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ABSTRACT

Background: Smart pump technology is relatively new, and uncertainty
exists regarding best practices for development and management of

the drug libraries in these devices. In Canadian hospitals, IV smart
pumps and their drug libraries are created and maintained according to
recommendations from Accreditation Canada and guidelines from the US
Institute for Safe Medication Practices (ISMP). Current compliance with
these standards in Canada is unknown. However, neither organization
provides specific operational steps detailing how to effectively

create and manage a drug library, which leaves significant room for
interpretation. Furthermore, the human resources dedicated to creation
and management of these libraries in accordance with guidelines and
standards are unknown.

Objectives: To describe current compliance with standards and
guidelines for smart pump drug libraries; the processes used for drug
library set-up, management, training, and support; and the resources
currently used for these activities in Canadian hospitals.

Methods: A 43-question online survey was made available in spring
2021 to multidisciplinary team members involved in implementation

of IV smart pumps and/or management of drug libraries in Canadian

hospitals.

Results: A total of 55 complete or partial responses were received. Most
responses indicated that standards set by Accreditation Canada and
ISMP were not being met, with only 30% (14/47) updating their libraries
at least quarterly and 47% (20/43) performing quality reviews at least
every 6 months. Although the majority of respondents reported regular
monitoring of compliance, 30% (11/37) did not perform such monitoring.
Results further indicated variation across Canadian hospitals in set-up,
management, training, and support related to drug libraries, as well as
variation in the human resources available for these activities.

Conclusions: Canadian health authorities and organizations are not
meeting current ISMP and Accreditation Canada standards for smart
pumps. Variation exists in terms of strategies for creating and managing
drug libraries, as well as in the training and resources needed to
support these initiatives. Canadian health authorities and organizations
should prioritize meeting these standards and should closely review the
resources required to do so.

Keywords: smart pumps, drug library, dose error reduction system,
health technology
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RESUME

Contexte : La technologie des pompes « intelligentes » est relativement
nouvelle et des zones d'ombre subsistent quant aux meilleures pratiques de
développement et de gestion des bibliothéques de médicaments intégrées a
ces appareils. Dans les hopitaux canadiens, les pompes IV intelligentes et leurs
bibliothéques sont créées et maintenues conformément aux recommandations
d'Agrément Canada et aux lignes directrices de I'Institute for Safe Medication
Practices (ISMP; Etats-Unis). Le respect actuel de ces normes au Canada

est inconnu. Cependant, aucune des organisations ne fournit de mesures
opérationnelles particulieres détaillant comment créer et gérer efficacement une
bibliotheque de médicaments, ce qui laisse une grande marge d'interprétation. De
plus, on ne connait pas les ressources humaines consacrées a la création et a la
gestion de ces bibliotheques conformément aux lignes directrices et aux normes.

Objectifs : Décrire, dans un premier temps, dans quelle mesure les

lignes directrices et les normes régissant les bibliotheques de pompes

« intelligentes » sont respectées; ensuite, les processus utilisés pour mettre
en place la bibliothéque de médicaments, la gérer, former et soutenir le
personnel; et, finalement, les ressources actuellement utilisées pour ces
activités dans les hopitaux canadiens.

Méthodes : Au printemps 2021, un sondage en ligne comportant 43 questions
a été mis a la disposition des membres d'équipes multidisciplinaires impliquées
dans la mise en ceuvre des pompes intelligentes IV et/ou la gestion des
bibliotheques de médicaments dans les hopitaux canadiens.

Résultats : Au total, 55 réponses complétes ou partielles ont été recues. La
plupart des réponses ont signalé que les normes établies par Agrément Canada
et I'lSMP n'étaient pas respectées. En effet, seulement 30 % (14/47) actualisaient
leur bibliotheque au moins tous les trimestres et 47 % (20/43) effectuaient des
examens qualitatifs au moins tous les 6 mois. Bien que la majorité des répondants
aient fait état d'un controle régulier de la conformité, 30 % (11/37) n'effectuaient
pas un tel controle. Les résultats ont en outre indiqué des variations entre les
hopitaux canadiens en matiére de configuration, de gestion, de formation et de
soutien liés aux bibliotheques de médicaments, ainsi que des variations dans les
ressources humaines disponibles pour ces activités.

Conclusions : Les autorités et organismes de santé canadiens ne respectent
pas les normes actuelles de I'lSMP et d'Agrément Canada pour les pompes
intelligentes. On observe des variations en termes de stratégies de création

et de gestion de bibliothéques de médicaments, ainsi que de formation et

de ressources nécessaires pour soutenir ces initiatives. Les autorités et les
organismes de santé canadiens devraient accorder la priorité au respect de ces
normes et devraient examiner de pres les ressources nécessaires pour y parvenir.

Mots-clés: pompes « intelligentes », bibliothéque de médicaments, systeme
de réduction des erreurs de dose, technologie de la santé
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INTRODUCTION

Intravenous (IV) pumps with a dose error reduction system
(DERS), also known as smart pumps, represent an advance-
ment in health technology and patient safety.! Smart pumps
have improved drug delivery accuracy and control, and
they also prevent medication infusion errors.! As a result,
smart pump technology has become a standard of practice,
with 89% of Canadian hospitals using this technology.?
For a glossary of terms used in this article, please refer to
Appendix 1 (available at https://www.cjhp-online.ca/index.
php/cjhp/issue/view/215).

