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Abstract: Clinic- and hospital-based home care describes models of care where services commonly
associated with hospital inpatient care are provided at the patient’s home or in an outpatient or
community-based clinic. Hospital in the Home (HITH), also termed Hospital at Home (HaH) in parts
of Europe and America, is a common and important example of this type of care. Other examples
include infusion centers, skilled nursing facilities (particularly in the USA), self-administration models
(including home infusion services) and administration through outpatient or community clinics.
Different models of HITH care are used internationally and these encompass a wide range of services.
Medication administration, particularly outpatient parenteral antimicrobial therapy (OPAT), is an
important element in many of these models of care. There is a key role for pharmacists since the
provision of medication is integral in this model of patient care outside the hospital setting. Data
on the growing importance of HITH and OPAT as well as the administration of medications suited
to clinic- and hospital-based home care, including subcutaneous and intramuscular injectables,
immunoglobulins and other blood fractions, cancer chemotherapy, total parenteral nutrition,
biologicals/biosimilars, vasopressors and enzymes, using differing service models, are described.
The pharmacist’s role is evolving from that involved primarily with dose preparation and supply of
medications. Their clinical expertise in medication management ensures that they are an integral
member and leader in these models of care. Their role ensures the safe and quality use of medicines,
particularly across transitions of care, with the pharmacist taking on the roles of educator and
consultant to patients and health professional colleagues. Activities such as antimicrobial stewardship
and ongoing monitoring of patients and outcomes is fundamental to ensure quality patient outcomes
in these settings.
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1. Introduction

Clinical care commonly associated with hospital inpatient care has been delivered in the home
setting internationally for many decades. Varying terminology is used to describe this type of care.
In 1953, The Canadian Journal of Public Health described a new healthcare service called ‘Hospital
Home Care’. It stated that ‘the patient is considered a hospital patient, where the patient is treated at
home with hospital resources’ and that ‘Hospital home-care plans are still so new that their eventual
scope is not fully known’ [1]. A few years later in France, the first Hospital in the Home Service, called
‘L’Hospitalisation A Domicile’ or ‘HAD’, was introduced in Paris in 1957, and it grew to 207 services
throughout the country by 2007 [2]. In Australia, this type of care, providing clinical care to patients
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outside of the hospital setting, most commonly in their own homes, is generally termed Hospital in
the Home (HITH), with an increasing acceptance of HITH services and the Australian Department of
Health encouraging this expansion [3]. A recent Australian study observed that between 2011 and
2017, HITH patient admissions grew by almost twice the rate of all hospital admissions in a group
of 20 Australian principal referrer hospitals [4]. Delivery of intravenous antimicrobial therapy is an
important part of many of these clinic and home-based services, initially utilized by patients with
cystic fibrosis receiving outpatient intravenous antibiotic therapy (OPAT) to assist in the management
of their condition in their home environment since the 1970s [5].

A key element in these models of care is the provision of medicines, traditionally provided
in an inpatient setting, to patients outside of the hospital, thus highlighting a role for pharmacist
involvement. In this article, we will discuss, based on a review of the published literature, the important
and expanding role of clinic- and home-based services, such as those provided in the patient’s home
(which will be referred to as HITH) and OPAT models of care, the types of medication-based activities
performed and the reported roles of pharmacists in the delivery of these types of services. Through
review of the services provided, the key roles that pharmacists play and could play in these models of
care will be discussed.

2. Why Have Clinic- and Hospital-Based Home Care, Such as HITH and OPAT?

The proportion of Australian residents aged over 65 years is expected to increase to almost 22.5%
of the population by 2050 [6], and in the USA, the population of this same age group is expected to
double in size between 2010 and 2050 and reach a total of 89 million people [7]. Similarly, the population
growth of British residents 65 years and over increased by 22.9% to 12.4 million people in the ten
years between mid-2009 and mid-2019 [8]. As chronic disease is more prevalent in aging populations,
there is an increasing pressure on hospitals to provide care.

