Long term outcomes for elderly patients after emergency intensive care admission: a cohort study.
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Abstract
Background: Elderly patients (≥ 80 years of age) surviving an episode of critical illness suffer long-term morbidity and risk of mortality. Identifying high risk groups could assist in informing discussions with patients and families.
Aim: To determine factors associated with long-term survival following ICU admission.
Design: A cohort study of patients aged ≥ 80 years of age admitted to the ICU as an emergency.
Methods: Patients admitted from January 2010 to December 2018 were included in the study. Primary outcome was five year survival. Mortality was assessed using a multivariable flexible parametric survival analysis adjusted for demographics, and clinically relevant covariates.
Results: There were 828 patients. Mean age was 84 years (SD 3.2) and 419 (51%) were male. Patients were categorised into medical (423 (51%)) and surgical (405 (49%)) admissions. Adjusted hazard ratios (aHR) for mortality were highest for serum lactate (>8 mmol/l aHR 2.56 (C.I. 1.79-3.67)), lowest systolic blood pressure (< 70 mmHg aHR 2.04 (C.I. 1.36-3.05)) and pH (< 7.05 aHR 4.70 (C.I 2.67-8.21)). There were no survivors beyond one year with severe abnormalities of pH and lactate (< 7.05 and > 8 mmol/l respectively). Relative survival for medical patients was below that expected for the general population for the duration of the study.
Conclusion: Overall five-year survival was 27%. For medical and surgical patients it was 19% and 35% respectively. Survival at 30 days and one year was 61% and 46%. The presence of features of circulatory shock predicted poor short and long term survival.
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Introduction
Almost 5% of the UK population were aged 80 years or more in the 2011 national census [1], a figure widely expected to rise in coming decades. This group is overrepresented in health care populations and comprises 10-20% of intensive care admissions [2-4]. However, despite improving outcomes [5], the benefit of intensive care interventions for many such patients are unclear, with conflicting outcome data in the literature [4, 6-8]. Post-critical care functional [9], cognitive and psychological morbidities are more pronounced in the elderly [10], with critical illness frequently exacerbating pre-existing frailty and/or functional impairment. Up to 75% of patients achieve a Palliative Performance Scale [11] score of less than 60 one year after intensive care unit (ICU) admission – a level of function associated with marked limitations of ambulation and a need for considerable assistance with self-care[9]. 

A prognostic scoring system that identifies those at highest risk of poor outcome beyond ICU discharge could assist in informing discussions with patients and families to establish their wishes regarding future health care interventions prior to ICU discharge. 

Twelve-month survival rates are reported between 40 and 68% for very elderly patients (≥ 80 years of age) after ICU admission [12]. Studies consistently demonstrate that elective surgical patients have better outcomes than emergency and medical admissions [13-15]. The phenomenon of disproportionately increased usage of healthcare within the last 12 months of life is increasingly recognised [16]. Recent reports have suggested that elderly patients may not desire a “survival at all costs” approach [17, 18]. Forty three per cent of elderly interviewees indicated they would decline a period of invasive mechanical ventilation and 63% stated they would refuse renal replacement therapy after a period of invasive ventilation - preferring a lower intensity of care with primary focus on quality of life [17]. 

We conducted a retrospective analysis of prospectively collected data over a nine-year period to review outcomes for all patients aged 80 years and over with an unplanned or emergency admission to a tertiary ICU. Our aim was to identify prognostic and demographic factors that predict both short and long-term outcomes, and to compare their outcomes with expected survival of age-matched UK populations.


Methods
Setting
The study was conducted in the ICU of the Aintree University Hospital (AUH), site of Liverpool University Hospitals NHS Foundation Trust, Liverpool, UK. This is a 23-bedded mixed medical and surgical unit that admits 1300-1400 patients per year. The hospital is situated in an urban area north of the city centre, has 789 beds and serves some of the most socioeconomically deprived areas of the UK. AUH is the regional referral centre for trauma, hepato-biliary surgery and head and neck surgery. 

