Does the achievement of an intermediate glycemic target reduce organ failure and mortality? A post-hoc analysis of the Glucontrol Trial
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Abstract: 

Objective: This research evaluates the impact of the achievement of an intermediate target glycemic band on the severity of organ failure and mortality.

Methods: Daily Sequential Organ Failure Assessment (SOFA) score and the cumulative time in a 4.0-7.0mmol/L band (cTIB) were evaluated daily up to 14 days in 704 participants of the multi-centre Glucontrol trial (16 centers), that randomized patients to intensive Group A (blood glucose (BG) target: 4.4-6.1mmol/L) or conventional Group B (BG target: 7.8-10.0mmol/L). SOFA evolution was measured by percentage of patients with SOFA≤5 on each day, percentage of individual organ failures (IOF), and percentage of organ failure free days (OFFD). Conditional and joint probability analysis of SOFA and cTIB≥0.5 assessed the impact of achieving 4.0-7.0mmol/L target glycemic range on organ failure. Odds ratios compare the odds risk of death for cTIB ≥ 0.5 versus cTIB<0.5, where a ratio greater than 1.0 indicates an improvement for achieving cTIB≥0.5 independent of SOFA or glycemic target. 

Results: Groups A and B were matched for demographic and severity of illness data. BG differed between group A and B (p<0.05), as expected. There was no difference in the percentage of patients with SOFA≤5, IOF and OFFD between Groups A and B over days 1-14. However, 20-30% of Group A patients failed to achieve cTIB≥0.5 for all days, and significant crossover confounds interpretation. Mortality odds ratio was greater than 1.0 for patients with cTIB≥0.5 in both groups, but much higher for Group A, on all days.

Conclusions: There was no difference in organ failure in the Glucontrol study based on intention to treat to different glycemic targets. Actual outcomes and significant crossover indicate that this result may not be due to the difference in target or treatment. Odds ratios associated achieving an intermediate 4.0-7.0 mmol/L range improved outcome.
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1.0 Introduction: 

Rate, severity and lack of resolution of organ failure are strongly associated with increased morbidity and mortality in intensive care unit (ICU) patients 1
 . Organ failure is typically assessed daily by the sequential organ failure assessment (SOFA) score 
6

. However, glycemic control and targets are contentious 


5

 suggested glucose control (GC) could improve organ failure, and, recently,  cumulative time in an intermediate glycemic band (4.0-7.0 mmol/L) (cTIB) was associated with improved rate and severity of organ failure, based on a different study 
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.  Van den Berghe et al.  HYPERLINK \l "_ENREF_2" \o "Vincent, 1996 #1497" 
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. While decreased mortality was found in some studies 
5, 6, 9
, others did not 
. Therefore, moderate targets are currently recommended 
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, and many saw no difference  HYPERLINK \l "_ENREF_10" \o "Preiser, 2009 #1573" 
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, despite evidence that  intermediate target ranges could favorably influence organ failure rate and severity. 

This study evaluates the impact and interaction of organ failure and glycemic control in the Glucontrol trial 10

 that  compared separate glycemic target bands, one of which is entirely within the 4.0-7.0 mmol/L band used by 
2.0 Methods:

2.1 Glucontrol: 

Glucontrol was a prospective, randomized, multi-center controlled glucose control trial implemented in 19 centers (21 ICUs) from November 2004 to May 200610

.
10

. The 1078 patients were randomized to Group A (target: 4.4–6.1 mmol/L) or Group B (target: 7.8–10.0 mmol/L). Insulin infusion dosing was defined using sliding scales, with BG measured hourly when not in the target range. For limited variation (≤ 50%) of BG levels, 2-hourly and 4-hourly measurement were allowed. Details are in 
2.2 Organ Failure: 

Daily SOFA score was used 
 ADDIN EN.CITE 
2, 19
, calculated based on five of the six individual scores of 1-4. The Glasgow Coma score is excluded due to its reported lack of robustness and unreliability 
2.3 Glycemic Outcome: 

Glycemic outcome and quality of control are measured by cumulative Time In Band (cTIB) for the first 14 days of stay. It was calculated per day  and per patient and is defined as the percentage of time the patient’s BG levels have been cumulatively in a specific band (4.0-7.0 mmol/L here) up to and including the considered day. This band includes the entire Group A target range and none of the Group B target range. All other glycemic results are presented for clarity, including per-patient cTIB values to measure differences in control achieved versus intended between Groups A and B, and the moderate (BG < 4.0 mmol/L) and severe (BG < 2.2 mmol/L) hypoglycemic events. 
2.4 Patients and Data: 

