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Abstract

Aim: To implement an electronic clinical activitgpture system for a hospital clinical pharmacy
department.

Introduction: Health service departments are in@iegly being held accountable for providing
high quality, efficient yet cost effective careohder to do this, there must be robust information
systems in place to capture relevant and measuiddtie on service workflow and activities.

Case report: This case report discusses the impitatien process of such a system at the
Middlemore Hospital Clinical Pharmacy Departmerrfr the period of January 2008 through to
July 2009, highlighting key steps and barriers dgrihis process. Selected examples of data and
reports produced are also described showing thesypf information that can be generated for
the purpose of quality improvement and adminisbrati

Discussion: Implementation of a new electronic iclh activity capture system requires a

multifaceted approach which must address legalygmy, security, technological and human

factors. This case report describes key steps énitiplementation process and may help other
departments which are undergoing such processes.

1. Introduction
1.1. Background

Studies have shown the devastating and costly teffeic medication errors [1-3]. The Hospital Clidid@harmacy

(HCP) profession has increased the diversity ofises provided to target and improve this importacet of health

care with some good results [4-6]. Clinical pharynaca speciality field of pharmacy which has moesday from the

traditional tasks of compounding and distributingdicines, to more cognitive clinical activities,opiding services

focused on optimising medication health outcomggaitients [7]. Such changes in service provisidgaroinvolve — but

are not limited to - reviewing the appropriatenesmedications prescribed, recommending and adyisimchanges to
drug therapy, providing patient and staff medicataucation, and medication safety initiativesdB,These changes
in service provision aim to optimise medicatioratetl outcomes for patients throughout the Medioati@nagement
Process (MMP) [10].

1.2. Why was the project initiated?

The concept of clinical governance [11] and treindkealthcare has meant that just like any otheftheservice, the
HCP service at Middlemore Hospital (MMH) must contilly demonstrate its efficacy, quality and effinty in a
resource scarce environment. Prior to the impleatimt of an electronic clinical activity Data CagiSystem (DCS);
data was primarily reported monthly to administratmanagement staff via qualitative means. Th@agch was
adequate for project based staff. However, foricdinpharmacists who dealt primarily with patieatsd other health
professionals in the ward (i.e. “by-the-bedsidefedathere was a lack of clinical activity and wiokv information

available to guide resource allocation decisiort @hministrative purposes. Previous attempts teciotlata resulted
in information that could not be easily communidai@nd understood by key stakeholders such as rinadl

administrators or other health professionals why met necessarily understand the nuances of HCBssarvices
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provided. This has led to suggestions that ClinRigrmacists’ (CPs) contribution to patient cars wader-recognised
[12].

Therefore, a DCS was needed to assist pharmacygaemnio justify the value of the service, incredmerecognition of
HCP’s contribution to patient care, performance aggnstaff, facilitate administrative and workfongkanning and
identify areas for improvement [13-17]. Having @ust system to capture data on workflow process dimital
activities was a way to provide some of this da&].[Furthermore, since CPs concentrate exclusieelimproving the
quality and safe use of medicines (e.g. througerugining on medication errors and potential adversg events),
capturing information on CPs’ workflow activitiesagnalso help to improve the quality of medicines by proactively
indicating trends and patterns of medicines useearat.

1.3. Aim of the project

The aim of the project was to implement a DCS systeat could measure CPs’ workflow activity and teifrtion to
patient care at one site - Middlemore Hospital.sT¢ase report discusses key experiences duringctipgisition and
implementation processes. The system chosen anel gbthe sample reports generated are also bdeftussed.

2. Objective
2.1. Requirements of the chosen system

The initial scoping and consultation with variousapmacy staff identified that the following requirents were
essential for the project’s end users:

¢ Usability - Ease of use with fast data entry and minimal impaccurrent workflow process whilst providing the
information required (including ability to modehéncial savings associated with data)

* Interoperability - Potential for integration and interoperabilitytiwexisting and future systems (e.g. linkage to
laboratory results, Patient Information System$4$)lor medication management systems)

* Adaptability - Ability to manipulate system depending on typelata required

* Security and privacy — Compliance with New Zealand (NZ) requirementg).(¢he HIPC (Health Information
Privacy Code 1994 [19]).

