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GLUCOSE MANAGEMENT IN CRITICALLY ILL ADULT PATIENTS

Effect of an Intensive Glucose Management Protocol on the
Mortality of Critically Ill Adult Patients

ORIGINAL ARTICLE

JAMES STEPHEN KRINSLEY, MD

OBJECTIVE: To assess the effect of an intensive glucose manage-
ment protocol in a heterogeneous population of critically ill adult
patients.

PATIENTS AND METHODS: This study consisted of 800 consecu-
tive patients admitted after institution of the protocol (treatment
group, between February 1, 2003, and January 10, 2004) and 800
patients admitted immediately preceding institution of the proto-
col (baseline group, between February 23, 2002, and January 31,
2003). The setting was a 14-bed medical-surgical intensive care
unit (ICU) in a university-affiliated community teaching hospital.
The protocol involved intensive monitoring and treatment to main-
tain plasma glucose values lower than 140 mg/dL. Continuous
intravenous insulin was used if glucose values exceeded 200 mg/
dL on 2 successive occasions.

RESULTS: The 2 groups of patients were well matched, with
similar age, sex, race, prevalence of diabetes mellitus, Acute
Physiology and Chronic Health Evaluation II scores, and distribu-
tion of diagnoses. After institution of the protocol, the mean
glucose value decreased from 152.3 to 130.7 mg/dL (P<.001),
marked by a 56.3% reduction in the percentage of glucose values
of 200 mg/dL or higher, without a significant change in hypoglyce-
mia. The development of new renal insufficiency decreased 75%
(P=.03), and the number of patients undergoing transfusion of
packed red blood cells decreased 18.7% (P=.04). Hospital mortal-
ity decreased 29.3% (P=.002), and length of stay in the ICU
decreased 10.8% (P=.01).

CONCLUSION: The protocol resulted in significantly improved gly-
cemic control and was associated with decreased mortality, or-
gan dysfunction, and length of stay in the ICU in a heterogeneous
population of critically ill adult patients. These results support the
adoption of this low-cost intervention as a standard of care for
critically ill patients.
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An increasingly robust body of literature describes ad-
verse clinical outcomes associated with hyperglyce-

mia. Clinical situations in which impaired glycemic control
has been associated with worsened outcomes include myo-
cardial infarction and acute coronary syndromes,1-6 stroke,7-11

postoperative wound infections,12-15 and trauma.16 A recent
review of 1826 consecutive patients admitted to a medical-
surgical intensive care unit (ICU) showed that hospital
mortality was strongly associated with glycemic control
during ICU stay.17 Patients with mean glucose levels be-
tween 80 and 99 mg/dL during ICU stay had a 9.6%
hospital mortality; this increased to 12.5% among patients
with a mean glucose level of 100 to 119 mg/dL and was as

high as 42.5% in patients whose mean glucose level ex-
ceeded 300 mg/dL.

Data concerning the treatment of hyperglycemia associ-
ated with critical illness are limited. Van den Berghe et al18

treated postoperative patients undergoing mechanical ven-
tilation with an intensive glycemic protocol with the goal
of maintenance of euglycemia. This strategy resulted in a
34% reduction in hospital mortality and
a 40% to 50% decrease in organ system
dysfunction, such as need for renal re-
placement therapy, blood transfusion
requirements, and critical illness poly-
neuropathy. Furnary et al19 recently reviewed their experi-
ence with the use of continuous intravenous insulin in
diabetic patients after cardiac surgery and reported that
mortality was less than half of that seen in an earlier series
of patients treated with subcutaneous insulin only. To my
knowledge, the effect of an intensive glycemic manage-
ment protocol in a medical-surgical population of critically
ill adult patients has not been described previously.

