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Abstract 

Long-term outcomes for patients admitted to intensive care units (ICUs) are recognised to be of 

increasing importance. Published studies indicate that ICU survivors have significant physical 

impairment, impaired quality of life, and excess mortality during the post-ICU period. The period of 

excess mortality has been variously estimated as lasting from one to 16 years after ICU discharge. 

Remarkably little information about long-term mortality and healthcare resource use exists for critical 

care populations, and outcomes relative to a non-ICU control population are unknown. 

The aims of the studies presented in the thesis were (i) to describe long-term (five year) mortality and 

identify factors associated with mortality for patients admitted to ICUs in Scotland (ICU admission 

cohort) and those surviving to be discharged from hospital alive (ICU survivor cohort); (ii) to compare 

mortality rates with control populations after adjustment for relevant confounders; (iii) to evaluate the 

extent of, and factors associated with, long-term (five year) major healthcare resource use of survivors 

of critical illness (ICU survivor cohort); and (iv) to compare major healthcare resource use with a 

control hospital inpatient population.  

I undertook a detailed systematic review of the international literature relating to healthcare resource 

use in ICU survivors to inform the design of the part of the study relating to resource use. This 

revealed a paucity of high quality studies but led to recommendations for improving the conduct and 

reporting of future research in this field.  

Using both retrospective cohort and matched cohort study designs, I analysed data relating to all 

patients admitted to Scottish ICUs in 2005 from the Scottish Intensive Care Society Audit Group 

(SICSAG) database. Two cohorts were defined: an ICU admission cohort, representing all ICU 

admissions, and a subcohort of those who survived to hospital discharge (ICU survivor cohort). 

Matched control cohorts of non-ICU hospital inpatients were selected from national datasets. The 

main outcomes were five-year mortality and major healthcare resource use obtained from linkage to 

national datasets. Major healthcare use was measured by number of hospital readmissions, number of 

days spent in hospital and hospital costs during the five years after hospital discharge.  

Five year mortality was 53% in the ICU cohort compared with 27% for the matched control hospital 

cohort and 16% for an age/sex-standardised general population. Among hospital survivors, ICU 

patients had higher five year mortality after adjustment for confounders (HR 1.3, 95%CI 1.2 to 1.4, 

p<0.001). Age, comorbidity, ICU admission diagnosis and deprivation quintile were independently 

associated with five-year mortality. The ICU diagnosis with greatest five year mortality (relative to 

self-poisoning) was variceal bleeding (HR 3.9, 95%CI 2.2 to 6.7, p<0.001).  

The readmission rate for the 5259 ICU patients surviving to hospital discharge declined from 1.7 

readmissions per person in the first year to 0.9 in the fifth year of follow-up. Overall, ICU survivors 

spent a mean of 29 days in hospital over the five year follow up period, at a cost of £14593 per person. 
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Previous number of admissions was the factor most strongly associated with resource use. ICU 

patients had a significant increased rate of hospital admission compared with the control cohort 

throughout the five year follow up period (admission rate ratio 1.21 (95%CI 1.14 to 1.29, p<0.001)).  

In the programme of work presented in this thesis, I have systematically reviewed evidence for 

resource use following critical illness, and have demonstrated that ICU patients are more likely to die 

compared with other hospital inpatients over a five-year horizon, even when only hospital survivor 

cohorts are considered. Furthermore, I have demonstrated that ICU survivors utilise a significant 

amount of excess acute hospital resource, which is relevant to health service planning and economic 

evaluations. 
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1 Background 

1.1 Defining intensive care 

1.1.1 Introduction 

The intensive care unit (ICU) admits the sickest patients in a hospital. Patients are admitted for a 

number of reasons with a wide variety of underlying diagnoses, ranging from an elective admission 

following major surgery, such as a liver transplant, to the young person involved in a traffic accident 

with a head injury. Unlike other clinical specialities that are defined by a single disease process (for 

example, oncology) or organ system (cardiology), the requirement for critical care is defined by the 

presence of underlying organ dysfunction of one or more organs along with the need for close 

monitoring (Intensive Care Society, 2009). There are broadly two groups of patients admitted to 

intensive care: first, those admitted with acute organ dysfunction as a consequence of an unexpected 

illness, where the role of the intensivist is to ensure failing organs are supported for long enough to 

allow diagnosis and treatment of the underlying cause of the illness; and second, patients admitted 

electively after a planned operation who require close monitoring in order to identify and prevent 

organ dysfunction from occurring. 

Critical care has traditionally been provided in geographically defined areas of the hospital in which 

health care staff with the expertise to manage critically ill patients are concentrated along with 

technical equipment used to monitor and support patients with failing organs. However, the United 

Kingdom (UK) Department of Health recommended that this ward-based concept of critical care 

should be replaced by a classification system in which levels of critical care are defined by individual 

patient need (Table 1) (Department of Health, 2000). This means that patients with ‘critical illness’ 

(those requiring critical care) can be present in areas outside the ICU, for example in general wards, 

coronary care departments or the emergency department. 

 



  22 

Level of Critical Care Definition 

Level 0 Patients whose needs can be met in normal ward care in an acute hospital. 

Level 1 Patients at risk of their condition deteriorating, or those recently relocated from 
higher levels of care, whose needs can be met on an acute ward with additional 
support from the critical care team. 

Level 2 Patients requiring more detailed observation or intervention including support for a 
single failing organ system or post-operative care and those ‘stepping down’ from 
higher levels of care. 

Level 3 Patients requiring advanced respiratory support alone or basic respiratory support 
together with support of at least two organ systems. This level includes all complex 
patients requiring support for multi-organ failure. 

Table 1. Definition of levels of critical care. 

Adapted from reference Department of Health (2000, p10). 

1.1.2 Terminology 

Clinicians and researchers are inconsistent in their use of the terms ‘intensive care’, ‘critical care’ and 

‘critical illness’, which are often used interchangeably. However, critical care in the UK is generally 

accepted to consist of two types of facilities (Mackenzie, 2004): ICUs, for patients who require level 

three critical care and therefore require a one-to-one nurse to patient ratio (British Association of 

Critical Care Nurses, 2009); and high dependency units (HDUs), for patients who require level two 

critical care and are staffed using a one-to-two nurse to patient ratio (British Association of Critical 

Care Nurses, 2009). Other types of facilities with augmented monitoring and staffing levels, such as 

coronary care units, may be considered to be critical care areas but are not usually managed by doctors 

trained in intensive care medicine and do not contribute data to intensive care audits in the UK. A 

minority of hospitals in the UK co-locate coronary care and general high dependency beds in the same 

unit (Hutchings et al., 2009). ‘Critical illness’ is less clearly defined. Most would agree that patients 

requiring level two or level three care are critically ill, as well as some patients requiring level one 

care.  

1.1.3 Organisation 

Critical care is organised similarly in the four National Health Service (NHS) organisations of the UK. 

Most units use the ‘closed’ model of critical care, in which patients are looked after by a dedicated 

team of doctors trained in critical care (Pronovost et al., 2002). Other medical staff involved in the 

care of the critically ill patient, such as a surgeon who performed an operation prior to transfer to the 

ICU, continue to give advice on patient management in consultation with the critical care team. 

Ultimately, however, the final decision on medical management rests with the critical care team. This 

differs from the ‘open’ model of intensive care, in which the parent speciality team retain admitting 

rights and overall responsibility for care of the patient in the critical care environment. There is a 

general acceptance that the move to the ‘closed’ model of critical care provision has been associated 

with an improvement in patient outcomes (Pronovost et al., 2002). 
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Whereas most general ICUs and HDUs are ‘closed’, a number of speciality units in the UK are closer 

to the ‘open’ model of care. In particular, critical care units that admit patients after neurosurgical, 

cardiothoracic or transplant operations often have a much greater degree of parent speciality input, 

and, in the case of cardiothoracic ICUs, are not usually staffed by general intensivists. Due to this 

historical separation from general intensive care, these units are less likely to contribute data to 

national ICU audit databases. 

A minority of units admit both level three and level two patients to the same geographical area. These 

units are called combined critical care units, or combined units (Mackenzie, 2004). For the purposes 

of national audit, these units are grouped with intensive care units that admit level three patients only 

(SICSAG, 2011). It is worth discussing the pattern of critical care provision in some detail as it has a 

significant impact on intensive care research using routine databases.  

From a service point of view, the flexibility of a combined unit may allow improved responsiveness to 

a change in demand for critical care provision. For example, the 18 bed combined unit in the Royal 

Infirmary of Edinburgh can be configured to provide 12 level three beds along with six level two beds, 

or 15 level three beds. However, it is not easy to distinguish level two from level three patients in 

intensive care audit databases. The presence of one or more combined units in an audit database, 

therefore, can confound comparisons between units. There are two reasons for this: differences in 

case-mix and alteration in the patient pathway. The case-mix of level two patients admitted to a 

combined unit who would traditionally be admitted to HDU are likely, on average, to have had 

elective surgery, have lower hospital mortality, and a shorter length of stay than ICU patients. In 

addition, patients requiring level three care admitted to a combined unit will have different pathways 

during and after critical illness. Once a patient no longer requires level three care, it is usual for his/her 

care to be stepped down to that provided by an HDU, and then to the ward environment once level 

two care is no longer required. A patient who deteriorates whilst in the HDU will be readmitted to 

ICU. The situation in a combined unit is different. A patient will usually remain in a combined unit 

until he or she no longer requires level three or level two care, and will then be discharged to a ward. 

This will increase the average length of stay in a combined unit compared to an ICU. Furthermore, if a 

patient deteriorates during the level two phase of their recovery in a combined unit, there is no need to 

transfer the patient to higher level of care. This will reduce the rate of readmission to the combined 

unit, which is a measure of quality of critical care provision in the UK and elsewhere (SICSAG, 

2012a). 

1.1.4 International comparison of critical care provision 

The UK has fewer intensive care beds relative to acute hospital beds in comparison to other European 

countries (Adhikari et al., 2010; Wunsch et al., 2010a). This difference is even more marked in 

comparison to the United States of America (USA), where around 9% of acute hospital beds are 

critical care beds compared with 1.2% in the UK (Adhikari et al., 2010). This leads to critical care 

beds in the UK admitting more severely ill patients who, on average, require higher levels of organ 
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support than those in other countries (Wunsch et al., 2011). For example, the prevalence of 

mechanical ventilation was 68% in UK ICUs compared with 28% in US ICUs in one study (Wunsch 

et al., 2011). It also means that UK ICUs run closer to their maximum capacity (Intensive Care 

Society, 2006). The controversy of severely ill patients being turned away from full ICUs led to the 

development of critical care networks in the UK in which ICU beds in a region are viewed as a 

collective pool to which patients can be admitted even if they present to a different hospital with an 

acute illness (Department of Health, 2000). For this reason, inter-ICU transfers are a relatively 

common occurrence in the UK (Welch et al., 2008). It may be important, therefore, that these 

transfers are not counted twice as independent patient admissions in a national audit database. 

An awareness of the health system organisational factors relating to critical care is necessary when 

using a database of national ICU admissions for research. 

1.2 Defining ICU populations  

Many prospective studies in intensive care populations recruit their participants from within the ICU 

due to the ease of identifying them in a geographically-defined area of the hospital. In the case of ICU 

research using health care databases, this is usually the only way of identifying ICU patients. I 

describe the processes through which patients with and without critical illness might be recorded in 

the ICU database, and present a number of issues that may arise as a consequence of using this 

convenient method of defining ICU populations. 

Patients admitted to ICU do not represent all of those patients who are critically ill, but those 

identified as requiring intensive care, deemed appropriate for admission to the ICU and survive long 

enough to be transferred to the ICU, as well as having an available bed in the ICU to which to be 

admitted. This means that there is an important selection pressure applied at the time of assessing a 

critically ill patient in the hospital. A patient may not be admitted if he or she refuses or, more 

commonly, if the clinician feels admission to the ICU is inappropriate or futile. In addition, there are a 

smaller number of patients who are assessed by intensive care staff and deemed appropriate for ICU 

admission but, despite treatment, die before admission. It is not usual practice to record patients who 

are assessed by ICU staff but not subsequently admitted, and therefore the frequency of this 

occurrence is unknown. Furthermore, there is variation between hospitals and even between clinicians 

within the same hospital in the criteria used to refuse admission (Sinuff et al., 2004). This leads to a 

selection bias of unknown magnitude, which is particularly important to consider when making causal 

inferences from an ICU study population and generalising findings to other populations. 

The clinical course of a critically ill patient before ICU admission may be influenced by a number of 

factors. Some patients identified at an early time point in their critical illness may have a time-

sensitive underlying disease process that can be reversed with early intervention, thereby reducing the 

likelihood of death or possibly obviating the need for ICU admission (Nguyen et al., 2007). The time 
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interval between critical illness onset and identification is determined by factors such as the natural 

history of the underlying disease (major trauma is immediate in onset whereas pneumonia may evolve 

over days), the ability of health care staff to identify critical illness, and a patient’s own ability to 

identify illness and seek medical care.  

Health care organisational factors such as protcolised patient pathways may determine admission to 

ICU. For example, elective surgical patients may be routinely transferred to the ICU from theatre 

regardless of clinical stability during and after their operation, and regardless of the level of critical 

care required (Munitiz et al., 2010). Similarly, patients with certain emergency presentations, such as 

oesophageal variceal haemorrhage, may be admitted routinely to ICUs in some hospitals but not 

others.  