* Maintenance and training — Preferably undertaken by an external agent tumise impact from internal staff
changes

Cost— An important factor for consideration althoughinitial budget was set

3. Methods to implementation
3.1. Evaluation process and the system chosen

A literature review and an evaluation of commereiatl existing DCSs systems available at that tiras undertaken
(two commercial products from the United States )(@8d one product from Australia, three pharmacgciic
systems currently used at other District HealthBegDHBSs) in NZ, two non-pharmacy specific systetimest were
used at MMH). The evaluation revealed that no orstesn was able to deliver all these requirementsnesof the
systems were either too costly for implementatianked the required features or were too time camsg to input
data. Some were not user-friendly, had no room fédure interoperability between systems, producditéd
management reports or were not designed specyfit@|HCP use so significant alternations to thetem would be
required. An in-house built system was deemed tmstly and resource consuming (i.e. clinical stadfertise input,
time to build, etc). The results of the evaluatieere presented to HCP management and CP staffthrdtdecision to
utiise the commercially available product Quafifiby Pharmacy OneSource Inc (previously known as
HealthProLink). This system appeared to best fti#l criteria’s for MMH purposes.

The chosen system was a customisable clinical dentation and reporting tool that was built speeificfor HCP and

permitted future upgrades and interoperability vatiirent and potential systems via HL7 (version20) messaging
(see Figure 1 for the interface system and notettieaservers were held offshore). Software by ¢bimpany has been
reputedly used at over 1200 hospitals across thdvj@0]. From the demonstrations and trial versiothe system
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appeared to be relatively easy and quick to inpitstvproviding data that were thought to be reediat the time.
Users (i.e. CPs) accessed Quantifi® via a web beovwRersonal Digital Assistants (PDAs) were a fes$erred option
due to the lack of hardware and the significantiteaithl costs that would have been required toirattew hardware,
however, this remained a possible option if regghirThe Quantifi© system had an optional interftwa enabled
Quantifi®© to receive and process HL7-formatted ADiEssages from MMH’s existing patient managementesys
[21]. The system was HIPAA (Health Insurance Padlitgband Accountability Act) compliant, helped fill the

JCAHO (Joint Commission on Accreditation of Headttee Organizations) in the US and appeared to gatefurity
concerns from the local Information Technology (H€partment. The product required an annual syiigomito the
system and this included training, maintenancepstpand the production of custom reports by thedee. At that
time, Quantifi was deemed to be the system that swied MMH needs and the procurement procesauwdsrtaken.

3.2. Managing unintended consequences during the pr ~ ocurement and implementation
process

3.2.1. Procurement process

As previously described, the author had utilisedhized methodology to identify potential systemsnirovarious

commercial and NZ built systems. Once the decigiaa made to use the Quantifi© program, the procargmrocess
was undertaken facing two main barriers, 1) resmsito attain the program and 2) legal, privacy sealrity issues. A
“New Software Service Request” form was completéth wupport from HCP management to initiate engag@nwith

the IT department (Health Alliance (hA)). The tengeocess was bypassed due to the limited numbeaystems
available for consideration. However, a businessppsal was written and presented to the Healthrimdtion

Committee (HIC) at MMH and also sent to the Assed &apital Committee. Support from senior manage raeff

from both HCP and the Quality Improvement Unit pittea additional momentum for the attainment oforgses to
fund this project.

Pharmacy OneSource ADT Interface System Diagram
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Figure 1 - Admission Discharge Transfer (ADT) Inteface System — reproduced with permission from Pharacy
OneSource Inc.
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3.2.2. Legal, privacy and security issues

One of the other main concerns was regarding theahtechnical and physical security safeguardslace to protect
the information during transmission and storag&lzthand the US respectively. The vendor had inditatat from a
physical security aspect, the server is held iacae facility with a high degree of technical guiysical security [21].
Whilst at a network level (see Figure 1), the bremizased transaction employs Secure Socket Lagy) (@chnology
using both server authentication and 128-bit dataygtion [21]. If the ADT option was also takeheh data would
have been transferred over a point-to-point VirRiavate Network (VPN) and/or using the CDC's (Qerfor Disease
Control and Prevention’s) PHIN-MS (Private Healtfiormation Networks- Messaging System) encryptedsaging
system [21].

