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OBJECTIVE — Intravenous insulin is now the recommended method of diabetes manage-
ment in critically ill persons in the hospital. The published methods for administering the insulin
are complex and are usually limited to intensive care units with a low patient-to-nurse ratio.

RESEARCH DESIGN AND METHODS — A computer-directed algorithm for advice
on the delivery of intravenous insulin that is flexible in blood glucose timing and advises insulin
dosing in a graduated manner has been developed. This software program, known as the
Glucommander, has been used extensively by our group. The data were analyzed for this study.

RESULTS — The data from 5,080 intravenous insulin runs over 120,683 h show that blood
glucose levels can be safely stabilized in a target range without significant hypoglycemia by
nonspecialized nurses working on any unit of a general hospital. The mean glucose level reached
�150 mg/dl in 3 h. Only 0.6% of all glucose values were �50 mg/dl. The prevalence of
hypoglycemia �40 mg/dl was 2.6% of all runs. No hypoglycemia was severe.

CONCLUSIONS — This computer-directed algorithm is a simple, safe, effective, and robust
method for maintaining glycemic control. It has been extensively studied and is applicable in a
wide variety of conditions. In contrast to other published intravenous insulin protocols, which
have been limited to intensive care units, Glucommander can be used in all units of any hospital.
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A large, randomized, controlled trial
of patients admitted to a surgical in-
tensive care unit in Leuven, Bel-

gium, and reported by Van den Berghe et
al. (1) showed that regulation of blood
glucose levels to �110 mg/dl using an
intravenous insulin protocol improved
clinical outcomes. In the Leuven study,
intensive insulin therapy reduced inten-
sive care unit (ICU) mortality by 34% and
also reduced sepsis, the need for dialysis,
prolonged ventilator support, and the du-
ration of ICU stay.

Strict glycemic control has been dem-
onstrated to be beneficial in other settings
as well, with intravenous insulin in pref-
erence to the subcutaneous route in many
clinical situations, including diabetic ke-
toacidosis and the nonketotic hyperos-

molar state (2), critical care illness (1),
myocardial infarction or cardiogenic
shock (3–5), and the postoperative period
after cardiac surgical procedures (6).
Other indications for intravenous insulin
infusion therapy include use in patients
with diabetes who are receiving nothing
by mouth, general perioperative care, to-
tal parental nutrition, or high-dose corti-
costeroid therapy; in patients who have
had a stroke; in women during labor and
delivery; as a dose-finding strategy in an-
ticipation of initiation of subcutaneous in-
sulin; and in prevention or treatment of
infection.

Based on the emerging clinical evi-
dence, there are widespread efforts to
maintain very strict glycemic control in
critically ill patients. However, achieving

this goal requires extensive nursing ef-
forts, including frequent bedside capillary
glucose monitoring and the implementa-
tion of complex intravenous insulin pro-
tocols generally limited to an ICU. The
fear of hypoglycemia also inhibits the
widespread acceptance of intensive blood
glucose level management. There is a gen-
eralized need for a safe, simple method to
achieve normoglycemic control in hospi-
talized patients.

A review of the literature failed to find
an intravenous insulin protocol that is ro-
bust enough to control glucose levels in
sick patients and simple enough to be
used throughout the hospital without
close expert supervision.

The tool for blood glucose management
presented in this article is known as the Glu-
commander. It is a computer-based algo-
rithm for advising on the delivery of
intravenous insulin. The Glucommander
was invented by the authors in 1984. Nu-
merous physicians have used the Glucom-
mander for 21 years in our hospitals and
also throughout the American Healthways
Systems units in �100 hospitals nation-
wide. This is the first peer-reviewed report
on the Glucommander.

In this article, the heretofore unre-
ported safety and efficacy data seen with
Glucommander will be highlighted.

RESEARCH DESIGN AND
METHODS — The inspiration for
Glucommander is a simple control system
stemming from an article published in
1982 by White et al. (7). The article pre-
sented a complex set of orders for deter-
mining the basal insulin requirement in
pediatric patients with insulin pumps.
When data were graphed, it was obvious
that a linear regression with an intercept
of 60 and a slope, or multiplier, of 0.02
can reduce the complexity of the orders of
White et al. to a single formula: (blood
glucose � 60) � 0.02 � insulin dose/h.

