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A GLOBAL PERSPECTIVE OF THE ROLES OF THE PHARMACIST

IN THE NICU

Natalia Krzyzaniak,Beata Bajorek

ABSTRACT:

Objectives: To describe pharmacist practice and roles performed in the neonatal intensive
care unit (NICU) worldwide and to map these findings along the medicines management

pathway (M M P).

M ethod: Quasi-system atic review

Search Strategy: Google Scholar, Medline/PubM ed and Embase were searched utilising the

selected M eSH term s.

Results: Thirty sources of inform ation were reviewed. Overall, pharmacist practice in the
NICU involves a wide-range of roles, with the most commonly reported involving patient
m edication chart review, therapeutic drug monitoring and the provision of medication
inform ation. Studies highlight that pharmacist contribution to total parenteral nutrition
(TPN) regimens and patient medication chart review is beneficial for patient outcom es.
Roles beyond the regular scope of practice included involvem ent in im munisation program s
and research. Most of the data were collected from the USA (13 of 30), followed by the UK
(6 of 30) and reports from other countries. The American, British, South African and
Australian articles have reported very similar roles, with a pharm acist firmly integrated into

the overall structure of the NICU team .

Conclusion: The literature identifies thatthere is insufficient evidence to describe whatroles
are currently performed in NICUs worldwide. This is due to the lack of recently published
articles leading to a large gap in knowledge in understanding what contemporary
pharmaceutical services in the NICU com prise. Further research is required to address these
gaps in knowledge, and identify the impact of the pharmacist’s role on neonatal patient
outcomes as well as to determine how to better resource NICUs to access pharmacy

services.

Key W ords: Pharm acist roles, Pharmacy services, Neonatal Care, Neonatal Intensive

Care Unit



1. INTRODUCTION

The World Health Organisation (WHO) recognises pharm acists as essential resources for the
safe and effective use of medicines.'”’ With the outcomes of pharm acist interventions
including im proved patient quality of life, as well as reduced medication errors and adverse
drug events, there are clear benefits to providing clinical pharm acy services to hospitalised

[2-6]

patients. Current studies describe pharmacist roles within a range of adult settings,

including participation in ward rounds, medication reconciliation upon admission and

-6,

therapeutic drug monitoring (TDM ).""%3 However, there is minimalcorresponding literature

reporting on pharm acistroles within the neonatalintensive care unit (NICU).

As the NICU population possesses characteristics of vulnerability, which predispose them to
a high-risk of medication misadventure, the use of medication in these patients poses
significant challenges for the treating team. Current studies showcase pharmacist
interventions as having a significant impact on decreasing medication errors in the NICU,
howeverthey failto describe roles beyond those performed as experimentalinterventions.!"
81 The roles and practices of pharmacists vary from country to country, and as such it is
prudent to explore these differences to determine whether there are any inequalities in
medication managementin the NICU and where pharmacists focus their practice. Therefore,
the purpose of this review is to provide an overview of pharm acist practice in the NICU and
identify, describe and compare pharmacist roles as reported globally in published and grey

literature. A specific objective of the review is to map the findings along the medicines

managementpathway (M M P).[°!

2.METHOD

A quasi-system atic review (a review that possesses some elements of a system atic review,
including pre-defined selection criteria, however includes grey literature and does not
present a critical evaluation of the quality of studies) extracted relevant publications relating
to roles, interventions, activities and functions performed by pharm acists in the NICU .[*0 21 A
robust system atic review could not be performed due to the nature of the literature
collected, with the m ajority consisting of grey literature, review articles and reports and a

distinct lack of published studies. The amountand type of literature collected influenced the



formatof the review, precluding the fullapplication of PRISM A guidelines, and leading to the

adoption ofa quasi-system aticreview .

Literature was retrieved by searching the following electronic databases: Em base, PubM ed

and Google Scholar. All sources of inform ation including relevant studies, review papers and

other publications were canvassed. It is acknowledged that particularly where practice is

well established, it is not necessarily based on well-designed clinical trials. Therefore, a

broader perspective was obtained by performing a supplemental Google search using the

same search term s to identify relevant grey literature.

2.1 SEARCH STRATEGY

A two-tiered search strategy was used. (Figure 1) In Tier 1, a search was perform ed utilising

the following M eSH headings/keywords: pharmacist interventions, clinical pharmacist,

neonatal intensive care, neonate/infant/newborn, pre-term, protocols, pharmacist

role/activities, pharm acist responsibilities, and pharmacist impact. The Boolean operator

‘AND’ was employed to combine the search terms. Manual bibliographic searches of all

relevant articles were also performed in order to identify any articles that were not

identified in the electronic searches. In Tier 2 of the search, relevant grey literature was

identified through a Google search using the same M eSH terms. This tier was dedicated to

finding service standards, position descriptions as wellas descriptive reports.

2.2 STUDY SELECTION

The selection criteria for the searches restricted the content to the following: (i) review

articles (including literature reviews and opinion pieces), research articles, or grey literature

(ii) with results containing inform ation on pharmacist led activities relating to neonatal

patients in the NICU setting and (iii) written in the English language. All full text articles

m eeting this criteria were retrieved and allevaluations pertaining to the types of pharm acist

roles in the NICU were included in the review. Due to the minimal amount of literature

available reporting on pharmacist roles in the NICU, no date limits were applied, enabling

the collection of data from a broaderrange of resources.



