
ORIGINAL ARTICLE
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Objective: This study was conducted to advance understanding of intra-
venous (IV) smart pump medication administration practices using the
Baxter Spectrum IQ. The primary objective was to observe adherence with
manufacturer required IV smart pump system setup at the point of care dur-
ing actual clinical use.
Methods: The study was conducted in a 285-bed acute care community
hospital near Boston, Massachusetts. The study design was observational
and noninterventional, and all data were collected by a single observer. Ob-
servations includedmeasurement and documentation of adherencewith the
Baxter Spectrum IQ system setup requirements.
Results: A total of 200 primary and secondary IV medication administra-
tion observations were included: 101 in critical care and 99 in medical-
surgical. Overall adherence was found to be: 6.5% with IV smart pump
position relative to the patient (aim 1); 6.5% with required position of the
primary infusion bag (aim 2); and 69.5% adherence with required position
of the secondary medication infusion bag (aim 3). Additional exploratory
data were also collected.
Conclusions: These results add to the emerging body of knowledge,
which support that adherence to required system setup for head-height de-
pendent IV smart pumps is low and difficult to achieve during actual clin-
ical use. Consideration of alternative human factors–designed technology
to replace the current manual setup requirements is needed to improve
the process of acute care IV medication administration in this very impor-
tant area of patient safety.
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T he use of intravenous (IV) medications via infusion pumps is
a complex task inherently associated with patient safety risks.1–6

Because an estimated 90% of hospitalized patients require the
controlled administration of medications using the intravenous
route, IV infusion pumps are prevalent in health care.7While there
are various types of infusion pumps, large-volume IV smart pumps
are the most versatile and thus are the most commonly used type of
infusion pump in U.S. acute care.1,8–10
From the *Elaine Marieb Center for Nursing and Engineering Innovation, Insti-
tute for Applied Life Sciences and Elaine Marieb College of Nursing, Univer-
sity of Massachusetts Amherst; †Education, Melrose-Wakefield Healthcare;
‡Lawrence Memorial Regis College, Melrose, Massachusetts; §RDB Consult-
ing, AAMI and IEC Standards Expert, Poway, California.
Correspondence: KarenK.Giuliano, PhD, RN,MBA, FAAN,Co-Director, Elaine

Marieb Center for Nursing and Engineering Innovation, Institute for Applied
Life Sciences and ElaineMariebCollege ofNursing, University ofMassachusetts,
240 Thatcher Rd, Amherst, MA 01003 (e‐mail: kkgiuliano@umass.edu).

This study was supported, in part, by ICU Medical, Inc. K.G. has received
previous research support from ICUMedical and has performed consulting
for Ivenix. R.B. has performed consulting services for Ivenix. The other
authors disclose no conflict of interest.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

J Patient Saf • Volume 18, Number 6, September 2022
While data indicate that the use of IV smart pumps is associated
with reductions in IV medication administration errors, medication
errors have not been eliminated, including serious adverse drug
events.11–16 Given the critical therapeutic role of IV medication
administration using IV smart pumps in acute care, it is noteworthy
that minimal research is available, which explores the fundamental
causes of IV smart pump medication administration errors and the
role of IV smart pumps in IV medication administration safety.
SECONDARY MEDICATION ADMINISTRATION
Large-volume IV smart pumps are widely used in acute care

settings throughout the United States to administer secondary
medication infusions, with the antibiotics and electrolytes being
the most commonly delivered secondary medications.9 When
using a linear peristaltic IV smart pump for secondary medication
administration, a head-height differential between the fluid level
in the primary and secondary IV bags is required for the second-
ary medication to infuse. Head-height differential is measured
from the top of the fluid level in the primary bag to the top of
the fluid level in the secondary bag.6 When this differential be-
tween the primary container and the higher secondary container
is not sufficient, the secondary will not infuse as intended, a med-
ication error that often remains unnoticed until much later, result-
ing in medication delays or completely missed doses. Note that if
head-height differential is inadequate, unintended flow from the
primary container known as “concurrent flow” may result and
not be evident at the beginning of the programmed infusion but
will begin as the fluid level in the secondary bag decreases over
the course of the programmed infusion. Flow rate inaccuracy is
of even greater concern when secondary medication infusion rates
are high not only for medications like Keppra and IV Tylenol but
also for oncology medications, which are high volume, fast deliv-
ery rate, and time dependent.