However, when this equation is used
for a wide variety of patients with insulin
resistance, stress responses, and con-
founding pharmacological effects, this
multiplier is not appropriate for most pa-
tients. In our later analysis of all patients
who had used the Glucommander for
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�10 h, i.e., steady state, only 14% were at
the multiplier of 0.02.

The intravenous insulin protocol de-
veloped by the authors in 1982 used the
formula: insulin dose/h � (blood glu-
cose � 60) � multiplier (8). The multi-
plier was started at 0.02. Whenever the
multiplier did not correct the glucose to
the targeted range, it was progressively
changed until the insulin dosing formula
controlled glucose in the target range. Al-
though this was relatively simple, it was
associated with many errors in applica-
tion of the adjustment and timing rules
and the failure to repeat scheduled glu-
cose measurements promptly.

In 1984, the insulin drip orders were
programmed into a bedside TRS-80 com-
puter directly connected to an Auto-Syringe
AS-2C pump, the first Glucommander
(9). Since 2000, the system has been used
in a Windows-based computer and more
recently in a personal digital assistant. To
initiate the system, a bedside fingerstick
blood glucose value is entered, and the
initial insulin infusion rate is calculated
by the Glucommander, i.e., (blood glu-
cose � 60) � 0.02. Based on the rate of
change of the glucose level, the computer
will notify the nurse when the next blood
glucose value is needed, which may be in
from 20 to 120 min. The system contin-
ues recommending the intravenous insu-
lin infusion rate until it is discontinued by
the health care provider.

Statistical analysis
The use of a computerized device allowed
for expedient data collection. The data
presented here are from the period 1984–
1998 or until Boehringer Mannheim and
MiniMed started their clinical study for
presentation to the Food and Drug Ad-
ministration (10).

Information collected and analyzed
included the temporal relationship be-
tween all blood glucose values, insulin
doses, and factors necessary to convert
the glucose level to the desired insulin
dose. All clinical data are expressed as
means � SD.

RESULTS — For the initial Glucom-
mander setting, the high target for blood
glucose level is usually selected as 120 or
140 mg/dl, the low target is usually 80 or
100 mg/dl, the multiplier is usually 0.01
or 0.02, and the maximal duration of time
between glucose measurements is usually
120 min. The frequency of blood glucose
monitoring is set at an interval predicted
to prevent the blood glucose level from

dropping to �60 mg/dl. When blood glu-
cose values are stable, the interval be-
tween blood glucose level monitoring will
be increased to the preset maximum in-
terval. Our data analysis shows that the
Glucommander has been able to achieve a
targeted glucose level in 3–6 h that is then
stable for as long as the Glucommander
run continues.

The principles of the Glucommander
are extremely simple. They are shown
graphically in Fig. 1. A typical run on a
person with type 1 diabetes is illustrated
in Fig. 2. The entire database from 1984
to 1998 has been analyzed (Fig. 3). All
runs were preformed at two Atlanta hos-
pitals where the authors practiced. The
runs were ordered by both the authors
and others. The data were captured auto-
matically in the computer memory. No
other hospitals provided data.

During the study period, Glucom-
mander was prescribed by a score of dif-
ferent physicians. All runs were in the era
before the Leuven data were published;
thus, values were sometimes targeted to
what would now be considered very high
levels. However, for the past 5 years, after
the period of data collection, the most ex-
perience has been with a target blood glu-
cose level set in the range of 80 to 120
mg/dl. The physicians prescribing Glu-
commander were in community hospitals
and did not have house officers as
backup. The prescribing physicians were
endocrinologists, internists, family physi-

cians, obstetricians, and anesthesiolo-
gists. The protocol has been administered
by nurses in ICUs, operating room, deliv-
ery suites, and emergency rooms, but
mostly on general medical and surgical
floors.