The ideal design of a cohort study that aims to describe the epidemiology of long term outcomes after 

critical illness should define the cohort at the time of onset of critical illness. In particular, studies 

which aim to identify causal pathways and biological mechanisms which determine long term 

outcomes would ideally collect information relating to exposures, confounders and outcomes before, 

during and after the onset of critical illness rather than the time point of ICU admission. The use of 

health care databases necessitates a more pragmatic approach. However, I believe that an in depth 

understanding of the methods used to define ICU populations, and how this differs from methods used 

to define critically ill populations, aids the design and interpretation of such pragmatic studies. 

1.3 Consequences of critical illness 

There has been an understandable focus on short term outcomes of critical illness by clinicians and 

researchers in the critical care community. Intensivists are trained in recognising and managing acute 

illness, and their role in the care of hospitalised patients traditionally stopped once a patient was 

discharged from the ICU to the general ward environment. However, the consequences of critical 

illness can last well beyond the episode of acute illness. I have structured the findings of the literature 

in this area by using an organ system-based approach followed by more global measures. Desai et al 

have published a comprehensive review of the consequences of critical illness, from which much of 

this chapter is drawn (Desai et al., 2011).  

There are two important considerations when studying consequences of critical illness. First, some 

thought should be given to the proportion of measured impairment in an outcome that is attributable to 

the critical illness compared with the proportion of pre-existing impairment. For example, comparing 

quality of life outcomes in ICU survivors with the general population may not be appropriate as 

patients admitted to ICUs are systematically different from the general population (Dowdy et al., 

2005). A more appropriate comparison, therefore, may be pre- and post-critical illness measures. 

Second, measurement of the majority of the outcomes discussed below requires a prospective, cohort 

study design. Patients who are involved in these studies must be alive and contactable at the specified 
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time point of follow up, and also willing to participate in the study. A recent review examined the 

issue of non-participation of ICU survivors in studies that measured quality of life, health care 

resource use and morbidity (Williams et al., 2011). Out of 3269 patients, 14% died after hospital 

discharge, 27% declined to participate, and 22% were lost to follow up. They reported that the reasons 

for non-participation included no response, not contactable, too ill or inpatient admission (Williams et 

al., 2011). This means that around 60% of eligible ICU survivors do not take part in studies which 

examine the consequences of critical illness. This may lead to a biased study sample as those willing 

to be involved in prospective studies are likely to be systematically different from those who are not. 

This fact should be considered when interpreting each outcome measure discussed below. 

1.3.1 Respiratory consequences 

The majority of patients admitted to ICUs in the UK require respiratory organ support in the form of 

invasive mechanical ventilation. However, researchers have primarily focussed on studying 

respiratory consequences of critical illness in a subset of these patients: survivors of acute respiratory 

distress syndrome (ARDS). The most common impairment found on formal lung function testing is a 

reduced diffusion capacity, followed by abnormal spirometric and volumetric measures (Neff et al., 

2003; Orme et al., 2003). A recent Canadian cohort study reported five year follow up for this group 

and found that these measures of lung function returned to around 80% of normal levels between three 

and five years after ICU discharge (Herridge et al., 2011). However, the interpretation of this residual 

impairment in lung function is problematic. Without pre-illness baseline lung function tests, it is not 

possible to ascertain how much is attributable to the episode of critical illness and how much to pre-

existing lung disease. As Desai points out, the finding that lung function improves during follow up 

indicates that there is some degree of reversibility in lung damage that occurs during an episode of 

critical illness (Desai et al., 2011).  

In addition to objective lung physiology tests, respiratory disease-specific questionnaires such as the 

Saint George’s Respiratory Questionnaire have been used to assess patient-reported respiratory 

outcomes after critical illness. The score derived from this questionnaire ranges from zero (normal) to 

100 and a four point difference in the questionnaire score has been shown to be clinically meaningful 

(Jones et al., 1992). The questionnaire was used in a cohort of ARDS survivors and matched critically 

ill controls without ARDS two years after ICU admission (Davidson et al., 1999). The mean score 

was substantially worse in patients with ARDS compared with both controls and standardised normal 

population values (27 compared with 13 [controls] and 6 [normal]). A French group reported similar 

results in patients ventilated for 14 or more days (Combes et al., 2003). This indicates that respiratory 

function remains impaired a number of years after critical illness using both patient-reported outcomes 

and objective lung function tests, but these still do not take into account respiratory function prior to 

critical illness.  
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1.3.2 Renal consequences 

Acute kidney injury due to renal disease can be the primary reason for ICU admission but is more 

commonly a consequence of other disease processes (Uchino et al., 2005). Its presence in the ICU 

may also be due to pre-existing end-stage renal disease in a patient or may be the direct result of 

administering nephrotoxic drugs. Provision of renal replacement therapy for patients with acute 

kidney injury is an integral part of intensive care in the UK (Wright et al., 2003b). In the largest 

multinational, multi-centre study of renal disease in the ICU, patients with acute kidney injury had an 

extremely high hospital mortality rate (60%) and, in those who survived to hospital discharge, 14% 

were dialysis dependent. Similar findings were reported in a study of patients requiring renal 

replacement therapy in French ICUs, which reported a six month mortality rate of 62% and 12% of 

survivors were dialysis-dependent six months after discharge (Delannoy et al., 2009). Survivors also 

reported poorer health related quality of life compared with a reference population. 

1.3.3 Neuromuscular consequences 

There has been a large body of literature published describing the neuromuscular complications of 

critical illness, including a number of comprehensive literature reviews (Griffiths et al., 2010; Stevens 

et al., 2007). ‘ICU-acquired weakness’ refers to patients with obvious weakness on clinical 

assessment which can be attributed to critical illness (Stevens et al., 2009). A subset of these patients 

have demonstrable electrophysiological or histological muscle abnormalities (critical illness 

myopathy), abnormal nerve conduction studies (critical illness polyneuropathy), or both (critical 

illness neuromyopathy) (Griffiths et al., 2010; Stevens et al., 2009). The prevalence of ICU-acquired 

weakness varies depending on the method used to diagnose it and the denominator population. A 

recently published systematic review found a median prevalence of 57% (range 9% to 87%), with a 

particularly high frequency in patients with multi-organ failure, prolonged mechanical ventilation and 

sepsis (Stevens et al., 2007). The long term consequences of ICU-acquired weakness have only been 

reported in a few studies with small numbers of participants. Severe functional disability or signs of 

polyneuropathy were found to be present in 6-73% of survivors between three months and one year 

after discharge (Stevens et al., 2007).  

1.3.4 Psychiatric consequences 

Psychiatric sequelae are common in ICU survivor populations. Anxiety, depression and post-traumatic 

stress disorder have been found in a number of studies in a variety of countries and ICU populations 

(Davydow et al., 2008a; Davydow et al., 2009; Davydow et al., 2008b). The median point prevalence 

of ‘clinically significant’ depression was 28% in general ICU populations (Davydow et al., 2009). 

Clinician-diagnosed post-traumatic distress was found to have a median point-prevalence of 19% in a 

comprehensive systematic review of the literature (Davydow et al., 2008b). Risk factors for 

developing post-discharge psychiatric morbidity include benzodiazepine use in the ICU, delusional 

memories of the ICU experience, and younger age (Desai et al., 2011). Both depression and post-
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traumatic stress disorder have been shown to be associated with lower health-related quality of life 

(Davydow et al., 2009; Davydow et al., 2008b).  

1.3.5 Cognitive consequences 

Cognitive dysfunction is highly prevalent in certain groups of ICU patients that survive to hospital 

discharge (Jackson et al., 2009). Impairment has been described in a number of domains of cognitive 

function including executive function, memory, language and attention (Jackson et al., 2009). Whilst 

there appears to be some degree of reversibility during the early post-discharge period, there is little 

improvement beyond the first year (Hopkins et al., 2005). In the few studies that have examined 

cognitive impairment in the longer term, mild to moderate cognitive impairment was present in 24% 

of ARDS survivors a median of six years after critical illness (Rothenhausler et al., 2001), and 

moderate to severe impairment in survivors of severe sepsis up to eight years after critical illness 

(Iwashyna et al., 2010). A number of risk factors for cognitive dysfunction have been identified that 

are potentially modifiable in the ICU: hypoglycaemia, hypoxaemia, hypotension and certain sedative 

agents (Desai et al., 2011). Attempts to minimise exposure to these factors may lead to a reduction in 

long term cognitive sequelae of ICU care. 

1.3.6 Physical function 

Impairment in physical function after ICU has been assessed using a number of instruments (Elliott et 

al., 2011). Arguably, the effect of impaired physical function on the ability to carry out activities of 

daily living is more important for patients than other consequences, and, furthermore, can be a 

reflection of the wider societal cost of providing care for those patients who are no longer fully 

independent. 

Almost all survivors of critical illness have a degree of physical impairment in the immediate post-

ICU period. However, one year after ICU discharge 69% of patients have been found to have ongoing 

problems in performing activities of daily living (van der Schaaf et al., 2009). Similarly, 61% of 

ARDS survivors continued to have physical impairment as measured by the distance walked in six 

minutes five years after ICU discharge (Herridge et al., 2011). A new diagnosis of ICU-acquired 

weakness, treatment with corticosteroids and slow recovery from organ failure are likely to be 

associated with poor physical function (Herridge et al., 2003). However, the approach in many studies 

has not considered whether there was pre-existing impairment in physical function when reporting 

physical outcomes following an ICU admission. Early mobilisation in the ICU (Schweickert et al., 

2009), reducing exposure to risk factors for ICU-acquired weakness (Stevens et al., 2007), and 

improved co-ordination of rehabilitation across the ICU, hospital wards and community (Tan et al., 

2009) have been proposed as methods to reduce the degree of long term impairment in physical 

function in ICU survivors. 
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1.3.7 Quality of life 

A measure of quality of life after ICU discharge is fundamental to determining whether survival after 

ICU is of sufficient quality to warrant treatment of critical illness. Quality of life measures are also 

used in economic evaluations of ICU interventions to determine cost effectiveness, measured in terms 

of cost per quality-adjusted life-year (Talmor et al., 2006). A systematic review of 7320 patients in 21 

independent studies found that ICU survivors had lower quality of life in most quality of life domains 

compared with a matched general population, although this difference diminished over a twelve 

month follow up period (Dowdy et al., 2005). Pre-illness quality of life is more difficult to determine 

than other outcome measures as it is self-reported. For example, relative proxy assessment of pre-

illness quality of life had only moderate agreement with patient-recalled measures in one study 

(Gifford et al., 2010). However, when proxy measures have been reported, pre-illness quality of life of 

survivors was lower than that of a matched general population, indicating that patients admitted to 

ICU are likely to have pre-existing poorer health than the general population (Dowdy et al., 2005). 

1.3.8 Other consequences 

Economically important patient outcomes for ICU survivors such as return to work or a new 

requirement for residential care have not been the subject of detailed study in the critical care 

literature. In a study of 126 survivors of trauma requiring ICU treatment, 43% of previously working 

individuals had not returned to work one year after discharge, falling to 25% at five year follow up 

(Ringdal et al., 2010). A third of ARDS survivors were unable to work and in receipt of disability 

payments two years after hospital discharge in a study of 62 individuals (Hopkins et al., 2005), 

compared with 24% unable to work at six years post-discharge in a German study of ARDS survivors 

(Rothenhausler et al., 2001). In a detailed, descriptive study of one year outcomes in a general 

Norwegian ICU population, 45% of previously working individuals had not returned to work or 

higher education. Employment-related outcomes are influenced by many of the outcomes listed above. 

In particular, undiagnosed cognitive impairment or psychiatric conditions may contribute to 

unemployment without an individual being labelled as disabled or unable to work. Although each of 

these studies collected employment data prospectively, the possibility of linking social security 

databases to ICU registries would allow a population-level study to be undertaken.  

1.3.9 Mortality and health care resource use 

Mortality associated with critical illness is routinely measured at ICU and hospital discharge. 

However, there is a growing body of research demonstrating that mortality rates remain elevated for a 

number of years after critical illness relative to an age and sex standardised general population. Health 

care resource use after ICU discharge is related to many of the consequences of critical illness detailed 

in the preceding paragraphs, although it is more strongly influenced by the organisation of post-acute 

care in different health care systems. Both of these outcomes can be ascertained from analysis of 

national health care databases. Reporting long term mortality and health care resource use are two of 
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the aims of this study, and I have therefore devoted separate chapters to summarize the current 

evidence base relating to these outcome measures (Chapters 2 and 3)  

1.3.10 Conclusion 

The consequences of critical illness are becoming increasingly understood, helped by the growing 

number of high quality observational studies being undertaken in this area. However, the main 

limitations of applying these findings to ICU survivors within the UK are the selection bias present 

due to non-participation and loss to follow up and the fact that some outcomes, such as health care 

resource use, are country-specific.   

In order to report unbiased outcomes for ICU survivors, the use of national health care databases 

linked to a national ICU registry circumvents the problem of non-participation. Furthermore, it allows 

the reporting of a complete, national picture of outcomes for ICU survivors for the vast majority of 

patients that do not emigrate. On the other hand, outcome measures are limited to those recorded or 

derivable from national databases. For this reason, I have chosen the measures of mortality and major 

health care resource use as the primary outcomes to be measured in this study. 

