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INTRODUCTION

Patients treated in critical care units typically experience worse outcomes and higher costs
than patients hospitalized but not treated in critical care units. For example, research has shown that
patients who have an intensive care unit (ICU) length of stay of greater than 5 days experience
substantial morbidity and a 20% increase in the risk of death (Takala et al., 1999). In addition,
research has estimated that the costs of treatment in ICUs in 1995 was $70 billion, or 1% of gross
domestic product (Luce and Rubenfeld, 2002; Levit et al 1995), and that these costs should continue
to increase , since ICU costs and the percentage of hospitalized patients treated in the ICU have
increased over time (Luce and Rubenfeld, 2002).

Factors associated with worse outcomes and higher costs among critically ill patients include
hyperglycemia and insulin resistance; conditions which are common, even in patients who have not
been diagnosed with diabetes mellitus (Wolfe, et al., 1987; Shangraw et al, 1989). Research has
shown that, in general, impaired glycemic control is associated with increased risk of myocardial
infarction and acute coronary syndromes (Capes et al, 2000; Sala et al., 2002; Foo et al., 2003 ),
stroke (Williams et al., 2002; Bruno et al, 2002; Kagansky et al, 2001), postoperative infection
(Estrada et al, 2003; Latham et al, 2001), and trauma (Yendamuri et al, 2003). In addition to the
generally poor outcomes associated with impaired glycemic control, glycemic control during an ICU
hospitalization has also been shown to be associated with hospital mortality (Krinsley JS, 2003).

Given the link between hyperglycemia and poor outcomes in general, as well as to increased
mortality among ICU patients, previous research has focused on how intensive glycemic control in
the ICU can improve patient outcomes. For example, Krinsley (2004) demonstrated that an ICU
protocol which had the goal of maintaining serum glucose levels at less than 140 mg/dl resulted in
improved glycemic control, as well as decreased mortality, organ dysfunction, and ICU length of

stay. Similarly, van den Berghe et al. (2001) illustrated that insulin infusions designed to maintain



normoglycemia of 80 to 110 mg/dl were associated with reduced morbidity and mortality among
critically ill patients in the surgical ICU.

While prior research and patient care protocols have focused exclusively on the role of
insulin therapy, Target100™ is for use by ICU medical professionals to assist in specifying the
insulin and nutritional (feed) rate of persons undergoing treatment in the ICU. Specifically,
Target100™ is used to help the healthcare professional optimize carbohydrate and insulin intake by
accurately capturing each patient’s individual glucose-insulin regulatory system and recommending
both nutritional and insulin inputs such that blood glucose levels are held within the band of 72-108
mg/dL for as long as possible. Target100™ users have the option of additional control ranges,
including 80-120 mg/dl and 100-150 mg/dl. The purpose of this article is to examine the impact
of Target100™ on patient mortality. In so doing, this research can aid medical decision makers in

deciding how best to treat critically ill patients.

METHODS
Target 100" Cohort

The Target100™ protocol consisted of glycemic control and the use of nuttition-rate goals.
Patients were deemed eligible for the Target100™ protocol if they had a random blood glucose
measurement greater than 8 mmol/L (144 mg/dl) and were expected to stay in the intensive care
unit (ICU) for at least 24 hours. The protocol consisted of houtly blood glucose measurement used
to ensure tight control (Lonergan et al., 2006a), defined as in the 4.0-6.0 mmol/L (72-108 mg/dl)
range. If a patient reached a threshold of 3 hourly measurements consistent with tight control, they
were subsequently tested every other hour. In addition to tight glycemic control, the Target100™

protocol also focused on nutrition. Specifically, physician-prescribed goal nutrition rates upon entry

to the ICU were approximately 25 kcal/kg/day. The study maximum and minimum nutrition rates