 SOFA data measurement varied between centers, and patients were only included where sufficient SOFA data was available (Figure 1). All data from centers with more than 40% missing data was excluded. Per-center exclusion allows the remaining patients to be still representative of ICU population and properly randomized. Additionally, patients for whom interpolation of missing data from surrounding data can’t be performed were also removed, as detailed in Figure 1. Overall, 374 of 1078 patients were excluded and the remaining 704 patients are summarized in Table 1 by patient group. Both groups were similar for age, sex, diagnostic category and APACHE (Acute Physiology And Chronic Health Evaluation) II score. Ethical consent was obtained from ethics committee of each participating hospital and included patients have signed consent allowing the audit, analysis and publication of these data.
2.5 Analyses and Statistical Methods: 

For each patient, daily SOFA score and cTIB are calculated. SOFA score improvement is measured by the evolution of the percentage of patients with SOFA≤5 dividing patients into (SOFA≤5 or SOFA>5). Proportions of SOFA≤5 are compared for each day using a Fisher Exact 2-sided test, where p < 0.05 is considered significant.
Patients are also characterized in each group by quality of control and glycemic outcome (cTIB≥0.5 or cTIB<0.5). Conditional (P(SOFA≤5 | cTIB≥0.5)) and joint probabilities (defined in Table 2) assess the link between organ failure and glycemic outcome. 
To assess the impact of control quality (cTIB) independent of organ failure, the odds ratio for each group is calculated comparing the odds risk of death for cTIB≥0.5 versus cTIB<0.5 on each day, where a ratio greater than 1.0 indicates an improvement for achieving cTIB≥0.5 independent of SOFA score results.
Organ failure free days (OFFD) are defined by the number of days (percentage of total) a patient has no SOFA score component greater than 2. OFFD is a surrogate for the speed of resolution and/or prevention of organ failure 
3.0 Results:
Table 3 shows initial and maximum SOFA score, and initial BG, are equivalent over groups (p ≥ 0.4). Group A have lower BG levels than patients from Group B (p < 0.05), more hypoglycemia, and greater per-patient cTIB, as in Chase et al. 
Figure 2 shows SOFA improves slightly for both groups over the first 12-14 days. Table 4 shows patient numbers per day in each group in Figure 2. The difference in SOFA≤5 between Groups A and B is not significant for any day and underpowered (Power<0.80) for Days 13-14. OFFD are slightly higher and IOF slightly lower for Group A, but not significant (p > 0.35) in Table 3.

Figure 3 shows joint and conditional probabilities of SOFA and cTIB. The conditional probabilities in Figure 3A indicate: 1) the probability of SOFA≤5 given cTIB≥0.5 is equivalent for both groups, regardless of how the control was obtained; 2) that 20-30% of Group A patients never achieved cTIB≥0.5 despite this range containing the entire Group A protocol target range; and 3) that 20-30% of Group B patients had cTIB≥0.5 despite its target range explicitly excluding the 4.0-7.0 mmol/L range. Thus, 20-30% of all trial patients had BG outcomes that did not match their respective target range, as measured by cTIB. 
Hence, in Figure 2, there is no clear separation between Groups A and B, where the results in Figure 3A delineate the reason for this lack of separation, and are supported by the results of Figure 3B. Finally, examining the steady joint probabilities of Figure 3B it is evident that the odds of SOFA≤5 given cTIB≥0.5 are approximately 2:1 for both Groups A and B over all the days. Similarly, the odds of SOFA≤5 given cTIB<0.5 are 1.3-1.6:1 for Group B, but only 1:1 for Group A. This latter result indicates that there was greater risk of organ failure for Group A patients who could not achieve cTIB ≥ 0.5 for the 4.0-7.0 mmol/L range.
Figure 4 shows the odds ratio (of survival) for Groups A and B for achieving cTIB≥0.5. Achieving cTIB≥0.5 resulted in improved outcomes for both groups that increased each day, but greater benefit and improvement was seen for Group A. Interestingly, this result occurs despite the much higher incidence of moderate and severe hypoglycemia for Group A (Table 3), which is counter to some recent results
4.0 Discussion:

