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Abstract

Our goal was to help prevent drug-related morbidity and mortality by developing a collaborative

multidisciplinary team care (MTC) service model using a service design framework that

addressed the unmet needs and perspectives of diverse stakeholders. Our service model was

based on a “4D” framework that included Discover, Define, Design, and Develop phases. In

the “discover” phase, we conducted desk research and field research of stakeholders to identify

the unmet needs in existing patient care services. We used service design tools, including ser-

vice safaris, user shadowing, and customer journey maps to identify pain and opportunity

points in the current services. We also performed focus group discussions and in-depth inter-

views with stakeholders to explore the needs for improved services. In the “define” phase, we

generated the service concept by mind mapping and brainstorming about the needs of stake-

holders. The service concept was defined to be a Patient-oriented, Collaborative, Advanced,

Renovated, and Excellent (P-CARE) service. We named the service “DrugTEAM” (Drug Ther-

apy Evaluation And Management). In the “design” phase, we designed and refined four proto-

types based on results from validation tests for their application towards following services: 1)

medication reconciliation, 2) medication evaluation and management, 3) evidence-based drug

information, and 4) pharmaceutical care transition services. During the “develop” phase, we

implemented four services in a longitudinal chronic care model, considering the time spent by

patients for each inpatient and outpatient setting. In conclusion, this is a study to develop a col-

laborative MTC service model using service design framework, focused on managing the

unmet needs of patients and healthcare providers. As a result of implementing this service

model, we expect to strengthen the professional relationship between pharmacists and stake-

holders to ultimately create better patient outcomes.
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Introduction

Patients who take multiple medications due to chronic disease have a high risk of drug dupli-

cation, interaction, or adverse side effects, which could result in extended hospital stays and

higher costs [1]. To increase the safety and effectiveness of treatment, these patients must have

specific needs met, with regards to appropriate medication use [2]. In this regard, the pharma-

cist plays a key role in improving treatment outcomes by reconciling and monitoring medica-

tion use.

Recently, there has been a growing trend towards involving pharmacists in a multidisciplin-

ary team of professionals that cooperates to comprehensive manage the demand for services

[3]. Previous studies have shown that pharmacists’ services had positive effects on clinical and

economic outcomes [4–6]. These pharmacist services included participation in rounds to opti-

mize medication use, therapeutic drug monitoring, and providing drug information, patient

and caregiver education, or medication reconciliation at admission or discharge. In addition,

several studies have reported that multidisciplinary team care (MTC) service improved patient

outcomes compared to user-cared patients [7, 8]. MTC’s goal is to provide high-quality treat-

ment and improve the quality of care for patients in cooperation with healthcare professionals

[9]. However, in South Korea, the development of MTC service is in the beginning stages, and

healthcare professionals still independently provide services to patients. Furthermore, services

in hospital pharmacies are limited to medication counseling, anticoagulation counseling, ther-

apeutic drug monitoring, and similar services, despite the high risk of medication-related

problems [10]. For this reason, advanced pharmaceutical care services for patients who may

have medication-related problems are in high demand. Additionally, a team approach, such as

MTC, is necessary to properly care for patients with chronic complex diseases.

A design approach for creating new services by incorporating the tangible and intangible

elements of service was introduced to meet the needs of stakeholders [11, 12]. Tangible ele-

ments of a service include the hospital facility, computers, automobiles, and medicines; intan-

gible elements include service plan, customer needs, and service delivery performance [11].

This service design approach starts by identifying the needs or expectations of new services,

which are based on a wide range of experiences, to the current service provided by various

stakeholders [13]. When this approach is applied to patient care, it is possible to develop new

services that satisfy the unmet needs of stakeholders who affect or are affected by the service,

such as patients, physicians, and nurses. Because pharmacists can interact with other health-

care providers as part of a multidisciplinary team, they play an important role in improving

the understanding the thoughts and needs of stakeholders. Therefore, the aim of this study is

to apply service design methodology to develop an advanced and collaborative MTC service

model to address medication use, particularly for chronic diseases patients.

Methods

As shown in Fig 1, the service model development process followed a “4D” framework that

included four phases: discover, define, design, and develop. For each phase, the respective

objectives were to discover unmet needs, to define service concepts that would create insight,

to design a set of services that would solve identified needs, and to develop an employable ser-

vice model.