were 7.5 to 25 kecal/kg/day, with 2.7 to 9 kecal/kg/day from carbohydrates prescribed by the
supervising physician. These nutrition guidelines were detailed in prior research (Shaw et al., 2000)
and are approximately the same as the American College of Chest Physician guidelines (Cerra et al.,
1997). The protocol was stopped when the patient was stable, normoglycemic, and adequately self-
regulating, based upon the criteria of 6 or more hours in the 4.0-6.0 mmol/L (72-108 mg/dl)
glycemic band, with over 80% of goal feed rate and a maximum of 2U/hour of insulin. More
detailed information about this protocol (previously named SPRINT) and its development is
available in prior published research (Lonergan et al., 2006a; Chase et al., 2006; Lonergan et al.,
2006b).

The Target100™ protocol was adopted for clinical use at Christchurch Hospital Department
of Intensive Care in August 2005. Permission was obtained from the relevant ethics committees for
the audit, analysis, and publication of data. There were 387 individuals who followed the protocol

and had an ICU stay of at least 24 hours.

Retrospective Cohort

To compare the results of implementation of the Target100™ protocol to “typical care,” a
retrospective cohort was constructed. This cohort was extracted from the Christchurch Hospital
Department of Intensive Care from January 2003 through August 2005. During this time period,
there was no set protocol for treating hyperglycemia at the ICU, and clinicians often used insulin
sliding scales (i.e., they increased or decreased the amount of insulin administered based upon the
blood glucose reading). Individual records were included in the retrospective cohort if they had an
ICU length of stay of at least 1 day, and had at least 2 blood glucose measurements of greater than 8

mmol/L (144 mg/dl), spaced not more than 24 hours apart. Individuals were excluded if there was



not enough clinical data recorded in order to compute an Acute Physiology and Chronic Health

Evaluation (APACHE) II score. There were 512 individuals included in the retrospective cohort.

Statistical Analysis
In these descriptive analyses, differences in sample proportions were assessed across groups
using chi-squared tests. Differences in distributions for continuous variables were assessed using

Mann-Whitney tests. A p-value of ” ZDV FRQVLGHUHG WR LQGLFDWH VWD\

differences between the groups. All analyses were conducted using SAS Version 9.1.

RESULTS
Comparison of Patient Demographic Information

Table 1 presents descriptive characteristics for individuals in the Target100™ cohort
compared to the retrospective cohort. The results indicate that, in general, the Target100™ cohort
and the retrospective cohort were similar. Specifically, results revealed that there was no difference
in age or sex distribution, with the median age being 65 and approximately 60% of the sample being
male in both cohorts. In addition, the two cohorts had a similar median APACHE 1II score (Knaus
et al., 1985), as well as the same percentage of individuals with a diabetic history. In contrast,
patients in the Target100™ cohort were found to have significantly higher risk of death score,
indicating that the Target100™ cohort may have been more severely ill.

Table 2 examines the primary operative and non-operative diagnosis associated with
individuals in the Target100™ cohort relative to the retrospective cohort. Results indicate that

patients in the Target100™

cohort were significantly less likely to be diagnosed with an operative
cardiovascular diagnosis and significantly more likely to be diagnosed with an operative or non-

operative gastrointestinal diagnosis. Similarly, when examining whether an individual had an



operative or non-operative diagnosis, individuals in the Target100™ cohort were more likely to be
diagnosed with a gastrointestinal diagnosis. Taken together, results from Tables 1 and 2 indicate
that while the Targetl 00™ cohort and the retrospective cohort were similar, there were differences

in severity of illness, as well as reason for hospitalization.

