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OBJECTIVE — To review performance characteristics of 12 insulin infusion protocols.

RESEARCH DESIGN AND METHODS — We systematically identily and compare 12
protocols and then apply the protocols to generate insulin recommendations in the management
of a patient with hyperglycemia. The main focus involves a comparison of insulin doses and
patterns of insulin administration.

RESULTS — There is great variability in protocols. Areas of variation include differences in
initiation and titration of insulin, use of bolus dosing, requirements for calculation in adjustment
of the insulin infusion, and method of insulin protocol adjustments. Insulin recommendations
for a sample patient are calculated to highlight differences between protocols, including the
patterns and ranges of insulin dose recommended (range 27-115 units [mean = SD 66.7 * 27.9]),
amount recommended for glucose readings >200 mg/dl, and adjustments nearing target glucose.

CONCLUSIONS — The lack of consensus in the delivery of intravenous insulin infusions is
reflected in the wide variability of practice noted in this survey. This mandates close attention to
the choice of a protocol. One protocol may not suffice for all patients.
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ical controls but was not substantiated in
a prospective trial (11,12).
In 2004, the American Diabetes Asso-

ormalization of hyperglycemia in
diabetes decreases morbidity and
mortality (1,2). On the other hand,

“stress hyperglycemia” of acute illness was
considered an adaptive response to en-
sure an adequate fuel source for non-
insulin-dependent tissues (e.g., red blood
cells, the central nervous system) (3). The
association of hyperglycemia with poor
outcomes has challenged this view (4—06).
Control of hyperglycemia in surgical in-
tensive care unit (ICU) patients, those
with acute coronary syndrome, and
stroke improve outcomes (7-10). A mor-
tality benefit to tight glycemic control in
medical ICU (MICU) patients was sug-
gested based on comparison with histor-

ciation (ADA) and American Association
of Clinical Endocrinologists (AACE) is-
sued position statements for tight glyce-
mic control of patients with critical illness
in the surgical ICU (13,14). No specific
recommendations were made for MICU
patients, but the AACE stated that “it is
reasonable [. . .] to assume that achieve-
ment of near-normal glycemia is benefi-
cial and desirable in all ICU patients with
elevated glucose,” and their recom-
mended blood glucose target during crit-
ical illness was <110 mg/dl (13). Others
proposed a goal of 90-140 mg/dl (15).
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Both AACE and ADA have emphasized
the importance of glucose control in their
most recent consensus statement (16),
which outlines crucial elements of a suc-
cessful program, including adequate ad-
ministrative support, multidisciplinary
involvement, assessment of current prac-
tices, and standardized protocols. Crucial
elements of the best protocols include ad-
justments for previous and current glu-
cose levels, the rate of change in glucose,
the insulin infusion rate, and the need for
frequent glucose checks (16).

Protocols in the ICU decrease vari-
ability of practice and improve outcomes
(17). Insulin infusion protocols decrease
the time to and permit maintenance of a
target blood glucose range and decrease
hypoglycemia relative to sliding-scale in-
sulin and physician-directed titration
(18-20). Nevertheless, developing an in-
sulin infusion protocol for the ICU has
been challenging (19). A survey of pub-
lished protocols is notable for their num-
ber and complexity (21). Intravenous
insulin protocols have been designed for
patients in both medical and surgical
ICUs (20,22,23). Furnary and colleagues
(24,25) describe a decade’s worth of ex-
perience with incorporating changes to
ensure patient safety and to prevent hy-
poglycemia and facilitate nursing utiliza-
tion. Over time, they have decreased their
target blood glucose from 150-200 mg/dl
to 100-150 mg/dl to 80-120 mg/dl (26).

The most striking aspect of these pro-
tocols is the variability in insulin delivery
and the complexity of instructions. This
may result in great differences in insulin
dosing and can be confusing for those try-
ing to implement an insulin protocol. Our
initial experience with an insulin protocol
was notable for excess hypoglycemia and
suboptimal dose titration. This led to the
following review of published insulin
protocols and comparison of insulin rec-
ommendations in a hyperglycemic MICU
patient.

