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EXECUTIVE SUMMARY
Total parenteral nutrition, more commonly known as parenteral nutrition (PN), is a high‐alert
medication1,2 and a form of nutrition support that involves the delivery of nutrients through an
intravenous catheter into a large central vein (e.g., superior vena cava) or peripheral vein on the hand or
arm. Patients who receive PN typically have underlying disorders that involve a non‐functioning
digestive system. Many adults and children who require PN are critically ill, often immunocompromised,
and have complex medical disorders or surgical complications. PN admixtures are devised to meet the
nutritional needs of individual patients, and contain glucose, amino acids (building blocks of protein),
lipids (fat), electrolytes, vitamins, minerals, and trace elements. PN is classified as a high‐alert
medication because significant patient harm may occur when it is used incorrectly or without regard to
accepted leading practice standards.1,2
In the pharmacy at the University of Alberta Hospital (UAH), a calculation error occurred in the creation
of a recipe that was used to prepare a nutrient additive, which resulted in 186 neonatal and pediatric
patients at three Edmonton hospitalsi receiving an incorrectly prepared PN admixture between
December 13, 2012 and April 12, 2013. Families of the patients were notified by Alberta Health Services
(AHS) or Covenant Health; there was no evidence of any adverse clinical outcome. AHS initiated its own
internal reviews of the adverse event and requested that the Health Quality Council of Alberta (HQCA)
conduct an independent review of all PN processes, pursuant to Section 15(2) of the Health Quality
Council of Alberta Act.3

Purpose, objective, and scope
The objective of the review was to examine the implications for quality and patient safety with respect
to the processes of PN in the Edmonton Zone, and to make recommendations for system‐level
improvements.
The scopeii of the review included a truncated version of the PN process in the Edmonton Zone for
patients from all age groups (neonate, pediatric, and adult patients):





Communicating the PN order (a subtask of PN prescribing).
PN order verification and review.
PN compounding, labelling, and dispensing.
PN administration.

The review was not to include:






i

Preparation of PN in facilities outside of AHS.
Preparation of PN in facilities outside of the Edmonton Zone.
Patient assessment, monitoring, and re‐assessment.
PN prescribing (with the exception of communicating the PN order).
Identification and benchmarking of leading practices related to process and outcome indicators
for these PN processes and applicable patient outcomes.

The University of Alberta Hospital, Grey Nuns Community Hospital, and Misericordia Community Hospital.

Modified from the original scope, as is explained in the main report and related appendices. A modified scope was necessary to
prioritize other unrelated reviews underway at the HQCA and ensure that all could be accomplished within appropriate timelines.

ii
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Methodology
The review was conducted by the HQCA’s Quality Assurance Committee (QAC) in accordance with
Section 9 of the Alberta Evidence Act.4 Information to be reviewed was gathered from a number of
sources:










Published literature related to PN.
Documents provided by AHS related to the PN process (e.g., policies and procedures).
Findings and recommendations from the AHS quality assurance review (QAR) of the adverse
event.
Findings from the AHS human factors evaluation of the preparation and distribution of PN.
AHS PN usage reports.
AHS and external patient safety reporting data.
Observations from site visits to the UAH, Royal Alexandra Hospital (RAH), Misericordia
Community Hospital (MCH), and Grey Nuns (GN) Community Hospital in the Edmonton Zone
and to the Central Production Pharmacy (CPP) in the Calgary Zone.
Interviews with individuals from AHS and other healthcare organizations.

The CPP in Calgary was used as a comparator for PN processes within pharmacy for this review because
of its size and similarity in healthcare services provided.iii

Findings
Parenteral nutrition as a high-alert medication
The American Society for Parenteral and Enteral Nutrition (ASPEN)iv and the Institute for Safe
Medication Practices (ISMP) acknowledge PN to be a high‐alert medication.1,2,5 Classifying PN as such
requires healthcare organizations to develop evidence‐based policies and procedures applicable to
these medications in order to reduce risk to patients.6
The current AHS directive (Edmonton Zone) does not contain an explicit list of high‐alert medications,
which requires users to take an additional step to locate another document from an external website.v
Double checks, and in some instances independent double checks, are an important strategy to mitigate
hazards associated with high‐alert medications. Double checks and other strategies to mitigate hazards
at different stages of the PN process in the Edmonton Zone were noted to be inconsistently applied or
ineffective/error prone.

Communicating parenteral nutrition prescriptions
This review found that the PN ordering templates and processes in use within the Edmonton Zone do
not comply with recognized leading practices.6 PN is prescribed in the Edmonton Zone using one of
iii All PN admixtures for the Calgary Zone are prepared at the CPP, which serves five hospital sites: the Foothills Medical Centre,
Rockyview General Hospital, Peter Lougheed Centre, Alberta Children’s Hospital, and South Health Campus.
iv The American Society for Parenteral and Enteral Nutrition (ASPEN) sets leading practice standards for PN and has defined the roles for
each discipline involved in providing PN.
v Some nursing policies were noted to classify PN as a high‐alert medication and require various mitigation strategies. For example, AHS
Patient Care Policy 15.1, specific to the Stollery Children’s Hospital, requires performing an independent double check of medication
calculations and programming of infusion pumps for high‐alert medications, which are specifically listed in the policy and which include
PN [see reference 38].
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three standardized PN order forms onto which the prescriber handwrites the prescription. The PN order
template does not include all of the elements recommended by ASPEN and the order forms all require
updating. ASPEN recommends avoiding handwritten orders and using electronic systems instead.6
All PN orders across the province are transcribed by Pharmacy into the Abacus system.vi Transcribing is
subject to human error, and this is amplified in the Edmonton Zone by inconsistencies in the sequence in
which ingredients are listed on the PN order form in comparison to the Abacus interface, as well as by
inconsistencies in the dosing units of measure.

Sterile compounding environment
The sterile compounding facilities in the UAH and RAH pharmacies do not comply with sterile
compounding standards that have been established to protect admixtures from microbial and
particulate contamination.vii Licensed pharmacies in Alberta are required to comply with a minimum
practice and quality standards for compounded sterile preparations. The current state of the
infrastructure at the UAH and RAH limits the possibility of improvements, and a centralized pharmacy
for the Edmonton Zone, such as the one in the Calgary Zone, has never reached the approval stage.

PN knowledge and skills within Pharmacy
There are no explicit knowledge or skill requirements or related training and competency assessment
programs for PN pharmacists within AHS. This compromises the ability of the pharmacy to conduct a
thorough review and verification of a PN order, develop standardized processes that meet current
ASPEN recommendations, and participate effectively in zone and province‐wide oversight of PN. No
policies or procedures could be found that specify the knowledge and skills required of a PN pharmacist,
outline a training process, or provide guidance on expectations of the PN order review and verification
process.

PN reporting and learning within Pharmacy
The Edmonton Zone pharmacy departments are not fully optimizing the good catch and Reporting and
Learning systems for improving PN safety.
AHS uses the Reporting and Learning System (RLS) and good catch reporting system to capture data
regarding hazards, close calls, and adverse events; both are used provincially. The good catch reporting
system was implemented by the AHS Pharmacy Department to detect hazards within pharmacy
processes to enable learning from reports submitted by staff. Yet, staff rarely report issues related to PN
preparation. Furthermore, data from the good catch reporting system are not combined with data from
the RLS. Staff involved with sterile compounding and PN preparation are either not aware of the good
catch reporting system, do not believe it applies in certain situations, find the form difficult to use for PN,
or find the system time‐consuming and inconvenient. The RLS does not list PN within the medication
drop‐down list. Consequently, reporters need to select all medications included in the PN admixture, or
select ‘other’ and use the free text box. Using the free text box is problematic when searching and
analyzing data specific to PN reported in RLS. There is an opportunity to increase Pharmacy staff’s
awareness of improvement initiatives or changes that have resulted from reporting into RLS and the
good catch reporting system.
vi

The Abacus system interfaces with the automated compounding device.

vii

United States Pharmacopeia (USP) Chapter 797[see reference 27] and the ISMP sterile compounding guidelines [see reference 31].
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Important information about the context and rationale to support the recommendations made through
the AHS PN QAR and human factors evaluation were not widely shared. Pharmacy leadership (managers
and above) received a summary of the recommendations as email attachments but discussions did not
focus on the findings (including context and rationale), recommendations, and applicability for
implementation at other pharmacy sites. At the site where the adverse event occurred, frontline staff are
aware of the AHS PN QAR review but not the findings and recommendations from the review; specific
recommendations will be shared as changes are implemented.

Recommendations
The QAC makes recommendations in the five key areas identified in the Findings: (1) PN as a high‐alert
medication, (2) communicating PN prescriptions, (3) sterile compounding environment, (4) PN
knowledge and skills within Pharmacy, and (5) PN reporting and learning within Pharmacy.

Recommendation 1
Create and maintain an explicit list of high‐alert medications that includes PN to ensure that risk‐
mitigation strategies are applied. Include or reference the list in all applicable policies and procedures
across the province.

Recommendation 2
Standardize pharmacy and nursing PN checking processes across the Edmonton Zone, implementing a
true independent double check process to verify:






Transcription of data before compounding of the PN admixture.
Calculations and unit of measure conversions before compounding of the PN admixture.
Alerts required to be overridden.
Initial daily automated compounding device setup.
Infusion pump settings before PN infusion begins.

Enabling action


Ensure that independent double check processes are designed with and tested by human factors
specialists before implementation.

Recommendation 3
Ensure provincial use of strategies beyond double checks to mitigate pump set‐up and programming
hazards during PN preparation and administration.

Enabling actions


Improve visual verification and connection to the correct port on the ExactaMix 2400 by
increasing the visibility of the port number labelling (i.e., through more effective use of contrast
and number placement) and by applying a second label, with the port number, to the end of the
tube near the port.



Introduce 3‐in‐1 PN formulations within the Edmonton Zone for applicable patients.
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When lipids have to be administered separately with a 2‐in‐1 formulation, dispense the lipid
from the pharmacy with a patient‐specific label containing all the information recommended by
ASPEN PN Safety Consensus Recommendations.

Recommendation 4
Eliminate handwritten orders for PN in the Edmonton Zone and in the interim modify the current paper
order forms to meet leading practice.

Enabling actions


Implement a computerized prescriber order entry (CPOE) system or other electronic format for
communicating the PN order that includes clinical decision support (i.e., embedded practice
guidelines) and is editable by both prescribers and pharmacy.



Create a process to routinely update the clinical decision support information relating to PN
(e.g., on the back of the PN order form or in CPOE or electronic ordering system) to ensure it
reflects current leading practice.



Plan to establish an interface between the CPOE system and the Abacus system to eliminate the
transcription of PN orders within pharmacy. An interface should be considered at all sites in
AHS using a CPOE system or planning to implement a CPOE system.



Modify the PN order template (paper and electronic version) and the Abacus order entry system
to comply with the ASPEN PN Safety Consensus Recommendations regarding order components,
ingredient sequence, and units of measure.

Recommendation 5
Improve sterile compounding environments in the Edmonton Zone to meet an established standard
(e.g., United States Pharmacopeia Chapter 797, Institute for Safe Medication Practices sterile
compounding guidelines).

Enabling action


Conduct a cost/benefit analysis to compare upgrading the current facilities with the
development of a centralized pharmacy with a sterile compounding facility for the Edmonton
Zone.

Recommendation 6
Develop a structured training process with annual competency assessment for PN pharmacists
throughout AHS with clearly defined expectations for knowledge and skills related to their role in the PN
process as well as specialized qualifications for pharmacists involved in PN oversight.

Enabling actions


Training for all PN pharmacists should address both clinical and pharmaceutical aspects of PN
therapy and highlight current leading practice standards for all components of the PN process.
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Support a small team of pharmacists to develop specialized practice (for example, Board
Certified Nutrition Support Pharmacist designation or equivalent level of expertise) in nutrition
support, who would participate in provincial oversight of the PN process.

Recommendation 7
Develop PN‐specific policies and standardized procedures within the Pharmacy Department at the
provincial level where possible (and within the Edmonton Zone at a minimum) that address the
pharmacy components of the PN process (order verification and review; compounding, labelling, and
dispensing).

Enabling action


Use the ASPEN PN Safety Consensus Recommendations and leading practice recommendations
from the Institute for Safe Medication Practices and the Canadian Society of Hospital
Pharmacists (currently under development) related to sterile compounding to inform the
development of the policies and procedures.

