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OBJECTIVE — In a recent randomized controlled trial, lowering blood glucose levels to
80-110 mg/dl improved clinical outcomes in critically ill patients. In that study, the insulin
infusion protocol (IIP) used to normalize blood glucose levels provided valuable guidelines for
adjusting insulin therapy. In our hands, however, ongoing expert supervision was required to
effectively manage the insulin infusions. This work describes our early experience with a safe,
effective, nurse-implemented IIP that provides detailed insulin dosing instructions and requires
minimal physician input.

RESEARCH DESIGN AND METHODS — We collected data from 52 medical intensive
care unit (MICU) patients who were placed on the IIP. Blood glucose levels were the primary
outcome measurement. Relevant clinical variables and insulin requirements were also recorded.
MICU nurses were surveyed regarding their experience with the IIP.

RESULTS — To date, our IIP has been employed 69 times in 52 patients admitted to an MICU.
Using the IIP, the median time to reach target blood glucose levels (100-139 mg/dl) was 9 h.
Once blood glucose levels fell below 140 mg/dl, 52% of 5,808 subsequent hourly blood glucose
values fell within our narrow target range; 66% within a “clinically desirable” range of 80-139
mg/dl; and 93% within a “clinically acceptable” range of 80—-199 mg/dl. Only 20 (0.3%) blood
glucose values were <60 mg/dl, none of which resulted in clinically significant adverse events.
In general, the IIP was readily accepted by our MICU nursing staff, most of whom rated the
protocol as both clinically effective and easy to use.

CONCLUSIONS — Our nurse-implemented IIP is safe and effective in improving glycemic
control in critically ill patients.
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n 2001, a large randomized controlled
trial from Leuven, Belgium, demon-
strated that normalization of blood glu-
cose levels using an intensive insulin

infusion protocol (IIP) improved clinical
outcomes in patients admitted to a surgi-
cal intensive care unit (ICU) (1). In the
Leuven study, intensive insulin therapy
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(to maintain blood glucose levels between
80 and 110 mg/dD) reduced ICU mortality
by 42% and also reduced the incidence of
bloodstream infections, the incidence of
acute renal failure, the need for prolonged
ventilatory support, and the duration of
ICU stay. Strict glycemic control appears
to be beneficial in other intensive care set-
tings as well. In the DIGAMI (Diabetes
Mellitus, Insulin Glucose Infusion in
Acute Myocardial Infarction) study (2,3),
an intravenous insulin-glucose infusion
(followed by an outpatient multidose sub-
cutaneous insulin regimen) improved
long-term prognosis in diabetic patients
following acute myocardial infarction. In
patients undergoing open heart surgery,
the use of a perioperative ITP dramatically
reduced the incidence of deep sternal
wound infections (4).

Based on this emerging clinical evi-
dence, there are increasing efforts world-
wide to maintain strict glycemic control
in critically ill patients. However, achiev-
ing this goal requires extensive nursing
efforts, including frequent bedside capil-
lary glucose monitoring (“fingersticks”)
and the implementation of complex IIPs,
and such increased work demands may
not be readily accepted by a busy ICU
nursing staff. Moreover, a prevalent fear
of hypoglycemia among hospital staff fur-
ther hinders the widespread acceptance
of intensive 1IPs. Worldwide, critical care
physicians and endocrinologists are in
search of safe, standardized methods of
achieving tight glycemic control in criti-
cally ill patients.

A detailed review of the literature
failed to produce a comprehensive, vali-
dated IIP that was both complex enough
to achieve strict blood glucose control and
practical enough to be easily imple-
mented by ICU nurses without the need
for expert supervision or frequent devia-
tion from protocol. This work describes
our institution’s early clinical experience
with a safe, effective IIP that was both eas-
ily implemented and readily accepted by
our MICU nursing staff.
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RESEARCH DESIGN AND
METHODS — Our MICU is a 14-bed
unit of the Yale New Haven Hospital, a
944-bed tertiary care referral center lo-
cated in New Haven, Connecticut. Nearly
40% of MICU patients are admitted for
primary respiratory failure. Other com-
mon diagnoses (together accounting for
another one-third of admissions) include
gastrointestinal hemorrhage, sepsis/
hypotension, acute renal failure, and pri-
mary cardiovascular events. MICU
patients are cared for by the internal med-
icine house staff of the Yale New Haven
Hospital, under the direct supervision of
clinical ICU fellows and board-certified
critical care physicians. In the MICU, the
patient-to-nurse ratio is either 1:1 or 2:1.
The annual in-MICU mortality rate is
14%.

