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he use of sliding-scale SC insulin for glycemic control in hospitalized patients with diabetes mellitus can produce clini-

cally important fluctuations in blood glucose concentrations over time. Although the plasma concentration of insulin
peaks after ~2 hours, the stimulation of glucose utilization by insulin does not peak until 3 to 4 hours after SC adminis-
tration. Thus, the repeated administration of sliding-scale SC insulin every 4 hours can create a large cumulative effect
on glucose utilization and a precipitous decline in blood glucose concentration in a relatively short period of time. Even
rapid-acting insulin analogues reach their peak effects on glucose utilization after ~2 hours. At the University of
Washington Medical Center in Seattle, Washington, a hospital-wide protocol has been developed for the use of IV insulin
for hospitalized diabetic patients who are not eating or eating very little. An initial IV insulin dose is selected on the basis
of the patient’s insulin sensitivity, and subsequent doses are adjusted in response to changes in blood glucose values over
time. The use of IV insulin reduces the likelihood that patients will develop hypoglycemia or hyperglycemia in both criti-
cal and noncritical care settings. Standardized methods, which are valuable for patient care and for educating clinicians

about insulin use, have also been developed to transition patients to SC insulin.

LIMITATIONS OF SC INSULIN IN

HOSPITALIZED DIABETIC PATIENTS

As described by Dr. Dandona and Dr. Nesto in this supple-
ment, both insulin and glucose modulate inflammatory pro-
cesses that are important in the development of vascular
injury. Although some studies have demonstrated signifi-
cant anti-inflammatory effects of insulin administration,
clinical trials that have examined the infusion of glucose
and insulin solutions in patients with acute myocardial
infarction have shown that insulin administration alone
does not improve clinical outcomes when glucose levels are
not adequately controlled.! In addition, it is necessary to
protect hospitalized diabetic patients against hypoglycemia.
Despite the importance of maintaining blood glucose con-
centration within a relatively narrow range in hospitalized
diabetic patients, the reality for most patients is a pattern of
highly variable changes in blood glucose values from day to
day.

Insulin treatment for hospitalized diabetic patients has
traditionally been performed by discontinuing the patient’s
home insulin regimen and instituting sliding-scale SC
insulin.? This approach often leads to potentially dangerous
variability in blood glucose concentrations, as illustrated by
a recent case. A 59-year-old man was hospitalized with
decompensated heart failure. He had type 2 diabetes melli-
tus, and his glycosylated hemoglobin value at the time of
hospitalization was 8.9%. He had an infection and was too ill
to eat. At the time of hospitalization, his home insulin regi-
men of 70% neutral protamine Hagedorn and 30% regular
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human insulin was discontinued and replaced by sliding-
scale SC insulin every 4 hours. His initial glucose value was
295 mg/dL. Based on the sliding scale, the nurse adminis-
tered 12 U of regular insulin at 6:00 PM. At 10:00 PM, his blood
glucose value was 180 mg/dL, and he received another
6 U of insulin. At 12:00 aM, he received an antibiotic in a
5% dextrose solution. At 2:00 AM, his glucose value was
180 mg/dL, and he received another 6 U of regular insulin.
At 6:00 AM, he developed hypoglycemic seizures and his
glucose was 35 mg/dL.

This patient’s hypoglycemic crisis was a consequence of
the prolonged effect of SC insulin on glucose utilization,
which persists much longer than most clinicians realize. The
pharmacodynamic effects of single doses of SC insulin have
been examined using a glycemic clamp procedure, in which
insulin is injected subcutaneously and glucose is continu-
ously infused to maintain a constant plasma glucose at the
patient’s baseline glucose value®* The administration of
insulin results in increased glucose utilization, and therefore
an increased rate of glucose infusion is required to maintain
a constant plasma glucose concentration. Most clinicians
believe that SC insulin reaches its peak effect ~2 hours after
administration. However, as shown in Figure 1, this study
found that although insulin reaches its peak plasma concen-
tration after ~2 hours, the biological effects of insulin are
actually quite prolonged.># Glucose utilization did not peak
until 3 to 4 hours after administration. Because of this long
duration of action, administration of repeated SC insulin
doses in a relatively short period of time can produce poten-
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Figure 1. Although insulin reaches its peak plasma concentration after ~2 hours, the biological effects of insulin are quite
prolonged. Glucose utilization does not peak until 3 to 4 hours after administration. R = regular insulin. Data from
Mudaliar SR et al. Insulin aspart (B28 asp-insulin): A fast-acting analog of human insulin: Absorption kinetics and
action profile compared with regular human insulin in healthy nondiabetic subjects. Diabetes Care. 1999;22:

1501-1506.