Recommendation 8
Pharmacy staff (management and frontline) to regularly review and trend site, zone, and provincial data
related to sterile compounding and PN from the reporting systems to identify system issues and actions
for improvement.

Enabling actions


Enhance the structure and process for staff working in the sterile compounding and PN
preparation area to more easily report hazards and close calls.



Include PN as a listed medication in the Reporting and Learning System to make it easier to
enter and analyze hazards, close calls, and adverse events.

Recommendation 9
Share the findings and recommendations from the AHS PN quality assurance review across all AHS
pharmacies with the expectation that site leadership implement recommendations as appropriate. Also
share the findings and recommendations with frontline staff to increase awareness of hazards related to
PN.
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Supplementary recommendation
PN order verification in the Calgary Zone
The double check to verify PN order entry at the CPP occurs, in some cases, after the PN admixture is
compounded, and potentially after the product has been delivered to the nursing unit. At the acute care
sites in Calgary, PN orders are sent to the CPP via computerized prescriber order entry (CPOE; i.e.,
Sunrise Clinical Manager), are printed, and are then transcribed into Abacus by a pharmacist. The PN
label is then printed and used to initiate the PN compounding process. The original order is not used in
the checking processes after transcription, though this is recommended by ASPEN. A double check to
validate the accuracy of order entry into Abacus is performed by a second pharmacist and, depending on
scheduling, may occur after the compounding process has started and potentially after administration to
the patient. ASPEN recommends that all PN orders that require transcription be independently double
checked before compounding of the PN admixture.6

Prescribed dosing irregularities
A memo sent to AHS described dosing irregularities observed on some PN orders during site visits
(Appendix V). In response, AHS conducted in internal review (Appendix VI) and solicited feedback from
the HQCA (Appendix VII).

Recommendation 10
Verify transcription of the PN order into Abacus by a pharmacist (other than the one who transcribed
the order) before compounding the PN admixture at the Central Production Pharmacy.
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PROJECT OVERVIEW
Background
Total parenteral nutrition, more commonly known as parenteral nutrition (PN), is offered to patients
whose digestive systems are not functioning and who need nutrition support. Many adults and children
who require PN are critically ill, often immunocompromised, and have complex medical disorders or
surgical complications. In the pharmacy at the University of Alberta Hospital (UAH), a calculation error
occurred in creating a recipe used to prepare a nutrient additive, which resulted in 186 neonatal and
pediatric patients at three Edmonton hospitals receiving an incorrectly prepared PN admixture between
December 13, 2012 and April 12, 2013. The PN admixture containing the supplement was administered
intravenously to patients at the UAH, the Grey Nuns (GN) Community Hospital, and the Misericordia
Community Hospital (MCH).
Families of the patients were notified by Alberta Health Services (AHS) or Covenant Health; there was
no evidence of any adverse clinical outcome related to the incorrectly prepared supplement for the
patients involved. AHS initiated an internal quality assurance review (QAR) to examine system issues
surrounding the adverse event and also conducted an internal human factors evaluation to identify
system issues related to the preparation and distribution of PN. AHS requested that the Health Quality
Council of Alberta (HQCA) conduct an independent review of all PN processes.
At the time of the event, the UAH compounded PN admixtures for six hospitals (UAH, GN, MCH, Fort
Saskatchewan Community Hospital, Leduc Community Hospital, and Sturgeon Community Hospital).
The Royal Alexandra Hospital (RAH) compounded its own PN admixtures. Since the event, the RAH
assumed compounding PN admixtures for the Sturgeon Community Hospital in August 2013; the UAH
assumed compounding PN admixtures for the Cross Cancer Institute in September 2013.

Purpose, objective, and scope
On April 26, 2013, pursuant to Section 15(2) of the Health Quality Council of Alberta Act,3 the President
and Chief Executive Officer (CEO) of AHS asked the HQCA to conduct an independent review of PN
processes in the Edmonton Zone (Appendix I).
The objective of the review was to examine the implications for quality and patient safety with respect
to the processes of PN in the Edmonton Zone, and to make recommendations for system‐level
improvements (Appendix II).
Initially, the review was to include all aspects of PN management in the Edmonton Zone including, but
not limited to:


All age groups (neonate, pediatric, and adult patients).



Prescribing, ordering, preparing, administering, monitoring, and applicable outcomes in the
delivery of PN.



Identification and benchmarking of leading practices related to process and outcome indicators
for these PN processes and applicable patient outcomes.
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The review was not to include:


Preparation of PN in facilities outside of AHS.



Preparation of PN in facilities outside of the Edmonton Zone.

A number of other, unrelated QARs were underway at the HQCA at the same time as this review. As a
result, the scope and timelines of this review were modified (Appendix III). Specifically, the modified
scope excluded clinical assessment of the patient, prescribing (but included communication of the PN
order), and the monitoring steps in the PN process. It also excluded the identification and benchmarking
of leading practices related to process and outcome indicators. A more detailed outline of the PN process
is described by Hudson,7 explained below, and is shown in Figure 1 relative to what was included and
excluded under the modified scope.
Figure 1: PN process adapted from Hudson7 also illustrating the modified review scope

The modified scope of the review included a truncated section of the PN process in the Edmonton Zone
for patients from all age groups (neonate, pediatric, and adult patients):


Communicating the PN order (a subtask of PN prescribing).



PN order verification and review.



PN compounding, labelling, and dispensing.



PN administration.
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According to the modified scope, the review was not to include:


Preparation of PN in facilities outside of AHS.



Preparation of PN in facilities outside of the Edmonton Zone.



Patient assessment, monitoring, and re‐assessment.



PN prescribing (with the exception of communicating the PN order).



Identification and benchmarking of leading practices related to process and outcome indicators
for these PN processes and applicable patient outcomes.

Review team
The review was conducted by the HQCA’s Quality Assurance Committee (QAC) in accordance with
Section 9 of the Alberta Evidence Act.4 The review team included:









Jonas Shultz, MSc, Human Factors Lead, Review Lead, HQCA
Dale Wright, BSP, MSc, MDE, Senior Project Lead, HQCA
Joseph Boullata, PharmD, RPh, BCNSP, FASPEN, Nutrition Support Consultant
Pauline Darling, BSc, MSc, PhD, RD, Associate Scientist, Li Ka Shing Knowledge Institute of St.
Michael’s Hospital, Assistant Professor, University of Toronto
Don Duerksen, MD, FRCPC, Medical Director, Manitoba Home Nutrition Program
Donna MacFarlane, RN, Patient Safety Lead, HQCA
Carmella Duchscherer, RRT, BHS(RT), MPA, Quality & Safety Review Team Lead, HQCA
Rinda LaBranche, RN, BEd, MEd, Patient Safety Lead, HQCA

The following people provided input into the report:





Christiane Langtry, Administrative Assistant, HQCA
Lisa Strosher, MSc, Patient Safety Lead, HQCA
Charlene McBrien‐Morrison, RT (CSLT), MBA, Executive Director, HQCA
Eric Wasylenko, MD, BSc, MHSc (Bioethics), Ethics and End of Life Consultant, HQCA
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APPROACH AND METHODOLOGY
The Health Quality Council of Alberta (HQCA) conducted this review under Section 9 of the Alberta
Evidence Act4 to gain insight into the many system factors that may contribute to breakdowns in the
parenteral nutrition (PN) process, with the goal of developing system‐level recommendations that could
help improve the quality and safety of care for patients in the future.
This review was conducted using the Systematic Systems Analysis: A Practical Approach to Patient Safety
Reviews as a guide.8 The methodology encourages a systemic view of the healthcare system; that is, “how
all parts of the healthcare system play a role”, rather than a focus on “only one particular factor in
isolation”.9 A model of the healthcare system was used, which is made up of five major components:
patients, personnel, equipment/environment, organization(s), and regulatory agencies.9,10 The model
also considers the quality assurance fundamentals of structure, process, and outcome.11
The following describes the approach taken to collect and analyze information and to develop
recommendations and enabling actions. We have provided enabling actions to help guide the
implementation of the recommendations.

Collection and analysis of information
Information was gathered from a number of sources:


Published literature related to PN.



Documents provided by Alberta Health Services (AHS) related to the PN process (e.g., policies
and procedures).



Findings and recommendations from the AHS quality assurance review (QAR) of the adverse
event.



Findings from the AHS human factors evaluation of the preparation and distribution of PN.



AHS PN usage reports.



AHS and external patient safety reporting data.



On‐site observations.



Interviews with individuals from AHS and other healthcare organizations.

The Central Production Pharmacy (CPP) in the Calgary Zone was used as a comparator for PN processes
within pharmacy for this review because of its size and similarity in healthcare services provided. All PN
admixtures for the Calgary Zone are prepared at the CPP, which serves five hospital sites: the Foothills
Medical Centre, Rockyview General Hospital, Peter Lougheed Centre, Alberta Children’s Hospital, and
South Health Campus.

Published literature related to PN
A PN literature review of published research and leading practices was undertaken to develop an
understanding of the implications for quality and patient safety related to the PN processes defined by
the initial scope of the review. The literature reviewed included systematic reviews, meta‐analyses, and
grey literature from associations, societies, clinical practice guideline developers, and selected journals
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in the area of PN (Appendix IV). The review team also reviewed PN leading practice guidelines,
recommendations, and standards documents.

Documents provided by AHS related to the PN process
More than 250 documents from the AHS departments of Pharmacy, Nursing, and Nutrition Services
were reviewed including policies, procedures, and manuals that were related to the PN process across
all patient populations, high‐alert medications, and double checks.

Findings and recommendations from the AHS PN QAR of the adverse event and human
factors evaluation
The findings and recommendations from the AHS PN QAR were reviewed to gain a better understanding
of the background, context, and specific details of the event. The human factors evaluation was used to
confirm details of the PN preparation process with the University of Alberta Hospital (UAH) pharmacy.

AHS PN usage reports
Provincial PN usage data included the number of PN admixtures dispensed for each hospital. Data for
the Calgary and Edmonton zones were analyzed.

AHS and external patient safety reporting data
Data reviewed included reports from the AHS Reporting and Learning System (RLS) and the AHS
Pharmacy good catch reporting system as well as an external safety reporting database (Manufacturer
and User Facility Device Experience [MAUDE]).12 The RLS is an electronic voluntary reporting system
that collects detailed information from healthcare providers about patient safety adverse events, close
calls, and potential hazards. Reporters may submit reports confidentially. The United States Food and
Drug Administration requires manufacturers, importers, and device user facilities in the United States to
report to the MAUDE database when marketed medical devices may have caused or contributed to the
death or serious injury of a patient.12 Healthcare professionals, patients, and consumers can voluntarily
report on such outcomes through MAUDE and reports are publicly searchable. Reports specific to the
automated compounding device (ACD) used in AHS to compound PN admixtures were reviewed.

On-site observations
Site visits were made to the UAH, Royal Alexandra Hospital (RAH), Misericordia Community Hospital
(MCH), and Grey Nuns (GN) Community Hospital in the Edmonton Zone. A task analysis was performed
during the site visits and later translated into a flow map to accurately capture the PN processes as
observed at each site. The task analysis and subsequent flow maps included the processes of
communicating the PN order, order verification and review, as well as compounding, labelling,
dispensing, and administering PN. The flow maps were validated with frontline pharmacists and
pharmacy technicians at each site and were modified as needed to most accurately capture PN
processes. The task analysis and flow maps were used to identify process variation between sites. PN
experts on the review team compared the flow maps of the current PN processes to known leading
practices and standards. As a comparator, site visits, task analysis, flow mapping, and validation of the
pharmacy PN processes were conducted at the CPP in the Calgary Zone.
A second round of site visits occurred to conduct an observational human factors assessment at four
sites – UAH, RAH, MCH, and CPP – to focus specifically on how the environment, technology, forms, and
labels are used and the extent to which their design helps or hinders PN processes. A third round of site
APPROACH AND METHODOLOGY
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visits occurred at three of the sites – UAH, RAH, and CPP – to allow one of the PN experts on the review
team to conduct a more focused assessment of each pharmacy’s compliance with guidelines for sterile
preparation as well as with recommended PN practice standards. Information collected during the site
visits were used to identify hazards within the PN processes as per the scope of this review and to
generate system‐level recommendations for improvement.

