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Analysis of healthcare resource utilization with intensive insulin
therapy in critically ill patients*
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LEARNING OBJECTIVES

On completion of this article, the reader should be able to:

1. Describe intensive insulin therapy.

2. Identify the costs of conventional and intensive insulin therapy.
3. Use this information in a clinical setting.
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Objective: To perform an analysis of healthcare resource uti-
lization with intensive insulin therapy, which has recently been
shown to reduce morbidity and mortality rates of mechanically
ventilated critically ill patients in a surgical intensive care unit.

Design: A post hoc cost analysis.

Setting: Surgical intensive care unit.

Patients: Patients were 1548 mechanically ventilated patients
admitted to a surgical intensive care unit.

Interventions: A post hoc cost analysis was conducted based on data
collected prospectively as part of a large randomized controlled trial. The
analysis performed was a healthcare resource utilization analysis in
which the cost of hospitalization in the intensive care unit was deter-
mined based on length of stay and the frequency of crucial cost-
generating morbid events occurring in the intensive and conventional
insulin treatment groups. Sensitivity analyses were performed to evalu-
ate the robustness of the findings. Discounting of costs was not per-
formed as treatment was limited to the intensive care stay and follow-up
was not continued beyond hospitalization.

Measurements and Main Results: In the intensive treatment
group, total treatment cost was 109,838 Euros (144 Euros per
patient). In the conventional treatment group, total treatment cost
was 56,359 Euros (72 Euros per patient). The excess cost of
intensive insulin therapy was 72 Euros per patient. The total
hospitalization cost in the intensive treatment group was
6,067,237 Euros (7931 Euros per patient) compared with 8,275,394
Euros (10,569 Euros per patient) in the conventional treatment
group. The excess cost of intensive care unit hospitalization in the
conventional vs. intensive treatment group was 2638 Euros per
patient. These intensive care unit benefits were not offset by
additional costs for care on regular wards.

Conclusions: Intensive insulin therapy, which reduces morbid-
ity and mortality rates of mechanically ventilated patients admit-
ted to a surgical intensive care unit, is associated with substantial
cost savings compared with conventional insulin therapy. (Crit
Care Med 2006; 34:000—-000)

yperglycemia and insulin re-
sistance are common find-
ings in critically ill patients,
even those without diabetes
mellitus (1-3). Elevated blood glucose lev-

els, even a single value obtained at the time
of hospital admission, has been associated
with adverse outcomes in a variety of clin-
ical settings (4—8). Hyperglycemia during
hospitalization was also found to be an in-

dependent predictor of adverse outcomes in
patients admitted with stroke (9). Until re-
cently, it was unclear whether this associ-
ation merely reflects the severity of the
primary injury or rather that hyperglyce-
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mia acts as a secondary insult which is
contributing to worse outcomes.

In a randomized controlled trial in
mechanically ventilated patients admit-
ted to a surgical intensive care unit (ICU)
(further referred to as the “Leuven
study”), strict normalization of blood glu-
cose (80-110 mg/dL) with insulin during
the time a patient is treated in the ICU
significantly reduced morbidity and mor-
tality rates compared with a conventional
approach in which insulin was given only
when the blood glucose level exceeded
215 mg/dL (10). The occurrence of acute
renal failure, critical illness polyneurop-
athy, transfusion requirements, sepsis,
and ventilator and intensive care depen-
dency were also significantly reduced by
intensive insulin therapy. It is important
to note that only 13% of the patients
enrolled in this study were diabetic.
These results have recently led to the
publication of a position statement re-
garding more aggressive blood glucose
targets for hospitalized patients (11).

When a treatment strategy is recom-
mended for use in a large patient popu-
lation, it is important to evaluate the
costs of that treatment strategy. The pur-
pose of the current study was to perform
a healthcare resource utilization analysis
of intensive insulin therapy in mechani-
cally ventilated intensive care patients
based on prospectively collected data
from the Leuven study.