PATIENTS AND METHODS

The Stamford Hospital is a 305-bed community hospital
that serves as a major teaching affiliate of the Columbia
University College of Physicians and Surgeons; it main-
tains freestanding residency programs in internal medicine,
family practice, general surgery, and obstetrics-gynecol-
ogy. The adult ICU has 14 beds. The unit has a “hybrid”
configuration, merging characteristics of both “open” and
“closed” models. Medical and surgical residents write all
orders in the unit; they are supervised closely by the direc-
tor of critical care and the director of surgery, who com-
plete rounds daily with the medical and surgical house
staff, respectively. Any credentialed attending physician
can admit a patient to the unit, but appropriate critical care
or organ-specific subspecialty consultations are obtained
for all patients. Patients are admitted to the ICU with a wide
variety of medical and surgical diagnoses. Cardiac surgery
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is not performed at the hospital. A small minority of pa-
tients are adolescents. A nurse epidemiologist reviews ev-
ery chart daily for evidence of infections acquired in the
ICU. The hospital’s infection control committee then re-
views all suspected cases for confirmation.

This study compared the outcomes of 800 patients ad-
mitted consecutively to the ICU immediately before insti-
tution of the glucose management protocol (February 23,
2002, through January 31, 2003) to those of the first 800
patients admitted after institution of the protocol (February
1, 2003, through January 10, 2004). There were a total of
64 readmissions to the ICU during the same hospitalization
among the patients in the baseline group and a total of 51
among the patients in the treatment group. Primary diag-
nostic category, APACHE II scores,20 and length of stay
(LOS) in the ICU were based on each patient’s first admis-
sion to the ICU; data regarding glucose values and organ
system dysfunction combine all ICU stays.

ICU DATABASES

A comprehensive database tracks multiple outcomes for
all patients admitted to the unit. The director of critical
care or his associate updates the core dataset daily, ensur-
ing data accuracy and integrity. These are the only 2
individuals maintaining the database; quality assurance
issues, including “scoring” questions, are discussed regu-
larly. The database is linked to other databases within the
hospital system, allowing analysis of laboratory data and
final discharge status. Data included in this report include
age; primary diagnosis assigned at the time of admission to
the unit, based in part on the more than 80 diagnoses used
by the APACHE III system21; LOS in the ICU measured in
0.1-day increments; APACHE II score based on data from
the first 24 hours in the ICU; diagnosis of diabetes mellitus
at the time of ICU admission; glucose (mg/dL), creatinine
(mg/dL), and hemoglobin values during ICU stay; transfu-
sion requirements; and final discharge status.

GLYCEMIC MANAGEMENT PROTOCOL

The glycemic management protocol (Figure 1), written by
a multidisciplinary group of physicians and nurses at The
Stamford Hospital after review of the medical literature,
was incorporated into use on February 1, 2003. The goal of
the protocol is to maintain glucose levels lower than 140
mg/dL. Nurses perform intensive monitoring of fingerstick
glucose values, initially at an interval of every 3 hours but
less frequently if glucose values are stable. If the results of
a contemporaneous plasma glucose assay are available,
there is no need to obtain fingerstick glucose values. Con-
tinuous intravenous insulin is used if the fingerstick glu-
cose value exceeds 200 mg/dL on 2 successive occasions;
subcutaneous regular insulin is used for lower glucose

levels. Longer-acting insulin products, or oral hypoglyce-
mic agents when appropriate, are used as soon as feasible to
minimize abrupt fluctuations in glycemic control. The pro-
tocol is nurse driven. Nurses administer insulin without a
physician’s order based on the parameters of the protocol;
if a patient needs a different amount of insulin than the
protocol states, a specific order is required.

GLUCOSE MEASUREMENTS

Plasma glucose measurements were tracked and analyzed
using linkages between the core dataset and the laboratory
database. All plasma glucose assays were performed using
Vitros 950 and Vitros 250 chemistry analyzers (Ortho-
Clinical Diagnostics, a division of Johnson & Johnson,
Raritan, NJ).