Interviews with individuals from AHS and other healthcare organizations
Semi‐structured interviews were conducted with 49 individuals, including frontline staff and
management at various levels within AHS in the Edmonton and Calgary zones as well as representatives
of other healthcare organizations in Canada and the United States. Interviews were primarily conducted
face‐to‐face, and some by conference call. Interviews focused on gathering information about PN
processes and quality management, the roles of leadership, as well as the history and future directions
of PN oversight within Alberta. Some interview questions targeted perceptions of PN as a high‐alert
medication and associated risk‐mitigation strategies, availability of PN expertise within Pharmacy,
reporting culture for adverse events, close calls and hazards, dissemination of recommendations from
the AHS PN QAR, as well as recognition and compliance with known leading practices in PN.
To better understand strategies that are used in other organizations to eliminate transcription of PN
orders, interviews were conducted with individuals at Sunnybrook Health Sciences Centre in Toronto,
Canada, the University of Pennsylvania Health System in Philadelphia in the United States, as well as a
vendor for a computerized prescriber order entry (CPOE) system for PN. Regulatory standards in
Alberta regarding sterile compounding in licensed pharmacies were discussed with a representative of
the Alberta College of Pharmacists.
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INTRODUCTION
Parenteral nutrition
Parenteral nutrition (PN) is a high‐alert medication (one that bears a heightened risk of causing
significant patient harm when used incorrectly)1,2 and a form of nutrition support. It involves the
delivery of nutrients through an intravenous catheter into a large central vein (e.g., superior vena cava)
or peripheral vein on the hand or arm. Patients who receive PN typically have underlying disorders that
involve a non‐functioning digestive system. These patients are not able to ingest or absorb food or
specialized nutritional products taken by mouth or administered directly into other parts of the
gastrointestinal tract using a feeding tube (enteral route). Some patients may be otherwise well
nourished but have not been able to eat for seven to 10 days prior to starting PN; others may have pre‐
existing malnutrition requiring nutrition repletion. Infants who are born very prematurely require PN as
the principal source of nutrition in the first days or weeks of life, depending on their medical condition.
The most recent European13 and American14 guidelines for feeding premature infants recommend early
initiation of PN with amino acids on the first day of life and lipids on the first or second day of life in
order to improve the cumulative energy and protein deficit, promote postnatal growth, and improve
neurologic outcomes. Many adults and children who require PN are critically ill, often
immunocompromised, and have complex medical disorders or surgical complications. Specific
indications for using PN are described below for neonate (Table 1), pediatric (Table 2), and adult (Table
3) patients. Appropriate and judicious use of PN is important given that it is invasive and associated
with significant complications.
Table 1: Indications for PN in neonate patients15






Any infant requiring major surgery before the establishment of milk feeds and as soon as
possible after surgery.
Gastrointestinal anomalies requiring surgery – gastroschisis, omphalocele, intestinal atresias,
necrotizing enterocolitis, ileus, pseudo obstruction, or Hirschsprungs.
Malabsorption – short gut, intractable diarrhea, villous atrophy, dysmotility syndrome.
GI perfusion compromised by conditions such as cardiovascular or respiratory instability,
congenital heart disease, and use of certain medications.
PN should be considered within 24 hours if an infant is expected to have a delay in reaching full
volume enteral feeds beyond 3–4 days.
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Table 2: Indications for PN in pediatric patients16,17
Partially functional gastrointestinal tract
 Cannot meet nutrient requirements after maximizing enteral support.
 Gastrointestinal fistula.
 Multi‐organ failure.
 Malabsorption, e.g., short‐bowel syndrome, intractable diarrhea, villous atrophy, or dysmotility
syndromes.
 Risk of aspiration when small bowel feedings are not possible.
 Malnutrition with hypoproteinemia.
 Upper gastrointestinal bleed.
Non‐functional gastrointestinal tract
 Paralytic ileus.
 Bowel obstruction.
 Chronic intractable vomiting or diarrhea.
 Small bowel ischemia.
 Peritonitis.
 Necrotising enterocolitis.
 Gastrointestinal surgery (gastroschisis, omphalocele, multiple intestinal atresias, etc.) until the
enteral route is accessible.
 Severe inflammatory bowel disease with impending surgery.
Table 3: Indications for PN in adult patients18















Inflammatory bowel disease where enteral nutrition has failed to prevent or reverse
malnutrition (i.e., severe malabsorption).
Patients with multi‐organ failure where nutritional requirements cannot be met by the enteral
route alone.
Intestinal atresia.
Radiation enteritis.
Severe mucositis following chemotherapy.
Motility disorders such as scleroderma or chronic idiopathic intestinal pseudo‐obstruction
syndromes.
Extreme short‐bowel syndrome (e.g., thrombogenic), trauma, resection due to tumour.
High‐output stoma (>1000 mL).
Enterocutanous fistulas.
Inborn error of the bowel surface.
Motility disorders.
Malnourished dialysis patients (interdialytic PN).
GI tract obstruction.
Prolonged post‐operative ileus.
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PN admixtures are devised to meet the nutritional needs of individual patients, and contain glucose,
amino acids (building blocks of protein), lipids (fat), electrolytes, vitamins, minerals, and trace elements.
Management of PN is complex and involves supplying nutrients to meet a patient’s needs without
exceeding the metabolic capacity for handling glucose, fat, or energy, and maintaining electrolyte and
mineral balance while addressing PN‐associated clinical complications that may arise.
PN is classified as a high‐alert medication because significant patient harm may occur when it is used
incorrectly or without regard to accepted leading practice standards.1,2 Safety concerns relate to the
product, the route of administration, and the vulnerability of the patients for whom it is prescribed. It is
a complex compound that contains multiple medication ingredients, and it creates a growth medium in
which infectious agents can thrive. PN is administered intravenously to patients who are often
immunocompromised or otherwise prone to infection. PN administration is associated with
complications including catheter‐related sepsis19 and thrombosis.20 Metabolic complications for the
patient include disordered fat metabolism, impaired glucose metabolism,21 acid base disorders, and
electrolyte (e.g., sodium, potassium) and mineral (e.g., magnesium, phosphate) imbalances. It may also
cause liver toxicity.

Parenteral nutrition process
The PN process typically involves inter‐professional collaboration between dietitians, physicians,
pharmacists, and nurses to provide effective and safe nutrition care.6 Good communication and
standardization of processes across all steps is an important risk‐management strategy.7 Each discipline
contributes unique expertise to provide safe and appropriate PN therapy to patients who are unable to
maintain their nutrition status enterally. Ideally each step within the PN process should follow accepted
guidelines and standards of practice with nutrition support specialists in each discipline. Expertise in PN
is required to optimize therapeutic outcomes and minimize complications that can result when PN is
prescribed inappropriately (or incorrectly), prepared incorrectly, or administered inappropriately, or
when patients are not adequately monitored, including monitoring for complications that can arise from
administering PN. The American Society for Parenteral and Enteral Nutrition (ASPEN) is an
international organization that sets leading practice standards for PN and has defined the roles for each
discipline involved in providing PN.22,23,24,25 A recent ASPEN practice management task force concluded
that “it is clear that dietitians, pharmacists, physicians, and nurses each play important roles in
improving the nutrition status of patients, but the safety and efficacy of care are enhanced when they
collaborate as a team”.26
The PN process includes a number of critical patient‐focused steps (Figure 1).2,7
Patient assessment: a comprehensive nutritional assessment of the patient, by the nutrition support
service or dietitian, is based on subjective and objective data to determine if PN is appropriate and if
malnutrition is present. It also guides developing the plan of care including the amount of energy,
macronutrients, minerals, vitamins, fluid, and electrolytes required, as well as the need for non‐nutrient
medications and monitoring parameters.
Prescribing: this plan is then communicated to the physician or designate who orders the PN by
prescription.
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Verification and review: the PN prescription is then verified and reviewed by a pharmacist to assess
appropriateness of the many PN ingredients for patient‐specific dosing, compatibility, and stability.
Compounding, labelling, and dispensing: a PN order deemed appropriate will be prepared (i.e.,
compounded, labelled, and dispensed) in a pharmacy adhering to stringent guidelines for sterile
compounding.6,27,28,29,30
Administration: the prepared PN is sent to the patient care unit for administration to the patient.
Monitoring and reassessment: following administration, monitoring, and reassessment of the patient by
the nutrition support service completes the loop.
Documentation should take place at each step of the PN process.6 This includes documentation of the
nutrition support service or dietitian’s assessment and plan, the prescriber’s order, the pharmacist’s
review with all clarifications and interventions, all calculations that are performed, steps of the
compounding process, the nurse’s assessment and administration of PN to the patient, as well as
documentation of independent double checks that are required at any point of the PN process. All
documentation should be readily retrievable from the patient’s medical record or associated
information system(s) for audit of all components of the PN process.6,27,31
PN can be administered as either a 2‐in‐1 or 3‐in‐1 formulation, which refers to the number of
macronutrients combined with micronutrients in the same infusion container. A 2‐in‐1 formulation
combines dextrose and amino acids in a single bag (at left in Figure 2). The lipid is provided in a
separate bag or syringe (at centre in Figure 2) that is typically administered by a second pump through
tubing that joins the PN tubing at the Y‐site closest to the patient. A 3‐in‐1 formulation, also known as a
total nutrient admixture, includes amino acids, dextrose, and lipid in a single bag (at right in Figure 2).
By mixing all nutrients in one bag, only a single pump is used. Therefore, only one administration set is
required and only one pump is programmed to administer the admixture, which reduces line
manipulation and potential pump programming error.
Figure 2: PN as either a 2-in-1 or a 3-in-1 formulation
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The 3‐in‐1 PN formulation includes the exact amount of lipid prescribed in the bag as stability allows,
thus eliminating overfill wastage and inadvertent overdosing of the lipid. The potential destabilizing
effect of other PN ingredients on the lipid emulsion, however, means that only certain admixtures can be
formulated as a 3‐in‐1. When a 3‐in‐1 formulation is ordered, a pharmacist reviews the prescribed
ingredients and determines if it is suitable for a 3‐in‐1 formulation or if a traditional 2‐in‐1 formulation
must be used with the lipid administered separately by Y‐site.32
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FINDINGS
Parenteral nutrition as a high-alert medication
High‐alert medications can be defined as those medications that bear a heightened risk of causing
significant patient harm when they are used incorrectly.1 The American Society for Parenteral and
Enteral Nutrition (ASPEN) and the Institute for Safe Medication Practices (ISMP) acknowledge
parenteral nutrition (PN) to be a high‐alert medication.1,2,5 Classifying PN as such requires healthcare
organizations to develop evidence‐based policies and procedures applicable to these medications in
order to reduce risk to patients who rely on PN support as part of their care.6 A number of strategies
have been recommended by the ISMP to mitigate hazards associated with high‐alert medications, such
as standardizing processes for their ordering, storage, preparation, and administration; improving
access to information about these medications; limiting access to the medications; using auxiliary labels
and automated alerts; and employing redundancies, such as automated or independent double checks
when necessary.1 Independent double checks should be used to verify any calculations and unit of
measure conversions as well as pump programming prior to admnistration.6
Among Alberta Health Services (AHS) policies related to high‐alert medications provided to the review
team, some do not include PN and some indirectly identify PN as a high‐alert medication. For example,
the Pharmacy high‐alert medication list does not include PN.33 The current Edmonton Zone high‐alert
medication directive, which was in place at the time of the PN incident, adopts the ISMP high‐alert
medication list by reference only and requires users to view an external website to identify the high‐
alert medications.34 The Edmonton Zone directive suggests establishing a minimum of one risk‐
avoidance strategy for each high‐alert medication such as:


“limiting access to the medication,



using auxiliary labels and automated alerts,



standardizing ordering, preparation and administration of the medication,



employing automated or independent double checks when necessary.”34

Although not in place at the time of the adverse event, a province‐wide policy35 and procedure36 related
to the management of high‐alert medications as well as a guideline that outlines the process for
completing independent double checks is currently being developed by AHS.37 The draft high‐alert
medication policy and procedure provided to the review team did not include an explicit list of
medications considered to be high alert so it was not possible to determine if PN will be included on the
list in the future. The independent double check guideline states it applies to high‐risk medications, but
does not reference an explicit list of medications considered to be high risk.
Some nursing policies were noted to classify PN as a high‐alert medication and require various
mitigation strategies. For example, AHS Patient Care Policy 15.1, specific to the Stollery Children’s
Hospital, requires performing an independent double check of medication calculations and
programming of infusion pumps for high‐alert medications, which are specifically listed in the policy
and which includes PN.38
Interviewees indicated significant variation both within and among healthcare professions and
management in their perceptions about the level of risk associated with PN. In interviews, pharmacy
staff identified compounding PN as a high‐alert process, yet many did not consider PN a high‐alert
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medication; some did not consider PN to be a medication, instead referring to it as a food or supplement.
Mitigation strategies for high‐alert medications were noted to be either inconsistently applied (e.g., no
double check of pharmacist order entry at one site, checking processes vary between sites, independent
double checks are not truly independent, final product is not always checked against the original order)
or ineffective/error prone (e.g., syringe pullback method of checking after manual additives have been
completed). Hazard‐mitigation strategies for sterile compounding intended to reduce harm from
microbial and particulate contamination varied widely between sites (e.g., sterile room design, sterile
compounding processes), and rarely conformed to leading practice recommendations.