tially dangerous cumulative effects on glucose utilization.
These effects are illustrated for the case study described
using the results of the glycemic clamp study (Figure 2). At
time 0, the patient had a plasma glucose concentration of
295 mg/dL and received 12 U of insulin. On the basis of the
glycemic clamp study, this insulin dose was expected to pro-
duce a large increase in glucose utilization over the next
several hours. At approximately the time that glucose uti-
lization was reaching its peak, the patient had a glucose con-
centration of 180 mg/dL and received another 6 U of insulin.
This second dose produced a second peak of insulin activity,
which is shown at the bottom of Figure 2.3

The combined net effect of the 2 insulin doses is shown
in the upper curve. At midnight, the patient received an anti-
biotic administered in a 5% dextrose solution, and glucose
was checked again at 2:00 AM. The combined effects of the
2 insulin injections created a large effect on glucose utiliza-
tion, but the patient’s plasma glucose value was sustained
by the dextrose infusion. The nurse administered a third
insulin dose, and the cumulative effects of the stacked
insulin doses (also called “insulin stacking”), combined with
the termination of the dextrose infusion, rapidly created a
dangerously large drop in plasma glucose concentration. It
should be noted that even with rapid-acting insulin ana-
logues, glycemic clamp studies similarly have shown that
the peak effects on glucose utilization occur much more
slowly (at ~2 hours) than the peak plasma insulin concentra-
tion (at ~1 hour).?

DEVELOPMENT OF AN INSULIN PROTOCOL

FOR HOSPITALIZED DIABETIC PATIENTS

Should IV insulin be considered as an alternative to sliding-
scale SC insulin for hospitalized diabetic patients who are
not eating? As suggested by the case study described earlier,
the effects of SC insulin are often too slow and too danger-
ous for very ill hospitalized patients, especially if they are
not eating properly. Hospital physicians are often unfamiliar
with current outpatient insulin regimens, which make inpa-
tient insulin use even more challenging and dangerous. It is
not reasonable to expect patients to reach glycemic targets
with SC insulin when insulin requirements are changing
rapidly.

Two IV insulin formulations were recently approved by
the US Food and Drug Administration: recombinant human
insulin and insulin aspart.®> Although the concentration of
insulin in plasma reaches a peak value within a few minutes
after IV injection, glycemic clamp studies show that, similar
to SC insulin and long-acting analogues, the peak biological
effect of IV insulin is attained more gradually. After IV ad-
ministration, both insulin lispro and regular insulin pro-
duced peak effects on glucose utilization after ~30 minutes
to 1 hour.® Thus, although faster than SC administration, IV
administration produces its peak effect on glucose utiliza-
tion more gradually than most physicians realize.

Our initial IV insulin protocol was first developed in 1992
for use in the intensive care unit and other medical services
at the University of Washington Medical Center, in Seattle,
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Figure 2. Cumulative effects on glucose utilization using the results of a glycemic clamp study. R = regular insulin. Data from
Mudaliar SR et al. Insulin aspart (B28 asp-insulin): A fast-acting analog of human insulin: Absorption kinetics and
action profile compared with regular human insulin in healthy nondiabetic subjects. Diabetes Care. 1999;22:

1501-1506.

Washington. When the IV insulin program began, knowl-
edge about the effects of insulin among health care pro-
viders was generally limited, and the program had to over-
come significant concern from physicians, nurses, and
administrators about the safety and costs of IV insulin.
Originally, each unit developed its own insulin protocol,
resulting in a number of different approaches to insulin use
within our institution. However, after van den Berghe and
colleagues” reported in 2001 that intensive insulin therapy
and control of blood glucose to <110 mg/dL reduced mor-
bidity and mortality among patients in surgical intensive
care, insulin protocols were standardized across the hospital.
A standardization committee was composed of a clinical
pharmacist, a nurse practitioner, an endocrinologist, a sur-
geon, and an anesthesiologist. The most difficult and contro-
versial decision that the committee faced was the seemingly
simple decision about the concentration of insulin to use.
Before the attempt at standardization, the insulin concentra-
tion used in surgery was different from the concentrations
used in other settings. At our institution, ~150 patients are
receiving IV insulin at any given time.