2.3 THEMEDICINES MANAGEMENT PATHW AY

The pharmacist roles identified in the review were mapped out against the medicines
management pathway (M MP). The MMP is a process map that describes the full range of
cognitive and physical steps involved in the utilisation of pharmacotherapy in any patient
group with the aim of improving the quality use of medicines and identifying any potential

safety system improvem ents.!®!

Published by the Society of Hospital Pharm acists Australia
(SHPA) the M M P is cyclical in nature and highlights that each element relates to another.

(Figure 2)0!

2.4 DATA EXTRACTION AND ANALYSIS

The data extraction and mapping of the roles againstthe M M P was performed by Author 1
and verified by Author 2. A standard data extraction form was used to describe the studies
and the pharmacist roles performed in NICU’s worldwide. The articles retrieved from each
tier of searching were pooled for analysis, in-line with the study objectives. The extracted
inform ation consisted of a description of the roles performed by pharm acists, the frequency

atwhich they were performed,and the country from which the study originated.

3.RESULTS

13-921 This literature was

A total of thirty sources of inform ation were included in the review.
collected from arange of countries, predom inantly from the USA (13 of 30) and UK (6 of 30)
with reports from Awustralia, South Africa and Ireland. The types of articles collected
consisted of qualitative (5) and quantitative studies (4) (total 9 of 30), review articles (6 of
30) and reports (4 of 30) as well as grey literature including a descriptive article (1 of 30)
position descriptions (8 of 30) and neonatal service standards (2 of 30). It was noted that
there were no articles that utilised randomised controltrials orcohortstudy designs. Table 1
provides an overview ofthe articles used in the review .

Overall, there is limited published literature com prehensively exploring the current roles of
pharmacistsin NICUs. Mostofthe published literature collected was approximately 10 years
old orolder, with seven articles published before the year 2000, and three published prior to

2006 (14 16,19-22,24,30,32,330 Ag sych, grey literature including service standards, guidelines and

position statements were used to describe a more contemporary practice where other



literature was dated or absent. Due to the lack of available literature, several articles were
utilised that were prim arily paediatric based, butincluded a sub-section of neonatal patients

[16,21,23, 28,300 g yerall, out of the total proportion of articles included in

w ithin their evaluation.
the review, 24 were specifically related to pharm acists working within NICUs and neonatal
care, with the remaining 6 referring to pharm acists working in paediatric settings, including
PICUs, children’s hospitals and a women’s hospital that involved elements that also
addressed neonatalpatients.

Each of the roles identified were matched to the steps of the M M P; no specific pharm acist

roles were identified thatcould be mapped againstthe following steps:record of medication

order, adm inistration of medication and transfer ofverified inform ation.

THE ROLES OF THE NICU PHARMACIST MAPPED AGAINST THE STEPS OF THE MEDICINES

MANAGEMENTPATHW AY (M MP)

1.1 DECISION TO TREAT AND PRESCRIBE

The NICU pharmacist has been recognised as an important contributor to the prescribing
process. W ithin relatively older |literature, it was reported that pharmacists routinely

assisted in the appropriate selection of medications, suggested dose changes, routes of

(18,

adm inistration, and advised on potential side-effects. 20.24.331 pharm acists most commonly

contributed to the prescribing process by participating in medical ward rounds.(18 20 24 33]

W ard rounds in the NICU provided an opportunity for pharm acists to engage in bedside
pharmacotherapeutic consultations and improve inter-professional com munication (28 24 33]
These findings are also reflected in the British Association of Perinatal M edicine (BAPM)
service standards and in the position descriptions, which detail that NICU pharm acists are
required to attend multidisciplinary ward rounds on a daily or weekly basis, as well as

(34,37,38,40, 42,

provide input atrelevant clinical meetings. 31 The Australian position description

states that NICU pharmacists are expected to be active members of the multidisciplinary
NICU team to optimise patient care, and it has been reported that during ward rounds
medical staff rely on the pharmacist to provide accurate medication information and to
transmitnew research relating to pharm acotherapyin the neonate.[33 35!

NICU pharmacist involvement was acknowledged in the prescribing of nutritional

(18, 20, 22, 29, 33, 19, 26]

supplements for neonates. In particular, Ahmed stated that NICU

pharmacist input was significant during the prescribing and manufacture of parenteral



nutrition for infants.!*?!

Pharmacists were reported as being commonly involved in the
calculation of the daily calorie and protein requirements, preparing totalparenteralnutrition
(TPN) protocols, prescribing TPN regimens, reviewing TPN orders as well as identifying and
resolving errors in nutrition orders.!?° 2% 381 A yK study identified that 47% of NICU
pharmacists surveyed were prescribers and mainly ordered parenteral nutrition and
supplements (75%).[”] M ulholland added that pharmacist prescribing of TPN promoted
patient safety, reduced comm unication errors and reduced pharmacy costs.’?>"21 An older
prospective interventional study performed by Dice et.al. (1981) in a NICU that involved 28
patients, reported that pharmacist monitoring of individualised TPN regimens had
significantly increased the mean weight gain and protein intake of infants (p = < 0.02),
compared to those neonates on standardised TPN formulations with no pharmacist

[19]

m onitoring. Pharmacist monitoring involved calculating the neonate’s required fluid and

calories, recording changes in weight, documenting laboratory results and recom mending

[19]

changes to TPN solution. Furthermore, pharmacist monitored TPN programs led to

greater amounts of nutrients being provided to neonates, fewer medication errors and

29]

lower overall pharmacy costs.!*® Prescribing pharm acists in British NICUs felt they were

more integrated into the multidisciplinary treating team in the NICU after becoming a non-

medicalprescriber.2®!