In analysis of our extensive data, we
observed that the initial multiplier can be
at any level, and the self-correcting nature
of the algorithm will seek and find the
appropriate level. When the initial multi-
plier was 0.01, 50% of values are to target
in 4.6 h and 90% in 10.5 h. With an initial
multiplier of 0.02, these values are 3.2
and 8 h. With an initial multiplier of 0.03,
these values are 3.0 and 7.5 h.

Of all glucose values, only 0.6% were
�50 mg/dl. There was no severe hypogly-
cemia because of early recognition and
treatment. The percentage of runs with at
least one glucose value �60 mg/dl was
16.5%. All episodes of hypoglycemia
were recognized within 20 min, because
of the nature of the algorithm. Insulin was
held 30 min and until the glucose level
was �60 mg/dl. Only 2.6% of runs were
characterized by a glucose value �40 mg/
dl.

The efficacy of the correction of hy-
poglycemia by the Glucommander was
analyzed in 886 hypoglycemic events
when the blood glucose level was �60
mg/dl. The mean � SD of all low glucose
values was 49 � 10 mg/dl, and the fol-
low-up value in an average of 33 min was
83 � 10 mg/day (P � 0.001). As a further

Figure 1—The principles of the Glucommander are illustrated as an array of slopes representing
the multipliers. In this example, the initial blood glucose level (295 mg/dl) is plotted on the 0.02
slope, indicating the initial insulin rate (4.7 units/h). The second blood glucose level has only
decreased from 295 to 256 mg/dl, �15%. Therefore, the multiplier is increased by 25%, increasing
the insulin dose to 4.9 units/h. Subsequent serially measured blood glucose levels decrease satis-
factorily (205 mg/dl followed by 3.6 units/h, 168 mg/dl followed by 2.7 units/h, and 115 mg/dl
followed by 1.5 units/h) until the blood glucose level is less than the low target value (69 mg/dl
followed by 0.2 units/h). At that time, the multiplier had shifted downward and the next two blood
glucose levels and insulin doses (98 mg/dl followed by 0.8 units/h and 110 mg/dl followed by 1
unit/h) centered in the target range.
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safeguard against hypoglycemia, a proto-
col for treating hypoglycemia was initi-
ated in 1995. The authors incorporated
an intravenous glucose formula into the
Glucommander program for correction of
hypoglycemia with 50% glucose levels �
(100 � blood glucose) � 0.2 g. This pro-
cedure immediately corrected hypoglyce-

mia. In a separate study, this procedure
has been shown to correct blood glucose
to the target range in 98% of patients
when rechecked in 30 min (11).

An analysis of all data on runs that
exceeded 10 h and therefore were pre-
sumed to have reached a stable multiplier
shows that the glucose level corresponds

very closely to the targeted glucose level
(R2 � 0.90).

CONCLUSIONS — Three recent ma-
jor studies have demonstrated the benefit
of intravenous insulin therapy to normo-
glycemia (1,3,6). All three of them are
based on use of intravenous insulin dur-
ing the initial care of ICU patients. All
three studies showed convincing evi-
dence that the administration of intrave-
nous insulin was associated with
markedly reduced morbidity and mortal-
ity. The DIGAMI (Diabetic Patients with
Acute Myocardial Infarction) study shows
that 24 h of intravenous insulin followed
by 3 months of intensive insulin therapy,
whether in persons with known diabetes
or in persons with newly recognized dia-
betes resulted in up to 51% improved
mortality 5 years later (3).

The study of Furnary et al. (6) com-
paring intravenous insulin to conven-
tional diabetes management after
coronary artery bypass grafting showed
the virtual elimination of death from in-
fection and dramatically reduced death
from cardiovascular events when the av-
erage glucose level was maintained at
�150 mg/dl. Their work demonstrated a

Figure 2—A typical run of the Glucommander. The blood glucose level is indicated in the upper panel. The solid line in the lower panel indicates
units of insulin per hour. The interrupted line indicates the multiplier. These three values are interrelated: (blood glucose � 60) � multiplier �
units/h. The subject is a patient with type 1 diabetes, for whom the Glucommander was started when her diabetes was out of control and she had mild
diabetic ketoacidosis and gastroparesis. By 7 h, her blood glucose level was down to the selected target range, 100–140 mg/dl. Her multiplier had
automatically progressively adjusted. Subsequent instability was related to her being overtreated for minimal hypoglycemia at 26 h. After that, the
balance of the run was excellent.

