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IN BRIEF This article reviews potential challenges to and necessary
considerations for ensuring the safe and effective use of insulin in the hospital
setting. It offers practical suggestions for managing insulin-related issues
regarding medication reconciliation, general inpatient management, and the

use of concentrated insulin products.

ore than 29 million Americans

have diabetes (1). It is one of

the most common disease
states encountered in the inpatient
setting. From 1998 to 2009, the num-
ber of hospital discharges that listed
diabetes as a diagnosis rose from 2.8
million to nearly 5.5 million (2). One
may assume that number is higher
today given the consistent increase in
diagnosing diabetes.

In most clinical situations, insulin
is the preferred method for hypergly-
cemia management in the inpatient
setting (3). The most common con-
centration ordered to control blood
glucose, regardless of its pharmacoki-
netic profile, is U-100 (100 units/mL)
(4). Dosing of U-100 generally ranges
from 0.2 to 1 units/kg/day, with some
patients requiring =3 units/kg/day.
Higher doses result in multiple daily
injections, and problems with absorp-
tion and administration often arise.
Regular U-500 insulin (500 units/
mL) is five times more potent than
U-100 insulin and is typically used in
patients with type 1 or type 2 diabe-
tes who are severely insulin resistant
and cannot achieve glycemic control.
Until recently, regular U-500 insulin
was the only concentrated insulin
available (5—7). The advent of newer
concentrated insulins is appealing to

both prescribers and patients because
a smaller volume is required per
injection when high doses of insulin
are needed. However, there are no
current clinical guidelines to assist
prescribers with concentrated insulins
within the inpatient setting.

Insulin is identified as a high-
alert medication by the Institute for
Safe Medication Practices (ISMP)
and is commonly involved in med-
ication errors in inpatient settings
(8). Insulin-related medication errors
can cause serious harm—sometimes
even fatal harm—and can occur in
all hospital settings (i.e., emergency
departments, critical care units,
medical-surgical units, and the
perioperative setting). Adverse events
related to insulin are also a major rea-
son for presentation to the emergency
department.

In 2013, the American Society of
Health-System Pharmacists released
recommendations from an expert
panel for enhancing the safety of
insulin use across the medication
process in hospitals (9). The panel
identified the following phases in
which errors involving insulin occur
during the medication process: pre-
scribing, transcribing, dispensing and
storage, administering, and mon-
itoring. With the recent approvals

SPECTRUM.DIABETESJOURNALS.ORG


mailto:dkolan@midwestern.edu

of newer and concentrated insulin
formulations, inpatient management
may become even more challenging,
increasing the potential for medica-
tion errors.

This article provides guidance
on insulin therapies and challenges
specific to the inpatient setting and
addresses medication reconciliation,
considerations that practitioners face
with inpatient insulin management,
and challenges regarding the use of
concentrated insulin products.

Medication Reconciliation
Medication reconciliation is a process
to which many health care profession-
als (HCPs) are exposed. It occurs at
admission, discharge, and any tran-
sition of care (i.e., from the intensive
care unit to the medical-surgical floor
or from the operating room to the
medical-surgical floor). Transitioning
patients who are on insulin therapy
from the outpatient to the inpatient
setting and vice versa can be challeng-
ing. If not performed correctly, it may
result in harm to patients.
Medication reconciliation is
designed to prevent medication errors
from occurring at all levels of care
(10). Its goal is to obtain the most
complete and accurate list possible of
all medications, including over-the-
counter and herbal products, that a
patient is currently taking. The names,
doses, routes, frequency, and purpose
of each medication ideally should be
obtained for all medications (11).
When obtaining information
about patients’ preadmission insulin
regimen, it is strongly suggested to
confirm both the dose in units and
the volume (e.g., insulin glargine 20
units equals 0.2 mL) (4,9). Unlike
the U-100 forms of insulin, the
concentrated formulations do not
correspond to the dose markings on
a regular U-100 insulin syringe. If
possible, having patients demonstrate
or verbally describe their dose on the
syringe they use can assist in dose
validation (12). Insulin products also
may be reconciled by calling patients’
preferred outpatient pharmacy to ver-
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ify the formulation and strength they
have received. Confirming the insu-
lin name and concentration is also
crucial to preventing errors (13). For
example, insulin degludec is avail-
able in concentrations of U-100 and
U-200, but both concentrations are
marketed as Tresiba (14). One also
cannot assume that insulin glargine
means Lantus because the con-
centrated insulin glargine U-300,
marketed as Toujeo, is now also avail-
able (15). The U.S. Food and Drug
Administration (FDA) also approved
Basaglar, another insulin glargine
U-100 formulation, in December
2015 (16).