Glycemic Control and Nutrition

Table 3 compares glycemic control and nutrition between the Target100™ and retrospective
cohorts. Given the difference in protocol between these two groups, it is not surprising to find
significant differences between them. Results indicate that the Target100™ cohort had a
significantly lower mean blood glucose level (P<0.0001); a significantly higher percentage of
measurements in the ranges of 4.0-6.1 mmol/L (72-100 mg/dl) (P<0.0001), 4.0-7.0 mmol/L (72-
126 mg/dl) (P<0.0001), or 4.0-7.5 mmol/L (72-135 mg/dl) (P<0.0001); and a significantly higher
petcentage of measurements less than 4.0 mmol/L (72 mg/dl) (P<0.0001). In accordance with
achieving better glycemic control, patients in the Target100™ cohort used significantly more insulin
(P<0.0001) compared to the retrospective cohort. While there were significant differences between

™
0

the Target100" and retrospective cohorts with regards to glycemic control, results revealed no
significant difference between the two cohorts with regards to nutrition, based upon the mean
percentage of goal feed (P=0.4397). Specifically, nutritional practices were found to be effectively
modulated both before and after implementation of the Target100™ protocol, with this hospital

ranked in the top 10% of nutrition practices compared to other ICUs in the region (Critical Care

Nutrition, 2007).

Survivors Compared to Mortalities



Tables 4 and 5 examine differences between survivors and decedents in the Target100™
cohort and in the retrospective cohort, respectively. Results indicate that, in both cohorts, the
individuals who died were significantly older and had significantly higher APACHE II and
APACHE 11 risk of death scores. In the Target100™ cohort, consistent with all individuals being
treated according to protocol, blood glucose levels and goal feeding percentages were the same for
survivors and decedents. In contrast, in the retrospective cohort, the decedents had significantly
higher median maximum blood glucose levels (P=0.0036), a higher range of blood glucose readings
(P=0.0022), and a lower median percentage of time that goal feed was reached (P=0.0016). A final
difference was that the Target100™ decedents were significantly likely to be female (P=0.0019),
while in the retrospective cohort there was no difference in the distribution of the sexes between

those who survived and those who died.

ICU Length of Stay and Mortality

Figures 1 and 2 present the main results of the study. Specifically, these figures examine
hospital and intensive care mortality for differing ICU lengths of stay. As figure 1 indicates, in
general, the Target100™ protocol was associated with reductions in overall hospital mortality. In no
case was overall hospital mortality lower for the retrospective cohort, and for individuals who had
an ICU length of stay of 3 days or longer, the difference in mortality between the Target100™
cohort and the retrospective cohort was statistically significant. Specifically, individuals with an ICU
length of stay of at least 3, 4, or 5 days experienced a 34% (P=0.0090), 41% (P=0.0031), or 44%
(P=0.0040) reduction in hospital mortality, respectively. Results are similar when examining ICU
mortality. As figure 2 illustrates, ICU mortality is lower for individuals in the Target100™ cohort
compared to those in the retrospective cohort, and individuals in the Target100™ cohort who had

an ICU length of stay of at least 3 days experienced a significant reduction in ICU mortality.



Specifically, Target100™ patients with an ICU length of stay of at least 3, 4, or 5 days expetienced a

38% (P=0.0307), 40% (P=0.0304), or 46% (P=0.0230) reduction in ICU mortality, respectively.

DISCUSSION

Results of this study reveal a reduction in mortality associated with the Target100™ protocol.
In addition, results reveal differences in glycemic control when comparing the Target100™ cohort to
the retrospective cohort, as well as when comparing survivors in the retrospective cohort to
mortalities in the retrospective cohort. Differences were also found in the percentage of time that
the nutritional goal was met when comparing retrospective cohort survivors to retrospective cohort
mortalities.

The sample for this study was older (median age 65) and more likely to be male
(approximately 61%). These demographics are consistent with the aging of the intensive care
population (Deeny, 2005) and prior research that has found more males admitted to an ICU (Romo
Amaral and Vincent, 2004). Patient severity, as measured by the median APACHE II score (18) or
the median APACHE II risk of death score (26.6), was generally consistent with prior research,
which has reported similar scores for a general population admitted to an ICU (Walther and
Jonasson 2004; Dougnac et al., 1993). The percentage of individuals who reported a diabetic history
is higher than the reported prevalence of known diabetes among the elderly in New Zealand (Lintott
et al, 1992). However, it should be noted that, worldwide, prevalence rates of diabetes are increasing
(Wild et al, 2004), and that the prior research (Lintott et al., 1992) focused on the population of
ambulant elderly.