Insulin infusion protocol: history
and implementation

Following publication of the Leuven
study in November 2001, our critical care
physicians attempted to implement strict
glycemic control in the MICU. This effort
was generally unsuccessful, largely be-
cause our MICU nurses were uncomfort-
able with “low-normal” blood glucose
levels and lacked the experience to effec-
tively manage intensive insulin infusions.
As aresult of erratic glycemic control and
some episodes of hypoglycemia, our
MICU director (M.D.S.) contacted the
clinical director of our Endocrine section
(S.E.L) to design and implement an effec-
tive TIP. This work resulted directly from
this clinical communication. It was not
designed as a research study; however,
detailed clinical follow-up was required
to safeguard and improve patient care in
the MICU.

Our IIP is shown in Fig. 1. The pro-
tocol was designed based on our empiri-
cal observations regarding blood glucose
control in critically ill patients. In design-
ing the IIP, we focused on the three main
data elements used by experienced clini-
cians to adjust insulin infusions: I) the
current blood glucose value, 2) the previ-
ous blood glucose value, and 3) the cur-
rent insulin infusion rate. In other words,
our IIP is based primarily on the velocity
of glycemic change rather than on abso-
lute blood glucose levels. The protocol
was specifically designed to be imple-
mented by the MICU nursing staff with-
out the need for ongoing physician input.
To facilitate early acceptance by critical

care physicians and MICU nurses, the I1IP
was aimed at a conservative blood glucose
target of 100-139 mg/dl. Following a se-
ries of brief (30-min) inservice training
sessions, the protocol was made available
to our clinical providers, who were ulti-
mately responsible for the clinical deci-
sion to utilize it in their MICU patients.

Employing the IIP involves a simple
three-step process, as shown in Fig. 1.
First, the nurse must determine the cur-
rent blood glucose value; this value then
guides him or her to one of the four col-
umns in the IIP table. Second, the nurse
must determine the hourly rate of blood
glucose change by subtracting the current
blood glucose level from the prior value;
this rate then drops one down to a specific
cell within the column. Finally, specific
nursing instructions are found to the far
right of the identified cell. Actual changes
in the insulin infusion rate (in units per
hour) are determined using the second
table below, which corrects for the cur-
rent insulin infusion rate. The clinical use
of the IIP can be easily explained and
demonstrated during a brief training
session.

Clinical experience with the IIP began
in October 2002. In general, the IIP was
recommended for all MICU patients
whose blood glucose levels exceeded 200
mg/dl. This recommendation was not
strictly enforced.

Data collection methods

All clinical variables were collected pro-
spectively. Baseline (admission) clinical
variables included age, sex, race, height,
weight, history of diabetes, principal rea-
son for ICU admission, and Acute Physi-
ology And Chronic Health Evaluation II
(APACHE 1I) score (5). APACHE Il is a
validated severity-of-illness scale that
uses clinical and biochemical data (pulse,
blood pressure, sodium, hematocrit, etc.)
to stratify acutely ill patients by risk for
death; higher APACHE 1I scores indicate
increased severity of illness.

Blood glucose levels, insulin doses,
and relevant clinical interventions were
collected from the active hospital chart
and MICU nursing records. We focused
on four clinical interventions—
corticosteroids, vasopressors, enteral nu-
trition, and parenteral nutrition, which
our group has previously shown to be risk
factors for poor glycemic control in the
MICU (6). Each day, relevant medical
records were reviewed for possible ad-

verse events related to the IIP. All patients
were followed until MICU discharge. Two
months after implementation of the IIP,
29 MICU nurses completed an anony-
mous written survey regarding their clin-
ical impressions.

Blood glucose levels were measured
using a standard hospital glucose meter
(Surestep Flexx; Lifescan, Johnson &
Johnson, New Brunswick, NJ). The fre-
quency of blood glucose measurements
was guided by the IIP. When blood glu-
cose values were not obtained every hour,
hourly blood glucose values were calcu-
lated by averaging known blood glucose
levels from the hours before and after
missing values.

Statistical analysis

Except where noted, all clinical data are
expressed as means = SD or as a percent-
age. Baseline variables were compared us-
ing the Student’s ¢ test or x* test. Blood
glucose values between patient groups
were compared using the Student’s t test.
Insulin requirements, which were not
normally distributed, were compared us-
ing the Wilcoxon rank-sum test. All tests
of significance were two tailed. P values
<0.05 were considered statistically
significant.

