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BACKGROUND

EVALUATION CRITERIA ON THE UTILITY
AND EFFICACY OF SMART PUMP
TECHNOLOGY IN A HOSPITAL SETTING

MANRIQUE RODRIGUEZ SiLviA, QUERALT GORGAS MARIA,
Faus FELIPE VICENTE, HERRANZ ALONSO ANA, TECNO GROUP

ABSTRACT

The implementation of new technologies in each and every stage of the medica-
tion use cycle has become a key strategy aimed at diminishing the incidence of
medication errors that may take place during the prescription, transcription, dis-
pensing and administration process.

Using smart pumps to guarantee the safe administration of intravenous drugs
is an initiative that has gained increasing importance in our hospital settings in re-
cent years.

When implementing a new technology, it is necessary to establish criteria that
will allow for an objective evaluation of its efficacy and safety in intercepting
errors, in order to, finally, estimate the cost-effectiveness of its implementation.

The objective of this manuscript is to describe the criteria that should be taken
into account when analyzing and evaluating the global process of implementation
of smart pump technology within a hospital.

EVALUATION CRITERIA — INFUSION PUMPS — INTRAVENOUS INFUSIONS —
ADMINISTRATION — PATIENT SAFETY — SMART PUMPS — TECHNOLOGY ASSESSMENT

RESUMEN

La integracidn de las nuevas tecnologias en todas y cada una de las etapas del
ciclo de medicamentos se ha convertido en un elemento clave en la estrategia di-
rigida a reducir la incidencia de errores de medicacién que puede tener lugar en
el proceso de la prescripcion, transcripcion, dispensacién y administracién.

La utilizacion de las bombas inteligentes para garantizar la seguridad en la
administracion de los medicamentos via intravenosa es una iniciativa que ha ido
adquiriendo cada vez mayor importancia en nuestro hospital en los iltimos afios.

Al implementar una nueva tecnologia, es necesario establecer los criterios
que permitan una evaluacion objetiva de la eficacia y seguridad para interceptar
los errores, y asi poder estimar el coste-efectividad de su aplicacion.

El objetivo de este documento es describir los criterios que deben tenerse en
cuenta al analizar y evaluar el proceso global de la aplicacion de tecnologia de
la bomba inteligente dentro de un hospital.

CRITERIOS DE EVALUACION — BOMBAS DE INFUSION — INFUSIONES INTRAVENOSAS —
ADMINISTRACION — SEGURIDAD DEL PACIENTE — BOMBAS INTELIGENTES —
EVALUACION DE LA TECNOLOGIA

circuit, such as prescription, transcription, dispensing
and administration, has contributed in reducing the inci-

The concept of safety regarding drug therapy has changed in
recent years due to the associated high morbidity and mor-
tality, attributable, in many instances to medication errors.!-3

The development and implementation of new tech-
nologies throughout the different stages of the drug use

dence of errors and has increased safety in each of these
phases.*>

Medication errors occurring during the administra-
tion phase are the most difficult to intercept and the con-
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sequences for the patient depend on the drug itself, the
administration route and the patient characteristics, such
as age and clinical state.o-8

60% of life-threatening adverse effects are related to
drugs that are delivered intravenously. Many of these drugs
have a narrow therapeutic range and are considered to be
high risk drugs. This fact, along with the intrinsic charac-
teristics of intravenous administration, where the drug is di-
rectly delivered into blood stream, increases the risk of
causing an adverse effect in the patient in the event of an
error.® 10

Nevertheless, the practice of medicine cannot be con-
ceived without the use of highly effective drugs adminis-
trated intravenously, so guaranteeing safety in their man-
agement should be a priority for different health institutions
to encourage development of new systems for drug ad-
ministration, minimizing errors and increasing the confi-
dence of the health staff involved in their daily use.!'-!3

The use of infusion pumps for intravenous adminis-
tration of drugs that require an exhaustive monitoring
of the infusion rate sparked a revolution in the admin-
istration of intravenous therapy, at the time of their de-
velopment.

