Timing of Death In Children Referred For Intensive Care With Severe Sepsis: Implications For Interventional Studies
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Abstract:
Background
Early deaths in paediatric sepsis limit the impact of therapies that can only be provided on PICUs.  By introducing selection and survivorship biases. These very early deaths may also undermine the results of trials that employ standard consent procedures 
 We hypothesised that the majority of deaths in children with severe sepsis occur within 24 hours of referral, and that a significant proportion of deaths occurs before PICU admission.

Methods
We studied consecutive referrals between 2005 and 2011 to the Children’s Acute Transport Service (CATS), a regional paediatric intensive care transport service, with a working diagnosis of ‘sepsis’, ‘severe sepsis’, ‘meningococcal sepsis’ or ‘septic shock’. The primary outcome measure was the proportion of deaths within 24 hours of referral. Survival distributions of previously healthy children (PH) were compared with those with significant co-morbidities (CM).
Results
13,409 referrals were made to CATS, of whom 703 (5%) met inclusion criteria. Data on survival to 1 year was available in 627/703 patients (89%). 130/627 (21%, 95% Confidence interval: 18-24%) children died in the first year.  The majority deaths occurred within 24 hours of PICU referral (71/130, 55%, 46-63). 
A higher proportion (46/85, 54%, 44-64) of CM cases died than did PH cases (84/542, 16%, 13-19 p<0.0005, Fisher’s Exact Test).)   The timing of death differed with co-morbidity. Similar proportions of children survived to 24 hours (PH 90% vs. CM 83% p=0.06).  However deaths after 24 hours were infrequent amongst PH cases (28/84 deaths, 33% 24-44%) compared to CM cases (31/46 deaths, 66% 53-79%)  (p<0.001 Fishers exact test).


Conclusions
This majority of deaths amongst children referred for paediatric intensive care with for severe sepsis occur within 24 hours.  This has important implications for future clinical trials and quality improvement initiatives aimed at improving sepsis outcomes.  
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Introduction

Infection accounts for around 7% of all deaths in children [1]. This proportion is higher in younger children [2]. In the United Kingdom (UK), approximately 1000 children with severe sepsis are admitted to paediatric intensive care units (PICU) annually [3].  Accurate data on mortality rate and the timing of death are key to the planning of interventional clinical trials in this area. Yet there is significant variability in reported outcomes for paediatric severe sepsis, with mortality ranging from 3% to 29% [3-12]. Some of this variability may reflect ascertainment bias. If a high proportion of deaths is found early in the clinical course, before PICU admission, these are typically excluded from interventional studies utilising standard informed consent procedures. This is particularly relevant within the context of a centralised model of PICU, such as in the UK, where the majority of cases are referred from district general hospitals to regional centres.

Inclusive data on the timing of death in sepsis are scarce [7]. Detailed knowledge of the survival distribution of all cases with suspected severe sepsis in children would assist with planning quality improvement initiatives and future interventional studies. 

We hypothesised that the majority of deaths in children with severe sepsis occur very early, within 24 hours of referral to PICU, and that a significant proportion of deaths occur before PICU admission.




Methods
The study was discussed with the Bloomsbury Research Ethics Committee who waived a requirement for formal review.

Children Acute Transport Service (CATS) is a regional PICU retrieval service based in London, UK.  CATS receives referrals from more than 50 district hospitals. We reviewed all referrals to CATS between 1 January 2005 and 31 December 2011. Referrals of newborns through to 16 years of age with a working diagnosis of ‘sepsis’, ‘severe sepsis’, ‘meningococcal sepsis’ or ‘septic shock’ where the child was not in cardiac arrest at time of referral were included. We extracted the following data: time of referral, age, gender, co-morbidities, infectious organism (meningococcal/other), severity of illness using the Paediatric Index of Mortality 2 (PIM2) score in patients retrieved by the CATS team, severity of sepsis (requirement for invasive ventilation and vasopressor support) and the first serum lactate level (if within <3 hours of referral).  The time of death in the year following referral for intensive care was obtained from the UK Hospital Episode (HES) datasets. 
Children were categorized as previous healthy (PH) or with known comorbidities (CM). Co-morbidities were defined as acute or chronic conditions unrelated to the principal diagnosis that had previously required hospital admission [13].