The US Institute for Safe Medication Practices (ISMP)
has published guidelines for “Optimizing Safe Implementa-
tion and Use of Smart Infusion Pumps.”! These guidelines
recommend standardization of smart pump drug libraries
contained in the DERS across facilities within a health net-
work, interoperability with electronic health record (EHR)
and computerized prescriber order entry (CPOE) systems,
compliance auditing, interdisciplinary teams for library
management, and implementation of a systematic process
for review. They also endorse the use of care areas/profiles,
hard and soft limits, and standardized management of con-
tainer overfill and clinical alerts.! Specifically ISMP recom-
mends quarterly quality reviews and drug library updates.

Similarly, Accreditation Canada recommends that
established dosing limits be reviewed every 6 months (with
changes being made as required) and that updates to drug
libraries be performed not less than quarterly (unless no
updates are required for a given quarter).> Currently, com-
pliance of Canadian health care organizations with ISMP
guidelines and Accreditation Canada standards is unknown.

Information regarding methods of subcategorizing drug
libraries, organization of user interfaces, maximum number
of entries for individual drugs (where entries may differ by
concentration, as well as by limits on concentration, dosing,
and/or rate), the health care professionals responsible for
setting limits, strategies to account for overfill, clinical alerts
of importance, and use of “keep vein open” rates, is unclear.!

There has been little research describing best practices
for the creation and maintenance of drug libraries in the
Canadian context. Studies on error rate reduction after
implementation of IV smart pumps have been reported from
the United States, Spain, and Canada.*® However, this work
has not described or evaluated methods for creating drug
libraries, other than recommending approval of content by
a multidisciplinary group of health care professionals.>®

In 2017, ISMP conducted a survey to gather percep-
tions of US smart pump users; respondents identified
many challenges with the implementation and use of
these devices. That study provided little information about
drug library set-up but did include information on library
organization. The results indicated that multiple organiza-
tional strategies could be implemented in the same library,
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including organization based on care area (reported by 89%
of respondents), weight (47%), therapeutic drug class (35%),
and/or patient age (6%).” Information on drug library set-up
in the Canadian context is unknown.

Collection and review of continuous quality improve-
ment (CQI) data and regular updates of drug library con-
tent are necessary processes for drug library management.
Although most Canadianssites reportannual updates,? no data
are available describing compliance with the 2019 Accredit-
ation Canada standards, which specify quarterly druglibrary
updates and biannual drug library quality reviews.?

Furthermore, the current processes used for per-
forming updates and quality reviews, including the fre-
quency and method of obtaining feedback and CQI data,
are undefined. Lack of a clear process may delay library
updates, leading to a risk of harm when IV infusions are
administered with outdated drug limit settings.® Among
778 multidisciplinary respondents from 5 US health sys-
tems, approximately half felt that the process for updates
and quality reviews was effective, and only 10% could cor-
rectly relay required steps.” Knowledge of the current meth-
ods used for drug library audits and updates, including how
feedback is obtained and how end-users are informed of
changes, could help health care organizations develop safer
and more effective processes.

Staff education and training on infusion pump use,
including use of DERS, can reduce the frequency of infusion
errors and severe adverse drug events.'? Accreditation Can-
ada recommends standardized training and competency
assessments biennially!! but does not describe the type of
training to be offered. Studies have indicated that education
from a manufacturer may be less effective than hands-on
training.!? In addition, the efficacy of virtual training has
been mixed.!*!* The choice of trainer may be an import-
ant factor; for example, one study found that a group led
by a nurse-champion was successful in improving pump
compliance.!® Simulation-based training, 24/7 vendor sup-
port after implementation, and ongoing clinical support for
nursing staff have also been used,® but research has been
lacking on the efficacy of these approaches. The current fre-
quency of retraining in Canada is unknown.

Although ISMP recommends “dedicated time” for
maintenance of pump software,! to the authors” knowledge
no studies exist evaluating human resource requirements to
create and manage drug libraries. At present, the number
of full-time equivalents (FTEs) allocated to each profession
within a smart pump team is unknown.

Given that IV smart pump technology has reached its
20th anniversary of mainstream use, this study was under-
taken to determine rates of compliance with ISMP and
Accreditation Canada standards, the processes for imple-
mentation and maintenance of smart pumps (including
those for drug library set-up, management, training, and
support), and the human resources allocated to these efforts.
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METHODS

Survey

A 43-question online survey was distributed to smart pump
team members to determine compliance with ISMP guide-
lines and Accreditation Canada standards and to identify
knowledge gaps. The survey was divided into 6 sections:
demographic characteristics (3 questions), organization of
the drug library-user interface (6 questions), drug library
entries (7 questions on naming, number of entries, drug
library limits, and overfill), process for implementation and
review (8 questions on quality reviews, compliance audits,
and pump updates), clinical implications and training (15
questions on clinical alerts, alert fatigue, transfer policies,
“keep vein open” rates, and training), and resources (4
questions about FTEs allocated). Six health care profession-
als familiar with smart infusion pumps reviewed and pro-
vided feedback on the survey before circulation.

Participants and Procedure

Given that ISMP recommends the use of multidisciplinary
teams in the development and maintenance of smart pump
drug libraries, participants from pharmacy, nursing, medi-
cine, and clinical engineering, with experience in building
and/or management of smart IV pumps, were eligible to
complete the survey.

The survey link was circulated by email to pump team
members known to the authors and through a post on
several of the Canadian Society of Hospital Pharmacist’s
Pharmacy Specialty Networks (Parenteral Services, Drug
Information, Medication Safety, and Hospital Pharmacy),
as well as by email to known drug library team members
involved in implementation and maintenance of smart
pumps based on contacts provided by the Institute for Safe
Medication Practices Canada and pump manufacturers.
Participants were encouraged to forward the survey to
additional pump team members in an effort to ensure par-
ticipation of different disciplines. The survey was available
from February 23 to April 6, 2021. The LimeSurvey tool
(https://www.limesurvey.org/en/) was used to create and
distribute the survey and to store the responses.