 

1.4 Aims and Objectives 

1.4.1 Aims of the thesis 

ICU survivors are likely to suffer significant morbidity after an episode of critical illness. Surprisingly 

little is known about the long term consequences of surviving intensive care. No population based 

studies have been undertaken in the UK, and prospective studies of ICU survivors are particularly 

prone to loss to follow up due to high mortality rates and reluctance to participate in studies. My aim 

in presenting the work in this thesis, therefore, is to systematically summarise the current evidence 

base in this area and undertake a number of population-level epidemiological studies using linked 

routine health care databases in order to establish the long term (five year) mortality of patients 

admitted to ICUs in Scotland, and report their resource use on discharge from hospital. I envisage that 

these much needed data will better inform clinicians of the long term consequences that patients 

experience after an episode of critical illness, and aid health service leaders and policy makers to plan 

appropriately for this neglected cohort of patients.     

1.4.2 Objectives 

The thesis will address these specific objectives: 

1. To update recent literature reviews summarising long term mortality rates of ICU patients 
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2. To systematically review the literature relating to the health care resource used by ICU 

survivors 

3. To establish the incidence of ICU admission and survivorship in Scotland 

4. To report five year mortality in a national cohort of ICU patients and identify factors 

associated with long term mortality 

5. To compare five year mortality in ICU cohorts with a matched cohort of hospital inpatients 

not admitted to ICU and age/sex standardised mortality in the general population of Scotland 

in order to determine the excess mortality associated with the episode of critical illness 

6. To evaluate the extent of, and factors associated with, health care resource use in ICU 

survivors in the five years after index hospital discharge  

7. To compare five year health care resource use in ICU survivors with a matched cohort of 

hospital inpatient survivors who were not admitted to ICU in order to determine the excess 

burden of health care resource associated with the episode of critical illness 

1.4.3 Thesis structure 

In the section of the thesis, I present two detailed reviews of the current state of the evidence relating 

to the primary outcomes of my cohort studies: long term mortality (Chapter 2, structured literature 

review) and hospital resource use (Chapter 3, systematic review). These chapters is followed with a 

detailed review of the methods used to measure comorbidity in routine databases with a specific focus 

on its measurement in ICU patients. 

Chapter 5 is devoted to the overarching methods used in the thesis, including the databases used in 

analyses and methods common to all results chapters. Methods that are specific to individual results 

chapters are contained within these results chapters. 

I present the findings of the five studies of the thesis in Chapters 6 to 10. Each chapter is structured so 

that a short introduction explains the rationale for the study, after which I present the methods specific 

to the study, the results, and I finish with a discussion of the findings.  

In the final chapter of the thesis, I discuss overall strengths and weaknesses of the thesis, integrate the 

findings of the five results chapters into a unified framework through which to understand the 

consequences of critical illness, and summarise the implications for future research and for health 

policy. 
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2 Literature review of studies reporting long term mortality 
in ICU populations 

2.1 Introduction 

Short term mortality measures have become the standard outcomes reported for ICU populations. 

Case-mix and illness severity adjusted hospital mortality is the current benchmark in a number of 

countries by which ICU performance is judged (Keegan et al., 2011; SICSAG, 2011). This may in 

part be attributable to the fact that measuring mortality at ICU or acute hospital discharge is 

logistically easier than measuring mortality at a time point after discharge from the hospital. People 

responsible for ICU data collection are likely to be housed within the hospital setting, which means 

that vital status at the end of an ICU or hospital admission can often be found by accessing local 

clinical databases or case notes. This factor also explains why hospital mortality, rather than short 

term mortality, measured at a fixed time point such as 28 days, has become the preferred short term 

measure. There is likely to be a substantial proportion of patients who have been discharged from 

hospital and are in the community by 28 days after ICU admission, thereby requiring a much greater 

degree of effort to verify vital status. 

By measuring ICU outcomes at hospital discharge, the consequences of critical illness that continue 

beyond this time point are not taken into account despite a growing body of evidence that the burden 

of longer term morbidity and mortality may be substantial (Desai et al., 2011). The need for reporting 

long term outcomes for ICU populations was highlighted by a group of international experts at a 

consensus conference in 2003 (Angus et al., 2003a). They noted that there was a paucity of literature 

relating to the long term consequences of an episode of critical illness requiring ICU care.  

The consequences of critical illness encompass a spectrum of morbidity, with death at the end of this 

spectrum, as described in Chapter 1 (p25). Long term all-cause mortality may be viewed as a 

relatively insensitive measure of the illness burden attributable to critical illness. However, morbidity 

is extremely difficult to define and measure whereas death is an objective and unequivocal outcome 

measure. In addition, it may be reasonable to assume that mortality is correlated with the morbidity 

attributable to critical illness. Furthermore, mortality is one of the few outcomes that can be measured 

at a population level without the requirement for contacting patients on an individual basis, a practice 

known to lead to biased measures of outcome in critical care survivor populations due to non-response 

(Williams et al., 2011). 

All-cause mortality is a less sensitive measure than cause-specific mortality that can be specifically 

attributed to the consequences of critical illness. Some studies have attempted to overcome the 

problem of estimating critical illness-attributable mortality by reviewing the cause of death for 

individuals in a cohort and attempting to identify those that were related to the diagnosis on admission 

to ICU (Cheung et al., 2006; Ridley et al., 1992). This method is difficult to apply to death registry 
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data as International Classification of Disease (ICD) coded causes of death on death certificates are 

known to be unreliable (Sarfati et al., 2010a). The approach of relative survival is one method which 

can help to improve the specificity of mortality as an outcome measure as long as the control 

population is similar to the study population in all aspects other than the condition of interest (Sarfati 

et al., 2010a).  

Long term mortality, therefore, is a robust outcome measure which captures the more extreme aspects 

of the consequences of critical illness. In the following chapter, I have undertaken a review of the 

literature reporting long term mortality/survival for ICU populations. The articles identified were 

reviewed and critically appraised to answer the following three questions:  

1. What is the long term survival of a general ICU population?  

2. Which factors are associated with long term survival of ICU populations? 

3. When does the survival of a general ICU population approximate to that of a comparator population 

and how is this time point determined?  

I have addressed the first two questions in the first section and devoted a separate section to appraise 

the literature relating to the third question. 

2.2 Methods 

2.2.1 Literature Search 

Two comprehensive literature reviews have been published reporting long term mortality of intensive 

care populations and examining the factors that influence survival (Keenan et al., 2003; Williams et 

al., 2005). The most recent of these, published in 2005, searched electronic databases up to March 

2004 and therefore the review required updating. 

2.2.2 Search Strategy 

The MEDLINE and EMBASE electronic databases were searched using free text and controlled 

vocabulary terms from 1990 to February 2012. Reference lists of published studies and reviews were 

scrutinised for additional articles.  

2.2.3 Selection Criteria 

Studies were included if the study population comprised patients admitted to adult general intensive 

care units aged 16 years and over. If a study combined paediatric and adult patients, the study was 

included if the majority of subjects were aged 16 or over or if results were stratified by age group. 

Studies exclusively describing admissions to coronary care units, high dependency units, or 

cardiothoracic ICUs were excluded. In addition, studies reporting outcomes for a subgroup of general 
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ICU patients were excluded, such as patients requiring prolonged mechanical ventilation, surgical 

patients, and ‘long-stay’ patients. Studies that restricted the study population to ventilated general ICU 

patients were included as this subpopulation resembles a general ICU population in the UK, in which 

the majority of patients are ventilated (Harrison et al., 2004). Studies were excluded if insufficient 

information was provided regarding patient characteristics which would preclude an assessment of 

generalisability to a general ICU population. Studies were included if they reported the outcome long 

term survival, defined as survival at one year after ICU admission or later. In view of the changes 

which have occurred in ICU practice and outcomes over time, studies published before 1990 were 

excluded. Only studies published in English were included due to lack of translation resources. 

The articles identified from the two literature reviews were combined with the updated literature 

search. 

2.3 Results 

2.3.1 Study flow 

Eleven studies were identified from the two previous literature reviews that fulfilled inclusion criteria. 

Four further studies from these reviews were excluded due to lack of information regarding the patient 

population to allow generalisability to be assessed (Brooks et al., 1997; Pettila et al., 2000), or the 

cohort was reused in a later study (which was included in the review) to report longer term outcomes 

(Ridley et al., 1990; Ridley et al., 1994). A further four studies were identified from the electronic 

database search, giving a total of 15 articles included in this review. 

2.3.2 Study characteristics 

Five of the fifteen studies were undertaken in Scandinavian countries and four in North America. The 

remaining studied ICU populations in other European countries, Australia and Hong Kong (Table 2). 

A minority (4 out of 15) were multi-centre studies and were, therefore, less prone to selection bias as 

the sampling frame was all ICU patients within a state, province or country (Keenan et al., 2002; 

Linko et al., 2010; Niskanen et al., 1996; Wunsch et al., 2010b).  

2.3.3 Study population 

The size of study populations ranged from 219 to 35308 participants (Table 2). There were a number 

of exclusions applied to study populations: one study excluded all patients below the age of 66 

(Wunsch et al., 2010b); two studies excluded subgroups based on diagnosis (overdose (Kerridge et al., 

1995), cardiac surgery (Flaatten et al., 2001)); the national Finnish study excluded patients ventilated 

for fewer than six hours (Linko et al., 2010); and one study which used a database of veterans in the 

USA excluded the few female patients present in the database (Mudumbai et al., 2011). One of the 

major distinguishing features between studies was whether mortality was reported for the ICU 
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population or those ICU patients who survived to hospital discharge. Three studies reported the latter 

(Capuzzo et al., 1996; Williams et al., 2008; Wunsch et al., 2010b).  

Mean age of the study population, where reported, ranged from 46 to 78 years. The proportion of 

patients classified as surgical ranged from 28% to 80%. The source of outcome data was some type of 

civil death register for most studies, although three incorporated some element of individual, 

prospective follow up to ascertain vital status (Eddleston et al., 2000; Konopad et al., 1995; Short et 

al., 1999). Follow up period ranged from one to 17 years. In studies with variable follow up, only one 

reported a median length of follow up (range 3 to 8 years, median 46 months) (Dragsted, 1991). The 

follow up period started from ICU admission in the majority of studies (‘time zero’), but was also 

reported from hospital discharge in five studies (Capuzzo et al., 1996; Dragsted, 1991; Keenan et al., 

2002; Williams et al., 2008; Wunsch et al., 2010b), ICU discharge in one (Eddleston et al., 2000), and 

start of ventilation in one (Linko et al., 2010). 

2.3.4 Long term survival/mortality 

Mortality reported as either a proportion of all patients if all subjects were followed up to the same 

mortality time point, or using actuarial methods if follow up was variable at the mortality time point. 

For example, Wright et al. (2003a) could report mortality to five years as a proportion as all patients 

were followed for a minimum of five years. However, Keenan et al. (2002) needed to report actuarial 

mortality for all time points as the follow up period ranged from 0 to 45 months. In those studies 

defining time zero at hospital discharge, two included the number of patients dying during the index 

hospital admission to the long term mortality figure (Dragsted, 1991; Keenan et al., 2002). The other 

three did not (Capuzzo et al., 1996; Williams et al., 2008; Wunsch et al., 2010b). I have recalculated 

the mortality proportions for the former two papers and presented these in Table 3. One year mortality 

was the most frequently reported outcome (Table 3). This varied from 21% to 50% in studies using all 

ICU admissions as the denominator population, and from 5% to 14% in studies using hospital 

survivors as the denominator population. Three year mortality varied from 18% to 45%, although the 

study reporting the highest mortality restricted the study population to hospital survivors over 65 years 

old (Wunsch et al., 2010b). Five year mortality ranged from 16% (Williams et al., 2008) to 33% 

(Dragsted, 1991) in hospital survivor populations. 

For the ten studies that reported hospital mortality or used a hospital survivor cohort, the absolute 

difference between post-hospital discharge mortality and hospital mortality could be calculated at 

approximate time points. This ranged from 5 to 15% at one year, 13 to 40% at three years and 16 to 

30% at five years. The survival curves for these ten studies are shown in Figure 1, with time zero on 

the x-axis representing hospital discharge. The study by Wunsch et al. (2010b) reported a much lower 

proportion surviving than other studies, which can be explained by the older age of this cohort. 
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2.3.5 Factors associated with long term survival 

Of the fifteen studies in the review, only five studies published during or after 1990 examined 

independent factors associated with long term survival using stratification or multivariable statistical 

methods (Keenan et al., 2002; Niskanen et al., 1996; Williams et al., 2008; Wright et al., 2003a; 

Wunsch et al., 2010b). A sixth study by Ho et al. (2008) used a subgroup (ICU stay for 5 days or 

longer) of the Australian cohort in the study by Williams et al. (2008) and was therefore not included. 

2.3.5.1 Age and sex 

The two literature reviews demonstrated that age is the most consistently reported factor associated 

with long term survival in multivariable analyses (Keenan et al., 2003; Williams et al., 2005). Only in 

one study published after these reviews could the association between age and long term mortality be 

assessed for linearity as the variable entered as a categorical variable in the regression model and 

hazard ratios (HR) were reported for each category (Williams et al., 2008). The relationship was linear 

on the log scale (natural log transformed hazard ratio) for the five equal width age categories when the 

outcome was thirteen year survival, but not for one year survival (Williams et al., 2008). Studies that 

included sex in multivariable analyses confirmed that males have a poorer long term survival than 

females (Keenan et al., 2002; Niskanen et al., 1996; Williams et al., 2008). 