Statistical analyses were performed with GraphPad Prism 6 (Graphpad Software Inc. La Jolla, CA,) All statistical tests were two-sided; a p-value <0.05 was considered significant. Continuous data were reported as medians and interquartile range (IQR) and analysed using the Mann-Whitney U test. Categorical data were reported as proportions with 95% confidence intervals (CI) and analysed using Fisher’s exact tests. Survival functions were compared with the log-rank (Mantel-Cox) test.


Results

During the study period CATS received 13,409 referrals for intensive care. Of these, 703 (5%, 95%CI 5-6%) fulfilled criteria for severe sepsis.  One-year survival data were available in 627/703 patients (89%). These children formed our study population. Inclusions and outcomes are summarised in Figure 1.  Of the 627 children, 542 (86%) were categorised as previously healthy (PH).  85 (14%) children had significant prior co-morbidity (CM).  Co-morbidities are outlined in Table 1.  The characteristics of children referred for intensive care with severe sepsis are shown in Table 2. 

478 of 627 (76%) children were transferred to PICU, the majority (443/478, 93%) by CATS and a smaller number (35/478, 7%) by other retrieval services. CATS retrieved patients from 44 local hospitals, ranging in distance from 0-150 km from London, to 7 PICUs.  149/627 (24%) stayed at the local hospitals. The most common reason (111/149, 75%) was a reassessment as not requiring transfer to PICU having improved following CATS referral/advice.   4/149 (2%) were assessed as unsuitable candidates for PICU and subsequently died. 

One hundred and thirty children died (130/627 21%, 95% CI: 18-24%) in the year following referral. The majority of deaths – 71/130 (55%) – occurred within 24 hours of PICU referral (Figure 2).  34 (26%) of the 130 children who died did so before arriving in PICU. 22 of these died prior to the CATS team arriving at the referring hospital (median time after referral: 74 minutes, IQR 49-156). The remaining 12 cases died during attempts at stabilisation by the CATS team (median time after referral: 122 minutes, IQR 107-199).

The survival curves of CM and PH cases diverge significantly after the first 24 hours (Figure 2).   Deaths after 24 hours were less frequent amongst PH cases (28/84 deaths, 33% 24-44%) compared to CM cases (31/46 deaths, 66% 53-79%)  (p<0.001 Fishers exact test). 
Amongst previously healthy children, mortality at one year was 84/539 (16%, 13-19%). A significantly greater proportion of children with prior comorbidity died: 50/85, (59%, 48-69%) in the first year (p<0.0001 Fishers exact test). 


Discussion

This study is, to our knowledge, the first to provide detailed information on the timing of deaths in an inclusive cohort of children referred for intensive care with severe sepsis. Twenty-one percent of children died in the year following referral.  We have shown that over half of the deaths in children referred for intensive care with severe sepsis occurred within the first 24 hours of referral. Importantly, 26% of deaths occurred even before PICU admission. 

In the United Kingdom, children with community-acquired sepsis predominantly have a ‘cold shock’ (cardiac index (CI) < 3.3 l/min/m2) pattern at ICU admission. This contrasts with the ‘warm shock’ pattern typical of hospital-acquired central venous line sepsis [14, 15]. The high proportion of pre-ICU deaths observed in this study is consistent with primary myocardial failure as the predominant mechanism. 

We caution that our observations of a very high proportion of early and pre-ICU death may not be generalizable to other countries or healthcare systems.  For example, there are significant differences in thresholds for ICU admission and the incidence of specific infections. In the UK, PICU acuity is high (an average of 67% of UK PICU admissions are invasively ventilated) [16]. Meningococcaemia, which is particularly associated with early cardiovascular collapse, is still relatively common in the UK.  Both these effects will tend to increase the proportion of deaths before intensive care. 