Data Analysis

All responses were analyzed descriptively, and quantitative
data are reported as valid percentages (with exclusion of
missing responses). The 2 authors, who are pharmacists work-
ing with DERS libraries, reviewed the free-text responses for
common themes and summarized them descriptively.

RESULTS

Opverall, 55 participants responded. All questions had vary-
ing levels of missing data. For clarity, only valid percentages
are reported.
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The percentage of respondents by province is shown
in Figure 1. Most respondents were from Ontario (22/55,
40%). Most were pharmacists (42/54, 78%), followed by
clinical engineers (8/54, 15%) and nursing professionals
(4/54, 7%). Half of respondents (26/52) reported that a sin-
gle drug library was used across their organization, while
only 19% (9/48) reported a single drug library for their
entire province (specifically, Alberta, Manitoba, Northwest
Territories, Nova Scotia, Prince Edward Island, and Sas-
katchewan). Respondents managed an average of 1.6 pump
brands. Most managed large-volume pumps (46/50, 92%),
and less than half (20/50, 40%) managed multiple pump
types (large-volume, syringe, patient-controlled analgesia,
epidural). Table 1 presents information on pump standard-
ization, brands, and types.

Compliance with Standards

Compliance with Accreditation Canada’s 2019 standards
and with ISMP guidelines was generally low (Table 2). Only
47% of respondents reviewed and analyzed smart pump
data at least every 6 months, and only 30% updated their
drug libraries at least quarterly. Regular monitoring of drug
library compliance was reported by 62%. One respondent
(2%) reported integration of smart pumps with an EHR,
which would allow information to flow from the EHR to
the smart pump and thus facilitate auto-programming
of orders entered in the EHR and auto-documentation
of administration information from the pump into the
EHR. Similarly, one respondent (2%) reported integration
of smart pumps with a CPOE system, which would allow
auto-programming of orders entered by authorized pre-
scribers on the smart pump.

Drug Library Set-up

As shown in Table 3, most drug libraries were categorized
by care area (92%) and age (70%). The pump-user inter-
face was most often organized alphabetically, with 29% of
respondents reporting that frequently used medications
were placed at the top of the list. The maximum number of
entries for a specific drug within a particular care area (e.g.,
by concentration or limits) varied greatly; only 30% (out of
10 respondents) limited the number to 1 or 2 entries. Phar-
macists were almost always responsible for setting limits
in the pump (92%), although 62% of respondents reported
that nursing professionals were also responsible. There
was great variation in how overfill was managed within
a pump library, and 18% of respondents stated that they
did not account for overfill. Most respondents (81%) used
the “keep vein open” rate on their pumps. Reasons for not
using “keep vein open” rates included inappropriateness of
this setting for the clinical setting or pump type and the
requirement for a patient-specific order. Most respondents
(76%) used some form of clinical alert; the top 3 most effect-
ive alerts related to administration/filter requirements
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FIGURE 1. Percentage of respondents in each province or territory compared with percentage of all Canadian hospitals in each province or
territory in 2021 (n = 1080). *Percentage of hospitals in Canada based on Government of Canada data, using hospitals listed as “employers”.'®

(50%), high-alert medications (43%), and weight, dose, or
infusion time (36%).

Drug Library Management

Methods for drug library management, including common
strategies to obtain user feedback, are shown in Table 4. Use
of proactive feedback methods, such as CQI data, formulary
changes, and direct communication with end-users were rela-
tively uncommon. Email (80%), memos/newsletters (55%),
and huddles/meetings (41%) were the most commonly used
methods to inform end-users of updates to the drug library.
Most respondents reported using data downloaded from
the pump for compliance audits (72%).

To reduce alert fatigue (overuse of alarms, leading
users to ignore them), 58% of respondents reported actively
re-evaluating clinical alerts and minimizing the clinical
alert list, 42% reported updating limits using CQI data, and
11% reported optimizing pump settings.

Training and Support

Most respondents (84%) reported training of personnel at
the time of drug library implementation (Table 5). In terms

TABLE 1. Pump Standardization, Brands, and Types

No. (%) of
Characteristic Respondents?
Single drug library used across health authority/ n=>52
organization
Yes 26 (50)
No 26 (50)
Single drug library for province/territory n=48
Yes 9 (19)
No 39 (81)
Smart pump brands in a single organization n=>53
Multiple brands 21 (40)
Mean no. of brands 1.6
Median no. of brands 1
Smart pumps managed n=>50
Multiple pump types 20 (40)
Large-volume pump 46 (92)
Syringe pump 18 (36)
Patient-controlled analgesia or epidural pump 17 (34)

3Except where indicated otherwise. Percentages are based on the number
of responses (missing responses excluded).
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of training methods, most respondents reported that nurs-
ing staff had hands-on training (83%) and live information
sessions (68%), whereas webinars were less commonly used
(45%). Methods to train clinical pharmacy staff were most
likely to include live information sessions (57%), followed
equally by webinars (30%) and hands-on training (30%).

Open-ended responses described on-site support, pro-
vided by the vendor or manufacturer, for the pump “go-live”
date. Other common support personnel included “super-
users”, clinical educators, and, less commonly, clinical
engineers, information services professionals, and pump
team members. Additional support was provided by phar-
macy and extra floor staff (profession unspecified). One
respondent reported the unique approach of having super-
users wear distinctive t-shirts during the implementation
period. On-site support for clinical staff, covering pump
use and troubleshooting, was the most frequently described
support type for the “go-live” date.