1.2 REVIEW OF ORDER

The majority of the literature reported that NICU pharm acists were involved in the review of

14,15,17,20,21,27,30,32-38,40,39,41, 23] As a service uniquely perform ed by

patient medication charts.!
pharmacists, the medication chart review process within the NICU was described in older
literature as being a ‘standard’ practice for the advancement of medication safety.'*®2° The
characteristics of the role involved the evaluation of medication charts for medication
appropriateness, correct dosages according to the weight of the neonate, drug-drug/drug-
laboratory value/drug-nutrient interactions, allergies, medication duplication, timing of
adm inistration (particularly w ith concurrent v fluids or supplements), route of
adm inistration, adherence to clinical protocols and procedures, as well as the review of

relevant patient progress notes, diagnostic tests and laboratory values,!*% 15/ 17,2021,30,32,33,37,

38,40,39, 41,231 1y reviewing the patient’s medication chart, NICU pharmacists also performed

interventions to rectify medication safety issues which included correcting doses and

(16,19, 21,24,28,31, 40,41,

m odifying the route of adm inistration. 371 The benefits of a pharm acist-led



chart review were reported in one prospective study conducted in 2004 by Simpson et.al.
who found that the implementation of daily pharmacist review in NICU led to a significant
reduction in the incidence of medication errors (p = <0.001).1?!

Several position descriptions require NICU pharmacists to perform patient medication
reviews on atleast a daily basis, with the BAPM recom mending thatpharmacists dedicate at

(36-38, 40, 39, 41, 13]

minimum 10 - 20 minutes of time per patient. Observational research

conducted in a South African NICU, found that73% of pharmacisttime was spenton patient

[31]

review . In contrast, a study performed by Prot-Labarthe et.al. in four French-speaking

countries determined that only 10 — 15% of clinical pharm acist time was spent on clinical

1281 This study was conducted in paediatric intensive care units (PICUs), however as

activities.
it also included neonatal patients (ages ranging from 0 - 6 days) within their study
population, it was deemed relevant to this review. It is unknown what proportion of

pharmacists’ time in providing pharmaceutical services was spent on neonates in

comparison to generalised paediatric patients.

1.3 MEDICATION PREPARATION

The extemporaneous compounding service was acknowledged in older articles as being a
traditional pharmacist role often undertaken in the care of NICU patients.t% 20 33]
Pharm acotherapy in neonates often requires the preparation of dosage form s that are not
commercially available and the Australian position description requires NICU pharmacists to
be able to accurately perform duties in non-sterile and aseptic manufacturing when
required.® 31 The role was described within two older studies based in the USA (1985) and
Australia (1991) respectively, as involving the routine compounding of novel medication
formulations as well as specifically adapting adult medications for neonatal patients,
including diluting existing products to ensure suitable concentrations forneonates aswellas
to improve accuracy of dosage measurement."® 2% n a study from 1991, Dunkley found that
pharmacists at the time most commonly prepared eye drops, topical creams and

antiseptics.[”]

1.4 PROVISION OF MEDICATION INFORMATION

A majorresponsibility of the NICU pharm acist wasreported as the provision of a medication

inform ation service. The role comprised two components which involved the provision of



NICU specialised medication inform ation to other health professionals on the ward. Partof

the role required the pharmacist to be readily available at point of care, addressing

i : 1 1 2 24,27 1 2 4-37,4
spontaneous queries from nurses and doctors that arose during care.!?3/ 16,23 24,27, 31,32,34-37,40,

‘1 These queries pertain to a wide-range of medication-related issues, including: medication
adm inistration, side-effects, correct calculation of dosages and adherence to medication
protocols and disease management procedures.!t® 23 24 31,321 Aqgqitionally, the Australian
position description and BAPM service standards state that one of the main duties of the
NICU pharmacists was to provide accurate information on off-label and wunlicensed
medicines, which are frequently utilised in the NICU."®* **l pharmacists often offered

responses to inform ation requests in written as well as verbal form to ensure

16,23,24,31,32]

com prehensibility.[ Two articles reported that through the provision of accurate

and relevantinformation, pharm acists have the potentialto minimise medication errors and
adverse medication events.'?? 2l The other part of the medication information role involved

pharmacists as primary medication educators to the NICU therapeutic team, providing

training and in-services on therapeutic updates in neonatal pharm acotherapy.!*? t416 18 20,24

27,33-35, 39] An

‘

in-service is defined as ‘a professional training or staff development effort,
where professionals are trained and discuss theirwork with others in theirpeergroup. Itisa

key component of continuing medical education for clinicians, pharmacists and other

11431 ¢

medical professionals. is recommended in the older literature, that as a part of their

clinical role, NICU pharm acists provide in-services for doctors, nurses, pharm acists, students
and other health professionals encompassing: rational medication use, introducing new
m edications and the latest publications and updates on medications, revising m edication

adm inistration principles, dose calculations, and classes of medicines most likely to be

associated with error in the NICU [t4/20.33.1527]

The pharmacist is identified as being the first-line health professional to consult when

[16, 23, 24, 31, 32]

m edication-related issues arise. One South African study conducted a needs

analysis of NICU staff on the medication inform ation service provided by a pharmacist and

concluded that the surveyed NICU doctors (n = 17) required a pharmacist to be present on

[31]

the ward to respond to any medication-related questions. Furthermore, the provision of

m edication inform ation involved 20% ofpharmacisttime in the South African NiIcu .3t