Study population
We included patients aged 80 years and over admitted to the ICU as an emergency between 1st January 2010 and 31st December 2018. Mortality data for the cohort was last updated on 31st October 2019. Patients who underwent elective surgery were excluded. For patients admitted more than once during the study period, only data pertaining to the first admission was incorporated within the analyses. Readmission data were collected and recorded as either being during the same or separate hospital admissions.

Socioeconomic deprivation was assessed using the 2015 Index of Multiple Deprivation (IMD) based on home postcode (zipcode) mapped to Lower Super Output Area (LSOA) [19]. The IMD is a UK Government assessment of local deprivation based on LSOA. LSOAs are geographic areas designed to report small area statistics (mean population size, n=1500) in England and Wales. There are 32,844 LSOAs in England that are ranked for deprivation across seven domains; income, employment and health deprivation, disability, barriers to housing and services, crime, living environment and education and skill deprivation. Each LSOA is assigned a deprivation score (IMD score) based on the seven domains which is subsequently ranked and then amalgamated into deciles with decile one being the most deprived and decile ten the least. 
Data collection
Patient data was collected prospectively as part of the UK national ICU audit programme (Intensive Care National Audit and Research Centre - ICNARC). Admissions were categorised as medical or surgical and data pertaining to pre-morbid status was collected, from case note review, using the Functional Co-morbidity Score (FCS) as described previously [20]. Acute physiological derangement was assessed using the serum lactate concentration, pH, the ratio of arterial partial pressure of oxygen to fraction of inspired oxygen (PaO2:FiO2), systolic blood pressure (SBP), plasma pH, serum lactate, Glasgow Coma Score (GCS), platelet count, serum creatinine and bilirubin . Mortality data was collected via the hospital electronic information system (Medway Sigma, System C Healthcare Ltd)

Ethical approval
NHS Health Research Authority approval was granted (IRAS ID:220258). As this was a non-interventional study consent was deemed unnecessary.

Variables
The primary outcome variable was patient survival five years following ICU admission. Secondary outcomes were survival at 30 days and one year. We selected the following covariates a priori to determine potential predictors of mortality: age, gender, medical / surgical admission, ICU readmission (within the same hospital admission), FCS, IMD score, PaO2:FiO2 ratio, SBP, plasma pH, serum lactate, GCS, platelet count, serum creatinine and bilirubin. All of the above variables (with the exception of ICU readmission) are available at, or shortly after, ICU referral and could potentially be used to inform admission decisions. For the purposes of constructing prediction model figures plasma pH, serum lactate, SBP, FCS and GCS were analysed as ordinal categorical variables, classified according to Table 1. 


Table 1. Categorical variables and groupings used in analyses
	Variable
	Grouping
	Number of patients n (%)

	Functional co-morbidity Score
	
	

	
	0
	108 (13)

	
	1
	235 (28)

	
	2
	244 (29)

	
	3
	136 (16)

	
	≥ 4
	105 (13)

	Glasgow Coma Score
	> 8
	755 (91)

	
	≤ 8
	73 (9)

	Systolic blood pressure (mmHg)
	< 70
	35 (4)

	
	70 - 79 
	81 (10)

	
	80 - 89
	158 (19)

	
	≥ 90
	553 (67)

	Serum lactate (mmol/L)
	<4 
	549 (75)

	
	4-6
	86 (12)

	
	>6-8
	43 (6)

	
	>8
	50 (7)

	Plasma pH
	< 7.05
	22 (3)

	
	7.05-7.14
	39 (5)

	
	7.15-7.24
	119 (16)

	
	7.25-7.34
	279 (37)

	
	≥ 7.35
	298 (39)




Statistical Analysis
Relative survival analysis
Data were analysed using Stata V15 (StataCorp, Stata Statistical Software: Release 15.1, College Station, Texas, USA). Categorical variables were compared using the Chi2 test. Continuous variables were tested for normality and appropriate statistical tests applied (Table 2).
For a given calendar year and population stratum (sex and age), relative survival was defined as the ratio of survival among the ICU patients to the expected survival for the general UK population. Expected survival was estimated using data from life-tables obtained from the Office for National Statistics for the UK population and compares to our cohort for age, sex and year [21]. Relative survival was estimated using the STATA “strs” command, with our cohort split into medical or surgical admissions [22]. 