Unfortunately, linear peristaltic IV smart pumps are prone to
use error because the setup process must be managed manually
at the point of care.6,9,17,18 Failure to adhere to setup specifications
during clinical use may lead dangerous medication errors due to
deviation in flow rate between what is actually delivered to the pa-
tient and what was programmed into the pump by the clinician.
Furthermore, it is important to note that all testing results use
±5% as the benchmark for Food and Drug Administration regula-
tory submissions for flow rate accuracy and only report on single-
channel, primary line infusions. Additional details on flow rate ac-
curacy for the Baxter Spectrum IQ (Baxter Healthcare Corporation,
Deerfield, Ill), the clinical conditions that impact flow rate accu-
racy, and the specific testing conditions used to determine flow
rate accuracy are described in Appendix B of the Spectrum IQ
Operators Manual.19 Clearly, the conditions under which fluid flow
accuracy is tested and reported for Food and Drug Administration
regulatory approval do not represent the most common conditions
under which these IV smart pumps are used in the clinical setting.
In addition, adherence to the required setup is often not possible
in the clinical setting because of patient care needs, constraints
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related to clinical workflow, and space limitations. The operator’s
manual is extensive and includes technical language that may not
be readily incorporated into clinical practice by busy clinicians at
the point of care.

In recent guidelines created to optimize IV smart pump safety, the
Institute for SafeMedication Practices recommends the use of delivery
systems for secondary medication administration that do not use
head-height differential.8 We have previously published an observa-
tional study of secondary infusion, which included the BD/Alaris IV
smart pumps (Becton, Dickinson and Company, Franklin Lakes,
NJ).9 The purposes of this study were to complete the collection of
data on the same observations using theBaxter Spectrum IQ IVSmart
Pump and to add additional exploratory variables of interest, which are
described hereinafter. Hypotheses are based on the complexity of setup
requirements for head-height differential systems, complexity of op-
erator’s manual, clinical observation, and author experience.

Ourwork is based on a human factor perspective,20 and in our pre-
vious work, we have outlined the limitations of current technol-
ogy,1,6,21,22 studied clinician knowledge,23 studied the impact of inter-
ruptions,24 and looked at the use of theBD/Alaris, ICUMedical (ICU
Medical, Inc., SanClemente, CA), and Ivenix large volume IV smart
pumps (50High St Suite 50, North Andover,MA) during actual clin-
ical use.9,25 Thus, for this study, we again chose to use a real-world
approach to observe how the Baxter/Sigma IV smart pumps (One
Baxter Parkway Deerfield, IL) are used during actual clinical use.
FIGURE 1. Required components for secondary medication
infusion using the head-height differential method (used with
permission from Karen K. Giuliano).
SYSTEM SETUP
Most large volume IV smart pumps used in U.S. acute care use

linear peristaltic technology for IV infusion, which require very
specific system setup for accurate fluid flow.6 Furthermore, clini-
cian knowledge of these setup requirements is low, and proper
setup varies across IV smart pumpmodels.23 Currently, the largest
shares of the U.S. acute care market are held by 2 brands of linear
peristaltic large-volume IV smart pumps: BD/Alaris at more than
50% of the market; and Baxter Spectrum IQ IV Smart Pump, at
approximately 25% to 30% of the market.9,26 This study will
focus on the Baxter Spectrum IQ IV smart pumps, and details
for proper setup according to their manufacturer guidelines are
provided hereinafter.19

1. For primary infusion: Place the IV smart pump vertically on the
IV pole at the position most level with the IV insertion site.
Hang the primary container above the pump, ensuring the top
of the fluid line is 24 ± 2 inches above the center of the pump.22