Two-thirds (67%) of respondents reported that train-
ing was provided for drug library maintenance. According
to open-text responses, vendor-provided training was the
most common type of maintenance training, and the train-
ing itself was same as that provided for implementation.
Less commonly reported training included programs cre-
ated by pump team members and provided by other staft.

The most common frequency for competency assess-
ment and retraining of end-users was every 2 years (21% of
respondents) or annually (17%). Notably, 15% of respondents
reported no competency assessment or retraining.

Human Resources

As shown in Table 6, most respondents reported that phar-
macists (98%) and nursing professionals (94%) were involved
in implementation of the drug library, whereas for drug
library maintenance, nursing involvement was reported
less often than pharmacist involvement (56% versus 98%).

TABLE 2. Compliance with ISMP Recommendations and Accreditation Canada Standards

% Meeting
No. (%) of Accreditation Recommendation
Survey Question Respondents ISMP Recommendation Canada Standard or Requirement
Do your IV smart pumps n=>52 5.1 Implement bi-directional (i.e., auto- Not a requirement 2%
communicate with the programming and auto-documentation) smart
electronic health record (EHR)? infusion pump interoperability with the EHR.
Yes 1) NA
No 51 (98) NA
Are your IV smart pumps n=>51 5.1 Implement bi-directional (i.e., auto- Not a requirement 2%
linked to drug order entry? programming and auto-documentation) smart
Yes 1 () infusion pump interoperability with the EHR. NA
No 50 (98) NA
Frequency of drug library n=43 3.1 Provide dedicated time and resources for 12.5 Established dosing % reviewing dosing
quality reviews regular review and analysis of smart infusion limits are reviewed every limits at least every
Never 13 (30) pump data, at least on a quarterly basis. six months and changes 6 months:
Annually or less 6 (14) are made as required. 47% (20/43)
Biannually 8 (19)
Quarterly or more often 12 (28)
As needed 4 (9)
Frequency of drug library n=47 2.1 ...update the library at least quarterly. 12.3 Updates to the % updating library
amendments or updates medication libraries are  at least quarterly:
Never 1(2) performed... not less 30% (14/47)
Annually or less 15 (32) than quarterly unless no
Biannually 11 (23) updates for that quarter.
Quarterly or more often 14 (30)
As needed 6(13)
Frequency of drug library n=37 3.3 Regularly monitor ... to assess drug library ~ Not a requirement. % regularly
compliance audits compliance and identify barriers to use: facility monitoring
Never 11 (30) compliance rate with DERS, compliance rate NA compliance (excluding
Annually or less 10 (27) with DERS by care area/profile. NA never or as needed):
Biannually 2 (5) NA 62% (23/37)
Quarterly or more often 11 (30) NA
As needed 3 (8)

DERS = dose error reduction system, NA = not applicable.
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TABLE 3 (Part 1 of 2). Organization and Design of IV

Smart Pump Drug Libraries

TABLE 3 (Part 2 of 2). Organization and Design of IV
Smart Pump Drug Libraries

No. (%) of No. (%) of
Survey Question Respondents? Survey Question Respondents?
Categorization of drug library? n=>53 Clinical alerts removed to reduce alert fatigue® n=9
By care area 49 (92) None 5 (56)
By patient weight 10 (19) Infusion time 2 (22)
By age (e.g., adult or pediatric) 37 (70) Mixing instructions 2 (22)
By therapeutic drug class 8 (15) Adverse effects 1 (1)
Organization of user interface® n=49 Filter requirements T
Alphabetical 48 (98) Use of “"keep vein open” rates n=37
By therapeutic drug class 3 (6) Yes 30 (81)
By frequency of use (most frequently used at top 14 (29) No 7 (19)
of list) a . . s
Parenthetical values refer to valid percentages, excluding missing responses.
Maximum number of entries used for a given drug n=39 PMultiple responses were allowed.
Yes 12 (31)
No 27 (69) Trends were similar, with greater levels of participation
If yes, maximum no. of entries used n=10 during implementation than for maintenance, for clinical
1 1 (10) engineers (65% versus 33%), information services profes-
2 2 (20 sionals (48% versus 12%), and physicians (42% versus 12%).
3or4 3 (30) Dedicated FTEs for smart pump team members also
Limited by pump capabilities 4 (40) appeared to be higher for implementation than for main-
Health care professional responsible for setting n=50 tenance. Of note, 46% of respondents reported less than
limits for each drug entryb 1 pharmacist FTE dedicated to creation of a new drug
Nursing professional 31 (62) library, and 68% reported less than 1 pharmacist FTE
Pharmacist 46 (92) for library maintenance (including 28% who reported no
Physician 24 (48) dedicated pharmacist hours for maintenance). For nursing
Collaborative approach 35 (70) professionals, the rates were similar: 39% of respondents
Strategies to account for overfill when setting limits® n=38 reported less than 1 FTE for implementation and 70%
Use estimated overfill of 10% of the total 11 (29) reported less than 1 FTE for maintenance.
drug volume Of the 9 respondents who reported a provincially
Use estimated overfill of 15% of the total 106 standardized drug library, 5 reported some number of
drug volume pharmacist FTEs for maintenance of the library: 0.5 FTE
Usr:aar:ﬁ:cgtir:vrem” volume from the 10 (26) reported by 1 respondent, 1 FTE reported by 2 respondents,
Use maximum overfill volume from the 5 (13) 2 FTEs reported by 1 respondent, and 2.5 FTEs reported by
manufacturer 1 respondent. One respondent reported 1 FTE pharmacist
Use 50% overfill volume from the manufacturer 1 () position that had been approved but not yet implemented;
Do not account for overfill 7 (18) this FTE is included in the data reported in Table 6.
Not applicable (no overfill or use of syringe 4 M
pumes) DISCUSSION
Use of clinical alerts n=37
Yes 28 (76) This study describes the current landscape in Canadian
No 9 (24) hospitals with regard to compliance with smart pump stan-
. I dards and guidelines, the characteristics of smart pumps in
If yes, clinical alerts found to be most effective n=14 . . . .
Administration/filter requirements 7 (50) use (including drug libraries), and the health care profes-
High-alert medication 6 (43) sionals managing them. Most respondents (40%) were from
Weight, dose, infusion time alerts 5 (36) Ontario, the province with the greatest proportion of hos-
Monitoring requirements 3 Q1 pitals in Canada (27%)'° (Figure 1). Although the second
Central line only 2 (14) and third highest proportions of Canadian hospitals are
Clarify drug name 2 (14) in Quebec (17%) and Alberta (14%),'¢ only 9% and 7% of
Hazardous labelling T respondents, respectively, were from those provinces. For
Mixing instructions Y Alberta, this result may have been due to the existence of
Premedication requirements 1 (7
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reduced the number of pump teams required. For Quebec,
the limited number of responses may have been related to
availability of the survey only in English.