There is also an increasing trend to treat other patient groups, such as acutely or chronically ill
pediatric patients, at home. Due to medical and technical advances leading to increased pediatric
patient survival, the number of acutely unwell pediatric patients requiring hospital treatment has
increased in recent years, and international guidelines encourage the treatment of children at home to
support the patient and their family wherever possible. Therefore, not surprisingly, the number of
children with serious illnesses being treated at home has recently increased [9,10].

Providing hospital-equivalent care to patients outside the hospital setting is therefore an important
consideration for governments and policy makers for healthcare in the future. HITH and OPAT
programs are safe [11–13], cost-effective [13–16] and result in positive patient outcomes [13,15,17,18].
Most patients also report a preference for HITH treatment compared to an inpatient hospital
stay [13,19–22]. Patients are able to resume work and normal activities sooner, older patients
experience less delirium, bowel and urinary complications [19,23–26] and both pediatric and nursing
home patients experience less anxiety and disruption to their normal living environment [24,27,28].
Patients treated at home also have less exposure to hospital-acquired infections [28].

3. Clinic- and Hospital-Based Home Care Models

Clinic- and hospital-based home care models differ not only between countries but also within
countries. Models of care vary widely in the types of patients, medical review and involvement,
treatments offered, staffing mix and location where treatment is provided. However, published studies
that review and compare these various models of care with patient outcomes are lacking.

3.1. Hospital in the Home (HITH)

HITH services are commonly led by nursing or medical staff, with medical reviews provided
either in a hospital clinic, usually at least once weekly, or in the patient’s home [29]. Physicians
have varying input and frequency of review depending on the location of the HITH service. Some
medical officers are employed and work within the HITH service full-time and provide daily home
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visits and 24-h medical support, whereas other HITH services describe limited physician assistance,
often from hospital doctors affiliated with inpatient units or the emergency department, in the form of
a once-weekly patient review performed in a hospital clinic [29,30]. Occasionally, medical support
from within the hospital or emergency department is also required for HITH patients after hours or
between medical reviews, particularly when adverse reactions or problems arise [29].

In the USA, the ‘Johns Hopkins Hospital-at-Home’ model treats patients requiring hospital-level
care at home at numerous sites across the USA, whilst still considering the patient as an inpatient,
and medical responsibility is maintained by the hospital [31]. Whilst the Hospital at Home physician
visits the patient at home at least once daily, the Hospital at Home nurse visits the patients frequently
when required and also provides 24-h support, as a substitute for acute inpatient hospital care. Eligible
patients usually live within a 30-min travel time from the hospital. Patients utilizing this model are
most commonly treated for community-acquired pneumonia, chronic heart failure, chronic obstructive
pulmonary disease (COPD) and cellulitis [26,31].

A recently described (2017) British HITH service in the UK is ‘The Guy’s and St Thomas’ NHS
Foundation Trust (GSTT) @home service’, which accepts patients from general practitioners (GPs) or
via hospital referrals [32]. The service is led by a senior nurse, with consultant geriatrician support,
who visits the patient at home or in the hospital outpatient clinic as required. A multidisciplinary
team consisting of senior nurses, GPs, rehabilitation support workers, physiotherapists, occupational
therapists, social workers and a pharmacist meet daily to discuss appropriate initial and ongoing
treatment. Patients treated via this service include those with cellulitis, falls, COPD, dehydration,
gastroenteritis, heart failure, infected foot ulcers, post-operative surgery, urinary tract infection,
unstable diabetes, palliative care, community-acquired pneumonia, deep vein thrombosis, hyperemesis
gravidarum, pyelonephritis and viral illness. Treatments include rapid assessment, diagnosis,
treatment and evaluation, medication titration, intravenous/subcutaneous fluids, intravenous
antibiotics, intravenous diuretics, treatment for respiratory disorders (for example, nebulizers,
antibiotics and physiotherapy), bladder scans for post-gynecological surgery and trial without catheter
(post-operatively) [32].