STATISTICAL ANALYSES

Statistical analysis was performed using the SPSS 11.0 sta-
tistical package. Glucose values, age, LOS, and APACHE II
scores were expressed as median and interquartile range.
Length of stay in the ICU was measured in 0.1-day incre-
ments; therefore, the shortest LOS abstracted from the
database was 0.0 days (total LOS in the ICU, <1 hour).
Comparisons of age, LOS, and APACHE II scores be-
tween patients in the consecutive series of historical con-
trols (baseline group) and patients who underwent the
treatment protocol (treatment group) were performed us-
ing the Wilcoxon signed rank test. The ∞2 statistic was
used to assess differences between the baseline group
and treatment group regarding sex, race, percentage of
patients with diabetes, percentage of medical vs surgical
services, percentage of patients requiring red blood cell
(RBC) transfusions, and mortality rates in the ICU and
hospital. The Fisher exact test was used to assess differ-
ences between the baseline group and the treatment group
in the development of new renal insufficiency during ICU
stay. Statistical significance was defined as P<.05. All
results were 2-tailed.

The Stamford Hospital Institutional Review Board ap-
proved this study.

RESULTS

COMPARISON OF BASELINE GROUP AND TREATMENT GROUP

Selected characteristics of the baseline group and treatment
group are reported in Table 1. There was no significant
difference between the 2 groups in age, sex, race, percent-
age of patients with diabetes, severity of illness at ICU
admission as defined by the APACHE II score, or percent-
age of patients admitted to the medical vs surgical service.
No significant difference was noted between the baseline
group and treatment group regarding the number of pa-
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FIGURE 1. Glucose management protocol. AC = before meals; BMP = basic metabolic profile; FSG = fingerstick glucose;
ICU = intensive care unit; IV = intravenous; NPO = nothing by mouth; PO = by mouth; QHS = every night; TPN = total
parenteral nutrition.
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TABLE 1. Demographic Data for Baseline and Treatment Group*

Characteristic Baseline Treatment P value

Male 437 (54.6) 423 (52.9) .52†
White 601 (75.1) 597 (74.6) .86†
Black 130 (16.3) 123 (15.4) .68†
Other 69 (8.6) 80 (10.0) .39†
Median age (y)

(interquartile range) 70 (53-80) 69 (52-79) .21‡
Median APACHE II

score (interquartile range) 16 (10-23) 15 (10-22) .11‡
Diabetic 131 (16.4) 145 (18.1) .39†
Medical service 502 (62.8) 525 (65.6) .25†

*Values represent number (percentage) unless indicated otherwise.
APACHE = Acute Physiology and Chronic Health Evaluation.

†χ2 test.
‡Wilcoxon signed rank test.

TABLE 2. Distribution of Diagnoses Between Baseline and Treatment Group*

Diagnostic No. (%) APACHE II No. (%) APACHE II
category† of patients Age (y) score of patients Age (y) score

Cardiac 143 (17.9) 74 (61-84) 17 (11-24) 141 (17.6) 74 (58-81) 16 (11-23)
Respiratory 97 (12.1) 73 (61-81) 21 (17-27) 102 (12.8) 74 (60-80) 20 (16-25)
Other medical 86 (10.8) 62 (50-80) 16 (12-22) 93 (11.6) 58 (45-77) 15 (11-22)
Septic shock‡ 34 (4.3) 73 (54-83) 28 (20-36) 41 (5.1) 72 (64-82) 25 (21-32)
Neurologic 99 (12.4) 64 (49-77) 12 (8-21) 113 (14.1) 58 (45-72) 11 (7-16)
Trauma 48 (6.0) 42 (26-60) 12 (8-18) 38 (4.8) 35 (24-55) 8 (3-17)
General surgical 143 (17.9) 71 (57-78) 14 (9-18) 122 (15.3) 72 (61-80) 13 (9-16)

*Age and Acute Physiology and Chronic Health Evaluation (APACHE) II scores expressed as median
(interquartile range).

†Primary admitting diagnosis assigned by the director of critical care at the time of admission; diagnostic
categories are mutually exclusive.

‡Defined by criteria established by the consensus conference of the American College of Chest Physicians
and the Society of Critical Care Medicine.22

Baseline Treatment

tients, age, or APACHE II scores in each of the major
diagnostic categories (Table 2).