From an application security perspective, Quantifilised a variety of methods such as unique igentification
number, minimum use of cookies, auto-expiring gysteetc and was HIPAA compliant (i.e. must haveahity to
audit and review user information) [21]. From tbedl IT aspect, it appeared that the systems aag/@ion in place
would be acceptable in terms of technically safedjng the information from disclosure. Howeverwias noted that
although the system was HIPAA compliant it wasl stdcessary to ensure compliance with New Zealamd In
particular the requirements of the Health InformatiPrivacy Code 1994.

An assessment of privacy and contractual issuegeeet the vendor and MMH was completed in consohatiith the

legal advisors. As can be seen in Figure 1, ifABS option was taken, patient identifiable informeat (e.g. name,
NHI, weight, etc) would have interfaced with thender and held in offshore servers. Given the paktiansfer of
patient identifiable information off shore, carefabught was given to the extent of informationuieed for the system
and the safeguards that could be instigated. doudsion with the vendors, it was determined thaam fields were
not mandatory and could be blocked. Contractuahmiiments were also established to prohibit thedeerfrom

disclosing any information from the system or umaléng any data mining. Agreement was also reathatl the

contract would be governed by New Zealand law. @@mation was given to the potential ability of tAenerican

government to access data under the provisionseoPatriot Act and further information on this adpeas provided
by the vendor’s attorneys. The New Zealand Stet@iG&s Commission and Government Communicatiornsii8g

Bureau [22-25] guidelines were also taken into aatdn terms to determine best practice arrangesnfemtholding

sensitive information offshore.

Following this advice, only non-identifiable infoation was to be transferred. Consequently, thepatiame field was
blocked and a unique identifier different from tkell was used to identify each patient. All otheformation fields
remained. The resulting information generated fitvan DCS would still provide HCP with the data reqdi about
workload and clinical activities even without ditgmatient details. The unique identifier was getextananually by
CPs and would allow patient details to be traceiisiiH when required. The system was subsequentlgt@sed in
February 2009.

3.2.3. Implementation process issues

Despite the benefits associated with IT systenmesethvere many reports of failure during implemeata{26, 27].
Staff resistance to change, insufficient trainilagk of understanding of the new technology, litiia in time spent
training due to constraints on regular work, ingight IT support and technology not suiting regaients were some
problems commonly associated with the technolo@yJQ]. The evidence suggests that failure of ITjgmts appear to
be most often due to social and organisationabfaatather than technological aspects [31-33].

The implementation of the DCS project thereforeyoemtrated on these social factors. Getting staffaigement and
ownership was extremely difficult at the start. Goemts such a&we've done this all before’what's the point’were
commonly heard when the DCS system implementatias signalled. The resistance may have been hiatdric
nature with such systems failing to be sustainet OP staff member seemed to sum it up by saysigttie previous
systems were just too clunky and time consumingéoand it didn't seem to mean anything as werrgnteto see the
results”. This user feedback was extremely valuable aské#lyeto ensuring the success of implementation piiyna
rested with the ease of usability. Exploring otbéstrict Health Boards (DHBs) HCP departments aisdussion with
other allied health professionals in MMH revealedttstaff spent an average equivalent of 20-30 refentering data
per day. This was used as a guide for ensuringtbieaQuantifi® system met such expectations. Intanhd the HCP
management team were informed and engaged to etimtrstaff were provided resources (i.e. compsapece and
rostered time to input data) to allow input of infation into the DCS. In this way, management madasier for staff
and hence provide some respite from the additicanother task to an already busy workload.