The “discover” phase

The discover phase consisted of three steps, which attempted to identify the diverse needs and

expectations of stakeholders. First, we selected service target groups and MTC service stake-

holders by considering the priority of service requirements and using an analytic hierarchy
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process (AHP) survey with previously described methods [14]. In the second step, we explored

the current perceptions of MTC services and identified unmet needs of various stakeholders,

while focusing on service improvement. We gathered various stakeholders with an interest in

collaborative MTC services, such as physicians, nurses, patients, and pharmacists. “Service

safaris” [15] and “user shadowing” [16] were conducted to understand how the group felt

about the currently available services and the sources of their problems during hospital stays.

Service safaris and user shadowing are research methods to help understand how stakeholders

interact with the service [15, 16]. We shadowed stakeholders and recorded their facial expres-

sions and behaviors during activities related to patient care. Then, we represented and visual-

ized how their emotional responses using a 1 to 5 interval scale as follows: “Not at all

Satisfied,” “Partly Satisfied,” “Satisfied,” “More than Satisfied,” and “Very Satisfied”. We

defined a “pain point” as a point where all three stakeholders were not at all satisfied, and

defined an “opportunity point” as when one of the three stakeholders was not at all satisfied.

The “customer journey maps” allowed us to see which parts of the service might need

improvement (Fig 2) [16]. Finally, we conducted focus group discussions and in-depth inter-

views with 18 physicians and 15 nurses to gather information about their interests and discom-

fort in current services, as well as their expectations for new MTC services [10]. We also

completed face-to-face surveys with 219 patients and focused on identifying their needs for

improved MTC services [10, 17]. The resulting interview data was coded into themes and cate-

gories of decision-making processes [18, 19]. The codes were then interpreted by comparing

the frequencies, co-occurrences, and relationships between the different themes [20]. All field

research protocol for the identification of needs was approved by Institutional Review Board

of Seoul National University (IRB No. 1401/001-013).

The “define” phase

We interpreted and translated all findings from the desk and field research to generate a col-

laborative MTC service concept. We explored creative solutions for pain and opportunity

points by group discussion and brainstorming. We generated ideas through the visual “mind

mapping” process and grouped the ideas into clusters to identify meaningful insights. As a

result of clustering, we selected the concept of our new service and established the objective of

creating a collaborative MTC service model.

The “design” phase

The design phase consisted of two steps: first designing and then validating prototypes. Using

the service insights that were generated by mind mapping, we designed new services that

would manage the unmet stakeholder needs. We selected service tasks from existing service

guidelines, such as the core clinical pharmacy services that were proposed by the American

Society of Hospital Pharmacists [21, 22], or clinical guidelines for target chronic diseases [23–

Fig 1. Service design framework for developing a collaborative multidisciplinary team care service model.

https://doi.org/10.1371/journal.pone.0201705.g001
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25]. The resulting designed service was created as a prototype that included several compo-

nents, including service objectives, service target, service providers, service content or tasks,

service procedure at the time of the visit, and application methods and fees. The prototype was

presented as a story or a series of short stories, by applying a storytelling method that contextu-

alized the who, what, when, where, why, and how (5W1H) of each service.

We evaluated prototypes to verify that they could be applied to several conflicting situa-

tions, using a “use cases analysis” method. The analysis was conducted to simulate a stake-

holder interaction with the developed services [15]. We conducted the methods by generating

a fictional patient profile from existing patients. By using the created personas and use case

analysis, we identified problems and stakeholders’ perspectives during application of the new

services by observing the interaction between the stakeholders and the service prototypes in

several situations. We repeated this feedback process to refine the interaction and ensure that

services would resolve unmet needs.

The “develop” phase

Based on the service prototypes, we developed a final service model for the time that patients

spent in the hospital including both the circumstances of inpatient and outpatient settings.

Because the collaborative MTC service model was intended to help provide continuous and

longitudinal services for chronic disease patients, we based the model on a cyclical framework.

We demonstrated the final service model using service blueprints from the points of view of

both healthcare providers and patients.

