprehensive medication management (CMM) is “the standard of care that ensures
each patient’s medications are individually assessed to determine that each medication is
appropriate for the patient, effective for the medical condition, safe given the
comorbidities and other medications being taken, and able to be taken by the patient as
intended. CMM includes an individualized care plan that achieves the intended goals of
therapy with appropriate follow-up to determine actual patient outcomes. This all occurs
because the patient understands, agrees with, and actively participates in the treatment
regimen, thus optimizing each patient’s medication experience and clinical

outcomes”.(American College of Clinical Pharmacy, 2012)

Dose adjustment: Adjusting doses for patients with renal or hepatic impairment, elderly

patients, or those receiving inappropriate doses according to the indication (Fahimi, 2010).
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Thesis chapters

This thesis is presented in six chapters as follows:

Chapter One: Contains the background of the study, problem statement, study justification,

study aim and objectives.

Chapter Two: Includes related data (literature review) of a conducted international, regional

and in country studies and researches
Chapter Three: Includes the study conceptual framework.

Chapter Four: Includes the study area, study methods, population, sampling, and sample

size, ethical consideration will also include data collection, processing and analyzing.
Chapter Five: Presents the results.

Chapter Six: Includes discussion and recommendations.
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Chapter One: Introduction

1.1 Background

Clinical pharmacy services in critical care settings have improved the last decade (ACCP,
2008). Clinical pharmacist activities transitioned from traditional dispensing of medications
to proactive interference that ensures the rational and cost-effective use of medicines;
promoting the patient safety and quality of care. This proactive patient-centered model of
practice necessitates the presence of a clinical pharmacist as a member of multidisciplinary
intensive care unit team (SCCM-ACCP, 2000). In the UK national care standards for ICUs;
there must be a critical care pharmacist for every critical care unit (Intensive Care Society,
2013).

Critically ill patients who are often older with multiple co-morbidities are at high risk for the
occurrence of adverse drug events (ADES) due to change in organs functions, alterations in
pharmacokinetics and polypharmacy, the complexity of this process involving constantly
changing doses which contributes to medication errors and adverse drug events (Fuchs et al.,
2012; Kane-Gill et al., 2012).

Clinical Pharmacists are permitted to practice collaboratively and formally with physicians
in their practice area (Jacobi, 2016); they have the requisite therapeutic knowledge,


http://www.ficm.ac.uk/sites/default/files/Core%20Standards%20for%20ICUs%20Ed.1%20%282013%29.pdf

experience and judgment to practice in all types of patient care settings with focus on
“comprehensive medication management” for the purpose of ensuring optimal patient
outcome (American Collage of Clinical Pharmacy (ACCP), 2008) which has the potential to

provide additional economic benefit to healthcare institutions.

Clinical pharmacy services are still primitive in Palestine. Only 7 ( 9%) doctors of pharmacy
(PharmDs) working in public hospitals, while 5 (3.6%) PharmDs work in PHC settings
(Ministry of Health, 2019). Their pharmaceutical services are delivered from centralized
locations which limits opportunities for direct interaction between healthcare providers (Bell
etal., 2009; Khdour et al., 2013). Implementing clinical pharmacy services will necessitate
collaboration between the Ministry of Health, Physician Association, General Directorate of
Pharmacy the Palestinian Pharmaceutical Association, Pharmacy schools in Palestine and
other international bodies.

1.2 Problem statement

Securing the funds for initiating clinical pharmacy services in intensive care units (ICUs) is
considered an obstacle in Palestine. The current economic crisis has had a negative impact
on the financial performance of the healthcare system. As a result, clinical pharmacy services
are confined to a small number of clinical pharmacists employed in hospitals (According to
the Ministry of Health's 2020 report, only 7 (9%) PharmDs work in public hospitals with
heavy workloads and from centralized locations, which result in limited time for providing
clinical pharmacy services and limited opportunities for direct interaction between
healthcare providers (Khdour et al., 2013; MoH, 2020). Therefore, many patients especially
the highest risk (ICU) patients do not receive the desired beneficial effects of their treatment
due to treatment related problems that cause both unnecessary suffering and huge costs to
society (AbuRuz et al., 2011; Kane-Gill et al., 2012; Kaushal et al., 2007; Rottenkolber et
al., 2012.). Thus, there is an urgent need to justify the clinical pharmacy service in ICUs to
bring out evidence that such service produces a real ‘return on investment’ in our hospitals

and consequently on patients care.



1.3 Justification

Intensive care unit settings are considered risky; of which adverse drug events (ADES) are
associated with additional treatment needs, extended hospital stays, morbidity and mortality
and dispensing unnecessary medications (Michalets et al., 2015). They are also costly due
to the combination of population aging, technological advancements, medication errors and

increased spending on medicines yearly (Hughes, 2010).

In 2020, cardiovascular disease and Diabetes Miletus were of the main causes of mortality
in Palestine, accounting for 24.7% and 14.6% of all deaths, respectively (MoH, 2020). The
prevalence of mistakes in cardiovascular medicines can be linked to the increasing quantity
and complexity of choices in this therapeutic class (Siddarama et al., 2018). Collaboration
between clinical pharmacists and physicians throughout the ordering process can both reduce

adverse outcomes and aid in the detection of errors.

Patients requiring intensive care cost between (17.4-39%) of total hospital costs and (5.2—
11.2 %) of total USA healthcare spending (Coopersmith et al., 2012). ICU medication costs
accounted for 31% of the total hospital drug costs and 18% of the total costs in 2012 in the
United States (Altawalbeh et al., 2018). Palestinian MoH allocates a significant portion of
its resources to medicine, medical consumables and laboratory materials accounting for
18.4% (NIS 385,218,085) of the total ministry of health expenditure (Ministry of Health,
2019). Inpatient costs contributed about 75% of all costs of public hospitals and primary

healthcare centers in Palestine (Younis et al., 2013).

The health-care system, as it is now organized, cannot bear the burden of these costs
permanently. Because of the mismatch between rising demand for medications, particularly

among the elderly, as well as the rising cost of medications and diminishing resources to



deliver excellent health care and current financial crisis highlight the significance of clinical
pharmacy services that must be involved in all medical teams to offer efficient treatment.

The present economic crisis in Palestine has had a significant influence on the healthcare
system's financial performance. In order to lower expenses, a range of staff and supplier cost
savings strategies have been undertaken. Clinical pharmacy staff have been a main target for
such savings due to their relatively high salaries. As a result, clinical pharmacy services are
confined to a small number of clinical pharmacists employed in hospitals with heavy
workloads, which result in limited time for providing clinical pharmacy services with

reasonable quality (Khdour et al., 2013).

Many studies have evaluated the role of the clinical pharmacists in ICU and their positive
clinical and economic impact (Jurado & Steelman, 2013; Kopp et al., 2007; Leache et al.,
2019; Lee et al., 2020; Leguelinel-Blache et al., 2018; MacLaren et al., 2008; Michalets et
al., 2015). Their interventions within multidisciplinary ICU team have significant reduction
in the duration of stay in the ICU and ADEs resulting in an overall cost reductions (Gallagher
etal., 2014; Leape etal., 1999; Kearney et al., 2018; Rottenkolber et al., 2012; Yasunaga et
al., 2016).

Clinical pharmacists participating in medical rounds at Massachusetts General Hospital, a
large tertiary care hospital in Boston reduce preventable ADEs by 66% (Leape et al., 1999).
On average, a single adverse event in the medical intensive care unit (MICU) and coronary
care unit (CCU) of Brigham and Women's Hospital, a large academic hospital in Boston has
been reported to cost nearly $4000 (equates $5,241.50 in 2021) and to be associated with an
increased ICU stay length of one day (Kaushal et al., 2007).

Despite widespread support from professional organizations, clinical pharmacy service
adoption in ICU has been far less than 100 % since the first report of clinical pharmacist

interventions in critical care (Miyagawa ClI, 1986).



1.4 Study aim

To evaluate the cost benefit of clinical pharmacist interventions in assessing treatment
related problems among medical intensive care unit patients in Ramallah Son Wings

Hospital.

1.4.1 Significance of the study:

» Improve quality of patient care provided through optimization of patient medications.

» Decrease burden of suffering and cost on patients and healthcare institutions by
resolving TRPs.

« Employment of clinical pharmacists.

* Resources allocations; Utilize costs that generated from clinical pharmacist

interventions to be used elsewhere in the health system.

1.5 Objectives:

1. To determine the quantity and type of clinical pharmacist interventions in medical

intensive care unit patients.
2. To measure the physician acceptance rate of clinical pharmacist interventions.
3. To investigate clinical pharmacist generated - cost savings.

4. To quantify cost avoidance of the accepted clinical pharmacist interventions.

1.6 Hypothesis



The study key hypothesis is that integrating a clinical pharmacist to be part of a
multidisciplinary medical intensive care unit team reduces the overall ICU patients’

treatment costs.



Chapter Two: Literature review

In this chapter, literature related to the economic impact of clinical pharmacist interventions
in ICU will be presented. Annex 1 summarizes all relevant literatures related to economic

impact of clinical pharmacist interventions in medical ICU settings.

2.1 Role of clinical pharmacist

Clinical pharmacy practice has steadily expanded. During the 1980s, pharmacy services
were expanded to various ICU settings (both adult and pediatric), the operating room, and
the emergency department. Clinical Pharmacists developed clinical practice such as
therapeutic medication monitoring, dietary counseling, and patient care rounds participation
(SCCM-ACCP, 2000). In 1999, the clinical staff pharmacists (CSPs) practice model was
implemented in hematology—oncology, medical-surgical intensive care, and general
medicine (Nesbit et al., 2001a).

Clinical pharmacists are regarded as the primary source of scientifically valid information

and advice on medication safety, appropriateness and cost-effectiveness. As well as a
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foundational understanding of the disease states, pharmaceutical, socio-behavioral, and
clinical sciences (American Collage of Clinical Pharmacy, 2008) through the application of
evidence-based therapeutic guidelines, evolving sciences, emerging technologies, and
relevant legal, ethical, social, cultural, economic, and professional principles to achieve
desired therapeutic goals through a formal process, or informally as a member of a rounding,
multidisciplinary health care (Preslaski et al., 2013; Royal Pharmaceutical Society, 2013).

The clinical pharmacist's role and responsibilities include therapeutic drug monitoring
(TDM), rational drug wuse, medication outcomes, comparative effectiveness,
pharmacoepidemiology, medication therapy management, hematology, oncology,
pharmacogenomics, Pharmacoeconomics, pharmacokinetics, pharmacodynamics, and
transitions-of-care services. Clinical pharmacy services are not confined to a single medical
discipline, but rather apply to all medical sectors, including cardiology, infectious disease,
ambulatory care, oncology, nephrology, internal medicine, surgery, and intensive care units

(ICUs). It also includes both in-patient and out-patient care.(Saseen et al., 2017).

2.2 Competencies

A clinical pharmacist is eligible for licensure in the United States (US) after completing 6
years of education and earning a Doctor of Pharmacy degree (PharmD) (Jacobi, 2016), as
well as in the Arab world and Palestine.

Since 2006, An-Najah and Birzait Universities grant the PharmD degree after completing
198 credit hours, which includes 48 weeks of clinical training in various medical specialties
such as pediatrics, internal medicine, and surgery. (Faculty of Medicine and Health Science,
2006; Faculty of Nursing Pharmacy and Health Professions, n.d.; Hamouda et al., 2015).
An-Najah University also provides a postgraduate master of science (MSc) degree in clinical
pharmacy since 2003 (Sweileh et al., 2009).



Clinical pharmacy generalists are practitioners with one year of postgraduate training
(PGY1)orequivalent experience. Clinical pharmacy specialists often have postgraduate year
one (PGY1) and two (PGY2) residency training and provide direct patient care to
specialized/complex patient populations (American Society of Health-System Pharmacist,
2012). These residency programs, however, are not yet offered in the Middle East nor in
Palestine.

The six essential elements required for clinical pharmacists to offer CMM in patient-
centered, team-based settings are direct patient care, pharmacological expertise, systems-
based care, population health, communication, professionalism, and ongoing professional
development. It is critical to have the credentials and skills needed to provide clinical
pharmacy services in the ICU, which can be gained through graduate degrees, residencies,
fellowships, or other specialized practice experiences (Saseen et al., 2017).

2.3 Clinical pharmacy services nationally and internationally

Clinical pharmacists may practice under the terms of a formal collaborative practice
agreement with physicians in their practice area or as authorized by the hospital (American
Society of Health-System Pharmacist, 2012). Most work as part of a multidisciplinary team
for acute care or ambulatory care populations, while others have their own practice (Horn &
Jacobi, 2006).