Once a complete medication list
has been obtained, the prescriber
should review and act on each med-
ication (11). The list should also be
compared to medications already
ordered for the patient to identify
and resolve discrepancies. Several
factors such as infection, concomi-
tant medications known to increase
blood glucose, and stressors also
should be taken into consideration
because they may warrant additional
insulin to control hyperglycemia (4).
Management strategies will be dis-
cussed later in this article.

Most institutions have a limited
formulary for insulin products. At
one institution, for example, the
preferred rapid-acting insulin is
insulin lispro and the preferred long-
acting insulin is insulin glargine.
For patients who are receiving other
formulations before admission, most
institutions transition to the preferred
formulary agent. This ensures patient
safety and streamlines product usage
throughout the inpatient setting.
However, the availability of newer
concentrated insulins will make this
transition challenging for patients
who were prescribed these agents
before admission. How to transition
patients who were receiving a con-
centrated insulin before admission is
discussed later in this article.

At discharge, the reconciled
pre-admission medication list should
be compared to physicians’ discharge
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orders and the medication adminis-
tration record, and differences should
be resolved before discharge. The pur-
pose, dosage, administration times,
and frequency of each medication
should be reviewed with patients (4).
The following topics also should be
reviewed with patients: 7) the HCP
who is responsible for diabetes man-
agement after discharge; 2) patients’
level of understanding related to the
diabetes diagnosis, self-monitoring
of blood glucose, and home blood
glucose goals; 3) the definition, rec-
ognition, treatment, and prevention
of hypoglycemia and hyperglycemia;
4) patients’ nutrition and diet hab-
its; 5) when and how to administer
insulin; 6) sick-day management;
and ) the proper use and disposal
of needles and syringes (3,17).
Additionally, patients who are pre-
scribed concentrated insulins should
be counseled about and demonstrate
their understanding of how to use
their syringe of choice (tuberculin or
regular insulin syringe) (12). This is
especially important for patients who
were injecting U-100 insulin before
admission but are changing to U-500
insulin at discharge. However, U-500
insulin soon will also be available
as a pen, mitigating any confusion
regarding doses or volumes to be
administered (18). Newer insulins
such as U-200 and U-300 will only be
available as pens (14,15). Regardless
of the strength prescribed at the time
of discharge, patients should be coun-
seled about and demonstrate proper
pen administration technique before
leaving the hospital (3,9). Providing
comprehensive reviews of insulin
administration and the differences
between U-100 insulin and the con-
centrated insulin being prescribed
also will assist in assessing patients’
knowledge and understanding and
help to prevent adverse reactions (4).

Diabetes educators, nurses, and
pharmacists can play pivotal roles in
the discharge process. In addition,
a pharmacist, social worker, or case
manager should confirm that patients’
preferred outpatient pharmacy has
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the concentrated insulin being pre-
scribed in stock or can acquire it
before discharge (4). Some hospital
policies may also allow a temporary
supply to be dispensed to patients
at discharge. Both strategies ensure
adequate glycemic coverage and con-
tinuity of care. Close follow-up also
should be arranged with a primary
care provider, endocrinologist, or dia-
betes educator no later than 1 month
after discharge, especially for patients
newly initiated on insulin (3,17).
Providing copies of discharge sum-
maries or communicating directly
with these providers can facilitate safe
transitions to the outpatient setting.
Information provided should include
reasons for hyperglycemia or the plan
for determining its etiology, related
complications or comorbidities, and
recommended treatments to assist in
outpatient management (3).