Results

The “discover” phase

Using AHP analysis, we determined that the priority groups that would require collaborative

MTC services were patients with diabetes mellitus, chronic heart disease, and chronic kidney

disease [14]. Through qualitative, quantitative, and service design research, we found that

Fig 2. The customer journey maps of a patient, a physician, and a nurse.

https://doi.org/10.1371/journal.pone.0201705.g002
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physicians and nurses regularly were unable to obtain accurate patient medication histories,

patient compliance, and information about new drugs (Fig 2) [10]. From the patient perspec-

tive, patients were frequently burdened by medication self-management, which is a problem

exacerbated by common co-morbidities and/or the use of multiple medications [17]. We also

found that patients wanted to receive special services at all time-points, including before and

after meeting with a physician, after receiving a prescription, and after dispensing medication

at a hospital [17]. Thus, the unmet needs were identified as: unintended medication discrepan-

cies during hospital admission, inappropriate medication use in complex treatment regimens,

low medication compliance of patients with chronic diseases, and limited drug information

for healthcare providers.

The “define” phase

To address these problems, we derived five core concepts, which were used to name our new

approach to MTC services, called Patient-oriented, Collaborative, Advanced, Renovated, and

Excellent (P-CARE) service (Fig 3). The aim of our collaborative MTC service model is to pro-

vide longitudinal care for chronic disease patients who have a high risk of drug-related prob-

lems. Additionally, we created a brand name for this service to reflect the purpose and

characteristics of our service model, called Drug Therapy and Management, which is abbrevi-

ated to “DrugTEAM”.

The “design” phase

We designed four patient-centered services, as described briefly in Table 1. These services

include: 1) a medication reconciliation (MR) service to reduce prescription discrepancies, 2) a

medication evaluation and management (MEM) service to promote appropriate use of medi-

cations, 3) an evidence-based drug information (EB-DI) service to provide clinical support for

patient care, and 4) a pharmaceutical care transition (PCT) service to improve patient compli-

ance. The main provider of the service is a professional pharmacist, and the other healthcare

professionals and the patients are colleagues and consumers.

The “develop” phase

The four major services (MR, MEM, EB-DI, and PCT) were implemented in order according

to the patient’s time spent in hospital. The MR service begins at admission, followed by the

Fig 3. Service concepts based on mind mapping analysis. (Abbr.: DrugTEAM, drug therapy evaluation and management).

https://doi.org/10.1371/journal.pone.0201705.g003
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MEM and EB-DI services during hospitalization. Finally, the discharge-PCT service is pro-

vided upon discharge. After discharge, when a patient returns to an ambulatory care clinic for

a routine follow-up, a new set of services is started. Therefore, our service model can be applied

to both inpatient and outpatient settings to provide longitudinal and continuous care. The

final model is presented in blueprints, with consideration for the timing and locations of ser-

vice requirements of each hospital setting (Fig 4(A) and 4(B) for inpatient and outpatient ser-

vices, respectively).

Medication reconciliation service. The objective of the MR service is to accurately and

completely resolve potential problems by ensuring that all medications are correct and pre-

venting unintended changes or omissions of medications. The service involves the “3C&D”

tasks, which are to Collect, Check, Communicate, and Document a patient’s medication his-

tory. When a patient is first admitted to the hospital, a pharmacist will collect the patient’s

medication profile and makes a list of medications, including prescription medications, over-

the-counter drugs, vitamins, and herbal medications. The pharmacist will then check for omis-

sions, duplications, and dosing errors and reconcile any discrepancies between the medica-

tions that are prescribed before and after admission. If discrepancies are found, the pharmacist

will communicate with the appropriate physicians and then documents the reasons for treat-

ment changes. All tasks are performed within 24 hours of a patient’s admission to the hospital.

Medication evaluation and management service. The objective of the MEM service is to

provide safe and effective treatments through collaboration with a team of healthcare provid-

ers. The service consists of defined tasks, specifically Find, Assess, Recommend, Monitor, and

Document (FARM-D) the medications prescribed to a patient. A pharmacist finds and assesses

Table 1. Service types and tasks in our collaborative multidisciplinary DrugTEAM service model.