RESEARCH DESIGN AND

METHODS — A search for intrave-
nous insulin protocols was performed us-
ing PubMed, the National Library of
Medicine search engine, and the terms
“insulin protocol” and “intravenous insu-
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Table 1—Comparison of insulin infusion protocols

Steps for
Bolus Changes in insulin infusion based ~ Basis of changes in insulin
Target insulin on changes in glucose insulin rate adjustment
glucose [n/calculations  Time to goal
Author (mg/dD)  Initial Add  Direction  Velocity = Resistance  Rorl Uux% Y/N)] glucose
Bode 100-150 Y* N N Y Y R U 3/N NR
Boord 120-180 N N N N N R U 7Y NR
Chant 90-144 N Y Y Y N R U+% 2/Y 15h
Davidson <180 N N N N Y R Multiplier 3N 7.5-10.5h
Furnary 100-150 Y Y Y Y Y R U+% 2N NR
Goldberg 100-139 Y N Y Y N R+1 U+% 3N 9.0h
Kanji 80-110 N N Y Y Y R U+% 2/Y 113£79h
Krinsley <140 N N N N N R U 1/N NR
Marks 120-180 N N N N N R U 1/N NR
Van den Berghe 80-110 N N N Y N R U+% 2N 12-24h
Watts 120-180 N Y N N N R 0] 1/N 8h
Zimmerman 101-150 Y Y N N N R+I U+% 2/Y 2.1h

See REFERENCES for complete citations. Protocols are all nursing driven with physician input written only for protocols by Bode and Van den Berghe. Bolus: Initial
bolus = Y; Y* = variable dose based on physican input; Add = additional boluses based on glucose level. Changes in insulin infusion: Direction = reflect whether
subsequent glucose levels are increasing or decreasing; Velocity = reflects changes based on the rate (amount) of decline in glucose; Resistance = adjustments based
on patient’s resistance to insulin. Basis of insulin change: R = rate changed based on glucose range; I = rate change based on insulin infusion rate; U = changes made
in units of insulin; % = changes based on a percentage of the current insulin infusion rate; Multiplier = adjustment of insulin dose using a multiplier incorporated
into a formula for calculation. Insulin adjustment: include number of steps and if calculations are needed. Time to goal: reported as median values, range, or mean *

SD. NR, not reported

lin.” Protocols were limited to those de-
signed for critically ill ICU patients. There
is extensive experience with glucose-
insulin-potassium infusions in myocar-
dial infarction (27). These protocols were
not included since they may not be appli-
cable to other critically ill patients; free
fatty acid reduction, not glucose control,
was the intent for their use (28). Addi-
tional published protocols were identified
by reviewing the publications’ references.

With a single exception, the protocols
represent efficacy studies, or protocols in
use with historical controls. A systematic
comparison of the performance of insulin
protocols is not possible due to the lack of
prospective, randomized trials. There-
fore, this review focuses on the approach
to intensive insulin therapy and differ-
ences between protocols.

A total of 12 different protocols were
identified (7,11,15,19,25,29-36). Full-
text review was conducted indepen-
dently, and a consensus was achieved
with respect to inclusion in the survey.
For the purposes of discussion, the pro-
tocols are referred to by the first author
and are listed in Table 1. Only the most
recent published protocol was chosen in
the case of similar protocols.

For example, the protocol published
by Bode represents modifications of the
protocols published by Markovitz and

Trence (20,37). Similarly, the Ku proto-
col represents modifications from the
Markovitz protocol (38). The Boord pro-
tocol is similar to protocols by Hirsch and
Jacober (39,40). The Zimmerman proto-
col is similar to one by Brown (18). The
Goldberg protocol provides more details
of a protocol outlined by Metchick
(23,41). The Furnary or Portland proto-
col is referenced by both its publication
and online link (25,26). The published
protocol was used for comparison. The
Dilkhush protocol is similar to the Port-
land protocol (42). The Van den Berghe
protocol was not originally published but
subsequently available in supplementary
materials (43). Protocols published by
Herr, Levetan, and Laver (44—46) were
not included because they were either
lacking key details or too narrow in focus.

Some protocols have been incorpo-
rated into a computer program, accessed
with a handheld computer or desktop.
The Davidson protocol is one program
and, while primarily a computerized pro-
gram, is also available with options for
bedside calculations. This protocol is also
available in a drip-chart format that lists
precalculated values (47). Other comput-
erized guidelines have been reported but
were not included because of their limited
availability (48-50). One program by

Thomas was based on the Van den Berghe
protocol (49).

The protocols were reviewed with re-
spect to target goals, autonomy, steps for
Initiation and titration of insulin, and
methods of adjustment. The blood glu-
cose records from a hyperglycemic pa-
tient treated with the Van den Berghe
protocol at our institution were used to
calculate insulin recommendations based
on these protocols. The hourly blood glu-
cose values during treatment were com-
pared with the other 11 protocols using a
blood glucose goal of 80-110 mg/dl. The
major assumption was that the change in
glucose would be the same for all of the
protocols, allowing comparison of recom-
mended insulin dosing. This methodol-
ogy is similar that used by Davidson et al.
(36). The reviewed patient data were from
a comparative insulin study approved by
our institutional review board, and the
patient provided written informed con-
sent for their participation.