Compliance with Standards

This study showed low rates of compliance with standards
and guidelines. Less than half of respondents reported

TABLE 4. Methods for Managing IV Smart Pump Drug

Libraries

No. (%) of
Survey Question Respondents?
Method used to obtain drug library feedback from n=143
end-users?
Email 17 (40)
Committee/meetings 15 (35)
Request form 13 (30)
Informal verbal request 10 (23)
Website/portal 6 (14)
Continuous quality improvement data 7 (16)
Formulary changes 5 (12)
Direct communication to end-users for feedback 3 (7)
No process developed 2 (5
Method used to inform end-users of updates to the n=>51
drug library?
Email 41 (80)
Memo/newsletter 28 (55)
Huddles/meetings 21 (41)
Website/portal 2 (4
End-users not notified 1 ()
Data reviewed during drug library compliance n=>50
audits?
Data downloaded from the pumps 36 (72)
Floor audits 9 (18)
Data retrieved from electronic health record 2 (4
User-submitted reports 3 (6)
Direct communication with end-users 1 ()
No compliance audits performed 6 (12)
Designation of person(s) responsible for conducting n=48
drug library compliance audits®
Staff member (nonmanagerial) 26 (54)
Manager 16 (33)
Interdisciplinary committee 1 Q)
Strategies used to reduce alert fatigue® n=19

Actively reassess and minimize clinical alert list 11 (58)

Continuous quality review of library 8 (42)
entries/limits

Optimize pump settings (e.g., occlusion pressure) 2 (1)

Add clinical alerts to certain medications only 2 (1)
(e.g., high-risk medications)

Minimize wording of clinical alerts 1 (5

Combine clinical alerts 1 (5

None 3 (16)

biannual quality reviews of their drug library, as required
by Accreditation Canada, and only 30% updated their
library at least quarterly, as recommended by both ISMP
and Accreditation Canada. We did not explore the reasons
why standards were not being met; however, given the lim-
ited number of FTEs that most respondents reported for
drug library maintenance, human resources may play a
role. Furthermore, the ISMP guidelines were published in
February 2020, shortly before the World Health Organiz-
ation declared COVID-19 a pandemic. With the demands
created by the pandemic, organizations may not have had
resources available to implement the recommended chan-
ges. Further research is needed to understand potential
contributing factors.

Most respondents in this study reported that drug
libraries had not been standardized across their province/
territory. Half of the respondents reported standardiza-
tion within their health authority or organization, a prac-
tice recommended by ISMP.! Large-scale standardization
presents many challenges, including attaining agreement

TABLE 5. Support and Training of IV Smart Pump End-Users

No. (%) of

Survey Question Respondents?
Training provided to drug library implementation n=37
team members during implementation

Yes 31 (84)

No 6 (16)
Type of training provided to nursing staff during n=47
implementation®

Hands-on training 39 (83)

Live information sessions 32 (68)

Webinar 21 (45)

Online training modules 3 (6)
Type of training provided to clinical pharmacy staff n=47
during implementation®

Live information sessions 27 (57)

Webinar 14 (30)

Hands-on training 14 (30)

None 4 (9
Training completed by pump team members for n=33
pump maintenance

Yes 22 (67)

No 1 (33)
Frequency of end-user competency assessment n=47
and retraining

Never 7 (15)

Annually 8 (17)

Every 2 years 10 (21)

After any extended leave 5 (1)

As needed 4 (9

Unsure/unknown 13 (28)

aParenthetical values refer to valid percentages, excluding missing responses.
bMultiple responses were allowed.
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TABLE 6. Resources Allocated for IV Smart Pump Drug Libraries

Stage; No. (%) of Respondents?