METHODS

Study Design. The methods and major
clinical findings of the Leuven study have been
previously reported (10). In brief, 1548 me-
chanically ventilated patients admitted to a
surgical ICU were randomized to receive in-
tensive insulin therapy or conventional insu-
lin therapy. Informed consent had been ob-
tained from the closest family member before
inclusion, and the ethical review board of the
Leuven University School of Medicine had ap-
proved the protocol. The two patient groups
were comparable at inclusion, both for sever-
ity of illness and for preexisting comorbidities
(10). In the intensive insulin therapy group, a
continuous insulin infusion was initiated if
the blood glucose exceeded 110 mg/dL and
was titrated to maintain blood glucose at a
level between 80 and 110 mg/dL. The mean =
sp level of blood glucose control in the inten-
sive insulin group was 103 * 19 mg/dL. In the
conventional insulin therapy group, a contin-
uous insulin infusion was initiated only when
the blood glucose exceeded 215 mg/dL and
then was titrated to maintain blood glucose at
a level between 180 and 200 mg/dL. The infu-
sion was tapered and stopped if blood glucose

levels fell below that threshold. The mean *
sp level of blood glucose control in the con-
ventional group was 153 + 33 mg/dL. Follow-
ing discharge from the ICU, the conventional
treatment approach was used in all patients.

Insulin was administered by continuous
infusion through a central venous catheter in
both groups of patients. Insulin dose was ad-
justed by the clinical nursing staff of the ICU
according to whole blood glucose levels deter-
mined at the bedside and following dosing
guidelines. Blood glucose levels were deter-
mined every 1-2 hrs during the first 12-24 hrs
after initiation of insulin until stabilization of
the blood glucose level at the set target and
every 4 hrs thereafter. Patients not receiving
insulin infusions had blood glucose determi-
nations at 4-hr intervals during their ICU stay.
All patients received partial nutritional sup-
port (8 g/hr intravenous glucose) during the
first day of intensive care stay and progres-
sively increasing amounts of standardized en-
teral and/or parenteral feedings thereafter,
with enteral feeding attempted as early as pos-
sible. Patients were followed throughout hos-
pital stay.

The effects of the intervention on the stud-
ied cost-generating morbidity items, as previ-
ously reported (10), are given in Table 1.

Healthcare Resource Utilization Analysis
and Statistical Analysis. Costs were deter-
mined for the following healthcare resources:
duration of mechanical ventilation, days in the
ICU, days on hemodialysis/hemofiltration, du-
ration of therapy with certain drugs (vasopres-
sors, inotropes, and antibiotics), blood trans-
fusions, insulin administration, and blood
glucose monitoring. These specific cost items
were the ones that were affected by the inter-
vention, either directly or indirectly by the
impact on stay in ICU. To determine eventual
impact on costs for care on general wards, we
calculated days spent on the wards for both
survivors and nonsurvivors in both study
groups, and we assessed need for hemodialysis
on the regular wards. Total healthcare costs
were determined by multiplying the frequency
of use of each healthcare resource in the re-
spective treatment group by its cost. These
calculations were done on a per-patient basis.
Costs were presented as the median and inter-
quartile range.

The cost of insulin administration and
blood glucose monitoring included the follow-
ing: units of regular insulin, 0.9% sodium
chloride for injection, intravenous infusion
pump, intravenous tubing, and whole blood
glucose determinations (point of care) (Table
2). Costs for these items were based on whole-
sale acquisition cost at the Leuven University
Hospital. For patients not receiving insulin
infusions, only the costs of systematic blood
glucose monitoring were included. For the
intensive insulin group, the higher frequency
of monitoring during the first 24 hrs com-
pared with the other days in ICU was taken
into account in the calculation.

Costs for ICU length of stay, mechanical
ventilation, and dialysis were determined us-
ing “top-down” accounting methods. In this
method, actual costs of personnel, materials
used, and depreciation are allocated directly to
the cost centers where the resources were
deployed. Overhead costs were allocated
across cost centers on the basis of allocation
criteria. The most important allocation keys
were the number of full-time equivalents and
materials. Based on these data, the costs of a
1-day stay in an intensive care unit were cal-
culated based on the total direct cost allocated
to the ICU plus indirect costs, allocated to the
same ICU, divided by the actual number of stay
days on the same unit. In the ICU stay calcu-
lation, the direct costs specific for dialysis and
mechanical ventilation were excluded. These
costs were used to calculate a daily cost per
dialysis session or mechanical ventilation over
and above the ICU stay.

The cost of medications (vasopressors, ino-
tropic agents, antibiotics, and also insulin)
and blood transfusions was based on the actual
types and amounts of medication/blood prod-
ucts used by the patients, including the costs
for the drugs, the solutes, the tubings, and the
infusion pumps. To calculate the per-day cost
of infusion pumps, we took into account pur-
chase price, use of the pump in years, cost per
year (annuity), and the number of days the
pump is used bedside per year. The cost basis
for these products was the wholesale acquisi-
tion cost to the hospital.