The insulin infusion protocol that we developed uses a
series of 5 insulin administration algorithms (Table).® The
initial infusion rate is selected on the basis of the patient’s
insulin resistance and is subsequently adjusted as shown in
the table. Most patients begin at columns 1 or 2, and no pa-
tient begins at columns 4 or 5. Patients may move from one

algorithm to another as required: those who are not meet-
ing glycemic targets with one algorithm move up to a more
aggressive insulin treatment schedule, and those with large
decreases in blood glucose may move down. The use of this
protocol to adjust the insulin infusion rate is illustrated in
Figure 3.* The patient in this example had an initial glucose
value of 180 mg/dL, and an infusion rate of 4 U/h was
selected. One hour later, the patient’s glucose concentration
had dropped to 100 mg/dL. If the patient continued on col-
umn 3, the infusion rate would be reduced to 1 U/h. How-
ever, as a result of the large drop in plasma glucose between
evaluations, a more conservative insulin rate was selected.
The patient was shifted down to column 2, and a new infu-
sion rate of 0.5 U/h was selected. Similarly, a patient with
persistently high glucose values despite increasing infusion
rates would be moved up to a more intensive algorithm.
This infusion protocol in some ways mimics the release of
insulin by normal pancreatic B-cells, which continue to
increase insulin production as long as the plasma glucose
concentration remains elevated. Using an algorithm similar
to this one, we have found that patients in critical and non-
critical care settings are less likely to develop hyperglycemia
or hypoglycemia than are historical control patients from
our institution.’

Experience with this protocol has taught us several les-
sons. Health care providers need to agree about glycemic
targets and philosophies of insulin use. Each group of health
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Table. Insulin infusion rates for postoperative glycemic management in patients undergoing heart surgery.

Column 1*
BG, mg/dL
<120 Off
120-149 0.5
150-179 1.0
180-239 1.5
240-299 2.0
300-359 2.5
>360 3.0

BG = blood glucose.

Column 21

U/h  BG, mg/dL

<100
100-119
120-149
150-179
180-239

240-299

300-359

2360

U/h

Off
0.5
1.0
1.5
2.0

3.0

4.0

6.0

Column 3* Column 48

BG, mg/dL U/h BG, mg/dL U/h
<100 Off <100 Off
100-119 1.0 100-119 1.0
120-149 1.5 120-149 2.0
150-179 2.0 150-179 3.0
180-209 3.0 180-209 4.0
210-239 4.0 210-239 6.0
240-269 5.0 240-269 8.0
270-299 6.0 270-299 10.0
300-329 7.0 300-329 12.0
330-359 8.0 330-359 14.0
>360 12.0 >360 16.0

*For patients whose estimated rate is <1.0 U/h for maintenance.

TFor patients whose estimated rate is 1.1-1.5 U/h for maintenance; most patients start here.

*For patients whose estimated rate is 1.6-2.0 U/h for maintenance and for patients in whom column 2 has failed; some post-heart sur-
gery patients, insulin-requiring patients who use >80 U/d, and corticosteroid-reated patients start here.

§For patients whose estimated rate is >2 U/h for maintenance and in whom column 3 has failed; no patient starts here.
IFor patients whose estimated rate is >4 U/h for maintenance and in whom column 4 has failed; candidates include patients receiving
high-dose corticosteroids or patients with intra-aortic balloon pumps; no patient starts here.

Reprinted with permission from American Association of Clinical Endocrinology as featured in Markovitz L et al. Description and evalu-

ation of a glycemic management protocol for patients with diabetes undergoing heart surgery. Endocr Pract. 2002;8:10-18.

Column 3 Column 2
CBG (mg/dL) U/h Suppose a patient CBG (mg/dL) U/h
ECm— e A C—
7079 OFF  glycose s 1102 7079 OFF
80-89 OFF 80-89 OFF
90-99 0.5 90-99 OFF
100-109 1.0 = —— 100-109 0.5
110-129 1.5 110-129 1.0
130-149 2.0 130-149 1.5
150-179 3.0 150-169 2.0
180-209 4.0 170-189 2.5
210-239 5.0 190-209 3.0
240-269 6.0 210-254 4.0
270-299 7.0 ™ ol 255-299 5.0
300-329 8.0 rejurc‘:gn (9; Z%o:g /iy 300345 60
330-359 9.0 uggests that a more 346-389 7.0
360-389 10.0 conservative column is >390 8.0
>390 11.0  required.

I.B. Hirsch
Column 5l
BG, mg/dL U/h
<100 Off
100-119 1.0
120-149 2.0
150-179 4.0
180-209 8.0
210-239 12.0
240-269 16.0
>270 20.0

Figure 3. Use of an insulin infusion protocol to adjust a patient’s insulin infusion rate. CBG = calculated blood glucose.
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care providers at a particular medical institution (eg, endo-
crinologists, cardiologists, primary care physicians, nurses,
pharmacists) should have access to a peer “champion” who
is an expert in the use of insulin and who is available to
answer questions. It is also important to institute the proto-
col one nursing unit at a time, rather than trying to simulta-
neously transition an entire hospital to a single protocol.
This approach helps to create an initial nursing staff that is
very comfortable with the protocol, although it has the dis-
advantage that physicians (especially residents) who move
from service to service will encounter different insulin pro-
tocols in different units during the transition period.