General Considerations for
Inpatient Insulin Management
About 25% of hospitalized patients
have a confirmed diagnosis of diabe-
tes at admission; 12% of patients have
unrecognized diabetes or hospital-re-
lated hyperglycemia (19). Several fac-
tors challenge the inpatient manage-
ment of hyperglycemia. Nutritional
status should be considered at the
time of initiation of an insulin reg-
imen and throughout a patient’s
length of stay (LOS) (4). Decreases in
appetite or caloric intake during a pa-
tient’s LOS can lead to lower insulin
requirements. In addition, an NPO
(“nothing-by-mouth”) status before
scheduled procedures or surgeries
should be taken into account (3).
Both situations may prompt changes
in insulin needs. During these times,
it is reccommended to continue bas-
al insulin and discontinue prandial
insulin orders. If additional coverage
is necessary based on blood glucose
values, correctional insulin doses may
be ordered to reduce fluctuations in
blood glucose levels. However, sole
reliance on sliding-scale insulin (SSI)
is strongly discouraged for hypergly-

cemia management in this patient
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population (3). SSI refers to gradu-
al increases in premeal insulin doses
based on predefined blood glucose
levels (20). This reactive approach
fails to take into account the amount
of carbohydrate in the meal to be
consumed or the patient’s weight,
previous insulin needs, and degree
of insulin sensitivity or resistance.
Failing to consider these factors may
lead to further episodes of hypergly-
cemia and hypoglycemia.

With the exception of patients
in critical care units, all hospitalized
patients with hyperglycemia should
be prescribed scheduled insulin ther-
apy (3). For individuals with adequate
nutrition, a regimen of subcutaneous
insulin that delivers basal, pran-
dial, and correctional components
is recommended. Order sets and
protocol-driven orders can assist with
this process, as can glucose monitor-
ing during planned and unplanned
interruptions of nutrition in the inpa-
tient setting. Registered dietitians can
assist in providing recommendations
when a patient’s nutritional issues are
complex.

When corticosteroids are initiated
in the hospital, the duration of ther-
apy and respective pharmacokinetic
profile of the corticosteroid should
be considered. For example, hyper-
glycemia attributed to short-acting,
once-daily prednisone may be man-
aged with intermediate-acting NPH
insulin (21). Long-acting corticoste-
roids such as dexamethasone may
require long-acting insulin or small
supplemental doses of NPH for
patients who are already managed
with a basal and prandial insulin reg-
imen. Blood glucose values should be
monitored closely, and correctional
insulin should be available to pro-
vide supplemental coverage as needed
(3,4). Patients discharged on a long
steroid taper, as opposed to those
receiving a short steroid burst while
hospitalized, will require outpatient
follow-up with their prescriber to
monitor their blood glucose values
and make adjustments to their insu-
lin regimen.

@ FROM RESEARCH TO PRACTICE / THE USE OF INSULIN IN DIABETES MANAGEMENT

Acute illness may cause hyper-
glycemia during hospitalization in
patients with or without a diagnosis
of diabetes (22) by increasing the
concentration of stress hormones.
Not achieving glycemic control
during an acute illness can lead to
deleterious effects such as decreased
immune functioning and wound
healing and increased oxidative stress
and inflammation.

Acute myocardial infarction is one
example of a stressor. The DIGAMI
(Diabetes Insulin-Glucose Infusion
in Acute Myocardial Infarction)
study assessed intensive versus con-
ventional glucose management in the
intensive care unit and 3 months after
discharge (23). Intensive control was
defined as the use of insulin infusion
for the first 24 hours (blood glucose
goal 126-196 mg/dL), followed by
daily subcutaneous injections. This
arm had a mean blood glucose level
of 173 mg/dL, compared to a mean of
211 mg/dL in the conventional treat-
ment arm (£ <0.001). Additionally,
l-year mortality was 29% lower in
the intensive arm (P = 0.03) and
remained significantly lower at 5
years. Intensive glycemic control in a
noncritical care setting demonstrated
similar results. Observational studies
in surgical patients with strict glucose
control showed an association with
infection risk reduction (24). Targets
followed guideline recommenda-
tions of premeal blood glucose <140
mg/dL and random blood glucose
<180 mg/dL. Appropriately manag-
ing hyperglycemia in the inpatient
setting exhibits significant short-
term and long-term benefits to overall
health status.