Parenteral nutrition usage
Data were provided by AHS indicating the number of PN admixtures dispensed by each hospital across
the province. Figure 3 summarizes data for the Edmonton and Calgary zones from October 1, 2012 to
September 30, 2013. The Edmonton Zone dispensed 30,725 PN admixtures, which included 19,500 PN
admixtures compounded at the University of Alberta Hospital (UAH – blue bars) as well as 11,225 PN
admixtures compounded at the Royal Alexandra Hospital (RAH – green bars). All PN in the Edmonton
Zone is dispensed as a 2‐in‐1 formulation. In comparison, the Calgary Zone dispensed 17,881 PN
admixtures, which were compounded at the Central Production Pharmacy (CPP – red bars). Most PN in
the Calgary Zone is dispensed as a 3‐in‐1 formulation. Three noteworthy changes have occurred since
the dates shown in this data. Changes include: (1) PN for the Sturgeon Community Hospital, as of August
2013, is being compounded at the RAH instead of the UAH; (2) PN for the Cross Cancer Institute, as of
September 2013, is being compounded at the UAH; and (3) PN for the South Health Campus in Calgary,
as of June 2013 for adult patients and September 2013 for neonate and pediatric patients, is being
compounded at the CPP.
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Figure 3: PN admixtures dispensed by hospital

*

*Data include the Stollery Children’s Hospital.
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Parenteral nutrition process
The findings presented within this section review each of the components of the PN process (Figure 4)
that are within the scope of this review (communicating the PN order; verification and review;
compounding, labelling, and dispensing; and administration). They summarize the analysis of
information gathered from all information sources.
Figure 4: PN process adapted from Hudson7 also illustrating the modified review scope

PN order communicated (subtask of PN prescribed)
ASPEN PN Safety Consensus Recommendations describe principles for ordering PN.6 These include the
requirement for a standard ordering process with use of standard order templates, the need to submit
orders to pharmacy by an established daily deadline, and that orders should include the confirmation of
venous access. Standardizing the PN order forms and using an electronic ordering format that is editable
by both prescribers and pharmacists enhances the safety and efficiency of the PN ordering process.39
Specific components of a PN order and a preferred sequence of ingredients as recommended by ASPEN
are shown in Table 4.6

FINDINGS

25

Table 4: Required components for PN orders and preferred sequence from Ayers6
Components for the PN Order
Patient Information
Patient identifiers (patient name, medical record number or other unique identifiers, birth
date/age, patient location)
Patient location (home address for home PN patients)
Allergies and reactions
Height and dosing weight (metric)
Diagnosis(es)/indication(s) for PN
Vascular access device/location
Administration date/time
PN Ingredients (should match PN label)
Amino acids
Dextrose
IVFE (lipids)
Sodium phosphate
Sodium chloride
Sodium acetate
Potassium phosphate
Potassium chloride
Potassium acetate
Magnesium sulfate or magnesium chloride
Calcium gluconate
Multivitamins
Trace elements
Additives (e.g., cysteine, regular insulin) as clinically appropriate and compatible
PN Instructions
Total volume, infusion rate, start and stop times, cycle information
Prescriber and contact information
The gold standard to prescribe PN, as recommended by ASPEN, is a standardized electronic PN order
with embedded clinical decision support, ideally through the use of a computerized prescriber order
entry (CPOE) system.6 Where this is not possible, ASPEN recommends using an editable electronic
document; the use of handwritten orders is discouraged. One study estimated that using a CPOE system
to order medications reduced medication error rates by 48 per cent.40 In one survey conducted in the
United States, one‐third of healthcare organizations that responded use a CPOE system for PN.41 One of
the primary benefits that CPOE systems provide is eliminating handwritten orders and ultimately
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enabling use of an interface to eliminate the transcription of orders between prescribers and
pharmacy42 although a number of other benefits have been noted.2
As noted during site visits, PN orders in the Edmonton Zone were usually handwritten onto one of three
paper PN order forms (neonate, pediatric, or adult) standardized across the zone. If the order was
written by a dietitian, a physician co‐signed the order. A telephone order from the dietitian would be
accepted for continuation of the previous day’s PN when there were no changes to the components, and
for discontinuation of PN. In the Calgary Zone, on the other hand, all PN orders were entered by the
physician or dietitian into Sunrise Clinical Manager, a CPOE system.
The Edmonton Zone PN order forms, including the PN product‐related information provided on the
reverse of the form, were last revised between 1998 and 2008. In addition, deviations from the ASPEN
recommendations for order form components were noted for one or more order form templates in
terms of the following:


Prescriber contact information.



Prescription cut‐off times to accommodate pharmacy processing.



Allergies and reactions.



Patient height.



Type and location of the venous access device.



PN indication.



PN ingredients in amount (g, mg, mcg, mmol) per day (or amount per kg per day in pediatrics).



Vitamin K ordered weekly or biweekly rather than daily as recommended.

Leading practice guidelines suggest that verbal or telephone orders should not be used for PN.6 Most
current policies within AHS permit verbal or telephone orders of medications; however, PN is not
specifically addressed in the policies. No specific guidelines related to communicating the PN order were
found in the document review.
In the Edmonton Zone, one copy of the PN order generally went into the patient chart immediately after
being written. The RAH, however, followed a different protocol for new neonatal orders. There, both
copies of the order were sent to pharmacy due to the increased likelihood that modifications would be
made during the order verification and review by pharmacy. Having both copies in pharmacy made it
possible to simultaneously update both copies when adjustments were made by pharmacy. The chart
copy of the original order was then sent back to the unit with the PN admixture. The mechanism used to
send the order to pharmacy varied between sites and included scanning and electronically sending the
order, faxing the order, walking the order to the pharmacy department, or sending via pneumatic tube.
In the Calgary Zone, the order was automatically sent to the CPP electronically via the CPOE system.
At all sites visited, pharmacy printed the PN orders as they were received. The printed orders were then
sorted to assist with manual order entry (transcription) into the Abacus system, which interfaces with
the automated compounding device (ACD).
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PN order verified and reviewed
Pharmacist order review
Review and verification of a PN order by a pharmacist is recognized as a critical step in the PN process.6
The review process should include both a patient‐focused clinical review (indications, dose of macro and
micronutrients) and a product‐focused pharmaceutical review (stability, compatibility, correct product
selection).6 This review should take place in an environment without distractions.6
Review of existing AHS pharmacy policies found no requirement for clinical and pharmaceutical review
of PN orders received in pharmacy. At all sites, the observed pharmacy review process involved
comparing the current PN order to the PN order from the previous day for that patient and clarifying
any issues. In addition, the pharmacist used embedded decision support tools within Abacus to check
incompatibilities, calcium‐phosphate solubilityviii, and some dosing limit warnings. At the CPP in Calgary,
the pharmacist had access to patient profiles in Sunrise Clinical Manager (SCM) to check other
medications and laboratory results for the patient if available. When potential issues were detected, the
pharmacist would then contact the appropriate prescriber to discuss; at the CPP the pharmacist could
make PN order changes directly in SCM as applicable, whereas in the Edmonton Zone the prescriber was
generally required to adjust the original order form in the patient’s chart on the unit. Documenting the
identification and resolution of potential issues varied between sites and zones.

Order transcription and verification
A safer system is one in which PN is ordered using a CPOE system fully integrated with the pharmacy’s
ACD to eliminate the need for transcription of PN orders into the pharmacy system (an error‐prone
step). Transcribing PN orders has resulted in adverse events causing patient harm.43,44,45 When
transcription of the PN order into the pharmacy compounding system is undertaken, an independent
double check using the original order is needed to verify the accuracy of the transcription.6,46
Discussions with a PN CPOE vendor, and with two healthcare organizations that have eliminated the
transcription step, highlight three approaches to eliminate the transcription of PN orders.
Web‐based CPOE applications exist in which prescribers enter electronic PN orders for neonate,
pediatric, and adult patients. TPN Assistant is one example of a commercial software product that
interfaces directly with the ACD in the pharmacy to eliminate the transcription of PN orders and
provides alerts when prescribing (e.g., calcium‐phosphate solubility).
Sunnybrook Health Sciences Centre in Toronto, Canada has a 40‐bed NICU. A number of changes have
been made over time to enhance patient safety. For example the NICU moved away from handwritten
PN orders in the fall of 2011 and introduced Abacus software onto the unit for direct order entry. The
NICU has several dietitians who provide coverage during the day, 365 days per year. Dietitians are
available to create daily PN orders directly into the software after collaboration with the inter‐
professional team, thus avoiding a need for standing orders. The PN admixture is compounded on the
unit in the NICU‐dedicated satellite pharmacy. This model eliminates the PN order transcription process
that previously occurred when using the handwritten orders. The electronic order, as entered into
Abacus, is then available for verification and review by the NICU pharmacist and for co‐signature by the
physician or nurse practitioner. The safety features of using the Abacus software in the NICU include:
viii Calcium‐phosphate is an insoluble compound that can form a precipitate in PN admixtures if the total dose of calcium and phosphate
in the admixture exceeds a critical value.
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Elimination of transcription error by order entry directly into the software.



Informed clinical decision‐making by system alerts provided through the software regarding
compatibilities, osmolarities, and dosing limits.



Generation of an order‐specific barcode that communicates directly with the compounder,
which eliminates human error when PN is manufactured.



Generation of a PN order that is visually verified by the medical team prior to co‐signature.



Generation of an order‐specific serial number on the PN order and the PN bag that are visually
checked by the nurse before administration to ensure the correct order matches the correct
infant and the correct PN bag.