WHAT IS AN INFUSION PUMP?
Infusion pumps are electromechanical devices which
generate a positive pressure that allows the movement of
the fluid to be administrated from its container to the
vascular access in the patient at a constant, precise and
controllable flow rate. These systems allow the pro-
gramming of a very broad range of infusion rates, from
0.1 mL/h to 1,200 mL/h.'4

However, despite the fact that the use of these devices
increases safety in intravenous drug administration when
compared to the conventional systems of infusion flow
control by gravity, most medication errors associated
with infusion systems occur due to pump programming
errors which can lead to incorrect dosage in a specific pa-
tient simply by pushing the wrong key on the infusion
pump at the moment of programming.'s

WHAT IS A «<SMART» INFUSION PUMP?
The severe consequences these (relatively frequent)
human errors have on patient health and the lack of
means for intercepting these errors, have given rise to
the second generation infusion systems known as
«smart pumps». These systems include security soft-
ware with a drug library specifically designed for each
hospital unit.'6

A drug library is a list of drugs for each of which a se-
ries of parameters are defined, such as concentrations,
maximum and minimum infusion rates which determine
the so-called upper and lower hard and soft limits, (UHL,
LHL, USL, LSL). These limits are designed to avoid ad-
ministration of drugs at excessively fast or slow rates, re-
spectively. Therefore, if a user attempts to exceed a soft
limit by mistake, an alarm will be triggered warning the
user that the programmed infusion rate might not be ade-
quate for a determined patient but allows the continua-

tion of the infusion once the programming has been veri-
fied. On the other hand, if due to a programming error a
hard limit is exceeded, an alarm will sound leading the
user to cancel the infusion and re-programme the adminis-
tration.!” 18

The information on every programmed infusion is
stored in the device’s internal memory, so that access to
this gives data on the time, day and month of program-
ming, the use of the drug library, the drug selection, the
programmed rate and the consequent user action in case
of an alarm.'?

The ease and method of access to the stored information
varies according to vendors and this is an important factor
when considering the system for implementation,20-22

Likewise, the availability of the required connectivi-
ty to integrate these devices with the technology already
implemented in a hospital, such as computerized physi-
cian order entry, automatic dispensing systems and bar
code administration is an added value. This is important
for closing the error interception circuit, as, in the five
stages to be completed in error-free administration (right
patient, right drug, right dose, right route and right time),
smart pumps only guarantee the third stage, right
dosage.??

SYSTEM EVALUATION

Currently, there are several vendors offering smart
pump technology. The differential features amongst
each infusion system may condition the implementa-
tion process.

When evaluating smart pumps, several factors must
be considered. On the one hand, technical characteristics,
merely related to conventional use of the pump for intra-
venous drug administration, and on the other, those related
to smart technology. Both should be studied in depth and
analysed to be able to select the system which best adapts
to units’ requirements and expectations. (Annex I).

MULTIDISCIPLINARY TEAM

For successful implementation and to achieve the desired
results with this technology, the training of a multidis-
ciplinary team comprised of physicians, pharmacists,
nursing staff and computer technicians is mandatory.

The nursing staff and computer technicians must be
actively committed to the development of the project,
from the selection of the manufacturer and the develop-
ment of the drug library to the analysis and continuous
evaluation of the end results.?*

Thus, physicians and pharmacists develop the drug li-
braries and define, based on existing sources of informa-
tion, all the necessary parameters for a drug.

Nursing staff, the main users, play an important role
when it comes to evaluating the characteristics of the in-
fusion systems and selecting the most suitable, supported
at all times by the physician and pharmacist, also in-
volved in this task.

The technological integration, the last link in the chain,
is carried out by the computer technicians, coordinated
by physicians and pharmacists.?5
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The leading role of the pharmacist must be highlighted,
who, besides participating in the different stages of imple-
mentation, also acts as coordinator in these stages and as
the link amongst the different professionals involved.