Clinical pharmacy services were not provided by the majority of hospital pharmacies in
Europe for many years. The level of CP service provided varied between hospitals and the
evolution of CP throughout Europe has been more varied, despite its expansion. For
example, in January 2016, the UK issued its most recent policy report on hospital CP
(Europian Association of Hospital Pharmacy, 2010; Lord Carter of Coles, 2016; Onatade et
al., 2018).



The practice of clinical pharmacy in Egypt, Kuwait, and Qatar is concentrated on distributing
and selling pharmaceuticals, clinical pharmacy services are very limited (Kheir et al., 2013).

In Jordan, The University of Jordan (JU) and Jordan University of Science and Technology
(JUST) offer a Doctor of Pharmacy (PharmD) degree and a Master of Science (M.Sc) degree
in clinical pharmacy program. JU PharmD program was granted by the Certification Council
for Pharmacy Education (ACPE) accreditation in 2016 which indicates that the PharmD
program offered by the School are designed and implemented in accordance with
international standards (the University of Jordan, 2016). However, its implementation is
limited to some governmental and private hospitals, and fewer community pharmacy outlets
(Kheir et al., 2013). Similarly, in Lebanon, the Lebanese American University (LAU)'s
PharmD degree program received (ACPE) accreditation in 2002 (School of Pharmacy,
2002). Gulf Medical University was the UAE's first internationally approved entry-level
PharmD program, by ACPE Certification in 2019 (Collage of Pharmacy, 2019). Despite this,
the implementation of PharmD program is still limited in those countries. In comparison, all
pharmacy programs in Palestine have only local certification (Sweileh et al., 2016).
Palestinian universities particularly, An-Najah University and Birzait University, must

actively pursue accreditation of their PharmD programs by (ACPE).

In Palestine, A job description for PharmD was prepared in February 2016, and only three
PharmDs were employed in 3 hospitals in West Bank. The early stages of involving clinical
pharmacists faced some opposition from other healthcare providers, but the medical team
soon started to favor the pharmacists’ involvement in patient care services. However, clinical
pharmacy services are still primitive, with only 7 PharmDs are working in public hospitals
providing pharmaceutical services from centralized location (MoH, 2020). One of them is
working clinically in direct contact with patient within multidisciplinary team (H.Falaneh,
personal communication, Mars 2020). For this reason, clinical pharmacists are facing serious
employment problems, many of clinical pharmacists graduates are either leaving the nation
to work in other countries (particularly in the more affluent Gulf countries or in America) or
working as medical representatives for pharmaceutical corporations and high percentage of

them remain unemployed (Hamouda et al., 2015).
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2.4 Impact of clinical pharmacy services

Several clinical pharmacy-based services have not only resulted in improved clinical
outcomes (improved prescribing quality, reduced medication numbers, drug-related problem
resolution, therapeutic goal attainment in specific conditions), but also humanistic (patient
knowledge of their medicines, adherence) and economic outcomes (cost savings and cost

avoidance). the following are examples on these impacts with focus on economic one:

2.4.1 Humanistic impact:

Patient satisfaction and health-related quality of life are the two most important humanistic
outcomes studied. Limited or mixed evidence of the impact of clinical pharmacist
interventions on quality of life in older persons has been found by researchers (Spinewine et
al., 2012).

2.4.2 Clinical impact:

Many studies assessing the impact of clinical pharmacy services in the hospital settings
suggested that CP interventions have a positive effect on patient-relevant outcomes such as
shortened length of hospital stay, reduced number of adverse drug events and drug-related
readmissions (Graabak & Kjeldsen, 2013; Klopotowska et al., 2010; MacLaren et al., 2008;
Ravn-Nielsen et al., 2018; Skjet-Arkil et al., 2018).

The clinical pharmacist's specialized knowledge and skills complement the experience of
physicians and other team members (Hamblin et al., 2012). Interaction with the team during

rounds, interviewing patients, adjusting medication, patient education, and follow-up all

11



resulted in better outcomes. The presence of cp has been found to help the most vulnerable
patients, such as the elderly (Gallagher, McCarthy, et al., 2014). Kaboli and colleagues found
that clinical pharmacists practicing in the inpatient setting improved the quality, safety and

efficiency of care with no evidence of harm (Kaboli et al., 2006).

Drug-related problems are defined as” events or circumstances involving drug therapy that
actually or potentially interfere with desired health outcomes”. Underlying causes can be
related to the selection of a drug, drug form or dose, treatment duration, the logistics of the
prescribing and dispensing process, drug administration, patient behavior or outcome
monitoring (PCNE, 2019). These errors can be reduced through identifying DRPs and assess
them by the CP involvement. A 6-month prospective study was conducted in two internal
medicine wards by two clinical pharmacists on two internal medicine wards at the University
Hospital in Geneva. The author found an average of 2.7 DRPs per patient (Guignard et al.,
2015). Similar results were found in a retrospective analysis of DRPs and subsequent
pharmacist interventions that were identified and implemented during interdisciplinary ward
rounds in internal medicine at the University Hospital Basel, Switzerland between 2015 and
2017 (Reinau et al., 2019). In 2017, a 4-month prospective observational and interventional
study was conducted to assess the prevalence of DRP among patients hospitalized at the
surgical ward in Jimma University Medical Center in Ethiopia, identified an average of 1.97
DRPs per patient which was independently predicted by the presence of polypharmacy and
> 20 days of hospital stay (Tefera et al., 2020).

Nonadherence to medication especially in chronic diseases leads to worse therapeutic
outcomes, higher hospitalization rates, and increased health care costs these can be
minimized through clinical pharmacist patient education and counseling (Morgan, 2011). A
cross sectional study was conducted between June 2013 and January 2014 among Palestinian
geriatrics over the age of 60 discovered that Palestinian geriatrics with chronic disease are
more likely to adhere to their prescriptions. According to the study, a better awareness of
socio-demographic variables has a demonstrable effect on the degree of knowledge and

adherence to drugs (Najjar et al., 2015).
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The disease-state specific medication therapy management programs have shown a
reduction in frequency of some medication-related problems, A randomized controlled
clinical trial research done at Jordan University Hospital's Family Medicine Clinic
discovered that a collaborative physician-pharmacist approach to uncontrolled hypertension
increased the rate of BP control in hypertensive patients (Albsoul-Younes et al., 2011).
According to an Austrian research, clinical pharmacy services in a nephrology ward have
also been found to be useful in the treatment of patients with acute or chronic kidney failure,
patients receiving various renal replacement therapy, and patients following kidney
transplantation (Stemer & Lemmens-Gruber, 2011). A 18-month prospective, cross-
sectional study was conducted in October 2011 at 23-bed nephrology ward of an academic
referral hospital in Tehran; found that clinical pharmacist interventions assisted in the
detection of drug-related issues and the avoidance of prescription mistakes in patients with

end-stage renal illness (Gharekhani et al., 2014).

2.4.3 Economic impact:

Clinical pharmacist services are essential in ICUs as described in guidelines and position
statements (Intensive Care Society, 2013; SCCM-ACCP, 2000). One of the measurable
outcomes of these services is the expected reduction in overall health care costs.

Cost savings interventions frequently involve discontinuing unnecessary medical therapy,
substituting more cost-effective drugs, or changing the route of administration (Hamblin et
al., 2012). Previous research, however, has shown that cost saving measures, such as
avoiding ADEs have the best cost-benefit ratio (Anderson & Schumock, 2009).

ADEs can lead to extending hospital stays, as well as serious harm or death (Forster et al.,
2008; Roque et al., 2016). A retrospective study in the ICU of University Medical Center
(UMC)in Tucson, Arizona, found that CP who rounded with a critical care team more
effectively identified and prevented more adverse drug events than pharmacists involved in

order entry and verification, and avoided the potential expenditure of over $210,000 in 4.5
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months (equates $281,875.74 in 2021) (Kopp et al., 2007). On-ward participation of clinical
pharmacist in a Dutch ICU was associated with significant reductions in preventable ADEs
and increase in savings of €26 (equates $34.71 in 2021) to €40 (equates $53.4 in 2021) per

intervention (Klopotowska et al., 2010).

Clinical pharmacy services have been demonstrated also in a systemic review of economic
studies to be advantageous in a variety of patient care settings. (Gallagher, McCarthy, et al.,
2014). Another systematic review was conducted to feature economic evaluations of clinical
pharmacy services found that CP services were generally considered cost-effective or
provided a good benefit-cost ratio. Benefit-cost ratios from three studies ranged from 1.05:1
to 25.95:1 (Touchette et al., 2014).

In the literatures, the economic impact is stated in terms of cost savings and cost avoidance.
Various cost analysis models were employed in economic assessment studies; some utilized
CEA, CBA, and others evaluated medication usage and expenditures before and after cp

involvement.

Examples on economic evaluation of CP interventions using CBA model; a one-year
retrospective study at Cork University Hospital (CUH) and Cork University Maternity
Hospital in the Republic of Ireland's southern area in 2012, found that a group of CPs saved
a total of $708,221 in costs as compared to the input costs of $81,942. As a result, the net
cost benefit was $626,279, with an 8.64:1 cost benefit ratio (Gallagher, Byrne, et al., 2014).
Also, in 2012, a retrospective study in Taiwan compared the number of CP interventions 1
year before and after a clinical pharmacist involvement in a nephrology ward. The
benefit/cost ratio increased from 4.29 to 9.36, after the on-ward deployment of a CP (Chen
et al., 2017). A quality improvement study was performed in the adult ICUs of the Haga
Teaching Hospital (GTH) from July to December 2008 and the ICU of the Erasmus
University Medical Centre (UH) from July to September 2011 in the Netherlands, found a
net cost benefit of €119 ($139.49) (GTH) and €136 ($159.42) (UH) per accepted intervention
(Bosma et al., 2018).
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To emphasize the association between clinical pharmacist intervention and cost savings;
another two studies were conducted in medical ICUs using the same validated framework
for cost of ADE by Hammond and colleagues. The first one; A prospective observational
study at an urban, tertiary care, academic medical center in US with one clinical pharmacist
over 12 months, the clinical pharmacist-generated cost avoidance of $3,270,178 and the
benefit-cost ratio of 24.5:1 (Hammond, Flowers, et al., 2019). The second one; an
observational prospective multicenter study with 302 ICU pharmacists at 91 centers over 4-
week estimated total cost avoidance $24,352,176, average cost avoidance was $406 per
intervention, and $80,636 per pharmacist (Hammond, Adams, et al., 2019). Possible reasons
for a considerably larger cost avoidance in those 2 studies compared with Bosma and
colleagues research (Bosma et al., 2018) are the inclusiveness of types of interventions in
addition to the higher cost price used for adverse drug event (ADE). However, these above-

mentioned studies lack comparator control group.

Antibiotic consumption and hospital stay costs were analyzed in a prospective control trial
that was conducted between July 2009 and April 2010 in two independent respiratory wards
in China.; the authors found that cp interaction directly with the physicians at ward level led
to the reduction in patients’ length of hospital stay and health care cost (Shen et al., 2011).
A quasi-experimental study implemented antibiotic stewardship program set in a Brazilian
cardiology hospital, reported a significant reduction of 69% in hospital antibiotics costs.
when a pharmacist was included as part of a multidisciplinary team (Magedanz et al., 2012).
A retrospective observational study in Spain estimated a potential saving of €10,905
($12,968.248) as a result of pharmacist interventions regarding antimicrobials in ICU over
5-month period (Leache et al., 2019).

2.5 Cost analysis

15



Cost analysis methods varied between literatures. Direct cost savings are calculated pretty
consistently in literatures, however indirect costs (cost avoidance) are appraised variably

depending on methodology.

To calculate the cost avoidance, many authors employed the Nesbit probability method in
cost analysis especially in countries where cost of ADE is unknown (Al-Qudah et al., 2019;
Bosma et al., 2018; Chen et al., 2017; Gallagher, Byrne, et al., 2014; Nesbit et al., 2001a).
Other researchers in Japan estimated saving of interventions based on data from previous
studies reporting cost of ADE (Yasunaga et al., 2016). In US some researchers used a
previously published systematic framework for cost avoidance resulted from systemic
review of literature conducted in emergency and ICU department in US (D. A. Hammond et
al., 2019). The framework classified the clinical activities that may be performed by
pharmacists in the ICU and ED into specific categories 6 pre-established categories and 38
category subgroups. Each provided cost avoidance amount represents the cost avoidance
generated from a single intervention in the specific cost avoidance category. Many authors
adopted this method (D. Hammond, Adams, et al., 2019; D. Hammond, Flowers, et al., 2019;
D. Hammond et al., 2016; Rech et al., 2019). However, it may be not appropriate to our

settings because medication costs and service costs differ greatly between US and Palestine.