The biggest concern related to
insulin management is the risk
of iatrogenic hypoglycemia. This
may occur for several reasons in
the inpatient setting (Table 1) (3).
Recognizing hypoglycemia is import-
ant because it can be a key factor
in the review and modification of
patients’ insulin regimen. One study
found that 84% of patients with
an episode of severe hypoglyce-
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TABLE 1. Reasons for latrogenic Hypoglycemia in the Hospital

e Sudden reduction of corticosteroid dose

e Inability of patient to report symptoms

e Reduced oral intake
e Emesis
e New NPO status

* Inappropriate timing of short-acting insulin with regard to meals

e Reduced infusion rates of intravenous dextrose

e Unexpected interruption of oral, enteral, or parenteral feedings

mia (defined as blood glucose <40
mg/dL) had a previous episode of
hypoglycemia (defined as blood glu-
cose <70 mg/dL) during the same
admission (25). In another study,
78% of patients who experienced
hypoglycemia (defined as blood glu-
cose <50 mg/dL) between midnight
and 6:00 a.m. were receiving basal
insulin (26). Only 25% of patients
had their insulin dose adjusted as
a result of hypoglycemia before the
next scheduled administration of
insulin. It is recommended that all
hypoglycemic episodes be reviewed
as part of a root cause analysis, that
treatment regimens be reviewed and
modified (if applicable), and that
institution-specific protocols be cre-
ated and implemented for emergent
management (3,17).

Challenges of Newer Insulins

Since the first quarter of 2015, four
new insulin formulations have been
approved by the FDA. As previously
mentioned, insulin degludec U-200
(marketed as Tresiba) and insulin
glargine U-300 (marketed as Toujeo)
are new concentrated basal insulin
formulations (14,15). A combination
product consisting of 70% insulin de-
gludec and 30% insulin aspart was also
approved in the third quarter of 2015,
and a new insulin glargine U-100
product (marketed as Basaglar) was
approved in December 2015 (16,27).
It and the other concentrated insulin
products will be available in prefilled
pen devices (14—16). This is attractive
to providers and patients because regu-
lar U-500 insulin historically has been
available only in vials. Regular U-500
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insulin is now available as a prefilled
pen device, allowing for easier admin-
istration and dose conversion (18).
Other insulin concentrations
under development include insulin
aspart U-500 and BIOD-531 (13).
Insulin aspart U-500 is an “ultra-con-
centrated” insulin analog and has
been shown in animal trials to be sig-
nificantly more rapid-acting in onset
and postmeal duration than U-500
regular insulin (28). BIOD-531,
an ultra-rapid-acting concentrated
U-400 insulin, is currently undergo-
ing phase 2 clinical trials (29). Given
the rapid proliferation of these new
insulin formulations, challenges will
arise for both patients and HCPs try-
ing to optimize safety and efficacy.
As previously mentioned, prod-
uct identification is a major concern
because two different concentra-
tions of insulin are marketed under
the same brand name (13). Tresiba
(degludec) is an example of this. This
may lead to confusion for HCPs
prescribing or dispensing the medi-
cation. A feasible solution would be to
market concentrated insulin formu-
lations under a different brand name
from their U-100 counterparts. For
example, insulin glargine U-300 is
marketed as Toujeo, whereas U-100
glargine is sold as Lantus. Whether
this strategy is sufficient to combat
the issue remains to be seen. Toujeo
recently became available on the
market, and monitoring of product
identification errors will be underway
soon.
As more concentrated basal and
prandial insulin formulations receive
FDA approval, inpatient management

KOLANCZYK AND DOBERSZTYN

will become more complex because
of the variable pharmacokinetics and
limited available controlled studies
of these products. There is clinical
uncertainty regarding the best treat-
ment approaches for inpatient
management. Some hospitals rec-
ommend reinitiating U-100 insulin
in patients whose diabetes has been
controlled with concentrated insulin,
whereas others recommend main-
taining concentrated insulin during
hospitalization of medically stable
patients whose diabetes was well
controlled with it before admission
(4). However, if a patient’s insulin
requirements change, it is unclear
how to manage dosage adjustments.