The incidence of a brief hypoglycemia in-
creased from 0.8% to 5.2% but was never
associated with clinically detectable, relevant
consequences (10). Treatment for hypoglyce-
mia only required administration of a bolus of
glucose (per 10 g) and additional measure-
ments of the level of blood glucose. Additional
costs for this intervention were negligible.

Since staffing conditions were not altered
to implement intensive insulin therapy, it was
not necessary to attribute staffing costs to the
intervention group.

Because the data for both hospitalization
resource utilization and cost and were not
normally distributed, nonparametric Mann-
Whitney U tests were used to compare median
costs. The a priori level of statistical signifi-
cance was p < .05. No corrections for multiple
comparisons were made.

RESULTS

Costs of insulin therapy and blood
glucose monitoring are shown in Table
3. The insulin dose and volume of so-
lution administered in the intensive
treatment group were greater than in
the conventional treatment group, re-
sulting in a greater cost for insulin ad-
ministration (14.05 Euros/day vs. 11.71
Euros/day). Blood glucose monitoring
was more frequent during the first 24
hrs of insulin therapy resulting in a
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Table 1. Effect of intensive insulin therapy on the studied cost-generating items

Variable Conventional (n = 783) Intensive (n = 765) p Value
Days on ventilatory support 71 +05 52=+0.4 .004
Days in intensive care 8.6 = 0.5 6.6 = 0.4 .005
Days on a regular ward 14.8 + 0.7 15.9 = 0.9 A4
Inotropes
No. of patients requiring 529 (67.6%) 516 (67.5%) 9
inotropes
No. of days on inotropes 2.8*+0.2 23+0.1 .06
Vasopressors
No. of patients requiring 311 (39.7%) 292 (38.2%) 5
Vasopressors
No. of days on vasopressors 2.9 +0.3 1.9 = 0.1 .002
Dialysis
Dialysis during intensive care
No. of patients requiring 64 (8.2%) 37 (4.8%) .008
dialysis
No. of days on dialysis 1.2 +02 0.0 £ 0.0 .004
Dialysis on the regular wards
No. of patients requiring 11 (1.4%) 12 (1.6%) 8
dialysis on wards
Antibiotics
No. of patients requiring 757 (96.7%) 742 (97.0%) 7
antibiotics
No. of days on antibiotics 6.2+ 0.4 4.4 +0.3 .0002
Red cell transfusions
No. of patients requiring 243 (31.0%) 219 (28.6%) 3
transfusion
No. of days transfused 1.0 = 0.01 0.6 = 0.06 .001
Insulin
No. of patients requiring 307 (39.2%) 755 (98.7%) <.0001
insulin
No. of days on insulin 22=+03 6.5 = 0.4 <.0001

Data are represented as absolute numbers (percentages) and as mean = SEM. p values were obtained
by Chi-square or unpaired Student’s #-test or Mann-Whitney U-test, when appropriate. These data are
calculated from a study that was published previously (10).

Table 2. Health care resource costs used in the study

Variable Cost, €
Intensive care unit stay (per day) 1030.00
Mechanical ventilation (per day) 40.80
Hemodialysis (per day) 386.00
Intravenous tubing (changed every day) 4.77
Intravenous infusion pump (per day) 4.75
0.9% sodium chloride for injection (50 mL) 1.20
Regular human insulin (per unit) 0.03
Whole blood glucose determination 0.90

higher monitoring cost on the first day
of treatment compared with subsequent
days of treatment (16.20 Euros/day vs.
5.40 Euros/day). Patients not receiving
insulin had a median blood glucose
monitoring cost of 5.40 Euros/day re-
gardless of treatment group.

Costs of insulin therapy and blood
glucose monitoring in the two treat-
ment groups are summarized in Table
4. In the intensive insulin treatment
group, 755 of 765 patients received in-
sulin therapy. All 755 of these patients
received insulin therapy for their entire
stay in the ICU. The mean ICU length of
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stay was 6.6 days in the intensive insulin
treatment group. The cost of insulin infusion
therapy in this group was 74,254 Euros
(69,868 78,747 Euros). Blood glucose mon-
itoring costs in the intensively treated group
for patients receiving and not receiving insu-
lin infusions were 35,225 Euros (15,819—
47184 Euros) and 359 Euros (60-538 Eu-
ros), respectively. The total treatment cost
was 109,838 Euros (85,747-126,479 Euros),
with an average cost per patient of 144 Euros
(112-165 Euros).

