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Do you know what doses are being programmed in the OR?
Make it an expectation to use smart infusion pumps withDERS

Smart infusion pumps with dose error-reduction systems (DERS) have
become the standard of care for parenteral medication delivery. These
devices allow organizations to create a tailored library of medications
and hydrating solutions with standard concentrations, dosing/infusion
limits, and alerts (e.g., clinical advisories, soft stops, hard stops). Smart
pumps with DERS can detect dosing and programming errors, and
thus have been shown to reduce the incidence of medication errors.1-6

They can also provide a great deal of data that is useful in improving safe practices.

Use of smart pumps in the OR
The use of smart infusion pumps is most critical in patient care areas where high-alert
medications are administered, including in the operating room (OR). While use of
smart pumps in patient care locations outside the OR has spread,7,8 lower usage in the
OR, endoscopy suites, and other procedural areas, particularly for epidural infusions,
has been observed.8 Furthermore, compliance with engaging DERS, a vital decision
support system, is lower in these procedural areas, risking potentially harmful errors.  

To cite one example, a certified registered nurse anesthetist (CRNA) programmed a smart
pump to deliver a dexmedetomidine infusion (4 mcg/mL) at a rate of 0.15 mcg/kg/minute
instead of 0.15 mcg/kg/hour for several hours before the error was noticed. With the
patient’s weight of 66 kg, this resulted in an infusion rate of 148 mL per hour instead
of the correct 2.5 mL per hour. Instead of selecting dexmedetomidine from the drug
library when programming the smart pump, the CRNA used an infusion mode outside
the DERS and accidentally selected “Min” for minutes instead of hour. The pump did
not issue a dose warning since the DERS had not been engaged. No long-term
adverse effects were reported since the patient was closely monitored, and any short-
term cardiovascular effects were quickly corrected during the surgical procedure. 

Barriers to the use of smart pumps in the OR
Traditionally, there are several known barriers to optimal use of smart infusion
pumps with DERS, including programming and workflow issues; pump technology
limitations and usability issues; resource-intensive builds, maintenance, and updates
of customized drug libraries; issues with secondary and intermittent infusions; prob-
lems with wireless connectivity, including security (potential hacking) issues; and
DERS decision support challenges such as alert/alarm fatigue and the ease of opting
out.8 In addition to these, unique barriers and challenges may exist in the OR:  

Unclear or no expectation for anesthesia providers and other OR practitioners
to use smart pumps with an engaged DERS
Not educating anesthesia providers and other OR practitioners to promote
understanding of the capabilities and limitations of smart infusion pumps,
including loading and bolus dose capabilities 
Failure to understand that “anesthesia mode” settings (available with some
smart pumps) reduce all hard stops to soft stops, thereby allowing overrides of
dosing limits that had been established with the intent of never being bypassed
Different concentrations and dosing units between the OR and critical care areas

You will need to relabel this generic
insulin pen. We were surprised to learn
that the syringe and carton labels for Novo
Nordisk Pharma’s new generic insulin for
the NOVOLOG MIX 70/30 (insulin aspart
protamine/insulin aspart) FlexPen (Figure
1A) do not specify the 70/30 ratio expression.
Only the package insert mentions the 70/30
mix (70% insulin aspart protamine, 30%
insulin aspart). Practitioners will not be able
to refer to the pen or carton label to make
sure they have the correct insulin. Oddly, the
brand product, NovoLOGMix 70/30, from the
parent company, Novo Nordisk, includes the
ratio on both the pen (Figure 1 C) and outer
carton label. There is also a 10 mL vial of the
generic insulin (100 units/mL) that does not
list the 70/30 ratio. Another problem with the
syringe label is the small, inconspicuous
notation that it contains 100 units/mL, which
is printed on the back of the label, away from
the drug name, on a dark background (Figure
1 B), making it hard to find and see. 