2.3.5.2 Severity of illness 

In studies that have recorded severity of illness or organ dysfunction, this has been independently 

associated with long term outcome (Niskanen et al., 1996; Williams et al., 2008; Wright et al., 

2003a). The component of severity scores reflecting acute physiological derangement is scored from 

values obtained in the first 8-24 hours of ICU admission only. Only one study included a measure of 

peak organ failure during the entirety of the ICU stay which was independently associated with long 

term outcome (Williams et al., 2008). 

2.3.5.3 Diagnosis on ICU admission 

Whichever method was used to categorise the diagnosis on ICU admission, this was found to be 

associated with long term mortality in most studies (Keenan et al., 2002; Niskanen et al., 1996; 

Williams et al., 2008; Wright et al., 2003a). Wright et al. found that the three diagnoses with the 

strongest association with long term mortality in multivariable analysis were haematological 

diagnoses, neurological diagnoses and septic shock (Wright et al., 2003a). The follow up period for 

this study included all deaths within the index hospital stay. In a study examining long term mortality 

after index hospitalisation, haematological malignancy, infection with human immunodeficiency virus 

and respiratory disorders were strongly associated with outcome (Keenan et al., 2002). In a large 

Australian single-centre study, non-traumatic brain condition, poisoning/overdose and non-cardiac 

surgery were the most strongly associated with one year mortality in hospital survivors in 

multivariable analyses (Williams et al., 2008). In one year survivors, the magnitude of association 

with 14-year mortality diminished for all diagnostic categories with non-cardiac surgery, non-

traumatic brain condition, and cardiac arrest having the strongest association with outcome. In the 
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study by Niskanen et al. (1996) that used a relative survival approach, mortality in patients admitted 

with cancer or respiratory failure continued to be greater than in a matched general population for the 

entire five year follow up period, in contrast to those admitted with trauma. Interestingly, those 

admitted with intoxication (including drug misuse) had a relatively low hospital mortality (3.6%) but 

had an excess mortality for the follow up period which may be attributable to residual confounding 

due to social deprivation or be a true reflection of the ongoing excess mortality for this group. 

2.3.5.4 Pre-existing illness 

The presence of pre-existing comorbid illness was independently associated with long term mortality 

in the few studies that investigated this characteristic (Niskanen et al., 1996; Williams et al., 2008; 

Wunsch et al., 2010b). The method of measuring pre-existing illness varied. Niskanen et al. used the 

chronic health evaluation component score of the Acute Physiology and Chronic Health Evaluation 

(APACHE) II illness severity scoring system (Niskanen et al., 1996), Williams et al. used the 

Charlson comorbidity index adapted for use with administrative data (Williams et al., 2008), whereas 

Wunsch et al. used the Elixhauser list of comorbidities (Wunsch et al., 2010b). The number of 

previous hospital admissions, which can be considered as a proxy measure of severe comorbidity, was 

associated with post-hospitalisation long term mortality in a multivariable analysis in a large Canadian 

cohort study (Keenan et al., 2002).  

2.3.5.5 Other factors 

The study by Keenan et al. reported small associations between reduced income (HR 0.99 per 

$10,000), urban residence (HR 1.06) and smaller hospital size (HR 0.99) with mortality beyond the 

index hospitalisation (Keenan et al., 2002). These were statistically significant due to the sample size 

(n=68,411) but are unlikely to be clinically significant. 

No study reported the association between pre-morbid functional status and outcome in multivariable 

analyses. However, Wunsch et al. found that admission from a skilled nursing facility (HR 1.26) and 

discharge to a skilled nursing facility (HR 1.77) were independently associated with poorer three year 

mortality (Wunsch et al., 2010b). These facilities are similar to intermediate care facilities in the UK 

in that they provide 24 hour nursing care but can also administer some treatments usually given in 

hospitals e.g. intravenous drug therapy (Eskildsen, 2007). 

2.4 Discussion 

2.4.1 Summary of findings 

This review has summarised the literature relating to long term mortality following ICU admission. 

The findings show heterogeneity in reported mortality reflecting differences in case-mix, selection 

criteria for patient cohorts and international ICU practice. Post-hospital discharge mortality was the 

most comparable measure, which varied from 16 to 30% in hospital survivors five years after hospital 
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discharge. There were a number of difficulties in conducting the review relating to study selection, 

generalising the findings of the studies to other ICU populations, and differences in reporting the 

outcome. These are addressed in more detail below. 

2.4.2 Study selection 

Despite deciding a priori the inclusion criteria for the review, it became apparent when evaluating 

abstracts and article texts that the definition of a ‘UK general ICU population’ was difficult to apply. 

ICU patients in the UK differ from those in other countries in that a large proportion are mechanically 

ventilated, most units admit a mix of medical and surgical patients, and patients are generally sicker in 

terms of organ failure. Two recent studies, in particular, were excluded on the grounds that they 

restricted study populations admitted to an exclusively medical (Graf et al., 2008) or surgical ICU 

(Timmers et al., 2011). In contrast, I included two studies in the review despite substantial exclusions 

to the study population. Wunsch et al. (2010b) excluded all patients under 66 years old and Mudumbai 

et al. (2011) excluded all females. These exclusions related to the databases used to extract patient 

data: the former used the Medicare database and the latter the Veterans Administration database, the 

majority of veterans being male. The rationale for including these was that mortality rates for age and 

sex specific groups can easily be applied to other populations if needed to allow a comparison, unlike 

the more complicated issue of comparisons using diagnostic groupings which are variably defined.  

I decided to restrict the review to studies published from 1990 onwards. However, six studies included 

ICU populations admitted during the 1980s and one during the 1970s (Dragsted, 1991). In retrospect, 

restricting study inclusion using year of admission of the study population rather than year of 

publication may have better achieved the aim of reporting more recent outcomes, although would 

have been logistically more difficult to undertake. 

2.4.3 Generalisability 

Generalising the findings of these studies to a local population is problematic for a number of reasons. 

The case-mix of ICU admissions varies between countries due to different criteria for ICU admission 

(Wunsch et al., 2011). This is reflected in the variation in age, proportion of surgical admissions and 

severity scores. Furthermore, the case-mix can vary within a city or district if certain hospitals are 

designated to receive emergency neurosurgical or trauma patients, or if services for particular 

specialties are centralised, for example oncology, emergency medicine or transplantation. For this 

reason, the outcomes reported from single centre studies, which comprised the majority of studies in 

the review, may not be generalisable. In contrast, the results of multi-centre studies, in particular those 

that reported at a national or state-wide level (Keenan et al., 2002; Linko et al., 2010; Niskanen et al., 

1996; Wunsch et al., 2010b), should be generalisable to countries which have similar criteria for ICU 

admission.  

A number of studies excluded certain groups of patients admitted to their ICUs from the study 

population. For example, Kerridge et al. (1995) excluded 50 patients admitted with self-poisoning all 
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of whom survived to hospital discharge, representing one sixth of all admissions. The exclusion of 

these patients would have had the effect of biasing the mortality proportion upwards. Furthermore, 

Konopad et al. (1995) excluded patients who died during the first 24 hours of ICU admission leading 

to comparatively low ICU and hospital mortality and a one year mortality proportion of 25%.   

2.4.4 Survival/mortality measurement 

Fixed time point mortality was aggregated in a single table to ease the comparison of outcomes 

between studies as previous authors have done (Keenan et al., 2003; Williams et al., 2005). However, 

other than the problems highlighted above with respect to case-mix, the mortality proportions reported 

in the two studies using the hospital survivor cohort as a denominator were substantially lower than 

other studies as they, appropriately, did not include those patients dying during their index hospital 

admission (Williams et al., 2008; Wunsch et al., 2010b). The outcomes from these two studies should 

be interpreted separately from other studies. Figure 1, which shows the proportion surviving after 

hospital discharge in the studies for which this could be calculated, perhaps allows a clearer 

comparison of post-hospital discharge mortality. However, the five studies reporting follow up time 

from ICU admission would have included the period of time spent in hospital during the index ICU 

admission when calculating mortality time points. Furthermore, post-hospital discharge survival is 

inevitably affected by the variation between countries in the definition of hospital discharge and the 

variation in pathways that patients might take after discharge. For example, a substantial proportion of 

patients were discharged to skilled nursing facilities in a study set in the USA (Wunsch et al., 2010b), 

whereas these facilities do not exist in other countries such as the UK. Such patients would remain in 

hospital during this phase of their illness, and deaths occurring during this time would therefore be 

excluded from a ‘post-hospital discharge’ measure of mortality. 

Loss to follow up was an insignificant problem in the studies included in this review as the majority 

obtained vital status from a civil death register. The limitations of using this approach have been well 

described (Williams et al., 2005). The main issue is with emigration out of the jurisdiction covered by 

the death register. Those who emigrate and subsequently die are misclassified as being alive leading to 

an underestimate in mortality. An estimate of emigration was quoted in only one study (<2%) 

(Williams et al., 2008). 

In studies with variable follow up, Kaplan-Meier analysis was undertaken to censor those individuals 

not followed up to the fixed mortality time points. The assumption using this approach is that 

individuals who are censored have a similar time to death as those who are followed up for the entire 

period (Kirkwood et al., 2003). This is a reasonable assumption in the studies using Kaplan-Meier 

methods in a database of patients recruited over a relatively short period (Keenan et al., 2002; 

Williams et al., 2008). However, the study by Williams et al. (2008), which spanned a 15 year period 

of ICU admissions, reported that the risk of death reduced during this time and it is likely that the 

case-mix of ICU admissions changed over this period. It is likely, therefore, that the shape of the 
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survival curve for these more recently recruited patients would differ from those recruited later during 

the follow up period leading to overestimates of longer term mortality. 

2.4.5 Factors associated with long term survival/mortality 

Age and sex were found to be associated with long term survival, a finding consistent with most other 

areas of medicine and epidemiology. Furthermore, it was unsurprising that severity of illness scores 

were found to be associated with long term mortality as these scores are derived by their ability to 

predict hospital mortality for patients admitted to ICU. In addition, severity of illness scores are not 

only a reflection of acute physiological derangement; many scores include age and a measure of 

comorbidity in their construction (Chapter 4, p87).  

When a cohort is restricted to those who survive hospital discharge, one might expect the relationship 

between acute physiological derangement and long term mortality to be less pronounced. This issue 

has not been adequately investigated in the literature to date, although the study by Williams et al. 

confirmed this finding in univariable associations between acute physiology score on ICU admission 

and survival in hospital survivors (outcome: one year survival) and one-year survivors (outcome:13 

year survival) (Williams et al., 2008). However, in multivariable analyses acute physiology score on 

admission had a greater risk of death in one-year survivors than in the hospital survivor cohort (HR 

for group with highest physiology score compared with lowest 1.92 in one year survivors, HR 1.59 in 

hospital survivors). This finding is likely to be related to the inclusion of peak number of organs 

failing during ICU stay in the multivariable regression model. Acute physiology score on ICU 

admission will be correlated with peak number of organs failing and therefore is likely to affect the 

coefficients for both variables in regression models (Kirkwood et al., 2003).  

Diagnosis on admission was strongly associated with long term survival regardless of the source of 

the diagnosis field. In studies using hospital administrative data, the diagnostic category is usually 

derived from ICD coding in hospital records. In contrast, ICU databases allow ICU-specific diagnostic 

coding methods to be used, such as the APACHE or Intensive Care National Audit and Research 

Centre (ICNARC) methods (Knaus et al., 1985; Young et al., 2001). However, many diagnoses are 

grouped together to create larger diagnostic categories which are more manageable in analyses. A 

disadvantage of this grouping is the heterogeneity of diseases can be wide and, as the grouping is 

often organ-based rather than mechanistic, the poorer outcomes of some subgroups can be concealed 

by those with better outcomes. This form of misclassification bias is well recognised in epidemiology 

and biases the association towards the null (Rothman et al., 2008a).  

By using a conditional approach, Williams et al. (2008) was able to demonstrate that the relationship 

between diagnosis on ICU admission and mortality was different for hospital survivors with an 

outcome of one year mortality and one-year survivors with an outcome of 14-year mortality. This may 

in part be related to certain conditions being associated with a high short term mortality and therefore 

subsequent long term outcome. However, some admission diagnoses are also likely to be markers for 
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poorer long term outcomes even in those who survive the acute illness. For example, admission to 

ICU with a diagnosis of cancer or chronic respiratory disease indicates the presence of a chronic, 

progressive disease that will reduce survival in the longer term even if the acute illness is survived. In 

contrast, conditions such as drug overdose or non-neurological trauma are usually short-lived and, 

once a patient survives to hospital discharge, these conditions have a minimal influence on long term 

survival.  

A key factor in the relationship between admission diagnosis and long term mortality is whether death 

was a direct consequence of the critical illness requiring admission to ICU. No studies in this review 

were able to directly examine this. However, the investigators of one study not fulfilling criteria for 

inclusion in this review attempted to do this by examining copies of all death certificates of patients 

who had died up to five years after ICU discharge from a single centre in Scotland (Ridley et al., 

1992). The diagnosis on ICU admission was related to the cause of death in 64% of individuals, 

although there was no relationship with diagnosis on admission and cause of death two years after 

ICU discharge. 