Accurate ADE costs are rarely known, and previous research determined these costs using a
broad range of methodological techniques. Authors who were unable to find the cost of an
ADE in their healthcare system, assumed cost of ADE differently based on literatures very
close to their settings. For example, Chen and colleagues assumed for each preventable
ADE, it would result in a longer hospital stay by 2 days. The cost of a preventable ADE here
was estimated to be $5000 for 1 day’s admission (Chen et al., 2017). Other researchers
(Bosma et al., 2018; Gallagher, Byrne, et al., 2014) used previously published ADE
estimates taken from Rottenkolber and colleagues study which utilized a micro-costing
approach based on data from German hospitals; cost of an ADE used in their base case
scenario was €1057 ($1239) (Rottenkolber et al., 2012). In Jordan, Al-Qudah and colleagues
calculated the cost of an ADE based on the assumption that an ADE in an outpatient will
lead to a single admission to an internal medicine ward via an emergency department visit;
An average internal medicine admission cost of JD522.5 (US $736.7) and a cost of JD 14.1
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(US $19.9) per emergency visit (a total of JD536.6 [US $756.6] per case of admission via
emergency) (Al-Qudah et al., 2019).

Clinical pharmacy is very slowly progressing in the developing countries. We found little
studies from Arab countries reporting the economic impact of clinical pharmacist
interventions in ICU patients. One before—after study implemented in Jordan, estimated the
total clinical pharmacist-generated cost savings of JD149,946.80 ($211,574.9) which
represents an average saving of 36% regarding antimicrobials and cardiovascular medication
consumption over 10 month period (Aljbouri et al., 2013). A RCT in the general outpatients
of the major hospital in Jordan; estimated the monthly cost of cp intervention of $1078, and
the total monthly benefit $6444, leading to a benefit-to-cost ratio of 5.98.(Al-Qudah et al.,
2019).

The impact of TRP have been investigated previously in inpatients (Fahimi, 2010; Spinewine
etal., 2007), outpatients (Al-Qudah et al., 2019) and other clinical settings (Chen et al., 2017;
Shen et al., 2011). However, many of these studies had methodological problems. We were
not able to find any adequate study that reveled, in depth, economic impact associated with
each specific type of TRPs in The Middle East.

2.6 Physician acceptance of clinical pharmacist interventions

Physicians acceptance of clinical pharmacist interventions is very important to implement
these interventions and it can be predicted by variables of clinical pharmacists™ education,

experience, specialty, medication class and type of recommendations (Saadah et al., 2014).

Physicians™ acceptance of the pharmacist interventions was 67.3% in the General Teaching
Hospital and 61.8% in the University Hospital in Netherland (Bosma et al., 2018). In Jordan,
AbuRuz and colleagues (AbuRuz et al., 2011) found that 91% of the cp recommendations

were accepted by physicians.
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Khdour and colleagues conducted a cross-sectional survey about physicians' attitudes,
expectations, and interactions with pharmacists in West Bank; the author found
approximately one-third of participated physicians did not expect pharmacists to be available
for consultation during rounds and only 11.5% physicians agreed that pharmacists are
willing to solve any drug-related problems (Khdour et al., 2013). A cross-sectional research
was done in 2019 in Palestine to assess healthcare providers' (HCPs') acceptability level of
clinical pharmacy program. The author found a 70% acceptance rate among HCPs (Naseef
et al., 2020).
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Chapter Three: Conceptual Framework

In this chapter the study major definitions, concepts, factors, and the study theoretical

definitions and conceptual framework were presented.

3.1 Theoretical definitions:

A) clinical pharmacy practice model:

Clinical pharmacists practice includes gathering relevant health information about patients,
assessing this information; at this stage, the cp will identify TRPs and ensure that each
medication is individually assessed in terms of appropriateness, effectiveness, safety, and
patient preference. This involves creating a personalized treatment plan to achieve the
desired results followed by monitoring and evaluation (American College of Clinical
Pharmacy, 2012).

B) Treatment-related problems (TRPs):

19



TRPs were defined as “any treatment related issue that may actually or potentially interferes
with the optimum outcome for the patients” and were divided into drug related problems,

patient related problems and miscellaneous problems (AbuRuz et al., 2006).

C) Economic evaluation using CBA model:

Economic outcomes are the core parameter in most evaluations that take the provider
perspective. Most studies consider the impact of the service on health-resource use as the
major economic outcome, and a reduction in the size of this impact provides justification for
the service. While there are a variety of types of economic evaluations (e.g., cost—
effectiveness analysis, cost-utility analysis and cost-minimization analysis), cost-benefit
analysis (or net benefit) is the most useful related to study aim because it measures for inputs
and outputs in terms of monetary values. This measurement allows for multiple different

types of services to be comparatively evaluated (Schumock G et al., 2003).

3.2 Conceptual framework

In this study, the author adopted the basic model for an economic evaluation from hospital
perspective driven from Schumock et al., (2003) work (Annex 2) to justify cp interventions
in resolving treatment related problems collaboratively with the multidisciplinary medical
intensive care unit team. The model identified the inputs (e.g., the costs of providing the
service) and outputs (e.g., the clinical, humanistic or economic benefit rendered from the

service). The comparator in the evaluation was the absence of clinical pharmacy services.

A common method of presenting these data was used; the benefit-to-cost ratio, describing
the monetary return (benefit) for each dollar invested (cost) in the clinical pharmacy services.
The ratio was, in turn, compared with the ratio calculated in similar literatures, thus
providing the evidence for a justified decision. The operational definitions of our variables

are as follow:
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Input (Costs): Salary of clinical pharmacist plus any increased cost of therapy in the
intervention group; negative cost savings (Independent variable).

Program: Clinical pharmacy service using comprehensive medication management
approach in assessing and resolving TRPs. TRPs (independent variables) and their
assessments categories are derived from AbuRuz and colleagues (AbuRuz et al., 2006,
2007) as following;

1. Unnecessary drug therapy: The patient is being given medication for no legitimate

medical reason.

2. Safety interventions: A present drug is unsafe for the patient's condition, the patient
is at high risk of experiencing ADR, allergic reaction, issues with the dosing regimen

or interactions.

3. Efficacy interventions: A more effective medication is recommended, the patient
requires combination therapy or a dose increase, dosage schedule or interactions

issues.

4. Untreated condition interventions require pharmacological or non-

pharmacological therapy.

5. Inappropriate adherence interventions: The patient does not follow the advice of

health care specialists on his drugs, lifestyle, or non-pharmacological therapy.

6. Inappropriate knowledge interventions: The patient is not instructed or does not
understand critical issues concerning his drugs, conditions, lifestyle, or/and non-

pharmacological therapeutic recommendations.

7. Miscellaneous interventions: More regular monitoring is needed, extra diagnostic
tests, consultation, the medications chosen are not cost efficient, patient was

discharged too early or administration errors.

8. Treatment related problem on discharge medications: related to all problems

mentioned above on discharge medications.
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Output (Economic outcome/ Benefits): including those resulting from clinical
pharmacist interventions to resolve TRPs, cost saving (dependent variable) and cost

avoidance from preventable adverse drug events (dependent variable).

Physician acceptance of clinical pharmacist interventions which constituted an

objective outcome (moderator variable); only accepted interventions were analyzed.

Comparator: Absence of clinical pharmacy service (the control group).
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Flowchart 3.1: Conceptual framework
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Chapter Four: Methodology

This chapter covers study methodology, sampling, study tools, field work, data collection,
data analysis, statistical analysis, economic analysis and sensitivity analysis. In addition,

assumptions and ethical considerations for the study are presented.

4.1 Methods and design

A prospective interventional study was conducted for economic evaluation of clinical
pharmacist's interventions in detecting and managing of treatment related problems (TRPS)
as part of multidisciplinary medical intensive care unit team using cost benefit analysis
model adopted from pharmacoeconomic guidelines (Kumar, 2018; G. Liu et al., 2011) and
pharmacoeconomic analysis of clinical staff pharmacist practice model (Nesbit et al.,
2001b).

After excluding ICU patients admitted for surgical services, patients in ICU who were
admitted for medical services were randomly allocated into 4 months (between September-
December 2020) either a routine care service (control group) or an interventional clinical

pharmacy service (intervention group). Control group to account for natural fluctuation in
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the absence of clinical pharmacist intervention (baseline against which the clinical

pharmacist intervention is assessed).

Ramallah Hospital's ICU does not yet offer CP services. In order to perform the study, the
author acquired a clinical pharmacist with a PharmD degree and three years of clinical

experience in ICU settings by supervising PharmD students at Birzait University.

3.1.1 Clinical pharmacy service / clinical pharmacist patient care process:

Clinical pharmacist was available at ICU ward for five days a week from 8.00 a.m. to 3.00
p.m. of the day and maintained contact with the ICU team as needed. A day of clinical
pharmacist in ICU started by collection the necessary subjective and objective information
about the patient prior morning round in order to understand the relevant medical/medication
history and clinical status of the patient then the CP assessed the information collected and
analyzed the clinical effects of the patient’s therapy in the context of the patient’s overall
health goals in order to identify and prioritize TRPs and achieve optimal care using evidence
based medicine. For example, the appropriateness of the dosage regimen was determined by
using Lexi-Drug comp's Information handbook. During morning rounds, the clinical
pharmacist collaborated with the ICU team to develop an individual patient-centered care
plan to discuss treatment and recommend improvements in patient treatment-related
problems. Both newly admitted patients and patients who had already been admitted to the
ICU for medical services were randomly allocated into groups and discussed. The cp's
suggestions for altering the course of treatment were discussed. Only interventions approved
by the ICU team were carried out. The cp evaluated and tracked the efficacy of the treatment
plan, and made changes in collaboration with other health care practitioners (American
College of Clinical Pharmacy, 2012).

ICU team maintained the blinding of patients with regard to whether changes were based on
recommendations by the CP. All interventions were documented using consult note form
(Annex 3).
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The clinical pharmacist also collected data from patients in the control group, assessed and
analyzed the clinical consequences of the patient's therapy in the context of the patient's
overall health objectives, and designed a personalized patient-centered care plan; however,

this care plan was not discussed with the ICU team nor implemented in the control group.

4.2 Setting of the study

The study was conducted in Ramallah’s Son Wing's ICU (Ramallah hospital's ICU) at the
Palestine Medical Complex (PMC), which has 279 beds and 86.4% bed occupancy rate
(MoH, 2020).

The PMC serves as a referral hospital in the West Bank of Palestine. The Ramallah’s Son
Wing's ICU department has 10 adult ICU beds for both medical (7 beds) and surgical (3
beds) cases. The average length of patient’s stay in MoH hospitals is 2.8 days (Ministry of
Health, 2019). Average length of patient stay at Ramallah hospital ICU is 3-4 days according

to Ramallah Hospital's ICU specialist (M.Naseef, personal communication, Mars 3, 2020).

4.3 Study population

e All patients age over 18 and admitted to Ramallah’s son wing's ICU during 4-month
study period.

e The severity of disease was classified according to Acute and Physiology Chronic
Health Evaluation (APACHE) score (Knaus et al., 1985).

4.4 Inclusion and exclusion criteria
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e All patients admitted to Ramallah hospital (Son Wing's ICU) during the 4-month
period (between September-December 2020) for medical services were included in
the study. The patients enrolled were clinical cases (from emergency or the wards
departments).

e Patients who were admitted for surgical services were excluded from the study
because, during the pandemic covid 19, only chosen high-priority operations were

performed, preventing sample selection bias.

4.5 Sample size

We used empirical approach in determining sample size. The sample size calculation was
based on the relative improvement of the TRP with the clinical pharmacy comprehensive
medication management approach. Based on previously published work (Al-Qudah et al.,
2019) that adopted (Molino et al., 2014) sampling methodology, a study population of 131
patients was identified as necessary to detect a significant change in TRP of 1-point
difference, with a confidence level of 95%, and power of 80%, and with a standard deviation
of 2.92.

4.6 Sampling method

Recruited patients were randomly assigned to study groups via randomization generator
program. The randomization scheme was generated by using the Web site

Randomization.com (http://www.randomization.com) (Dallal, 2007).

4.7 Data collection
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The clinical pharmacist gathered all the required subjective and objective information about
the patient in order to comprehend the patient's relevant medical/medication history and
clinical condition. This information was collected from multiple sources; patient electronic
medical files, clinical pharmacist bedside evaluation, and participation in physician round

medication prescription and monitoring.

4.7.1 Study tool:

The clinical pharmacist recorded the health data for each patient on a consult note form
derived from a specially designed and validated Pharmaceutical Care Manual used by
clinical pharmacists at the University of Jordan with modifications (Annex 3) (AbuRuz et
al., 2007).

The consult note form is divided into four sections, the first for patient information and the
rest for clinical pharmacist analysis, assessment, and follow up. In the first section, the
clinical pharmacist documented all relevant health information that were collected for each
patient. The information includes the following; current medication list, past medication
history, medical history, health and wellness information, biometric test results, and physical

assessment findings.