In January, the new insulin was launched
as an authorized generic, which means it is
the same as the brand drug but does not
use the brand name on the label (www.ismp.
org/ext/358). If you are using this product,
we recommend warning pharmacy and
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Figure 1. Generic insulin FlexPen label (A) lacks
information about the ratio of insulin aspart
protamine to insulin aspart (70/30). In small font,
100 units/mL is listed on the back of the pen, away
from the product name (B). The company’s
NovoLOGMix 70/30 brand label (C) provides ratio
information embedded in the brand name.
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to which postoperative patients may be transferred with medication infusions
that were started in the OR
Complexity of the process for selecting the proper library when transferring
patients from the OR to the post-anesthesia recovery unit and/or inpatient unit
Perception of unacceptable soft or hard dose/infusion rate limits for medica-
tions/hydrating solutions used in the OR
Frequency of loading and bolus doses administered in the OR 
Not including anesthesia providers and other OR practitioners on the team
when building the anesthesia/OR drug library 

Notwithstanding these issues, one of the most fundamental ways to improve med-
ication safety in the OR is to ensure anesthesia providers and other OR practitioners
are employing smart infusion pumps with DERS. 

Data analytics regarding excessive doses in the OR
Once anesthesia providers and other OR practitioners are using smart infusion
pumps, the best way to provide visibility of the practices associated with medication
administration in the OR is through evaluation of the pump data. Historically, this
data has focused on compliance with engaging DERS and the management and
reduction of alerts and alarms. While these measures are critically important, there
is additional value in this data to understand the range of doses administered,
including doses that could be supratherapeutic and harmful. 

To this end, ISMP has reviewed data from the Bainbridge Health* infusion pump
network to analyze the prevalence with which anesthetic or sedation agents are
programmed in excess of the recommended dosing range. Below are just two
examples from network hospitals that requested help evaluating the dosing patterns
of commonly used medications administered by anesthesia providers in the OR. 

Propofol dosing
Propofol is a common general anesthetic agent administered during procedures.
The usual adult dose of propofol for maintenance of general anesthesia is 100 to
200 mcg/kg/minute. Figure 1 (page 5) shows the distribution of propofol doses
administered at or above the upper adult dosing limit of 200 mcg/kg/minute in 16 network
hospitals during the calendar year 2019. The figure shows that, over 12 months, many
doses were programmed at or above 200 mcg/kg/minute. Even if the upper dosing limit
was set at 300 mcg/kg/minute, as it is for pediatric patients, quite a few doses exceeded
this amount. Doses were as high as 800 mcg/kg/minute, which infused for more than
50minutes in one case. Propofol can cause significant patient harm at high doses,
notably severe hypotension and respiratory depression.

Dexmedetomidine dosing
Dexmedetomidine is a sedative often used for procedural sedation. The usual adult
dose for a maintenance infusion is 0.2 to 1.5 mcg/kg/hour. Figure 2 (page 5) shows the
distribution of doses administered at or above 2 mcg/kg/hour in 5 network hospitals
during the calendar year 2019. The figure shows that, over 12 months, many doses
were greater than 2 mcg/kg/hour. Even if the upper dosing limit was 2.5 mcg/kg/hour
(although it is thought that doses greater than 1.5 mcg/kg/hour do not add to clinical
efficacy),9 quite a few doses exceeded this amount. Dosing was as high as 5 mcg/kg/hour,
which infused for as long as 35 minutes in two cases. Dexmedetomidine can cause
significant patient harm at high doses, notably severe hypotension and bradycardia. 

Learning from the high-dose data
These two examples highlight the value of data that describe the doses commonly
administered for OR medications infused via smart pumps. In both examples, there
were many programmed doses that were, in some cases, 3- to 4-fold greater than

> Doses programmed in the OR — continued from page 1

continued on page 3 — Doses programmed in the OR > continued on page 3 — SAFETY briefs >

cont’d from page 1

© 2020 ISMP. Reproduction of the newsletter or its content for use outside your facility, including republication of
articles/excerpts or posting on a public-access website, is prohibited without written permission from ISMP.

nursing staff about the labeling problem.
Pharmacy should add an auxiliary label or
relabel the product to note the ratio expres-
sion and that each 100 units contains 70 units
of insulin aspart protamine and 30 units of
insulin aspart. ISMP contacted FDA and the
manufacturer requesting clarification on the
labels (carton/syringe/vial) so they indicate
the specific amount of insulin aspart prota-
mine and insulin aspart contained within. 

Potential harm from tablet mix-ups due
to similar imprints and appearance.
Pharmacy staff sometimes tell us they fear
an error might happen because different
medication capsules or tablets look similar.
Since reading container labels, scanning
barcodes, and carefully purchasing and
storing drug containers are more useful
strategies for error prevention than visually
differentiating tablet or capsule appearance,
we do not typically warn readers about
these situations or contact manufacturers
to recommend changes to the drug’s
appearance. However, we recently received
a report that represents an exception. 