An Australian HITH service offered by the Royal Melbourne Hospital provides services to patients
at home, including patients that also reside in nursing homes. Patients are considered hospital
inpatients and the hospital maintains medical responsibility throughout their HITH stay [33]. Medical
care is provided seven days a week and 24 h a day, and medical and nursing staff visit the patient
in the nursing home or at home for medical review once or twice a day. The service administers
oxygen, intravenous antibiotics and intravenous fluids as well as providing mobile pathology and
radiology services [33]. Another Australian HITH service located in Western Sydney treats patients with
intravenous antibiotics, manages wound care and administers injectable anticoagulants. The service
is led by Infectious Disease (ID) specialists who review patients weekly in a hospital clinic. Support
is provided by nursing staff and a dedicated pharmacist. Patient referrals are accepted from the
Emergency Department, hospital inpatient wards or other public hospitals for patients living in the
local area [30].

Other commonly described treatments provided to patients in HITH programs include the
administration of intravenous antibiotics, blood transfusions, intravenous fluids, chemotherapy,
anticoagulation for venous thromboembolism and perioperative bridging and post-surgical care,
such as complicated wound management [4,29]. Conditions commonly treated via HITH programs
include infectious diseases, venous thromboembolism, cancer, COPD, asthma exacerbations, heart
failure and dehydration [4,26,34]. Researchers have recently discussed the scope for continued
expansion into therapeutic areas, such as cancer and heart failure, and any other suitable areas where
hospital treatment may be safely and effectively provided at home [4].

Medicines administered via the parenteral route, such as subcutaneous and intramuscular injection,
as well as via infusion are all suitable for administration via clinic- and hospital-based home care
services. The treatment of gastrointestinal diseases, dehydration, congestive heart failure, cancer,
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multiple sclerosis, rheumatoid arthritis, hemophilia, immune deficiencies and neurological disorders,
which may be treated with treatments including antibiotics, antifungals, antivirals, chemotherapy,
hydration therapy, pain management, parenteral nutrition, immunoglobulins and blood factors,
corticosteroids, erythropoietin, monoclonal antibodies (such as infliximab or natalizumab), inotropic
cardiac medications and growth hormones, have all been described in the literature [35–37]. Complex
home infusions are also increasingly used, and an Italian study described a team of nurses and doctors
that successfully administered enzyme therapy on a fortnightly basis to patients with Fabry disease
at home [38]. A total of 85 Italian patients (45 males, 40 females) from 11 Italian regions successfully
received a cumulative number of 4269 home infusions of agalsidase alfa with a 100% compliance rate
for treatment.

3.2. OPAT Models of Care

OPAT is defined as the administration of parenteral, most commonly intravenous, antimicrobial
therapy to patients in an outpatient setting (OPAT) for at least 2 days or more, which is common
practice in clinic- and hospital-based home care. Recently published guidelines in the UK and the USA
have described the popularity and expected growth of OPAT [39–41].

3.2.1. Home-Based OPAT

As reported by the National Home Infusion Foundation in the USA in 2017, 3.2 million patients in
America receive infusions at home annually, the most common of which were for infectious diseases.
This represents a substantial increase from 2008, where only 829,000 patients received infusions in
home-based care [13,35,41].

Home-based OPAT is described using varying models of care (Table 1). The patient or their
carer can be trained to self-administer their intravenous antibiotics with ongoing oversight by a nurse
who visits the patient at home at least once per week (commonly termed ‘Home Infusion’ in the
USA) [40]. Alternatively, the patient self-administers OPAT at home (S-OPAT) but visits a physician’s
office or clinic once to twice weekly for supervision and ongoing supplies [13,40,42]. An example of a
self-administered OPAT model was described in the literature in 2015, where Subedi et al. showed
the safety and efficacy of a self-administered OPAT model [42]. OPAT was administered to patients
through the ‘Hospital Alternate Site Infusion Service (ASIS)’ from the Princess Alexandra Hospital
in Brisbane, Australia. Patients were taught how to administer their own OPAT before they were
discharged home, with ID specialists reviewing patients once weekly in a hospital clinic [42].