Table 2. Patient characteristics
	Characteristic
	Overall n=828
	Medical patients n= 423
	Surgical patients n= 405
	P value

	Age in years (sd)
	84 (3.2)
	83 (2.8)
	84 (3.5)
	<0.001*

	Male gender n (%)
	419 (51)
	239 (56)
	180 (45)
	0.001**

	Patients readmitted during study n (%)
	34 (4)
	17 (4)
	17 (4)
	0.897**

	Patients readmitted during same hospital admission n (%)
	21 (2.5)
	9 (2.1)
	12 (3)
	0.445**

	Mean APACHE II score (sd)
	19 (6.0)
	21 (6.3)
	17 (5)
	<0.001*

	ICU deaths n (%)
	235 (28)
	154 (36)
	81 (20)
	0.002**

	Hospital deaths n (%)
	320 (39)
	190 (45)
	130 (32)
	<0.001**

	Median ICU length of stay in days (interquartile range)
	3 (2-6)
	3 (2-6)
	3 (2-7)
	0.143*

	Total functional co-morbidity score - median (interquartile range)
	2 (1-3)
	2 (1-3)
	2 (1-3)
	0.04*

	Socio-economic deprivation according to IMD decile n (%)
	
	
	
	0.265*

	1
	282 (34)
	149 (35)
	133 (33)
	

	2
	98 (12)
	50 (12)
	48 (12)
	

	3
	80 (10)
	51 (12)
	29 (7)
	

	4
	46 (5)
	24 (6)
	22 (5)
	

	5
	76 (9)
	33 (8)
	43 (11)
	

	6
	74 (9)
	37 (9)
	37 (9)
	

	7
	47 (6)
	23 (6)
	24 (5)
	

	8
	44 (5)
	21 (5)
	23 (6)
	

	9
	57 (7)
	26 (6)
	31 (8)
	

	10
	23 (3)
	8 (2)
	15 (4)
	



ICU – Intensive care unit
APACHE – Acute physiology age and chronic health evaluation
IMD – Index of multiple deprivation
* Wilcoxon rank sum test
** Chi2 test

Multivariable survival analysis and predicted survival
We developed an a priori analysis plan to interrogate the above variables at admission. Patients alive at the end of five years, or at last follow up if less than five years, were censored. The relationship between these variables and five-year survival was initially explored with Cox-regression analysis. However, multiple variables (gender, SBP, PaO2/FiO2 ratio, lowest pH and lactate) were found to violate proportional hazard assumptions (S1 Table). Therefore, a flexible parametric survival model was fitted using the STATA “stpm2” command [23] to produce hazard ratios and related 95% confidence intervals (95% CIs), two-sided P-values of <0.05 were considered to indicate significance. The most parsimonious model which avoided overfitting was identified at five internal splines using the Bayesian information criterion method (S2 Table). Estimates from the flexible parametric model were similar to that of a Cox regression model (<5% difference in coefficients) [24]. Nomograms for possible prognostics factors associated with survival were therefore produced from the output from the Cox-regression model using R V.3.5.1 (R Development Core Team, Vienna, Austria).