Services Service Tasks

Medication Reconciliation (MR)

service

[Task 1] Collect the patient’s medication profile, which is a list of

medications the patient has previously taken

[Task 2] Check the duplication of treatment and any patient history of

drug allergies or adverse reactions to drugs

[Task 3] Communicate with the physicians, when there are discrepancies

with the medications that are prescribed after admission

[Task 4] Document the MR service results

Medication Evaluation and

Management (MEM) service

[Task 1] Find drug related problems after reviewing the prescribed

medications

[Task 2] Assess the appropriateness of the treatments

[Task 3] Recommend a plan of appropriate drug therapies based on the

evidence

[Task 4] Monitor the patient’s clinical changes whether the

recommendations are reflected in the prescription lists

[Task 5] Document the MEM service results

Evidence-based Drug Information

(EB-DI) service

[Task 1] Document evidence-based drug information during

pharmacotherapy

[Task 2] Intervene rapidly to a physician’s request for patient-specific drug

information

Pharmaceutical Care Transition (PCT)

service

[Task 1] Collect all of a patient’s medications

[Task 2] Check the duplication of treatment and compare that list with the

admission and/or pre-admission prescriptions

[Task 3] Communicate with physicians about discrepancies between

prescriptions of pre- and after discharge

[Task 4] Counsel to patients for improving health knowledge and

medication compliance

[Task 5] Document the PCT service results

Abbr.: DrugTEAM, drug therapy evaluation and management

https://doi.org/10.1371/journal.pone.0201705.t001
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the appropriateness of prescribed medications by considering any changes in the clinical status

of a patient, using the Medication Appropriateness Index [26, 27]. Based on gathered evidence,

the pharmacist then communicates and recommends a plan for solving drug-related problems

to the team members. After that, the physician and pharmacist monitor whether the recom-

mendations are reflected in the prescription within a 24-hour time period. All service tasks are

documented and information about the treatment plan is provided to other members of the

multidisciplinary team.

Evidence-based drug information service. The EB-DI service provides timely, evidence-

based, and up-to-date information to healthcare providers to promote rational medication

use. If there are any questions about drug information during treatment, a clinical pharmacist

should immediately search tertiary, secondary, then primary resources, to find information

that is clinically relevant to the patient-specific problem. Drug information may include the

alternative treatments, appropriate dosing and administration, drug toxicity (i.e., adverse

effects), drug-drug and drug-food interactions, dosing adjustments for renal or hepatic

Fig 4. A collaborative multidisciplinary DrugTEAM service models for inpatients and outpatients. (Abbr.: EMR, electronic medical record;

MD, medical doctor; RN, registered nurse).

https://doi.org/10.1371/journal.pone.0201705.g004
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insufficiencies, drug use during pregnancy and lactation, pharmacokinetics, drug monitoring

for efficacy and toxicity, and intravenous drug compatibility. After gathering sufficient evi-

dence and performing critical review, the pharmacist responds to the request as soon as

possible.

Pharmaceutical care transition service. The PCT service includes five tasks that aim to

facilitate the transition to continuous treatment and improve compliance with medications

after discharge. The tasks are abbreviated as 4C&D, and the first 3Cs and D are the same as in

the MR service: Collect, Check, Communicate, and Document. When care is transferred, phar-

macist reconcile the prescribed medication at discharge with the patient had been taking

before admission. Then, the final “C” task is to provide counseling to patients and their care-

giver, to improve medication knowledge and compliance. Patient counseling may include

instructions on specific ways to take medications and skills to self-manage their disease. All

educational materials should be written simply and clearly to facilitate patient understanding.

To increase patient compliance, pill boxes or medication diary can be made available. Finally,

after completion of all tasks, the counseling contents and service results should be

documented.

Discussion

In this study, we used a “4D” service design framework and various service design tools to

visualize a collaborative MTC service model. Our essential goal in the service design was to

gain stakeholder insights about unmet needs and to create innovative services based on those

needs. Using the service design process, we discovered the unmet needs in current service

models, defined service concepts and objectives, designed service prototypes, and developed

an employable service model. This study applies a service design framework to the develop-

ment of a customer-oriented and collaborative MTC service model for medication manage-

ment in chronic disease patients.

