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Problem: Sliding scale insulin (SSI) is frequently used for inpatient management of hyperglycemia and is
associated with a large number of medication errors and adverse events including hypoglycemia and
hyperglycemia.

Design: Observational before and after study evaluating the impact of implementation of a standardized
SSI protocol and preprinted physician order form.

Setting: University Hospital in Pittsburgh, PA, USA.

Strategy for change: Guidelines for the use of SSI were created by an interdisciplinary committee and
implemented in non-intensive care units. In addition, a preprinted physician order sheet was developed
which included the guidelines and an option for ordering one of three standardized insulin sliding scales
or a patient specific scale.

Effect of change: One year after implementation the physician order form was used for 91% of orders
and, overall, 86% of SSI orders followed the guidelines. The number of prescribing errors found on chart
review was reduced from 10.3 per 100 SSI patient-days at baseline to 1.2 at 1 year (p=0.03). The
number of hyperglycemia episodes 1 year after implementation decreased from 55.9 to 16.3 per 100 SSI
patient-days.

Lessons learnt: The protocol was readily accepted by hospital staff and was associated with decreased
prescribing errors and decreased frequency of hyperglycemia.

hospitalized patients with and without diabetes melli-

1-3

Sliding scale insulin (SSI) is commonly used to manage

tus."” Monotherapy with SSI often leads to erratic
fluctuations of glucose control because it tries to retro-
spectively “treat” hyperglycemia rather than prospectively
“prevent” it." ' In the hospital setting, use of supplemental
short acting insulin in addition to scheduled basal and
preprandial insulin for patients with type 1 diabetes is
recommended." * In addition, initial use of supplemental
insulin as monotherapy for patients with type 2 diabetes with
unknown insulin needs who are not eating is also
suggested." Supplemental insulin can be thought of as the
appropriate use of SSI.

OUTLINE OF PROBLEM

Before implementation of a standardized SSI protocol at our
institution, SSI orders were physician-specific and varied in
the minimum blood glucose level requiring an insulin dose as
well as in the number of insulin units to be administered for
a given blood glucose level. Individual physicians rarely used
different scales for different patients and many did not start
insulin until a patient’s blood glucose level exceeded
11.1 mmol/l (200 mg/dl). The variability in SSI orders
contributed to a high frequency of medication errors and
adverse drug events.

STRATEGY FOR CHANGE

The goal of this quality improvement project was to develop,
implement, and assess a standardized supplemental SSI
protocol in non-intensive care units in order to reduce
medication errors and prevent adverse drug events related to
SSI. The interdisciplinary Diabetes Patient Safety Committee
(DPSC) at our tertiary care center developed a sliding scale
regular insulin (SSR) protocol for SSI which included the
following guidelines: (1) SSI is indicated only as a supple-
ment to patients” usual glucose lowering medications or for

short term use (24-48 hours) in patients admitted with
unknown insulin requirements; (2) prescribers can choose
one of three standardized regular insulin sliding scales (mild,
moderate, high); and (3) these regimens start insulin
coverage when the blood glucose level is >7.2 mmol/l
(130 mg/dl). To help facilitate adherence to these guidelines,
a preprinted SSR order form containing the guidelines as well
as the standardized scales was developed (fig 1).

The Medical Executive and Pharmacy and Therapeutics
committees approved implementation of the SSR protocol on
all non-intensive care units. Approval was obtained from the
Patient Safety Committee to assess the impact of implemen-
tation as a quality improvement project.

Charts of patients prescribed SSI were reviewed at three
time points (before implementation and 2 months and 1 year
after implementation). Collected data included the presence
or absence of the new SSR order form, prescribing errors,
concurrent orders for basal insulin or oral glucose lowering
agent, and all collected blood glucose data. Prescribing errors
included use of “U” for unit or omitted insulin type.

The incidence of prescribing errors, hypoglycemia (blood
glucose <3.9 mmol/l (<70 mg/dl)), and hyperglycemia
(blood glucose 16.7 mmol/l (=300 mg/dl)) is reported as
rate per 100 SSI patient-days. Incidence densities were
compared using hypothesis testing.

EFFECTS OF CHANGE

Before implementation of the SSR protocol, more than 20
different types of SSI orders were used. Regular insulin was
used in 98% of orders and the mean starting blood glucose
level was 186 mg/l. On average, 65% of patients prescribed
SSI had diabetes, 21% received concurrent corticosteroid

Abblreviclfions: SSl, sliding scale insulin; SSR, sliding scale regular
insulin
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PHYSICIAN’S ORDER SHEET
Sliding scale REGULAR HUMAN INSULIN (eg. HUMULIN®R)

Date:
Time:

1. Check fingerstick blood glucose:
[] Before meals
[] At bedtime
(] Twice daily
[J Every six hours (recommended for patients receiving continuous nutrition over 24h)
O Every four hours (recommended for patients requiring close monitoring)
[ other

2. Start the following Regular insulin (eg. Humulin®R) sliding scale:

[ Low dose scale [ moderate dose scale [high dose scale [ patient-specific scale (see below)

3. Give indicated Regular insulin doses via the subcutaneous route.

Physician signature

Physician (print name)

Pager No.