Results
During the study period there were 11,906 admissions to AUH ICU inclusive of 1221 (10.3%) patients aged ≥ 80 years. Of these, 858 (7.0%) were unplanned admissions. Thirty patients were admitted to the unit on ≥ two occasions leaving 828 patients for analysis (Fig 1)[25]. There were 423 (51%) medical patients and 405 (49%) surgical. Mean age of all patients was 84, 51% of all admissions were male (significantly higher for medical admissions, p=0.001 χ2 Table 2), APACHE II score was significantly higher for medical than surgical admissions (21 versus 17, p<0.001 Wilcoxon rank sum Table 1), as was FCS (p=0.04 Wilcoxon rank sum Table 2), percentage of ICU and hospital deaths (36% versus 20% and 45% versus 32% respectively, p<0.001 χ2 Table 2). There were no differences between the groups with respect to length of hospital stay (p=0.143 Wilcoxon rank sum Table 2) and socioeconomic deprivation (p=0.265 Wilcoxon rank sum Table 2).There was marked socioeconomic deprivation within the cohort, 34% of patients were from the most and only 3% from the least socioeconomically deprived deciles (Table 2). 
Figure 1. Patients aged 80 years and over admitted to the ICU during the study period

Relative survival analysis
Survival curves are presented comparing medical and surgical patients to simulated UK average (Fig 2) and local deprived populations (S1 Fig). Survival at 30 days, one year and five years was 61%, 46% and 27% respectively, with survival for medical patients worse than surgical (S3 Table). Survival analyses were performed for patients alive up to five years from ICU admission and compared to non-critically ill populations. Relative survival analysis demonstrates that survival of surgical patients stabilised at approximately two years after ICU admission. Relative survival was 0.694 (95% CI 0.646 - 0.737) at 30 days, 0.587 (95% CI 0.532 - 0.640) at one year and 0.501 (95% CI 0.411 - 0.595) at five years. However, survival for medical patients continued to worsen compared to the non-ICU population for the duration of the study period (relative survival at 30 days, one and five years was 0.536 (95% CI 0.487 - 0.583), 0.414 (95% CI 0.363 - 0.464) and 0.143 (95% CI 0.085 - 0.220), respectively (Fig 2 and S3 Table).

Figure 2. Modelled five-year survival of medical and surgical patients from ICU admission. 
Panel A illustrates the modelled relative survival over time. Panel B demonstrates modelled cumulative survival using the Kaplan Meier method comparing medical and surgical patients. In panel A the shaded area represents the 95% confidence intervals for the modelled relative survival ratio. In panel B the dashed lines represents the modelled cumulative survival of the UK reference population in relation to medical patients (blue dash) and surgical patients (red dash).
Clinical factors associated with survival
Univariable survival analysis: Factors most associated with increased mortality were a medical diagnosis (hazard ratio (HR) 1.62 (95% CI 1.37-1.89), serum lactate concentration (6-8 mmol/l HR 1.67 (95% CI 1.18-2.36), > 8 mmol/ HR 3.66 (95% CI 2.70-4.97)), plasma pH (pH 7.15-7.25 HR 1.88 (95% CI 1.48-2.40), pH 7.05-7.15 HR 3.47 (95% CI 2.43-4.96), pH < 7.05 HR 8.5 (95% CI 5.37-13.45)), lower SBP (< 80mmHg HR 1.86 (95% CI 1.44-2.40), < 70 mmHg HR 2.18 (95% CI 1.49-3.18) and GCS ≤8 (HR 1.65 (95% CI 1.26-2.14). There were also significant differences for serum bilirubin (HR 1.004 (95% CI 1.001-1.007), serum creatinine (HR 1.001 (95% CI 1.000-1.001) and worsening PaO2/FiO2 ratio (HR 0.998 (95% CI 0.997-0.999) (Fig 3 and Table 3). A FCS of 3 or more was also associated with a worse outcome (FCS 3 HR 1.39 (95% CI 1.03-1.87), FCS ≥4 HR 1.43 (95% CI 1.04-1.98) (Fig 3 and S4 Table). There was no apparent effect of ICU readmission or socioeconomic deprivation on outcome (Fig 3 and S4 Table).

Figure 3. Adjusted and crude hazard ratios showing the effect of physiological variables and patient characteristics on survival. 