A home-based OPAT model commonly used in the USA by Veterans Affairs programs, as well as in
Australia and Europe, is the HITH model, where a nurse visits and administers all OPAT in the patient’s
home [40]. Interestingly, a recent review (2020) of Australian HITH services observed that the treatment
of infectious diseases is one of the most common indications for HITH patients and this practice
is expected to grow [4]. Typically, the types of infectious diseases treated within HITH programs
with OPAT include treatment with both short- or longer-term intravenous therapy for indications,
including cellulitis and soft tissue infections, osteomyelitis, septic arthritis, respiratory infections,
such as exacerbation of bronchiectasis and cystic fibrosis, urinary tract infections and endocarditis.

3.2.2. Clinic-Based OPAT

An alternate setting to HITH or self-administration models for the provision of OPAT is via a
clinic, an infusion center or a skilled nursing facility (Table 1). In these models, antibiotic therapy is
administered to the patient by trained staff in a physician’s office or a freestanding infusion center or
the patient is admitted to a skilled nursing facility (SNF), which is more commonly used in the USA for
patients who have additional nursing needs or no home infusion insurance benefits. These modes of
delivery are generally used for patients unable to self-administer the therapy themselves. The nurses
within skilled nursing facilities administer infusions in addition to any other services, such as physical
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therapy and wound care, until the patient is well enough to return home [40]. OPAT has also been
reported to be administered in dialysis units in the USA [40].

Table 1. Summary of models of clinic- and hospital-based home care for outpatient parenteral
antimicrobial therapy (OPAT) administration [42,43].

Home-Based

Home infusion: Patient or carer self-administers OPAT with oversight by home
infusion nurse

Clinic: Patient self-administers OPAT at home with reviews by a physician in the
physician’s office or a clinic twice weekly

Hospital in the Home: nurse administers OPAT in the home with physician
reviews either at home or in the clinic

Clinic-Based

Infusion center-based or clinic-based: OPAT administered by trained nurses in a
physician’s office or a freestanding infusion center

Skilled nursing facility: OPAT administered by trained nurses to patients with
additional nursing needs. Rehabilitation wards/services or nursing homes may be
used. Patients stay overnight until they are well enough to return home

4. Challenges in Providing Medication Services in Clinic- and Hospital-Based Home Care

4.1. Frequency of Service

Many of the documented challenges associated with treating OPAT patients in the home or clinic
environment relate to medication administration. Nursing staff typically visit patients once to twice a
day to administer treatments, or alternatively, patients visit the clinic or self-administer their OPAT
treatment once or twice a day. Therefore, the administration of the prescribed treatment, such as
intravenous antibiotics, often needs to be adjusted to suit this frequency. It is generally impractical
for nursing staff to visit a patient at home three or four times a day, and although patients may be
educated on how to self-administer their treatment, dosing multiple times a day may be too difficult
or disruptive to their daily activities [43]. Therefore, if antibiotics require frequent administration,
an alternative antimicrobial agent is identified or 12- to 24-h continuous intravenous infusions are
commonly used. This enables administration once to twice per day to coincide with the corresponding
nursing visit.

4.2. Antibiotic Stability and Ambulatory Intravenous Infusion Pumps

Ambulatory intravenous infusion pumps are generally used to give patients mobility in the home
and community. Intravenous delivery devices, such as elastomeric pump devices or battery-operated
intravenous pumps, are used to administer intravenous solutions of antibiotics continuously over
prolonged periods, such as over 12 or 24 h. Whilst battery-operated pumps use batteries to power the
intravenous infusion, elastomeric pump devices administer infusions using both flow restrictors in the
infusion line as well as pressure applied by an internal pre-filled balloon reservoir. Antibiotic solutions
administered via ambulatory infusion pumps are maintained at room temperature throughout the
infusion time and, therefore, must be stable in solution at expected room temperatures to ensure the
appropriate dose is administered. Published research on antibiotic stability at higher or lower room
temperatures is lacking, which is particularly problematic for antibiotics that rapidly degrade at higher
temperatures or for antibiotics with possibly harmful degradation products [44]. Administration rates
of intravenous solutions from ambulatory intravenous pump devices must be considered since there
is some evidence to suggest varying flow rates occur from elastomeric pump devices, depending on
ambient temperature and viscosity of the infusion solution [45].
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4.3. Patient Monitoring, Communication and Collaboration

Another challenge for clinic- and hospital-based home care models is the monitoring and
management of patients and their treatment in a home or community setting, where there is less
supervision compared to the traditional inpatient hospital environment.