Both indapamide 2.5 mg (ANI Pharmaceu-
ticals) and spironolactone 25 mg (Amneal
Pharmaceuticals) are round white tablets.
Indapamide has an imprint code of ANI 511,
while spironolactone has an imprint code
of AN 511, which makes them extremely

difficult to tell apart visually (Figure 1). Also,
in community pharmacies, both medication
bottles might be on the work counter at the
same time. A patient might have prescrip-
tions for both indapamide, a thiazide-like
diuretic, and spironolactone, which helps
manage potassium loss from indapamide.
Given that these tablets look identical, phar-
macy staff could easily return unused
tablets from a counting tray to the wrong
bottle or robotic dispensing container, and
then later mistakenly dispense the wrong
medication to another patient. Technology
is unlikely to prevent this type of error. 

Figure 1. Indapamide 2.5 mg (left) supplied by ANI
Pharmaceuticals (NDC 62559-511-01) looks very
similar to spironolactone 25 mg (right) supplied by
Amneal Pharmaceuticals (NDC 65162-511-10).
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the upper therapeutic range for these medications. The best way to know this is
happening is to require infusions to be programmed using smart pumps with DERS,
and to have a process in place to evaluate the resulting saved pump data.   

To find out why high doses were being administered, these data were brought back
to the providers who administered the medications for further investigation. Some
of the common practices that were identified as contributing to these high doses
included the following:  

Lack of using a pump’s loading and bolus dose feature. Most of the
smart pumps currently on the market offer features that allow clinicians to
safely program and administer a loading or bolus dose and then resume the
maintenance infusion at the prescribed rate of infusion. This process involves
simply entering the desired loading or bolus dose along with the maintenance
dose into the pump; once that loading or bolus dose is delivered, the pump
begins/resumes administration of the drug at the programmed maintenance
infusion rate. Due to a lack of using this loading or bolus feature (in some cases
because hard stops had become annoying or staff were not trained to use it),
anesthesia providers were often increasing the rate of the maintenance infusion
to administer bolus doses. This is a significant safety concern given that there
are no prompts or reminders to anesthesia providers to return to a maintenance
dose infusion rate once the bolus has been administered (as likely happened
with the longer high-dose infusions). Thus, the risk of an overdose is high.

Lack of hard stops in anesthesia/OR libraries. Because there were no hard
stops for propofol and dexmedetomidine doses that exceeded safe limits, it was
easy to bypass any soft stops and alerts that were issued. There are two drivers
for lack of hard stops in anesthesia/OR drug libraries. The first involves omission
of hard stops when building drug libraries, particularly if there is resistance to
hard stops by anesthesia providers. The second involves functionality with some
smart infusion pumps that turns alerting hard stops into soft stops when the
pump is being used by anesthesia (“anesthesia mode”). 

Recommendations
The first hurdle is to ensure anesthesia providers and other OR practitioners appro-
priately employ DERS when using smart infusion pumps for all medications, including
loading and bolus doses, and hydrating fluids. Administering high-alert medication
infusions using smart pump technology was one of the key recommendations stem-
ming from a 2010 Anesthesia Patient Safety Foundation (APSF)-sponsored conference
for improving medication safety in the OR that focused on Standardization, Technology,
Pharmacy/Prefilled/Premixed (Medications), and Culture (STPC).10The updated ISMP
Guidelines for Optimizing Safe Implementation and Use of Smart Infusion
Pumps significantly expands expected use to all medications and fluid infusions.11

The following are key to implementing these recommendations and reducing the
risk of inappropriate high-dose drug administration in the OR:

Engage anesthesia providers/OR practitioners. Build the anesthesia/OR drug
library using an interdisciplinary team that includes anesthesia providers and other
OR practitioners. Using this team, implement a systematic process for quarterly
review of the library content that includes recent literature, evolving practice changes,
facility-specific requests, formulary changes, and pump data. Communicate any
changes to the anesthesia/OR drug library to end users.  

Implement hard stops in the DERS. Implement upper and lower hard limits for
medication doses, concentrations, infusion rates, and loading and bolus doses (often
different than hard limits for maintenance infusions) used in the OR. Consider limiting
the use of smart pumps in “anesthesia mode,” if available. The use of hard stops can
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cont’d from page 2
A mix-up could be harmful. If spironolactone
tablets were placed into an indapamide con-
tainer, spironolactone might be dispensed
to patients who already take spironolactone,
which could lead to hyperkalemia. Or, hypo-
kalemia might occur if they take two tablets
of indapamide. Also, patients who use online
tablet/capsule identification resources could
easily misidentify these tablets.  