RESULTS

Patients

At the time of data analysis, our IIP had
been used 69 times in 52 MICU patients.
Thirty-eight patients were placed on the
IIP on just one occasion. In 14 patients,
the I1IP was formally discontinued for
=12 h, but was resumed after the recur-
rence of hyperglycemia. Three of these 14
patients were placed on the IIP on three
separate occasions. Baseline characteris-
tics of the 52 IIP patients are shown in
Table 1, including ICU admission diag-
noses and the frequency of relevant clini-
cal interventions. None of the 52 patients
had surgery while admitted to the MICU.
The median blood glucose level upon ICU
admission was 212 mg/dl (interquartile
range 156-254 mg/dl).

Glycemic control

For the 69 insulin infusions employed,
the median duration was 61 h (range
7-521 h), with 33 (48%) infusions still
running at 72 h. The mean blood glucose
level at IIP initiation was 299 = 96 mg/dl
(median 272 mg/dl), and the mean time
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@ !ALE INSULIN INFUSION PROTOCOL NG

The following insulin infusion protocol is intended for use in hyperglycemic adult patients in an ICU setting, but is not specifically tailored for
those individuals with diabetic emergencies, such as diabetic ketoacidosis (DKA) or hyperglyeemic hyperosmolar states (HHS).

When these diagnoses are being considered, or if BG= 500 mg/dL, an MD should be consulted for specific orders. Also, please notify an

MD if the response to the insulin infusion is unusual or unexpected, or if any situation arises that is not adequately addressed by these guidelines.

Initiating an Insulin Infusion

1.) INSULIN INFUSION: Mix 1 U Regular Human Insulin per 1 cc 0.9 % NaCl. Administer via infusion pump (in increments of 0.5 Uthr).
2.) PRIMING: Flush 50 ce of infusion through all IV tubing before infusion begins (to saturate the insulin binding sites in the tubing).
3.) TARGET BLOOD GLUCOSE (BG) LEVELS: 100-139 mg/dL
4.) BOLUS & INITIAL INSULIN INFUSION RATE: Divide initial BG level by 100, then round to nearest 0.5 U for balus AND initial infusion rate.
Examples: 1.) Initial BG =325 mg/dL: 325 + 100 =3.25, round 1 to 3.5: IV bolus 3.5 U + start infusion (@ 3.5 U/hr.
2.) Initial BG = 174 mg/dL: 174 + 100 = 1.74, round | to 1.5: IV bolus 1.5 U + start infusion @ 1.5 U/hr,

Blood Glucese (BG) Monitoring

1.) Check BG hourly until stable (3 consecutive values within target range). In hypotensive patients, capillary blood glucose (i.e., fingersticks) may
be inaccurate and obtaining the blood sample from an indwelling vascular catheter is acceptable.
2.) Then check BG g 2 hours; once stable x 12-24 hours. BG checks can then be spaced to q 4 hours IF:
a.) no significant change in clinical condition AND b.) no significant change in nutritional intake.
3.) If any of the following occur, consider the temporary resumption of hourly BG monitoring, until BG is again stable (2-3 consecutive BG values
within target range):
a.) any change in insulin infusion rate (i.e., BG out of target range)
b.) significant changes in clinical condition
¢.) initiation or cessation of pressor or steroid therapy
d.) initiation or cessation of renal replacement therapy (hemodialysis, CVVH, etc.)
e.) initiation, cessation, or rate change of nutritional support (TPN, PPN, tube feedings, etc.)

Changing the Insulin Infusion Rate
IfBG < 50 me/dL.:
D/C INSULIN INFUSION  Give | amp (25 g) D50 1V; recheck BG q 15 minutes.
== When BG = 100 mg/dL, wait 1 hour, then restart insulin infusion at 50% of original rate.

If BG 50-74 mg/dL:

D/C INSULIN INFUSION I symptomatic (or unable to assess), give 1 amp (25 g) D50 I'V; recheck BG q 15 minutes,
If asymptomatic, give 1/2 Amp (12.5 g) D50 IV or 8 ounces juice; recheck BG q 15-30 minutes.
== When BG = 100 mg/dL, wait 1 hour, then restart infusion at 75% of original rate.