A weakness of most of the studies included in the review was the paucity of non-clinical factors 

included in analyses, such as prior functional status and socioeconomic status. Such factors are often 

not recorded in hospital databases, but may be important predictors of long term mortality. 

2.4.6 Limitations 

The review was restricted to studies published in English due to lack of translation resources. In 

addition, there was only one reviewer involved in abstract screening and data extraction, which can 

lead to bias. For example, the definition of the inclusion criterion ‘general ICU patients’ was difficult 

to apply consistently across a number of papers. A further limitation was that I did not search 

conference abstracts and the grey literature which may lead to the results being subject to publication 

bias.  

2.4.7 Conclusion 

The reported long term mortality of ICU patients varies substantially between countries, with results 

drawn primarily from single centre studies. Furthermore, few of the numerous studies reporting 

factors associated with long term mortality in ICU patients used regression methods to control for the 

confounding. In those that did, factors that were independently associated with long term mortality 

varied between studies depending on the available patient characteristics, the time point at which the 

cohort is defined (ICU admission, hospital discharge, one year after discharge), the sample size and 

method used to categorised diagnosis and determine severity of illness. Given the variation in the 

organisation of critical care between countries and the problem with generalising results from single 

centre studies, a national study reporting long term mortality and identifying factors associated with 

long term mortality in the UK is required to help inform clinicians, policy makers, and health service 

planners. 
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2.5 Comparison of ICU survival to other populations 

Due to the high mortality rates that occur during and immediately after an episode of critical illness, it 

can be informative to ascertain the time point at which the mortality rate reverts to that of the general 

population, if this occurs at all. This comparison has most commonly been made using an age and sex 

matched general population along with a number of analytical approaches. In this section, I have 

reviewed the six studies identified from the literature search above which report survival of an ICU 

population relative to an external population, paying particular attention to the choice of comparator 

population, the reported time point at which the survival rate of the ICU population reverted to that of 

the comparator population, and method used to undertake the comparison. 

2.5.1 Choice of comparator population and time point 

The ideal external comparator population should be similar to the ICU population prior to admission 

in all characteristics other than the presence of critical illness, i.e. the populations should be 

exchangeable. A number of investigators have pointed out that an acute hospital population may be a 

more appropriate comparator population than the general population (Keenan et al., 2004; Sarfati et 

al., 2010a). This is because patients admitted to an ICU are likely to be systematically different from 

the general population in characteristics other than age and sex, such as presence of pre-existing 

chronic illnesses. Patients admitted to hospital but not ICU are perhaps more likely to be similar to 

ICU patients (Keenan et al., 2004). Furthermore, access to individual-level patient data in the 

comparator group, which is often possible when using hospital databases to identify an acute hospital 

comparator population, allows adjustment for measured confounders to be undertaken using 

multivariable analyses.  

Niskanen and colleagues (Niskanen et al., 1996) studied 12180 admissions to twenty five out of a total 

of thirty five ICUs in Finland. Using a relative survival approach, they reported that the survival rate 

of ICU patients paralleled that of the age and sex adjusted general Finnish population two years after 

ICU admission. However, this varied by diagnostic group: patients admitted with a cardiovascular or 

trauma diagnosis had similar survival to the general population within three months of ICU admission, 

but those with a diagnosis of cancer or respiratory failure had an lower absolute survival rate 

throughout the five year follow up period. 

A study undertaken in a single centre in Norway used a type of relative survival analysis to identify 

the point at which ICU survival reached that of the general population over a twelve year follow up 

period (Flaatten et al., 2001). Rather than calculating relative survival for each time interval of follow 

up, the authors compared survival rates in the ICU and general populations for the entire remaining 

follow up period at a number of time points. At six months after ICU admission, 69.9% of the ICU 

population survived the remaining 11.5 months compared with 81.6% in the general population 

(difference 12.3%, 95% confidence interval (CI) 5.0% to 19.6%). This reduced to a difference of 6.3% 

(95%CI -0.7% to 13.4%) by two years after ICU admission. The confidence interval was fairly wide 
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but included zero, which the authors interpreted as indicating that survival may have reverted to that 

in the general population at this time point, notwithstanding the imprecision of the result.  

In the only study of an ICU population in the UK, the standardised mortality ratio of observed to 

expected deaths of patients admitted to a single centre in Scotland reduced from 15 in the first year 

(which included deaths in ICU) to between 1.7 and 2.6 for the following four years (Wright et al., 

2003a). In the fourth year after ICU admission, the standardised mortality ratio (SMR) was 1.7 with a 

95%CI including one (0.2 to 3.2) leading the authors to conclude that the mortality rate of survivors 

beyond three years was similar to the mortality rate in the general Scottish population.  

Williams and colleagues (Williams et al., 2005) found that a cohort of ICU patients who survived to 

hospital discharge in Western Australia remained at an increased risk of death for the entire 16 year 

follow up period. They calculated SMRs for each year of follow up, dividing observed deaths in the 

ICU survivor cohort by expected deaths calculated from an age, sex and calendar year matched 

general population. The annual SMR was highest in the first year after hospital discharge (2.9, 95%CI 

2.8 to 3.1) and ranged from 1.5 to 2.0 for the remainder of the follow up period. 

An unmatched cohort study of 27103 patients admitted to all ICUs in British Columbia, Canada, 

between 1994 and 1996 compared survival to the population of hospital survivors not requiring ICU 

(Keenan et al., 2002). This group found that when restricted to patients who survived their hospital 

admission, ICU survivors had an increased risk of death during the three year follow up period (HR 

1.2, 95%CI 1.2 to 1.3) after adjustment for a number of confounders. The authors stated that the 

hazards were proportional over the follow up period, implying that the mortality rate in the ICU 

population had not reverted to that in the hospital control by the end of the follow up period. However, 

a comparison of the ICU population to the general population of British Columbia using indirect 

standardisation showed that the SMR reduced from 6.5 in the first year after discharge to 3.1 in the 

third year. 

A cohort study of a 5% sample of Medicare beneficiaries requiring ICU admission in 2003 in the USA 

(n=35308) used two control populations: hospital controls and general population controls (Wunsch et 

al., 2010b). The cohort was restricted to those aged over 65 who survived their hospital admission. As 

Medicare is available to all those aged over 65 in the USA, this group are more likely to be 

representative of the population of the USA. The ICU population was individually matched with both 

controls groups by age, sex and ethnicity, and additionally by surgical status to the hospital control 

group. The general population controls comprised those registered with Medicare with at least one 

claim during the year who had not been admitted to ICU but could have been admitted to a hospital. 

Three year mortality was higher in the ICU survivor population (39.5%) compared with hospital 

controls (34.5%, adjusted HR 1.1) and general population controls (14.9%, adjusted HR 2.4). When 

the analysis was restricted to those patients receiving mechanical ventilation during their ICU stay, the 

risk of death was greater in this population (57.6%, adjusted HR 1.6 [hospital controls], 3.8 [general 
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population controls]). This restricted population is more similar to the Scottish ICU population, in 

which the majority of patients receive ventilation during their ICU stay. 

2.5.2 Methods used to assess when survival rate reverts to that of a 

comparator population 

Three approaches have been used in the articles above to assess the time point at which the survival 

rate parallels that of a comparator population: assessing the proportionality assumption of Cox 

regression; calculating conditional SMRs for time intervals of follow up; and relative survival 

methods. 

Two studies used the proportionality assumption of Cox regression to ascertain whether the hazard 

ratio of risk of death in the ICU and comparator populations remained proportional over the follow up 

period (Keenan et al., 2002; Wunsch et al., 2010b). One would expect the hazard ratio to reduce to 1.0 

at the time point when the risk of death in the ICU population reverted to that in the general 

population, which would violate the proportional hazards assumption. The method of assessing 

proportionality used by investigators was a visual check of reciprocal log plots of the survival function 

against time for the two populations. The disadvantage of using this visual method alone is the failure 

to report a summary number along with confidence interval for each period of time to demonstrate the 

trend in relative hazard between the two groups. Furthermore, individual level population data are 

required to produce these estimates unlike the other methods which only require easily obtainable 

mortality rates in the general population. An adaptation of this method would be to construct a Cox 

regression model but to stratify follow up time and calculate hazard ratios for each stratum. However, 

precision would be reduced in later periods as the number of subjects remaining under follow up and 

the number of events would be likely to diminish. 

SMRs were reported in three studies to compare the observed number of deaths in the ICU cohort 

compared with the number of expected deaths in a general population of similar age and sex (Keenan 

et al., 2002; Williams et al., 2005; Wright et al., 2003a). By partitioning follow up time, the SMR for 

each interval could be calculated along with a confidence interval. The SMRs calculated for each 

interval were conditional SMRs for each discrete time period of follow up, as only the ICU population 

alive at the beginning of each time period was included in calculating each SMR. When the 

confidence interval for the SMR included 1.0, there was no longer evidence that the risk of death in 

the ICU population was different from that of the general population, notwithstanding the imprecision 

of the SMR estimate. This method has the advantage of being easily understood by most clinicians 

due to the widespread reporting of SMRs in quality improvement initiatives (Jarman et al., 2005; 

Kahn et al., 2007; SICSAG, 2011). In addition, only general population mortality rates are required 

for age and sex strata to calculate SMRs rather than individual level data from the general population. 

However, SMRs can only be calculated with complete follow up for each time period as this method 

cannot adjust for loss to follow up.  



  45 

A relative survival approach was used in two Scandinavian studies (Flaatten et al., 2001; Niskanen et 

al., 1996). This method has been used for a number of decades in cancer research to compare 

mortality rates in cancer patients with the general population. It compares the survival of a study 

population with that of an external population such as the general population (Sarfati et al., 2010a). A 

useful review of the underlying concepts of relative survival has been recently published (Nelson et 

al., 2008). To summarise, as in standard actuarial survival analysis, the follow up period is divided 

into intervals and the probability of surviving each time interval is calculated for all members of the 

study population alive and not lost to follow up at the beginning of each interval. This is the 

‘observed’ survival. A similar table is produced for a comparable cohort (matched on age, sex and 

occasionally other factors such as deprivation status) from the general population with survival 

probabilities derived from national actuarial tables. The relative survival rate (or, more correctly, 

ratio) can then be calculated for each time interval by dividing the observed survival probability by the 

expected survival probability. Cumulative relative survival can then be calculated to produce a relative 

survival plot. In addition to the relative survival rate, the absolute difference in mortality rate 

(expressed as a proportion) can be calculated by subtracting the expected mortality proportion from 

the observed mortality proportion for each interval. When the absolute difference in mortality rate 

reaches zero, there is no longer evidence that the mortality rate in the study population is significantly 

different to the mortality rate in the comparator population. 

There remains a problem with all methods that assume that the inclusion of 1 (for relative measures) 

or 0 (for absolute measures) indicates the time point at which the survival rate of an ICU population 

has reverted to that of the general population. This is because the sample size or time period over 

which follow up is partitioned influences the width of the confidence interval. For example, if follow 

up were to be divided into 10 day periods and conditional SMRs or hazard ratios were calculated for 

each period, it is likely that the confidence interval would include unity early during follow up due to 

the small number of events and/or small sample size. However, it would be incorrect to conclude that 

survival has reverted to the general population at these early time points. To improve precision, a 

solution would be to increase the time intervals over which summary measures are calculated. 

However, this increases the risk of missing the inflection point which indicates the time at which 

survival reverts to that in the general population. These limitations should be considered when 

comparing survival rates between ICU and external populations. It is more accurate to refer to 95% 

confidence intervals for time points which include ‘1’ or ‘0’ as demonstrating lack of evidence of a 

difference in survival rates between ICU and general populations  rather than evidence that the 

survival rate has reverted to that of the general population.  

Of the methods described above, the most informative and robust methods are likely to be the relative 

survival approach and time-stratified Cox regression models, despite the limitations described above. 

The former allows calculation of both absolute and relative measures of survival for each interval, 

unlike calculating interval SMRs or visually assessing the proportional hazards assumption, and 
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allows a cumulative measure of relative survival to be reported. It also allows a graphical 

representation of relative survival to be presented on a Kaplan-Meier plot. The disadvantage of the 

relative survival approach is that it does not allow for adjustment of confounders without employing 

more complex statistical methods, other than those confounders on which the populations were 

matched. In contrast, Cox regression models stratified by time allow hazard ratios to be reported for 

discrete time periods which are adjusted for potential confounders. 

2.5.3 Conclusion 

The time point at which there is lack of evidence of a difference of survival rates in the ICU 

population compared with the general population may therefore vary from between one to four years 

after ICU discharge, or a difference may persist for at least 16 years. The reason for this variation may 

include differences in case-mix between countries, the method used to assess for paralleling of 

survival curves, and the comparator population used. For the purposes of this study, I decided that a 

relative survival approach would be the most appropriate when comparing against the general 

population, reporting both absolute and relative measures of survival for the cohort as a whole and for 

relevant subgroups. In addition, I chose to report time-stratified hazard ratios from Cox regression 

models to compare the survival rate in the ICU and matched hospital control population. 