The University of Pennsylvania Health System in Philadelphia, U.S.A. has three sites that developed
technology to eliminate the transcription of PN orders. At these sites, PN is recommended by a dietitian,
prescribed by a physician, verified and reviewed by a pharmacist, and then compounded by an off‐site
vendor. To eliminate the PN order transcription step and potential transcription errors, a file transfer
protocol was developed. This allowed PN orders to be entered into the Sunrise clinical information
system, where alerts can be provided to prescribers, and then verified by a pharmacist in Sunrise before
sending the electronic files to the off‐site vendor.
In all pharmacies in the Edmonton and Calgary zones, all PN orders were transcribed into a PN order
entry system (Abacus) either by a pharmacist or a pharmacy technician. In the Edmonton Zone, the
hazard of transcription is amplified by inconsistencies between the sequence in which ingredients are
listed on the PN order form and the sequence in which they are listed in the Abacus system. Specifically,
if the dosage numbers from the order form were transcribed from top to bottom in the same order into
the Abacus system, then four ingredients could be entered incorrectly. This is shown in Figure 5. The red
lines indicate which ingredients are listed in a different order when comparing the adult PN order form
(right) with the Abacus order entry system (left).
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Figure 5: Comparison of the adult PN order form with the Abacus order entry screen

Generally, in the Edmonton Zone, a double check was performed to validate order entry accuracy,
although only Covenant Health has a policy that specifically addresses verification of orders transcribed
into the pharmacy system by comparing them with the original order.47 The checking process varied
between sites, and at one site did not always occur. Pharmacists at Misericordia Community Hospital
(MCH) and the Grey Nuns (GN) Community Hospital performed the order entry task and a different
pharmacist performed the double check to validate the order entry. Because PN admixtures are not
compounded on site at the MCH or GN, the verified PN orders entered into Abacus were exported
electronically by the MCH and GN pharmacists to the UAH pharmacy. The UAH did not receive a copy of
the original PN order from the MCH or GN. At the RAH, both pharmacists and PN‐trained pharmacy
technicians entered PN orders; if entered by a pharmacist, the entry was not double checked. Different
sources of information between sites were used to perform the order entry double check (computer
screen versus printed PN label). Whether and how individuals communicated the completion of this
double check also varied. Pharmacists at the UAH initialled the paper order and the paper label.
Pharmacists at the MCH initialled the tracking form. At the RAH, completion of the double check, when
one was performed, was communicated by adding the verified PN label to the pile of labels waiting to be
compounded. Pharmacists at the RAH did not provide written confirmation to indicate completion of the
double check.
Site visits during this review identified environmental factors with the potential to compromise quality
and safety during order transcription and review. At the RAH, the order entry computer was located
next to the sterile compounding area, as shown at left in Figure 6. At the MCH, the order entry computer
was located next to the pharmacy pickup and drop‐off window. At the UAH, the order entry computer
was in a room just outside the anteroom to the sterile compounding room but the PN pharmacist had
other duties in addition to PN review and order entry. Frequent interruptions were observed during PN
order entry at all sites in the Edmonton Zone. In contrast, a designated room at the CPP is used for order
entry, as shown at right in Figure 6. This room is physically separate from other pharmacy processes
and observed to be far less prone to interruptions and distractions.
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Figure 6: Order entry and verification environment at the RAH (left) and the CPP (right)

Once the orders are entered into Abacus and double checked (at sites where the double check occurs),
the PN labels were automatically printed at the site that compounded PN for that facility (UAH, RAH, or
CPP). The MCH pharmacists (and pharmacists at other sites that do not compound PN) would then
phone the UAH pharmacy to ensure that the number of orders sent was equal to the number of PN labels
printed. This was to ensure that no orders were missed when transmitting them to the UAH. The PN
labels were then sent to the sterile compounding room to start compounding.

PN order compounded, labelled, and dispensed
PN can be compounded as a custom admixture for each individual patient, in either a 2‐in‐1 or 3‐in‐1
formulation as described previously. Alternatively, standardized admixtures that contain predetermined
concentrations of dextrose and amino acids with or without electrolytes can also be used. These are
either compounded within the pharmacy or purchased as a commercial product in double (for 2‐in‐1
formulations) or triple (for 3‐in‐1 formulations) chamber bags. Standardized solutions still require some
patient‐specific customization with electrolytes, vitamins, trace elements, and other medications such as
insulin added within the pharmacy. However they offer some safety advantages over custom‐
compounded solutions because the compounding process is less complex, misinterpretation of orders
and calculation errors are minimized, and standardization facilitates decision‐making to prescribers.48
Additives are added manually but the compounding time is typically less than that for custom‐
compounded solutions.48 There are concerns, however, that these solutions do not meet the clinical
needs of all patients, particularly related to protein requirements, and careful patient selection is
critical.49 Currently within the Edmonton Zone, PN is custom compounded as a 2‐in‐1 formulation for all
patients, with lipid provided separately. The introduction of standardized PN admixtures is being
considered within the Edmonton Zone.
Organizations compounding PN admixtures should have well‐defined policies and procedures that guide
each step of PN preparation.6,31 Both the environment and the personnel are critical to the quality of
compounded sterile preparations. The ACD (ExactaMix 2400) and the Abacus system are tools for
preparing custom compounded PN, thereby serving only as an extension of the compounding personnel.
Compounding of PN should be performed by qualified, certified staff who are required to undergo
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annual competency assessments.6 Leading practice for safe preparation includes several measures:
following aseptic techniques; using an ACD that has activated hard and soft dosing limits; conducting
independent double checks on initial daily setup of the ACD (preferably using a checklist) as well as at
other points during the compounding process; and separating preparation of adult from pediatric or
neonatal PN by time or location.6,31 The compounding environment should adhere to stringent
guidelines for sterile preparation to reduce the risk for microbial and particulate contamination as well
as the many potential problems that can arise with ingredient dosing and interaction.6,27, 28,31
Compounding should take place in an ISO Class 5 environment such as a laminar airflow hood,
surrounded by a buffer zone meeting ISO Class 7 standards. For ISO Class 5 areas, leading practice
guidelines recommend cleaning with 70 per cent isopropanol using low‐shed wipes at least every 30
minutes.
Both the UAH and RAH use a suitable laminar airflow hood for PN compounding. No information was
available on the air exchange within the rooms to determine whether the environment meets ISO Class 7
standards. Concerns with the sterile compounding environment include:


At the RAH, the sterile compounding room had no windows, was open to the order entry area,
and the door was left open for ventilation.



At the RAH, a printer and other high‐particulate‐matter material were located next to one of the
laminar airflow hoods. This presents an opportunity for particulate contamination and was a
concern for manual additives to PN that required the PN bag to be transferred out of one
laminar airflow hood to another. Furthermore, the PN bag was not wiped with a disinfecting
solution during the transfer.



At the UAH, there appeared to be non‐sterile activities taking place within the sterile
compounding room. The many personnel and material moving constantly throughout the
compounding room suggests a design that is not environmentally controlled to minimize
airborne contamination.



At the UAH and RAH, the room surfaces did not meet all United States Pharmacopeia (USP)
criteria.



At the UAH and RAH pharmacies, compounded PN admixtures were not refrigerated.



Cleaning and disinfecting of the ACD and immediate compounding area did not occur during the
site visits.

Province‐wide pharmacy policies, education, and certification requirements are in place for aseptic
technique and sterile compounding (e.g., AHS Regional Pharmacy Policy 15.01.01.01).50 Written
standard operating procedures for PN compounding were not available at either the UAH or RAH.
Edmonton Zone policies that were reviewed do not address an education and certification requirement
for staff who use the ACD to compound PN. AHS Regional Pharmacy Policy 15.01.01.01 also specifies the
need to check daily the ACD setup, although it does not specify the need to trace tubing sets from source
containers to ports. Most notably, this policy permits the use of the pullback method to verify volumes in
syringes used for manual additives; this contradicts recommendations from both the ISMP31,51 and
ASPEN.6 Although the concept of ‘checking’ is included in a number of steps in the sterile compounding
process, the requirement for ‘independent double checks’ is not evident.
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It was unclear whether a compounding record was maintained for each PN admixture prepared
(including names of all ingredients, sources, lot numbers, expiration dates, names of individuals
involved in preparation and checking, assigned beyond‐use date, results of quality control, and
documentation of any quality control issues). Additionally there was no readily available documentation
related to ongoing monitoring of air quality (e.g., environmental sampling testing) or personnel
practices (e.g., media‐fill tests).
In interviews, Pharmacy leadership acknowledged the deficiencies in the sterile compounding
environment but see no possibility of improvement with the current state of the infrastructure at the
UAH and RAH sites. Through interviews, it was noted that a centralized pharmacy for the Edmonton
Zone has repeatedly been a top funding priority for AHS but has never reached the approval stage.

Automated compounding device set-up
At all sites, pharmacy technicians started their shift by gathering all ingredients required to compound
PN admixtures. Some ingredients required special preparation (i.e., reconstitution or creating a larger
volume solution) for use with an ACD, specifically the Exacta‐Mix 2400 (EM 2400; Figure 7). Depending
on the site, a pharmacist or pharmacy technician performed a double check of these preparations. The
pharmacy technician then set up the EM 2400. The EM 2400 allows up to 24 ingredients to be connected
to the compounder; each ingredient was connected with a tube to a port on the EM 2400. Site
differences in the use of UV‐protectant bags for light‐sensitive ingredients were observed as ingredients
were connected to the EM 2400. At the CPP, light‐sensitive ingredients were covered with UV‐protectant
bags, whereas in the Edmonton Zone this was not done.
To prevent connecting the tube to the wrong ingredient, barcode technology was used. Specifically,
barcoded labels were affixed on each tube near the point of connection to the ingredient. This label and
the barcode on the ingredient were scanned for comparison during set‐up and when changing depleted
vials to verify that the correct ingredient was selected. Similar barcode technology was not used to
verify that the tube was connected to the correct port on the EM 2400. The EM 2400 is not able to detect
if a tube is connected to the wrong port.
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Figure 7: Automated compounding device set-up for PN

At all sites, an independent double check was performed by a second technician to verify the accuracy of
the EM 2400 set‐up. The EM 2400 tracks who set up and who double checked the set‐up. Ensuring that
each ingredient tube was connected to the correct port required both technicians to follow the tube
from the ingredient container to the port. Furthermore, the manufacturer recommends that users be
trained to physically hold the inlet that is being primed to verify visually that the tube with fluid flowing
through it is attached to the correct port.
As shown in Figure 8, half of the port numbers were not visible to the user because they were obscured
by the ports, caps, or tubes. Legibility of the port numbers within the users’ line of sight were
compromised by poor contrast between the number and the clear plastic background into which the
number was embossed.
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Figure 8: The EM 2400 port set-up

During an observational assessment undertaken for this review, a tube was observed to be connected to
the incorrect port. This was caught during the double check. During the observational assessment,
pharmacy technicians indicated that misconnection errors had occurred previously but were not caught
during the double check. Instead the error was caught when one of the ingredients was depleted and the
technician, while replacing the vial, was prompted to replace a partially full vial. This led to the
discovery of the tube connection error and the re‐compounding of affected PN admixtures. None of the
incorrectly prepared bags were released from pharmacy. Of note, this was only tracked to account for
waste but was not reported in the Reporting and Learning System (RLS) or the good catch reporting
system.
Four tube connection errors with the EM 2400 occurred in other healthcare organizations and were
reported in the Manufacturer and User Facility Device Experience (MAUDE) database.52,53,54,55 These
events occurred between 2009 and 2012. All tube connection errors, where specified, involved ports
that were located directly next to each other.

Automated compounding device usage
The EM 2400 interfaces with the Abacus system, which allows for automated compounding of
customized PN admixtures using a scan of the barcoded PN label. At all sites, the PN labels were given to
the pharmacy technician who then selected the appropriate PN bag, affixed or flagged the barcoded PN
label to the bag, connected the bag to the EM 2400, and scanned the PN label. The EM 2400 then pumped
the ingredients into the PN bag to reflect the order as entered into the Abacus system. While
compounding, the pharmacy technician also replaced ingredient vials as needed and scanned the
barcode on the vial and the barcode on the tube label. The EM 2400 then compared the two barcodes to
ensure the correct vial was replaced. Once compounded, the filled PN bag weight was checked to ensure
that the expected and actual weights did not differ by more than three per cent for adult patients and
more than two per cent for neonatal and pediatric patients. A MixCheck report from the EM 2400 was
also printed. This report outlines the ingredients and volumes (but not ordered doses) used to make the
PN admixture; ingredients and volumes that need to be added manually; percentage difference between
the expected and measured weight of the PN admixture; as well as any issues (e.g., bubbles in the tube,
etc.) that may have been detected by the EM 2400 during the compounding process.
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Manual additions to the PN admixture
Ingredients were added manually to the PN admixture (as opposed to being added by the EM 2400)
when the volume required was less than 0.2 mL, or if the ingredient was on back order to minimize
waste of ingredients that remain in the tubes. In the Edmonton Zone, when ingredients were added
manually, the partially compounded PN admixture was transferred into a second laminar airflow hood
and a pharmacy technician drew up the required ingredients into syringes. Technicians at the UAH
marked a line on the syringe to indicate the volume of the ingredient drawn up into the syringe and
affixed onto the syringe a preprinted label showing the ingredient name and handwritten volume.
Technicians at the RAH did not mark the line on the syringe but instead hand wrote the ingredient name
and volume on the syringe. A double check was performed to verify patient identifiers, ingredients,
concentrations, volume, and expiration dates before injection into the PN bag. Manual additions for as
many as three different PN admixtures could be checked at one time. At the CPP in the Calgary Zone,
manual additions were done in the same hood they were prepared in with the EM 2400, and manual
additions were checked for only one PN admixture at a time. After completing the manual additives, a
tamper‐evident closure was used to seal the additive injection port at the RAH and CPP to deter access
to the additive port; the additive port was left uncovered at the UAH.