Until clinical guidelines are estab-
lished, institution-specific protocols
should be created and implemented
for the inpatient use of concentrated
insulins to ensure safety and effective-
ness (4). For example, one institution
implemented a policy on concen-
trated insulin use for inpatients (30).
Assuming the patient is tolerating
a full diet, the recommendation
for converting to a basal-prandial
regimen is to: ) calculate the total
dose as 0.6 mg/kg based on actual
body weight, 2) administer half of
the total dose as basal insulin, and
3) administer the remaining half
of the total dose as prandial insu-
lin divided among three meals.
Additional correctional insulin may
be ordered to achieve blood glucose
targets. An endocrinology or certi-
fied diabetes educator consult is also
highly encouraged for all patients
when converting a patient’s home
dose of concentrated insulin to the
preferred formulary insulin product.
These HCPs can also provide recom-
mendations regarding insulin dose
adjustments when achieving nor-
moglycemia after conversion from
concentrated insulin to U-100 insulin
products is difficult.

When transitioning patients who
are already on insulin to Tresiba
(degludec) regardless of the formu-
lation chosen, the starting unit dose
can be the existing total daily unit
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dose of long-acting or intermedi-
ate-acting insulin (14). With regard to
insulin glargine U-300, the starting
dose can be the same as the existing
once-daily long-acting insulin dose
(15). However, the starting dose of
glargine U-300 should be 80% of
the existing total daily dose of NPH
to prevent hypoglycemia. An endocri-
nologist or certified diabetes educator
can provide further reccommendations
for transitioning to U-200 or U-300
insulin products.

If patients are continuing their
home concentrated insulin regimen
while hospitalized, challenges lie
in ensuring the correct dose calcu-
lation and administration. Before
the arrival of newer concentrated
insulins, U-500 regular insulin was
only available in a vial. As previously
mentioned, this can be trouble-
some because patients who use vials
are limited to either a tuberculin
syringe or a regular U-100 insulin
syringe to draw up their doses (12).
Using traditional insulin syringes to
inject concentrated insulin involves
a large amount of patient education
about dosage conversion, as well as
an understanding of the difference
between fluid by volume (in milli-
meters) versus “unit marks.”

Research published by the U.S.
Department of Veterans Affairs
observed instinctive selection of the
correct insulin syringe (U-500 or
U-100) based on a corresponding dose
(31). The study population included
physicians, experienced patients, and
inexperienced patients. The study
discovered that when U-500 regular
insulin doses were <100 units, the
majority of individuals selected the
incorrect U-100 insulin syringe. In
the physician group, 47% selected the
incorrect syringe. This study demon-
strated the vulnerabilities with regard
to overdosing U-500 insulin because
of the perception that the U-100
syringe is more accurate.

Tuberculin syringes are an alter-
native method of administration
endorsed by ISMP (32). This method

offers a clearer designation of insulin
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dose in millimeters. Unfortunately,
this approach may not be imple-
mented as frequently because the
needles on tuberculin syringes
are significantly larger, leading to
patient discomfort. Nonadherence
also may be a challenge, especially in
the ambulatory care setting, because
of the larger needles. Additionally,
tuberculin syringes are not readily
available in the inpatient setting and
often are not covered by insurance
plans in the outpatient setting.

Therefore, regardless of the
administration technique imple-
mented, a closed loop of effective
communication among physicians,
pharmacists, and patients can help
decrease medication errors. Most
of the newly available concentrated
formulations (e.g., insulin glargine
U-300) are available in prefilled pen
devices, which will be the only means
of delivery available (13-15).

Several hospitals have multidis-
ciplinary work groups that create
protocols to assist patients and HCPs
in administering correct doses of
concentrated insulin. To combat the
unintentional administration of a
more potent insulin formulation, the
ISMP released a safety alert in 2007
recommending the use of the word
“concentrated” when ordering these
insulin formulations (31). Addition-
ally, ISMP has established additional
recommendations to reduce the risk of
medication errors when using concen-
trated insulins in the inpatient setting.
The following processes address all
aspects of medication delivery in the
inpatient setting.