The results show no clinically significant difference in the evolution of organ failure severity or rate between Groups A and B) from Glucontrol. SOFA≤5 is not significant for any of Days 1-14, although low patient numbers under-power the comparison on Days13-14 (Table 4). These results are supported by the OFFD and IOF results.  Glycemic outcome was examined independently for its impact on mortality. Patients in Groups A and B who achieved cTIB≥0.5 had improved odds of survival on all days after Day 3 (all days for Group A).
Importantly, Chase et al.
 However, in this analysis, conditional and joint probability results indicate significant failure to achieve the desired target bands for 20-30% of all patients in Groups A and B. In particular, Group A patients had 40% [IQR: 30, 50]% of BG in its 4.4-6.1 mmol/L target band, and Group B had only 30% [IQR: 20, 50]% within its 7.8-10.0 mmol/L target band. Hence, there was significant failure to ensure the intensively treated Group A patients all received safe and tight glycemic control to its target range. 
Critically, at this time, no specific patient group has shown specific benefit from glycemic control. Thus, with respect to organ failure, it is necessary to at least separate the intensive group from the control group to be certain that all those who might benefit receive that care. Thus, the study of Chase et al.

18

 was able to show a differentiation, where no difference was able to be found here. Hence, a first important outcome of the two studies is to note that glycemic control likely has the most benefit on 15-20% of patients, but not any specific group, mandating that all patients receiving safe, effective glycemic control to ensure benefit. 



As a metric, cTIB captures both level and variability of BG. It is important to note that it is independent of the insulin therapy or protocol used to achieve it 
and, equally, that both level and variability are also associated with outcome 
21, 22
. In this study, cTIB≥0.5 includes the entire Group A protocol target and excludes the Group B target, clearly discriminating the two protocols as intended in the original study, and also allowing direct comparison to Chase et al. 
IOF and OFFD results provide further insight. Initial and maximum SOFA scores in this study are lower than those of the medical ICU study of Chase et al. Similarly, OFFD of 55.6% and 54.4% for Groups A and B was much higher than the 36-41% of Chase et al., and IOF of 11.6-11.8% here was much lower than the 16-19% in Chase et al. Thus, Glucontrol A and B patients had much less organ failure, especially initially. However, those lower levels improved no more than 10% absolute (from 50% to 60%) over Days 1-14 (Figure 2), versus the 15-30% improvement from a similar initial value in Chase et al. Thus, cohort differences and less successful glycemic control may both have played a role in the outcome of this study.
Thus, failure to significantly separate glycemic outcomes on a per-patient basis is the major limitation of this analysis. However, this failure is a result in its own right, showing the difficulty in interpreting results without achieving consistent control across most or all patients in (at least) the intensive group. It is worth noting, in this context, that the Glucontrol study stopped early due to unintended protocol violations 10

. 

A final limitation and effect is the relatively rapid drop off of patients related to earlier ICU discharge or death, leaving relatively very low numbers of only 58 and 61 patients in Groups A and B on Day 12. Similarly, cardiovascular surgery (CVS) patients represent a high percentage of patients during the first days of ICU stays (37.1% in Group A and 41.5% in Group B, Table 1). Hence, the relatively lower mortality of such patients may have affected results, where 
 ADDIN EN.CITE 
6, 18
 was from a medical ICU and only ~20% of patients were CVS surgical patients. Thus, the results may also differ based on cohort composition, where more effect may occur for different patient groups.


5.0 Conclusions:

This study presents results from a unique analysis of a randomised glycemic control trial that evaluates the impact of glycemic control and target range in terms of daily organ failure status. Two main conclusions are drawn. 

First, there was no difference in the rate or severity of organ failure between the lower intensive (Group A) and higher conventional (Group B) groups. However, significant patient crossover between groups with very low per-patient %BG in both groups target band ensures that glycemia was not effectively separated for the two groups, making interpretation of results difficult, both in general and for organ failure in specific. 
Second, examining mortality independent of organ failure showed achieving cTIB in the 4.0-7.0 mmol/L band over 50%, regardless of the form of glycemic control, improved survival odds ratios on all days, and especially during the first three days of ICU stay. The joint probability analysis supported these results. Thus, results show that cTIB appears to be an effective, and novel, glycemic target for control, as well as clearly indicating that it may be cumulative control quality and level rather than median or average level that is critical to outcome.  