EFFECT OF THE PROTOCOL ON GLYCEMIC CONTROL

The glycemic management protocol led to significantly
improved glucose levels without a significant increase in
hypoglycemia. The distribution of glucose values for the
baseline group and treatment group is shown in Figure 2.
The mean (SD) and median (interquartile range) glucose
levels for the baseline group were 152.3 (93.4) mg/dL and
130.7 (107-172) mg/dL, respectively. These decreased to
130.7 (55.1) mg/dL and 119 (99-147) mg/dL in the treat-
ment group (P<.001). After institution of the protocol,
there was a 56.3% decrease in the percentage of glucose
values of 200 mg/dL or higher, from 16.2% to 7.1%
(P<.001). The percentage of patients with marked hypogly-
cemia, defined as glucose values lower than 40 mg/dL, was
0.35% during the baseline period and 0.34% during the
treatment period (P=.89). The percentage of patients with
mild hypoglycemia, defined as glucose values of 40 to 59
mg/dL, increased from 0.54% to 1.02% (P=.02 by the χ2

test). No associated adverse clinical sequelae occurred.

ORGAN SYSTEM DYSFUNCTION

The number of patients with new renal dysfunction after
ICU admission, defined as initial serum creatinine level of
1.5 mg/dL or lower with maximum serum creatinine level of
2.5 mg/dL or higher or initial serum creatinine level lower
than 1.5 mg/dL with maximum serum creatinine level 2 or
more times the initial value, decreased from 12 to 3 after
institution of the protocol (P=.03 by Fisher exact test).

The number of patients requiring transfusions of packed
RBCs decreased after institution of the protocol. Excluding
patients admitted to the ICU with a primary diagnosis of
acute upper or lower gastrointestinal tract bleeding (50 in
the baseline group and 44 in the treatment group), 25.2% of

the baseline group and 20.5% of the treatment group (an
18.7% reduction) (P=.04) received a mean (SD) of 3.79
(3.32) and 3.30 (3.13) units of packed RBCs (P=.17), re-
spectively. The lowest hemoglobin concentration among
the patients undergoing packed RBC transfusions did not
change significantly (median [interquartile range]: baseline
group, 8.0 [7.2-8.8]; treatment group, 7.9 [6.9-9.5]; P=.95),
suggesting that the “trigger” for transfusion did not change
between the 2 periods.

The number of patients with infections acquired in the
ICU was low during the baseline period and did not change
significantly during the protocol period (Table 3). Central
lines impregnated with chlorhexidine and silver sulfadia-
zine were in use in the ICU since 2001. Femoral line
insertions were limited to 3 days, and a policy requiring
draping, gowning, and masking for line insertions was in
place during both periods. The nurse epidemiologist who
reviewed every patient record for evidence of ICU-ac-
quired infections prospectively has been performing this
task, using the same criteria, since 1996.
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MORTALITY AND LOS IN THE ICU
Hospital mortality decreased 29.3% during the protocol
period (167 patients [20.9%] in the baseline group died vs
118 [14.8%] in the treatment group; P=.002). A decrease
in mortality was noted among most of the subpopulations,
most striking among the patients with septic shock or a
neurologic or surgical diagnosis (Table 4). Mortality dif-
ferences grouped by APACHE II scores are shown in
Table 5. The improved survival among patients undergo-
ing the glycemic management protocol was notable re-
gardless of acuity of illness, except among those most
profoundly ill at ICU admission with APACHE II scores
of 35 or higher.

Mean (SD) LOS in the ICU decreased from 3.58 (4.80)
days in the baseline group to 3.19 (4.79) days in the treat-
ment group (P=.11). Median (interquartile range) LOS in
the ICU decreased from 1.9 (1.0-3.9) days in the baseline
group to 1.6 (0.9-3.3) days in the treatment group (a 10.8%
reduction) (P=.01).