RESULTS

The features of each protocol are pre-
sented in Table 1. There was variability in
nearly every aspect of management. The
following highlights the major differences
between protocols.
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Figure 1—Graphical summary of hourly insulin infusion rates using different insulin protocols to simulate treatment based on laboratory values
from a hyperglycemic patient. See REFERENCES for citations.

Staff implementation

The majority of protocols are nursing im-
plemented with limited physician over-
sight. Only two specified initial physician
input (Bode, Van den Berghe), and a phy-
sician assists the nursing staff with titra-
tion in the Van den Berghe protocol. All of
the protocols, except the Furnary proto-
col, required administration of glucose
while receiving intravenous insulin. Pa-
tients in the Van den Berghe protocol re-
ceived 200-300 g of intravenous glucose
per day or 20-30 kcal/kg of enteral/
parenteral feedings.

Bolus insulin (initial and
subsequent)

An initial insulin bolus was used in 4 of
the 12 protocols. The bolus amount was
based on the initial blood glucose value
(Goldberg, Furnary, Zimmerman),
whereas the Bode protocol left this to the
discretion of the attending physician.
Four protocols use subsequent bolus in-
sulin to augment insulin titration (Chant,
Furnary, Watts, Zimmerman).

Adjustments in infusion rate

Table 1 outlines the major differences.
Four protocols require one step for ad-
justmentsin theinsulinrate (Boord, Krins-
ley, Marks, Watts). Two-step protocols
include those by Chant, Furnary, Kanji,
Van den Berghe, and Zimmerman. The
first three incorporate changes in the di-
rection and amount of change in glucose
to adjust the insulin rate. The Van den

Berghe protocol does not require calcula-
tions to titrate insulin but does reduce the
infusion for large (>50%) decreases in
glucose. This protocol has been associ-
ated with frequent hypoglycemia,
prompting one medical center to revise
this protocol (19). This protocol allows
and perhaps requires more physician
oversight in adjusting the infusion,
thereby precluding the need for more ex-
plicit step-by-step recommendations.

In 6 of the 12 protocols, the insulin
infusion rate is adjusted based on the di-
rection and/or the velocity (rate) of blood
glucose decline. This represents addi-
tional steps and, in some, calculations be-
fore rate adjustment. Most changes are
based on the glucose range, but two
(Goldberg and Zimmerman) factor the in-
sulin infusion rate in making adjust-
ments. Changes in the infusion rate are
made either in terms of absolute units or a
percentage of the current insulin drip
rate.

The Bode, Davidson, and Goldberg
protocols require the greatest number of
steps. The Bode protocol requires calcu-
lation of the rate of blood glucose change
and duration in a given algorithm arm for
each adjustment. The Davidson protocol
uses a multiplier based on the blood glu-
cose level. The Goldberg protocol factors
both the direction of change in blood glu-
cose and its velocity of change in adjust-
ments. Eight of the 12 protocols require
mathematical calculations of variable
complexity.

Time to target glucose goals

The amount of time required to reach tar-
get glucose is reported for some of the
protocols and outlined in Fig. 1. Direct
comparison is tempered by noncompa-
rable patients, but target levels are gener-
ally reached within 8 —12 h and uniformly
more rapidly than noted in previous ex-
perience with historical cohorts. Investi-
gators also report lower mean morning
serum glucose, lower proportion of hy-
perglycemic patients, slightly increased
hypoglycemia, and greater nursing work-
load in patients treated with intravenous
insulin infusions.

Insulin recommendations

The insulin recommendations for a hy-
perglycemic patient are presented in Fig.
1 and Table 2. The patient required a sig-
nificant amount of insulin before control
could be achieved. During the 9 h under
evaluation, the patient actually received
98.5 units of insulin. Comparing the pro-
tocols, the amount of insulin recom-
mended ranged from 26.9 to 115 units
withamean of 66.7 £ 27.9 units. There is
considerable variability in the adjustment
of the insulin infusion. With the blood
glucose declining, 7 of the 12 protocols
have the insulin rate either increasing or
staying virtually the same (=1 unit/h ad-
justment). Most protocols deliver the
bulk (>75%) of the total insulin dose
when the blood glucose levels is =200
mg/dl. Four protocols administer =45%
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Table 2—Comparison of insulin recommendations