2. For secondary infusion: The distance required for the Baxter
Spectrum IQ to infuse from a secondary medication bag is
the same as for a primary infusion, 24 ± 2 inches above the cen-
ter of the IV smart pump. However, for the secondary bag to in-
fuse instead of the primary bag, the position of the primary bag
must be lowered. This should be done by fully extending the
secondary infusion hanger to allow for the required head-height
differential. This is the minimal distance needed to generate
enough hydrostatic pressure to close the check valve (Fig. 1,
#1) in the primary tubing and ensure secondary flow (Fig. 1,
#2).18 If hydrostatic pressure is not sufficient or there is a failure
in the check valve, there will be concurrent flow from both the
primary and secondary fluid bags, or no flow at all from the sec-
ondary bag while only the primary bag infuses, both resulting in
medication error that is difficult to detect.

3. The roller clamp (Fig. 1, #3) on the secondary tubing must be
manually opened during the secondary infusion and closed dur-
ing the primary infusion. No pump alert will occur if the roller
clamp remains inadvertently closed during the secondary infu-
sion. Instead, fluid will be infused from the primary bag at the
554 www.journalpatientsafety.com
programmed secondary flow rate, also resulting in a secondary
medication administration error.

The manufacturer guidelines for infusion delivery referenced
previously create complexities at the point of care. It is common
for the primary bag to be programmed to resume flow after infusion
of the secondary medication either as a resumption in therapy or
to help flush residual medication out of the tubing and out of
the venous access device. Unfortunately, this poses a challenge
from a flow accuracy standpoint. For accurate flow, the intended
infusion fluid bag must be 24 ± 2 inches above the vertical center-
line of the pump. To achieve this, the ideal practice would be to
raise the primary bag back to the accurate infusible height of
24 ± 2 inches immediately after the completion of the secondary
infusion. Because of time demands, ergonomic limitations, and
the realities of the clinicalworkflow demands, this manual process
creates an unreasonable clinical expectation, further adding to de-
viations from intended flow rate.
RESEARCH AIMS AND HYPOTHESES

Aim 1
What is the adherence with manufacturer system setup require-

ments that the pump be placed level with the IV insertion site for
the Baxter Spectrum IQ large-volume IV smart pump during
actual clinical use?

We hypothesize that the IV smart pump placement relative to
the IV insertion site for accurate infusion will be insufficient at
least 75% of the time with Baxter Spectrum IQ large-volume IV
smart pumps.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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Aim 2
What is the adherence with manufacturer system setup re-

quirements for primary infusion for the Baxter Spectrum IQ
large-volume IV smart pump during actual clinical use?

We hypothesize that the required bag height differentials for ap-
propriate primary infusion will be insufficient at least 75% of the
time with the Baxter Spectrum IQ large-volume IV smart pumps.

Aim 3
What is the adherencewithmanufacturer system setup requirements

for secondary infusion for the Baxter Spectrum IQ large-volume
IV smart pump during actual clinical use?

We hypothesize that the required bag height differentials for ap-
propriate secondary medication administration will be insufficient
at least 50% of the time with the Baxter Spectrum IQ large-volume
IV smart pumps.

In addition to the 3 primary aims, we also collected data on the
following additional variables: type of secondary medication; use
of secondary medication hanger; secondary tubing connection;
use of a check valve; status of secondary tubing clamp during in-
fusion; presence of concurrent primary flow during secondary in-
fusion; incomplete secondary volume delivery; and primary and
secondary rate mismatches. This list of exploratory variables was
based on knowledge gained from our previous work. These data
will help provide additional context to our findings, will help fur-
ther inform the results of our research aims, and can provide a
foundation for additional inquiry for improving the accuracy
and safety of these widely used and important therapeutic devices.
STUDY DESIGN AND METHODOLOGY

Setting
The study design was observational and noninterventional. The

study site was a 285-bed community hospital in the Boston area.
Data collection began shortly after institutional review board approval
was obtained, and all data were collected by a single observer.