The descriptive statistics examined differences between survivors and mortalities in both the
Targetl 00™ and retrospective cohorts. Not surprisingly, in both cohorts, mortalities had

significantly higher APACHE II and APACHE II risk of death scores compared to survivors. In



the retrospective cohort, where there was not protocol for intensive glycemic and nutrition
monitoring, there were also significant differences in blood glucose levels and percentage of time
that goal nutrition rates were met. Specifically, compared to survivors, mortalities were found to
have a significantly lower percentage of time that goal feed was met, as well as significantly higher
maximum blood glucose values and blood glucose ranges. These results are consistent with prior
research that has found that improved nutrition is associated with decreased ICU mortality (Galban
et al., 2000) and univariate results indicating that increased maximum glucose levels are associated
with higher ICU mortality for mixed ICU patients treated with “typical” care (Ligtenberg et al.,
2000).

The reduction in hospital and ICU mortality found in this study is generally consistent with
prior research which has examined the role of intensive insulin therapy for patients in the ICU. For
example Krinsley (2004) reported a reduction in hospital mortality from 20.9% to 14.8% (P=0.002)
associated with intensive glycemic control, while this study reports an overall reduction in hospital
mortality from 27.1% to 20.4% (P=0.2167). Examining the role of intensive glycemic control on
ICU mortality, Van den Berge et al. (2001) reported an overall reduction in ICU mortality from
8.0% to 4.6% (P<0.04), while this research reports an overall reduction in ICU mortality from
15.5% to 12.1% (P=0.2148). The authors also report ICU mortality based upon a cutoff of ICU
length of stay of 5 days or fewer or more than 5 days. Specifically, they find that for patients with an
ICU length of stay of 5 days or less, ICU mortality for patients receiving intensive glycemic control
therapy reduced from 1.8% to 1.7%, while for patients with a greater than 5-day ICU length of stay,
ICU mortality was reduced from 20.2% to 10.6% (P=0.005). In our current analysis, we found that
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the Target100" " protocol was associated with a reduction in ICU mortality from 18.8% to 11.7%
(P=0.0307) for individuals who had an ICU length of stay of at least 3 days. It should be noted that,

consistent with the higher mortality rates in this study, patients in this study were more severely ill
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compared to patients in the Van den Berge et al. (2001) study, as measured by median APACHE II
score (18 v 9) or percentage of individuals with diabetic history (17% v 13%). In contrast to the
above studies, however, this study was able to achieve similar reductions in mortality without
increasing nursing staff or increasing nursing staff workload. This suggests that the Target100™
protocol may well be a more cost-effective method to reduce ICU mortality.

One way to examine the impact of the reduction in mortality associated with the
Target100™ protocol is through the examination of the value of a statistical life (VSL). The VSL
can be thought of as a “convenient way to summarize the value of small reductions in mortality
risks” (Kenkel, 2001). Estimates of the VSL in the U.S. range from $3 million (U.S. FAA, 1998) to
$6.2 million (U.S. EPA, 2000). Given that these estimates are often based upon wages, the VSL is
lower among elderly, retired individuals. Research has estimated that among the elderly, the VSL is
$268,730 (Wu, Grunkemeier, and Starr, 2007). Using even this most conservative estimate of the
VSL and a population of 100,000, the 17% reduction in overall hospital mortality associated with use
of the Target100™ protocol would result in an economic value of the additional life associated with
the protocol of $1.8 billion.