COMPARISON OF RESULTS TO A SECOND BASELINE PERIOD AND

TEMPORAL TRENDS IN GLYCEMIC MANAGEMENT

To exclude the possibility that the decreased mortality rate
of patients in the treatment group was due to a temporal
trend in the improvement of care in the ICU within the
hospital in general, an additional group of 800 patients,
admitted to the ICU just before the patients in the baseline
group, was abstracted from the database. The APACHE II
score (median, 15; interquartile range, 10-22) and age (me-
dian, 68 years; interquartile range, 53-79 years) of the
patients were not significantly different from those of the
baseline or treatment group. The hospital mortality of this

group was 18.9% (P=.35 compared with the baseline
group). The mean (SD) LOS in the ICU was 3.43 (5.20)
days (P=.55 compared with the baseline group), and the
median (interquartile range) LOS in the ICU was 1.9 (1.0-
3.4) days (P=.25 compared with the baseline group).

The stability of glucose control in the ICU during the 3
years before institution of the intensive glycemic manage-
ment protocol is shown in Table 6. There was no significant
difference in the mean glucose value or the percentage of
glucose values of 200 mg/dL or higher during this period.
The mean value and percentage of glucose values of 200
mg/dL or higher decreased substantially after institution of
the protocol (P<.001 for all comparisons).

EFFECT OF THE PROTOCOL ON STAFFING REQUIREMENTS IN
THE ICU
There was no significant change in staffing requirements in
the ICU due to the increased work burden imposed by the
protocol. Between February 1, 2002, and January 31, 2003,
there were 49,105 paid hours for registered nurses (11.12
hours per patient-day). Between February 1, 2003, and
January 31, 2004, there were 46,867 paid hours for regis-
tered nurses (11.19 hours per patient-day).

DISCUSSION

The salient finding of this study is that a protocol de-
signed to maintain blood glucose levels lower than 140
mg/dL was associated with a 29.3% decrease in mortality
among a heterogeneous population of critically ill adult
patients. The principal strengths of this study include the
large number of patients evaluated, the consistent find-

FIGURE 2. Effect of protocol on glucose values.
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ings among the subpopulations analyzed, and the gen-
eralizability of the results.

The main limitation of the study is its use of historical
controls in a nonrandomized design. Treatment of hyper-
glycemia was not standardized in the baseline period, and
the caloric intake or frequency of blood glucose determina-
tions was not standardized in either period. Nevertheless,
equal groups of patients admitted consecutively to the ICU
before and after institution of the protocol were compared,
and the groups were evenly matched regarding age, sex,
race, diagnostic category, prevalence of diabetes, and acu-
ity of illness based on APACHE II scores. There were no
major changes in the process of care in the ICU from the 11
months of the baseline period to the 11 months of the
intervention period. Specifically, 2 recent advances in criti-
cal care, the use of drotrecogin alfa (activated) in patients
with severe sepsis23 and low tidal volume ventilation in
patients with the acute respiratory distress syndrome,24

were used as indicated in both patient populations. More-
over, there was no change in the trigger for transfusion of
packed RBCs during this period. Finally, a second baseline
group, consisting of 800 patients admitted to the ICU just
before the baseline group, was identified. The APACHE II
scores, age, hospital mortality rate, and LOS in the ICU of
this second group were not significantly different than
those of the baseline group, suggesting that an overall
temporal trend in improvement in ICU care at the hospital
was not the cause of the decreased mortality during the
protocol period.

Care at The Stamford Hospital ICU is highly protocol
driven. Management protocols guide many routine aspects
of care, including enteral nutrition, deep venous thrombo-
sis prophylaxis, stress peptic ulcer prophylaxis, weaning
from mechanical ventilation, and sedation of patients un-
dergoing mechanical ventilation. The close supervision of
the medical and surgical house staff, who write all orders in
the unit, allows a high degree of control over the quality
and consistency of care and ensures compliance with the
numerous patient care protocols. Moreover, ancillary staff-
ing ratios were unchanged during the baseline and inter-
vention periods. The standard of care required a nurse-
patient ratio of 2:1, and the unit was staffed by full-time
respiratory therapists throughout the study. Finally, there
was no change in the number of paid hours for registered
nurses during the treatment period compared with the
baseline period.