Pharm acists were also actively involved in reviewing, updating and developing NICU -specific

m edication protocols, guidelines, policies and form ularies for the therapeutic team to use to

[14,15, 20, 33-36, 40, 42, 13]

improve drug safety. Chedoe et.al. supported these findings by stating



that pharmacists should work in multi-disciplinary teams to develop formularies and
guidelines that sum m arise inform ation on medication com patibilities, reconstitution, rates
of infusion etc.”®! jtis considered in older literature thatthe provision of detailed m edication

protocols by pharmacists allows NICU health professionals to become better equipped for

prescribing medications and managing pharmacotherapy regimens in neonatal patients.!*®
33]
The pharmacist is responsible for counselling parents and carers on all aspects of

medications used for their child.™ Upon admission, throughout the hospital stay, and at
discharge, the pharmacist is required to consult with parents/caregivers on the medications
being used for their child, advise on the role of the pharmacist in the care of patients and
provide clear and com prehensive inform ation on each aspect of therapy.!1% 20/33:3842,27] 74
older literature highlighted that the type of inform ation provided by pharmacists at that
time included: indication for therapy, adm inistration intervals, time to pharmacological
effect, risks and benefits of therapy, adverse events and possible adverse reactions.!*% 20330 ¢
isalso reported that pharm acists prepare written instructions on the storage and proper use
of the medication for parents upon hospital discharge.!’ 37281 W hilst it is apparent that
parents and carers of neonates have considerable information needs during the time that

their child is adm itted to the NICU, there is insufficient evidence to suggest that the NICU

pharmacistin contem porary practice fulfils this inform ation provider role.

1.5 DISTRIBUTION AND STORAGE

Two sources discussed that, along with clinical roles, the NICU pharm acist had a specific set
of ward ‘house-keeping’ responsibilities, ensuring the appropriate distribution and storage
of medications.®* % This role involved ensuring the timely delivery of required medicines,
stock-take, ordering of relevant item s required on the ward, checking the medication fridge
tem perature and ensuring its cleanliness, checking storage conditions for product stability
(for vaccines, blood products, and parenteral formulations), and stocking the emergency

trolley. 3t 4t

1.6 MONITOR FOR RESPONSE

Overall, NICU pharm acists were highly involved in monitoring drug serum levels in neonatal

patients with the mostcommonly monitored medications identified from older literature as



including aminoglycosides, antibiotics, theophylline, chloramphenicoland vancom ycin.['% 20

It must be highlighted that these articles are over 10 years old and as such some of the
agents listed may not be as widely wused in the NICU in modern practice, i.e.
chloramphenicol, however they are still therapeutic agents that if used, require monitoring
by pharmacists. The provision of a therapeutic drug monitoring (TDM) service by
pharmacists was identified, in eight articles, as an important practice in ensuring optim al

(14,15,20,31,28,16,24,13] T ¢

neonatal patient outcom es. role has been described as com prising

the provision of correct dosing inform ation from the interpretation of blood levels and

recommending appropriate timing intervals for the collecting of blood serum sam ples.!**

20,24,28,31)

Adverse event surveillance was identified as an important role for NICU pharm acists. (?31% 20

21,37-39, 411 Aside from the standard processes of monitoring, including laboratory tests and
observation of physical signs, this also encompassed the development and utilisation of
medication error reporting systems, requiring the thorough documentation of any
m edication errors as wellas adverse drug events, followed by pharm acist-led interventions

to rectify medication issues including dose adjustm ents and medication changes.!'31%/37°39.41]

EXTENDED ROLES

Extended roles possessed specific objectives thatdid notcorrespond to one specific stage of

the medication use process, butrather encompassed varioussteps ofthe M M P.

Vaccination

There are other potential roles for NICU pharmacists, with two articles identifying
pharmacistinvolvem entin implementing im munisation program s forneonatalpatients.!2? 25
An American article reported that a pharmacist stationed in the NICU was the primary
resource responsible for the identification of eligible infants for routine childhood

1221 Another US based interventional study by Mills et.al investigated

immunisations.
pharmacist involvement in a tetanus toxoid, reduced diphtheria toxoids, and acellular
pertussis (Tdap) im munisation program for close contacts of neonates by providing

pharmacist-led education of parents and carers of neonates. This program had clear benefits

forneonates, and significantly increased rates of vaccinations forthe pertussis vaccine, from

10



1.3 vaccinations/month pre-study to 85.2 vaccinations/month in the study period (p
<0.001).[25] These studies did not specify whether the pharmacists involved within these
interventions were NICU pharm acists, orgeneralhospitalpharmacists. However, the studies

dem onstrate the potentialvalue of NICU pharm acistinvolvem entin vaccinations.