Feelings of being uninformed, and lacking the opputy for meaningful participation seemed to reflevhat is
already known from the literature [30, 32]. In thealth care sector where staff are highly professdised and
autonomous [34], end users must be sought to comrdestuss and involved in all parts of the decisinaking
process. The literature suggests that despitecdifiés with the time and effort required to cotletata, most CPs
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deemed such data collection as important [35]. T¥as also witnessed in MMH. Most of the CPs undedtthe

purpose of establishing such a system and agresdoigically in the importance of data capture. Etleough there
was initial resistance, there appeared to be atdittal and cultural change. The use of two chlihichampions,
bottom-up decision making, leadership from managenaiscussion intra- and inter-professionally alied health

presentations and chat groups, have all appearedntvibute to the perception of importance to B@S to the end
users. It was interesting that the roll out and Ll&e was initially planned to be one HCP medicaneat a time,
however, close to the Go-Live date, all the tearasted to start at the same time as the pilot gstsults became
available and benefits were seen.

3.3. Customisation of the DCS system to meet end us  er requirements

Key stakeholders (i.e. HCP management and seradf; Quality Improvement Unit staff and CPs) wermught to

identify the type of information required from tBe&CS system. There was consensus amongst the keshetders that
the DCS system must demonstrate CP’s contributigpatient care and be able to justify the HCP servidowever,
none of the key stakeholders were able to idetthiéyexact key performance indicators (KPIs) reguteeevaluate the
HCP service. As a consequence, a literature rewas undertaken to identify the KPIs most alignethvevidence
based effectiveness. Bond et al suggested thatofi¥tias such as pharmacist being part of medicainds, drug
histories on admission and provision of drug infation were correlated with the most significant dfés in terms of
mortality and cost savings [6]. Following discussiowith the HCP management team, and support freideece

based literature and pragmatic considerationsD®8 system was customised based upon two maifsatda:

* Quick Interventions — A summative capture of a clinical pharmacistalyd workflow activity and service
provision (e.g. Number of medicine histories cortgde number of drug charts reviewed, time sperhénward,
etc)

* Interventions — Specific data on recommendations made by CBptimise patient outcomes

4. Results
4.1. Implementation and Go-Live

The Quantifi® program was implemented into the H@#partment at MMH and went live on the 15 July 2009
providing information for key stakeholders on CR&rkflow activity. There were a total of 25 userhigh included
by-the-bedside clinical staff, project staff andiwas management staff. There were many differgreg of reports that
could be produced; only selected reports are pteddmere for information. Reports were generatedthe DCS'’s
standard reports and custom reports were analysed Microsoft Excel.

From the management and administration perspectieeDCS was able to produce a report to reprékermumber of
workflow activities completed over a desired peraidime. For example in Figure 2, where the veltaxis indicates
the total number of events and the horizontal &xdscates the week of the year. From here, onedcaldntify the
number of medication histories completed over tifitee horizontal axis could easily be converted wittlenominator
(e.g. per 1000 patient bed days, per Full Time ¥jants, etc) in order to produce a run chart witichld allow for
comparison and track trends. For example, it mdy teeidentify staffs that were particularly effésit at certain tasks
and hence it may be beneficial to learn from thedhniques. Similarly poorer performing staff may identified as
staff that may benefit from extra training. Thisrfoof data allowed pharmacy managers to identiéypgtoductivity of
their staff and observe the general performantheotlepartment.

Figure 3 shows a line graph of the specific drugy®lved in the interventions made by pharmacistss Type of graph
identifies the occurrence of the drugs involvedthie interventions and may help facilitate knowledtiscovery
purposes. By identifying trends in the common matitims associated with interventions, it may allavproactive
approach to prevent further error. Data could dsobroken down further and analysed according & whards,
consultant teams, etc. This permitted learning@odctive approaches to help prevent errors fraroaerring.