Early shock reversal and resuscitation by community physicians consistent with the new American College of Critical Care Medicine – Paediatric Advanced Life Support (ACCM-PALS) Guidelines [17] and international guidelines for management of severe sepsis and septic shock [18] can be associated with improved outcome [11]. Furthermore, early goal-directed therapy using the endpoint of ScvO2 ≥ 70% has a significant and additive impact on the outcome of children and adolescents with septic shock [17]. Prolonged bacteraemia and shock are known to increase mortality [11]. Observational studies suggest that early recognition and fluid resuscitation in particular may be sub-optimal in community hospitals [9, 11].  These observations and the successes of the ‘Surviving Sepsis’ campaign reinforce the high impact of good quality resuscitation [19].

Existing estimates of the proportion of sepsis deaths occurring early are likely to be biased. The larger datasets from randomised trials often exclude very early deaths by virtue of informed consent procedures [20]. Children with significant co-morbidity are excluded to a greater [20] or lesser [21] degree from clinical trials.  In contrast, more inclusive datasets may dilute the acute sepsis deaths with the relatively high proportion of late deaths in the co-morbid population [22, 23]. These deaths might be attributed appropriately to the underlying diseases rather than the sepsis episode (i.e. dying ‘with sepsis’ or ‘following sepsis’ rather than ‘of sepsis’). We believe our study helps in the interpretation of these existing data.

Understanding the true risk of death in an episode of severe sepsis or septic shock in childhood is surprisingly complex. Two linked papers derived from large discharge coding datasets from seven US states report neonatal and childhood outcomes with sepsis.  They describe improved outcomes in 1999 (9% mortality) [24] and subsequently compare them to 1995 (10%) [25]. However, differences in inclusion criteria between most studies in this field mean that case series are difficult to compare.  For example, in 1963 the University of Minnesota reported a 97% hospital mortality rate in 869 in-patient infants with Gram-negative organisms on blood culture [26]. In 1985, the Children’s National Medical Center in Washington (USA) reported a 57% hospital mortality rate in children with septic shock [27]. In 1991 the same center reported a 12% mortality rate when aggressive volume resuscitation was used [28]. St Mary’s Hospital in London reported a 2% ICU mortality rate in 1997 children with meningococcal septic shock [29]. Another 5% of referrals died before ICU admission. It is this potential impact of a ‘survivorship bias’ for ICU-based case series underestimating the risks of paediatric sepsis that prompted this study.

Several smaller studies have commented on the timing of death in paediatric sepsis. A multiple centre Italian study described 320 patients with sepsis, severe sepsis or septic shock but included those that developed these conditions on the ICU.  49/320 (15%) of children died on the ICU, 15 (all septic shock cases) in <24 hours of admission. Pre-ICU deaths were excluded.  Our recent UK study of children with community acquired sepsis referred for PICU included pre-PICU deaths, in which there was an overall mortality rate of 17% [9].

In the current study, the pre-PICU admission mortality rate was 5%, the 24-hour mortality rate was 11%, the 30-day mortality rate was 18%, the 90-day mortality rate was 18% and the one-year mortality rate was 21%.  Importantly, the majority of studies report cases that are identified as sepsis by ICU staff after PICU admission, which may explain the lower proportion of early deaths in their studies.  

The two large randomised controlled studies in paediatric sepsis describe the time course of death in randomised patients. In Levin’s multiple centre randomised controlled study [20] of recombinant bactericidal/permeability-increasing protein (rBPI21) in severe meningococcal disease, 8.7% (n=34) of 393 children died, 53% (n=20) of whom did so within the first 24.5 hours of the study drug administration.  A further 57 children were excluded as they were dying or met the criteria for imminent death before receiving study drug.  Therefore an estimate of the <24 h proportion of deaths in this large group of meningococcal disease might be (57+18)/(57+34)*100= 82.4%. In Nadel’s study [21] of 477 children with severe sepsis randomized to placebo or recombinant activated protein C, 82/477 children died (17%).  Of these 55 (67%) died less than 24 hours after the study drug was commenced. (Nadel, personal communication). Neither of these datasets are directly comparable with ours because the 24 time window on a study drug treatment only follows study procedures including screening, consent and randomization. 

Our study has an important weakness – it adds another attempt to describe the epidemiology of sepsis with yet another different set of inclusion criteria to those above.  We acknowledge this, but believe this is balanced by the utility of these data.  Our inclusive approach means that we have captured the outcome for a referring hospital team making a provisional diagnosis of sepsis very early in the clinical course.  We believe these are essential data for informing intention-to-treat study design in this group of patients.  Maitland’s ‘Fluid Expansion as Supportive Therapy in critically ill African Children (FEAST)’ [30] study has reminded us of the scarcity of the evidence base for early sepsis resuscitation in resource-rich settings. These data will assist in planning these studies.