Despite its many benefits, adverse reactions to OPAT are common. A recent USA study in 2017
reviewed the frequency and types of adverse drug reactions experienced in patients discharged with
OPAT over a 6-month period [46]. The retrospective chart analysis found that 44.4% of patients (n = 144)
experienced an adverse drug reaction to OPAT therapy. Of these adverse drug reactions, 26% of cases
required a change in drug therapy, and a hospital readmission occurred in 9% of cases. This highlights
the need for adequate monitoring and management of patients, particularly through transitions of care.

It is also recognized that patients initially accepted to HITH and OPAT services may be less
clinically stable than those accepted to other types of community care services, and therefore, careful
patient selection is important. This includes ensuring an initial clinical review and ongoing medical
oversight by a medical officer, a stable patient condition, a suitable home environment located a
reasonable distance from the service and adequate carer support at home [39]. Clear guidelines and
patient review by ID physicians, pharmacists and nurses before the patient is accepted, as well as
regular and ongoing reviews while the patient is at home, are essential to ensure patients receive the
appropriate level of care, monitoring and treatment at home [39].

Geographical separation between patient and healthcare staff is a potential barrier to effective
communication and, therefore, optimum patient care. This is particularly important if there is patient
deterioration and the referral for appropriate and timely management by HITH and OPAT staff. Clearly
written policies and procedures and adequate ongoing handover of patient care via communication
and appropriate documentation are essential to overcome this challenge. Patients should be educated
about possible signs and symptoms or adverse effects to their medication therapy and encouraged to
contact staff immediately with any questions or concerns [39].

4.4. Antimicrobial Stewardship in OPAT Services

Antimicrobial stewardship (AMS) is a multidisciplinary and collaborative process that aims
to reduce antibiotic resistance in the long term by promoting the effective and appropriate use of
antibiotics in the short term. Access to antimicrobial stewardship (AMS) programs and specialist
staff, such as ID specialists, may be a challenge for some clinic- and home-based services providing
OPAT services.

A recent survey reviewing the role and effectiveness of antimicrobial stewardship (AMS) in
Australian HITH/OPAT services reported that not all Australian HITH/OPAT services had the same
access to AMS programs [47]. The same survey also indicated that AMS interventions within these
OPAT services could be improved in the future.

Recent research into OPAT models of care have demonstrated the importance of ID physician
involvement, including the benefits of an ID specialist review before the patient is discharged from the
hospital with OPAT, resulting in a reduction in unnecessary therapy and ensuring appropriate ongoing
monitoring and review [48]. British and American OPAT guidelines also recommend the inclusion
of ID physicians in OPAT services to ensure optimum outcomes [39,40]. Disappointingly, however,
a recent American survey of ID physicians reported that 60% of institutions providing OPAT services
did not require a mandatory ID review before the patient was discharged [49]. This practice was not
supported by 75% of the ID specialists surveyed, concluding that ID involvement in OPAT programs
could be improved. A successful pharmacist-led OPAT model reported in 2016 described a pharmacist
working collaboratively with ID physicians, suggesting an important opportunity for pharmacists to
further assist ID specialists and AMS stewardship activities in the OPAT setting [50].
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5. Pharmacist Involvement in Clinic- and Hospital-Based Home Care

Many of the treatments administered in clinic- and hospital-based home care programs, such as
intravenous antibiotics, chemotherapy and anticoagulants, are classified as high-risk medications,
where supply and clinical review by a clinical pharmacist is recommended. The ‘High-Risk Medication
Policy’ published by the Clinical Excellence Commission in Australia in 2019 [51] identifies these
treatments as having a high potential for medication-related harm. The policy outlines the importance
of a pharmaceutical review for all patients treated with high-risk medications and suggests it should be
‘conducted or supervised by a qualified and suitably trained health professional (ideally a pharmacist)
acting as part of a multidisciplinary team′ [51].