2.6 Conclusion 

Few of the numerous studies reporting factors associated with long term mortality in ICU patients 

used regression methods to control for the confounding. In those that did, factors that were 

independently associated with long term mortality varied between studies depending on the available 

patient characteristics, the time point at which the cohort is defined (ICU admission, hospital 

discharge, one year after discharge), the sample size and method used to categorise diagnosis and 

determine severity of illness. The only study undertaken in the UK was a single centre study (Wright 

et al., 2003a). Therefore, there is the need for a large, multicentre study to identify factors associated 

with long term mortality in ICU patients. 
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Author, 
Year 

Starting time 
point of 

follow up 
N Country 

Study 
period 

No. of 
Centres 

Age 
exclusion 

Other exclusions Age 
Surgical 

(%) 
Severity 

score 
Source of 

mortality data 

Kerridge, 
1995 

ICU 
admission 

249 Australia 1986 Single None Self-poisoning 55 NR 
15 

APACHE II 
Death register 

Konopad, 
1995 

ICU 
admission 

504 Canada 1989-1990 Single <17 
Death in first 24 

hours 
55 28 

17 
APACHE II 

Individual f/up, 
death register 

Niskanen, 
1996 

ICU 
admission 

12180 Finland 1987 Multi <15 None 57 
33 

(Elective) 
12 

APACHE II 
Death register 

Short,  
1999 

ICU 
admission 

2268 
Hong 
Kong 

NS Single None None NR NR 
18 

APACHE II 

Individual f/up, 
death register, 

hospital records 

Flaatten, 
2001 

ICU 
admission 

219 Norway 1987 Single None Cardiac surgery 46 71 
35 

SAPS II 
Death register 

Kvale, 
2002 

ICU 
admission 

338 Norway 1997 Single None None 50 72 
43 

SAPS II 
Death register 

Wright, 
2003 

ICU 
admission 

2104 UK 1985-1992 Single <16 None 54 NR 
14 

APACHE II 
Death register 

Mudumbai, 
2011 

ICU 
admission 

2393 USA 2003-2009 Single NS Females 65* 43 NR VA database 

Linko,  
2010 

Start of 
ventilation 

958 Finland 2007 Multi None <6 hours MV 63* 39 
43* 

SAPS II 
Death register 

Eddleston, 
2000 

ICU 
discharge 

370 UK 1995-1996 Single <17 None 51 NR 
15 

APACHE II 

Individual f/up; 
GP/hospital 

records 

Dragsted, 
1991 

Hospital 
discharge 

1308 Denmark 1979-1983 Single None None 60* 62 NR Death register 

Table 2. Characteristics of studies included in the review. Table continues over page: see legend on following page.  
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Author, 
Year 

Starting time 
point of 

follow up 
N Country 

Study 
period 

No. of 
Centres 

Age 
exclusion 

Other exclusions Age 
Surgical 

(%) 
Severity 

score 
Source of 

mortality data 

Capuzzo, 
1996 

Hospital 
discharge 

260 Italy 1993-1994 Single None 
Death before hospital 

discharge 
NR 80 NR Death register 

Keenan, 
2002 

Hospital 
discharge 

27103 Canada 1994-1997 Multi None None 54 NR NR Death register 

Williams, 
2008 

Hospital 
discharge 

19921 Australia 1987-2002 Single <16 
Death before hosp 

DC; non-WA resident 
61* NR 

10* 
APACHE II 

Death register 

Wunsch, 
2010 

Hospital 
discharge 

35308 USA 2003 Multi <66 
Death before hosp 
DC; DC to hospice 

78 40 NR 
Insurance 
database 

Table 2. Characteristics of studies included in the review.  

Age and severity score are mean unless stated otherwise. *median. APACHE: Acute Physiology and Chronic Health Evaluation score; MV: mechanical ventilation; 

SAPS: Simplified Acute Physiology Score; DC: discharge; VA: Veterans Administration; f/up: follow up. 
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Author, Year 
Starting time 

point of follow up 
N 

Follow up 
period 

Loss to 
follow up  

ICU 
mortality 

Hospital 
mortality 

1 year 
mortality 

2 year 
mortality 

3 year 
mortality 

5 year 
mortality 

Other time 
point 

Kerridge, 1995 ICU admission 249 3yr to 3.5y None   30     

Konopad, 1995 ICU admission 504 1yr 10% 5 14 25     

Niskanen, 1996 ICU admission 12180 4yr to 5yr None 10 19    40  

Short, 1999 ICU admission 2268 1yr None 24 35 50     

Flaatten, 2001 ICU admission 219 12yr None 15 25 34 37 38  
58 

12 year 

Kvale, 2002 ICU admission 338 3yr None 21 30 39 42 45   

Wright, 2003 ICU admission 2104 5-12yr None 21  37 40  47  

Mudumbai, 2011 ICU admission 2393 1yr None   21     

Linko,  2010 Start of ventilation 958 1yr None   35     

Eddleston, 2000 ICU discharge 263† 1yr None (29)  14*     

Dragsted, 1991 Hospital discharge 926† 
3yr to 8yr 

Median 46m 
None (18) (29) 14*   33*  

Capuzzo, 1996 Hospital discharge 260 1yr 4%   12     

Keenan, 2002 Hospital discharge 23859† 0-3.75yr None  (14) 10* 14* 18*   

Williams, 2008 Hospital discharge 19921 1-17yr 
Emigration 

<2% 
  5   16 

45 
15 year 

Wunsch, 2010 Hospital discharge 35308 3yr None     40   

Table 3. Long term mortality reported in studies included in the review ordered by time point that follow up starts.  

All numbers are proportions unless stated. *Post-ICU discharge or hospital discharge mortality calculated from data presented in the article. †The number of 

survivors calculated from data in the article, which comprise the denominator for proportions reported. Numbers in brackets are ICU and hospital mortality 

proportions reported in articles in which the time point that follow up started was at ICU or hospital discharge. Highlighted rows are those studies with greater than 

1000 subjects indicating that the reported proportions are likely to be more precise than non-highlighted studies. 
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Figure 1. Long term survival after hospital discharge for patients in studies that reported 

hospital mortality or used a cohort of hospital survivors. 
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3 Surviving intensive care: a systematic review of health 
care resource use after hospital discharge 

3.1 Introduction 

As the population ages and the prevalence of comorbid illness increases, the number of patients 

admitted to intensive care units (ICUs) will increase (Amaral et al., 2009; Seferian et al., 2006). This, 

together with improvements in intensive care, will result in substantial increases in ICU survivors. 

These patients experience significant disability for many months after discharge from ICU and many 

never regain pre-admission function or quality of life (Cuthbertson et al., 2010). Given the high cost 

of ICU treatment, establishing the medium to long term clinical and cost-effectiveness of ICU care is 

highly relevant for patients, clinicians, health service managers and policy makers (Angus et al., 

2003a). 

Methods have been established to calculate ICU costs and these have been employed in a number of 

studies (Edbrooke et al., 1997; Gyldmark, 1995; Negrini et al., 2006). However, despite the poor long 

term health and quality of life suffered by many ICU survivors, the ongoing cost of illness and use of 

health care resources following discharge from ICU is poorly described and inadequately researched, 

especially the resource required after discharge from the acute hospital. This information is essential 

to inform service planning and resource allocation, particularly at the interface between acute and 

community care. It is also a key component of evaluating the cost-effectiveness of novel therapies, 

complex interventions, and service reorganization in intensive care (Cuthbertson et al., 2009; NICE, 

2008; Peek et al., 2009). Given the high cost associated with ICU admission, the current financial 

pressures on health care budgets, and the need for cost-effectiveness data prior to approval of new 

interventions, a standard and accurate approach to calculating resource use following ICU admission, 

is urgently needed. These data would also improve the accuracy of estimations of cost-effectiveness 

over longer time horizons, for example using decision analysis models (Coughlin et al., 2003). 

The aim of this chapter was to systematically review the available evidence relating to the use of 

health care resource by ICU survivors, reported at patient level, following discharge from hospital and 

identify factors associated with increased resource use. 

3.2 Methods 

3.2.1 Search Strategy 

I undertook a systematic search of the following electronic databases: MEDLINE, EMBASE, 

CINAHL, Web of Science including Conference Proceedings, Cochrane Controlled Trials Register, 

ProQuest Digital Dissertations database and Health Management Information Consortium (HMIC). 

Databases were searched from 1990 to 31 August 2012 using free text and controlled vocabulary 

terms: ‘intensive care’, ‘critical care’, and ‘critical illness’ combined with terms for ‘resource use’. 
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The terms used to describe ‘resource use’ were kept broad to include cost terms, e.g. ‘health care 

costs’, ‘cost of illness’, ‘cost-benefit analysis’, ‘resource use’, as well as terms relating to specific 

components of major health care resource, e.g. ‘readmission’, ‘outpatient clinics’, ‘primary care’, 

‘rehabilitation’ and ‘aftercare’. A detailed search strategy for one of the databases (OvidSP Medline) 

is presented in Appendix 1 (p268). Reference lists and bibliographies of published studies and reviews 

were scrutinised for additional articles. To minimise publication bias, a search of conference abstracts 

(Web of Science Conference Proceedings) and theses (ProQuest Digital Dissertations database) was 

also undertaken. 

3.2.2  Selection criteria 

I included studies published in English if they fulfilled the following criteria: 

Population: Patients admitted to adult general intensive care units aged 16 years and over. If a study 

combined paediatric and adult patients, then the study was included if the majority of subjects were 

aged 16 or over. Studies exclusively describing admissions to coronary care units, standalone high 

dependency units or cardiothoracic ICUs were excluded. Studies that included non-ICU populations 

were excluded unless results were stratified for the ICU patient population. 

Outcomes: I included studies reporting major health care resource use for ICU survivors after acute 

hospital discharge in terms of units of health care (e.g. number of bed days) or in terms of costs at the 

patient level. I defined health care resource as: readmission to acute hospital; attendance at hospital 

outpatient clinic; contact with mental health services; contact with primary care; attendance or 

admission to community rehabilitation; or prescribing costs. Studies reporting major health care 

resource use during the index ICU/acute hospital admission only were excluded.  

Study design: Randomised controlled trials (RCT), quasi-randomised trials, observational studies, case 

series and economic evaluations were included.  

3.2.3 Data Extraction 

A two stage approach was taken. All studies identified from the search strategies were compiled into 

one Endnote database. I and another reviewer independently screened titles and abstracts, and those 

clearly not meeting inclusion criteria were rejected. Any disagreements were discussed and resolved. 

During the second stage, I alone retrieved the full texts of those studies identified in the first stage and 

assessed them for inclusion. Data were extracted from selected papers using a standardised data 

capture form prior to entry into a database. Authors of studies were contacted if unreported data might 

be available or uncertainties in the reported data required clarification. A narrative synthesis was 

undertaken to report results as outcomes were insufficiently homogeneous for a formal pooled meta-

analysis. 
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3.2.4 Data analysis and processing 

Costs were inflated to 2011 using the consumer price index for each country (OECD, 2011c). Costs 

were then converted to US dollars using the purchasing power parity (PPP) for gross domestic product 

(GDP) method (Fox-Rushby et al., 2005, p209; OECD, 2011b). PPP allows for cost comparisons to 

be made between countries allowing for the relative differences in purchasing power of currencies 

rather than using simple exchange rate conversations. It is a theoretical currency conversion rate 

which accounts for differences in cost of living and inflation between countries and therefore 

equalises the purchasing power of different currencies (OECD, 2011a). Summary data were reported 

separately for each subgroup of the cohort, for example intervention and control arms of a trial, as 

well as for the group as a whole. This latter value was calculated if not reported explicitly in the 

article. Reported resource use data were manipulated where necessary to calculate a mean unit or cost 

per patient, with the denominator comprising the study cohort. In one study, the denominator 

comprised survivors of the follow up period due to lack of data on non-survivors (Douglas et al., 

2002). In another (Lipsett et al., 2000), readmission cost data were missing on 4 out of 75 patients. 

Therefore, the mean cost of the remaining readmission cohort was imputed to allow a mean cost for 

the whole cohort to be reported (see Appendix 1, p269). To improve data presentation, I pooled 

resource categories to produce a smaller number of groups (Table 4). 

3.2.5 Quality Assessment  

The quality of studies was judged with reference to the specific aims of this review. I therefore 

adapted components from recognised appraisal methods specific to economic evaluation (Drummond 

et al., 1996), epidemiological studies (von Elm et al., 2007) and randomised controlled trials (Schulz 

et al., 2010). Ten aspects of study design and resource use/cost reporting were assessed including a 

clear statement of study setting, resource data sources, study population characteristics, reporting of 

costs and units of resource use, and currency and year of costs where applicable (Table 5). The 

maximum possible quality assessment score was 10.  

3.3 Results 

Database searches yielded 4909 abstracts. Following abstract review and hand searching, 159 papers 

were retrieved for full text review. Of these, 18 fulfilled inclusion criteria (Figure 2). However, four of 

these papers reported additional resource data for cohorts already represented in other papers (Cheung 

et al., 2006; Daly et al., 2005; Douglas et al., 2001; Hamel et al., 2001). Therefore, 14 papers are 

reported in the results tables. The mean quality score was 7.5 for the papers (range 5 to 9), indicating a 

reasonable quality of reporting (Table 6). 