In the conservative insulin treatment
group, 307 patients received insulin ther-
apy for two thirds of their ICU length of

stay. The mean ICU length of stay in the
conventional insulin treatment group
was 8.6 days. The cost of insulin infusion
therapy in this group was 21,570 Euros
(20,299-22,841 Euros). Blood glucose
monitoring costs in the conventionally
treated group receiving and not receiving
insulin infusions were 12,848 Euros
(5,941-17,222 Euros) and 21,941 (3,657-
32,911 Euros), respectively. The total
treatment cost in the conventional treat-
ment group was 56,359 Euros (29,897-
72,974 Euros), with an average patient
cost of 72 Euros (38-93 Euros). The dif-
ference in the cost of treatment between
the two treatment groups was 72 Euros
(19-127 Euros) (p = .03).

The costs of the healthcare resources
in the intensive and conventional insulin
treatment groups are shown in Table 5.
Differences in cost of ICU stay, mechan-
ical ventilation, dialysis, antibiotic treat-
ment, and blood transfusions were signif-
icantly different between the treatment
groups. Patients treated with intensive
insulin therapy had a total treatment cost
of 6,067,237 Euros (5,160,593-7,043,537
Euros) compared with 8,275,394 Euros
(7,214,502-8,958,120 Euros) for patients
treated with conventional insulin ther-
apy. The per-patient cost in the intensive
insulin therapy group was 7931 Euros
(6746-9031 Euros) compared with
10,569 Euros (9214-11,441 Euros) for
patients in the conventional insulin ther-
apy group. This represents cost savings of
2638 Euros (183-4695 Euros) per pa-
tient.

The cost savings in ICU observed for
the intensive insulin treated patients
were not offset by extra costs on the
wards, as indicated by a similar number
of days patients spent on regular wards
for both groups (median [interquartile
range] of 10 [6-15] days and a mean
14.8 days in the conventional group vs.
a median 10 [7-16] days and a mean
15.9 days in the intensive group, p = .4,
Table 1). Days spent on regular wards
were also not different between insulin
treatment groups, considering survi-
vors (a median 10 [7-16] days and a
mean 15.6 days in the conventional
group vs. a median 10 [7-16] days and a
mean 16.1 days in the intensive group;
p >.9) and nonsurvivors (a median 15
[9-38] days and a mean 32.0 days in the
conventional group vs. a median 17
[7-55] days and a mean 29.8 days in the
intensive group; p = .9) separately.
Likewise, the number of patients re-
quiring hemodialysis while on the reg-



ular wards were similar (11 [1.4%] in
the conventional group vs. 12 [1.6%] in
the intensive group; p = .8).

DISCUSSION

Intensive insulin therapy titrated to
maintain normoglycemia in mechani-
cally ventilated critically ill patients in a
single center surgical ICU has been
shown to reduce morbidity and mortality
rates. The current post hoc healthcare
resource utilization analysis has shown
intensive insulin therapy to be associated
with a substantial reduction in hospital
costs (cost savings of 2638 Euros per pa-
tient). The cost savings occurred because
of reductions in ICU length of stay and

several morbid events such as renal fail-
ure, sepsis, blood transfusions, and me-
chanical ventilation dependency. The re-
duction in morbid events and their
associated costs more than offset the
small additional cost of intensive insulin
therapy and the more intensive monitor-
ing (72 Euros per patient) associated with
its use. The cost savings in the ICU were
not offset by additional costs for care on
regular wards. Since only part of the re-
source utilization was taken into account
in the current study, it is likely that costs
savings were underestimated.

Elevated blood glucose levels have
previously been associated with an ex-
cess risk of adverse clinical events in

Table 3. Costs of insulin infusions and blood glucose determinations

Variable

Cost, €/day (range)

Insulin infusion
Intensive group
Conventional group
Blood glucose monitoring
Insulin infusion day 1
Insulin infusion day 2 and after
No insulin infusion

14.05 (13.22-14.90)
11.71 (11.02-12.40)

16.20 (10.80-21.90)
5.40 (1.80-7.20)
5.40 (0.90-8.10)

Table 4. Costs of insulin therapy in € (range) and blood glucose monitoring in the intensive and
conventional treatment groups based on all enrolled patients

Variable

Intensive (n = 765)

Conventional (n = 783)

Insulin infusion
Blood glucose monitoring

74,254 (69,868-78,747)

21,570¢ (20,299-22,841)

With insulin infusion 35,225% (15,819-47,194) 12,848 (5941-17,222)
Without insulin infusion 359¢ (60-538) 21,941¢ (3657-32,911)
Total treatment costs 109,8387 (85,747-126,479) 56,3597 (29,897-72,974)
Average cost per patient 1449 (112-165) 724 (38-93)

Excess cost for intensive insulin therapy 72 (19-127)
ap < .001; °p < .01; p < .0001; % = .03.