There are two main implications of our study findings. Firstly, it supports the vital importance of the earliest stages of care as outlined by the Surviving Sepsis campaign. Rapid antibiotic therapy and resuscitation according to the needs of an individual have had important real world benefits outside of formal randomised controlled trials.   

These data indicate that future clinical trials, quality improvement efforts and educational strategies need to be directed outside the PICU environment. But these data also support the feasibility of formal randomised controlled trials at referring hospitals at the point of presentation. Secondly, the timing of deaths means that a significant number of children at high risk are currently excluded from interventional clinical trials that employ standard consent procedures. As has been reviewed previously, children with septic shock are systematically under- resuscitated in the first few hours [18], future trials should explore the possibility of deferred consent in such emergency situations, and involve intensive care retrieval teams in the early recruitment of high-risk patients.

Conclusions
Our study demonstrates that the majority of deaths in paediatric severe sepsis occur very early, often even before the patient is admitted to the PICU. Future quality improvement and educational efforts need to focus on staff at hospitals referring critically ill children to intensive care units. Future interventional clinical trials should consider deferred consent processes and involvement of intensive care retrieval teams for early recruitment of high-risk patients.







Table and Figure Legends
Table 1.
Co-morbidities 627 Children with Severe Sepsis Referred for Intensive Care 2005-2011 

Table 2
Characteristics of 627 Children with Severe Sepsis Referred for Intensive Care 2005-2011 by 1 year survival

Figure 1
Flow chart of Patient Assessment, Inclusion and Follow-up.

Figure 2
Survival of 627 Children with Severe Sepsis Referred for Intensive Care 2005-2011 A) 30 day survival and 95%CI and B) 24 hour survival in the whole population. C) 30 day survival (95%CI) and D) 24 hour survival for children with and without prior co-morbidity.  The survival curves for children with and without co-morbidity diverge after 24 hours. 30 days survival is significantly different in the two groups (log-rank Mantel-Cox test p=0.00009). 




Table 1 

	
Co-morbidity groups

	
Deaths/total (%)


	
Prematurity with complications
	
8/85 (21%)


	
Immunodeficiency
	
17/85 (20%)


	
Cardiac
	
14/85 (17%)


	
Neurology
	
10/85 (12%) 


	
Chromosomal deletions
	
7/85 (8%) 


	
Gastrointestinal
	
4/85 (5%)


	
Lung disease
	
3/85 (3.4%)


	
Liver disease
	
3/85 (3.4%)


	
Malignancy
	
3/85 (3.4%)


	
Burns
	
3/85 (3.4%)


	
Other (renal, muscular and hormone disturbances)
	
3/85 (3.4%)









Table 2 

	

	
Survivors (n=497)
	
Non-survivors (n=130)
	
P value

	
Median age in days, IQR

	
395 (81-1505)
	
422 (71-1166)
	
0.73

	
Male gender, n (%)

	
284 (53%)
	
67 (51%)
	
0.00*

	
Median PIM2 score, IQR

	
0.095 (0.05-0.155)
	
0.22 (0.09-0.62)
	
0.00*

	
Co-morbid illness, n (%)

	
39 (26%)
	
46 (77%)
	
0.00*

	
Meningococcal sepsis, 
n (%)
	
167 (47%)
	
35 (20%)
	
0.15*


	
Invasive ventilation, 
n (%)
	
325 (82%)
	
103 (88%)
	
0.00*


	
Vasoactive agent use, 
n (%)
	
263 (18%)
	
99 (78%)
	
0.00*


	
Median peak lactate in mmol/L, IQR
	
2.3 (1.2-4.7)

	
6.6 (2.9-10.6)
	
0.00


	
Median stabilisation time in minutes, IQR
	
137 (105-175)

	
132 (105-177)
	
0.93


	
Median transfer time to PICU in min, IQR
	
45 (30-65)

	
45 (30-60)
	
0.47
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