Insulin infused

Percentage of

with blood insulin infused
Initial glucose with blood

Bolus infusion rate >200 mg/dl glucose Highest hourly Total insulin
Author (units) (units/h) (units) >200 mg/dl dose (units) dose (units)
Bode 0* 8 41 90% 11 45
Boord 0 1 14.3 53% 4.3 26.9
Chant 0 6 42 66% 15 63.5
Davidson 0 8 52.3 79% 123 66.3
Furnary 12 6.5 59.5 76% 18.5 78
Goldberg 4.5 4.5 26 81% 9 32
Kanji 3 3 41 53% 12 77
Krinsley 0 10 40 91% 10 44
Marks 0 1 54 50% 18 107
Van den Berghe 0 4 40 41% 15 98.5
Watts 0 15 36.5 74% 10.5 49
Zimmerman 10 4 88 77% 21 115

See REFERENCES for complete citations. *Protocol permitted a bolus amount at the discretion of the attending physician. For the purposes of this simulation, no bolus

was incorporated into analysis.

of total insulin when the blood glucose is
<200 mg/dl.

The Van den Berghe protocol calls for
limited dose adjustment as the patient ap-
proaches hypoglycemia. As the blood glu-
cose decreases from 83 to 61 mg/dl, the
protocol called for a decrease from 15 to
14.5 units/h. Not surprisingly, the patient
became hypoglycemic (<40 mg/dl). It
should be noted that this represents ac-
tual experience with this protocol. While
this protocol permits physician input in
dosing adjustments, these are individual-
ized adjustments and are not included in
the written protocol.

CONCLUSIONS — Despite extensive
experience with intravenous insulin infu-
sions, there exists no uniformity in this
arena. The lack of consensus is illustrated
by the wide variability and different pat-
terns of insulin administration noted in
the above patient. This mandates close at-
tention to the choice of a protocol. It is not
clear that protocols developed and vali-
dated for postoperative patients are effec-
tive when applied to other critically ill
patients. Critically ill medical patients may
not respond in the same manner as postop-
erative patients because of fluctuations in
circulating stress hormones, underlying di-
abetes, and other comorbidities. A single
insulin protocol for an institution has
merits, with uniformity as the main ben-
efit, but may not be realistic.

Bode et al. (15) outline several fea-
tures of an ideal insulin protocol, includ-
ing the ability to adapt to an individual’s

response to insulin and the ability to bal-
ance stability and responsiveness. Braith-
waite et al. (51) note the need for a
standardized approach to the evaluation
of these protocols, including patient-
based measures of efficacy and measures
of algorithm performance. We acknowl-
edge and expand on points to consider
when evaluating the efficacy and safety of
any intravenous insulin protocol.

The first and foremost issue involves
the approach to insulin delivery and ad-
justments. How is insulin initiated and ti-
trated, and does the infusion anticipate
and compensate for possible hypoglyce-
mia? One strategy involves bolus insulin.
Bolus insulin decreases the time to reach
normoglycemia by administering a larger
proportion of insulin “up front” as op-
posed to simply increasing the infusion
rate.

Another strategy incorporates adjust-
ments for variations in individual insulin
resistance (reflected partly by adjust-
ments based on the direction and velocity
of glucose decline). This permits insulin-
resistant patients to have doses titrated
more aggressively than insulin-sensitive
patients. The Bode protocol best illus-
trates this as the infusion rate is based on
the degree of insulin resistance calculated
with an insulin sensitivity factor. Other
protocols account for the insulin resis-
tance by multiplying the infusion rate by a
constant (e.g., at 10 units/h, a 30% in-
crease will lead to a 3-unit increase). Ad-
justing the insulin based on an absolute
rather than a relative change does not ac-

count for insulin resistance and is pre-
sumably less effective in lowering the
blood glucose. The multiplier used in the
Davidson protocol adjusts for differences
in insulin sensitivity.

It is impossible to compare the per-
formance of a protocol without actually
incorporating it into patient use. Compil-
ing the differences between protocols
with respect to recommendations and ad-
justment in the infusion rate provides
some basis for comparison as illustrated
in Table 1. However, ease of use, applica-
bility to patients, insulin dose, and effec-
tiveness of glucose control cannot be
compared without its actual application
in patients. A randomized trial comparing
protocols in multiple patients is impracti-
cal. Applying multiple protocols to the
same patient is likewise impractical.
Therefore, the only comparison that can
be made would be to compare the recom-
mendations of these protocols with the
response of a known patient.