TRANSITION TO SC INSULIN

The transition from in-hospital treatment to SC insulin at
home is currently not well defined. At the University of
Washington Medical Center, we begin by calculating 60% of
the last 24-hour insulin dose. Half of this amount is admin-
istered as basal insulin (glargine), and the remainder as
prandial insulin (usually insulin lispro or aspart). SC pran-
dial insulin is administered with the first full meal, and IV
insulin is discontinued 2 hours after glargine is adminis-
tered. We use a standardized insulin order form that indi-
cates blood glucose targets and allows residents to select
insulin dosing from a checklist of available formulations and
dosages (Figure 4).% This order form is a valuable tool for the
treatment of hospitalized diabetic patients, and a teaching
aid for residents about the use of basal and mealtime insulin.

BG Monitoring: ® AC & HS
Q6h if NPO

Goal Range Premeal BG = 80-130 mg/dL or

O _ hours PC 02-3 am

September 2006

We use correction-dose insulin analogues for premeal
hyperglycemia. As described previously, using regular
insulin with a long duration of action can create a problem
with stacking of cumulative insulin doses. Algorithms for the
use of insulin analogues for correction doses are shown in
Figure 5.* The algorithm also can be individualized for patients
who require higher insulin doses (eg, oncology patients due
to their use of high-dose steroids).

Lastly, it should be noted that cardiologists have an
important role in the management of diabetic patients after
discharge from the hospital. The cardiologist can help to
ensure that each patient receives the most up-to-date regi-
men and education program. If the patient’s physician is not
comfortable with current insulin regimens, then consulta-
tion with a knowledgeable endocrinologist or primary care
physician is required.

CONCLUSIONS

Glycemic clamp studies show that SC administration of reg-
ular human insulin produces a long-lasting effect on glucose
utilization. Rapid-acting analogues are somewhat faster but
still relatively slow, and even IV insulin is slower than many
clinicians believe. In addition, it is difficult to reach recom-
mended inpatient glucose targets with SC insulin in hospi-
talized patients when so many variables affect glycemia (eg,
unpredictable caloric intake, infection). IV insulin can be
used to safely attain glycemic targets in hospitalized diabetic
patients in both critical and noncritical care settings.

Goal Range Bedtime BG = 90-150 mg/dL or

Breakfast Lunch Dinner Bedtime

Nutritional Give units of: Give units of: Give units of:
Insulin __Aspart __Aspart __ Aspart
Orders __ Gilulisine __ Gilulisine __ Gilulisine

__Lispro __Lispro __Lispro

__U-100 Regular __U-100 Regular __U-100 Regular
Basal Give units of: Give units of: Give units of: Give units of:
Insulin _ NPH _ NPH _ NPH _ NPH
Orders __Glargine __Glargine __Glargine
Premixed Give units of: Give units of:
Insulin 70/30 (NPH/Reg) 70/30 (NPH/Reg)

Figure 4. Standardized insulin order form with blood glucose targets and a checklist of available insulin formulations and
dosages. BG = blood glucose; AC = before meals; HS = at bedtime; NPO = nothing by mouth; PC = affer meals;
NPH = neutral protamine Hagedorn.
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Algorithms for Hyperglycemia
m Aspart
m Glulisine
B Llispro

m Medium-Dose Algorithms

m Low-Dose Algorithms
[For patients requiring 40-80 U of insulin/d)

(For patients requiring >40 U of insulin/d)

Premeal Premeal
Premeal BG Additional Insulin (U) Premeal BG Additional Insulin (U)
150-199 1 150-199
200-249 2 200-249 3
250-299 3 250-299 5
300-349 4 300-349 7
>349 5 >349 8

Bedtime Bedtime
Bedtime BG Additional Insulin (U) Bedtime BG Additional Insulin (U)
150-199 None 150-199 None
200-249 1 200-249 2
250-299 2 250-299 3
300-349 3 300-349 5
>349 4 >349 7

m High-Dose Algorithms

I.B. Hirsch

Algorithms for Hyperglycemia
m Aspart
m Glulisine
m Llispro

m Individualized Algorithms
For patients requiring >80 U of insulin/d)

Premeal Premeal
Premeal BG Additional Insulin (U) Premeal BG Additional Insulin
150-199 2 150-199 __ units
200-249 4 200-249 __ units
250-299 7 250-299 __ units
300-349 10 300-349 __ units
>349 12 >349 __ units

Bedtime Bedtime
Bedtime BG Additional Insulin (U) Bedtime BG Additional Insulin
150-199 None 150-199 __ units
200-249 2 200-249 __ units
250-299 5 250-299 __ units
300-349 7 300-349 __ units
>349 10 >349 __ units

Figure 5. Algorithms for the use of insulin analogues for correction doses for premeal hyperglycemia. BG = blood

glucose.
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