The type and extent of pharmacist involvement in clinic- and home-based hospital care described
in the literature varies considerably. An Australian review of pharmacy services provided to HITH
ranged from a dedicated HITH pharmacist to no pharmacist involvement, other than the dispensing
and supply of medications [52]. For the HITH services that have a dedicated pharmacist, service
provision includes aseptic manufacture; provision of drug stability, storage and intravenous pump
information; therapeutic drug monitoring and dosing advice; patient counselling and administrative
services, such as policy and procedure development.

6. Benefits of Pharmacist Involvement

Pharmacists can significantly improve patient care in clinic- and hospital-based home care,
as highlighted in published studies. Most notably, pharmacists have demonstrated positive
contributions in the areas of antimicrobial stewardship, clinically monitoring and managing patients
on OPAT and clinical medication reviews at transitions of care.

6.1. Appropriate Prescribing of Antimicrobials (AMS)

With a large portion of patients treated for infectious diseases outside the hospital setting, and the
threat of antimicrobial resistance, pharmacists in the HITH/OPAT setting are in an excellent position to
provide evidence-based guidance on the safe and effective administration of intravenous antibiotics to
patients in HITH and OPAT programs. The World Health Organisation lists antibiotic resistance as
‘one of the biggest threats to global health, food security and development today’, and pharmacists,
in partnership with ID specialists, can effectively encourage the appropriate use of antibiotics in
HITH programs [39]. Pharmacists can ensure that the most appropriate antibiotic is prescribed and
administered in a safe and effective manner via infusion devices, if required, at the most appropriate
dose, formulation and time frame, with a timely intravenous to oral switch and cessation of therapy
when appropriate, in addition to reviewing and reporting patient outcomes, healthcare-associated
acquired infections and re-admission rates [53].

Research conducted in the Royal Children’s Hospital HITH service in Melbourne, Australia,
in 2012/2013 highlighted the need for a dedicated pharmacist [54]. This 12-month prospective
observational study reviewed the use, appropriateness, and outcomes of OPAT in children. The lack of
a dedicated pharmacist was listed as a possible cause for the noted deviation from hospital antibiotic
policies, particularly for issues such as incorrect dose or duration of antibiotic.

Heintz et al. showed that pharmacists within a multidisciplinary team consisting of ID specialists
and nurses can help to improve the safety, efficacy and convenience of OPAT as well as reduce costs
when OPAT treatment is reviewed prior to the patient being discharged from hospital [55]. Within
the prospective analysis over a 12-month period, the pharmacist’s interventions positively impacted
the safety, regimen complexity and efficacy of OPAT treatment. The multidisciplinary team also
prevented unnecessary delays to hospital discharge and avoided unnecessary OPAT treatment (where
no antibiotic was required or an oral antibiotic was indicated, for example), which led to substantial
cost savings for the service.
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An initial OPAT patient review and ongoing reviews by a pharmacist were described by
Chung et al. (2016) in a pharmacist-managed OPAT program within a county teaching hospital in
Indianapolis, Indiana [50]. Working collaboratively with ID physicians, the pharmacist advised on
appropriate patient and regimen selection, reviewed and confirmed OPAT orders when the patient was
discharged from hospital and ensured ongoing laboratory monitoring was performed. The pharmacist
also monitored the patient for any adverse effects and line complications and organized the removal of
the vascular access device or pump at completion of the treatment. The pharmacist-led OPAT program
demonstrated improvements in patient outcomes with minimal adverse effects and line complications.

6.2. Patient Monitoring, Clinical Review and Adverse Effects

A significant activity for pharmacists working within a multidisciplinary OPAT team is the
initial and ongoing clinical review of the patient. This includes identifying and reviewing the clinical
pathology and therapeutic drug monitoring, monitoring for potential medication-related adverse
effects and assessing the patient response to treatment.