Sample
A total of 200 primary and secondary IV medication adminis-

tration observations were included in this study: 101 in critical
care and 99 inmedical-surgical units. Observations were collected
in real-time on a case report form, which did not include protected
patient health information.

Inclusion Criteria
Those eligible for inclusion in the study were all adult patients,

18 years or older, admitted to either the critical care or medical-surgical
units, and requiring at least 1 active secondary IVmedication order.

Exclusion Criteria
Adult patients hospitalized in the study units without at least 1

active secondary IV medication order were excluded.

Procedures
1. Toverify the electronic health recordmedicationorders, patient iden-

tification was confirmed for all observations; however, no protected
health information was documented on the case report form.

2. A study number was assigned to each secondary medication
observation.

3. Direct observation of each secondary medication administra-
tion was done to assess the head-height differential setup by:
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
a. Observing the position of the IV smart pump relative to the
IV insertion site.

b. Measuring the distance between the top of the primary fluid
level and the vertical centerline of the IV smart pump.

c. Measuring the secondary head-height differential as the
difference between the top of the primary fluid level to
the top of the secondary fluid level at the beginning of the
secondary infusion.

d. Confirming the presence or absence of a primary line
check valve.

e. Observing the position of the secondary medication tubing
roller clamp as open or closed.

4. Consistent with the Institute for Safe Medication Practices
guidance, secondary medications were recorded as given on
time if administered within 30 minutes from order time or de-
layed if administered outside of the 30-minute time window.27

5. Medication doses documented as omitted medications included
those doses not completed before the next scheduled dose.

6. Names of all observed secondary IV medications were collected.
7. Collection of the additional exploratory data.
RESULTS
Data on 200 secondary IVmedication administration observations

(101 in critical care and 99 in medical-surgical) were completed. All
analyseswere completed using IBMSPSSStatistics forWindows,Ver-
sion 25.0 (IBMCorp., Armonk, NY) byKarenK.Giuliano, PhD, RN.

Aim 1
What is the adherence with manufacturer system setup require-

ments that the pump be placed level with the IV insertion site for
the Baxter Spectrum IQ large-volume IV smart pump during
actual clinical use?

Therewere 13 IV smart pumps (6.5%) observed that were placed at
the level of the insertion site. Of the remaining 187 observations, the
mean distance for IV smart pump placement above the IV insertion
site was 13.9 inches, standard deviation of 5.3 inches, and a range
of 3 to 31 inches above the insertion site. There were no observations
where the IV smart pumpwas placed below the IV insertion site. Inde-
pendent samples t test found no difference in the mean distance for IV
smart pump placement above the IV insertion site between ICU
(13.7 inches) and medical-surgical (14.0 inches) observations.

Aim 2
What is the adherence with manufacturer system setup require-

ments for primary infusion for the Baxter Spectrum IQ large-volume
IV smart pump during actual clinical use?

A total of 13 observed IV smart pump infusions were placed at the
required headheight of 24±2 inches (22–26 inches) between thevertical
centerline of the IV smart pump and the top of the fluid level in the pri-
mary bag. This represents a 6.5% adherence with manufacturer require-
ments if the secondary infusionwasexpected tobe followedbyaprimary
flush or continuous primary infusion. For all observations, the mean
distance for IV smart pump placement was 14.1 inches, standard
deviation of 4.0 inches, and a range of 0 to 28 inches. Independent
samples t test found no difference in the means between ICU
(14.0 inches) and medical-surgical (14.1 inches) observations.

Aim 3
What is the adherence to manufacturer system setup requirements

for secondary infusion for the Baxter Spectrum IQ large-volume
IV smart pump during actual clinical use?