The glycemic goals of the protocol used in this study
contribute to its applicability to other institutions. The
threshold of 140 mg/dL was chosen in part for practical
reasons. The nurses and physicians who developed the
glycemic management protocol concluded that this level
was achievable without increasing the risk of treatment-

TABLE 3. Infections Acquired in the Intensive Care Unit Between
Baseline and Treatment Group

                     Type of infection Baseline Treatment

Ventilator-associated pneumonia 6 3
Non–ventilator-associated pneumonia 1 6
Urinary tract infection 10 9
Surgical wound infection 5 2
Methicillin-resistant Staphylococcus aureus 2 0
Clostridium difficile 1 1
Central line infection 2 0
Vancomycin-resistant enterococcus 0 0

Total 27 21

related severe hypoglycemia. In fact, the percentage of
glucose values lower than 40 mg/dL was 0.35% during the
baseline period and 0.34% during the intervention period
(P=.89). Moreover, the amount of extra work imposed on
the nursing staff by the protocol was an important factor
when considering its promulgation and likelihood of suc-
cess. The standard of care in the ICU before institution of
the protocol, likely similar to that in most ICUs then and
now, tolerated moderate levels of hyperglycemia. Typically,
insulin would not be administered unless blood glucose
values exceeded 200 mg/dL. The new protocol mandated
much more intensive monitoring of fingerstick glucose lev-
els and treatment with insulin when fingerstick glucose
levels were 140 mg/dL or higher. Continuous intravenous
insulin, requiring even more frequent fingerstick glucose
evaluations, was used when fingerstick glucose levels ex-
ceeded 200 mg/dL on 2 successive occasions. The protocol
was nurse driven, requiring explicit orders only when vari-
ances to the protocol occurred. Therefore, the success of the
protocol depended primarily on the nursing staff’s willing-
ness to perform the extra work necessary to achieve its goals.
This success was manifested by a 42.4% increase in the
percentage of plasma glucose values between 60 and 99 mg/
dL (from 17.0% to 24.2%) and a 56.3% decrease in the
percentage of blood glucose values of 200 mg/dL or higher
(from 16.2% to 7.1%) during the 2 periods.

The beneficial effect on mortality extended through the
entire range of severity of illness up to the most profound
and catastrophic. There was no improvement in mortality
among patients with APACHE II scores of 35 or higher. In
contrast, mortality decreased 73.8% among patients with
the lowest acuity of illness at presentation (APACHE II
score <15), 30.2% among patients with an APACHE II
score of 15 to 24, and 29.4% among severely ill patients
with APACHE II scores of 25 to 34. Although this study
was not powered adequately to allow robust subgroup
analysis, mortality decreased among patients in most of the
separate diagnostic categories. This finding was most
prominent among the neurologic patients, who had a de-
crease in mortality from 21.0% to 8.5% (P=.007), and the



Mayo Clin Proc.     •     August 2004;79(8):992-1000    •     www.mayo.edu/proceedings998

GLUCOSE MANAGEMENT IN CRITICALLY ILL ADULT PATIENTS

TABLE 5. Mortality Related to APACHE II Scores*

% Decrease
APACHE II No. of Mortality No. of Mortality (increase) in

score patients (%) patients (%) mortality P value

0-14 356 4.2 379 1.1 73.8 .01
15-24 276 19.2 268 13.4 30.2 .09
25-34 120 51.7 107 36.5 29.4 .03
35+ 48 77.1 46 84.8 (10.0) .49

*APACHE = Acute Physiology and Chronic Health Evaluation.