Table 5. Per patient costs of health care resources in € (range) consumed in the intensive and

conventional treatment groups

Costs
Variable Intensive Therapy (n = 765) Conventional Therapy (n = 783)

Intensive care unit stay 6,826 (5774-7978) 88337 (7665-9992)
Mechanical ventilation 204% (160-250) 283% (238-305)

Dialysis 196¢ (172-219) 473 (443-503)
Inotropic support 524 (50-54) 704 (52-73)
Vasopressor support 114 (10-12) 177 (16-18)

Antibiotic treatment 270° (248-292) 438° (387-487)

Blood transfusions 228% (219-238) 383% (359-408)

Insulin administration/blood 1447 (112-165) 727 (38-93)

glucose monitoring
Per patient total

7931¢ (6746-9031)

10,5697 (9214-11,441)

= .034; ’p = .04; p = .023; % = nonsignificant; ¢p = .037; ’p = .03; 9p < .001.

other populations of critically ill pa-
tients (4-8). These include patients
with stroke or closed-head injury, acute
coronary syndromes, and cardiac sur-
gery. The efficacy and safety of intensive
insulin therapy have been evaluated in
diabetic patients with acute myocardial
infarction and following coronary ar-
tery bypass graft surgery (12, 13). A
recent observational study of the im-
pact of implementation of this therapy
in a noninvestigational ICU setting,
performed at the Stamford Hospital af-
filiated with the Columbia University
College of Physicians and Surgeons,
confirmed the outcome results of the
Leuven study (14). In addition, the
study conducted at the Stamford Hos-
pital confirmed that staffing conditions
were not affected by the implementa-
tion of an intensive insulin treatment
strategy. This study also confirmed the
absence of hypoglycemia-induced mor-
bidity. Hence, these pharmacoeco-
nomic results appear applicable to real-
life ICU practice.

In the Diabetes Mellitus Insulin Glu-
cose Infusion in Acute Myocardial Infarc-
tion (DIGAMI) study, intensive insulin
therapy significantly reduced mortality at
1yr (19%) compared with controls (26%)
(13). Intensive insulin therapy in this
study of patients with diabetes consisted
of an insulin-glucose infusion for =24
hrs followed by subcutaneous multiple-
dose insulin for =3 months. Mortality
rates at the 3- and 6-month follow-up
periods were reported to be lower in the
intensive insulin group but did not reach
statistical significance. A post hoc eco-
nomic analysis of the DIGAMI trial found
intensive insulin therapy to be cost effec-
tive (16,900 Euros per life year gained)
(13). It is important to note that this
study included only patients with diabe-
tes mellitus. In addition, the mortality
benefit did not reach significance until 1
yr after initiation of therapy. The contri-
bution of early intravenous insulin as op-
posed to the longer term control of
blood-glucose is hitherto unknown.

Our economic analysis has some in-
herent limitations. First, the study could
not be performed in a blinded fashion,
inherent to the titration of insulin to
blood glucose levels. Second, costs or
charges were not available for the entire
hospitalization. As a result, costs for sig-
nificant sources of cost (comorbidities,
length of stay, drugs) were identified in
the post hoc setting. This approach may
have overlooked some costs. In addition,
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ur  economic

analysis demon-

Strates that tight
blood glucose control in the
intensive care unit setting is
associated with substantial
reductions in overall medical

care costs.

follow-up beyond hospitalization was not
carried out. As a result, it was not possi-
ble to evaluate the long-term impact of
this intervention. Finally, since the data
were generated in a single center, they
cannot be directly extrapolated to other
settings.

CONCLUSIONS

Hyperglycemia during critical illness
contributes to adverse outcomes, and in-
tensive insulin therapy to maintain nor-
moglycemia has been shown to reduce
mortality rates and prevent morbidity in
surgical ICU patients. Evidence is accu-
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mulating that these results are also ap-
plicable to mixed surgical-medical ICUs
and to real-life ICU situations beyond the
setting of randomized controlled trials.
Our economic analysis demonstrates that
tight blood glucose control in the ICU
setting is associated with substantial re-
ductions in overall medical care costs.
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