In the second part, the clinical pharmacist (CP) documented the types of TRPs (unnecessary
drug therapy, untreated condition, safety, efficacy, inappropriate knowledge, inappropriate
adherence, miscellaneous and TRP on discharge) for each patient then assigned the
assessment to each category according to a validated classification system for treatment
related problems derived from AbuRuz et al., (2006) work in collaboration with the ICU
team to create personalized patient-centered care plan. In this part the cp addressed TRPs,

optimized medication therapy, set goals of therapy for achieving clinical outcomes.
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The third part includes follow-up, monitoring and evaluating the effectiveness of the care
plan according to medication appropriateness, effectiveness, safety and patient adherence
through available health data, biometric test results, patient feedback, clinical endpoints that
contribute to the patient’s overall health and outcomes of care including progress toward or

the achievement of goals of therapy.

The last part included the references that were used by the cp to do the assessments and

physician acceptance of clinical pharmacist interventions.

In the control group, the cp documented the collected data in the first section of the consult
note form, from the routine care service provided by the ICU team without cp involvement.
Then the cp evaluated the collected data, identified TRPs, and assessed them solely without
collaboration with the ICU team in the control group and documented them in the second

part related to cp assessments.

4.8 Economic analysis

Economic analysis (CBA of cp interventions in ICU) was performed to estimate the value
of the CP services to the institution. Each CP intervention was assessed for drug related cost
savings and cost avoidance related to averted ADEs due to CP intervention. Benefits in terms
of cost savings and cost avoidance were compared with the cost of the CP intervention to

determine the net economic impact on the institution.

The cost savings generated by CP interventions were compared to cost savings resulted in

the control group due to physician interventions.

Cost avoidance were not calculated in the control group as it was the cost avoided by

eliminating the occurrence of ADEs as a consequence of the pharmacist interventions.
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A. Direct Cost savings analysis:

Direct cost savings were related to interventions that resulted in either a lower or higher

direct drug cost.

Cost savings formula for both groups are presented in table 4.1. And an example on cost

savings is illustrated in box 1.

Table 4.1: Cost savings formula for calculations

Variable Formula
Cost savings in | (Cost of drug therapy assumed to extend to the end of therapy
intervention group with the new agent before intervention) minus (cost of drug

therapy after intervention plus cost of drug that was used

before intervention).

Cost savings in control | The cost of drug therapy at baseline in the control group

group minus the cost of patient therapy at follow-up.

Negative cost savings in | Any increased cost of patient’s therapy as a result of clinical

the intervention group pharmacist intervention

The cost of any drug therapy =
The cost of drug therapy per unit * frequency per day * duration of therapy.

Cost savings will be calculated as the reduced cost of therapy in the intervention group

minus the reduced cost of therapy in the control group.
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Because the information ” medications generic prices at MoH” is not given for tendering
reasons, medication costs were computed using selling prices at the Ministry of Health rather

than generic pricing. (General Directorate of Pharmacy, 2020).

Box 4.1: An example on Cost savings calculations.

Case from intervention group

A patient was receiving Fortum “ceftazidime” (1 g every 8 hrs.) to treat Pseudomonas
aeruginosa. Three days later, patient’s renal function was worsening; calculated creatinine
clearance was 17 ml/min. The pharmacist then gave team an intervention. After
intervention, the order was changed, based on renal guideline, to ceftazidime (1 g every
24 hrs.). The duration of therapy was 7 days. The cost of each 1 g-vial of ceftazidime is
35NIS

Cost saving =

(35 NIS/ 1 g-vial x 3 times/day x 7 days) — [(35 NIS /1 g-vial x 1 time/day x 4 days) +
(35 NIS/ 1 g-vial x 3 times/day x 3 days)] = N1S280.

It means 280 NIS decreased or saved.

B. Cost avoidance analysis (for intervention group only):

This cost is related to the cp interventions with potential to avoid adverse drug events
(ADEs). Each intervention was evaluated to estimate the probability of an ADE in the

absence of the cp intervention using Nesbit methodology (Nesbit et al., 2001a).

The Nesbit methodology was used to determine the likelihood that a patient would be harmed

if a cp did not intervene. A 7-member panel of cp specialists (3 cp specialized in main area,
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6 of them had residency certification, and 6 of them had board certification) used a consensus
approach to determine the chance that a patient would be harmed if no action was taken by
the cp. The probability of an ADE in the absence of the intervention is set at 0, 0.01, 0.1,
0.4, or 0.6. These categories correspond to the likelihood of an ADE being zero, very low,

low, medium, or high as clarified in table 4.2.

Table 4.2: Nesbit method for calculating cost avoidance (Nesbit et al., 2001a).

Probability | Probability | Explanation of the Example
score of ADE | probability
occurring

0.6 high Harm is expected e 10x normal dose
life threatening, e narrow therapeutic range
prevented a potentially e life-threatening
fatal or severe reaction reaction/anaphylaxis

0.4 medium Harm is  expected, e Allergy to drug ordered
clinically relevant, e allergy information
prevented a potentially e adjustment of renal failure

serious reaction

0.1 low Some harm is expected, e 2-4x normal dose
but poorly clinically e dose inadequate to produce
relevant; i.e., prevented therapeutic effect
a potentially significant e incorrect schedule/route with
reaction potential ~ for  therapeutic

failure/toxicity
e duplicate  therapy  with

potential for additive toxicity

0.01 very low Problem orders,
clarifications, missing

information etc.

0 zero Information only
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Since cost of ADE in ICU settings was not previously evaluated or calculated in Palestine,
Nesbit probability score is the most appropriate method in estimating the cost avoidance of
probably occurring ADE in the absence of clinical pharmacist interventions (cost

avoidance). Cost avoidance calculations formula are presented in Box 2.

Box 4.2: Cost avoidance calculations formula

Cost avoidance formula

= The probability of an ADE in the absence of the cp intervention * cost of an ADE in
ICU.

=(0or0.010r0.10r0.40r0.6) * NIS750

The cost of an ADE was calculated on the assumption that the cost of ADE in ICU settings

would be extend length of ICU stay by 1 day which equates NIS750

The overall cost avoidance was the sum of avoided cost with all interventions.

B.1) Assumptions for cost of ADE in ICU settings

There were no studies in Arab world nor in developing countries to estimate the economic
burden of adverse drug event (ADE) in ICU patients. The author assumed that for each ADE
in ICU settings, it would result in longer hospital stay by one day (cost of one day ICU stay
is NIS750), considering the high occupancy rate of the PMC and average length of ICU stay
of 3-4 days according to Ramallah Hospital's ICU specialist (M.Naseef, personal

communication, Mars 3, 2020).

This assumption is based on conclusions of literatures; that adverse drug events in ICU

settings increase length of ICU stay between 0.77 days found in Kaushal et al., (2007) work
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and an average of 31 days found in Forster et al., (2008) work. Chen and colleagues assumed
for each preventable ADE; it would result in a longer hospital stay by 2 days. The cost of a
preventable ADE here was estimated to be $5000 for 1 day’s admission. In Jordan, Al-Qudah
and colleagues calculated the cost of an ADE based on the assumption that an ADE in an
outpatient will lead to a single admission to an internal medicine ward via an emergency
department visit (Al-Qudah et al., 2019).

C. The cost of service:

The cost of providing cp service, is comprised of the salary of newly employed clinical
pharmacist plus any increased cost of therapy in the intervention group (negative cost

savings). Table 4.3. Summary table for the formulas used in cost benefit analysis model

Table 4.3: summary table for formulas used in cost benefit analysis model

Variable (dependent) | Formula for calculations

A Cost saving (Cost of previous therapy) minus (cost of the new therapy

recommended by pharmacist).

B Cost avoidance (The probability of an adverse drug event (Annex 2) in the

absence of the intervention) multiple by * (ADE cost).

C Cost of service (Clinical pharmacist salary) plus (any increased cost of treatment

due to intervention; negative cost saving).

D Benefits The sum of cost savings and cost avoidance (A+B).

D Net benefit of the | The sum of cost savings and cost avoidance minus cost of the
intervention service (D- C).

E Benefit to cost ratio The sum of cost savings and cost avoidance divided by cost of

the intervention (D/ C).
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4.9 Statistical analysis

IBM SPSS (v.20) was used to tabulate and analyze the collected data. Categorical data was
expressed as proportions (%) and the continuous data as mean = SD. Chi squared tests (for
sex and patient status at discharge), APACHE score (for severity of cases) and independent

sample t tests (was used to assess the differences between the two groups at baseline).

4.10 Sensitivity analysis

4.10.1 One- and two-way sensitivity analysis:

For the cost-benefit analysis, one- and two-way deterministic sensitivity analysis were
undertaken in the base case of the cost analysis in order to assess the impact that changes in
a certain input (clinical pharmacist salary, cost of ADE) will have on the output results of an

economic evaluation (Benefit to cost ratio).

To vary the clinical pharmacist salary cost; we used the salary of newly employed clinical
pharmacist at MOH institutions (base case), we used the highest point on a basic clinical
pharmacist salary scale; clinical pharmacist salary with advancements, and we used the
lowest point on a basic clinical pharmacist scale.

For estimated ADE costs, we used previously published lengths of hospital stay due to ADE
in critical care settings that ranged from 0.77 day (Kaushal et al., 2007) to 31 days (Forster
et al., 2008). We varied ADE cost based on the literature's variance of the length of ICU stay
due to ADE.

4.10.2 Scenario analysis:
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The sensitivity analysis compared the study's findings to an alternative scenario in which the
Nesbit method was used to estimate cost avoidance due to routine practice in the control
group. The resulting cost avoidance was then used as the baseline against which the cost

avoidance of the intervention group was calculated.

4.11 Ethical considerations

Before beginning the study, we obtained approval from the research committee of Al Quds
University's School of Public Health (Annex 4). We also received MOH approval to conduct
the study at PMC-Son Ramallah's Wing Hospital (Annex 5). Furthermore, before signing a

consent form, all participants were informed about the study's purpose (Annex 6).

While there are some ethical problems (safety and efficacy) about the use of placebo controls
in clinical trials (in our case placebo control is control group with no cp involvement), the
necessity of utilizing placebos in most such investigations has been shown beyond doubt.
The investigator must treat both the intervention and control groups in the same way to
determine if the improvement in the treated group is attributable to the CP service or the act
of being treated. with the exception of the presence of CPS. Blinding is an effective and
necessary approach of preventing treatment-related bias (Clark & Leaverton, 1994).
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Chapter Five: The Results

During the 4-month study period 117 patients were admitted to ICU for medical services
and 24 patients were admitted for surgical services. The 24 patients admitted for surgical
services were excluded from the study, whereas the 117 patients admitted for medical
services were randomly allocated into study groups (66 patients in the intervention group

and 51 in the control group), all were included into the analysis.

5.1 Patient characteristics

There is no significant difference with respect to age, sex, and APACHE 2 score, length of
stay, patient status at discharge between groups (p value > 0.05). Moreover, there is no
significant difference between intervention and control groups with respect to number of
TRP identified by the clinical pharmacist. Table 5.1 shows patient characteristics in both

groups. There were also non-life-threatening TRPs identified in control group.
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Table 5.1: characteristics of patients who were admitted to ICU for medical services.

Characteristic Intervention group | Control group P value
(n=66) (n=51)
Age, mean (SD) year 58.30 64.78
(18.913) (16.952) 0.057**
Gender (%) Male 59.1 54.9
Female 40.9 45.1 0.79*
APACHE-2 score 12.14 13.37
Mean, (SD) (7.321) (7.4) 0.369**
Length of stay 5.55 5.55
Mean, (SD) (3.347) (3.306) 0.955**
Pt status at discharge (%0)
Alive 65.2 76.5 0.262*
Dead 34.8 23.5
TRP [MK1][H2]detected cp # 165 131
(mean), {SD} (2.48) (2.56) 0.816**
{1.947} {1.9}

*Chi square test. ** Two sample t-test{MK3][H4]ws].