Figure 4 shows the financial cost savings made By’ Clinical activities over the various weeks loé tyear. Again the
graph could be converted to a run chart by utijsicommon denominator. This graph is useful te giv indication of
the total cost savings made by clinical pharmadisteugh their interventions. This type of data a@sist HCP
management to justify staff salaries and/or resssifor the department. This is particularly of wa&specially to non-
clinical staff, as it helps to illustrate the oJéngerformance of the department in monetary terfitee costs were
calculated based on the following:
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Figure 2 - Example of data generated from Quantifi® run chart of CP activity and workload

Ho. of interventions

Graph showing drug intervention trends. Period 15 July 2009 to 30 August 2009

Count of primary_drug
33

30

)
[

primary_crug -

—e—"Marfarin

%)
=

—8— Inzulin Preparations

Enoxaparin

o

™

Fituimak

—#— cilazapril + hydrochlorothiazide

28

31

32 33 34 34

Week of year

e Assumption 1) Cost of preventable adverse event in NZ is NZ$5@338These rates are comparable to specific

Figure 3 - Example of data generated from Quantifi® run chart of CP activity and workload

medication adverse event costs as reported irténature [36-38]

e Assumption 2) Adverse event occurrence rate in NZ specificatty preventable drug and therapy related
problems is 1.6% (expressed in another way, thebeameeded to treat to prevent one adverse drugf &v63

patients) [39]. This correlates with internatiofiatlings (range from 1.1-12.5 per 100) [1, 37, &)-4

Using the assumptions above and adapting a modgbped by Westergard [46], for every 63 patientsitidd into
hospital there would be one ADE costing at leas8&5. If a pharmacist intervenes and prevents ddaerse drug
event then that $5388 could be saved (i.e. thesaafstreatment of ADE would have been averted). e\ar, since
pharmacists also often make interventions and revamd on drug therapy which may not have resultethiADE, the
average cost of an ADE (i.e. $5,388) is dividedtty number of interventions made. This equatesitapproximate
NZ$85 per pharmacist intervention. Interventionattichanged medication therapy were given this sastng

attribution.
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Total Cost savings accrued by Middlemore Clinical Pharmacists interventions on medication therapy
Period of 13 July 2003- 30 August 2009
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Figure 4 - Example of data generated from Quantifi® run chart of cost savings made by CPs from clical
interventions

It is appreciated that this is a very basic appmation. Arguments may include the fact that intaetiens may not
necessary prevent an ADE nor actually give cosingav Conversely cost savings may not be a trueeseptation
since, many clinical activities are not necessadgily attributable to costs but are extremelydrtgmt in improvement
of medication safety and quality of medicines useaddition, there were no adjustments for inflatigADE cost
studies back in 2002) and the utilisation of thevdst cost of an ADE which did not result in harmvef@mge was
NZ$10,264 [3]). Hence, it is likely that total coshvings are an underestimation of the true coshgs made by
clinical pharmacists. However, until there is fentlstudy and evidence in the NZ literature with enspecific costing
of individual intervention type, this financial meldis simply an approximation and an attempt topdit;m CPs
contribution to patient care in monetary terms.ndsa standard model permitted a base measure afjosuibsequent
identification of cost saving trends.

4.2. Issues encountered and unintended consequences (e.g. time, subjective comments)

As with implementation of most IT systems, severdhtended consequences and issues were encouritesrd were
confusions initially amongst the staff with regatdsiata input due to the nature of the data caigafion. There were
also some fields which were not filled in. Thessuiss have resulted in incomplete and inappropyiatkgorised data.
To mitigate these risks, an accreditation prograchtsaining were instigated by the Quantifi© prdjeo-ordinator and
team leaders to ensure explicit understandingeflifierent categories amongst the staff and apatgpcategorisation
at the time of data entry. Moreover, the team lemdeere able to oversee data input from the staféltow for
correction if necessary. Certain fields were alsmlencompulsory to ensure complete data entry. Regdimes were
roughly 27 minutes/day for data input which washimitthe initial projected time of 30mins. Despitee$e problems,
staff reported the system easy and intuitive to use

Another major issue was the performance speedeo$ybtem. Quantifi© is a web based system and ehfermance
speed was primarily dependent upon the speed ahtbmet. Subsequently, the performance speeaglpeak hours
of hospital internet use slowed considerably. Baneple, if the system was used at 0600hours whepitad internet
use was low, the speed between submission of arverition and a new page loaded was approxima@setonds. In
comparison, at approximately 0830hours where halspiternet use was high, the same activity wasesgged to
approximately 20 seconds. Internet load and theitad's firewall have been recognised to be theautying causes of
substantial change in performance speed and é#rewtiently being addressed to identify whethezsth factors could
be improved. Furthermore, most pharmacists prefearimg data towards the end of the day after tieye conducted
their work on the wards which resulted in a lackofmputers available for data input. Consequepffgrts were made
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to roster pharmacists at various times during thg tb input data to overcome both of these problamsreby
minimising disruptions.