Figure 3—The means and SDs of the data from all Glucommander runs from 1984 to 1998 are
graphed. The database includes 120,618 blood glucose values in 5,808 runs. The mean blood
glucose level reached �150 mg/dl in 3 h. The source of variance in blood glucose levels after the
target was reached includes the effects of different targets and meter measurement variance as well
as reflecting the efficacy of the algorithm.

Glucommander
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94% reduction in mortality when the av-
erage postoperative blood glucose level
was reduced from �250 to �150 mg/dl.

The most impressive evidence for
normal glucose control is that from Van
den Berghe et al. (1). Their study showed
a �34% reduction in mortality and a
3-day shortening of ICU stay by maintain-
ing glucose levels at �110 mg/dl com-
pared with the control group who had
average glucose levels at �150 mg/dl.

A major problem in each of these
studies is that the intravenous insulin pro-
tocols associated with these studies are
extremely complex and are used only by
very highly trained nurses in ICUs under
the supervision of physicians involved
with the specific studies. The Leuven pro-
tocol leaves the nurses with great respon-
sibility in selecting doses of insulin and
timing of blood glucose measurements. In
contrast, use of the Glucommander is
very directed.

Some of the current published proto-
cols for management of intravenous insulin

were compared with the Glucommander
using the recommended insulin doses be-
ing given for an identical and typical se-
ries of blood glucose levels. Because we
have analyzed our Glucommander data
and, with this publication, the Glucom-
mander has now been more extensively
reported than any other intravenous insu-
lin management system, we propose that
it could be used as a standard. Many of the
other protocols differ markedly in their
recommendations.

With Glucommander as the standard,
the set of other protocols show little
agreement during the first 5 h in the treat-
ment of a patient who is very hyperglyce-
mic and is typical of patients seen
clinically (1,3,6,8,12–20). This analysis is
presented as Fig. 4. Only one of these
other algorithms gives values in the same
ranges as the Glucommander. Not sur-
prisingly, it is the intravenous drip orders
from which Glucommander was devel-
oped. A close match is the intravenous
insulin protocol of Markovitz et al. (16).

What these three protocols have in com-
mon is that they have early aggressive
dosing of insulin, the insulin doses de-
crease in parallel with the decreasing glu-
cose level, all end with a similar dose of
insulin, and the total insulin dose given
over the 5 h is moderate and similar.

With the Glucommander, hypoglyce-
mia has been minimized. Van den Berghe
et al. (1) defined hypoglycemia for pa-
tients in the ICU as glucose level �40 mg/
dl. Their prevalence of hypoglycemia was
5.2%. The prevalence achieved with the
Glucommander is reduced by one-half to
2.6%.

A primary disadvantage of most intra-
venous insulin protocols is that the blood
glucose levels are required on a variable
schedule and are difficult to reproduce
without a timing and alarm mechanism.
The principles of the timing for the Glu-
commander are that blood glucose mea-
surement is required every 60 min unless
the last two blood glucose levels can be
projected to reach a level that is approach-

Figure 4—Upper half: Series of blood glucose values typical for a patient being treated for a hyperglycemic crisis. Values presented in bold are within
25% of the values determined by Glucommander. Boxed values in the first 2 h of treatment are within 25% of the Glucommander values. Similarly,
values for the last 2 h are compared with those of the Glucommander. Some of these protocols were not primarily designed for managing marked
hyperglycemia but rather for stabilizing critically ill patients. Some start very slowly and thus might unnecessarily prolong the hyperosmolar state.
Others start aggressively. In the last 2 h, as the blood glucose level is approaching the target range, the Glucommander has tapered the dose, whereas
some other infusion systems are still at very high rates of insulin with the potential risk of hypoglycemia. Because some protocols are designed
primarily for maintenance of blood glucose levels, the lower half of the table is a repeat of the testing process starting in a lower range and continuing
in the normal range. This again shows the authors’ intravenous drip to have the “best” control compared with the Glucommander. Protocols that have
been most widely reported for maintenance in mildly hyperglycemic persons (DIGAMI [3] and Furnary et al. [6]) are most remarkably discrepant
from the Glucommander. This is perhaps because they are both designed for only short-term use in stressed patients. ADA, American Diabetes
Association; nr, not reported.
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ing 60 mg/dl before another 60 min, in
which case the time interval is shortened.
When glucose control has been stabilized
and levels have been in the target range
for 4 h, the interval to the next requested
blood glucose level is increased to the
maximum interval programmed. When
the blood glucose level drifts out of the
target range, the time interval reverts to
60 min. If the blood glucose level is �60
mg/dl, a follow-up blood glucose level is
requested in 30 min.