Resource Implementation ~ Maintenance
Team members involved in drug library® n=>52 n=>52
Pharmacist 51 (98) 51 (98)
Nursing professional 49 (94) 29 (56)
Clinical engineer 34 (65) 17 (33)
Information services professional 25 (48) 6 (12
Physician 22 (42) 6 (12)
Full-time equivalents
Pharmacist n=26 n=25
0 5 (19 7 (28)
>0to<1 7 (27) 10 (40)
1.0t0 1.9 1 (42 5 (20)
>2 3 (12 3 (12
Nursing professional n=18 n=10
0 4 (22) 4 (40)
>0to<1 3 (17) 3 (30)
1.0t01.9 8 (44) 2 (20
>2 3 (17) 1 (10
Clinical engineer n=17 n=3
0 2 (29 1 (33)
>0to<1 3 (43) 1 (33)
1.0-1.9 2 (29 1 (33)
>2 0 0
Information services professional n=9 n=1
0 2 (22 0
>0to<1 4 (44) 0
1.0-1.9 2 (22 1 (100)
>2 1 (1) 0
Physician/medical student n=4 n=>5
0 2 (50) 3 (60)
>0to< 1 2 (50) 1 (20)
1 0 1 (20)

aParenthetical values refer to valid percentages, excluding missing responses.

bMultiple responses were allowed.

among practitioners about medication concentration, dos-
ing units, medication dose range, administration rate, and/
or time of administration. Because of these complexities,
it was not surprising that few pump team members were
working with a provincially standardized drug library.
Standardization of drug libraries is considered a crucial
step in realizing interoperability,! which may help to improve
compliance, thus leading to increased patient safety.!” Con-
sistent with data from Ontario,'® the current study revealed
that Canadian hospitals have not integrated smart infusion
pumps with EHR or CPOE systems, as recommended by
ISMP. Interoperability has been found to improve dose
administration, monitoring, accuracy of clinical data, docu-
mentation, and efficiency of systems, leading to overall
improvement in patient safety.!”-2! However, given that imple-
mentation and maintenance of smart pump interoperability
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is complex, difficult, and costly,2? achieving such interoper-
ability may be challenging for some organizations. For these
reasons, it should be a goal for health care organizations to
connect smart infusion pumps to an EHR system.

Drug Library Set-up

Categorization of libraries by care area, organizing the user
interface alphabetically, and direct involvement of a phar-
macist in setting dosing limits were reportedly employed
by most facilities, but other topics exhibited less consen-
sus. Although 70% of respondents reported categorization
by age, the responses were not analyzed separately for hos-
pitals serving adults, pediatric patients, and/or neonates.
Presumably organizations that do not serve pediatric/
neonatal populations would be less likely to arrange their
drug library by age.
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The use of smart pump drug library programming to
support an organization’s strategy for overfill management
presents a significant opportunity to improve patient care.
Failing to account for overfill when administering intermit-
tent infusions can result in significant underdosing of medi-
cation, which can affect patient outcomes.?>?* Reported
strategies to manage overfill varied among respondents;
surprisingly, 18% of respondents had no strategy for this
situation. Therefore, the use of druglibrary programming to
improve overfill management may be an underutilized tool
that organizations could consider to improve patient safety.

Patient safety can also be improved by using clinical
alerts.!” Such alerts intentionally interrupt the adminis-
tration of drugs and must be acknowledged by the user,!
which increases programming time. To avoid alert fatigue,
they should only provide information that is essential to
the safe administration of the drug. Surprisingly, the use
of alerts for “high-alert medication” was reported with
a high frequency of almost 43%. The literature indicates
that alerts for “high-alert medications” may be a source of
alert fatigue, especially in a critical care setting where most
drugs are high alert?>; as such, this specific alert should not
be included. However, the current study did not separate
clinical alerts by care area, so the frequency of alerts in the
intensive care setting is unknown. Only 50% of respondents
reported alerts for administration/filter requirements; this
type of alert is believed to be effective in reducing medi-
cation administration errors.?> Canadian hospitals should
consider implementing strategies to optimize use of clinical
alerts during smart pump programming.

Drug Library Management

Respondents reported predominantly reactive strategies for
obtaining feedback from users, which suggests that report-
ing typically does not occur until a problem arises. Proactive
strategies, such as use of CQI data, formulary changes, and
direct communication, may increase patient safety and pro-
vide additional data that would be valuable for improving
drug libraries over time; these strategies should be con-
sidered by Canadian health care organizations.

Support and Training

Organizations should recognize the value of providing
staffing resources for training and recertification related to
smart pump technology. Most respondents in the current
study reported hands-on training for nurses during imple-
mentation, a method that has been demonstrated as effect-
ive in increasing compliance.?® To the authors’ knowledge,
however, there is no literature on the best method of train-
ing other pump team members. This situation could benefit
from future research.

Despite the Joint Commission’s recommendations to
perform initial and yearly recertification?! and Accreditation
Canada’s requirement to perform reassessment every 2 years,’
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many participants reported no retraining or retraining only
after an extended leave or as needed. Given the risk of medi-
cation administration errors, ensuring that staff maintain
competence in smart pump use is essential. Canadian hospi-
tals should work toward the Accreditation Canada standard.

Human Resources

According to this survey study, few full-time staff are dedi-
cated to the implementation and management of drug
libraries, despite accreditation requirements and the effects
on patient safety. Almost 40% of participants were manag-
ing multiple pump brands within a single organization; the
need for a separate drug library for each brand of pump adds
to the pump team’s workload. Depending on the size and
complexity of a drug library and the frequency of updates,
clinician time to review and update the drug library could
be substantial. Although most IV pump teams include phar-
macy and nursing personnel, this study showed that not all
other disciplines are involved. Even where other disciplines
are involved, only limited resources are dedicated to this
work, despite guideline recommendations for the use of
interdisciplinary teams to develop, test, and update drug
libaries.! Many pump team members who responded to our
survey mentioned, in open-text responses, that they were
managing drug libraries alongside other regular responsibil-
ities, which could potentially affect the quality of their work.
However, most respondents who reported provincially stan-
dardized drug libraries also reported 1 or more pharmacist
FTEs; this finding indicates that organizations recognize the
need for pharmacist positions to support larger, more com-
plex libraries. More data are needed on the human resources
required to manage a drug library, according to size or com-
plexity, to help guide health care organizations in properly
supporting these initiatives.