IfBG=7 dL:
STEP 1: Determine the CURRENT BG LEVEL - identifies a COLUMN in the table:

BG 75-99 mg/dL BG 100-139 mg/dL | BG 140-199 mg/dL BG = 200 mg/dL

STEP 2: Determine the RATE OF CHANGE from the prior BG level - identifies a CELL in the table - Then move right for INSTRUCTIONS:

[Note: If the last BG was measured 2-4 hrs before the current BG, calewlate the hourly rate of change. Example: If the BG at 2PM was 150 mg/dL and
the BG at 4PM is now 120 mg/dL, the total change over 2 howrs is -30 mg/dL; however, the hourly change is =30 mg/dL + 2 hours = -13 mg/dL/hr. ]

BG 75-99 mg/dL BG 100-139 mg/dL | BG 140-199 mg/dL | BG = 200 mg/dL INSTRUCTIONS*
BG 1 by > 50 mg/dL/hr BG? t INFUSION by “2A"
BG 1 by 1-50 mg/dL/hr BG UNCHANGED
BG 1 by > 25 mg/dL/hr OR OR t INFUSION by “A"
BG UNCHANGED BG | by 1-25 mg/dL/hr

BG 1 by 1-25 mg/dL/hr,
BG ¢t BG UNCHANGED, OR BG | by 1-50 mg/dL/hr BG | by 26-75 mg/dL/hr NO INFUSION CHANGE
BG | by 1-25 mg/dL/hr

BG UNCHANGED
OR BG | by 26-50 mg/dL/hr BG | by 51-75 mg/dL/hr BG } by 76-100 mg/dL/hr { INFUSION by “A"
BG | by 1-25 mg/dL/hr

BG | by > 25 mg/dL/hr BG | by > 50 mg/dL/hr BG | by = 75 mg/dL/hr BG | by > 100 mg/dL/hr HOLD x 30 min, then
see below' | INFUSION by “2A"

+D.-'L' INSULIN INFUSION;

VBG q 30 min; when BG = 100

*CHANGES IN INFUSION RATE (“A") are determined by the current rate:

mg/dL, restart infusion [@75% of
b Current Rate A = Rate Change 2A = 2X Rate Change
(Wrhr) (Ulhr) (Uhr)
<3.0 | 05 1
3.0-6.0 1 | 2
6.5-9.5 1.5 | 3
10 - 14.5 2 | 4
15-19.5 3 6
20-245 4 8
=25 =5 10 (consult MD)

Figure 1—Yale Insulin Infusion Protocol.
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Table 1—Baseline characteristics, admission
diagnoses, and relevant clinical interventions
employed for 52 MICU patients who were
placed on the Yale IIP

Characteristic 1IP Patients
n 52
Age (years) 59 + 18
Male sex 62
Race:

Caucasian 63

African American 19

Hispanic 13

Other 4
BMI (kg/m?) 28583
APACHE 11 score 239 *+902
Admission blood glucose 234 = 149

level (mg/dl)
History of diabetes 56
Primary diagnosis

Respiratory failure 36

Gastrointestinal 13

hemorrhage

Sepsis/hypotension 4

Renal failure 6

Primary cardiovascular 17

events

Other 24
Clinical interventions

Corticosteroid therapy 52

Vasopressor therapy 25

Enteral nutrition 65

Parenteral nutrition 10

Data are means * SD or percent.

required to achieve target blood glucose
levels (100-139 mg/dl) was 10.1 = 4.6 h
(median 9.0 h). Figure 2 illustrates the
performance of the 1P duringits first 72 h
of use.

The IIP facilitated stable glycemic
control after target levels were achieved.
Once blood glucose levels fell below 140
mg/dl, 52% of 5,808 subsequent hourly
blood glucose values fell within our nar-
row target range of 100-139 mg/dl, 66%
within a “clinically desirable” range of
80-139 mg/dl, and 93% within a “clini-
cally acceptable” range of 80—199 mg/dl.
Hypoglycemia was rare. Of the 5,808
hourly blood glucose readings following
achievement of target levels, only 20
(0.3%) blood glucose values (from 12 pa-
tients) were <60 mg/dl. Just three blood
glucose values were <40 mg/dl. In all
cases, hypoglycemia was rapidly cor-
rected using intravenous dextrose, per
protocol. Daily review of the clinical

records revealed no clinically significant
adverse events that could be attributed to
hypoglycemia.