Research

NICU pharmacists were also active participants in clinical trials and research '8 20,24 28 34,3840,

41,441 Two sources stated that NICU pharmacists are encouraged to perform drug use
evaluation studies, publish innovations in pharmacy and should facilitate investigational
drug studies to improve rationaland safe use of medicines.”®* 38 An Australian study dated in
1991 highlighted that roles associated with clinical trials at the time specifically involved
organising drug supply, maintaining patient records, randomising patients and preparing
protocols.?® A study revealed thatin Belgium as much as 50% of pharm acist working tim e

was dedicated to research, however itdid notspecify roles associated with this practice.[”]

Quality Use of Medicines Strategies

Several position statem ents required NICU pharm acists to be involved in ensuring medicines

[27,34,38,41]

used in the NICU were cost-effective and being used rationally. Key duties of the

pharmacist included: monitoring the use of expensive medicines, developing cost-saving
initiatives for the NICU, involvement in antimicrobial stewardship programs, docum enting

clinical interventions and cost-avoidance methods as well as performing target drug

(38

programs to decrease irrational use of medicines.®® 42381 N |CU pharm acists were also tasked

with ensuring the quality of pharmaceutical services being provided on the NICU, with
increased em phasis on documenting clinical interventions, ensuring all medicine provision

services are compliant with legislation and hospital policies and developing safety

in itiatiVES.[Z7'34'37-39'41]

Furthermore, in improving the quality use of medicines, the Irish model of care highlights

that pharmacists should have input in implementing and maintaining medication safety

[27]

technology in NICU practice. These technologies included e-prescribing, barcoding and

smartpump technology.!’!

11



INTERNATIONAL COMPARISON OF PHARMACIST ROLES

Articles from thirteen countries were included in this review, with the largest number from
the USA (13 of 30 articles). Table 2 provides an overview of the different roles performed in
each country, as identified in the literature. Although a wide-range of pharm acistroles have
been identified within the literature, there are discernible differences in practice between
certain regions worldwide. Literature gathered from the USA, UK, Australia and South Africa
suggest that patient-oriented clinical activities such as patient medication chart review,
participation in ward rounds, therapeutic drug monitoring and medication inform ation
services make up the majority of the role in NICU. Alternatively, the multi-national study
incorporating data from PICUs in Belgium, France, Switzerland and Quebec, did not report
on roles in ward rounds and TDM practices. However, pharm acists in these countries were
found to be strongly involved in clinical research, provision of medication inform ation and
patient m edication review . Overall, involvement in immunisations, ward-based
housekeeping activities and extemporaneous compounding were not as frequently
reported. The apparent lack of current and published literature does not allow for a good
understanding of current pharmaceutical services provided worldwide. Furthermore, the
literature does not yield any inform ation about practices in South Am erica or Asia. As such,
there are inconsistencies and gaps in the literature about the level of practice in each

country with respectto NICU pharmacy practice.

4. DISCUSSION

To ourknowledge, thisisthe only review to com pare the rolesof NICU pharm acists between
countries on an international scale. W hilst the amount of international research
documenting clinical pharmacist practices in the NICU is limited, there was sufficient
literature to map the pharmacist role againstthe M M P.!®1 A total of 16 different pharm acist
roles were identified as being reported globally in published and grey literature. However,
we are unable to ascertain if these services are currently provided or offered to NICUs

worldwide, due to the lack of recently published literature.

Overall, it is difficult to ascertain the true extent of pharmacy practice in each country as

relevant literature from Asia, South America and a large proportion of Africa and Europe was

not available. The majority of the literature that was sourced was dated more than 10 years

12



ago, and it is difficult to determine whether the data gathered still reflect current practice.
Furthermore, due to the lack of available research, several paediatric studies were included
in the review thatincluded a sub-section of neonatal patients in their evaluation. As such, it
is unknown what proportion of pharmacy services described in these papers referred to
neonatal patients. Relevant studies may have been excluded from the review because they
were not available in the English language. Grey literature searches sought to identify
service standards and guidelines from different countries, however many were not
accessible as they were not publicly available or were published in languages other than

English.

The findings of the review dem onstrate that the value of pharmacists in USA, UK, South
Africa and Australia lies in an interactive type of practice with literature identifying a broad
range of roles extending from therapeutic drug monitoring and patient medication chart
review through to immunisations, counselling of parents and extem poraneous
compounding. The European countries reported roles in TPN prescribing, provision of
m edication inform ation and patient medication chart review, however, however did not
have such an extensive scope of practice. These difference in practice may be attributed to
cultural, educational, legislative and funding differences in healthcare system s from country
to country, impacting upon the level of pharm acist integration into NICU team s, 4] Diversity
in practice may have varying impactsupon patientoutcomes. According to WHO, one of the
m ain priorities for healthcare systems worldwide is the promotion of equity within and
between healthcare facilities.!®® *’1 Health equity is a shared responsibility of all nations
worldwide, and it is a fundamental right of each human being to receive the highest
standard of healthcare.*® % A such, the RIO Political Declaration on Social Determ inants of
Health endorses global collaboration and benchmarking between countries to identify good

practices and adoptcoherentpolicies to promote consistent practices.!*®!

WHO identifies that the most effective pharmaceutical care is provided when clinical
pharmacists become integrated into the healthcare team and play an active role in patient
care." Pharm acists possess the relevant skills, knowledge and expertise to make valuable
contributions to the quality use of medicines and medication safety.'*”  The review highlights
that NICU pharm acists can provide both a medication support system for other NICU health
professionals as well as a patient care role. The majority of the literature reported that the

most important features of a NICU pharmacy service involved the physical presence of a

13



pharmacist on the ward, clinically reviewing the parameters of pharmacotherapy and
providing m edication inform ation. Specifically, the most commonly reported roles are
centred on patient medication chart review, therapeutic drug monitoring, provision of
education services and prescribing of TPN therapy. By focussing upon these services, NICU
pharmacists improve the rationalisation of therapy, reduce costs associated w ith therapy,
promote collaboration with other healthcare professionals and decrease the incidence of

avoidable harm (19 23 26.32]

Furtherm ore, these roles promote the individualisation of patient
pharmacotherapy according to patientneeds which isintegral to achieving optimalneonatal
outcomes.™ Other roles, relating to participation in ward rounds, adverse drug event
m onitoring, implementation of quality use of medicines strategies, im munisations, and
parent counselling have been less commonly reported however are also important to the
management of neonates. The Department of Health in Australia states that one of the
current issues within its health system is the prom otion of imm unisations which are integral

to the health of children and the wider com munity.®® These roles are potential areas of

practice thatrequire improvementand focus.