Table 3: Multivariable flexible parametric survival model using admission physiological variables for patients aged 80+ admitted to ICU as an emergency. 
	Variable
	Multivariable analysis

	
	Hazard ratio
	P value
	95% Confidence Interval

	Age
	1.04
	0.007
	1.01 – 1.07

	Male
	1.15
	0.142
	0.95 – 1.39

	FCS
	
	
	

	1
	1.16
	0.303
	0.87 – 1.55

	2
	1.04
	0.799
	0.78 – 1.39

	3
	1.36
	0.056
	0.99 – 1.89

	4
	1.62
	0.008
	1.14 – 2.32

	Medical
	1.44
	<0.001
	1.19 – 1.74

	IMD score
	0.999
	0.702
	0.995 – 1.003

	Readmission
	0.62
	0.067
	0.37 – 1.03

	PaO2/FiO2 ratio
	0.998
	0.002
	0.997 – 0.999

	Lowest Systolic BP
	
	
	

	<70mmHg
	2.04
	0.001
	1.36 – 3.05

	<80mmHg
	1.47
	0.010
	1.10 – 1.96

	<90mmHg
	0.93
	0.560
	0.74 – 1.18

	Lowest pH
	
	
	

	<7.05
	4.70
	<0.001
	2.67 – 8.21

	7.05 – 7.15
	2.10
	0.001
	1.38 – 3.20

	7.15 – 7.25
	1.72
	<0.001
	1.31 – 2.28

	7.25 – 7.35
	1.08
	0.484
	0.87 – 1.33

	Serum lactate
	
	
	

	4-6mmol/L
	0.70
	0.020
	0.52 – 0.94

	6-8mmol/L
	1.14
	0.507
	0.78 – 1.66

	>8mmol/L
	2.56
	<0.001
	1.79 – 3.67

	GCS 8
	1.37
	0.045
	1.001 – 1.865

	Lowest platelet count
	1.001
	0.057
	0.999 – 1.002

	Highest creatinine
	1.000
	0.681
	0.999 – 1.001

	Highest bilirubin
	1.004
	0.007
	1.001 – 1.007


Systolic blood pressure, pH and lactate classified as categorical variables to construct the prediction model 
FCS: Functional comorbidity Score
GCS: Glasgow Coma Score

Multivariable survival analysis 
All a priori selected univariable variables were entered into the multivariable model. Independent predictors of outcome on multi-variable analysis were age (adjusted HR [aHR] 1.04 (95% CI 1.01-1.07), medical : surgical diagnosis (aHR 1.44 95% CI 1.19-1.74), lowest pH (pH 7.15-7.25 aHR 1.72 (95% CI 1.3.1-2.28), pH 7.05-7.15 aHR 2.10 (95% CI 1.38-3.20), pH < 7.05 aHR 4.70 (95% CI 2.67-8.21)), lowest SBP (SBP < 80mmHg aHR 1.47 (95% CI 1.10-1.96), SBP < 70 mmHg aHR 2.04 (95% CI 1.36-3.05)), serum lactate (> 8mmol/l aHR 2.56 (95% CI 1.79-3.67)), PaO2/FiO2 ratio (aHR 0.998 (95% CI 0.997-0.999)), GCS ≤8 (aHR 1.37 (95% CI 1.001-1.865), serum bilirubin (aHR 1.004 (95% CI 1.001-1.007)) and a FCS of ≥4 (aHR 1.62 (95% CI 1.14-2.32)) (Table 3). There was no contribution to outcome from socioeconomic deprivation, ICU readmission, gender or serum creatinine (Figure 3). 