Prescribing

When physicians are ordering concen-
trated insulins, and specifically U-500
insulin, both the units and volume of
insulin should be specified to prevent
a fivefold increase or decrease in home
doses of concentrated insulin (4,9).
Additional recommendations include
creating different order panels in the
computerized physician order entry
for U-100 insulin and concentrated
insulins. Often, physicians make deci-
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sions about insulin dose adjustments
without input from patients. Patients’
appetite or degree of nausea may be
more significant than perceived,
thus resulting in a new insulin dose.
Patients can help identify and clarify
issues regarding meal delivery and the
timing of insulin administration.

Storage

To enhance patient safety, the ISMP
recommends storing concentrated
insulins such as U-500 insulin vials
in the central pharmacy in the refrig-
erator used for controlled substances
but in a distinct location apart from
other insulins (9). Furthermore, it is
not advised to keep concentrated in-
sulin vials as stock on the nursing unit
because this significantly increases
the risk of selecting the inappropriate
insulin vial. When patients are per-
mitted to continue using their per-
sonal supply from a prefilled insulin
pen, it is common practice to store
the pens in patient-specific bins or
drawers in the automated dispensing
cabinet on the patients’ nursing unit.
Providers should also consult their
institution-specific policies on the
use of patient-supplied medications.

Preparation and Dispensing
Distinctive labels for insulin vials can
serve as a visual prompt for identify-
ing the incorrect formulation when
HCPs are ecither dispensing or veri-
fying a product (33). Some inpatient
settings have implemented addition-
al safeguards such as requiring phar-
macists to draw up insulin doses to
reduce miscalculations. Each dose
that is drawn up in the pharmacy
will require a second check of both
the dose in units and the volume
by two independent pharmacists
before dispensing.

Medication Administration

Although patient ratios and long
shifts will continue to be obstacles,
nurses should be provided adequate
inservice training and frequent op-
portunities for refresher courses re-
garding insulin management and new
formulations (33). Education should
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also be performed to demonstrate the
administration of U-500 insulin us-
ing the syringe of choice (tuberculin
or U-100 insulin syringe). A nurse
should also double-check doses that
are drawn up before administration.
When doses are drawn up by pharma-
cy staff, it is still recommended that
nurses triple-check that doses and vol-
umes align with the syringe utilized.
This will prevent potential overdose
that may occur using a typical insulin
syringe (4,34).

For newly approved concen-
trated insulins that are available in
prefilled pen devices, education for
pharmacists and nurses is of utmost
importance to ensure the preser-
vation of drug integrity and proper
administration. For example, U-200
insulin is stable at room tempera-
ture for 56 days (8 weeks), whereas
U-300 insulin must be discarded
after 28 days at room temperature
(14,15). Additionally, the pharma-
cokinetic profile of U-200 insulin
grants more flexibility in the timing
of administration given its duration
of >42 hours, compared to U-300
insulin, which has a duration of
<36 hours. Understanding these
characteristics will allow prescribers
to optimize insulin regimens and
limit fluctuations in blood glucose
during hospitalization. Because of
the risk that biological materials and
blood can backflow into the insulin
cartridge or reservoir, insulin pens
should never be shared (9,35).

Although there are advantages
to the newer insulins, there are also
complexities that may limit their use
in the inpatient setting. Institutions
will have to review the potential
roles and risks of these products,
in addition to the information pro-
vided above, when considering these
products for inclusion in an inpatient
formulary.

Conclusion

Insulin is the best approach to man-
aging diabetes and hyperglycemia
within the inpatient setting, but man-
agement comes with many challeng-
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es. It is imperative for practitioners to
understand the differences among the
newer insulin formulations while also
considering other factors that affect
safe and effective hyperglycemia man-
agement. It will also be important
for institutions to formally address
the roles of newer and concentrated
insulin products through the devel-
opment of patient care policies. A
multidisciplinary approach to transi-
tioning patients from the outpatient
setting to the inpatient setting and
vice versa will further assist in the
delivery of optimal patient education
and management.