Final check
The labelled PN admixture, MixCheck report, syringes (if ingredients were manually added), and
formula label were placed into a tray for a final check. The final check involved reviewing and comparing
the MixCheck report to the PN label and syringes (as applicable) as well as adding any warning labels or
filters. Those who conducted the final check varied among sites (pharmacist at the UAH; pharmacist or
pharmacy technician at the RAH; pharmacy technician at the CPP). At only the RAH was the PN label
compared to the original PN order during the final check.

PN dispensed
Once compounded, the PN admixtures must be refrigerated for sterility and stability. According to the
USP Chapter 797,27 medium‐risk‐level compounded sterile products (such as PN) are allowed no more
than 30 hours at controlled room temperature (including duration of infusion), and should otherwise be
stored at refrigeration temperature (2–8°C). ASPEN states more generally that the “PN admixture
should be kept refrigerated and protected from light exposure between the times it is dispensed until
just before infusion”.6
At all sites, PN admixtures were stored on a counter in the pharmacy after being compounded and until
packaged for dispensing. The admixtures were first refrigerated either when they were placed in a
shipping box with ice (if shipped to another site, but not all sites ship in refrigerated boxes) or upon
delivery to the nursing unit and refrigerated there. It was estimated that some PN admixtures would sit
at room temperature on the pharmacy counter for up to six hours. Sites varied in the degree to which
they protected PN admixtures from light. Staff at all three PN compounding sites (UAH, RAH, CPP)
placed neonate PN admixtures in UV bags, but staff at only the CPP placed adult PN admixtures in UV
bags.
Current safety guidelines recommend that lipid be dispensed from the pharmacy labelled as a patient‐
specific medication.6 The process of providing lipids for patients was observed to vary among sites.
Lipids were stored as ward stock on the nursing units at the UAH; staff at other sites (MCH, GN, and CPP)
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dispensed lipids labelled as a patient‐specific product; and unlabelled lipids were sent with the PN
admixture when it was dispensed at the RAH.

PN administered
According to ASPEN, safe administration of PN includes use of an appropriate in‐line filter, independent
double checks of the PN compared to the original order as well as of pump programming, the use of
SMART pumps, and a requirement for line labelling and line tracing prior to administration of PN.6
Human factors research suggests that not all verification processes are created equal, nor are they
equally effective in catching different types of errors. Specifically, independent double check processes
are more likely to catch pump programming errors than inappropriate orders.56 To ensure independent
double check processes are user friendly, specific design features should be incorporated and tested
through an iterative design approach using simulated scenarios that mimic actual workflow. This should
be accomplished by an inter‐professional team (i.e., unit manager and/or educator, frontline nurse, and
human factors expert) that determines what should be checked. To assist and standardize the checking
process for infusion pump programming, a checklist should be developed. The sequencing and grouping
of information on the checklist should be consistent with the sequencing of information programmed
into the pump and the order of information on PN labels and the order form.57 Wording used on the
checklist should be specific (i.e., indicate what and where information should be checked) to enhance
the likelihood of detecting errors.58 For example, rather than stating ‘check rate’, it should read ‘compare
PN rate on order to rate entered into pump’. Having both users initial the checklist, and including a place
for this on the form, signals that the double check is complete.
Of the Edmonton Zone site policies provided by AHS, only the Stollery Children’s Hospital has a specific
policy15 and procedure59 related to PN administration. The NICU PN Policy outlines the frequency for
line changes and the need for aseptic technique when changing tubing; there is no requirement for
independent double checks or line labelling and line tracing.15 The Stollery Children’s Hospital Patient
Care Procedure 4.5 Total Parenteral Nutrition does not indicate the need for independent double checks
of PN admixtures, lines, or pump programming.59
Most policies and procedures provided by AHS related to intravenous medication administration do not
require nurses to have the administration set connection and pump programming double checked by
another nurse.59,60,61,62,63 Exceptions include the Stollery Children’s Hospital policy38 and the interim
Calgary Zone Medication Administration Policy.64
Observations of the PN administration process were conducted at three sites in the Edmonton Zone
(UAH, RAH, MCH). Just before administering the PN, nurses selected the PN and lipid. Nurses compared
ingredient doses and the ordered volume, as well as patient name and medical record number, unit,
date, bag number, weight, and osmolarity on the PN label to the original order. Two of the sites (RAH
and MCH) had a second nurse double check that the PN label (including ingredient doses) matched the
order. The first nurse then hung the patient’s PN and the lipid, and programmed the infusion pump.
Nurses at only one site (MCH), and on only some of the units at that site, performed a double check to
verify that the pump was correctly programmed. Nurses at only one of the three sites (MCH) added line
labels to help verify the correct connections to the infusion pumps.
An analysis of the RLS reports from January 1 to June 30, 2013 indicated that of the 105 reports related
to PN, nearly half (n = 48) involved administering the wrong dose or quantity of PN or lipid. Of these 48
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instances, the wrong rate being entered into the infusion pump was reported 34 times, including 12
cases where the PN and lipid rates were switched when entered.

Parenteral nutrition oversight
PN requires an institutional inter‐professional system of oversight by health professionals with
specialized expertise in nutrition support. This system ensures development and ongoing monitoring of
adherence to policies, procedures, and practices that are consistent with published leading practice
standards and guidelines across all departments involved in the PN process.2,6,30 In addition, this
oversight system should include an ongoing, systematic review of all PN‐related adverse events, close
calls, and hazards to identify deviations from leading practices or standards of care, in order to
continually improve the safety of the institution’s PN processes for patients.
Provincial PN oversight is provided by the AHS PN committee and led by a recently created Provincial
Medical Advisor for Nutrition role funded through Nutrition Services. Decisions regarding the
management of PN processes are generally guided by Nutrition Services with respect to what products
are stocked and available to prescribers as well as the development of policies, procedures, and a
nutrition support manual to support the PN process. At the zone and provincial level there are
physicians and dietitians involved in developing patient‐focused clinical practice guidelines for PN,
while pharmacists provide information more focused on products used in PN. Enhancing inter‐
professional engagement is valuable for developing all the policies and procedures that oversee the PN
process beyond the important clinical guidelines.6
AHS has developed some provincial procedures related to PN. The Nutrition Support Manual –
Pediatric17 provides clinical guidelines for prescribing and monitoring PN in pediatric patients. A similar
manual is under development for neonates. During an interview it was noted that the Nutrition Support
Manual – Adult65 from the Edmonton Zone requires updating before it can be used province wide.
The nutrition support manuals do not address pharmacy PN processes or administration of PN by
Nursing. Within the Pharmacy Department, provincial‐level procedures related to aseptic technique and
sterile compounding exist. Most of the policies and procedures that relate to PN processes within
Pharmacy are legacy policies from health regions prior to the formation of AHS in 2008; PN‐specific
policies and procedures within Pharmacy could not be found. Consequently, policies, procedures, and
processes pertaining to PN within Pharmacy vary across the province. There are no provincial PN
standards currently in place within Pharmacy. Administration of PN within the Edmonton Zone is
guided by zone‐specific medication‐related policies and procedures; there are no provincial policies or
procedures currently in place for administration of PN.
Component shortages are an ongoing issue in PN and current safety recommendations suggest
establishing organization‐wide procedures to respond to shortages.6 Interviews with Pharmacy staff
indicate that processes are in place to manage product shortages; however, no PN‐specific procedures
have been developed at a zone or provincial level.

Parenteral nutrition knowledge and skills within Pharmacy
Within AHS, there are pockets of significant expertise regarding PN. The Edmonton Zone, for example,
has two qualified physician nutrition specialists who lead the weekly PN rounds. They have been
recognized as national and international leaders in nutrition support, one of whom was the founding
president of the Canadian Nutrition Society. The presence of physician nutrition specialists is limited in
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other parts of Canada with major centres typically having only one physician nutrition specialist or none
at all. Nutrition support expertise in Alberta is evidenced by the annual ‘Western Canada Nutrition Days’,
a two‐day educational event hosted by AHS Nutrition Services that includes the latest updates on PN
practice, including safety.
Leading practice standards for PN safety recommend that pharmacists complete both a clinical (patient‐
focused) and pharmaceutical (product‐focused) review of a PN order.6 This requires specialized
knowledge of both the clinical aspects of PN (indications, dosing of macro and micronutrients,
complications) and the pharmaceutical aspects of PN (stability, compatibility, product selection for
specific patient needs).6 It is recommended that pharmacists be trained through a structured education
program with annual competency assessments to demonstrate knowledge and skills.6 The Board of
Pharmacy Specialties (BPS) offers internationally recognized certification in Nutrition Support
Pharmacy to address the care of patients who receive specialized nutrition support, including parenteral
and enteral nutrition.66
In Canada, pharmacist involvement in the clinical aspects of PN (e.g., prescribing, patient monitoring,
and inter‐professional oversight of the PN process) is limited. There are only five pharmacists in Canada
who are BPS‐certified nutrition support pharmacists and none in Alberta. Interviews with pharmacists
in both Edmonton and Calgary zones suggest that informal on‐the‐job training is used to introduce
pharmacists to the role of PN pharmacist. There is no expectation to develop specialized knowledge of
PN outside of what is learned by shadowing a more experienced pharmacist.

PN reporting and learning within Pharmacy
A safety culture is often described as including five elements: an informed culture, a reporting culture, a
learning culture, a just culture, and a flexible culture.67 An informed culture involves collecting and
analyzing relevant data regarding factors that affect the safety of a system. A reporting culture involves
cultivating an atmosphere where people feel comfortable to report safety concerns and use safety
reporting systems. A learning culture describes the degree to which an organization is willing and able to
learn from mistakes and make changes as needed. Everyone has an important role to play in identifying,
reporting, and addressing concerns or issues about the health system or organizational processes, and
to share what is learned in support of ongoing safety and quality improvement.
AHS uses the RLS and good catch reporting system to capture data regarding hazards, close calls, and
adverse events. Both systems are used provincially and allow electronic reporting. The RLS also allows
for telephone reporting and the good catch reporting system allows for paper‐based reporting. The good
catch reporting system was implemented by the AHS Pharmacy Department in July 2012 to provide a
means of capturing hazards and close calls that are detected before the product leaves the pharmacy.
After the product leaves the pharmacy, staff would then report into the RLS. The RLS and good catch
reports related to medications are collated, categorized, and then reviewed by the site and zone
pharmacy management teams; data from the two systems are not merged.
Although 17,186 good catch reports were submitted into the good catch reporting system between July
2012 and March 2014, only 23 of these pertained to PN and of these, five were reported from the
Edmonton Zone. This is much lower than expected given published error rates of 22 to 37 per cent
related to compounding complex preparations such as PN.68 This published error rate does not include
close calls identified in the verification and review process, or the steps of labelling and dispensing from
pharmacy.
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Interviews with some staff involved with sterile compounding and PN preparation identified difficulties
in reporting within both systems. Specifically, the RLS does not include PN in the medication drop‐down
list. Consequently, reporters need to select all medications included in the PN admixture, or select ‘other’
and use the free text box. Using the free text box is problematic when searching and analyzing data
specific to PN. A number of terms were used to refer to PN in the RLS (e.g., parenteral nutrition, PN, total
parenteral nutrition, TPN, peripheral parenteral nutrition, PPN, total nutrient admixture, TNA, amino
acid dextrose solution, AADS) and this can be further complicated by potential spelling errors and
abbreviations. When asked about the good catch reporting system, interviewees indicated they:


Are not aware of the good catch reporting system.



Do not believe it applies in certain situations (e.g., irregularities caught during order review do
not need to be recorded; errors that are caught and fixed right away do not need to be
recorded).



Find the form difficult to use for PN.



Find the system inconvenient (e.g., submitting reports while gowned and gloved for a sterile
environment).



Find the system time consuming.



Are reluctant to report as it is viewed as “telling on one another”.



Will not report something that will otherwise go undetected.