REGULAR INSULIN (eg. Humulin®R) SLIDING SCALE -STANDARD ORDERS

Recommended indications:

e As a supplement to a patient’s usual diabetes medications (long-acting insulin or oral agents) to treat uncontrolled high blood glucose
® For short ferm use (24-48 hours) in a patient admitted with an unknown insulin requirement

Regimens:

o Low dose scale: Suggested starting point for average patient
® Moderate dose scale: Suggested for patients with infections or those receiving therapy with high dose corticosteroids
e High dose scale: Escalation scale

Blood glucose Low dose scale Moderate dose scale High dose scale Patient-specific scale
(mg/dL)
Initiate hypoglycemia Initiate hypoglycemia Initiate hypoglycemia Give

<70 protocol protocol protocol
70-130 0 units 0 units 0 units units
131-180 2 units 4 units 8 units units
181-240 4 units 8 units 12 units units
241-300 6 units 10 units 16 units units
301-350 8 units 12 units 20 units units
351-400 10 units 16 units 24 units units

>400 12 units and call MD 20 units and call MD 28 units and call MD units

Figure 1  Sliding scale regular insulin (SSR) order form.

treatment, 3% received total parenteral nutrition, and 9%
received enteral nutrition support.

Within 2 months of implementation the SSR order form
was used for 63.2% of SSI orders. One year after implementa-
tion it was used for 91% of orders. Overall, 79% and 86% of
SSI orders followed the guidelines (regardless of order form
use) at 2 months and 1 year, respectively, after implementa-
tion. For those patients taking oral glucose lowering agents at
home, 87% and 71% continued these medications in hospital
at 2 months and 1 year, respectively.

www.gshc.com

The number of prescribing errors found on chart review
was reduced from 10.3 per 100 SSI patient-days at baseline to
1.2 at 1 year (p = 0.03, table 1). The incidence of hypoglyce-
mia was 4.4 events per 100 SSI patient-days at baseline and
4.7 events per 100 SSI patient days at 1 year (p = 0.67). The
incidence of hyperglycemia declined from 55.9 events per 100
SSI patient-days at baseline to 36.4 events per 100 SSI
patient-days 2 months after implementation (p = 0.07); this
fell further to 16.3 per 100 SSI patients-days 1 year after
implementation (p =0.0001 compared with baseline).
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Standardized protocol for sliding scale insulin

Table T Number of prescribing errors, episodes of
hypoglycemia, and episodes of hyperglycemia (per 100
SSI patient-days)

2 months after 1 year after
Basel:  ementat: oA ——.
Prescribing errors 10.3 4.5 1.2%
Episodes of 4.4 3.6 4.7
hypoglycaemia
Episodes of 55.9 36.4 16.31
hyperglycemia

*p=0.03 compared with baseline.
1p=0.0001 compared with baseline.

LESSONS LEARNT AND NEXT STEPS

Development and implementation of an SSR protocol was
readily accepted and associated with decreased prescribing
errors and decreased frequency of hyperglycemia. High
acceptance of the protocol was probably due to the decrease
in the amount of time required by prescribers to complete the
order form (check a box) compared with writing out
complete SSI orders. In addition, there was no associated
increase in hypoglycemia as usage of the SSR protocol
increased, despite the fact that insulin coverage started at a
lower blood glucose level (7.2 mmol/l (130 mg/dl)) than
previously used.

The incidence of hyperglycemia was decreased following
implementation of the SSR protocol. It should be noted,
however, that the incidence of 16.3 episodes of hyperglyce-
mia per 100 SSI patient-days found 1 year after implementa-
tion is still high. Although the protocol specified that it
should be used concurrently with the patient’s diabetes
regimen, the appropriate escalation of these medications was
not assessed. The most likely reason for hyperglycemia in
hospitalized patients with diabetes is poor management of
scheduled insulin or glucose lowering agents.

All patients who had basal insulin documented as a home
medication were continued on basal insulin. In 29% of
patients, home oral glucose lowering agents were held during
hospitalization and scheduled insulin was not initiated.
Although the reasons for holding home medications were
not collected, some appropriate reasons may exist including
holding metformin following surgery or contrast media,
holding long acting sulfonylureas in the presence of acute
renal failure, or holding thiazolidinediones during acute
exacerbations of congestive heart failure. The DPSC is
currently working on inpatient diabetes guidelines that will
ensure that the duration of holding oral glucose lowering
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agents is minimized (that is, limited to instances when they
are contraindicated) and, if they must be held, then basal/
bolus insulin therapy is initiated in the setting of persistent
hyperglycemia.

Prescribing SSI ensures that blood glucose levels are
assessed several times a day to help identify the need for
initiation or change in scheduled insulin or oral glucose
lowering agents during the stressful time of hospitalization.
The SSR protocol can serve as the correction insulin
component as hospitals move toward recommended basal/
bolus insulin prescribing.
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