Duality of Interest

No potential conflicts of interest relevant to
this article were reported.

References

1. Centers for Disease Control and
Prevention. National Diabetes Statistics
Report: Estimates of Diabetes and Its Burden
in the United States—2014. Atlanta, Ga.,
U.S. Department of Health and Human
Services, 2014. Available from http:/www.
cdc.gov/diabetes/pubs/statsreportl4/
national-diabetes-report-web.pdf. Accessed
18 April 2016.

2. Centers for Disease Control and
Prevention. Diabetes public health

resource: number (in thousands) of hospital
discharges with diabetes as any-listed
diagnosis, United States, 1988-2009.
Available from http://www.cdc.gov/diabetes/
statistics/dmany/figl.htm. Accessed 18 April
2016

3. American Diabetes Association. Diabetes
care in the hospital. Sec. 13 in Standards of
Medical Care in Diabetes—2016. Diabetes
Care 2016;39(Suppl. 1):S99-S104

4. Andres J, Clements JN. A practical guide
to concentrated insulin for pharmacists. J
Pharm Pract 2014;27:481-486

5. Sanofi. Sanofi receives FDA approval

of once-daily basal insulin Toujeo [press
release]. Available from http:/www.news.
sanofi.us/2015-02-25-Sanofi-Receives-FDA-
Approval-of-Once-Daily-Basal-Insulin-
Toujeo. Accessed 23 December 2015

6. Eli Lilly and Company. U.S. Food and
Drug Administration approves Humalog
200 units/mL KwikPen [press release].
Available from http://lilly. mediaroom.com/
index.php?s=9042&item=137420. Accessed
23 December 2015

7. Novo Nordisk. Novo Nordisk receives
US FDA approval for Tresiba and Ryzodeg
70/30 [press release]. Available from http://
www.novonordisk.com/content/Denmark/
HQ/www-novonordisk-com/en_gb/home/

KOLANCZYK AND DOBERSZTYN

media/news-details.1954709.html. Accessed
23 December 2015

8. Institute for Safe Medication Practices.
ISMP’s list of high-alert medications.
Available from www.ismp.org/tools/
institutionalhighAlert.asp. Accessed 21
December 2015

9. Cobaugh DJ, Maynard G, Cooper L, et al.
Enhancing insulin-use safety in hospitals:
practical recommendations from an ASHP
Foundation expert consensus panel. Am J
Health-Syst Pharm 2013;70:1404-1413

10. World Health Organization. Assuring
medication accuracy at transitions in
care. Available from http://www.who.
int/patientsafety/solutions/patientsafety/
PS-Solution6.pdf. Accessed 23 December
2015

11. Joint Commission. National patient
safety goals effective January 1, 2016.
Available from http://www.jointcommission.
org/assets/1/6/2016_NPSG_HAP.pdf.
Accessed 28 February 2016

12. Cochran E. U-500 insulin: when more
with less yields success. Diabetes Spectrum
2009;22:116-122

13. Segal AR, El Sayed N. Are you ready for
more insulin concentrations? J Diabetes Sci
Technol 2015;9:331-338

14. Tresiba [package insert]. Plainsboro,
N.J., Novo Nordisk, 2015

15. Toujeo [package insert]. Bridgewater,
N.J., Sanofi-Aventis, 2015

16. U.S. Food and Drug Administration.
FDA approves Basaglar, the first “fol-
low-on” insulin glargine product to treat
diabetes [press release]. Available from
http://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm477734.htm.
Accessed 23 December 2015

17. Moghissi ES, Korytkowski MT,
DiNardo M, et al. American Association
of Clinical Endocrinologists and American
Diabetes Association consensus statement
on inpatient glycemic control. Diabetes
Care 2009;32:1119-1131

18. Eli Lilly and Company. U.S. Food and
Drug Administration Approves Humulin
R U-500 KwikPen [press release]. Available
from https://investor.lilly.com/releasedetail.
cfm?ReleaseID=951175. Accessed 26 May
2016