Limitations

Given that the numbers of pump teams and pump team
members across Canada are unknown, the response rate in
this study could not be determined. Because the perspec-
tives of various health care professionals were desired, the
survey was open to any health care professional managing
smart pumps, and multiple members of the same team may
have participated. This might have led to overrepresenta-
tion of larger pump teams or inconsistent reporting of
actual practices from single sites.

Pharmacists are generally involved in building drug
libraries because of their understanding of drug dosing,
pharmacokinetics, drug stability, and proper administra-
tion; as such, they were purposely targeted as participants.
The organizations used to recruit survey respondents were
pharmacy-based, and referral by pharmacists was the main
source of recruitment for nonpharmacist participants. This
approach likely led to underrepresentation of nonpharma-
cist team members.
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In terms of FTEs, only 3 respondents indicated that
more than 2 pharmacist FTEs were dedicated to druglibrary
maintenance. Although 2 of these respondents stated that
their province had a provincial drug library (which would
likely require more resources to manage), it is possible that
the question was misinterpreted; as such, reports of more
than 2 pharmacist FTEs may be an overrepresentation.

Finally, although respondents from all Canadian prov-
inces participated, the survey was available only in English,
which may have presented a barrier to non-English-speaking
pump team members.

CONCLUSION

Variation exists in methods for the implementation and
maintenance of [V smart pumps across Canadian hospitals.
Although slight variations in process are expected in each
unique setting, consensus on best practices for drug library
management would benefit the teams responsible for opti-
mizing use of smart pump technology. Determining the
impact on medication administration errors of processes
related to drug library set-up, management, training, and
support, as well as required resources, could benefit from
further study. While many pump teams are moving toward
meeting available guidelines and standards, it is apparent
that Canadian hospitals do not currently meet these stan-
dards, and additional human resources may be required
to maximize the patient safety benefits offered by smart
infusion pumps.

References

1. Guidelines for optimizing safe implementation and use of smart
infusion pumps. Institute for Safe Medication Practices (US); 2020
[cited 2021 Jan 29]. Available from: https://www.ismp.org/guidelines/
safe-implementation-and-use-smart-pumps

2. Mills A. Chapter G: Technology. In: Hospital Pharmacy in Canada
Survey Board, editors. Hospital pharmacy in Canada report 2016/17.
Canadian Society of Hospital Pharmacists; 2018 [cited 2023 Mar 27].
Available from: https://www.cshp.ca/docs/pdfs/Report%202018.pdf

3. Standards: medication management [eftective 2021 Jan 1]. Accreditation
Canada; 2019.

4. Schnock KO, Dykes PC, Albert ], Ariosto D, Cameron C, Carroll
DL, et al. A multi-hospital before-after observational study using a
point-prevalence approach with an infusion safety intervention bun-
dle to reduce intravenous medication administration errors. Drug Saf.
2018;41(6):591-602.

5. Guérin A, Tourel J, Delage E, Duval S, David MJ, Lebel D, et al. Acci-
dents and incidents related to intravenous drug administration: a pre-
post study following implementation of smart pumps in a teaching
hospital. Drug Saf. 2015;38(8):729-36.

6. Manrique-Rodriguez S, Sanchez-Galindo AC, de Lorenzo-Pinto A,
Gonzélez-Vives L, Lopez-Herce ], Carrillo-Alvarez A, et al. Imple-
mentation of smart pump technology in a paediatric intensive care
unit. Health Informatics J. 2015;21(3):209-22.

194

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

CJHP - Vol. 76, No.3 = Summer 2023

Smart pumps in practice: survey results reveal widespread use, but
optimization is challenging. Institute for Safe Medication Practi-
ces (US); 2018 Apr 5 [cited 2021 Jan 29]. Available from: https://
www.ismp.org/resources/smart-pumps-practice-survey-results-
reveal-widespread-use-optimization-challenging

Hsu KY, DeLaurentis P, Bitan Y, Degnan DD, Yih Y. Unintended
patient safety risks due to wireless smart infusion pump library update
delays. J Patient Saf. 2019;15(1):e8-e14.

DeLaurentis P, Walroth TA, Fritschle AC, Yu D, Hong JE, Yih Y, et
al. Stakeholder perceptions of smart infusion pumps and drug library
updates: a multisite, interdisciplinary study. Am J Health Syst Pharm.
2019;76(17):1281-7.

Bacon O, Hoffman L. System-level patient safety practices that aim
to reduce medication errors associated with infusion pumps: an evi-
dence review. J Patient Saf. 2020;16(3S Suppl 1):S42-547.

Standards: inpatient services. Accreditation Canada; 2019.

Nemeth CP, Brown J, Crandall B, Fallon C. The mixed blessings of smart
infusion devices and health care I'T. Mil Med. 2014;179(8 Suppl):4-10.
Luctkar-Flude M, Pulling C, Laroque M. Ending infusion confusion:
evaluating a virtual intravenous pump educational module. Clin Simul
Nurs. 2012;8(2):€39-e48.

Quattromani E, Hassler M, Rogers N, Fitzgerald J, Buchanan P. Smart
pump app for infusion pump training. Clin Simul Nurs. 2018;17:28-37.
Orto V, Hendrix CC, Griffith B, Shaikewitz ST. Implementation of a
smart pump champions program to decrease potential patient harm.
J Nur Care Qual. 2015;30(2):138-43.