The limitations to such a comparison
are acknowledged since in real life, the
glucose change would vary based on the
insulin previously administered, chang-
ing subsequent glucose levels, which in
turn influences infusion adjustments. On
the other hand, this approach does illus-
trate the response of a protocol to ob-
served glucose levels and provides insight
into their performance. It incorporates
the actual response of a patient so there is
some basis for comparison between pro-
tocols. In this manner, it allows one to
appreciate the different insulin infusion
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patterns for the same situation. The dif-
ferences seen are striking.

Noteworthy differences can be seen
in the adjustments in dosing in the patient
as the blood glucose approaches target.
Five protocols (Bode, Davidson, Gold-
berg, Krinsley, and Zimmerman) de-
creased the insulin dose with declining
blood glucose readings. These five proto-
cols delivered the bulk (almost 80%) of
insulin with the blood glucose >200 mg/
dl. The other protocols either increased or
maintained insulin infusions at a steady
level as glucose declined, with four pro-
tocols giving close to 50% of the insulin
with the blood glucose <200 mg/dl. This
may increase the risk of hypoglycemia.

Other issues must be considered
when evaluating an insulin protocol. The
optimal degree of glycemic control and
the impact of tight glycemic control in
MICU patients remain undefined. Glu-
cose control between 80 and 110 mg/dl is
frequently cited because of the mortality
benefit in postoperative surgical patients.
Most of this data are from a single center,
randomized trial (Van den Berghe). Fur-
nary and colleagues (25) report near elim-
ination of sternal wound infections and
halving mortality with an intravenous in-
sulin infusion. Krinsley (11) also noted an
almost 30% reduction in mortality in a
mixed medical-surgical ICU. While sugges-
tive, their conclusions are tempered given
their comparison to historical controls.

The benefit in MICU patients is not as
clear. Van den Berghe (12) reported in a
single center, prospective randomized
trial, no significant reduction in mortality
in an intent-to-treat analysis of 1,200 pa-
tients. It should be noted that their proto-
col was the same utilized for their
postoperative patients. The mortality
benefit with intensive insulin therapy oc-
curred in those requiring =3 days of ICU
care, and mortality was higher in those
with a shorter stay. There was a decrease
in morbidity defined as new renal insuffi-
ciency, duration of weaning from me-
chanical ventilation, and time to
discharge from the ICU and hospital with
intensive insulin therapy.

The risk of hypoglycemia must be fac-
tored into consideration of these proto-
cols. The incidence of hypoglycemia
(defined as a glucose =40 mg/dl) was in
the 5% range in the Van den Berghe study
of surgical patients but increased to
18.7% in the study with MICU patients
and 25% in those with >3 days in the ICU
(7,12). The odds ratio for hypoglycemia
with intensive insulin therapy was 7.5

and would be higher with a threshold for
hypoglycemia of 50 or even 60 mg/dl.

The upper threshold of optimal glu-
cose control is undefined. A broader
range of glucose and a higher threshold
may be just as efficacious, easier to attain,
and with a lower risk of hypoglycemia.
Cross-sectional data from Krinsley and
Finney suggest the upper threshold with
respect to mortality lies somewhere be-
tween initial values of 145 and 180 mg/dl
(5,6). In another analysis, increased mor-
tality at a glucose of >150 mg/dl was
noted but not apparent until >30 days
had elapsed (52).

Intensive insulin therapy in MICU pa-
tients remains under study and has not
received full endorsement (53). Two
large, prospective, randomized trials are
in progress, one in Europe and the other
in Australia, New Zealand, and Canada
(54,55). The GluControl trial will enroll
3,500 patients, and the NICE-SUGAR
(Normoglycaemia in Intensive Care Eval-
uation and Survival Using Glucose Algo-
rithm Regulation) will enroll 4,500
patients. Both studies will compare ap-
proximately the same ranges of glucose
control (80-110 vs. 140-180 mg/dl).

The last issue involves protocol ad-
justments permitted by a written proto-
col. Physician oversight appears essential
in some protocols. If nursing imple-
mented protocols are utilized, there needs
to be some allowance for “off-protocol”
adjustments. A calculation more complex
than simple subtraction or division in-
creases the possibility of errors. It is un-
clear if increasing the precision (and
therefore complexity) of insulin dosing
translates into improved patient out-
comes. While calculations may require no
more than a minute, frequent adjust-
ments add up. The patient described un-
derwent 20 blood glucose determinations
in the first 24 h of intravenous insulin
therapy. Even 5 min per glucose determi-
nation translates to 100 min a day for in-
sulin dosing. The experience and skill of
nursing staff also contribute to a success-
ful protocol. Concerns with calculations
may be eased with nomograms or charts
that require no calculation or automated
computerized programs. Insulin adjust-
ments are projected to require <5 min of
nursing time, assuming a point-of-care
glucose determination (23).