The results of this analysis must be interpreted within the context of study limitations. First,
data was not obtained from a randomized, clinical trial which is often considered the “gold
standard” of research design. Instead, patients in Target100™ cohort were compared to individuals
in a retrospective cohort. Second, results from this study come from one ICU and hence may not
be generalizeable to other populations. Third, results are descriptive in nature and the analysis did
not control for differences between the two cohorts. However, it should be noted that one of the

major difference between the two groups was that the Target100™

cohort was more severely ill, as
measured by the APACHE II risk of death score. Such a difference would, if anything, likely bias

the analysis against finding significant reductions associated with the Target100™ protocol. Fourth,
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the Target100™ protocol focuses on glycemic control and nutrition to improve outcomes at the

™
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ICU. However, when comparing the Target100™ " cohort to the retrospective cohort there was no

difference in nutrition, as measured by the percentage of time that goal feed was met. As such, this

study may not fully capture the impact of implementation of the Target100™

protocol. Finally, it is
important to note that the analysis focused exclusively on mortality as the outcome measure and
hence did not include other issues, such as direct medical costs or length of stay.

In summary, this study examined the impact of intensive glycemic and nutrition
management protocol for patients in ICU. Results indicate that, compared to a retrospective cohort,
there are decreases in both hospital and ICU mortalities associated with such a protocol. In addition,
results show that such decreases in hospital and ICU mortality are statistically significant for
individuals who have an ICU length of stay of at least 3 days. Given the high mortality rate

associated with ICU hospitalizations, these findings have important implications for the successful

treatment of patients in an ICU.
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Table 1

Comparison of Target 100 and Retrospective Cohorts
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Target 100 Retrospective
Variable (IN=387) (N=512)
Median | Interquartile | Median | Interquartile | P Value
Range Range
Age 65 51-73 65 53-74 0.2868
APACHE II Score 18 15-24 18 14-23 0.3773
APACHE II Risk of 26.6 14.5-49.5 23.05 8.65 - 44.30 0.0007
Death
N %o N % P Value
Sex 0.3466
Male 244 63.05 307 59.96
Female 143 36.95 205 40.04
Diabetic History 67 17.31 86 16.80 0.8385

Chi-square statistics were used to analyze differences in percentages while the Wilcoxon-Mann-
Whitney test was used to analyze differences in continuous variables.




Table 2
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Comparison of Diagnoses Between Target 100 and Retrospective Cohorts

Target 100 Retrospective
Variable (IN=387) (N=512)
N | % N | % P Value
Operative or Non-Operative Diagnosis
Cardiovascular 116 29.97 177 34.57 0.1455
Respiratory 80 20.67 87 16.99 0.1601
Gastrointestinal 83 21.45 60 11.72 <0.0001
Neurological 26 6.72 42 8.20 0.4045
Trauma 45 11.63 37 7.23 0.0232
Sepsis 17 4.39 29 5.66 0.3917
Other 19 491 18 3.52 0.2975
Not Reported 1 0.26 62 12.11 <0.0001
Operative Diagnosis
Cardiovascular 78 20.16 136 26.56 0.0255
Respiratory 5 1.29 10 1.95 0.4435
Gastrointestinal 64 16.54 53 10.35 0.0063
Neurological 8 2.07 9 1.76 0.7360
Trauma 13 3.36 8 1.56 0.0774
Sepsis 0 0 0 0 N/A
Other 3 0.78 4 0.78 0.9918
Not Reported 1 0.26 62 12.11 <0.0001
Non-Operative Diagnosis

Cardiovascular 38 9.82 41 8.01 0.3422
Respiratory 75 19.38 77 15.04 0.0856
Gastrointestinal 19 4.91 7 1.37 0.0017
Neurological 18 4.65 33 6.45 0.2495
Trauma 32 8.27 29 5.66 0.1242
Sepsis 17 4.39 29 5.66 0.3917
Other 16 4.13 14 2.73 0.2472
Not Reported 1 0.26 62 12.11 <0.0001

Chi-square statistics were used to analyze differences in percentages.
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Comparison of Glycemic Control Between Target 100 and Retrospective Cohorts

Target 100 Retrospective
Variable (IN=387) (N=512)
Median | Interquartile | Median | Interquartile | P Value
Range Range