19. Umpierrez GE, Isaacs SD, Bazarga N, et
al. Hyperglycemia: an independent marker
of in-hospital mortality in patients with
undiagnosed diabetes. J Clin Endocrinol
Metab 2002;87:978-982

20. Coggins MD. Sliding-scale insulin: an
ineffective practice. Aging Well 2012;5:8

21. Corsino L, Dhatariya K, Umpierrez G.
Management of diabetes and hyperglycemia
in hospitalized patients. Endotext Available
from http://www.ncbi.nlm.nih.gov/books/
NBK279093. Accessed 9 February 2016

22. Inzucchi SE. Management of hypergly-
cemia in the hospital setting. N Engl J Med
2006;355:1903-1911

151

n
b
(o]
K4
b
m
(7]
m
>
Pl
(]
I
-
(o]
hJ
b
>
(]
-
(o]
m



http://www.ismp.org/tools/institutionalhighAlert.asp
http://www.ismp.org/tools/institutionalhighAlert.asp

23. Malmberg K, Ryden L, Hamsten A,

et al. Randomized trial of insulin-glucose
infusion followed by subcutaneous insulin
treatment in diabetic patients with acute
myocardial infarction (DIGAMI study):
effects on mortality at 1 year. ] Am Coll
Cardiol 1995;26:57-65

24, Umpierrez GE, Hellmna R,
Korytkowski MT, et al. Management of
hyperglycemia in hospitalized patients
in non-critical care setting: an Endocrine
Society clinical practice guideline. J Clin
Endocrinol Metab 2012;97:16-38

25. Dendy JA, Chockalingam V,
Tirumalasetty NN, et al. Identifying risk
factors for severe hypoglycemia in hospital-
ized patients with diabetes. Endocr Pract
2014;20:1051-1056

26. Ulmer BJ, Kara A, Mariash CN.
Temporal occurrences and recurrence
patterns of hypoglycemia during hospital-
ization. Endocr Pract 2015;21:501-507

27. U.S. Food and Drug Administration.
FDA approves two new drug treatments for
diabetes mellitus [press release]. Available
from http://www.fda.gov/NewsEvents/
Newsroom/PressAnnouncements/
ucm464321.htm. Accessed 10 February 2016

28. Thermalin Diabetes. Lead product:
flurolog. Available from http://www.
thermalin.com/lead-product---
fluorologtrade.html. Accessed 10
February 2016

29. ClinicalTrials.gov. Comparison of
postprandial glucose control associated
with BIOD-531 vs. Humalog mix 75/25
vs. Humulin R U-500. NLM identifier:
NCTO02212951. Available from https://
clinicaltrials.gov/ct2/show/NCT02212951.
Accessed 10 February 2016

30. Loyola University Health System. 1
February 2016. Concentrated Insulin Use for
Inpatients. Unpublished internal document
on file.

@ FROM RESEARCH TO PRACTICE / THE USE OF INSULIN IN DIABETES MANAGEMENT

31. Cohen MR, Smetzer JL. ISMP med-
ication error report analysis: U-500

insulin safety concerns mount. Hosp Pharm
2014;49:117-120

32. Institute for Safe Medicine Practices.
As U-500 insulin safety concerns mount,
it’s time to rethink safe use of strengths
above U-100. Available from https://www.
ismp.org/newsletters/acutecare/showarticle.
aspx?id=62. Accessed 23 December 2015

33. Institute for Safe Medicine Practices.

A clinical reminder about the safe use of
insulin vials. Available from https:/www.
ismp.org/newsletters/acutecare/showarticle.
aspx?id=42. Accessed 10 February 2016

34. Hellman R. A systems approach
to reducing errors in insulin therapy
in the inpatient setting. Endocr Pract
2004;10(Suppl. 2):100-107

35. Schaeffer MK, Kossover RA, Perz
JF. Sharing insulin pens: are you put-

ting patients at risk? Diabetes Care
2013;36:188-189

152

SPECTRUM.DIABETESJOURNALS.ORG


file:///C:\Users\dkolanczyk\Downloads\Unpublished