The issue with the lack of ADT interface meant tG&s had to manually generate a unique identifféerdnt to the
NHI which has proved to be time consuming and prionBuman error. As mentioned previously, this sl being
investigated at the time of printing by the IT depent for more suitable and efficient workarounBg. permitting
ADT information, this would allow the HCP departrhega take full use of the DCS and minimise time amcbors
associated with manual input of unique identifiers.

5. Discussion

The Quantifi® system was successfully implementelliddlemore Hospital. The results attained frora IICS have
allowed pharmacy managers to utilise the data tdeguesource allocation decisions, performance garsaff,

improve administrative and workforce planning adentify areas for improvement. Since pharmaciftendntervene
to prevent medication errors and adverse drug syeata collected from the DCS system also allosteff to identify

trends and patterns of medicines use and errasproactive manner. On a personal staff note, pheists were able
to observe the interventions and recommendatioaisthiey’'ve made which could then be peer reviewstl allowed

self assessment to better improve the quality f peovided.

It appeared that staff generally found the systasyand intuitive to use. However, there were sl with internet
speed and the need to issue a unique identifiex. O@®S system became the central HCP system whigsotidated
piece-meal data capture databases and excel sirespecific areas of care. Various methods hava described for
the implementation of an electronic clinical phacisaiactivity and workload data capture systemsH4} This case
was unique in that it is one of the first known ltle@harmacy IT systems where medical related médion was held
by an off shore provider in New Zealand. Furthermahis is one of the first systems for Hospitahichl Pharmacy in
NZ which attempts to attribute cost savings torvagations made by clinical pharmacists. Theratédture which
demonstrates clinical pharmacist’'s contributiompédient care [4-6] but such studies are lackinbléw Zealand. The
author of this article has also recently condudestudy looking at key stakeholders’ perceptiorredévancy and
measurability (e.g. chief medical officer, directof nursing, chief pharmacist, executive administrateam and
quality and risk manager) on currently recommenidBés by major pharmacy and non-pharmacy organissatiehich

purport to demonstrate clinical pharmacy’s contiiliu to patient care [52]. This study is currentiyvaiting

publication, and together with research presemdtiis article potentially guides the NZ clinicdlggmacy profession
to have standardised performance measures andaizitae at a national level.

As with all case studies reports limitations ofsthirticle include the view from only one perspeztso there hasn'’t
been an examination from the users and other paatits. This opens the study to bias with recdbecand memory
by the article’s author. The data is not generblesdo other settings and is primarily a descriptaccount of the
processes involved in implementing such a progranté cause-and-effect relationships cannot be dridametheless,
this case report was set out to give a descriggfowhat issues were encountered throughout theemehtation of a
DCP system and provides an insight to some potdstiaes that may also be experienced by otherergothg such
processes. Future studies may include conductmgesimeasures and systems at other hospital sitesyaluation of
the perception of key stakeholders (both at a Jataional and international level) on the datdemtéd by the DCP
system on its relevancy, evaluating the sustaiitplgihd validation of the financial modelling uséd.short, there are
many potential studies that are yet to be completed

Key lessons learnt for a successful implementateguired a multifaceted approach which needed twrmpass
technological and human factors. Privacy, legal aadurity issues also need to be overcome. In liftthe ever
changing health system with different service d®lies and literature it is recognised that theniédins, categorisation
and modelling used in the DCS system will needditioually to evolve to ensure sustainability aptbvance of the
system.

6. Conclusion

A data collection system which could measure CReki@ad activity and contribution to patient cateMiddlemore
Hospital was implemented. Information required fmth pharmacy administrative and medication safetsposes
based on pharmacy clinical activity and workflowrev@rovided.
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