Seven studies were conducted in the USA, four in Canada, two in the UK and one in Australia (Table 

7). All studies were published from 2000 onwards. Ten studies used an observational cohort design; 

the remaining four collected resource use data as part of a randomised controlled trial. 
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3.3.1 Study Population 

A general ICU population was used in four studies, with no restriction to a particular diagnostic group. 

However, some of these studies required a minimum length of mechanical ventilation (72 hours 

(Douglas et al., 2007) or 96 hours (Douglas et al., 2002)) or ICU length of stay (48 hours (Jones et al., 

2003)). The remaining studies restricted study populations to ARDS, acute renal failure, severe sepsis, 

severe respiratory failure or surgical ICU admission (Table 7). Mean age of study participants, where 

reported, ranged from 40 to 66 years. Mean APACHE II score ranged from 17 to 23. Pre-existing co-

morbidities were reported in six studies, and prior health care resource use was quantified in only one 

study (Keenan et al., 2004). 

3.3.2 Follow Up Period 

The follow up period over which resource use data were collected varied from two months to three 

years (Table 7). However, in seven studies this follow up period may have included time spent in the 

acute hospital during the index admission. Five studies appeared to include time spent in both ICU 

and hospital during the index admission, and the remaining two included time spent in hospital after 

ICU discharge. Five of the seven studies reported an aggregate measure of the length of this inpatient 

period (median or mean length of stay). This issue requires consideration when interpreting resource 

data per unit time of follow up as it would not be possible for a patient to accrue post-discharge health 

care resource use during this inpatient period. 

3.3.3 Resource Use Data 

3.3.3.1 Resource categories 

There was significant variation in the resource categories that were included in studies (Table 8). All 

14 studies reported health care resource use in terms of readmission to acute hospital. Some studies 

separated acute hospital resource use into specific categories, such as, emergency department visits, 

outpatient clinic attendance and physician fees (Table 8). Eight studies reported some aspect of 

community health care resource use, such as primary care physician attendance, medication costs or 

visits from allied health care professionals. Although not a part of the inclusion criteria for this 

systematic review, non-health care costs, such as social service provision or nursing home care, were 

reported in five studies.  

3.3.3.2 Resource use cohorts 

Table 7 compares the number of patients for which baseline characteristics for a study population 

were presented with the number of patients for which resource use data were reported. Often, there 

was a discrepancy between these two figures. Reasons for this discrepancy were: (i) resource use data 

only being available for a subgroup during follow up (Clermont et al., 2011; Lipsett et al., 2000); (ii) 

data not available on those who withdrew from a study (Herridge et al., 2011; Peek et al., 2009); and 

(iii) resource data only presented for those who were alive at the end of the follow up period (Douglas 

et al., 2002). It was unclear in some studies if resource use data included that accrued by patients who 
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did not survive the follow up period (Jones et al., 2003; Peek et al., 2009). For the purposes of this 

review, an assumption was made that resource use for these non-survivors were included.  

3.3.3.3 Resource use units 

Four studies reported an extensive list of units of resource use (Clermont et al., 2011; Herridge et al., 

2011; Peek et al., 2009; Unroe et al., 2010) (Table 8). Units were measured in terms of number of 

visits, number of days in hospital, hours of care, or miles transported. Ten studies reported data which 

allowed a mean number of readmission episodes or mean number of inpatient days during readmission 

to be calculated (Table 9). The mean number of inpatient days per patient during the first year of 

follow up varied from 4.2 to 19.0 in those studies reporting this measure.  

3.3.3.4 Resource use costs 

Comparison of resource use cost data was difficult due to variation in case-mix, resource categories, 

length of follow up and method of calculating costs. In addition, studies undertaken in the USA 

reported standardised charges or estimated costs using a cost-to-charge ratio. Studies from other 

countries reported costs. Following standardisation of costs to a common currency and year, variation 

in the cost of post-discharge health care resource use was apparent both between and within countries 

(Table 10). In general, studies undertaken within the USA reported the highest resource use whereas 

those conducted in the UK reported substantially lower resource use.  

Analysis of studies that reported both acute and community health care costs revealed the greater 

proportion of resource was consumed in acute care (range 53% to 98%). This proportion was larger 

for those studies reporting long term acute care facility costs (91% to 98%) (Clermont et al., 2011; 

Douglas et al., 2002; Douglas et al., 2007; Unroe et al., 2010). Two studies reported costs stratified by 

year of follow up which showed that costs in the first year were around two to three times greater than 

those in the later years (Herridge et al., 2011; Lee et al., 2004). 

Exploring associations between case-mix and cost in detail was difficult due to the heterogeneity of 

studies. However, in the study of patients with acute kidney injury admitted to ICU, the subcohort of 

patients requiring ongoing haemodialysis post-hospital discharge had high health care resource use 

costs in comparison to those who had recovered renal function prior to discharge (Manns et al., 2003). 

The largest proportion of this cost was attributable to outpatient haemodialysis. 

3.3.3.5 Factors Associated with Resource Use 

The following factors were found to be associated with higher post-discharge resource use by ICU 

survivors (Table 11): increasing comorbidity (Herridge et al., 2011; Lee et al., 2004); increasing age 

(Cheung et al., 2006; Lee et al., 2004; Manns et al., 2003); longer duration of mechanical ventilation 

(Douglas et al., 2002; Unroe et al., 2010); and higher predicted risk of hospital death (Hamel et al., 

2000). Only two groups (in three studies) used multivariable methods to identify independent 

predictors of resource (Cheung et al., 2006; Herridge et al., 2011; Lee et al., 2004). 
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In the cohort of Canadian severe sepsis survivors, Lee et al. (2004) used different regression methods 

to report predictors of increased health care cost in the post discharge period. A one unit increase in 

the Charlson Comorbidity Index was associated with a 6% increase in costs using least squares 

regression when the outcome ‘year one costs’ was transformed using the log scale. Using the Cox 

proportional hazards method, both increasing age and Charlson Comorbidity Index were associated 

with increased health care cost. Cheung et al. (2006) found age and multi-organ dysfunction score to 

be associated with increased health care costs in Canadian ARDS survivors over a two year period. 

Douglas et al. (2002) stratified their study population by length of ventilation. As expected, those in 

the long term ventilated group consumed more post-discharge resource than the short term ventilated 

group. Similarly, Hamel et al. (2000) used stratification to explore the association between 2 month 

estimated survival, stratified in to three risk groups, and health care cost modelled over a longer time 

frame. They found that those patients at highest predicted risk of death at two months (survival  

50%) had the highest health care cost (1998 US$ 28102). Low risk patients (estimated two month 

survival >70%) used $18265 (1998 US$) of health care resource, whereas medium risk patients 

(estimated two month survival 50 to 70%) had the lowest health care cost (1998 US$ 13053).  

3.4 Discussion 

3.4.1 Summary of findings 

This review is the first to collate studies summarise studies reporting post-acute hospital discharge 

health care resource use for survivors of intensive care. I found that measures of health care resource 

use varied substantially between studies. Variation reflected international differences in methods of 

assigning resource costs, type of resource categories reported and organisation of health care systems. 

The number of hospital readmission days was the most robustly comparable measure and available 

data suggested wide variability between studies. 

3.4.2 Strengths and limitations 

This review employed a broad, inclusive search strategy which identified over 4000 abstracts to be 

screened. This was required because the concept of ‘post-discharge resource use’ is not coded in the 

controlled vocabulary tools of databases, and the term is infrequently referred to in titles of articles. 

Furthermore, traditional studies reporting resource use associated with particular conditions focus on 

reporting the cost of the resource used rather than both the units and costs of health care resource, as 

recommended by guidelines (Drummond et al., 1996). The search strategy for this review was 

constructed to capture studies that reported units of resource only, costs of resource only, or both.  

The difficulties in undertaking international comparisons of health care economics have been 

previously described (Drummond et al., 2009; Evers et al., 2004; Heijink et al., 2008). I used methods 

to maximise the validity of international comparability of post-discharge health care resource use. I 

attempted to improve the comparability of studies by standardising costs to a single year and currency. 
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I did this by using the PPP for GDP method (OECD, 2011b), which is thought to be better than using 

a simple exchange rate as the latter is prone to the daily volatility of currency exchange markets and 

does not account for the differences in the relative price of goods between countries (Drummond et 

al., 1996; OECD, 2011a). 

There are a number of limitations which should be noted. Although two reviewers were involved in 

the process of identifying full text articles for review, the processes of quality assessment, full text 

review and data extraction were not duplicated. 

Furthermore, only articles published in the English language were included in the review. Both 

of these limitations may introduce bias to the review.  

I excluded articles reporting hospital costs associated with the index intensive care admission alone, as 

this aspect of the critical illness episode of care has been extensively studied and reported (Edbrooke 

et al., 1997; Elliott, 1997; Gyldmark, 1995). In addition, I restricted post-acute hospital resource use 

to the health care sector. Therefore, non-health care costs and resources used by both patients and 

caregivers such as social service resource use, lost productivity and earnings, the cost of death and 

other intangible costs were not included in this review although reported where available (Table 12). It 

is recognised that these indirect costs can be difficult to quantify and assigning a value to resources 

such as caregiver time can be problematic (Angus et al., 2002). This may have limited our findings, 

although national health technology assessment bodies, such as the National Institute for Health and 

Clinical Excellence in the UK, also exclude most societal costs other than personal social services 

when undertaking technology appraisal (NICE, 2008). 

Other articles have reviewed economic aspects of critical care. However, these reviews have focussed 

on collating formal economic evaluations to assess cost-effective therapies (Talmor et al., 2006) or 

have been educational articles with the aim of explaining the principles of health technology 

assessment and health economics to clinicians (Cox et al., 2006; Kahn, 2006). Only outside the 

critical care literature can studies be found that review the post-discharge resource use of patients with 

specific diseases, for example acute stroke (Luengo-Fernandez et al., 2009), or rheumatoid arthritis 

(Rosery et al., 2005).  

This review has collated studies relating to resource used by ICU survivors. In order for this 

information to be used in economic evaluations such as cost-utility analyses, survival rates and utility 

measures are required to allow the incremental cost per quality-adjusted life year to be calculated. I 

did not set out to review the extensive literature relating to survival and quality of life after ICU as 

reviews of these areas have been recently published (Oeyen et al., 2010; Williams et al., 2005). 
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3.4.3 Study comparability and generalisability 

A formal meta-analysis reporting pooled outcomes derived from the included articles could not be 

performed due to the heterogeneity found between studies. The reasons for this heterogeneity are now 

considered. 

3.4.3.1 Case-mix 

There were substantial differences in case-mix and illness severity of ICU admissions between 

countries. This is a well reported limitation of undertaking international comparisons of any aspect of 

ICU care (Angus et al., 1997).  

3.4.3.2 Follow up period 

Comparisons between studies were difficult because of a varied approach to including index hospital 

admission data in the analysis. In seven studies, some or all of the time spent in hospital during the 

index admission was included in the follow up period. During this inpatient period, patients would not 

be able to accrue post-discharge resource use. This would have the effect of underestimating post-

discharge health care resource use per unit time of follow up, particularly in the studies with a shorter 

period of follow up. I did not attempt to correct for this, although I reported an estimate of the length 

of the inpatient stay.  

The variable length of follow up also made direct comparison of costs between studies difficult. The 

amount of post-discharge health care resource use was shown to be higher in the weeks and months 

immediately following discharge in the study by Keenan et al. (2004). This finding was confirmed in 

the studies which stratified cost by year of follow up (Herridge et al., 2011; Lee et al., 2004). 

3.4.3.3 Numerator and denominator 

A number of the selected studies reported a measure of mean cost/resource use per patient in the study 

cohort. Researchers chose one of three time points to define the cohort population over which resource 

use was averaged, the denominator: a time point during the index admission, for example 48 hours 

after ICU admission or at ICU discharge; the point of hospital discharge, thereby excluding all in-

hospital deaths; or the end of the follow up period, using only those who survived the entire follow up 

period as a denominator. This cohort was often, therefore, a subgroup of the main cohort and the 

characteristics of this subpopulation were not reported. This makes it more difficult to generalise the 

data relating to resource use to other populations. Two studies reported mean cost for each resource 

category where the denominator comprised only those patients who actually used the resource 

(Douglas et al., 2002; 2007). However, enough data were supplied to allow mean cost to be calculated 

for the entire study cohort in the first article, but only for those who survived the follow up period in 

the second. 

Furthermore, in some studies the denominator included patients who may have died or been lost to 

follow up during the follow up period. For example, where measurement of resource use relied on 
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completed patient diaries, those who died before the end of the follow up period could not have 

subsequently contributed to total resource use, yet would still have contributed to the denominator. In 

a population in which significant mortality occurs during the early post-ICU discharge period, this 

could result in an underestimate in mean post-discharge resource use, particularly if, in the weeks 

before death, there is a greater usage of health care resource (Emanuel et al., 1994). Future studies that 

undertake to collect these data should ensure that sufficient information is provided to determine who 

contributes to the denominator, and how data from those lost to follow up or who die during follow up 

are handled in the analysis of resource data. 