Staff indicated during interviews that they were unaware of improvement initiatives or changes
resulting from the good catch reports.
The adverse event that prompted this Health Quality Council of Alberta (HQCA) review of the AHS PN
process also prompted other activities to learn from the event, including an internal AHS quality
assurance review (QAR) and human factors evaluation. It also prompted Pharmacy to request that an
independent double check of all master compounding recipes be completed provincially. At the site
where the adverse event occurred, interviewees indicated that the frontline staff are aware of the AHS
PN QAR review but to date the findings and recommendations from the review have not been shared
with them; specific recommendations will be shared as changes are implemented. The Pharmacy
leadership team (managers and above) received a presentation on the adverse event and the AHS
response, focusing on the disclosure to patients and families and support offered to staff at the UAH.
Although these elements are important, interviewees indicated there was little discussion about the
findings (including context and rationale) and the recommendations that came from the AHS PN QAR
and human factors evaluation as well as the applicability of the findings and recommendations to other
pharmacy sites.
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ISSUES, ANALYSIS, RECOMMENDATIONS, AND ENABLING ACTIONS
Parenteral nutrition as a high-alert medication
Issue
Parenteral nutrition (PN) is generally not acknowledged to be a high‐alert medication in the Edmonton
Zone pharmacy.

Analysis
A commonly expressed view during interviews with pharmacy staff across all sites was that
compounding PN is complex and involves high‐alert medication ingredients such as concentrated
electrolytes, heparin, and insulin. Yet, there was a perception among many people interviewed that PN is
not a high‐alert medication or even a medication at all; some referred to it simply as a form of nutrition.
Current Alberta Health Services (AHS) policies may contribute to the confusion about whether PN is a
high‐alert medication; some do not include PN on the list (e.g., Pharmacy high‐alert medication list)33
and some indirectly identify PN as a high‐alert medication through reference to the Institute for Safe
Medication Practices (ISMP) high‐alert medication list (e.g., Edmonton Zone high‐alert medication
directive).34 It is insufficient to simply reference a list on an external website within a policy document
because it then requires users to take the additional step of locating another document for the
information they need.
Some nursing policies were noted to classify PN as a high‐alert medication and require various
mitigation strategies. For example, AHS Patient Care Policy 15.1, specific to the Stollery Children’s
Hospital, requires performing an independent double check of medication calculations and
programming of infusion pumps for high‐alert medications, which are specifically listed in the policy
and which includes PN.38
Double checks, and in some instances independent double checks, are an important strategy to mitigate
hazards associated with high‐alert medications. Within pharmacy processes, the American Society for
Parenteral and Enteral Nutrition (ASPEN) recommends a double check occur after entering PN orders,
before manually injecting additives, and once the PN has been compounded. Furthermore, independent
double checks should be performed following all calculations and unit of measure conversions as well as
after a PN order is transcribed.6 Double checks in the Edmonton Zone pharmacies’ PN processes were
noted to be either absent (e.g., no pharmacist verification of macro and micronutrient doses prescribed
for patients, no double check of order transcription when entered by a pharmacist at one site),
inconsistently applied (e.g., checking processes and information sources vary between sites,
independent double checks are not truly independent, final product is not always checked against the
original order) or ineffective/error prone (e.g., syringe pullback method of checking after preparation).
Other double checking issues within PN preparation were noted:


While independent double checks and line tracing are used during the ExactaMix 2400 (EM
2400) set‐up, misconnection errors between the tube and the EM 2400 port have been missed.



Manual additives for up to three PN bags can be in a laminar airflow hood simultaneously for the
double check by a second technician in the Edmonton Zone; the ISMP recommends that only one
compounded sterile preparation be prepared at a time to reduce the risk of mix‐ups.31
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Variability in the final product check included who conducted the check (pharmacist versus
pharmacy technician) and whether the original PN order was used as part of the check; only the
Royal Alexandra Hospital (RAH) staff used the original PN order form. The ISMP46 and ASPEN6
recommend that the original order should be used in the final check.

Pump programming errors related to PN administration were frequently reported in the AHS Reporting
and Learning System (RLS). Strategies to mitigate hazards associated with PN administration include
independent double checks, line labelling and tracing, as well as simplified PN administration.
Independent double checks are recommended for pump programming before administering high‐alert
medications but this strategy was rarely used in the Edmonton Zone, even at the Stollery Children’s
Hospital where it is required by policy.38 Double checks comparing the PN label to the original order
varied between sites. Line labelling and tracing was used in only one of three sites in the Edmonton
Zone. PN administration in the Edmonton Zone involved 2‐in‐1 PN formulations, instead of the 3‐in‐1 PN
formulations, for which only one administration set is required and only one pump is programmed to
administer the PN admixture.

Recommendation 1
Create and maintain an explicit list of high‐alert medications that includes PN to ensure that risk‐
mitigation strategies are applied. Include or reference the list in all applicable policies and procedures
across the province.

Recommendation 2
Standardize pharmacy and nursing PN checking processes across the Edmonton Zone, implementing a
true independent double check process to verify:


Transcription of data before compounding of the PN admixture.



Calculations and unit of measure conversions before compounding of the PN admixture.



Alerts required to be overridden.



Initial daily automated compounding device setup.



Infusion pump settings before PN infusion begins.

Enabling action


Ensure that independent double check processes are designed with and tested by human factors
specialists before implementation.

Recommendation 3
Ensure provincial use of strategies beyond double checks to mitigate pump set‐up and programming
hazards during PN preparation and administration.

Enabling actions


Improve visual verification and connection to the correct port on the ExactaMix 2400 by
increasing the visibility of the port number labelling (i.e., through more effective use of contrast
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and number placement) and by applying a second label, with the port number, to the end of the
tube near the port.


Introduce 3‐in‐1 PN formulations within the Edmonton Zone for applicable patients.



When lipids have to be administered separately with a 2‐in‐1 formulation, dispense the lipid
from the pharmacy with a patient‐specific label containing all the information recommended by
ASPEN PN Safety Consensus Recommendations.

Communicating parenteral nutrition prescriptions
Issue
The PN ordering templates and processes in use within the Edmonton Zone do not comply with
recognized leading practices.6

Analysis
PN is prescribed in the Edmonton Zone using one of three standardized PN order forms onto which the
prescriber handwrites the prescription. The order forms were last revised between 1998 and 2008 and
both the order template and information provided on the back of the form require updating. The PN
order template does not include all of the elements recommended by ASPEN (Table 4). Furthermore,
ASPEN recommends avoiding handwritten orders; computerized prescriber order entry (CPOE) or an
editable electronic document where CPOE is not possible are recommended.6
All PN orders across the province are transcribed by pharmacy into the Abacus system. Transcribing
information is subject to human error. This hazard is amplified in the Edmonton Zone by inconsistencies
in the sequence in which ingredients are listed on the PN order form in comparison to the Abacus
interface, as well as inconsistencies in the dosing units of measure.

Recommendation 4
Eliminate handwritten orders for PN in the Edmonton Zone and in the interim modify the current paper
order forms to meet leading practice.

Enabling actions


Implement a computerized prescriber order entry (CPOE) system or other electronic format for
communicating the PN order that includes clinical decision support (i.e., embedded practice
guidelines) and is editable by both prescribers and pharmacy.



Create a process to routinely update the clinical decision support information relating to PN
(e.g., on the back of the PN order form or in CPOE or electronic ordering system) to ensure it
reflects current leading practice.



Plan to establish an interface between the CPOE system and the Abacus system to eliminate the
transcription of PN orders within pharmacy. An interface should be considered at all sites in
AHS using a CPOE system or planning to implement a CPOE system.



Modify the PN order template (paper and electronic version) and the Abacus order entry system
to comply with the ASPEN PN Safety Consensus Recommendations regarding order components,
ingredient sequence, and units of measure.
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Sterile compounding environment
Issue
The sterile compounding facilities in the pharmacies at the University of Alberta Hospital (UAH) and
RAH do not comply with sterile compounding standards (i.e., United States Pharmacopeia [USP] Chapter
79727 and the ISMP sterile compounding guidelines31) that have been established to protect admixtures
from microbial and particulate contamination.

Analysis
Licensed pharmacies in Alberta, including the RAH, are required to comply with a minimum practice and
quality standards for compounded sterile preparations (e.g., USP Chapter 79727 or comparable
standard). Deficiencies in the sterile compounding environments exist at both the UAH and RAH and
include being open to adjacent areas, the presence of high‐particulate matter next to laminar airflow
hoods, and room surfaces that do not comply with standards. Furthermore, the current state of the
infrastructure at those sites limits the possibility of improvements, and a centralized pharmacy for the
Edmonton Zone has never reached the approval stage.

Recommendation 5
Improve sterile compounding environments in the Edmonton Zone to meet an established standard
(e.g., United States Pharmacopeia Chapter 797, Institute for Safe Medication Practices sterile
compounding guidelines).

Enabling action


Conduct a cost/benefit analysis to compare upgrading the current facilities with the
development of a centralized pharmacy with a sterile compounding facility for the Edmonton
Zone.

Parenteral nutrition knowledge and skills within Pharmacy
Issue
There are no explicit knowledge or skill requirements or related training and competency assessment
programs for PN pharmacists within AHS. This compromises the ability of the pharmacy to conduct a
thorough review and verification of a PN order, develop standardized processes that meet current
ASPEN recommendations, and participate effectively in zone and province‐wide oversight of PN.

Analysis
Pharmacists in both Edmonton and Calgary were introduced to their role through an informal, on‐the‐
job training process in which knowledge of PN was gained mainly through their daily activities unless
pharmacists took an interest in learning more on their own. This training process results in variable
knowledge and skills related to PN among pharmacists. Pharmacists in the Edmonton Zone described
their role as primarily reviewing stability and compatibility issues with the PN order, particularly
focusing on calcium phosphate solubility (pharmaceutical review), and not clinical (patient‐focused)
aspects of PN therapy unless unusual discrepancies were noted from the previous day’s order. No
policies or procedures could be found that specify the knowledge and skills required of a PN pharmacist,
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outline a training process, or provide guidance on expectations of the PN order review and verification
process.
The variable level of pharmacist knowledge and skills in PN limits aspects of PN support beyond order
review and verification. This contributes to variability in PN preparation procedures within the
Edmonton Zone and throughout the province. In the Edmonton Zone, variability was observed in (1)
which tasks are performed by pharmacists versus pharmacy technicians; (2) processes used to calculate
and create recipes following medication shortages; (3) separation in time or space when preparing
neonate, pediatric, and adult PN admixtures; (4) the use of tamper‐proof closures to protect injection
sites after manually adding ingredients; (5) use of the original PN order as part of the final check; and
(6) whether PN admixtures are protected from light or are refrigerated.
Pharmacy currently has a limited role in oversight decision‐making related to PN. The variable level of
pharmacist knowledge and skills in PN limits the role that pharmacy plays in PN oversight. Overall,
limited specialized expertise in PN, as observed in the Edmonton Zone, is common across hospital
pharmacy practice in Canada. Pharmacy brings a unique pharmaceutical perspective to the team but this
requires a broader understanding of the clinical aspects of PN therapy to contribute fully to decision‐
making regarding product selection and development of policies and standardized procedures. Recently,
Pharmacy was well represented in the Ad Hoc Nutrition Working Group that reviewed intravenous fat
emulsion products for the AHS Formulary, and there is an opportunity to build on this level of pharmacy
involvement in PN.

Recommendation 6
Develop a structured training process with annual competency assessment for PN pharmacists
throughout AHS with clearly defined expectations for knowledge and skills related to their role in the PN
process as well as specialized qualifications for pharmacists involved in PN oversight.

Enabling actions


Training for all PN pharmacists should address both clinical and pharmaceutical aspects of PN
therapy and highlight current leading practice standards for all components of the PN process.



Support a small team of pharmacists to develop specialized practice (for example, Board
Certified Nutrition Support Pharmacist designation or equivalent level of expertise) in nutrition
support, who would participate in provincial oversight of the PN process.

Recommendation 7
Develop PN‐specific policies and standardized procedures within the Pharmacy Department at the
provincial level where possible (and within the Edmonton Zone at a minimum) that address the
pharmacy components of the PN process (order verification and review; compounding, labelling, and
dispensing).

Enabling action


Use the ASPEN PN Safety Consensus Recommendations and leading practice recommendations
from the Institute for Safe Medication Practices and the Canadian Society of Hospital
Pharmacists (currently under development) related to sterile compounding to inform the
development of the policies and procedures.
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PN reporting and learning within Pharmacy
Issue
The Edmonton Zone pharmacy departments are not fully optimizing the good catch and Reporting and
Learning systems for improving PN safety.