Predictably, when the IIP was halted
(usually due to clinical improvement, ini-
tiation of oral feeding, and/or the antici-
pation of ICU discharge), blood glucose
levels rapidly rebounded to hyperglyce-
mic levels. For the 12-h time period fol-
lowing cessation of the 1IP, mean blood
glucose levels climbed to 178 % 57 mg/dl,
by the second 12-h period (i.e., 12-23 h
after cessation of the ITP), mean blood glu-
cose levels rose to 200 * 70 mg/dl.

Effects of relevant clinical variables
on the ITP

The effectiveness of the IIP was assessed
with regards to the presence or absence of
relevant clinical variables. Importantly,
the I1IP was equally effective in the pres-
ence or absence of diabetes. Target blood
glucose levels were obtained in a similar
time frame in diabetic and nondiabetic
patients (9.4 = 3.0vs. 10.6 = 5.6 h, P =
0.25). Following the achievement of tar-
get values, mean blood glucose levels
were similar in diabetic and nondiabetic
patients (125 = 12 vs. 121 * 18 mg/dl,
P = 0.22). Blood glucose levels on the I1IP
were also not significantly affected by age,
sex, severity of illness, or the use of corti-
costeroids, vasopressors, or enteral/
parenteral nutrition (data not shown).

Insulin requirements

Overall, the median insulin infusion rate
required to maintain normoglycemia was
4.0 units/h (range 1.0-19.0). Interest-
ingly, there were no significant differ-

ences between median insulin infusion
rates for diabetic (median 4.0 units/h, in-
terquartile range 3.0-6.0) and nondia-
betic (median 3.5 units/h, interquartile
range 2.0-5.5, P = 0.23) patients. Insulin
requirements were also not significantly
affected by age, sex, severity of illness, or
the clinical use of corticosteroids, vaso-
pressors, or enteral/parenteral nutrition
(data not shown).

Historical control patients

To assess the general effectiveness of the
IIP compared with our previous practice
standards, we compared blood glucose
levels from the IIP patients to a previously
collected cohort of 117 patients consecu-
tively admitted to our MICU in March
through April 2002 (6). From this cohort,
patients with any blood glucose =200
mg/dl were used for comparison because
this was the blood glucose cut point rec-
ommended for subsequent IIP implemen-
tation. Time O in this group was defined
by the first recorded blood glucose level
>200 mg/dl. Using this method, 47 hy-
perglycemic control patients were identi-
fied; of note, 14 of these 47 patients had
received nonstandardized intravenous in-
sulin therapy, with most of the remaining
patients ordered for a subcutaneous reg-
ular insulin sliding scale. Importantly,
there were similar proportions of diabetic
patients in the IIP and historical patient
groups (56 vs. 57%, P = 0.87).

Despite a greater severity of illness
(APACHE II score 23.9 = 9.2 vs. 19.0 *
6.9, P <0.01) and a trend toward higher
admission blood glucose levels (234 *
149 vs. 188 = 91 mg/dl, P = 0.08), our

MICU Insulin Infusion Protocol (n=69)
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Figure 2—Performance of the IIP (data points represent the first 72 h of insulin infusion). All

blood glucose (BG) levels shown as means = SD.
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BG comparison: IIP Patients vs. Historical Controls
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Figure 3—Comparison of glycemic control between 69 IIP-guided insulin infusion patients (@)
and 47 hyperglycemic (=200 mg/dl) historical control patients (W). The figure plots mean blood
glucose (BG) levels (SD) by 12-h time intervals. The numbers on the graph represent the number
of remaining patients during each 12-h time interval. For all but time 0 and the first 12-h time
period, P < 0.001 for all comparisons between IIP patients and historical control patients.

IIP patients had better glycemic control
than their historical counterparts. Figure
3 compares mean blood glucose values
between the two patient groups, assessed
by 12-h intervals (for this analysis, hourly
comparisons were not possible due to the
differing frequency of data collection in
the two patient groups). Significant blood
glucose differences were evident within
12 h of initial hyperglycemia.

MICU nursing reaction

In general, the IIP was readily accepted by
our MICU nursing staff. In anonymous
written surveys completed by 29 MICU
nurses who employed the TP, 73% rated
the IIP as either “very easy” or “somewhat
easy” to use; 86% rated the IIP as either
“very effective” or “somewhat effective”;
and 75% felt that the IIP was “an overall
improvement” compared with previously
available nonstandardized insulin infu-
sion orders in the MICU. Though a ma-
jority of nurses felt that their workload
was increased by the IIP, they generally
were enthusiastic about employing the
protocol after understanding its rationale
and potential benefits. Nine months after
its initial implementation, the IIP is still
being actively utilized in our MICU.