Baseline Treatment

TABLE 4. Mortality of Patients in the Baseline and Treatment Group*

Hospital Hospital % Decrease Hospital
APACHE II mortality APACHE II mortality (increase) in APACHE II mortality

Patient subgroup score (%) score (%) mortality score (%)

All patients 16 (10-23) 20.9 15 (10-22) 14.8 29.3 .11 .002
Cardiac 17 (11-24) 20.1 17 (11-23) 15.5 22.9 .86 .48
Respiratory 21 (17-26) 26.1 20 (16-26) 21.6 17.2 .50 .51
Other medical 16 (12-22) 9.7 15 (11-23) 11.1 (14.4) .94 .90
Septic shock 28 (22-36) 60.4 25 (21-32) 33.3 44.9 .20 .02
Neurologic 12 (8-21) 21.0 11 (7-17) 8.5 59.5 .13 .007
Trauma 13 (8-23) 17.8 8 (4-19) 19.5 (9.6) .01 .81
General surgical 12 (9-18) 16.8 12 (9-16) 8.6 48.8 .77 .04

*Acute Physiology and Chronic Health Evaluation (APACHE) scores expressed as median (interquartile range).
†χ2 analysis.

Baseline Treatment P value†

patients with septic shock, who had a decrease in mortality
from 60.4% to 33.3% (P=.02) during the study.

A growing body of literature describes the adverse con-
sequences of hyperglycemia in a variety of different clini-
cal contexts. Hyperglycemia impacts the prognosis of both
medical and surgical cardiac patients. Hyperglycemia at
admission was correlated with increased mortality among
patients with acute coronary syndrome4 and those with
myocardial infarction.1 An increased risk of wound infec-
tions after cardiac and general surgery was noted by several
different investigators.12-15 Hyperglycemia was associated
with worsened outcomes among patients presenting with
acute ischemic stroke7,10 and after treatment with recombi-
nant tissue-type plasminogen activator.11

A recent review of 1826 patients found a striking rela-
tionship between increasing glucose levels during ICU
stay and increasing hospital mortality among a heteroge-
neous population of critically ill patients.17 The lowest
mortality was observed in patients with mean glucose
levels of 80 to 99 mg/dL. Nonsurvivors had higher mean
glucose levels than did survivors, and this observation
extended from the entire population to each of the sub-
populations analyzed.

Relatively few studies have investigated the effect of
strict glycemic control on outcomes of acutely ill patients.
Rates of sternal wound infection in a large cohort of dia-
betic patients who underwent cardiac surgery were reduced

with use of continuous intravenous insulin rather than
“sliding scale” subcutaneous administration of insulin that
resulted in improved glycemic control.19 The Diabetes
Mellitus, Insulin Glucose Infusion in Acute Myocardial
Infarction Study Group reported that intensive glycemic
management using continuous intravenous insulin fol-
lowed by intensive subcutaneous administration of insulin
was associated with a 28% reduction in mortality among
620 diabetic patients with acute myocardial infarction.5

Van den Berghe et al18 used an intensive protocol in a
population of postoperative cardiothoracic patients under-
going mechanical ventilation with the goal of maintaining
euglycemia (blood glucose level, ≤110 mg/dL). Hospital
mortality decreased by 34% in the intensively treated
group, and bacteremia, renal failure, RBC transfusions, and
critical illness polyneuropathy also decreased. The current
study suggests that the findings of Van den Berghe et al in a
narrow population of postoperative patients may extend to
a heterogeneous population of critically ill adult patients
treated in a medical-surgical ICU of a university-affiliated
community hospital.

The patients in the intervention group of the current
study also experienced improvements beyond the mortality
benefit. The number of patients who developed new renal
insufficiency after admission to the ICU (defined as initial
serum creatinine level ≤1.5 mg/dL with maximum serum
creatinine level ≥2.5 mg/dL or initial serum creatinine level
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>1.5 mg/dL with maximum serum creatinine level 2 or
more times the initial value) decreased from 12 during the
baseline period to 3 during the intervention period (P=.03
by Fisher exact test). There was also a decrease in the
number of patients receiving transfusions of packed RBCs
(P=.04) with no evidence for a change in the threshold
trigger for transfusion. The number of patients acquiring
infections after admission to the ICU did not change sig-
nificantly during this study, a result that differs from that of
the study by Van den Berghe et al. One possible explana-
tion is the fact that the infection rate at The Stamford
Hospital ICU is already low. The rate of central line infec-
tion has been close to 0% for several years because of the
use of antibiotic-impregnated catheters and policies regard-
ing universal gloving, gowning, and draping. The ventila-
tor-associated pneumonia rate is also low, perhaps related
to the standard application of multiple protocols and patient
care guidelines in the ICU, such as elevation of the head of
the bed, universal gloving, and closed catheter suctioning
systems. Finally, the LOS in the ICU was short (baseline
group: median 1.9 days, mean 3.58 days; treatment group:
median 1.6 days, mean 3.19 days).