Analysis
A safety culture is often described as including five elements: an informed culture, a reporting culture, a
learning culture, a just culture, and a flexible culture.67 In terms of an informed, a reporting and a
learning culture, AHS has an electronic provincial reporting system to capture data regarding hazards,
close calls, and adverse events. The Pharmacy Department has also developed a good catch reporting
system to detect hazards within pharmacy processes at all sites in the province. However, very few good
catch reports are related to PN. Feedback gathered from some pharmacy staff about good catch
reporting indicated they:









Are not aware of the good catch reporting system.
Do not believe it applies in certain situations (e.g., irregularities caught during order review do
not need to be recorded; errors that are caught and fixed right away do not need to be
recorded).
Find the form difficult to use for PN.
Find the system inconvenient (e.g., submitting reports while gowned and gloved for a sterile
environment).
Find the system time consuming.
Are reluctant to report as it is viewed as “telling on one another”.
Will not report something that will otherwise go undetected.

The RLS does not include PN in the medication drop‐down list. Consequently, reporters need to select all
of the medications included in the PN admixture, or select ‘other’ and use the free text box. Using the
free text box is problematic when searching and analyzing data specific to PN reported in these systems.
Data from the two systems are not combined for aggregated analysis.
Information about the AHS PN quality assurance review (QAR) and the human factors evaluation was
not widely distributed. Pharmacy leadership (managers and above) received a presentation on the
adverse event and AHS response, but there was little discussion about the findings (including context
and rationale), recommendations, and applicability for implementation at other pharmacy sites. At the
site where the adverse event occurred, the review team heard frontline staff were aware that an internal
review was done but the staff were not aware of the findings and recommendations. Limited or lack of
understanding of the context and rationale for recommendations often becomes a barrier to
organizational learning and the acceptance and transfer of recommendations into practice.69 Feedback
to staff is important for validating the usefulness of reporting and to share learnings from reporting and
from quality assurance reviews.

Recommendation 8
Pharmacy staff (management and frontline) to regularly review and trend site, zone, and provincial data
related to sterile compounding and PN from the reporting systems to identify system issues and actions
for improvement.
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Enabling actions


Enhance the structure and process for staff working in the sterile compounding and PN
preparation area to more easily report hazards and close calls.



Include PN as a listed medication in the Reporting and Learning System to make it easier to
enter and analyze hazards, close calls, and adverse events.

Recommendation 9
Share the findings and recommendations from the AHS PN quality assurance review across all AHS
pharmacies with the expectation that site leadership implement recommendations as appropriate. Also
share the findings and recommendations with frontline staff to increase awareness of hazards related to
PN.
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SUPPLEMENTARY RECOMMENDATION
Parenteral nutrition order verification in the Calgary Zone
Issue
The double check to verify parenteral nutrition (PN) order entry at the Central Production Pharmacy
(CPP) occurs, in some cases, after the PN admixture is compounded, and potentially after the product
has been delivered to the nursing unit.

Analysis
At the acute care sites in Calgary, PN orders are sent to the CPP via computerized prescriber order entry
(CPOE; i.e., Sunrise Clinical Manager), printed, and then transcribed into Abacus by a pharmacist. After
order entry into Abacus, the PN label is printed and used to initiate the PN compounding process. The
original order is not used in the checking processes after transcription, though this is recommended by
the American Society for Parenteral and Enteral Nutrition (ASPEN). A double check to validate the
accuracy of order entry into Abacus is performed by a second pharmacist, and depending on scheduling
may occur after the compounding process has started and potentially after administration. If issues are
detected during the double check, the pharmacist has to call a series of people within the CPP to see (1)
if the label was sent into the compounding area, (2) if the admixture was compounded, and (3) if the
final product check occurred and the PN admixture was shipped. If the PN admixture was shipped, then
the pharmacist has to call the receiving pharmacy, and potentially the nursing unit, to advise them of the
product recall and inform them that a new PN admixture will be sent (assuming PN compounding had
not finished for the day). ASPEN recommends that all PN orders that require transcription are
independently double checked prior to compounding the PN admixture.6

Recommendation 10
Verify transcription of the PN order into Abacus by a pharmacist (other than the one who transcribed
the order) before compounding the PN admixture at the Central Production Pharmacy.

Prescribed dosing irregularities
A memo sent to Alberta Health Services (AHS) described dosing irregularities observed on some PN
orders during site visits (Appendix V). In response, AHS conducted in internal review (Appendix VI) and
solicited feedback from the Health Quality Council of Alberta (HQCA; Appendix VII).

SUPPLEMENTARY RECOMMENDATION

48

APPENDICES

APPENDICES

49

Appendix I: Alberta Health Services request letter

APPENDIX I: ALBERTA HEALTH SERVICES REQUEST LETTER

50

Appendix II: Terms of reference

APPENDIX II: TERMS OF REFERENCE

51

APPENDIX II: TERMS OF REFERENCE

52

Appendix III: Letter of scope change

APPENDIX III: LETTER OF SCOPE CHANGE

53

Appendix IV: Literature review

APPENDIX IV: LITERATURE REVIEW

54

APPENDIX IV: LITERATURE REVIEW

55

APPENDIX IV: LITERATURE REVIEW

56

APPENDIX IV: LITERATURE REVIEW

57

APPENDIX IV: LITERATURE REVIEW

58

APPENDIX IV: LITERATURE REVIEW

59

APPENDIX IV: LITERATURE REVIEW

60

APPENDIX IV: LITERATURE REVIEW

61

APPENDIX IV: LITERATURE REVIEW

62

APPENDIX IV: LITERATURE REVIEW

63

APPENDIX IV: LITERATURE REVIEW

64

APPENDIX IV: LITERATURE REVIEW

65

APPENDIX IV: LITERATURE REVIEW

66

APPENDIX IV: LITERATURE REVIEW

67

APPENDIX IV: LITERATURE REVIEW

68

APPENDIX IV: LITERATURE REVIEW

69

APPENDIX IV: LITERATURE REVIEW

70

APPENDIX IV: LITERATURE REVIEW

71

APPENDIX IV: LITERATURE REVIEW

72

APPENDIX IV: LITERATURE REVIEW

73

APPENDIX IV: LITERATURE REVIEW

74

APPENDIX IV: LITERATURE REVIEW

75

APPENDIX IV: LITERATURE REVIEW

76

APPENDIX IV: LITERATURE REVIEW

77

APPENDIX IV: LITERATURE REVIEW

78

APPENDIX IV: LITERATURE REVIEW

79

APPENDIX IV: LITERATURE REVIEW

80

APPENDIX IV: LITERATURE REVIEW

81

APPENDIX IV: LITERATURE REVIEW

82

APPENDIX IV: LITERATURE REVIEW

83

APPENDIX IV: LITERATURE REVIEW

84

APPENDIX IV: LITERATURE REVIEW

85

APPENDIX IV: LITERATURE REVIEW

86

APPENDIX IV: LITERATURE REVIEW

87

APPENDIX IV: LITERATURE REVIEW

88

APPENDIX IV: LITERATURE REVIEW

89

APPENDIX IV: LITERATURE REVIEW

90

APPENDIX IV: LITERATURE REVIEW

91

APPENDIX IV: LITERATURE REVIEW

92

APPENDIX IV: LITERATURE REVIEW

93

APPENDIX IV: LITERATURE REVIEW

94

APPENDIX IV: LITERATURE REVIEW

95

Appendix V: Memo to Alberta Health Services

APPENDIX V: MEMO TO ALBERTA HEALTH SERVICES

96

APPENDIX V: MEMO TO ALBERTA HEALTH SERVICES

97

APPENDIX V: MEMO TO ALBERTA HEALTH SERVICES

98

APPENDIX V: MEMO TO ALBERTA HEALTH SERVICES

99

APPENDIX V: MEMO TO ALBERTA HEALTH SERVICES

100

APPENDIX V: MEMO TO ALBERTA HEALTH SERVICES

101

Appendix VI: AHS response to HQCA March 13, 2014 memo

APPENDIX VI: AHS RESPONSE TO HQCA MARCH 13, 2014 MEMO

102

APPENDIX VI: AHS RESPONSE TO HQCA MARCH 13, 2014 MEMO

103

APPENDIX VI: AHS RESPONSE TO HQCA MARCH 13, 2014 MEMO

104

APPENDIX VI: AHS RESPONSE TO HQCA MARCH 13, 2014 MEMO

105

Appendix VII: HQCA response to AHS April 28, 2014 memo

APPENDIX VII: HQCA RESPONSE TO AHS APRIL 28, 2014 MEMO

106

Appendix VIII: Glossary
Admixture: The result of combining two or more fluids.1
American Society for Parenteral and Enteral Nutrition (ASPEN) is a community of dietitians,
nurses, pharmacists, physicians, scientists, students and other health professionals in nutrition
support clinical practice, research and education. This organization strives to advance the science and
practice of clinical nutrition and metabolism thorough such avenues as guidelines, standards,
publications and continuing education programs.2
Automated compounding device: A device that is used to prepare multi‐component sterile products.
To compound PN preparations it transfers large‐volume (dextrose, amino acids, fat emulsion, and sterile
water) and small‐volume parenterals (electrolytes, minerals, and vitamins) to a PN container.1,3
Compatibility: When two or more products are combined, the physicochemical integrity and stability
of each product are not altered.1
Compound: Mixing two or more ingredients together where at least one is a medication but does not
include reconstituting a medication or medication with water.4
Computerized prescriber order entry (CPOE): An electronic clinical information system in which
the prescriber enters orders directly into a computer.1
Enteral nutrition: Feeding of a liquid food mixture containing protein, carbohydrates, fats, vitamins
and minerals that may be given through different types of feeding tubes into the stomach or small
bowel. Examples of these tubes are nasogastric or nasoenteral feeding tubes or a gastrostomy or
jejunostomy tube which is placed through the skin into the stomach or bowel.1,5
High‐alert medications: Medications that have a heightened risk of causing significant harm to a
patient if they are used in error.6
Independent double checks: A process where a second practitioner verifies each component of the
work process in such a way that the practitioner whose work is being checked does not influence the
second practitioner so as not to create a bias or decrease the visibility of an error.7,8
Infant: One to 12 months of age.1,9
Laminar airflow hood: Is a workstation for compounding sterile preparations that provides an ISO
Class 5 environment.3
Lipid: The macronutrient component of PN that provides the fat requirements for a patient. A lipid
product (e.g. intravenous fat emulsion) is an intravenous oil‐in‐water emulsion of oils(s), egg
phosphatides, and glycerin.1
Neonate: An infant during the first 28 days of life.1,9
Nutrient: Protein, carbohydrate, lipid, vitamins, minerals, or water.1
Nutrition: The result of the way a person takes in and uses nutrients.1
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Parenteral nutrition: Mixture of nutrients (protein, carbohydrates, lipids, vitamins and minerals)
given into the blood through an intravenous catheter into a large‐diameter vein (e.g., superior vena
cava) which is usually referred to as a central line, or through a vein in the hand or forearm which is
usually referred to as a peripheral line. Examples of these catheters include Hickman, Broviac, PICC,
double lumen.1,10
3‐in‐1 PN formulation: An intravenous PN formulation containing all the macronutrient components
of PN (lipid, amino acids, dextrose), as well as the micronutrient components of PN (i.e., vitamins, trace
elements and minerals) in a single container.1 This is sometimes referred to as a total nutrient
admixture.11
2‐in‐1 PN formulation: A formulation that combines the dextrose and amino acid in a single
container.11 The lipid is provided in a separate bag or syringe.
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Appendix IX: Acronyms
ACD

Automated compounding device

AHS

Alberta Health Services

ASPEN

American Society for Parenteral and Enteral Nutrition

BPS

Board of Pharmacy Specialties

CPOE

Computerized prescriber order entry

CPP

Central Production Pharmacy

EM 2400

ExactaMix 2400

GN

Grey Nuns

HQCA

Health Quality Council of Alberta

ISMP

Institute for Safe Medication Practices

MAUDE

Manufacturer and User Facility Device Experience

MCH

Misericordia Community Hospital

PN

Parenteral Nutrition

QAC

Quality Assurance Committee

QAR

Quality Assurance Review

RAH

Royal Alexandra Hospital

RLS

Reporting and Learning System

UAH

University of Alberta Hospital

USP

United States Pharmacopeia
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