CONCLUSIONS — Hyperglycemia
occurs in the majority of critically ill pa-
tients, even in those without a clinical his-
tory of diabetes (1,7). The stress of critical

illness induces glucose counterregulatory
hormones and a number of alterations in
carbohydrate metabolism, including in-
creased peripheral glucose demands, en-
hanced hepatic glucose production,
insulin resistance, and relative insulin de-
ficiency (7). In addition, several com-
monly employed clinical interventions,
such as corticosteroids, vasopressors, and
enteral (or parenteral) nutrition, further
predispose these patients to elevated
blood glucose levels (6). In a variety of
clinical settings, stress hyperglycemia has
been associated with adverse clinical out-
comes. Following myocardial infarction,
for example, hyperglycemia predicts in-
creased rates of congestive heart failure,
cardiogenic shock, and death (8-10). In
patients with acute stroke, elevated blood
glucose levels have been associated with
increased mortality and with diminished
neurologic recovery (11-14). In the gen-
eral hospital setting, patients with hyper-
glycemia have higher mortality rates.
Importantly, patients with new hypergly-
cemia have a worse prognosis than that of
patients with a known history of diabetes
(15). This observation becomes especially
significant in the ICU, where the mortality
rate for newly hyperglycemic patients ap-
proaches one in three (15).

A number of mechanisms have been
proposed to explain the relationship be-
tween stress hyperglycemia and adverse
clinical outcomes. These include attenu-

Goldberg and Associates

ated host defense mechanisms, endothe-
lial dysfunction, increased inflammatory
cytokines, and changes in myocardial me-
tabolism due to altered substrate avail-
ability. This complex topic has been
reviewed elsewhere (16—-19). However,
in the absence of randomized controlled
trials, it remained unclear whether hyper-
glycemia by itself is a causal factor in poor
clinical outcomes or merely a reflection of
illness severity. In 2001, the Leuven study
(1) was the first randomized controlled
trial to definitively demonstrate the bene-
fits of intensive glycemic control in surgi-
cal ICU patients. Building clinical
evidence suggests that the benefits of
strict blood glucose control may not be
limited to postsurgical patients. Ongoing
randomized controlled trials are designed
to address this issue.

Unfortunately, there are many practi-
cal barriers to implementing intensive in-
sulin protocols in an ICU. 1IPs add
significantly to the work of managing ICU
patients and thus may not be readily ac-
cepted by a busy ICU nursing staff. Every
hour, the nursing caregiver must locate a
glucose meter, perform a fingerstick, doc-
ument the results, and make the neces-
sary insulin drip adjustments; this
process can take up to 5 min per hour. In
addition, the inherent clinical and logisti-
cal perturbations of caring for critically ill
patients (fluctuating severity of illness,
changes in nutritional delivery, off-unit
visits to diagnostic imaging, etc.) produce
frequent alterations in hourly insulin re-
quirements. Finally, a prevalent fear of
hypoglycemia among critical care physi-
cians and nurses further hinders the
achievement of strict glycemic control in
the ICU.

An effective, validated, nurse-
implemented IIP has been elusive in the
literature, likely because of the general
lack of enthusiasm for strict inpatient gly-
cemic control before publication of the
Leuven study in 2001. Existing published
[IPs are disadvantaged by excessively con-
servative blood glucose targets (2,4,20—
22) and/or by oversimplified IIP
directions, necessitating expert supervi-
sion or frequent deviation from protocol
(2,4). In addition, detailed blood glucose
data using these protocols have not been
published. To maximize safety and effi-
cacy, an IIP must take into account not
only the current blood glucose level but
also the rate of glycemic change and the
current insulin infusion rate. By incorpo-
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rating all three of these factors, our ITP was
successful in maintaining targeted blood
glucose control in the majority of MICU
patients, with rare (and clinically insignif-
icant) hypoglycemia. In addition, the IIP
was easily implemented and well ac-
cepted by our MICU nursing staff. Pre-
dictably, once the intravenous insulin
infusion was discontinued, the recur-
rence of hyperglycemia was common.
Further studies are required to develop
subcutaneous insulin protocols designed
to minimize this rebound effect.