Clinical pharmacists have long established roles in specialised areas of practice such as in
oncology, intensive care and emergency medicine.'® ™  The development of these roles has
demonstrated the pharmacist’s contribution to the health care system , particularly in

improving patient safety and rationalising the use of medication.!®% 59 14

However, whilst the
roles of clinical pharm acists have been well described, when looking at the vulnerable
neonatal population, who are at the start of the age-spectrum and are at greater risk of
m edication errors and significant resulting consequences, there is a lack of detail on current

157V Furtherm ore, there is lim ited

pharmacist contributions to the quality use of medicines.
literature that identifies the impact of pharm acist practice on neonatal outcomes. M ost of
current research focuses upon pharmacist roles in adult populations, with relatively less

(60, 8, 23, 61] Given the

exploring roles in paediatric practice and even less in neonatal care.
challenges and risks of pharm acotherapy in neonates, the role of the pharm acist within the
NICU therapeutic team is important. As such due to the limited research undertaken in this
area, there is need to conduct investigations to establish what roles are being performed
today as well as to develop standards of NICU pharmacy practice that clearly define
pharmacist roles that meet the specific needs of the neonatal population. Further research

needs to be conducted to identify opportunities to increase pharm acist engagementin each

country’shealthcare system and im prove the level ofinvolvement in the NICU.
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5.PRACTICE IMPLICATIONS

The role of the pharmacist in the NICU has the potential to greatly improve patient

outcomes as well as decrease incidence of medication error and associated harm . It is

important to understand the differences in practice between each country, as it allows for

the benchmarking of our own current service delivery system and promotes practice

improvement to meet the standards of other settings. As such, this review has identified

that the model of NICU pharmacist practice in USA, UK, Australia and South Africa appears

to be patient-centred and promotes pharmacist integration into the NICU team.

Furthermore, the findings of the review have allowed for the identification of areas of

practice (i.e. parent counselling, immunisations) that can be improved upon and have the

potential to be further developed into roles that are integral to the quality of medication

management in NICU. This review may provide a foundation for future research, including

subsequent reviews of the literature, and has the potential to act as a usefulcomparison of

pharmacist practice in NICU to other patient groups,i.e.older paediatric patients and adults,

to determine where differencesin pharm acistroles lie.

6. CONCLUSION

The literature identifies that there is insufficient evidence to describe what roles are

currently performed in NICUs worldwide. This is due to the low quantity of published

literature, most of which was out-dated. Given the diversity of practice, it is im portant to

establish clear definitions of pharmacist roles within the NICU and compare roles across

different clinical settings and countries. Further research, com prising system atic, rigorous

surveys are required if the current international roles of the NICU pharmacist are to be

understood.
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Table 1 List of studies that were

included in the review

STUDY TYPEOF COUNTRY KEY FINDINGS
LITERATURE YEAR
SETTING
AhmedMm 1*2] Descriptive U K The main aspects of a pharmacist’srole in the NICU are:educating staff
Article 20038 and parents, developing a formulary,providing inputinto parenteral
NICU nutrition,advising on drug choiceand attending weekly multidisciplinary
ward rounds.
British Service U K Neonatalpharmacists play a role in the optim isation of pharmacotherapy
Association Standard 2010 in neonates.They are required to perform a numberofclinicalroles
of Perinatal Hospitals including: monitoring of prescriptions, therapeuticdrug monitoring as
M edicine providing wellas provision of advice on off-labeland unlicensed medicines.
(BAPM ) 3] neonatal
care
Bryant BG !**] Report USA Pharm acists perform daily patient medication reviews for medication
1985 appropriateness and any interactions, respond to inform ation requests
NICU from medicaland nursing staff, prepare dosage formulationssuitable for
babiesand counselparents.
Cambridge Position U K The neonatalpharmacistvisits the NICU daily and perform s the following
University Description NICU services: prescription chartreview, provides advice to the doctors and
Hospital 3°] nursing team , reviews policies and guidelinesand checks TPN orders.
Chedoell Literature The Pharm acist interventions, namely participation in ward roundsand
et.al. [*®°] review Netherlands review of medication orders prior to dispensing and distribution, were
2007 found to bethe mostcommon pharmacistinterventions suggested to
NICU improve medication safety in the NICU.
Condren M Prospective USA The mostcommon services performed by a pharmacistwere drug
et.al. *®] descriptive 2004 therapy change,pharmacokinetic monitoring, medication inform ation
study Paediatric and medication histories. Also identified roles including; patient
ward m edication review, adverse drug event monitoring,and provision of
m edication inform ation.
ConwayC Literature Ireland The mostimportantpharmacistroles for maintaining patientsafety in
et.al. [*7] review 2012 NICU included medication chartchecking and participation in physician
NICU consultations.
De Jager Literature South Clinicalpharm acistsin NICUs should be involved in the following services;
et.al, (18] review Africa attending daily ward rounds, TDM , parenteral nutrition, patient
2014 education and research into safety and efficacyofmedications.
NICU
Dice JE et.al. Prospective USA Pharmacist monitoring of an individualised TPN in neonates had greater
119l intervention 1981 mean daily weight gain,introduced a greater amountofnutrients to the
alstudy NICU infantand was more cost-effective than a standardised program .