The ‘American Society of Health-System Pharmacists (ASHP) Guidelines on Home Infusion
Pharmacy Services’ in the USA identified that pharmacists should participate in initial HITH or OPAT
patient clinical reviews, including reviewing patient pathology results, renal function, medication
interactions, patient allergies and other clinically relevant patient information, before supplying any
new medication or ongoing medication [56]. Recently published British OPAT guidelines recommended
that patients receiving OPAT have pathology testing at least once per week, including a full blood
count, renal and liver function, C-reactive protein (CRP) and therapeutic drug monitoring, if indicated,
as well as other tests if specified for specific indications or medication therapies [39]. Pharmacists
are in an ideal position to ensure that appropriate clinical monitoring occurs and is reviewed when
supplying parenteral antimicrobial medications to patients in OPAT programs, ensuring safe and
effective patient care.

Shah et al. highlighted that non-ID physicians at an infusion center are less successful at following
OPAT laboratory monitoring guidelines compared to ID physicians [57]. However, the addition and
assistance of a pharmacist improved the rates and appropriateness of laboratory monitoring compliance
for the non-ID physician group, and the researchers concluded that pharmacist assistance may be
especially important in facilities without ID oversight, as pharmacists may be more readily available.

6.3. Medication Review

Medication errors relating to transitions of care, as well as frequent medication-related hospital
admissions, are well described [58]. Pharmacists have the required skills to ensure that medications
are appropriately managed in the home setting, especially following transitions of care, via medication
history documentation, medication reconciliation and clinical review. Pharmacists successfully
provide medication reviews at home visits, in hospital clinics, via telehealth or via telephone calls,
as demonstrated by recent studies outlining pharmacist activities in this area [59–62].

Corsi et al. reviewed the impact of a pharmacist medication review service in a visiting nurse service
(VNS) in 2017 [63]. An average of 8.7 medication-related problems per patient were identified and
reviewed by the pharmacist, including immunization requirement, improving adherence (inappropriate
administration or technique or overuse), dose adjustment, adverse drug reaction, missing drug therapy,
suboptimal drugs, cost-effective alternative, unnecessary treatment and drug interaction. Cost-saving
benefits of these pharmacist interventions included prevention of hospital or ED admission, reducing
medication cost, preventing life-threatening situations, adherence support, preventing physician visits
and preventing additional physician orders. Following completion of the study, a full-time pharmacist
position for the service was created.

In 2011, an Australian study in Melbourne described the success of a pharmacist-led anticoagulant
dosing service within an Australian HITH program [64]. Patients achieved a therapeutic INR faster
when warfarin dosing was managed by a pharmacist compared to a doctor.
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In 2019, a medication reconciliation and review service was provided by a pharmacist at a home
visit, with a view to reduce cholinergic burden, for patients suffering from delirium within a Hospital
in the Home program [25].

Working within the patient’s home and the outpatient or clinic environment also places the
pharmacist in an ideal position to integrate into the patient-centered medical home. Linking in with
the patient, the patient’s general practitioner and the relevant hospital medical staff allows pharmacists
to assist with the coordination of specialized treatments between hospital and community whilst also
being readily available to the patient and ensuring the patient’s needs are appropriately met [65].

6.4. Specialised OPAT Medication Supply

Accurate and timely medication supply is an important role for pharmacists to ensure continuity
of care for patients. The supply of parenteral medications, such as intravenous antibiotics administered
via ambulatory pumps, requires the ordering, manufacture and/or dispensing of aseptically prepared
antibiotic solutions. Such products often have a short shelf-life and require refrigeration during storage.
Therefore, frequent communication between pharmacists and prescribing doctors, OPAT nurses and the
patient/carer is required to ensure seamless ongoing treatment. The pharmacist can prevent disruptions
to treatment by responding promptly to therapy changes and, therefore, reduce unnecessary medication
wastage costs. Examples of therapy changes include dose changes following changes in renal function
or a change in antibiotic if a patient is not responding or experiences adverse effects.