Though our observational study de-
sign was markedly different from that of
the randomized, controlled Leuven trial,
a few brief comparisons with that study
may be useful to best interpret our results.
First, the Leuven study was performed in
postoperative patients admitted to a sur-
gical ICU. Our study was performed in
medical ICU patients, none of whom were
postoperative. Second, 56% of our study
patients had preexisting diabetes, com-
pared with only 13% of the intensively
treated Leuven patients. Expectedly, our
patients had higher blood glucose levels
on ICU admission (median 212 mg/dl)
compared with the Leuven patients, of
whom only 11% had admission blood
glucose levels >200 mg/dl. Despite these
differences, we were able to successfully
control blood glucose levels in our pa-
tients using somewhat higher insulin in-
fusion rates (4.0 vs. ~3 units/h) than
those employed in the Leuven study.

We acknowledge several limitations
of this work. First, because this was a clin-
ical quality improvement project in-
tended to benefit our MICU patients,
there was no control group established.
Recommendations were made regarding
blood glucose thresholds for triggering
the IIP. However, without solid outcome
data in MICU patients, we were hesitant
to establish strict inclusion criteria. Sec-
ond, we recognize that our process of cal-
culating missing hourly blood glucose
levels is subject to criticism; however, this
procedure was necessary so that all insu-
lin infusions would contribute equally to
the statistical analysis. In addition, we
verified that this process had little impact
on our study results. Third, we acknowl-
edge the inadequacies of using historical
control patients. However, these compar-
isons permitted us to assess the general
impact of the ITP within our unit. Because
our control patients were in general less ill
and had lower admission blood glucose

levels than our IIP patients, we felt this to
be a valid (and conservative) exercise.
Fourth, both nursing adherence to the IIP
and nurse ratings of the IIP may have been
affected by the daily presence of one or
more of the authors. This was unavoid-
able. Fifth, this work was not designed to
address clinical outcomes. To date, the
clinical benefits of strict glycemic control
in MICU patients have not been formally
demonstrated; ongoing studies have been
designed to address this issue. Finally, we
acknowledge that our conservative blood
glucose targets (as compared with the
stricter Leuven protocol) may impact the
clinical effectiveness and safety of the IIP
intervention.

In summary, this work describes in de-
tail the successful implementation of a safe,
effective IIP by the nursing staff in a tertiary
care MICU. The use of this IIP allows for
strict glycemic control in critically ill pa-
tients. Future studies should determine
whether such control, using insulin infu-
sion protocols like the one described here,
will result in improved patient outcomes for
patients admitted to an MICU. Optimal tar-
get blood glucose levels also need to be
more precisely identified.

Acknowledgments— This work was pre-
sented as a poster at the 63rd Scientific Ses-
sions of the American Diabetes Association,
June 2003, and was published in abstract
form: Goldberg PA, Siegel MD, Sherwin RS,
Halickman J, Bailey V, Lee S, Inzucchi S: Im-
plementation of an effective insulin infusion
protocol to improve glycemic control in a
medical intensive care unit (MICU). Diabetes
52 (Suppl. 1):A104, 2003.

References

1. Vanden Berghe G, Wouters P, Weekers F,
Verwaest C, Bruyninckx F, Schetz M,
Vlasselaers D, Ferdinande P, Lauwers P,
Bouillon R: Intensive insulin therapy in
critically ill patients. N Engl ] Med 345:
1359-1367, 2001

2. Malmberg K, Ryden L, Efendic S, Herlitz
J, Nicol P, Waldenstrom A, Wedel H, We-
lin L: Randomized trial of insulin-glucose
infusion followed by subcutaneous insu-
lin treatment in diabetic patients with
acute myocardial infarction (DIGAMI
study): effects on mortality at 1 year. ] Am
Coll Cardiol 26:57-65, 1995

3. Malmberg K, DIGAMI Study Group: Pro-
spective randomised study of intensive in-
sulin treatment on long-term survival
after acute myocardial infarction in pa-
tients with diabetes mellitus. Br Med |

10.

11.

12.

13.

14.

15.