CONTINUOUS EVALUATION OF THE TECHNOLOGY

To guarantee the contribution of this technology to safer
medication use, a programme for continuous evaluation
must be developed allowing identification of areas for
improvement to be carried out with the aim of optimising
each stage of the process.?¢

The systematic analysis of the alarms triggered during
the infusion pump use in habitual clinical practice is cru-
cial as it gives information allowing us to perfect the
technology refining the established limits and identi-
fying users’ training needs. Both aspects are fundamen-
tal for staff compliance with the drug library.?’

Consequently, the connectivity characteristics of
these systems play an important role when accessing the
stored data.

Establishing methods for communication amongst
the different health professionals involved in the project
is key for the success of the implementation process. Pe-
riodical information on the changes introduced to the
drug library, flaws and successes achieved in the safe
management of intravenous medication encourages ac-
tive commitment and participation from staff.

As indicators for continuous evaluation we can see
those in Annex II.

ANNEX I. Characteristics of the infusion systems.

DISCUSSION

Implementation of smart pump technology in a hospital
can play a vital role in error interception as well as in the
reduction of associated costs.

To be able to evaluate the usefulness and efficacy of
these devices in daily clinical practice, it is important to
establish criteria allowing objective analysis of the ap-
propriateness of the system from those available on the
market, degree of use in a hospital setting and the effica-
cy in intercepting errors.

The right choice of vendor as regards characteristics,
the possibilities and requirements of a unit, as well as the
design of an implementation process alongside the reali-
ty of daily clinical practice in a hospital unit are key for
the success of this technology.

One of the main limitations of this technology is the
possibility of programming infusions without the drug li-
brary, as well as the inability to detect other administration
errors when smart pumps work in an isolated environment.

Due to this, constant and fluid communication amongst
the different health professionals involved in the implemen-
tation process, continuous evaluation of results and, in the
future, technological integration, will help to achieve adher-
ence to the technology and minimise the incidence of errors.

Collaboration between the different health professionals,
physicians, pharmacists, nursing staff and computer teams
is essential in guaranteeing the success of the project and
in making this technology an easy tool to use as well as
effective in avoiding errors. [cp|

Technical characteristics

— Difference between syringe pump and great volume pump according to differential characteristics

— Specification of number of infusion channels
Range of infusion speed that can be programmed
— Range of priming speed
- Facility for priming the infusion line
— Facility for eliminating air bubbles
— Security connections luer-lock type
— Variable work pressure
— Free flow control
— Connection type: mains, battery

— On screen: administered accumulated volume, infusion start finish, stand by, infusion time

— Options for stopping infusion and maintenance of vein open

— Types of visual and acoustic alarms: changes in pressure, occlusion, end of infusion, low battery, badly placed syringe, empty recipient
(volumetric), excess of solution in drip chamber (volumetric), badly placed sensor
— Dimensions: reduced size (volumetric), space optimization (stackable syringe pumps, wheeled poles)

- Facility for programming
— Facility for solving triggered alarms

Characteristics related to smart technology

General

— Facility for programming

— Access levels according to user profile
— Easy access to drug library

— Easy resolution of triggered alarms

— Repercussion on workload

— Technical support: training, technical backup, user manual, training materials, incident resolution
— Purchase method or migration of conventional to smart systems: leasing/renting, payment for consumables
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ANNEX I. (Continuation)

Characteristics related to smart technology

Drug library editor software
— Intuitive programme for entering data
Requisites for accessing editor: Internet access, administrator rights

— Capacity: total number of lines
— Capacity distribution: number of profiles and lines per profile
— Possibility of establishing concentration limits
— Possibility of establishing dosage limits in intermittent perfusions and bolus
— Possibility of establishing limits for intermittent perfusion and bolus administration times
— Possibility of establishing limits by default for protocol infusion start