Hours of Control 71 30 - 166 57 25-163.5 0.1168
Number of 49 21 -111 17 8 -40.5 <0.0001
Measurements
Mean Blood Glucose 5.98 5.51 - 6.44 7.65 6.81 - 8.55 <0.0001
Percentage of
Measurements Between:

4-06.1 61.73 47.06 - 76.92 21.43 4.82 - 38.10 <0.0001

4.7 81.25 68.42 - 90.96 40.00 20.00 - 57.69 <0.0001

4-7.75 88.89 78.79 - 95.63 52.98 33.33 -70.51 <0.0001
Percentage of
Measurements Less Than

<4 2.30 0-8.43 0 0-3.89 <0.0001
Mean Insulin Usage 2.55 2.05-2.55 0.87 0.08 - 1.56 <0.0001
Mean Percentage of Goal 57.30 28.64 - 76.23 56.08 40.83 - 65.22 0.4397
Feed

Wilcoxon-Mann-Whitney test was used to test difference in distributions.




Table 4

Comparison Between Target 100 Survivors and Mortalities
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Target 100 Survivors Target 100 Mortalities
Variable (IN=296) (N=91)
Median | Interquartile | Median | Interquartile | P Value
Range Range
Age 64 48 - 73 68 49 -76 0.0038
APACHE II Score 17 14 -22 21 18 - 29 <0.0001
APACHE II Risk of 22.5 12.7 - 38.1 44.2 27.1-069.4 <0.0001
Death
Mean Blood Glucose 5.99 5.53 - 6.44 5.97 5.44 - 6.33 0.4278
Level
Max Blood Glucose 9.80 8.60 - 11.75 10.3 8.7-12.2 0.4451
Blood Glucose Range 6.3 4.8 - 8.1 6.6 5.1-8.8 0.2168
Mean Percentage of Goal 58.16 25.83 -79.44 56.49 32.54 -72.43 0.7463
Feed
Average Houtly Insulin 2.59 2.06 - 3.25 2.48 1.93-3.13 0.4429
N % N % P Value
Sex 0.0199
% Male 196 066.22 48 52.75
% Female 100 33.78 43 47.25

Diabetic History 51 17.23 16 18.58 0.9380

Chi-square statistics were used to analyze differences in percentages and Wilcoxon-Mann-Whitney
test was used to analyze differences in distributions for continuous variables.




Comparison Between Retrospective Cohort Survivors and Mortalities

Table 5
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Retrospective Survivors

Retrospective Mortalities

Variable (N=373) (N=139)
Median | Interquartile | Median | Interquartile | P Value
Range Range
Age 64 53-74 68 55-76 0.0294
APACHE II Score 17 14 -21 22 17 - 28 <0.0001
APACHE II Risk of 20.2 8.1-34.1 38.0 12.7 - 58.9 <0.0001
Death
Mean Blood Glucose 7.66 6.80 - 8.58 7.62 6.89 - 8.52 0.8748
Level
Max Blood Glucose 11.1 9.9-13.2 12.1 10.4 - 15.0 0.0036
Blood Glucose Range 6.6 44-9.1 7.6 57-11.2 0.0022
Mean Percentage of Goal 58.31 45.99 - 66.49 51.95 36.19 - 62.69 0.0016
Feed
Average Houtly Insulin 0.84 0-1.56 0.93 0.27 - 1.56 0.2947
N % N % P Value
Sex 0.7372
% Male 222 59.52 85 61.15
% Female 151 40.48 54 38.85
Diabetic History 065 17.43 21 15.11 0.5326

Chi-square statistics were used to analyze differences in percentages and Wilcoxon-Mann-Whitney
test was used to analyze differences in distributions for continuous variables.
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Figure 1

Target 100 Compared to Retrospective Cohort
Hospital Mortality Based Upon ICU LOS
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Figure 2

Target 100 Compared to Retrospective Cohort
ICU Mortality Based Upon ICU LOS
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