5.2 Treatment related problem (TRP)

The clinical pharmacist identified 296 TRPs in both groups, 172 TRPs in the intervention
group of which 7 cp interventions were rejected by the physician and the remaining and 165
cp interventions were accepted by physician and implemented in the intervention group by
the ICU team on 66 patients in 8 categories; unnecessary drug therapy 58 (34%), safety 36
(21%), untreated condition 28 (16%), efficacy 28 (16%), inappropriate knowledge 1 (1%),
miscellaneous 10 (6%), TRP on discharge from ICU to ward 4 (2%) Clinical pharmacist

didn't find any TRP in seven patients in the intervention group as represented in table 5.2.
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Table 5.2 frequency and percentage of TRPs in both groups

Intervention group Control group
TRP categories = 7 = 7
Unnecessary drug therapy 58 34.0 17 30.0
Safety 36 21.0 4 7.0
Untreated condition 28 16.0 0 0.0
Efficacy 28 16.0 2 4.0
Miscellaneous 10 6.0 1 2.0
No TRP found 7 4.0 32 57.0
TRP on discharge 4 2.0 0 0.0
Inappropriate knowledge 1 1.0 0 0.0
Total 172 100.0 56 100.0

Many of the TRPs were detected by the clinical pharmacist during participation in round
with medical ICU team and many of them were prevented before they reached the patients
in the intervention group. Unnecessary drug therapy related problems were the most
common TRP category identified by the cp in the intervention group followed by safety and

untreated condition related problems.

ICU physician detected 56 TRPs in the control group and resolved 24 TRPs in the control

group. Unnecessary drug therapy were the most common TRPs category.

5.3 Types of clinical pharmacist interventions /assessments

Table 5.3 shows the accepted clinical pharmacist assessment categories. Stepping down

current therapy was the most frequent type of intervention occurring (22%). Untreated
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conditions that require adding pharmacological therapy (17%) and safety issues that require

dosage adjustment (17%) were scored most.

Table 5.3: categories of clinical pharmacist assessments/ interventions by the treating ICU

team in the intervention group.

Type of assessment/cp intervention No | %
Treatment should be stepped down 37 22
Untreated conditions that require pharmacological therapy 30 17
Safety dosage regimen issues 29 17
The patient requires additional/ combination therapy or stepping up 16 9
Discontinue / drug used without indication 12 7
Efficacy dosage regimen issues 7 4
No interventions (not detected or physician disagreed) 7 4
rejected 7 4
The patient is at high risk for developing ADR and needs monitoring or prophylaxis | 6 3
Duplication needs to discontinue one medication 4 2
More effective drug is available/ recommended 3 2
Unnecessary drug therapy on discharge 3 2
The chosen medication(s) is not (are not) cost effective 2 1
Other dosage regimen issues; e.g. (a) Dosage too low or (b)Dosage too (c) The route | 2 1
or dosage form is not appropriate, considering efficacy, safety and/or guidelines
recommendations (d) Timing

patient adherence /information only 2 1
A safer drug is recommended 1 1
The patient is not instructed or does not understand non-pharmacological therapy or | 1 1
self-care advice

A need for consultation 1 1
A need for additional or more frequent monitoring 1 1
Patient was discharged too early (i.e., before achieving recommended target) 1 1
Total 172 | 100
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The clinical pharmacist most frequently advised to intervene on antibiotics group of
medication (22%). The second type of medication that necessitated the intervention of the
clinical pharmacist was gastrointestinal medications specifically proton pump inhibitors
(PPI) and ranitidine (16%). For untreated hyper/hypoglycemia, the clinical pharmacist
frequently recommended adding/adjusting the dose of antidiabetic insulin (NPH) (15%).
Furthermore, the anticoagulants class of medications frequently required dose adjustments

by clinical pharmacists (13%) as presented in table 5.4.

Table 5.4: Drugs groups involved of Accepted clinical pharmacist interventions by the ICU

team in the intervention group

Drug involved no %
Antibiotic (e.g., vancomycin, ceftriaxone, piperacillin-tazobactam, teicoplanin) 36 22
Gastro intestinal (PPI, Ranitidine) 26 16
Antidiabetic NPH insulin 25 15
Others; e.g., ... SPS kayexalate for hyperkalemia. 25 15
Anticoagulants (enoxaparin) 21 13
Blood pressure and cardiac 16 10
Intervention not involved drugs (e.g., a need for consultation, lab monitoring, 9 5
adding dextrose water for hypoglycemia ....)

Central nervous system 6 4
Sedatives and pain 1 1
Total 165 100

5.4 Physician decision

It has been observed that 158 (92%) of clinical pharmacist interventions accepted by
physicians and implemented in the intervention group. Seven (4%) CP interventions were
rejected (under the category of unnecessary drug therapy and miscellaneous), while the rest

were accepted with proposed modified plan as presented in table 5.5.
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Table 5.5: Physician acceptance rate of clinical pharmacist interventions in the intervention

group

Physician agreement No. of interventions %
Totally Agree with CP intervention 158 92
Agree with modification 7 4
Disagree with CP plan 7 4
Total 172 100

In the intervention group, 59 (89%) patients in the intervention group had at least one TRPs
and 46 (69%) patients had at least two TRPs, one patient (2%) had 12 TRPs, while 7 patients
(11%) had no TRPs as presented in table 5.6

Table 5.6: accepted clinical pharmacist interventions per patient in the intervention group

Patients in the intervention group )

A No of patients %
0 accepted intervention * 7 11
1 accepted intervention 13 20
2 accepted interventions 23 35
3 accepted interventions 8 12
4 accepted interventions 5 8
5 accepted interventions 9 14
12 accepted interventions 1 2
Total 66 100

* No TRP found
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5.5 Cost analysis results

Over a 4-month period, 172 TRPs were identified by the clinical pharmacist and 165 TRPs
were resolved and implemented in the intervention group resulted in direct cost saving of
NIS16,195.32, cost avoidance of NIS22,087.5, and added cost on therapy (negative cost
savings) of N1S3,877.65.

In contrast, 56 TRPs were identified and 24 TRPs were resolved by the physician in the

control group resulted in direct cost saving of NI1S2,441.12. as presented in table 5.7.

A case from control group (annex 8) and case from intervention group (annex 9) are provided

to illustrate analysis.

Table 5.7: cost analysis results

Intervention group Control group
Total No. of interventions 172 56
Implemented interventions 165 24
Cost savings (NIS) 16,195.32 2,441.12
Cost Avoidance (NIS) 22,087.50 -
Added cost (NIS) -3,877.65 -

A) Cost saving:

The majority of TRPs associated with the most cost savings and cost avoidance generated

by the clinical pharmacist in the intervention group were under the categories of
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“unnecessary drug therapy” (34%) and “safety,” (21%) resulting in direct cost savings of

(N1S8,677.94) and (NI1S7,149.55) respectively.

Interventions, on the other hand, associated with most increased cost of therapy in the

intervention group were for TRPs in the categories of “efficacy” (NIS 2,352.3) and

“untreated condition” (NIS1,490.5) as illustrated in table5.8.

There were 24 TRPs in the control group resolved by physicians and associated with a total

reduced cost of N1S2,441.12 under the category of “unnecessary drug therapy” (30%) which

resulted in direct cost savings of (N1S2,195.5). The remaining resolutions were categorized
under “miscellaneous” 2% and “safety” 7% with cost savings of (NI1S185.67), (N1S58.95)

respectively. Cost analysis results in the both groups are summarized in Table 5.8

Table 5.8: Direct cost savings results in both groups

Groups Intervention group Control group **

TRP categories | No. of % | Cost Added No. of % | Cost
interventions savings cost interventions saving
by CP (NI1S) (Negative | by physicians (NI1S)

cost) NIS
Unnecessary 58 34 8,677.94 -19.52 17 30 2,195.50
drug therapy

Safety 36 21 7,149.55 -15.33 4 7 58.95

Untreated 28 16 0 -1,490.50 0 0 0

condition

Efficacy 28 16 3.78 -2,352.30 2 4 1

Miscellaneous 10 42.09 0 1 2 185.67

No TRP found 7 4 0 0 32 57 0

TRP on 4 321.96 0 0 0 0

discharge

Inappropriate 1 1 0 0 0 0 0

knowledge

Total 172 100 | 16,195.32 | -3,877.65 56 100 | 2,441.12

**Only the +ve cost saving included in analysis
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B) Cost avoidance (For intervention group only):

Based on a reported one day stay in Son Wing's ICU cost of NIS750 (M.Nassef, personal

communication, Mars 3, 2020), the overall cost avoidance generated by the clinical

pharmacist in the intervention group during the 4-month period using Nesbit methodology

was N1S522,087.5.

The number of interventions that potentially avoided ADEs were as the following: For a

probability of an ADE of 0, 18 interventions (10.5% of all interventions); for a probability
of 0.01, 5 (2.9%); for a probability of 0.1, 108 (62.2%); for a probability of 0.4, 30 (18%);

and for a probability of 0.6, 11 (6.4%) as shown in table 5.9.

Table 5.9: Cost avoidance analysis results

pADE risk
(Nesbit
score)
Intervention (by Zero Zero
CP) 0.01 very low
0.1 low
0.4 medium
0.6 high

Total

No of

interventions

18

107
31
11

172

%

10.5
2.9
62.2
18
6.4
100

Cost avoidance
(nis) = pADE *no
interventions
*750 NIS
0
37.5
8100
9000
4950
22087.5

Most of CP interventions within low and very low probability of preventable ADE fall under

the category of “unnecessary drug therapy” TRP and most of CP interventions within

medium and high probability of preventable ADE fall under the category of “safety” TRPS

AS presented in table 5.10.



Table 5.10: TRPs categories in the intervention group according to Nesbit score

Risk TRP category No. of CP interventions %
zero No TRP found 7 39
Unnecessary drug therapy 5 28

Miscellaneous 3 17

Efficacy 1 6

Safety 1 6

Inappropriate knowledge 1 6
Total 18 100

low unnecessary drug therapy 47 44
untreated condition 24 22

efficacy 22 21

safety 7 7

miscellaneous 4 4

TRP on discharge medications 3 3
Total 107 100

very low unnecessary drug therapy 3 60
miscellaneous 1 20

TRP on discharge medications 1 20

Total 5 100

medium safety 23 74
unnecessary drug therapy 3 10

efficacy 3 10

untreated condition 2 6

Total 31 100

high safety 5 45

untreated condition 2 18

efficacy 2 18

miscellaneous 2 18

Total 11 100
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Cost avoidance was highest for “safety” TRPs estimated NIS9,675 followed by

“unnecessary drug therapy” TRPs estimated NIS4,447.5. Cost avoidance results are
illustrated in table 5.11

Table 5.11: Cost avoidance analysis per TRP category in the Intervention group

TRP categories No. of interventions by % Cost Avoidance
CP (NIS)
Safety 36 21 9,675
Unnecessary drug therapy 58 34 4,447.50
Untreated condition 28 16 3,300
Efficacy 28 16 3,225
Miscellaneous 10 6 1,207.50
TRP on discharge 4 2 232.5
No TRP found 7 4 0
Inappropriate knowledge 1 1 0
Total 172 100 22,087.50

C) Cost of clinical pharmacist services:

In the West Bank, the average monthly salary of a clinical pharmacist (Pharm D) working
in public hospital is N1S4,000 according (D.saleh, personal communications, June 1, 2021)
Taking into consideration this and the negative cost saving (N1S3,877.65) in the intervention

group, the total cost of the clinical pharmacy service totaled N1S19,877.65 during the 4-
month period.
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D) Cost benefit analysis

The interventions made by clinical pharmacist resulted in direct cost saving of N1S16,195.32
and cost avoidance of N1S22,087.5 totaled N1S38,282.82 during the study period. Translated
into total cost savings of NIS232 per CP intervention. Comparison of benefits
(N1S38,282.82) and costs (N1S19,877.65) indicates a net economic benefit to the institution
of (N1S18,405.17) and a benefit-cost ratio of 1.93 as reported in table 5.12 and illustrated in

Flowchart 5.1: study results.

Table 5.12: Cost benefit outcome analysis

Variable Formula for calculations

A Cost saving (NIS) Cost of drug therapy assumed to extend
to the end of therapy with the new agent
before intervention) minus (cost of drug

therapy after intervention plus cost of
drug that was used before intervention).

B Cost avoidance (NIS) (The probability of an adverse drug
event in the absence of the intervention)

multiple by * (ADE cost).

C Cost of service (NIS)  (Clinical pharmacist salary) plus (any

increased cost of treatment due to

intervention; negative cost saving).