Pharmacists should ensure that both of
these brands are not stocked in the phar-
macy. There are alternative manufacturers,
especially for spironolactone 25 mg. The
US Food and Drug Administration (FDA)
notes that the products likely meet federal
requirements since they are clearly marked
or imprinted with a code that, in conjunction
with the product’s size, shape, and color,
permits the unique identification of the drug
product. However, we hope that one of the
companies will voluntarily change the tablet
code and tablet appearance. 

continued on page 4 — COVID-19 >

View FREE COVID-19 webinar 

On March 4, CriticalPointpresented a web-
inar, COVID-19: Downstream Implications
for Sterile Compounding, which is freely
available as a recording on the CriticalPoint
Peer Network (www.ismp.org/ext/357; to
access the webinar, you need to register
for a free subscription to the CriticalPoint
Peer Network). On various professional
pharmacy listservs, we have noticed that
those who attended the webinar have been
recommending the recording to colleagues.
ISMP also attended the webinar, and if you
have not already viewed it, we feel it is well
worth your time to do so! CriticalPoint offers
practical advice for developing a plan to
start conserving garb (personal protective
equipment) to prevent contamination of
compounded sterile preparations.  

CriticalPoint offers an expert opinion about
temporary changes to work practices that
may be necessary to maintain a state of
microbial control during sterile compound-
ing while dealing with garb shortages
brought on by the COVID-19 virus outbreak.
This includes conservation strategies for
face masks, shoe covers, gowns (and head
covers), and alcohol-based hand rubs. Ster-
ile gloves are not expected to be in short
supply. For example, if gowns become
scarce, CriticalPoint recommends practices
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serve as a forcing function and dramatically reduce the incidence of incorrect infusion
pump programming. 

Make use of DERS an expectation. Leadership needs to establish that the use of
DERS in smart infusion pumps is an expected practice in the OR and other perioper-
ative areas for all continuous medication infusions, intermittent and secondary infu-
sions, loading and bolus doses, patient-controlled analgesia infusions, epidural and
nerve block infusions, and hydrating solution infusions (except when the hydrating
fluid administration rate is greater than the pump allows). 

Default to DERS.When possible, use smart pumps that default to programming in
DERS and also make it prominently visible when operating outside of DERS.

Require use of the bolus feature. If administering a loading or bolus dose from a
continuous medication infusion, only use the bolus feature (with hard limits) that
automatically switches to the maintenance infusion rate once the loading or bolus
dose has been delivered. Do not allow the delivery of loading or bolus doses from
the continuous infusion by simply increasing the rate of infusion.

Provide training. Implement standardized training and competency assessments
for the use of smart infusion pumps with DERS for anesthesia providers and other
OR practitioners. As stated above, some of the causes that have been identified for
programming high doses in the anesthesia care profile involve a lack of understanding
of the capabilities of smart pumps. Providing appropriate “hands on” education to
help anesthesia providers and other OR practitioners understand the capabilities
and potential limitations of smart infusion pumps could help mitigate some unsafe
practices, such as administering loading or bolus doses by increasing the continuous
infusion rate.

Standardize concentrations. Standardize and limit the number of different drug
concentrations and dosing units between the OR and critical care areas for typical
infusions started in the OR and likely continued in critical care units. Use pharmacy-
prepared or premixed infusions, and ensure the concentrations and dosing units are
consistent within the electronic health record and pharmacy IV workflow systems.

Establish transfer protocols. When transferring patients receiving infusions from
the OR to a recovery and/or patient care unit, establish a process to ensure the drug
library profile is appropriate for the receiving area/unit. If not, establish a procedure
to safely switch the patient’s smart pump to the appropriate library and program-
ming.

Use data to understand practice. Provide dedicated time and resources for
regular (e.g., at least quarterly) review and analysis of OR smart infusion pump data.
Analyze basic and advanced pump metrics8,11,12 to evaluate DERS compliance (goal of
95% or greater), monitor alerts and actions taken in response to alerts, and investigate
potential medication errors and/or trends. Providing visibility of the potential for
medication errors can be the first step in ultimately reducing the incidence of adverse
events in the OR.  