Businesses - Canadian industry statistics. Hospitals - 622. Govern-
ment of Canada; [cited 2021 Jun 7]. Available from: https://www.ic.gc.
ca/app/scr/app/cis/businesses-entreprises/6222wbdisable=true
Ohashi K, Dalleur O, Dykes PC, Bates DW. Benefits and risks of using
smart pumps to reduce medication error rates: a systematic review.
Drug Saf. 2014;37(12):1011-20.

Trbovich PL, Cafazzo JA, Easty AC. Implementation and optimization
of smart infusion systems: are we reaping the safety benefits? ] Healthc
Qual. 2013;35(2):33-40.

Joseph R, Lee SW, Anderson SV, Morrisette M]. Impact of interoper-
ability of smart infusion pumps and an electronic medical record in
critical care. Am J Health Syst Pharm. 2020;77(15):1231-6.

Biltoft ], Finneman L. Clinical and financial effects of smart pump-
electronic medical record interoperability at a hospital in a regional
health system. Am ] Health Syst Pharm. 2018;75(14):1064-8.

Sentinel event alert 63: Optimizing smart infusion pump safety with
DERS. Jt Comm ] Qual Patient Saf. 2021;47(6):394-7.

Infusion pump integration: why is it needed, and what are the challen-
ges? ECRI; 2013 Jul 1 [cited 2021 Sep 30]. Preview of article available
from: https://www.ecri.org/search-results/member-preview/hdjournal/
pages/hd201307guid_infusionpumpintegration [login required to access
complete article].

Managing overfill during preparation and delivery of intravenous medi-
cations. ISMP Can Saf Bull. 2013 [cited 2020 Nov 17];13(7):1-6. Avail-
able from: https://www.ismp-canada.org/download/safetyBulletins/
2013/ISMPCSB2013-07_ManagingOverfilllntravenousMedications.pdf
Understanding and managing IV container overfill. Institute for Safe
Medication Practices (US); 2013 Nov 14 [cited 2020 Nov 17]. Available
from: https://www.ismp.org/resources/understanding-and-managing-iv-
container-overfill

Kavanagh TP, Tse E, Vitoux RR. The crucial link in successful
smart pump adoption: the critical care nurse. Can J Crit Care Nurs.
2017;28(4):29-34.

Herring H, Ripley TL, Farmer KC, St Cyr M. An intervention to
increase safety feature use on smart pumps: a quality improvement
initiative. ] Pharm Technol. 2012;28(3):119-23.

JCPH « Vol.76,n°3 « Eté 2023


https://www.ismp.org/guidelines/safe-implementation-and-use-smart-pumps
https://www.ismp.org/guidelines/safe-implementation-and-use-smart-pumps
https://www.cshp.ca/docs/pdfs/Report%202018.pdf
https://www.ismp.org/resources/smart-pumps-practice-survey-results-reveal-widespread-use-optimization-challenging
https://www.ismp.org/resources/smart-pumps-practice-survey-results-reveal-widespread-use-optimization-challenging
https://www.ismp.org/resources/smart-pumps-practice-survey-results-reveal-widespread-use-optimization-challenging
https://www.ic.gc.ca/app/scr/app/cis/businesses-entreprises/622?wbdisable=true
https://www.ic.gc.ca/app/scr/app/cis/businesses-entreprises/622?wbdisable=true
https://www.ecri.org/search-results/member-preview/hdjournal/pages/hd201307guid_infusionpumpintegration
https://www.ecri.org/search-results/member-preview/hdjournal/pages/hd201307guid_infusionpumpintegration
https://www.ismp-canada.org/download/safetyBulletins/2013/ISMPCSB2013-07_ManagingOverfillIntravenousMedications.pdf
https://www.ismp-canada.org/download/safetyBulletins/2013/ISMPCSB2013-07_ManagingOverfillIntravenousMedications.pdf
https://www.ismp.org/resources/understanding-and-managing-iv-container-overfill
https://www.ismp.org/resources/understanding-and-managing-iv-container-overfill

Ashley Sproul, BScPharm, PharmD, is with Horizon Health Network,
Saint John, New Brunswick.

Hillary Newman, BScPharm, BScBio, is with Horizon Health Network,
Saint John, New Brunswick.

Competing interests: Ashley Sproul received a grant from Baxter Canada

to create patient education videos on a topic unrelated to this article; she
also received honoraria from Baxter to attend a leadership meeting. She

has received funding from the Dalhousie endowment fund and Medbuy for
projects not directly related to the work reported here and honoraria from the
University of New Brunswick for lectures presented as part of an advanced
pharmacotherapy course. She has also worked on a research team that
received funding through Novo Nordisk Canada. Ashley is a past president of
the New Brunswick Branch of the Canadian Society of Hospital Pharmacists.
No other competing interests were declared.

Address correspondence to:
Dr Ashley Sproul

Horizon Health Network

400 University Avenue

Saint John NB E2L 4L4

email: Ashley.sproul@horizonnb.ca
Funding: None received.

Acknowledgements: Some contacts (for distribution of the survey) were
provided by ICU Medical Inc, B. Braun of Canada Ltd, and the Institute for

Safe Medication Practices Canada. The authors would also like to acknowledge
Donaldo Canales for his support in the preparation of this manuscript.

G

s=lc  The Canadian Council on Continuing Education in Pharmacy has accredited this program for 12.5 CEUs.

CSHP
Hospital
- Pharmacy 101

FOUNDATIONAL KNOWLEDGE IN KEY PRACTICE AREAS

| This program was made possible through an unrestricted
educational grant from our inaugural sponsor

APOTEX

CJHP = Vol. 76, No. 3 = Summer 2023

JCPH = Vol. 76,n°3 - Eté 2023

195


mailto:Ashley.sproul@horizonnb.ca