Benefits (NIS)
Net benefit (NIS)
Benefit to cost ratio
(BCR)

G Retrurn on E/C *100%

investment (ROI)
H Benefit / intervention

| Benefit/patient
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16,195.32

22,087.5

3877.65+ 16000 =

19,877.65

38,282.82
18,405.17

1.93

92.59%

232.02
580.04



Flowchart 5.1: Study Results

One ICU (10 beds; 7 medical,
3 surgical) (141patients)

1_17 patients ir_1cluded ! 24 patients excluded, admitted
admitted for medical services for surgical services

Without

clinical Control group Intervention With clinical

[ harmacist
pharmacist : group P
involvement (5L patients) : involvement
(66 patients)

Standard treatment

24 TRP resolved with ICU team (a 172 TRPs identified
by physician physician, 2 -
residents, 2 nurses) physician acceptance

o 165CP
Direct cost saving of NI1S16,195.32 interventions
Cost avoidance of N1S22,087.5 faccepted and
implemented
Total benefit N1S38,282.82 (158 (92% )

_ agree, +7 (4%)
Cost of service (NIS19,877.65) agree with

modified plan)

131 TRP identified
by cp

Direct Cost
saving

NI1S2,441.12

7 (4%)
Net economic benefit inFerventions
(N1518,405.17) rejected

Benefit-cost ratio of 1.93
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5.6 Sensitivity analysis

Sensitivity analyses were performed to determine how cost estimates might vary if our base
case assumptions were changed. One- and two-way analysis were conducted to determine
the break-even point at which the BCR is 1:1. When key parameters were varied within
reasonable ranges, the results were robust, and the overall assumptions did not change

significantly

5.6.1 One-way sensitivity analysis:

The cost-benefit ratio remained positive in all measured scenarios in the one-way sensitivity
analysis. Table 5.13 displays the distributions of input uncertainties and their sensitivity

analyses (cp salary).

The economic model was insensitive to uncertainty in the clinical pharmacist salary. Varying
the salary within the established limits (N1S2492 - NIS5500) did not push the benefit-cost

ratio below 1:1.

The largest variance was found in cost assigned to an ADE cost. However, varying the cost
estimates within the established limits (extended length of stay due to ADE between 1 and
30 days) had no effect on the benefit-cost ratio falling below 1:1. As presented in table 5.14.
The benefit-cost ratio became 1:1 if the cost of an ADE was reduced to NIS 125 (LOS 4

hrs.). The BCR curve with the cost of admission is shown in Figure 5.2,
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Table 5.13: One-way Sensitivity analysis (input variable: cp salary)

Input Uncertainty distribution (BCR)
variable

N1S2492 average basic salary of clinical pharmacist with no advancements. 2764
CP salary

NIS4000 average salary of newly employed clinical pharmacist with regular 1905

advancements.

N1S5500 average salary of clinical pharmacist with promotions and advancements. 1.479

Table 5.14: One-Way Sensitivity analysis (input variable: cost of extended length of hospital
stays due to ADE)

Input variable Extended LOS due to Cost of ADE e
ADE (LOS* 750 NIS)
0 hr. 0 0.81
4 hrs. 125 0.999
5 hrs. 156.25 1.046
6 hrs. 187.5 1.092
7 hrs. 218.75 1.138
8 hrs. 250 1.185
9 hrs. 281.25 1.231
10 hrs. 312.5 1.277
11 hrs. 343.75 1.324
12 hrs. 375 1.370
1 days 750 1.925
2 days 1500 3.037
3 days 2250 4.148
4 days 3000 5.259
5 days 3750 6.370
10 days 7500 11.926
15 days 11250 17.48
20 days 15000 23.038
30 days 22500 34.149
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Fig. 5.1: The BCR curve with the cost of prolonged hospital LOS due to ADE

5.6.2 Two-way sensitivity analysis:

Varying the salaries and cost estimates simultaneously within the established limits did not
push the benefit-cost ratio below 1:1. The benefit-cost ratio became 1:1 if the cost of an ADE
was reduced to NIS125 (LOS 4 hrs.) at salary estimate of NIS4000 or if both salary estimates
were set to NIS5500 and cost of ADE estimate reduced to NIS312.5 simultaneously.
Analysis is reported in table 5.15.
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Table 5.15: Two-way sensitivity analysis- input variables and uncertainty distributions

Extended LOS Cost of ADE Clinical Pharmacist salary
due to ADE
NIS 2492 4000 5500
0hr 0 1.1697 0.81475 0.62584
1hr. 31.25 1.23617 0.86105 0.66141
2 hrs. 62.5 1.30264 0.90735 0.69697
3 hrs. 93.75 1.36911 0.95365 0.73253
4 hrs. 125 1.43558 0.99995 0.7681
5 hrs. 156.25 1.50205 1.04624 0.80366
6 hrs. 187.5 1.56852 1.09254 0.83923
7 hrs. 218.75 1.63499 1.13884 0.87479
8 hrs. 250 1.70146 1.18514 0.91035
9 hrs. 281.25 1.76793 1.23144 0.94592 ”
10 hrs. 3125 1.8344 1.27774 0.98148 8
11hrs. 343.75 1.90087 1.32404 1.01705
12 hrs. 375 1.96734 1.37034 1.05261
1 day 750 2.76497 1.92592 1.47938
2 days 1500 4.36024 3.0371 2.33291
3 days 2250 5.9555 4.14827 3.18645
4 days 3000 7.55077 5.25944 4.03999
5 days 3750 9.14604 6.37061 4.89352
10 days 7500 17.1224 11.9265 9.1612
15 days 11250 25.0987 17.4823 13.4289
20 days 15000 33.075 23.0382 17.6966
30 days 22500 49.0277 34.1499 26.2319

5.6.3 Scenario analysis:

Based on the scenario analysis that accounted for resolving TRPs under the usual course of
care in the control group, the consequential total reduced cost of preventable ADESs in the

control group was NI1S3,941.12 during 4-month period.
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The adjusted final cost avoidance of the study intervention was, therefore, N1S20,588 (i.e.,
NI1S22,087.5 minus NIS1,500), translating into a net benefit of NI1S16,905 and a benefit-to-
cost ratio of 1.85 during the 4-month period as presented in Table 5.16

Table 5.16. Show cost avoidance analysis in the control group

risk P ADE TRP category no of %
score physician

interventions

zero zero Unnecessary drug 2 5.6
therapy
Efficacy 1 2.8
Miscellaneous 1 2.8
No TRP found 32 88.9
low 0.1 Unnecessary drug 15 75
therapy
Efficacy 1 5
Safety 4 20
Total 56 100
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Table 5.17: Scenario analysis calculations

Variable control group Intervention group
cost saving $2,441.12 16 195.32
cost avoidance (CA) $1,500 22 087.5
sum of savings $3,941.12 38 282.82
CP Salary (over 4 months) - 16 000
negative costs - 3877.65
scenario analysis: adjusted cost - $20,588
avoidance for intervention group

= CA intervention group - CA

control group

net benefit = adjusted CA + cost - $16,905
saving study group - (salary

+added costs)

cost benefit ratio - 1.85
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Chapter Six: Discussion

The author can conclude that the clinical pharmacist interventions have positive economic
impact on patient care in ICU settings by reducing costs of care. This chapter will discuss

the study's major findings and compare them to the existing literature.

6.1 Discussion

To our knowledge, this is the first prospective interventional study in a Palestinian hospital
that economically assesses clinical pharmacist interventions to resolve TRPs in ICU patients
within multidisciplinary team. A few studies have been done in the Middle East to examine
the economic impact of disease-specific clinical pharmacy services in ICU settings (Aljbouri
etal., 2013).

To persuade policy and decision makers that a clinical pharmacist will generate a positive

“return on investment” in ICU settings, clinical pharmacists must demonstrate the economic
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value of their interventions to institutions by avoiding costs rather than generating revenues.
In this study, the aim was to assess the cost benefit of the clinical pharmacist interventions
for resolving treatment related problems as part of a multidisciplinary medical intensive care
unit (MICU) team.

A wide variety of TRPs were enrolled in this study, with the clinical pharmacist identifying
172 TRPs in the intervention group. The fact that 46 patients (69%) in the intervention group
had at least two TRPs, highlights the magnitude of the problem. The most common TRPs
associated with the most cost saving due to clinical pharmacist interventions were
unnecessary drug therapy totaling N1S13,125.44 that required stepping down (22.5%) and
safety related problems totaling NIS16,824.55 that required dosage adjustment (17%).
Despite the fact that adding a drug therapy (17%) for untreated conditions resulted in an
additional cost on therapy estimated to be NIS1490.5, the benefit of avoiding probable

occurring ADE was estimated to be NIS3300, which outweighed those negative costs.

These results are consistent with those of other researchers; Allameh and colleagues reported
that improper medication use (36.2%) was the most common clinical pharmacists
interventions in Masih Daneshvari hospital in Iran (Allameh et al., 2012). Another study by
Fahimi, (2010) discovered that dose adjustment (13.57%) and therapeutic reduction/addition
(12.88%) were the most common clinical interventions in the same hospital. Similar to a
retrospective study that was conducted in internal medicine at the University Hospital Basel,
Switzerland (Reinau et al., 2019) found the most frequent types of pharmacist interventions
were dose adjustment (24.0%), followed by drug discontinuation (23.5%) respectively.
Gallagher and colleagues (Gallagher, Byrne, et al., 2014) found that the most common types
of CP interventions were medication omissions (65.93%), followed by dosage adjustments
(21.61%). This information might be highly valuable in identifying at-risk patients and

avoiding future TRPs and the expenditures associated with them.

Stepping down unnecessary drug therapy can save both direct and indirect costs by avoiding
preventable ADRs and their associated cost. In this study, clinical pharmacist interventions
to resolve 58 unnecessary drug therapy related problems resulted in an estimated cost

57



avoidance of probable occurring ADE NIS4,447.5. Approximately 37 stepped down drugs
intervened by clinical pharmacist were clinically unwarranted (e.g., conversion route of
administration from IV to PO), 12 discontinued drugs were used without indication and four
cases of discontinued drugs were duplicates of a drug with a similar effect. In this study
antibiotics (e.g., vancomycin), PPl (pantoprazole and esomeprazole) and anticoagulant
(enoxaparin) represented the majority of drugs requiring dose adjustment by the clinical
pharmacists based on individual renal function. These types of TRPs reflect a problem in
ICU patients medication prescribing and monitoring, emphasizing the importance of clinical
pharmacists in optimizing prescriptions that will contribute to the avoidance of preventable
ADRSs and associated costs in ICU patients.

The proportion of accepted interventions in this study is 91.9% which is comparable with a
study conducted in a Jordanian general hospital's internal medicine department (91%)
(AbuRuz et al.,, 2011). Similar to a study by Mahmoodpoor et al., (2018), in which
intensivists accepted (93.6%) of clinical pharmacist recommendations in the ICU of Shohada
hospital in Tabriz. Acceptance rate in this study is apparently higher than the (71%) recorded
in Klopotowska's study, which was conducted in the adult medical-surgical ICU of the
Academic Medical Centre in Amsterdam (Klopotowska et al., 2010) and for sure higher than
the (57.6%) found in Reinau and colleagues study, which was conducted in internal medicine

department at the University Hospital Basel, Switzerland (Reinau et al., 2019).

Despite the fact that clinical pharmacy service was not yet a formal service in all these
hospitals, the high acceptance rate of this study interventions reflects the high quality of the
recommendations made by the clinical pharmacist. This can be attributed to the clinical
pharmacist “comprehensive medication management approach” which entails optimizing
patient medication by assessing the appropriateness, safety and efficacy of each patient’s
medications and actively participating in patient care rounds collaboratively with the ICU
team (American College of Clinical Pharmacy, 2012).

The Nesbit method produces the most accurate published estimate of the cost of an ADE
(Bates et al., 1997; Chen et al., 2017; Kopp et al., 2006; Nesbit et al., 2001). The probability
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categories used in the cost-avoidance calculation in the absence of intervention were
conservative, with the maximum probability of an ADE set at 0.6. In this study ,the majority
of estimated probability scores were low, which is consistent with most relevant studies
using the same method (Al-Qudah et al., 2019; Bosma et al., 2018; Gallagher et al., 2014).

Earlier studies' estimates of the ADE cost price differed. While Rottenkolber and colleagues
(Rottenkolber et al., 2012) estimated the mean excess treatment of ADE patients equal €970
($1,153.4), Nesbit and colleagues estimated ADE cost price as $5006 (Nesbit et al., 2001).
A scoping review conducted with 38 cost intervention categories ranging from ($55.45 to
$19,897.16) ( Hammond, Gurnani, et al., 2019).

There was a clear evidence of the value of CP interventions. Almost 172 interventions were
implemented in the intervention group, and most of them had clear potential for cost savings
or/and cost avoidance. The savings resulted from managing treatment related problems
significantly outweighed the costs of clinical pharmacist involvement described in this study.
Total cost savings was estimated to be N1S38,282.82 ($11,639.66), similar favorable results
were found with a retrospective study estimated a potential saving of €10,905 ($12,982.62)
as a result of pharmacist interventions regarding antimicrobials in ICU over 5-month in
Spain (Leache et al., 2019). These findings highlight the critical role of cp in enhancing the
quality of treatment offered, as well as lowering TRP patient suffering and associated costs

to health institutions and society.