We observed 59 secondary infusions (29.5%) where the hanger
was folded and not being used in the fully extended position and,
www.journalpatientsafety.com 555
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TABLE 1. Secondary Medication Type by Therapeutic Class

Type of Medication n %

Antibiotic 167 83.5%
Electrolyte/vitamin 18 9.0%
Other 12 6.0%
Other anti-infective 3 1.5%
Total 200 100%

Giuliano et al J Patient Saf • Volume 18, Number 6, September 2022
therefore, was not in adherence with manufacturer requirements,
thus contributing to the low setup adherence rate. During 139 of
the observed secondary infusions (69.5%), the head height differ-
ential between the primary and secondary IV bags was equal to or
greater than the 12.5 inches. The mean distance for IV smart
pump placement relative to the top of the fluid level in the second-
ary infusion container was 13.3 inches, standard deviation of
3.2 inches, and a range of 5 to 20 inches. Independent samples t
test found no difference in the means between ICU (13.6 inches)
and medical-surgical (12.9 inches) observations.

ADDITIONAL VARIABLES EXPLORED
The types of secondary medications delivered are summarized

in Table 1. The observations for the additional questions can be
found in Table 2.

There were 3 medication errors found during the observations:
1 delayed dose (0.5%) and 2 omitted doses (1%) due to closed
secondary clamps. There were also 6 observations where basic
infusion/IV fluids was used for dose programming instead of the
drug library to program the administration of antibiotics. This is
concerning because of the safety features that are available through
the use of the drug library to reduce risk of medication error.

DISCUSSION
For aim 1, it was found that only 6.5% of all observations had

the IV smart pump positioned at the level of the IV insertion site.
At a mean of 13.9 inches, the distance for IV smart pump place-
ment was substantially above the proper placement for accurate
flow. If the IV insertion site is approximately equal in pressure
to the pressure in the right atria, then an increase in pump height
of 13.9 inches will increase flow rate by 2.5%, and this combined
with other factors affecting accuracy could lead to a flow rate
TABLE 2. Frequency Data for Additional Exploratory Variables

Is recommended hanger being used to lower primary infusion?
Is hanger fully extended?
Is the secondary connect to the primary set above the infusion pump?
Does the primary tubing have a check valve?
Is the secondary unclamped?
Is there concurrent flow from the primary during secondary infusion?*
*Was the entire secondary volume administered?
*Is the secondary infusing at the primary rate?*
*Is the primary infusing at the secondary rate?*

*Not all these observations occurred while the medication was actively infu
sulting in some totals that were less than 200.

556 www.journalpatientsafety.com
deviation that puts the patient at risk.6 In addition, if the level of
the IV smart pump is above the level of the patient, it becomes
more difficult to achieve required IV bag heights because clini-
cians are no longer able to actually reach the infusion bags.

Unfortunately, the operator’s manual provided for reference of-
fers very ambiguous guidance regarding the height of the pump
relative to the patient.19 It is through an understanding of the tech-
nology and our best interpretation of themanufacturer’s guidance that
we provide this clinical guidance. The manual19 reads as follows:

“A fluid container is positioned above or below the patient’s
administration site, pressure forces associated with the fluid’s
head-height (distance measured from the center of the pump to
the top of the fluid in the source container) cause deviations in
the nominal specification for device flow rate accuracy.” (B-1)

“Always hang the fluid container so that the level of fluid in the
container is 610 ± 51 mm (24 ± 2 in) above the center of the in-
fusion pump.” (B-1)

Additional manufacturer information references only the posi-
tion of the primary and secondary infusions relative to the IV
smart pump, and not to patient. Given the importance of primary
and secondary infusion placement relative to both the patient and
the IV smart pump location that is needed for accurate flow, we
find the current manufacturer guidance to be lacking the specific-
ity needed for actual clinical use. This is especially concerning for
a device that is ubiquitous in acute care and carries such a high risk
for patient safety.