Dunkley M K

[20]

Prospective

Australia

Australian pharmacists provided strong supportin extemporaneous

study 1991 manufacturing, parenteralnutrition, provision of medication inform ation,
NICU TDM and adverse drugreaction monitoring.Standards of clinical
pharmacyservice in the NICU need to be developed to prom ote service
equality between hospitals.
Folli H et.al. Prospective USA Pharm acistinvolvem entin reviewing patient medication orders
(21 descriptive 1987 significantly reduced potentialharm resulting from erroneous medication

study

Paediatric

hospitals

orders.
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Gold Coast

Position

Australia

The key duties ofthe neonatalpharmacistinclude: performing clinical

Hospitaland Description 2015 reviews of medication therapies, monitoring patientoutcomesand
Health NICU revising treatm ent strategies accordingly,delivering specialist
Service 1*°! educationalpresentations forpharm acists and other health professionals
in the hospitaland providing inform ation obtained through research to
optimise pharmaceuticalcare provided to com plexneonatalpatients.
Intermountain Position USA The essential duties ofthe NICU pharmacistinclude: providing accurate
Healthcare Description 2015 drug inform ation, monitoring physician orders, training and supervising
e NICU new pharmacytechniciansand actively participating in departmentcost
savings initiatives.
Johnson C Report USA A pharmaceuticalcare system was established within NICU.The m ost
et.al. 22! 1993 importantelements of this service included; monitoring of drug dosing,
NICU reporting adverse drug reactions, detecting medication interactions,
immunisationsand counselling of parents.
KelishadiR Literature Iran Pharm acist-physician-patientcollaboration isimportantin maintaining
et.al. (23] review 2012 m edication safety in NICU.Pharm acistroles including medication chart
Paediatrics checking, participation in multi-disciplinary meetings, parentinterviews
and clinicalinterventions were the most effective in medication
managementinthe NICU.
Lobas N Descriptive USA NICU pharm acists participate in ward rounds, TPN therapy, medication
et.al. 2% article 1991 inform ation services and pharm acokineticconsultations.
NICU
M edical Rotation USA The pharmacistis expected to participate in daily ward rounds with the
University of Description 2015 inter-professionalteam ,6 evaluate each patient’sdrug therapy at least
South NICU daily, com municate with patient’s family orcaregiverand provide tim ely
Carolina ©7! responses to requests fordrug inform ation .
M ills B et.al. Prospective USA Vaccination rates increased after the implementation ofa pharmacist-led
(251 and 2014 intervention program forfamily membersofneonates.The pharmacist

descriptive

Pharmacy

wasrecognised as an importantsourcein promoting immunisation for

study in women's the safety and health ofinfants.Unknown whether the pharm acists
hospital involved were NICU pharm acists orgeneralhospitalpharm acists.
M ulholland P Prospective U K 40% ofsurveyed pharmacistswere prescribers and 70% of these
1261 survey 2012 pharmacists were prescribing in the NICU.The main medicationsbeing
NICU prescribed were parenteralnutrition (75% ), supplements (75%),
antibiotics and caffeine (50%).Benefits of pharmacistprescribing
included reductionsin com munication errors and timely corrections of
wrong prescriptions.
MurphyJ Modelof Ireland The role ofthe neonatalpharmacistinvolves: ensuring the safe use of
et.al. 27 Care 2015 m edicines in NICUs, prescription monitoring,ordering and monitoring
Hospitals parenteralnutrition, providing inform ation on medicines and educating
providing other health professionalsas wellasparents.
neonatal
care
New South Position Australia The NICU pharm acistis responsible forreviewing medicines prescribed

W ales

Government

[34]

Description

2013

NICU

and optimising pharmacotherapyin critically ill neonates,ensuring the
appropriate ordering and preparation of parenteral nutrition, actively
participating in daily ward roundsas wellasadvising parents on medicine

related issues.
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Prot- M ulti-centre, France, Pharm acists recorded a break-down oftheir various activities in PICU s
Labarthe S prospective Quebec, throughouteach day,and the roles included student training, clinical
et.al. 28] and Belgium research, drug distribution and clinical activities. Over the 6 month study
descriptive and period,the totalduration of pharmaceuticalcare offered by pharm acists
study Switzerland wasreported as; 550 - France, 416 — Quebec,410 - Switzerland and 124
2013 — Belgium patientdays.
PICU
Ragab M Literature Saudi Pharm acists are involved in initiating the neonatal TPN orders and are
et.al. [29] review Arabia actively involved in assisting prescribers in the prescribing process,
2014 including participating in ward roundsand meetings
NICU
Sanghera N System atic U K Reviewing patientcharts was deemed to be the mosteffective
et.al. 30] literature 2006 pharmacistrole in im proving medication safety in NICU s
review Paediatrics
Schellack N Prospective South The majority of pharmacisttime was spenton patientcare and ward
et.al. 3] study Africa functions.Pharm acistsalso participated in ward roundsand clinical
2011 m eetings.Doctors and nurses identified thatthe role ofthe pharm acist in
NICU NICU is a necessity to im prove services provided to neonates.
Sim pson JH Prospective U K Close liaison with a ward-based clinicalpharm acistis an effective way of
132] Observational 2004 reducing medication errors. The role of the pharm acistin stafffeedback
Study NICU and education as wellasreviewing medication orders was identified as
effective in reducing dose calculation and prescribing errors
St David’s Position USA NICU pharm acistis responsible for:accurately and effectively providing
North Austin Description 2016 m edication therapy, providing medication counselling, assisting in
M edical NICU training and educationalprograms,providing drug inform ation upon
Center 129! requestand reporting medication errors and adverse drug reactions.
University of Position USA The majorresponsibilities ofthe NICU pharm acist are: the provision of
Kentucky Description 2009 pharmaceuticalcare to patients including participation in daily ward
Hospital !3®8] NICU rounds, monitoring drug therapy, counselling parents and caregivers and
reviewing medication orders foraccuracyand appropriateness, aswellas
facilitating investigationaldrug studies and providing education to
trainees and other health professionals.
W ebsite 1401 Position USA The key duties ofa NICU pharm acistinclude: daily multi-disciplinary
Description 2015 patientrounds,daily medicine profile review, providing drug inform ation,
NICU documenting allinterventions performed and training and educating
pharmacystudents.
Zenk KE 33! Report USA Every neonatalward needs a pharmacistwho specialisesin neonatal
1980 pharmacology. Ward-based clinicalpharm acists are involved in all
NICU aspects ofmedication in the NICU,and perform specialised compounding