What are some of the reasons improved glycemic con-
trol is associated with improved outcomes in several clini-
cal contexts? Coursin and Murray25 summarized several
leading hypotheses in a recent editorial, including elimina-
tion of glucose-induced osmotic diuresis, maintenance of
macrophage and neutrophil function, enhancement of
erythropoiesis, reduction of cholestasis, direct anabolic ef-
fect of insulin on respiratory muscles, and reduction of
hyperglycemic injury of neuronal axons. The potential
anti-inflammatory effects of insulin have been evaluated
by several investigators.26-28 Finally, there is uncertainty
whether it is the actual insulin dose received per se or
the degree of euglycemia achieved that is responsible for
the beneficial effects of intensive glycemic management.
Van den Berghe et al29 performed a multivariate logistic
regression analysis on the data derived from their series of
postoperative patients undergoing mechanical ventilation
and determined that the degree of glycemic control, rather
than the quantity of insulin administered, was associated
with the decrease in mortality and organ system dysfunc-
tion. Finney et al30 reported that insulin administration was
positively correlated with mortality regardless of the pre-
vailing blood glucose level, suggesting that glycemic con-
trol was the responsible factor among a cohort of 523
patients predominantly undergoing cardiac surgery. The
issue of whether increased insulin administration or glyce-
mic control per se is responsible for Van den Berghe’s
highly positive outcomes has been hotly debated.31-33 The
current study was not designed to shed light on the mecha-
nisms of improved outcomes related to intensive glycemic

management; investigations are needed to elucidate these
mechanisms.

CONCLUSION

This study evaluated the effects of an intensive glycemic
management protocol instituted in a medical-surgical ICU of
a university-affiliated community hospital. The reduction in
the mortality rate during the intervention period was 29.3%,
associated with a decrease in the LOS in the ICU and a
reduction in the development of new renal insufficiency and
packed RBC transfusion requirements. The setting and the
reasonable goal of the protocol—maintenance of blood glu-
cose levels lower than 140 mg/dL—make the findings gen-
eralizable. Nevertheless, the use of consecutive historical
controls compared with consecutive protocol patients limits
the strength of the conclusions that can be drawn from these
data. Well-designed prospective, randomized controlled tri-
als of intensive glycemic management in medical and gen-
eral surgical populations are needed to confirm the adoption
of this low-cost intervention as a standard of care for the
treatment of critically ill patients.

ADDENDUM

Since completion of the manuscript, an additional 300
patients have been admitted to the ICU and monitored to
hospital discharge. The median (interquartile range)
APACHE II score of these patients was 16 (11-23), and the
hospital mortality rate was 14.3% (unpublished data).

I gratefully acknowledge the valuable insights of Dominic Roca,
MD, PhD, during the preparation of the submitted manuscript,
the help offered by Rady Mejia, BS, in creating the infrastructure
of the ICU database, and the steadfast assistance of Paul Sachs,
MD, in maintaining the ICU database.

TABLE 6. Temporal Trends in Glucose Control

One-year Mean (SD) % Glucose values
period beginning glucose (mg/dL)  ≥200 mg/dL

February 2000 154.7 (85.9) 18.8
February 2001 152.9 (78.8) 19.1
February 2002 152.5 (93.2) 16.4
February 2003 130.7 (55.1) 7.3
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