For aim 2, there was 6.5% adherence with manufacturer re-
quirements for primary infusion bag height. If we assume that
the pump was programmed to deliver a flush dose or continuous
infusion of the primary fluid after the completion of the secondary
medication, then the flow of fluid from the primary bag would not
be accurate unless it was repositioned to the required primary bag
back of 24 ± 2 inches after completion of the secondary infusion.
As previously discussed, this an unrealistic expectation for clini-
cians. Not only is it impractical for nurses to be called back into
a patient’s room on completion of every secondary medication,
but also the Baxter pump does not allow the clinician to program
a secondary infusion without also programming a primary flush.
This feature eliminates the opportunity for notification immedi-
ately upon secondary infusion completion. Furthermore, if the cli-
nician follows both primary and secondary head-height require-
ments (placement of primary bag 24 ± 2 inches above the pump
and hanging the secondary bag by a fully extended hanger), the
n (%)

Yes No

200 (100) 0 (0)
141 (70.5) 59 (29.5)
195 (97.5) 5 (2.5)
200 (100) 0 (0)
198 (99) 2 (1)
20 (24) 63 (76)
90 (61) 57 (39)
12 (13.5) 77 (86.5)
9 (5) 170 (95)

sing, so some aspects of these observations were recorded as uncertain, re-

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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secondary infusion would be hanging approximately 36.5 inches
above the vertical centerline of the pump, potentially leading to
an increase in flow of about 1.2% compared with the programmed
rate.6 Thus, the only way to comply with both requirements is to
constantly move the positions of the primary and secondary infu-
sions with each secondary medication administration. The com-
plexity of this situation illustrates the clinical impracticality of
these manual head-height requirements for high-risk IV medica-
tion administration for care of acutely ill patients.

Until IV smart pumps with less setup complexity becomemore
widely used, clinicians who use head-height dependent IV smart
pumps such as the Baxter Spectrum IQ cannot practically ex-
pect flow rate accuracy during actual clinical use. Finally, the
head-height requirement for accurate flow only impacts the intake
pressure (pressure generated above the pump) needed for accurate
flow.6 Outlet pressure (pressure below the IV smart pump which
creates resistance to forward flow) also decreases flow rate accu-
racy and is caused by common clinical factors such the use of
long, narrow venous access devices, the use of needless connec-
tor, long extension tubing, and high fluid viscosity.6

For aim 3, there was 69.5% adherence with the required setup
using a fully extended hanger. The concern for the other 29.5%
of infusions is that the inadequate head-height differential that re-
sults from use of a folded hanger will lead to concurrent flow from
both primary and secondary bags, which will likely worsen as
fluid level in the secondary bag decreases. Furthermore, even with
the use of a fully extended hanger, when the primary and secondary
infusions are hung on separate IV poles, the head-height differential
may be insufficient despite a fully extended hanger. In either case,
the result is decreased secondary flow rate or concurrent flow with
the primary. In the worst case, the secondary medication may not
flow at all while the primary fluid infuses at the secondary pro-
grammed rate. When the pump indicates that the secondary infu-
sion has completed, there will still be fluid volume in the secondary
bag despite the pump indicating delivery of the fully programmed
volume. This is because volume displayed by the pump is calcu-
lated based on the infusion duration and the programmed rate, not
secondary fluid volume, somethingmost clinicians do not realize.23

With regard to the additional exploratory variables, several of
the findings are of interest because of their impact on the accuracy
of IV smart pump fluid flow.

•While the hangers for secondary infusion were used 100% of the
time, almost 30% of the time they were used incorrectly. This
practice likely caused a decrease in actual IV flow rate, contrib-
uting to secondary medication underdelivery and occult medica-
tion administration error.

• There were 5 observations (2.5%) where the secondary medica-
tion was connected to a Y-site below the level of the pump. This
setup completely bypasses the ability of the IV smart pump to
regulate the secondary infusion, making the flow rate dependent
on the manual adjustment of the roller clamp. When this occurs,
the flow of the secondary medication is entirely gravity depen-
dent with no flow regulation from the pump. In addition, once
the fluid in the secondary medication has been fully infused,
there is no IV pump safeguard to identify alert the user if air from
the medication infusion has entered the IV tubing, creating a po-
tentially serious safety hazard to the patient.