Survival predictions based on multivariable survival model
For relatively minor degrees of physiological derangement (SBP 80-89 mmHg, pH > 7.35 and serum lactate 0-3 mmol/l) relative survival at one year and five years is 0.544 (95% CI 0.34-0.709) and 0.247 (0.084-0.454) respectively. For moderate physiological changes (SBP 70-79 mmHg, pH 7.15-7.24 and serum lactate 4-5 mmol/l) these figures fall to 0.316 (0.101-0.561) and 0.071 (0.005-0.267) respectively. For severe physiological derangement (pH < 7.05 and serum lactate > 8 mmol/), there was no survival to one and five regardless of SBP (S5 Table, and S2 Fig). For patients with the most severe physiological derangements three (13.6%) survived to hospital discharge with a pH < 7.05, 12 (34%) survived with a SBP < 70mmHg and ten (20%) survived with a serum lactate > 8mmol/L (S6 Table). Median length of ICU stay in these categories was 1.1 days (interquartile range (IQR) 1.0-2.8) with a pH <7.05, 2.7 days (IQR 1.0-5.7) with a SBP  <70mmHg and 1.5 days (IQR 1.0-5.6) with a serum lactate in excess of 8.0 mmol/L (S7 Table). Overall, 19 patients had all variables within the worst two physiological strata (pH< 7.15, SBP < 80mmHg and serum lactate > 6mmol/L). All of these patients died within the ICU with a median time to death of one day (range 0-22 days).
To assist clinical decision making we constructed a nomogram to predict probability of survival at annual intervals up to five years using Cox regression (S2 Fig). For example, based on our cohort data, an 80-year-old female post-surgical admission whose lowest SBP was > 90mmHg, with a pH of 7.34, a serum lactate of 1.5 mmol/l and a GCS > 8 could be expected to have one and five year survivals of > 80% and > 60% respectively. By contrast, an 85-year-old male medical patient with lowest SBP < 70mmHg, with a pH of 7.15, a serum lactate of 6.0 mmol/l and a GCS ≤ 8 will have an estimated survival at one and five years of 40% and 10% respectively. 


Discussion
Our study demonstrates that acute physiological derangement is the most important determinant of five-year survival in patients aged 80 and above following critical care admission. The most severe abnormalities of serum lactate and plasma pH resulted in no long–term survival. The impact of ICU admission on mortality appears to be prolonged, with relative survival in medical patients not returning to the baseline of the non-ICU population for the duration of the study. However, this is also likely to be related to a greater burden of co-morbid disease in medical patients. These findings need to be validated in multi-centre studies prior to widespread adoption.
Multiple previous studies have reported outcomes among elderly ICU patients [13, 26-32] with some incorporating all elderly admissions with others including only emergency [32] or medical patients [26] (S8 Table). Much of the published literature on elderly outcomes after ICU admission focuses on mortality up to one year after an episode of acute illness (S8 Table) with a paucity of longer-term outcome data. The only previous study reporting outcomes to five years included both elective and emergency patients and reports similar outcomes to our cohort at all time points up to five years [31]. Most authors have outlined the importance of acute physiological derangement to predict early mortality of elderly ICU patients [13, 26, 27, 31, 32]. The role of acute physiology beyond one year is less clear, with some reports of on-going effect of illness severity [26, 31, 32], some suggesting a limited effect [29] and others that functional status [30] and frailty [28, 33] are more important for long time frames.
Previous work has characterised the acute physiological derangement of patients and attempted to predict outcome on the basis of aggregated scoring systems that perform poorly in the elderly [12]. There has been no previous work describing outcomes up to five years associated with disaggregated components of these scores. We have shown the pronounced effect of serum lactate, plasma pH and SBP on survival for this age group with limited aHRs from other variables (Table 3 and Fig 3). In following patients for five years, we have also demonstrated, in common with earlier work [26, 31], that the effect of the ICU admission on mortality appears to extend beyond the acute admission. In particular, mortality amongst medical patients remains in excess of that of an age matched population for the duration of the study, an observation not previously described.
We have conducted a large single centre retrospective review of elderly outcomes with minimal loss of data during follow up and have presented comprehensive survival data for up to five years after ICU admission. We have incorporated data that are readily available at, or shortly after, ICU admission to assist in prognostication. In addition to illness severity data we have incorporated assessments of functional capacity and disease burden using the FCS. We have also explored the role that socioeconomic deprivation plays in the outcome of critically ill elderly patients, a factor that has not been explored previously in this population. 
There are however, limitations to our study. Firstly, we have conducted a single centre observational study with potential for inherent selection biases. All critically ill patients in our centre are reviewed and triaged pre-admission as to the appropriateness of overly burdensome treatment. The survival experience of older patients will be strongly linked to the selection effect of ICU admission decision-making as well as case-mix. Given decision making and case-mix is likely to vary between centres, it is possible that the results from our study may not be sufficiently generalisable for wider use. Secondly, we currently do not routinely record the level of frailty in our patients. Given the importance of this as an outcome measure, we have used the FCS as a surrogate marker for incapacity. Thirdly, we have no information regarding the functional outcome of those surviving their episode of critical illness. Fourthly, our findings require validation in multi-centre studies.
The principal determinants of outcome in our study were those of circulatory shock. Even for those elderly patients with modest derangements of pH, serum lactate and SBP (SBP 70-79 mmHg, pH 7.15-7.2 and serum lactate 4-5 mmol/l) approximately 70% will not survive to one year. Based on these findings clinicians should prioritise their assessment of the shocked elderly patient to address the features of circulatory failure with judicious use fluid resuscitation, vasopressor and inotropic support as well as rapid source control for underlying infection. Additionally, these findings may also be used as a basis to initiate discussions with elderly patients and their families about potential benefits, harm and likely outcome of what may be burdensome and ultimately futile treatment. This may be particularly prudent in medical patients with multiple co-morbidities (FCS ≥ 4).
The median ICU length of stay for the whole cohort was short, at three days, reducing to one day for the most severely ill. This may indicate that the resource burden imposed by elderly patients upon the ICU may be less than expected. However, this potential low resource burden takes no account of the impact of overly burdensome care upon elderly patients and their families as alluded to above. A low impact on available resource should not be used to justify ICU admission in a scenario where futility is likely. All such management decisions should be made in the patient’s best interests allowing compassionate end of life care and symptom control where indicated rather than ICU admission.
16
We have demonstrated an overall five-year survival of 27% for elderly patients admitted to the ICU as an emergency. The corresponding figure for medical and surgical patients is 19% and 35% respectively. The presence of circulatory shock predicted particularly poor short and long term survival in elderly ICU patients. For those patients with a medical diagnosis and multiple co-morbidities frank discussion around patient wishes, best interests and likely outcomes may be appropriate. However, ultimately these findings will need to be validated in multi-centre studies prior to widespread implementation.
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S1 Figure. Five year survival of medical and surgical patients compared to reference populations. The red and black lines represent modelled cumulative survival of the UK reference population (red line) and a local population (black line) with a socioeconomic profile the same as the study population