It may be unreasonable to compare the cost benefit of this study to studies conducted in other
countries because the medication costs, clinical pharmacist salaries and medical service costs
differ greatly. Moreover, many of the variations are possibly due to different methodologies
or cost calculations. For example, Al Qudah and colleagues found in their RCT CBA study
the BCR of cp interventions in outpatient settings equate 5.98 (Al-Qudah et al., 2019).
Similarly a retrospective study, which compared the number of pharmacist interventions 1
year before and after a clinical pharmacist was deployed in a nephrology ward in Taiwan
found the benefit/cost ratio increased from 4.29 to 9.36 after the on-ward deployment of a

clinical pharmacist(Chen et al., 2017). Also A one-year retrospective research at Cork
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University Hospital (CUH) and Cork University Maternity Hospital in the southern area of
the Republic of Ireland discovered a total cost avoidance of $830077.51 was produced. The
total input costs were assessed to be $96040.94. As a consequence, the net cost benefit was
$734036.56, with a cost benefit ratio of 8.64: 1 (Gallagher, Byrne, et al., 2014). A quality
improvement research was carried out in the Netherlands at a general teaching hospital
(GTH) and a university hospital (UH). The cost benefit for each accepted intervention was
$139.48 (GTH) and $159.40 (UH).(Bosma et al., 2018) compared to study results; the cp
generated benefits of NI1S232 ($71.2) per intervention. This large disparity can be explained
by the higher cost price used for an ADE as well as the fact that pharmacist salary
expenditures were not included in their study. Regardless of the cost savings recorded in

published studies, they all support the clinical pharmacist's importance in ICU.

The ACCP estimated that a benefit of $16.70 was realized for every $1.00 invested in clinical
pharmacy programs (SCCM-ACCP, 2000). Compared to our study, the clinical pharmacist
generated a benefit of NIS2 for every NIS1.00 invested in clinical pharmacy program in
ICU; which is within the range of (1.05:1 to 25.95:1) reported by Touchette et al., (2014)
work but lower when compared with the BCR of Nesbit et al., (2001), that ranged from 3.1
to 13.33.

In February 2016, a PharmD job description was created in Palestine. However, clinical
pharmacy services are still rudimentary with only 7 PharmDs working in public hospitals
delivering pharmaceutical services from centralized locations (MoH, 2020), and many
decision makers resist the employment of PharmDs due to current economic crises. This
study provides an evidence to decision makers that clinical pharmacy services are a
worthwhile investment; by employing a benefit-cost analysis model, which is used to decide
whether to implement one specific intervention or program, and can be determined if net
benefits are greater than zero and BCR is greater than one (Kumar, 2018). According to the
conclusions of the study (Net Benefit: N1S18,405.17, BCR: 1.93), cp service is a good

investment that should be introduced in ICU.
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The Palestinian Ministry of Health must take a more active role in integrating clinical
pharmacists into the health system and promoting their interactions with other specialties,
which will alleviate the current serious problem of “clinical pharmacist unemployment” by
creating jobs and reducing the number of clinical pharmacists who are either leaving the
town to work in other countries (particularly in the Gulf countries or in America) or working

as medical representatives for pharmaceutical corporation.

In Palestine, there are no set goals, measurements or policy documents to improve cp
services. the Palestinian pharmaceutical syndicate should publish an influential policy

statement that will contribute to the development of CP in Palestine.

the current study had several strengths. It is the first study in Palestine measuring the
acceptance of clinical pharmacist interventions in ICU settings and its impact on costs of
care and safety of patients. In addition, we used prospective interventional design; the control
group prevents an overestimation of economic impact. the author used a comprehensive and
evidence-based medicine approach recommended by Joint Commission of Pharmacy
Practitioners (JointCommission of Pharmacy Practitioners, 2014) rather than retrospective
evaluation of patients’ medical files, the author have assessed and monitored the patients
daily until discharge from ICU for developing new problems. Finally, the cost-benefit
analysis was preliminary and based on a model used panel of multidisciplinary experts to
estimate probability of avoiding ADEs.

6.2 Limitations

The study has some limitations. To begin with, Medication costs were calculated using
selling prices at the Ministry of Health rather than generic pricing because this information
is not available for tendering purposes, according to this limitation the study results may be
overestimated. Secondly, accurate data on the cost of a preventable ADE are not available
in Palestine. As a result, cost avoidance calculations were based on estimated ADE

probabilities rather than real economic data. Thirdly, the data collection was dependent on
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clinical pharmacist's documentation and voluntary reports therefore we can’t guarantee that

all implemented recommendations were documented.

6.4 Conclusions

The clinical pharmacist played an active role in Ramallah Son wing" ICU. This study
documented that integrating a clinical pharmacist in the ICU team was an investment that
resulted in cost savings and cost avoidance. These results are be helpful for institutions to
consider in their strategic decision to employ clinical pharmacists in ICU setting. With
further formalizing clinical pharmacy services at hospital and integrating the clinical
pharmacist as part of the critical care team, an even higher economic benefit is anticipated.

6.5 Recommendations

6.5.1 Recommendations for policy and decision makers:

Clinical pharmacists will not be able to produce revenue for a health system without
prescriptive authority. Legislative changes may be required to allow for reimbursement of

clinical pharmacy services and further expansion of the clinical pharmacist role in ICU.

the author urges policy makers to implement clinical pharmacy service (CPS) in Palestinian
healthcare facilities and the following are the recommendations to facilitate the

implementation:

1. Create a process for implementing CPS; adopt strategies similar to those used and
recommended in a Brazilian study (Ramos et al.,, 2018). These strategies are
summarized as follows; perform collaborative partnerships with local health

managers; recruit a team of supporters; provide pharmacotherapy clinical training
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and finally accreditation by the MoH to clinical pharmacists who implemented CPS
in their workplaces.

Start the CPS implementation phase in critical care settings, and then extend the
process to other hospital departments.

There is a scarcity of clinical pharmacists with specialized residency training. This
reflects the scarcity of academic and research resources, as well as the struggle to
attract suitable and well-trained faculty members in pharmacy administration. The
Ministry of Health need to consider about developing clinical pharmacy residency
programs as well as a high-quality Palestinian Pharmacy Board Examination for
clinical pharmacists.

6.5.2 Future research recommendations:

Conduct more long-term studies with larger sample sizes and for longer periods of
time.

Involve more hospitals and clinical pharmacists in the study, allowing them to
practice in a variety of patient care settings.

Use Cost-Consequence Analyses (CCAs) for future research that allows for different
types of benefits that cannot be combined to be disaggregated and studied (Hunter &
Shearer, 2014). The impact that the CP service has on clinical and humanistic
outcomes are also of great significance and should be taken into consideration.
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Annex 1-A: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

Euros]; p <0.001).

Location/au | Study Objectives Settings Sample | #CP Interventions Economic outcome | Conclusion
thor design size interventi
ons
France Before To describe the | One 1,519 1,164 A critical care | The overall cost | Critical care
(Leguelinel- | and after | effect of | Medical during patients pharmacist  provided | savings were 10,840 | pharmacist-led
Blache etal., | study pharmacist-led ICU and | the recommendations  to | Euros (10,727- | interventions
2018) interventions on | one observati clinicians  regarding | 10,952 Euros) per | were associated
drug therapy and | surgical (16 | on period sedative drugs and | month, mostly due to | with decreases in
clinical strategies | and 10 | and 1,268 doses,  choice  of | reduced ICU and hospital
on ICU patient | beds). during mechanical ventilation | consumption of | length of stays
outcome and | From interventi mode and related | sedatives and |and ICU drug
hospital costs January 1, [ on settings, antimicrobial | antimicrobials.  In | costs
2013, to | periods, de-escalation, and | addition,  hospital
June 30, central wvenous and | costs  per  stay
2015 urinary catheters | (2,560) Euros
removal. [3,728-1,392

75




Annex 1-B: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

practitioners

(cpps)
prescribing

with

authority on a

critical care team

the number of category
D or higher-severity
errors were compared
the

between study

periods.

with an
29%

cost

0.01),
associated
increase in
savings and an
improved return on

investment.

Location/au | Study Objectives Settings Sample | #CP Interventions Economic outcome | Conclusion
thor design size interventi
ons
North A Report  clinical | Communit | 2,198 13,386 During year 1 of the | Associated cost | With  expanded
Carolina retrospec | and cost benefits | y  health | patients Interventi | study only one | savings  estimated | CPP involvement
(Michalets | tive pre— | achieved through | system’s ons pharmacist, year 2 | $2,118,426. on the NTICU
etal., 2015) | post expanded use of | neurotraum include three | 182% increase in | team, there was a
comparis | state licensed | a ICU pharmacists encounters for | substantial
on clinical (2009-11). Total medication | therapeutic increase in
pharmacist errors, error origin, and | optimization (p = | therapeutic

optimization
interventions and
a clinically
reduction in
preventable
ADEs, as well as

an estimated 30%

increase in
associated cost
savings
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Annex 1-C: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

and medication
errors detected by

the pharmacist

contrasting it with the

patient chart. In case of

discrepancy, a
physician was
consulted

Location/au | Study Objectives Settings Sample | #CP Interventions Economic outcome | Conclusion
thor design size interventi
ons
Spain A To evaluate the | University | 114 212 drug | Datarelated to patients, | A potential saving of | A clinical
(Leache et | retrospec | clinical and | hospital patients related DRPs, medication | 10,905 €  was | pharmacist
al., 2019) tive economic impact | ICU over problems | errors and CP | estimated as a result | performing
observati | of clinical | 5-month Physicians | interventions were | of pharmacist | interventions on
onal pharmacist period. accepted extracted from the | interventions and 4.8 | antimicrobials in
study interventions on 97.6% of | hospital information | € were avoided per | the ICU has a
antimicrobials in the system. A second | euro invested in a | positive impact on
an ICU. To interventio | pharmacist  validated | clinical pharmacist. | patient care and
identify drug ns the registered decreases costs
related problems information
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Annex 1-D: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

Location/au | Study Objectives Settings Sa | #CP Interventions Economic outcome | Conclusion
thor design mpl | interventions
e
size
Chicago Observati | To determine the | MICU over | 222 | 8866  clinical | any  exchange  of | Cost avoidance was | Employing a
(D. onal clinical 12-month pati | pharmacist- information and/or | $3 270 178 and the | clinical
Hammond, | study pharmacist- period ents | interventions recommendation benefit-cost  ratio | pharmacist to be
Flowers, et generated  cost Averaging 38.9 | provided by the clinical | was 24.5:1. part of  the
al., 2019) avoidance  and interventions pharmacist regarding a multidisciplinary
benefit-cost ratio per day specific patient's MICU team can
in a medical medication or nutrition reduce health care
intensive care regimen expenditures
unit (MICU). through cost
avoidance.
Chicago A single- | To determine the | MICU NA | 4,280 clinical | All accepted | A total cost | Employing a
( center, clinical During a pharmacist- recommendations from | avoidance of | clinical
Hammond et | retrospec | pharmacist- five-month interventions a clinical pharmacist | $2,526,974, pharmacist
al., 2016) tive, generated  cost | period were who rounds in the | averaging $26,323 | reduces
cohort avoidance in a implemented, medical ICU per day and $6,581 | healthcare costs
study. medical ICU averaging 44.6 per hour, | through cost
/day respectively. avoidance.
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Annex 1-E: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

Location/au | Study Objectives Settings Sample | #CP Interventions Economic outcome | Conclusion
thor design size interventi
ons
Chicago Observati | To 91 centers | 27,681 60,013 Interventions were | CU pharmacist- | ICU clinical
(D. onal comprehensively patients interventio | grouped into 6 pre- | generated CA | pharmacists
Hammond, | study classify and | 302 ICU ns established categories | totaled $24,352,176 | perform
Adams, et guantify CA | pharmacist with 38  different interventions that
al., 2019) interventions S subcategories from a | Average CA was | significantly
from pharmacists | During a 4- validated  systematic | $406 per | reduce healthcare
in the ICU week framework for CA | intervention, $880 | expenditures
period interventions. CA | per patient, and
between values from each | $80,636 per
August intervention were | pharmacist in the 4-
2018 and determined using the | week period
January same framework
2019.
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Annex 1-F: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

Location/au | Study Objectives Settings Sample | #CP Interventions Economic outcome | Conclusion
thor design size interventi
ons
German A To  investigate | ICU over 1,173 (659 An ICU  hospital | Per monitored | On-ward
(Klopotows | prospecti | whether 8.5-month recommen | pharmacist reviewed | patient-day, the | participation of a
ka et al, |ve study | participation of a | period dations medication orders; | intervention itself | hospital
2010) compare | hospital noted issues related to | cost €3, but might | pharmacist in a
d a | pharmacist  can prescribing, formulated | have saved €26 to | Dutch ICU was
baseline | also be an recommendations and | €40 by preventing | associated  with
period effective discussed those during | ADEs significant
with  an | approach in patient review reductions in
interventi | reducing meetings  with  the prescribing errors
on prescribing errors attending ICU and related patient
period. and related physicians. harm (preventable
During patient harm ADEs) at
(preventable acceptable costs
ADEs) in this per monitored
specific setting patient-day
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Annex 1-G: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

2,266.05 USD.