These conclusions remain to be prospectively tested. However, the analysis highlights key outcomes with respect to the achievement of an intermediate BG levels and its assessment using SOFA score, as well as providing further insight into the glycemic level and variability, and quality of control, needed to improve outcomes. 
Key messages

· There was no difference in the rate or severity of organ failure between the lower intensive (Group A) and higher conventional (Group B) treated groups. 

· Examining mortality with respect to achieving a cumulative time in band over 50% had improved odds ratio (of survival) on all days of stay.  
· Cohort differences may play a role in assessing the impact of glycemia on organ failure.
· cTIB seems to be an effective, and novel, glycemic target for control.  
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Figure captions: 
Figure 1: Patient selection details. 

Figure 2: Proportion of patients with SOFA score < 5 over time in Groups A and B. Values are similar (p > 0.40) for Days 1-12 and (p > 0.07) for Days 13-14 which are underpowered due to reduced patient numbers (Power < 0.75) per results in Table 4.

Figure 3: Conditional and joint probabilities of SOFA score and cTIB. 

Figure 4: Odds ratio over the first 14 days of ICU stay for all patients (black curve), group A patients (red curve) and group B patients (blue curve) for cTIB ≥ 0.5

Table captions:

Table 1: Characteristics of the 704 remaining patients. The p-values are calculated using chi-squared test, except for age and APACHE 2 score for which Mann-Whitney test is used (*). 

Table 2: Joint probabilities to link severity of organ failure and glycemic outcome

Table 3: Characterization of SOFA and BG data for all patients. Results are presented as median [IQR] where appropriate. P-values calculated by Mann-Whitney test for distributions and chi-squared test for proportions. 
Table 4: Number of patients over ICU stay in Group A and Group B, and assessment of Fisher Exact test comparison of proportions with SOFA ≤ 5. Results are similar for all Days 1-14 but low patient numbers mean the results are underpowered for Days 13-14 (Power < 0.80) 
APPENDIX A: Supplementary data on component SOFA scores.

Figures A.1 show the component SOFA scores over time in box and whisker format (median, IQR and 90% CI) including outliers. The main points to note are that there is little clinical difference between Pre-SPRINT and SPRINT on a cohort basis for most days or components. Particular differences or points of note in Figures A.1 (in the order A-E shown in the figure) including p-values where daily distributions are significantly different, are summarised:

· Respiratory function: Respiratory failure is common and the plots are little different across the days between cohorts. The SPRINT cohort shows a wider range and less failure in this component score in days 2, 4 and 5 and in the last 3 days. Day 15 has significantly different distributions between groups, p = 0.032. All other days have p > 0.05.

· Cardiovascular function: Cardiovascular function scores are common and differences in median and/or IQR are evident on days 2-5 with SPRINT having lower scores than the Pre-SPRINT cohort. All days have p > 0.05 in comparing the two groups.

· Renal function: there is very little renal failure in either cohort with the box and whiskers (0 – 95%) on the SOFA = 0 line. Outliers are shown as the red crosses. Day 9 has significantly different distributions between groups, p = 0.049. All other days have p > 0.05.

· Liver function: there is very little liver failure in either cohort with the box and whiskers (0 – 95%) on the SOFA = 0 line. Outliers are shown as the red crosses. Day 3 has significantly different distributions between groups, p = 0.026. All other days have p > 0.05.

· Coagulation: This score is similar between cohorts, with the only significant difference seen on day 7 where SPRINT median and IQR and 90% CI are all 0 and are non-zero for the SPRINT cohort. Days 8, 9 and 11-20 have significantly different distributions between groups, p < 0.020 in all cases. All other days have p > 0.05.

The overall result is that individual SOFA score components show no significant trends favouring one or another component.
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Figure A.1: SOFA score box and whisker plots for SOFA score components for the Pre-SPRINT cohort (left column) and SPRINT (right column) over time for: A) Respiratory function; B) Cardiovascular function; and C) Renal function.




Figure A.1 (continued): SOFA score box and whisker plots for SOFA score components for the Pre-SPRINT cohort (left column) and SPRINT (right column) over time for: D) Liver function; and E) Coagulation function.
Pre-SPRINT                                                                                  SPRINT





A. Respiratory function score 0 – 4 for days 1 - 30





B. Cardiovascular function score 0 – 4 for days 1 - 30





C. Renal function score 0 – 4 for days 1 - 30





D. Liver function score 0 – 4 for days 1 - 30





E. Coagulation function score 0 – 4 for days 1 - 30
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