S2 Figure. Prediction model based on categorical data for survival up to five years for patients over the age of 80 years.

S1 Table. Proportional-Hazards Assumption Tests. Table demonstrates output from the “estat phtest” command in STATA to test proportional hazards (PH)-assumptions for admission variables in a Cox-regression survival analysis model. The variables shown violate PH-assumptions. Therefore, a flexible parametric survival model was constructed for the survival analysis.

S2 Table. Flexible parametric survival model fitting. Table demonstrates Akaike's Information Criteria (AIC) and Bayesian Information Criteria (BIC) values for the univariate variables that violated PH assumptions and the multivariate model for flexible parametric survival model fitting. We selected models with five internal splines based on lowest AIC and BIC values. d(f): degrees of freedom within stmp2 code (e.g. “stpm2 Lowest_pH, df(5) scale(hazard) eform”). The “estat ic” command was used to generate AIC and BIC values

S3 Table. Mortality, cumulative survival and relative survival ratios at given time points up to five years from ICU admission

S4 Table. Univariable flexible parametric survival model using admission physiological variables for patients aged 80+ admitted to ICU as an emergency. Systolic blood pressure, pH and lactate classified as categorical variables to construct the prediction model

S5 Table. Relative survival at given time points according to physiological categories

S6 Table. Outcomes at hospital discharge for systolic blood pressure, serum lactate and lowest pH recorded within the first twenty four hours following ICU admission. 
S7 Table. Median length of ICU stay for given physiological variables.

S8 Table. Mortality at time points reported across previous studies of elderly patients admitted to ICU.