The ‘American Society of Health-System Pharmacists (ASHP) Guidelines on Home Infusion
Pharmacy Services’ outline the role of pharmacists providing intravenous infusions for patients in
the home setting [56]. These guidelines state that pharmacist activities fall into three broad areas:
‘the provision of specialized, complex pharmaceutical products; development and execution of plans to
manage the medication therapy of patients; and clinical assessment and monitoring of patients in their
homes′. Specifically, the role of the pharmacist as outlined by these guidelines should include duties
such as supervision of dispensing and delivery of sterile preparations; drug information to colleagues
and patients; clinical monitoring and ongoing clinical review of patients at home on infusions; effective
use of technology to ensure work efficiency and patient safety; maintaining patient confidentiality and
using support staff effectively.

6.5. Specialized Advice, Patient Education and Quality Improvement

Pharmacists are an excellent source of specialist knowledge within the multidisciplinary team.
In the use of antibiotic administration via ambulatory infusion pumps, they provide expertise on
antibiotic stability factors (including review of diluent, concentration, infusion container or different
pump types), storage conditions (room and refrigerator temperature), infusion time and treatment
costs. The pH and osmolality of solutions may also need to be reviewed by the pharmacist, depending
on the type of vascular access device used [40]. Practical advice concerning the use of parenteral
medications outside the hospital setting and overcoming challenges faced by limited nursing or clinic
visits and long intravenous infusion times are increasingly important considerations, especially as new
research emerges and evidence and advice is updated.

Without definitive stability data for all intravenous antibiotics used in continuous infusions, it is
expected that treatments may vary between clinic- and home-based hospital models of care depending
on local policy and decision-making. These factors are described in an early Australian study describing
the activities of HITH pharmacists in Victoria, where a range of practices were observed relating to
drug selection and dosing regimens for HITH patients [52]. Due to the rapidly evolving nature of
HITH and OPAT, it is important for pharmacists to be conscious of emerging research, particularly in
the field of antibiotic stability, to support evidence-based practice. There is potential to standardize
some aspects of patient care relating to choice and administration of intravenous antibiotics in HITH
programs. Assisting with policy and practice development and educating patients and other health
professionals are also important roles of the pharmacist as hospital care is increasingly provided
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outside the hospital setting. Pharmacists should also be involved in all aspects of service improvement,
benchmarking and documenting patient outcomes [39].

7. Conclusions

With an ageing population, providing hospital-associated patient care in a clinic- and
hospital-based home care setting instead of an inpatient hospital setting has many benefits. This includes
increasing hospital capacity without increasing costs or adversely affecting patient outcomes. Patients
mostly prefer to be treated at home and can resume normal activities sooner. Pediatric patients,
especially those that are very unwell with ongoing complex needs, benefit immensely from clinic- and
home-based treatment models. Avoiding a stressful hospital stay has a profoundly positive impact on
the well-being of the child, and these models also ensure that parents can be more involved in their
child’s overall care.

However, with the growth of these models of care, it is important that appropriate resources and
staff are provided to support good-quality, patient-focused care. Pharmacists have demonstrated a
significantly positive effect on improving the efficacy, safety and favorable outcomes in HITH models,
particularly within OPAT services, and can also help to address many of the identified challenges
in providing clinic- and hospital-based home care. Pharmacists have an opportunity to extend their
roles in these settings beyond the traditional supply role, including providing expert clinical advice to
patients and colleagues, providing specialist advice on the practical use of antimicrobials and other
parenteral medications administered in the community and providing medication reviews at transitions
of care. Participating in continuing education, quality improvement and research is also important for
pharmacists to ensure evidence-based practice is encouraged within clinic- and hospital-based home
care models.

Pharmacists are, or should be, an integral part of HITH and OPAT multidisciplinary teams and
their role should continue to evolve as clinic- and hospital-based home care continues to expand and
grow into new areas of service in the future. The integration and expansion of the roles of pharmacists
in these models of care would be assisted by future studies which focus on health economic analyses
to demonstrate benefits arising from the differing models of care and patient outcomes.
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