Remove barriers. Understanding the barriers to using smart pumps with DERS in
the OR is a vital step. This can be accomplished through focus groups of anesthesia
providers and other OR practitioners, surveys, other forms of end-user input, and
analysis of basic and advanced pump metrics. If barriers or potentially harmful trends
are identified, organization-specific improvement plans (e.g., update the library, address
nuisance alerts, modify clinical workflow or procedures, identify opportunities for
additional education) should be established to remove or reduce these barriers and
reduce potentially harmful behaviors. 
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associated with gown reuse and the sup-
plemental use of readily available, disposable
sleeve covers. If face masks become scarce,
alternatives are discussed as well as rec-
ommendations around reuse that attempt
to avoid compromising microbial control in
sterile compounding rooms. 

Some of the temporary measures recom-
mended by CriticalPoint are not in compli-
ance with USP <797>. Thus, CriticalPoint
also asks viewers to consider weekly sur-
face sampling inside the direct compounding
area and suggests what to do if there are
excursions. Pharmacy staff are asked to
share ideas with CriticalPoint (more
info@criticalpointce.com) so they can be
posted on the Peer Network. 
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Seek external assistance with data analytics. In ISMP’s 2018 survey on pump
data analytics, we found that 96% of respondents believed that using data from smart
infusion pumps was vital to driving quality improvement. However, only 22% of
respondents felt that their organization had the correct resources and skills to capture
meaningful and actionable insights from this data.12 If this is the case in your organiza-
tion, ISMP recommends utilizing external resources, such as data companies (e.g.,
Bainbridge Health, Regenstrief National Center for Medical Device Informatics
[REMEDI]) or infusion pump manufacturers, to assist with data evaluation when needed.
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Propofol Doses (mcg/kg/minute) vs. Infused Times (hour:minutes)

Dexmedetomidine Doses (mcg/kg/hour) vs. Infused Times (hour:minutes)

5

4

3

2

00:05 00:10 00:15 00:20 00:25 00:30 00:35 00:40 00:45

Do
se
 (m

cg
/k
g/
hr
)

800

700

600

500

400

300

200

Do
se
 (m

cg
/k
g/
m
in
)

Infused Time (hour:minutes)

00:05 00:10 00:15 00:20 00:25 00:30 00:35 00:40 00:45 00:50 00:55 01:00 01:05 01:10 01:15
Infused Time (hour:minutes)

reveal widespread use, but optimization is
challenging. ISMP Medication Safety Alert!
2018;23(7):1-5. 
Venn M, Newman J, Grounds M. A phase II9)
study to evaluate the efficacy of dexmedeto-
midine for sedation in the medical intensive
care unit. Intensive Care Med. 2003;29(2):
201-7.
Eichhorn JH. APSF hosts medication safety10)
conference. APSF Newsletter. 2010;25(1):1–20. 
ISMP. Guidelines for optimizing safe imple-11)
mentation and use of smart infusion pumps.
2020. www.ismp.org/node/972
ISMP. Survey results: smart pump data12)
analytics. Pump metrics that should be
monitored to improve safety. ISMP Medica-
tion Safety Alert! 2018;23(14):1-4.

*ISMP thanks Sean O’Neill, PharmD, co-founder and chief clinical officer at Bainbridge Health,
for providing data and other content for this article. 
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Figure 1. Propofol doses programmed at or above 200 mcg/kg/minute during 2019 (N=16 hospitals)

Figure 2. Dexmedetomidine doses programmed at or above 2 mcg/kg/hour during 2019 (N=5 hospitals)

http://www.ismp.org
http://www.consumermedsafety.org
http://www.twitter.com/ISMP1
http://www.facebook.com/ismp1
http://www.medsafetyofficer.org


For information about endorsing or supporting this effort, send queries to selfassess@ismp.org or call 215-947-7797

Expected release:
September 2020

Identify opportunities for improvement
Create organization-specific, safety-focused initiatives 
Compare your results with demographically similar organizations 

Start building your perioperative assessment team to:

ISMP has been awarded a contract from the US Food and Drug Administration
to develop a new self-assessment tool that can help interdisciplinary perioperative
teams in hospitals, ambulatory surgery centers, and other surgical sites pinpoint how
currently designed systems, staff practices, and emerging challenges may impact
perioperative medication safety. 

Coming this Fall!

ISMP Medication Safety Self Assessment®

for Perioperative Settings

Look for more information about this
new assessment tool this summer!