Location/au | Study Objectives Settings Sample | #CP Interventions Economic outcome | Conclusion
thor design size interventi
ons
German interventi | This study looks | ICU in|In the | A total of | Review of medication | . Acceptance of the | the model appeared
(Bosma et | onal, into the clinical | general GTH 160 | 332 and | orders and | interventions  was | to be cost-effective in
al., 2018) prospecti | and financial | teaching patients | 280 participation in patient | 67.3% in the GTH | both ICU settings
ve quality | impact of | hospital were interventio | rounds by an ICU- |and 61.8% in the
improve | interventions (GTH) and | included | ns  were | trained pharmacist. UH. The cost benefit
ment made by | a university | and in the | analyzed was €119 (GTH) and
study pharmacists hospital UH 174. €136 (UH) per
2008- during patient | (UH) accepted
2011 rounds intervention.
Thailand A to determine | 2 (ICU). 65 127 Participated in morning | The overall Although the
(Saokaew et | Prospecti | pharmacist’s One study | patients interventio | rounds. CP was full | Drug cost saving statistical was not
al., 2009) Ve, interventions led | group and ns in ICU- | responsibility for | 1,971.43 USD significant, having a
standard | to change in cost | other 1 team. providing drug | The overall adverse | pharmacist
care- saving and cost | control 98% of the | information, drug event cost participated in ICU
controlle | avoidance in | group Over interventio | pharmacotherapeutic. | 294.62 USD patient care team
d study | intensive care | 5 weeks ns  were The net cost saved | tend to  reduced
design unit period accepted and avoided was | overall drug cost
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Annex 1-H: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

Location/au | Study Objectives Settings Sample | #CP Interventions Economic outcome | Conclusion
thor design size interventi
ons
Tucson, Retrospe | To study the cost | Surgical 100 129 The decentralized | The potential cost | Among the
Arizona ctive implications  of | (ICU) over interventio | pharmacists were | avoidance of the | interventions
(Kopp et al., and potential | form 4.5 ns required to document | documented performed  and
2007) adverse  events | months. their activities in an | interventions  was | documented by a
prevented by the | The period existing database to | $205,919-$280,421. | clinical
interventions of a | from mid- help justify the clinical pharmacist in an
critical care | October positions. ICU, patient care
pharmacist 2003 rounds and chart-
through review activities
February were  associated
2004 with the greatest

number of

interventions and

the greatest
potential cost
avoidance
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Annex 1-1: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

acquired infections,

community acquired

infections, and sepsis

0.001, $224,694,784 extra

billing charges) for
nosocomial-acquired

infections, community-
acquired infections, and

sepsis, respectively.

Location/au | Study Objectives Settings Sample size Economic outcome Conclusion
thor design
us comparat | To determine whether the | ICUs of 265 to | 8,927-54,042 | ICUs that did not have | The involvement of clinical
(MacLaren | ive study | absence or presence of | 276 hospitals | patients. clinical pharmacists had | pharmacists in the care of
etal., 2008) | based on | clinical pharmacists in greater total Medicare billings | critically ill Medicare patients
national | ICU results in differences of 12% (p < 0.001, | with infections is associated
survey of | in mortality rates, length $132,978,807 extra billing | with improved clinical and
previous | of ICU stay, and ICU charges), 11.9% (p < 0.001, | economic outcomes.
study charges for Medicare $32,240,378 extra billing | Hospitals should consider
patients with nosocomial- charges), and 12.9% (p < | employing clinical ICU

pharmacists.
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Annex 1-J: Summary of literature review regarding the association between clinical pharmacist interventions and economic outcome

Location/au | Study Objectives Settings Sample | #CP Interventions Economic outcome | Conclusion
thor design size interventi
ons
Amman, Compara | To determine | ICU This study compares | The decrease in | The total reduction | The results of this
Jordan tive study | whether the | At Al- | the consumed | consumption rate of | of drug therapy cost | study showed a
(Aljbouri et | between | presence of | Hussein quantities of drugs | drugs is considered an | after applying | significant
al., 2013) 2 periods | Clinical hospital at | over two periods of | indicator of the success | Clinical Pharmacy | reduction in the
Pharmacist Royal time. Each period was | of Clinical Pharmacist | practices in the ICU | consumed
affects the cost of | Medical ten months long. Inthe | in the ICU, as any | over a period of ten | quantities of drugs
drug therapy for | Services second period there | decrease in | months was | and therefore a
patients admitted | (RMS). was a Clinical | consumption rate | 149946.80 JD | reduction in cost
to the Intensive Pharmacist reflects the correct | (211574.90 USD), | of drug therapy.

Care Unit (ICU)
at Al-Hussein
hospital at Royal

Medical Services

application of Clinical

Pharmacy  practices.
The cost of this
decrease in
consumption rate
represents the total
reduction of drug

therapy cost

which represents an
average saving of
35.8%

compared to the first

when

period in this study

Such
highlight

importance of the

findings
the

presence of
Clinical

Pharmacist in all
Jordanian
hospital’s  wards

and units
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Annex 2 : Basic model of evaluation of clinical pharmacy services (Schumock et al.,
2003)

Input, | — Program, —— | Output,

Input, | — Program, — | Output,

Costs (resources consumed) Consequences (outcomes)
Cost of providing service Effect (clinical outcome)

— Direct Utility (humanistic outcome)
— Indirect Benefit (economic outcome)
Units of measurement = Units of measurement =
currency (e.g., dollars) depends on outcome
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Annex 3: Consult Note form

Patient information

Name (abbreviated)

Admission Date

MD (consultant)

Discharge Date

Date of Birth (dd/mml/yy) Age | APACHE 2 score
Gender group: control / interventional
Weight (kg) IBW BMI

patient during hospitalization)

Case Summary (chief compliant and what happened to the

Past Medical History/ Surgery

Medications

Indication
Route

Drug Name, Generic and brand/Strength/Frequency/

Start-Stop Dates

Time

Cp Consult note

date Disease

Assessment: (Treatment Related Problems)

Plan

Desired Outcomes and Goals

Recommendation
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Monitoring:

Efficacy target

Toxicity sign

Counseling

Follow up note:
Reference:

Physician Decision

Agree with Plan Recommended
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Proposed Modified Plan

Disagree
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Annex 7: Examples [MK6]on cases with high and medium P ADE Nesbit score

TRP category | Case TRP P ADE | Intervention Pt
score (accepted) status
Safety /| 71 yo female | Drug (Clexan 80MG SQ) | high D/C Clexan, | died
safety admitted with | initiated too early after consider initiating
regimen issue | right-sided massive stroke treated after 14 days as no
weakness for 2 | with tPA(anticoagulants) benefit has been
hours and complicated with shown with early
Irregular vital | hemorrhagic stroke initiation of
sign, the patient anticoagulants
was given after ischemic
Alteplase stroke due to AF
labetalol NPH
However,  after
few hours, the
patient had
worsening level of | Same as for other | High D/C Plavix and
consciousness. thinning  blood  drugs aspirin
Brain CT showed | (aspirin , Plavix) that
left-brain were discontinued
hemorrhage.
Mannitol drug that was | High D/C mannitol
given to decrease
intracranial pressure is
contraindicated in this
same case due to active
intracranial bleeding
Safety 56 yo female medium Adjust dose alive
/dosage Admitted to as a Dosage  adjustment  for
adjustment case of AKI. UTI, renal failure for drugs
for renal | atypical chest (tazocin, clexan
failure infection
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Annex 8: Case from control group

Patient information

Weight (kg) 90 Admission Date Sep 28 at 22 pm

BMI = (Underweight/Normal/Overweight/Obese /Morbid | Discharge Date Oct 6 to MW
obesity)

Date of Birth (dd/mm/yy) 58 APACHE 2 score. 16

Gender F group: control

Cc: generalized weakness and fatigability of 3 days duration, hx of loss of appetite
for 3 days and her son noticed that she became aggressive

Case Summary (chief | The patient reported black stool for 3 days duration but no vomiting

compliant and what

happened to the patient RR 40m BP 125/65. HR 100 pH 7.08

during hospitalization) | pyring dialysis the patient developed coffee ground vomiting

Impression: AKI on top of CKD, uremia, metabolic acidosis, anemia,
thrombocytopenia, UTI, UGIB, UTI

Past Medical History/

Surgery
Medication
indication Drug Name, Generic and Start date Stop date time
brand/Strength/Frequency/
Route
DM NPH 10*2 SC On admission | Kept on transfer to MW 1212
UTI Meropenem 500 mg * 2 On admission | Kepton transfer to MW | 12 12
UTI Amikacin 500 mg EOD Sep 28 Stopped on Oct 3 6 pm EOD
UGIB Nexium IV infusion On admission | Stopped on Oct 3 at 11
8mg/hour AM
Thrombocytopenia, | PRBC( 2 units) /FFP.( 10 On admission
anemia units) /Platelets ( 4 units) and
UBGI Nexium 40 mg *2 IV Oct3atil Kept on transfer to MW 6 6
AM
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TRP BY DR

unnecessary drug therapy / step down / convert
iv infusion Nexium to 40 mg iv twice daily

NEXIUM 40 MG VIAL = 22NIS

Cs
= (192 MG/DAY * 9 DAYS)- ((192MG /D * 5) +
(NEXIUM 40 MG 1V *2*4))

=245.28 NIS
Consult Note
Sep 28
Disease
Assessment: (Treatment Related Problems) Plan
Unnecessary drug therapy D/C amikacin
Community acquired UTI
Recent culture showed E. coli sensitive to
meropenem
Desired Outcomes and Goals Recommendation

To protect the patient form being exposed to | As above

unnecessary medication

Monitoring:

Efficacy target Toxicity sign

Counseling

No worsening in inflammatory
or infectious markers
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Annex 9: Case from intervention group

Patient information

Weight (kg) 75 Admission Date Sep 9 at 21:25

BMI = (Underweight/Normal/Overweight/Obese /Morbid | Discharge Date Sep 15 at 2 PM
obesity)

Date of Birth (dd/mm/yy) 65 y/o APACHE 2 score 12

Gender M group: interventional

CC: black tarry stool of 3 days duration plus diarrhea and nausea

Fatigue a
Case Summary

(chief compliantand | Upon standing and minimal activity, Hx of abdominal pain, during dialysis Hgb was
what happened to the | found to be 6 so 2 unites of PRBCS were given and the patient was admitted to ICU, Hx
patient during of 30 Kg loss

hospitalization)
First Impression: UGIB

+ for H. pylori
Past Medical End stage renal disease on hemodialysis
History/ Surgery
Medication
indication Drug Name, Generic and Start date Stop date time
brand/Strength/Frequency/
Route
UuGIB Nexium infusion (80 mg On admission Continued for 72 hours
stat then 8mg/hour) Then dose made 40 mg* 2 IV
until discharge
H. pylori Amoxicillin 500 mg* 2 PO On Sep 14 After 14 days 8 Am 8 PM
(adjusted)
Amoxicare
H. pylori Omeprazole (omepra 20 On Sep 14 After 28 days 6 AM 6 PM
mg *2)
H. pylori Levofloxacin 500 mg * 1 Onsep 14 After 14 days 12 MD
initially then 250 mg Q 48
hours (adjusted)
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Consult Note

Disease: H. pylori

Sep 14

Assessment: (Treatment Related Problems)

Plan

Untreated condition/ pylori

Start Pylori regimen drugs
Then continue on omeprazole 20 mg * 2 for 2 weeks

Desired Outcomes and Goals

Recommendation

To eradicate Pylori and prevent recurrence
of bleeding

Start

Amoxicillin 500 mg* 2 PO (adjusted) Amoxicare
Omeprazole (omepra 20 mg *2)

Levofloxacin 500 mg * 1 initially then 250 mg Q 48
hours (adjusted)

For 2 weeks

Then continue on omeprazole 20 mg * 2 for 2 weeks

Monitoring:

Efficacy target Toxicity sign Counseling

Repeat Pylori after 6 weeks

Physician Decision

Agree With Plan Recommended Proposed Modified Plan Disagree
Cost saving Amoxicre 5oomg tab = 1 nis
=- {amoxicare *2 + omepra *2} *2 + levox 500* | Omepra 20 mg tab =1.5 nis
1} Levox 250 mg tab =6.5 nis
=-(1*2 + 1.5*%2) *2 + 6.5%2*1
=-23nis

Cost avoidance =
0.4* 750 = 300 nis

PADE MEDIUM
CLINICALLY RELEVANT
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