Recognition of the diversity of pa-
tients has led to the use of two separate
insulin protocols (modified Furnary pro-
tocols) at our institution, one for the post-
operative patient and the other for mainly

Wilson, Weinreb, and Soo Hoo

MICU patients. The main differences in-
volve a tighter range of glucose control
with more rapid titration for hyperglyce-
mia in postoperative patients.

Summary

In summary, the ideal insulin infusion
protocol should achieve glycemic control
in a reasonable timeframe, with minimal
hypoglycemia, low operator error rate,
and minimal nursing time required. The
selection of a protocol requires careful in-
vestigation and must take the type of pa-
tient into account. The best incorporate
bolus doses, adjust for the direction and
rate of glucose decline, and permit “off-
protocol” adjustments. Comparison of
protocol insulin recommendations may
be useful, but selection may not be possi-
ble short of an actual trial with the proto-
col. While “one protocol fits all” is a
common practice, the diversity of patients
call for a reexamination of this approach.

References

1. The effect of intensive treatment of diabe-
tes on the development and progression
of long-term complications in insulin-
dependent diabetes mellitus. The Diabe-
tes Control and Complications Trial Re-
search Group. N Engl ] Med 329:977-986,
1993

2. Intensive blood-glucose control with sul-
phonylureas or insulin compared with
conventional treatment and risk of com-
plications in patients with type 2 diabetes
(UKPDS 33). UK Prospective Diabetes
Study (UKPDS) Group. Lancet 352:837—
853, 1998

3. Van den Berghe G: How does blood glu-
cose control with insulin save lives in in-
tensive care? ] Clin Invest 114:1187-1195,
2004

4. Umpierrez GE, Isaacs SD, Bazargan N, You
X, Thaler LM, Kitabchi AE: Hyperglycemia:
an independent marker of in-hospital
mortality in patients with undiagnosed
diabetes. ] Clin Endocrinol Metab 87:978—
982, 2002

5. Finney S]J, Zekveld C, Elia A, Evans TW:
Glucose control and mortality in critically
ill patients. JAMA 290:2041-2047, 2003

6. Krinsley JS: Association between hyper-
glycemia and increased hospital mortality
in a heterogeneous population of critically
ill patients. Mayo Clin Proc 78:1471-
1478, 2003

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

DiaBETES CARE, VOLUME 30, NUMBER 4, ApriL 2007

1009



]
Intensive insulin in critical care

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Capes SE, Hunt D, Malmberg K, Gerstein
HC: Stress hyperglycaemia and increased
risk of death after myocardial infarction in
patients with and without diabetes: a sys-
tematic overview. Lancet 355:773-778,
2000

. Capes SE, Hunt D, Malmberg K, Pathak P,

Gerstein HC: Stress hyperglycemia and
prognosis of stroke in nondiabetic and di-
abetic patients: a systematic overview.
Stroke 32:2426-2432, 2001

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

Krinsley JS: Effect of an intensive glucose
management protocol on the mortality of
critically ill adult patients. Mayo Clin Proc
79:992-1000, 2004

Van den Berghe G, Wilmer A, Hermans
G, Meersseman W, Wouters PJ, Milants
I, Van Wijngaerden E, Bobbaers H,
Bouillon R: Intensive insulin therapy in
the medical ICU. N Engl ] Med 354:449 —
461, 2006

Garber AJ, Moghissi ES, Bransome ED Jr,
Clark NG, Clement S, Cobin RH, Furnary
AP, Hirsch IB, Levy P, Roberts R, Van den
Berghe G, Zamudio V: American College
of Endocrinology position statement on
inpatient diabetes and metabolic control.
Endocr Pract 10:77-82, 2004

Clement S, Braithwaite SS, Magee MF,
Ahmann A, Smith EP, Schafer RG, Hirsch
IB: Management of diabetes and hyper-
glycemia in hospitals. Diabetes Care 27:
553-591, 2004

Bode BW, Braithwaite SS, Steed RD, Da-
vidson PC: Intravenous insulin infusion
therapy: indications, methods, and tran-
sition to subcutaneous insulin therapy.
Endocr Pract 2 (Suppl. 10):71-80, 2004
American College of Endocrinology and
American Diabetes Association Consen-
sus statement on inpatient diabetes and
glycemic control: a call to action. Diabetes
Care 29:1955-1962, 2006