As is true with all published protocols
for intravenous insulin, the patient can-
not take intermittent meals of carbohy-
drate because this titrates up the insulin
dose, which then carries on beyond the
availability of substrate. This limitation
can be coped with by giving a 1-h step-up
of intravenous insulin of 1 unit/10 g of
carbohydrate initiated immediately after a
meal. Another option is to give 1 unit of a
rapid-acting analog subcutaneously for
every 10 g of carbohydrate consumed.

The Glucommander has been used to
treat individuals with out-of-control diabe-
tes, ketoacidosis, a hyperosmolar nonke-
totic state, gastroparesis with intractable
nausea and vomiting, septic conditions,
gastroenteritis, pancreatitis, and hyperali-
mentation; critically ill patients in the
ICU; individuals after myocardial infarc-
tion; individuals receiving steroid ther-
apy; and women during labor. It has also
been used for perioperative glucose man-
agement and for establishing the degree of
insulin sensitivity.

From projections of the data of Van
den Berghe et al. (1), a reduction in ICU
mortality of �60% and an annual savings
of �$300 million of ICU costs in the U.S.
could be realized immediately by the gen-
eralized use of the Glucommander. Fur-
nary et al. (21) projected savings related
to use of an intravenous insulin protocol
for cardiovascular surgery of $456 million
annually in the U.S.

There is general agreement that a
closed-loop system based on continuous
glucose monitoring is what is needed for
ideal in-hospital blood glucose manage-
ment. The closed-loop system continues
to be beyond our reach. Meanwhile we
now have irrefutable proof that normal
glucose levels will save lives and money.
With the Glucommander, we have evi-
dence that the necessary degree of glucose
control can be achieved for all patients in
all sections of all hospitals.

The authors anticipate that this article
will generate interest in using the Glu-
commander technology at other institu-

tions. As this article goes to press, we are
still finalizing how Glucommander will be
made available to interested parties.

Our personal desire and interest are
to continue to work to improve the Glu-
commander. To this end, we are organiz-
ing a Computerized Hospital Insulin
Project (CHIP) consortium. The CHIP
consortium is to be open to hospitals that
desire to use and further the development
of computer systems to support the con-
trol of hyperglycemia in hospitalized pa-
tients.

Institutions that join and support the
CHIP consortium will immediately have
access to the version of the Glucom-
mander described in this article. They will
also participate in a multicenter quality
improvement process by submitting their
results to a central database that can track
glucose control outcomes. Algorithms
will be refined as new information and
devices (e.g., continuous glucose moni-
tors) become available. As refinements are
implemented, members will be offered
the option of adopting the new systems.
Information about the Glucommander
and how to obtain it can be found at our
web site, www.glucommander.com.

In addition to the use of the database
in the quality improvement process, a
limited dataset, stripped of protected
health information, will be created. This
dataset will be analyzed, and results will
be published periodically to describe the
consortium’s progress.

In summary, the Glucommander is a
simple, safe, and effective method for
maintaining glycemic control. It has been
extensively studied as a standardized
treatment method applicable in a wide va-
riety of conditions. In contrast to the
other published intravenous insulin pro-
tocols, which have been mostly limited to
ICUs, the Glucommander is a safe and
robust method to significantly improve
clinical outcome in all units of all hospi-
tals.
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