• Concurrent fluid flow from the primary infusion during second-
ary infusion was observed 24% of the time, and in 61% of the
observations, there was volume remaining in the secondary med-
ication bag after the pump indicated that the infusion was com-
plete. Finally, there were observations where the primary was in-
fusing at the secondary rate, and where the secondary was infus-
ing at the primary rate. These are all important findings that
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
should be of concern to all acute care clinicians as these findings
provide additional evidence that nonadherence with these com-
plex system setup requirements is having a negative impact on
the delivery of IV smart pump medication administration.

• The findings presented in Table 1 documenting the frequency of
secondary medication type are consistent with the findings from
previous research regarding the types of medications that are
most commonly administered using secondary infusion.9

LIMITATIONS
The authors recognize that the study used a point prevalence,

convenience sample approach, and made no attempt to observe
each infusion from beginning to end. This limits the ability to fully
understand the full implications of the observations. Data were
collected in a single site, which may or may not reflect overall in-
fusion practices in all U.S. acute care hospitals. In addition, nurses
were not interviewed about their decision-making process regard-
ing setup choices made. Given the complex setup requirements of
head-height dependent IV smart pump systems and the lack of
frontline clinician knowledge19 regarding these requirements, the
authors acknowledge that there are times in real-world clinical envi-
ronments inwhich the ideal setup is difficult or impossible to achieve.
Thus, in the short term, we need clinicians to bewell-informed re-
garding the technical limitations of head-height dependent sys-
tems, so clinicians can weigh options to minimize overall risk.
A larger-scale trial including multiple sites, additional IV smart
pump types, various hospital sizes, clinician interviews, and a
larger sample size is needed to more fully understand IV smart
pump medication administration practices that can be generalized
to broader populations.

CONCLUSIONS AND IMPLICATION FOR
FUTURE RESEARCH

These findings provide additional evidence to support that ad-
herence tomanufacturer setup requirements of head-height depen-
dent IV smart pump is difficult, if not impossible, to achieve dur-
ing actual clinical use. Acute care clinical settings have substantial
physical space limitations at the bedside, there is competition for
space with other bedside equipment, workflow realities such as
the need for patient mobility and transport, and the limited avail-
ability of appropriate and mobile IV poles all contribute to the
ability of clinicians to comply with IV smart pump head-height
differential system setup requirements. Furthermore, as the vast
majority of nurses are women with an average height of 5′3.5″,28

most would need to stand on stools to achieve the required head
heights, which is not realistic and also creates a significant clinician
safety hazard.

Coupled with a larger-scale study, additional knowledge assess-
ments of frontline caregivers on this topic are warranted. Learning
more about the overall knowledge level of professional nurses re-
garding technical requirements, limitations, and clinical outcomes,
as well as potential for error during secondary medication admin-
istration, is needed. This crucial information can be used to inform
the development and application of educational materials to assist
clinical decision making to improve the safety of the secondary
medication administration process, even if only in the interim as
more comprehensive practice-based research data are collected.
Even if relevant knowledge is provided to every frontline nurse,
the present system requirements for using head-height differential
systems to obtain flow rate accuracy are too complex to achieve
consistency at the point of care, putting patients at risk for serious
medication error. The use of head-height differential IV smart
pumps, which require a check valve, is outdated and risk-prone
even when applied to relatively low risk uses such as small volume
www.journalpatientsafety.com 557
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antibiotic doses, the complexity of the manual setup process is un-
acceptable and poses a significant risk to patient safety. To im-
prove this process for both nurses and patient safety, consideration
of alternative human factors–designed technology that can re-
place manual processes is needed. This need has already been rec-
ognized by the Institute for Safe Medication Practices in their
most recent guidance, where they recommend the use of systems
for secondary medication infusion that do not require a head-
height differential.8

Clearly, there is an urgent need for IV smart pump innovation,
based on human factors usability design, to create solutions which
better address the real-life clinical issues that exist at the point of
care. The need to improve IV smart pump usability sits at the cross-
road of clinical workflow and patient safety, and IV smart pump
manufacturers have a responsibility to invest in more innovative
technology solutions to improve the process of care in this very
important area of patient safety.
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