Meade MO, Ely EW: Protocols to improve
the care of critically ill pediatric and adult
patients. JAMA 288:2601-2603, 2002
Brown G, Dodek P: Intravenous insulin
nomogram improves blood glucose con-
trol in the critically ill. Crit Care Med 29:
1714-1719, 2001

Kanji S, Singh A, Tierney M, Meggison H,
McIntyre L, Hebert PC: Standardization
of intravenous insulin therapy improves
the efficiency and safety of blood glucose
control in critically ill adults. Intensive
Care Med 30:804-810, 2004

Markovitz L], Wiechmann R], Harris N,
Hayden V, Cooper J, Johnson G, Harelstad
R, Calkins L, Braithwaite SS: Description

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

and evaluation of a glycemic management
protocol for patients with diabetes under-
going heart surgery. Endocr Pract 8:10—
18, 2002

Pittas AG, Siegel RD, Lau J: Insulin ther-
apy for critically ill hospitalized patients: a
meta-analysis of randomized controlled
trials. Arch Intern Med 164:2005-2011,
2004

Furnary AP: Insulin infusions for cardiac
surgery patients with diabetes: a call to
reason. Endocr Pract 8:71-72, 2002
Goldberg PA, Siegel MD, Sherwin RS,
Halickman ]I, Lee M, Bailey VA, Lee SL,
Dziura JD, Inzucchi SE: Implementation
ofasafe and effective insulin infusion pro-
tocol in a medical intensive care unit. Di-
abetes Care 27:461-467, 2004

Furnary AP, Gao G, Grunkemeier GL, Wu
Y, Zerr KJ, Bookin SO, Floten HS, Starr A:
Continuous insulin infusion reduces
mortality in patients with diabetes under-
going coronary artery bypass grafting.
J Thorac Cardiovasc Surg 125:1007-1021,
2003

Furnary AP, Wu Y, Bookin SO: Effect of
hyperglycemia and continuous intrave-
nous insulin infusions on outcomes of
cardiac surgical procedures: the Portland
Diabetic Project. Endocr Pract 2 (Suppl.
10):21-33, 2004

Portland: Portland Protocol. Providence
Health Systems. Available from http:/
www.providence.org/oregon/programs_
and_services/heart/portlandprotocol/
e05protocol.htm. Accessed 1 June 2006
Fath-Ordoubadi F, Beatt KJ: Glucose-
insulin-potassium therapy for treatment
of acute myocardial infarction: an over-
view of randomized placebo-controlled
trials. Circulation 96:1152-1156, 1997
Opie LH, Tansey M, Kennelly BM: Pro-
posed metabolic vicious circle in patients
with large myocardial infarcts and high
plasma-free-fatty-acid concentrations. Lan-
cet 2:890-892, 1977

Boord JB, Graber AL, Christman JW,
Powers AC: Practical management of dia-
betes in critically ill patients. Am J Respir
Crit Care Med 164:1763-1767, 2001
Chant C, Wilson G, Friedrich JO: Valida-
tion of an insulin infusion nomogram for
intensive glucose control in critically ill
patients. Pharmacotherapy 25:352-359,
2005

Davidson PC, Steed RD, Bode B, Sivitz W:
Computer-controlled intravenous insulin
infusion using intermittent bedside glu-
cose monitoring: one year’s experience
(Abstract). Diabetes 35 (Suppl. 1):32A,
1986

Goldberg PA, Siegel MD, Russell RR,
Sherwin RS, Halickman JI, Cooper DA,
Dziura JD, Inzucchi SE: Experience with
the continuous glucose monitoring sys-
tem in a medical intensive care unit. Dia-
betes Technol Ther 6:339-347, 2004
Marks JB: Perioperative management of

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

diabetes. Am Fam Physician 67:93-100,
2003

Watts NB, Gebhart SS, Clark RV, Phillips
LS: Postoperative management of diabe-
tes mellitus: steady-state glucose control
with bedside algorithm for insulin adjust-
ment. Diabetes Care 10:722-728, 1987
Zimmerman CR, Mlynarek ME, Jordan
JA, Rajda CA, Horst HM: An insulin infu-
sion protocol in critically ill cardiotho-
racic surgery patients. Ann Pharmacother
38:1123-1129, 2004

Davidson PC, Steed RD, Bode BW: Glu-
commander: a computer-directed intra-
venous insulin system shown to be safe,
simple, and effective in 120,618 h of op-
eration. Diabetes Care 28:2418-2423,
2005