In our final service model, our collaborative team was made up of multidisciplinary profes-

sional healthcare providers. The service provider is a professional pharmacist, the target and

co-providers of the service are a doctor and nurse, and the ultimate beneficiary of the service is

the patient. Based on our desk and field research, we found that stakeholders want pharmacists

to provide patient-individualized services to minimize the risk of drug-related problems and

improve medication compliance. Lauffenburger et al. suggested that clinical pharmacists play

a key role in preventing drug-related adverse events for patients and that physicians want to

build collaborative relationships with pharmacists to strengthen professional communication

[28]. In particular, collaborative MTC services are in high demand for patients treated with

polypharmacy, because polypharmacy is associated with an increased risk of prescription of

potentially inappropriate medications, medication duplication, and drug-drug interactions

[29]. Thus, our service model was developed to reduce these medication-related problems,

improve medication compliance, and consequently maximize the safety and efficacy of phar-

macotherapy. Finally, we proposed four services to satisfy the unmet needs of stakeholders

that could be applied to both inpatient and outpatient settings. Furthermore, we intend to

develop a longitudinal service model that can deliver timely and continuous care in a cycle

system.

As the first step in the service model, the MR service is essential to resolve prescription dis-

crepancies and ensure appropriate medication use during hospitalization. In our study, the

physicians and nurses had difficulties with recording patient medication histories, which can

lead to prescription discrepancies. The Joint Commission has recommended that the best MR

service has a complete understanding and accurate record of the patient’s medication history

Multidisciplinary collaborative team care service model using a service design framework
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[30]. A recent meta-analysis suggested that pharmacist-oriented MR services were effective in

reducing hospital revisits and readmissions [31], as well as saving estimated annual costs and

hospital expenses [32]. Thus, pharmacist-mediated prescription reconciliation can decrease

medication errors, reduce hospital stays, and lead to healthcare cost savings [33]. The second

step, the MEM service, is one of the most important tasks for administering good patient care.

Because most inpatients have complex pharmacotherapy regimens and rapid changes in their

conditions, they require special care from a qualified collaborative team. The MEM service

identifies any potentially inappropriate medication uses and improves medication manage-

ment by using evidence-based practices, through daily monitoring of the patient’s clinical sta-

tus. It is well-known that medication therapy management (MTM) programs have helped

identify and resolve numerous drug therapy problems, resulting in medical cost savings and

reduced hospital stays [4, 6, 34, 35]. In addition to the MEM service, it is important that the

timely provision of pharmacist evidence-based information focused on patient-specific prob-

lems decreases the risk of medication errors [36]. Finally, the other core role of the pharmacist

is to provide PCT service which connects patient care when care shifts from one setting to

another, such as from a hospital to the home, ambulatory clinic, or other healthcare facility.

Furthermore, a pharmacist educates patients having greater medication knowledge and

encourages medication compliance, which leads to improved long-term treatment outcomes

[37, 38].

Service design is a powerful tool, because it allows stakeholders to directly address their

needs by participating in model development [12]. The use of this methodology has been sup-

ported by many other fields, including business marketing, public health, and finance. This

methodology has improved productivity, saved energy, and reduced costs for end users, result-

ing in more efficient and appealing services [39]. Nevertheless, it is necessary to consider the

specific needs of the clinical environment when applying our service model. Additionally,

applying this service to the clinical environment may increase the work of pharmacists and

incur additional costs for the patient. To provide professional and standardized service, a phar-

macist must have expertise in the disease through more than a certain amount of time. Several

randomized controlled trials, conducted with a MTC service model, have shown that total

costs (both direct medical costs and indirect costs) for each patient in the service user group

were higher than costs for a control group [40–43]. However, because the service group had

statistically significant improvements in humanistic and/or clinical outcomes with lower asso-

ciated costs, pharmaceutical care service was strongly favored. To reconcile the remaining con-

cerns, we are planning a large number of clinical studies to assess whether this service model

can improve patients’ clinical and humanistic outcomes, or save total costs to the healthcare

system.

In conclusion, we used a service design framework to develop a MTC service model that

can be applied in inpatient or outpatient settings, based on the needs of stakeholders. The ser-

vice model can also be applied to the treatment of chronic diseases that have high a risk of

drug-related problems and require comprehensive medication management. We expect our

service to reduce the length of hospital stays and to improve the quality of life for patients by

enabling comprehensive medication management. Furthermore, we believe this patient-cen-

tered service model can improve patient outcomes by enhancing the professional relationships

between pharmacists and other healthcare providers.
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