— Possibility of establishing limits on patient weight by profile
— Types of available limits: default, absolute and relative, maximum and minimum
~— Number and types of obligatory parameters to enter in the programme
— Definition of accuracy in concentration limits: number of permitted decimals
— Definition of accuracy in infusion speed limits: number of decimals, total number of characters (including commas and numbers)
— Limits in agreement with maximum speed of infusion pump (999 mL/h; 1,200 mL/h, variable according to supplier)
— Types of available units
— Type and maximum number of characters in the definition of each profile or line: upper case letters or symbols
— Possibility of changing order of each profile line
— Possibility of activating controlled bolus within a determined perfusion
— Programme language Spanish

Event reporter software

— Intuitive programme

— Capacity for data storage, according to pump internal memory

— Reaquisites for access to download programme: administrator rights, Internet access
— Types of reports and characteristics

— Possibility of editing reports and exporting to different formats (Excel, Word, PDF)
— Spanish language

Connectivity

— Wireless data updating and download

— Possibility of integrating with computerized physician order entry

— Possibility of integrating with automatic dispensing systems

— Possibility of integrating with bar code administration systems

— Possibility of integrating with electronic medication administration record
— Possibility of integrating with patient monitoring systems

— Possibility of integrating with medical records

ANNEX II. Indicators of continuous evaluation.

Technology use quality indicators

— Adherence to drug library (1):

(number of infusions programmed using drug library x 100/ total number of programmed infusions)
— Ratio number triggered alarms: number of infusions using drug library (2):

(total number of alarms for drug x 100 / total number of infusions programmed with drug library)
— Percentage of ignored alarms (3)

(total number of ignored alarms for drug x 100 / total number of alarms for soft limit)
— Percentage of alarms involving immediate infusion reprogramming (3)

(total number of reprogrammed alarms x 100 / total number of alarms for drug)
— Percentage of alarms involving infusion cancellation (3)

(total number of cancelled infusions x 100 / total number of alarms for drug)

Health care setting indicators (4)

— Distribution of alarms by time of day

(total number of alarms for drug by time x 100 / total number of alarms for drug)
— Distribution of alarms by weekday

(total number of alarms for drug by weekday x 100 / total number of alarms for drug)
— Distribution of alarms by month

(total number of alarms for drug by month x 100 / total number of alarms for drug)
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ANNEX II. (Continuation)
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Technology efficacy indicators (5)

Total number of avoided programming errors by detected alarms

Percentage of potential fast infusion and/or overdose infusion errors

(total number of alarms for drug exceeding USL and/or UHL x 100 / total number of alarms for drug)
Percentage of potential slow infusion and/or underdose infusion errors

(total number of alarms for drug lower than LSL and/or LHL x 100 / total number of alarms for drug)

Percentage of nil potential severity errors

(total number of nil potential severity errors x 100 / total number of intercepted errors)

Percentage of minor potential severity errors

(total number of minor potential severity errors x 100 / total number of intercepted errors)

Percentage of moderate potential severity errors

(total number of moderate potential severity errors x 100 / total number of intercepted errors)
- Percentage of severe potential errors
(total number of severe potential errors x 100 / total number of intercepted errors)

Percentage of catastrophic potential severity errors

(total number of catastrophic potential severity errors x 100 / total number of intercepted errors)

(1): This is a determining aspect for the technology efficacy analysis when intercepting errors, as the incorporation of a drug library does not necessarily mean that
infusions are programmed via the library. For this reason, user involvement and awareness is key to achieve high adherence rates and to draw conclusions on its use.?”
(2): With this indicator we are able to follow the evolution in the total number of alarms throughout the complete implementation process, which is representative of

the improvements in the reduction of unnecessary alarms.2
(3): These last indicators shows the real usefulness of established soft limits, the greater usefulness the lower the percentage of ignored alarms and the higher the num-

ber of immediately reprogrammed alarms.?

29

(4): The analysis of these three indicators gives information on the time periods with more alarms, which may help in identifying training requirements in specific

user groups.*?
(5): This analysis gives information on the intelligent infusion system’s capacity for intercepting errors and therefore allows us to establish the real impact of this

technology regarding avoided potentially severe errors as well as reduction in associated costs.
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