Trence DL, Kelly JL, Hirsch IB: The ratio-
nale and management of hyperglycemia
for in-patients with cardiovascular dis-
ease: time for change. J Clin Endocrinol
Metab 88:2430-2437, 2003

Ku SY, Sayre CA, Hirsch IB, Kelly JL: New
insulin infusion protocol Improves blood
glucose control in hospitalized patients
without increasing hypoglycemia. Jt Comm ]
Qual Patient Saf 31:141-147, 2005
Hirsch IB, Paauw DS, Brunzell J: Inpatient
management of adults with diabetes. Di-
abetes Care 18:870—-878, 1995

Jacober SJ, Sowers JR: An update on peri-
operative management of diabetes. Arch
Intern Med 159:2405-2411, 1999
Metchick LN, Petit WA Jr, Inzucchi SE:
Inpatient management of diabetes melli-
tus. Am J Med 113:317-323, 2002
Dilkhush D, Lannigan J, Pedroff T, Riddle
A, Tittle M: Insulin infusion protocol for
critical care units. Am J Health Syst Pharm
62:2260-2264, 2005

van den Berghe G, Bouillon R, Lauwers P:
Intensive insulin therapy in critically ill
patients: supplementary material. N Engl
J Med 346:1587-1588, 2002

Herr D, Burman KD: Endocrine manage-
ment of the cardiac surgical patient. New
Horizons 7:542-550, 1999

Levetan CS, Magee MF: Hospital manage-
ment of diabetes. Endocrinol Metab Clin
North Am 29:745-770, 2000

Laver S, Preston S, Turner D, McKinstry
C, Padkin A: Implementing intensive in-
sulin therapy: development and audit of
the Bath insulin protocol. Anaesth Inten-
sive Care 32:311-316, 2004

Osburne RC, Cook CB, Stockton L, Baird
M, Harmon V, Keddo A, Pounds T, Lowey
L, Reid J, McGowan KA, Davidson PC:
Improving hyperglycemia management
in the intensive care unit: preliminary re-
port of a nurse-driven quality improve-
ment project using a redesigned insulin
infusion algorithm. Diabetes Educ 32:
394-403, 2006

Rood E, Bosman R], van der Spoel JI, Tay-
lor P, Zandstra DF: Use of a computerized
guideline for glucose regulation in the in-

1010

DiaBETES CARE, VOLUME 30, NUMBER 4, APriL 2007



49.

50.

51.

tensive care unit improved both guideline
adherence and glucose regulation. ] Am
Med Inform Assoc 12:172-180, 2005
Thomas AN, Marchant AE, Ogden MC,
Collin S: Implementation of a tight gly-
caemic control protocol using a web-
based insulin dose calculator. Anaesthesia
60:1093-1100, 2005

Vogelzang M, Zijlstra F, Nijsten MW: De-
sign and implementation of GRIP: a com-
puterized glucose control system at a
surgical intensive care unit. BMC Med In-
form Decis Mak 5:38, 2005

Braithwaite SS, Godara H, Song HJ, Rock
P: No patient left behind: evaluation and

52.

53.

54.

design of intravenous insulin infusion al-
gorithms. Endocr Pract 12 (Suppl. 3):72—
78,2006

Van den Berghe G, Wouters PJ, Bouillon
R, Weekers F, Verwaest C, Schetz M, Vlas-
selaers D, Ferdinande P, Lauwers P: Out-
come benefit of intensive insulin therapy
in the critically ill: insulin dose versus gly-
cemic control. Crit Care Med 31:359—
366, 2003

Angus DC, Abraham E: Intensive insulin
therapy in critical illness. Am J Respir Crit
Care Med 172:1358-1359, 2005
Glucontrol Study: Comparing the Effects of
Two Glucose Control Regimens by Insulin

55.

Wilson, Weinreb, and Soo Hoo

in Intensive Care Unit Patients. 2006.
Registered at http://www.clinicaltrials.
gov/show/NCT00107601. Accessed 18
August 2006

The Normoglycemia in Intensive Care
Evaluation (NICE) (ISRCTN04968275)
and Survival Using Glucose algorithm
Regularion (SUGAR) Study: Development,
Design and Conduct of an International
Multi-Center, Open Label Randomized Con-
trolled Trial of Two Target Ranges for Glycemic
Control in Intensive Care Unit Patients.
2006. Registered at http://clinicaltrials.
gov/ct/show/NCT00220987order=2.
Accessed 16 February 2007

DiaBETES CARE, VOLUME 30, NUMBER 4, ApriL 2007

1011