and dilutions of medications,and are actively involved in determ ining
TPN formulations,patient medication review, provision of medication
inform ation,education of NICU staff, participation in ward rounds, TDM ,

counselling of parents and preparingdrug monographs.
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Table 2 Internationally reported roles of pharm acists within the NICU

COUNTRY

LISTED ACTIVITIES

United States of Am erica

TPN monitoring/ordering, patientm edication review,
education sessions with medical staff, participation in ward
rounds,involvementin clinicalresearch, parent
counselling, TDM ,provision of inform ation to medical staff
requests, manufacturing capabilities, participation in
immunisation programs,establishing/updating policiesand
protocols, reporting ADE’s and medication errors,

m onitoring the use of expensive medicines,docum enting

cost saving interventions

Australia

Review ofpatientcharts, responding to inform ation
requests, ordering TPN, TDM , clinical trials/research,
contributing to the manufacture of medications,
counselling of parents, education forstaff,developing drug
protocols, reporting ADE’s,ensuring adherence to
legislation and hospitalpolicies,ward rounds, participating

in antimicrobialstewardship

South Africa

Responding torequests forinform ation, ward activities,
educationalduties in training relevant medical staff,
m onitoring medication usage, monitoring pharm acokinetic

parametersin TDM

France

Quebec

Switzerland

Belgium

Clinical activities - review of patientcharts, student
training, participation in clinicalresearch, medication
distribution, responding to medication inform ation

questions

United Kingdom

Reviewing medication orders, staff feedback and
education, responding toinform ation requests, prescribing
TPN, ADE reporting,attendance atward rounds and clinical
m eetings,inputinto guidelinesand policies, developing a

formulary,advice on off-label/unlicensed medicines

Ireland

Prescription monitoring,documenting ADE’s,ordering TPN,
education of other health professionals,counselling of
parents, provision of medication inform ation on existing
and new therapies, implementing technologyinto practice
i.e. e-prescribing, barcoding,developing cost-effective and

safety initiatives

ADE
TPN

TDM

22

Adverse Drug Event
TotalParenteral Nutrition

= Therapeutic Drug M onitoring




Figure 1 Review ofthe search strategy em ployed to find relevant literature

Number of total articles found:
pharmacist role, neonate, NICU:
N=191

- PubMed: 26
- Embase: 15
- Google Scholar: 150

Primary relevant publication
identified based on titles: N =176

Full text articles which responded

to the eligibility criteria: N =35

Subsequent review of titles and
abstracts for relevance: N =141,
excluded for irrelevance to
objectives of review

References included in the final

review: N = 30

23

Review of full-text papers, N=16
papers were excluded based on:

- Focussing on different
population to the one
specified: N =5

- Evaluating medication
errorrates: N= 8

- Unrelated to objectives of
review: N=3

Additional Google search of
MeSH terms to identify grey
literature: N =11

- Service standards/models
of care:N=2

- Descriptive Article: N=1

- Position Descriptions:
N=8




M anagement

NICU mapped against the M edicines

the

in

2 Pharmacist practice

Figure

Pathway

:Stowasser DA, Allinson YM ,O’Leary KM, ‘The M edicines M anagement

Figure adapted from

(91

34:293-6

Prac Res 2004;

Pathway’,J Pharm

prescribing staff

- Pharmacists as educators, providing
training and educational sessions for

- Participation in ward rounds

Employing therapeutic drug
monitoring (TDM) and adverse
drug event monitoring (ADE)
practices after medication has
been administered

Decisionto
% prescribe
medicine
Transfer of verified
information
Monitor for
response o

Administration
of medicine

(re-assessment, preparation,
administration and recording)

Distribution
and storage
of medicine

<<

Provision of house-keeping services on
the ward including; distribution of
medicines, ensuring appropriate storage
conditions and adequate levels of stock

- Initiating and managing total
parenteral nutrition (TPN) regimens

- Implementing immunisation
programs

N

Record medicine
order (prescribe)

Reviewing patient
medication charts and
prescriptions for clinical
appropriateness,
efficacy and safety

Review of
medicine order

Issue of medicine

Extemporaneous compounding

Provision of and manufacture of specialised
medicine dosage forms
information

- Responding to information requests
from other health professionals

- Providing counselling to parents or
family members of patients
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