314:1512-1515, 1997

. Furnary AP, Zerr KJ, Grunkemeier GL,

Starr A: Continuous intravenous insulin
infusion reduces the incidence of deep
sternal wound infection in diabetic pa-
tients after cardiac surgical procedures.
Ann Thorac Surg 67:352-362, 1999

. Knaus WA, Draper EA, Wagner DP, Zim-

merman JE: APACHE II: a severity of dis-
ease classification system. Crit Care Med
13:818-829, 1985

. Inzucchi SE, Goldberg PA, Dziura JD, Sie-

gel M, Lee M, Halickman J, Sherwin R:
Risk factors for poor glycemic control in a
medical intensive care unit (ICU) (Ab-
stract). Diabetes 52 (Suppl. 1):A96, 2003

. Mizrock BA: Alterations in carbohydrate

metabolism during stress: a review of the
literature. Am ] Med 98:75-107, 1995

. Malmberg K, Norhammar A, Wedel H,

Ryden L: Glycometabolic state at admis-
sion: important risk marker of mortality
in conventionally treated patients with di-
abetes and acute myocardial infarction.
Circulation 99:2626-2632, 1999

. Capes SE, Hunt D, Malmberg K, Gerstain

HC: Stress hyperglycemia and increased
risk of death after myocardial infarction in
patients with and without diabetes: a sys-
tematic overview. Lancet 355:773-778,
2000

Wahab NN, Cowden EA, Pearce NJ,
Gardner MJ, Merry H, Cox JL, ICONS In-
vestigators: Is blood glucose an indepen-
dent predictor of mortality in acute
myocardial infarction in the thrombolytic
era? ] Am Coll Cardiol 40:1748-1754,
2002

Gray CS, Taylor R, French JM, Alberti KG,
Venables GS, James OF, Shaw DA, Car-
tlidge NE, Bates D: The prognostic value
of stress hyperglycaemia and previously
unrecognized diabetes mellitus in acute
stroke. Diabet Med 4:237-240, 1987
Woo J, Lam CW, Kay R, Wong AH, Teoh
R, Nicholls MG: The influence of hyper-
glycemia and diabetes mellitus on imme-
diate and 3-month morbidity and
mortality after acute stroke. Arch Neurol
47:1174-1177, 1990

Parsons MW, Barber PA, Desmond PA,
Baird TA, Darby DG, Byrnes G, Tress BM,
Davis SM: Acute hyperglycemia adversely
affects stroke outcome: a magnetic reso-
nance and spectroscopy study. Ann Neu-
rol 52:20-28, 2002

Williams LS, Rotich J, Qi R, Fineberg N,
Espay A, Bruno A, Fineberg SE, Tierney
WR: Effects of admission hyperglycemia
on mortality and costs in acute ischemic
stroke. Neurology 59:67-71, 2002
Umpierrez GE, Isaacs SD, Bazargan N,
You X, Thaler LM, Kitabchi AE: Hyper-
glycemia: an independent marker of
in-hospital mortality in patients with un-

466

DiaBETES CARE, VOLUME 27, NUMBER 2, FEBRUARY 2004



16.

17.

18.

diagnosed diabetes. ] Clin Endocrinol
Metab 87:978-982, 2002

Preiser J-C, Devos P, Van den Berghe G:
Tight control of glycaemia in critically ill
patients. Curr Opin Clin Nutr Metab Care
5:533-537, 2002

Oliver MF, Opie LH: Effects of glucose
and fatty acids on myocardial ischaemia
and arrythmias. Lancet 343:155-158,
1994

Trence DL, Kelly JL, Hirsch IB: The ratio-
nale and management of hyperglycemia
for in-patients with cardiovascular dis-

19.

20.

ease: time for change. J Clin Endocrinol
Metab 88:2430-2437, 2003

Dandona P, Aljada A, Bandyopadhyay A:
The potential therapeutic role of insulin
in acute myocardial infarction in patients
admitted to intensive care and in those
with unspecified hyperglycemia. Diabetes
Care 26:516-519, 2003

Ousman YH, Sharma MB, Ringel MD,
Walker SM, Magee MF: A standardized
nurse-adjusted insulin infusion algorithm
(SITA) is safe and effective (Abstract). Di-
abetes 51 (Suppl. 2):A110, 2002

21.

22.

Goldberg and Associates

Markovitz L], Wiechmann R], Harris N,
Hayden V, Cooper J, Johnson G, Harels-
tad R, Calkins L, Braithwaite SS: Descrip-
tion and evaluation of a glycemic
management protocol for patients with
diabetes undergoing heart surgery. Endocr
Pract 8:10-18, 2002

Lien L, Spratt S, Woods Z, Osborne K,
Feinglos M: A new intravenous insulin
normogram in intensive care units im-
proves management of persistent hyper-
glycemia (Abstract). Diabetes 52 (Suppl.
1):A125, 2003

DiaBETES CARE, VOLUME 27, NUMBER 2, FEBRUARY 2004

467