3.4.3.4 Categories of resource use 

Despite restricting resource use to health care components and grouping categories into secondary or 

primary care to improve comparability, the categories of resource use that were reported varied 

between studies. This variation could be explained by the method used to obtain these data. The 

studies that prospectively collected data, in particular as part of a randomised controlled trial, tended 

to record a more comprehensive range of resource use categories. In contrast, studies relying on 

databases were limited to mainly reporting secondary care resource use. 

A further difficulty was encountered when the resource category ‘indirect costs’ was assessed, as the 

term was used to describe different concepts in studies. In health economics, the term is defined as 

‘the impact of illness and treatment on paid and non-paid work time’ (OHE, 2010) and is alternatively 

known as ‘productivity costs’. In cost accounting, it refers to costs that are not attributed to individual 

patient care, but shared across multiple services, such as hospital laundry services or building 

maintenance (Tarricone, 2006). An alternative term is ‘overhead costs’. Labelling costs as ‘indirect’ is 

discouraged in studies reporting resource use due to the potential for confusion (Tarricone, 2006). 

Therefore, use of the two alternative terms in place of ‘indirect costs’ should be considered in future 

studies. 

3.4.3.5 Costing health care 

The methods used to derive costs varied between studies. Studies conducted outside the USA reported 

actual costs in contrast those in the USA which reported hospital charges or modified charges. 

Hospital charges may substantially overestimate the actual costs of health care (Taira et al., 2003). 

Cost-to-charge ratios were used in some studies to overcome this, but this method may still not 

accurately estimate costs (Taira et al., 2003). 

3.4.3.6 Health system organisation 

When attempting to make international comparisons of any aspect of health care, an awareness of the 

differences in structure of health care systems is required. This is particularly important when resource 

use is summarised into categories such as secondary care and primary care. Countries such as the UK 

have a significant primary care infrastructure, where many aspects of patient care can be undertaken in 
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the community. This situation is not replicated in other countries, thereby making comparisons 

difficult between these summary figures.  

In addition, there is an important difference in the care pathways of patients requiring long term acute 

care. Patients requiring prolonged intensive care in the USA are increasingly being transferred to 

Long Term Acute Care (LTAC) facilities (Cox et al., 2007; Kahn, 2010; Kahn et al., 2010) where 

ongoing acute care can be provided along with rehabilitation (Eskildsen, 2007). The equivalent 

facilities are not in common use in other countries. This can be problematic for a number of reasons. 

A cohort of ICU patients that is defined as those who survive to hospital discharge may not be 

equivalent between countries. If hospital discharge is defined as discharge from the acute hospital to 

the LTAC, a number of patients will be included in the cohort who would still be considered to be 

acute hospital inpatients, or even ICU patients in other countries. However, if hospital discharge is 

defined as discharge from the LTAC facility, a proportion of patients may have died during their 

LTAC stay, thereby excluding some high resource users from the final cohort who would be present 

in the equivalent cohort in other countries. 

On the other hand, LTAC facility costs may be closer to those accrued in the acute sector than in the 

community health sector. Excluding LTAC care from a post-resource use composite measure may 

also exclude some aspects of rehabilitation which would be provided in the community health care 

sector in other countries, and therefore included in their summary figure. Douglas et al. (2007) 

included care in such facilities in the reported cost of post discharge care. When the LTAC cost was 

excluded, the total cost of resource use reduced by 44%. Cheung et al. (2006) included the costs of 

‘chronic care hospitalisations’ in their study. However, the total cost reported in this study was 

broadly comparable with the other Canadian studies.  

3.4.4 Implications for Research and Policy 

There has been a significant increase in the number of economic evaluations published in the critical 

care literature in recent years (Talmor et al., 2006). Guidance for undertaking economic evaluations 

recommends that resource use should be measured beyond the short term hospital setting, ideally over 

the time horizon of a lifetime (Angus et al., 2002; NICE, 2008). Recent studies have assumed that 

post-discharge resource use of ICU survivors is the same as that of an age matched general population 

(Graf et al., 2008; Green et al., 2006; Ridley et al., 2007), or that of a life-expectancy matched general 

population (Angus et al., 2003b; Cooke et al., 2009; Huang et al., 2007). The latter method attempts 

to make allowance for the higher resource consumption of ICU survivors. However, there is little 

evidence to support either of these assumptions. Furthermore, no study in this review undertook this 

comparison, although two studies used a control population of hospital admissions not requiring 

admission to ICU to compare subsequent resource use in terms of acute hospital readmission rate 

(Keenan et al., 2004; Wunsch et al., 2010b). Wunsch et al. found that ICU survivors had more 

readmissions than the control population (Wunsch et al., 2010b), in contrast to Keenan et al. who 

found that ICU survivors had fewer (Keenan et al., 2004). Our review highlights the need for further 
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research specifically describing longer-term health care resource use following an admission to ICU. 

Future research should attempt to ascertain at which point, if at all, resource use reverts to that of the 

general population. These studies need to carefully address the limitations of existing studies, as 

described above, and attempt to use a more standardised approach to reporting. 

Researchers planning to undertake an economic evaluation, particularly if adopting a decision 

analytical approach, should assess the representativeness of published cohorts to their own study 

population before using them to model future costs. Previous authors have assumed that longer term 

resource use data from an ARDS cohort (Cooke et al., 2009) or a sepsis cohort (Shorr et al., 2004) can 

be applied to other ICU populations. Given the limited resources available to researchers and the 

potentially onerous task of prospectively collecting economic data, our review highlights the 

categories responsible for the greatest proportion of post-discharge costs. Studies conducted in the 

USA with a one year time horizon should include costs relating to rehospitalisation, long term acute 

care and skilled nursing facilities as these account for over 90% of post-discharge costs (Unroe et al., 

2010). It is less clear from our review which cost categories are the most important to include in 

studies conducted in other countries. Collection of resource data for a minimum period of one year 

may be a reasonable target to standardise the reporting of costs until further studies identify if there is 

a time point at which resource use for survivors of critical illness reverts to a ‘baseline’ or to that in 

the general population. 

This review has collated the available primary research which can inform policy makers planning for 

the health care needs of intensive care survivors. However, the variation that I found between 

countries suggests that application of these data across borders should be undertaken with caution. 

Furthermore, consideration should be given to how much post-discharge resource use is directly 

attributable to the critical illness necessitating ICU admission, rather than attributable to other 

unrelated co-morbidities. This health care resource may have been used by patients irrespective of 

their critical care admission. Only one study gave a breakdown detailing whether hospital 

readmissions were related to the original admission, but this was not extended to all categories of 

resource use (Cheung et al., 2006; Herridge et al., 2011). 

3.4.5 Recommendations for future studies 

To allow the results of future studies to be more generalisable, improved clarity in reporting of results 

is required (Table 13). Ideally, both units and costs should be reported for all resource categories, as 

recommended in best practice guidelines (Drummond et al., 1996), thereby allowing local reference 

costs to be applied. If the cohort for which resource use is reported is different from the main study 

cohort, a separate table of baseline characteristics would allow a better estimation of comparability 

with a local population. Care should be taken in defining the denominator when reporting mean 

measures of resource use: ambiguity can be avoided if total costs are reported, along with numbers of 

patients using each resource. A CONSORT-style flow diagram (Schulz et al., 2010) to account for 

patient numbers at each stage during follow up would allow secondary users of the data to calculate 
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summary measures of resource use adopting the appropriate denominator for their needs. Given the 

high, early mortality in ICU populations, it should be made explicit how resource data from patients 

who die or are lost to follow up are handled in the analysis. Factors assessed for an association with 

resource use, whether or not an association is identified, should be reported using appropriate 

statistical methods. 

3.5 Conclusions 

This review is the first to bring together the literature relating to post-hospital discharge health care 

resource use for survivors of ICU. Given the paucity of identified studies and the relatively short time 

horizons of these studies, there is a clear need for longer term studies of resource use of survivors of 

intensive care to be undertaken. The findings and limitations I have identified in the current literature 

should help to inform the design and reporting of future studies investigating longer term resource use 

of critical care survivors. 
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Resource category in Table 8 Pooled category in Table 10 

Subsequent hospitalisation 
Subsequent hospitalisation 

Physicians fees 

Emergency department visits 

Hospital-based care Other hospital-based care: 
 Day case surgery and procedures 
 Hospital-based outpatient diagnostic tests 

Outpatient visits 
Outpatient visits 

Primary care physician visits 

Rehabilitation  Rehabilitation 

Chronic hospital facility/long term acute care 
facility Chronic hospital facility, long term acute care 

facility, skilled nursing facility 
Skilled nursing facility 

Medications 

Medications and community health care 

Primary care allied health care professional 
visits: 

 Home nursing, physiotherapy, 
occupational therapy, dietician, speech 
and language therapy, counselling 
services, home health care  

Other community care: 
 Community-based diagnostic tests 
 Domiciliary oxygen installation and supply 
 Telephone calls to health care staff  

Long term nursing home 

Non-health care costs  
(not shown in Table 10) 

Help support for family friends 

Other non-health care costs 

Table 4. Method used to pool resource categories reported in original articles to produce fewer 

groups.  

In a number of studies, the authors had grouped resource categories into fewer categories with no 

clear explanation of how this was achieved. The individual resource categories are listed in Table 8 

and pooled categories in Table 10. 
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  Criteria Explanation Score 

1 Time frame of follow up clear As per STROBE guidance (von Elm et al., 2007) 1 

2 Clear setting As per STROBE guidance (von Elm et al., 2007) 1 

3 
Clear method of collection of resource 
data during follow up period 

As per Drummond et al. guidance (1996) 1 

4 
Population characteristics (age, sex, 
severity, case-mix, comorbidities) 

At least four of the five characteristics are included 
to describe the study population.  

1 

5 
Clear resource use cohort with loss to 
follow up explained 

If the cohort for which resource use is reported 
differs from the main study cohort, the reason for 
this is explained along with clear accounting for the 
difference in numbers between cohorts. Ideally this 
should be represented using a flow diagram. 

1 

6 Resource cohort characteristics stated 
Baseline characteristics of the cohort for whom 
resource use was reported should be presented if 
different from the main study cohort. 

1 

7 
Units and costs recorded for 
categories of resource use 

As per Drummond et al. guidance (1996) 1 

8 Year and currency reported As per Drummond et al. guidance (1996) 1 

9 Methods of applying costs appropriate As per Drummond et al. guidance (1996) 1 

10 
Mean costs stated with clear 
denominator 

The denominator used to calculate the mean cost 
for each resource category should be clearly 
stated. Mean costs are often presented as per 
patient using the particular resource, per patient in 
the resource cohort, per patient surviving to the end 
of follow up, or per patient in the main study cohort.  

1 

Table 5. Criteria used to judge study quality. 

The maximum quality score for studies only reporting units and not costs was 6 (criteria 7 to 10 not 

assessable). 

 

 



 

6
5
 

 Quality criteria 
Douglas 

2007 
Douglas 

2002 
Hamel 
2000 

Herridg
e 

2011* 

Jones 
2003† 

Keenan 
2004 

Lee 
2004 

Lipsett 
2000 

Manns 
2003 

Peek 
2009 

Unroe 
2010 

Williams 
2010 

Wunsch 
2010 

Clermon
t 

2011 

1 Time frame of follow up clear 1 1 0 1 1 1 1 0 1 1 1 1 1 1 

2 Clear setting 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3 
Clear method of collection of 
resource data during follow up  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 

4 
Characteristics (age, sex, severity, 
case-mix, comorbidities) 

1 1 0 1 0 0 0 0 1 0 1 0 0 1 

5 
Clear resource use cohort with loss 
to follow up explained 

1 0 1 1 0 1 1 1 1 0 1 1 1 1 

6 
Resource cohort characteristics 
stated 

1 0 1 1 1 1 1 0 1 1 0 1 1 0 

7 
Units and costs recorded for 
categories of resource use 

0 0 0 0 0 - 0 1 0 1 1 - - 1 

8 Year and currency reported 0 0 1 1 1 - 1 1 1 1 1 - - 1 

9 
Methods of applying costs 
appropriate 

1 1 1 1 1 - 1 1 1 1 1 - - 1 

10 
Mean costs stated with clear 
denominator 

0 0 1 1 0 - 1 1 1 0 1 - - 1 

 Total 7 5 6 9 6 5 8 7 9 7 9 5 5 9 

Table 6. Breakdown of scores for study quality.  

The maximum quality score for studies only reporting units and not costs was 6 (criteria 7 to 10 not assessable denoted by ‘-’). *Some data extracted from 

publication by Cheung et al. reporting two-year outcomes for the same cohort (Cheung et al., 2006). †Some data extracted from economic evaluation of study 

published separately (Tan et al., 2009). 
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Author, 
Year 

Country 
Study 
Design 

Resource 
Data 

Source 

Cohort with 
Resource 

Data 

Follow 
Up 

Period 

Quality 
Assess
-ment 

Inpatient Period 
Included In Follow 

Up (Days) 

Measure of 
Resource 

Use 

Stratification 
Factor 

Cohort (n) 
Baseline 

Characteristics 

Cohort (n) 
Resource 

Data 

Mean 
Age* 

 Mean 
Severity 
Score† 

Williams 
2010 

Australia Cohort Database 
General ICU 
admissions 7 years

‡
 5

¶
 No Units None 19920 19920 61

‡
 N/R 

Manns 
2003 

Canada Cohort Database 
Acute renal 
failure 

1 year 9 No 
Units and 

Costs 

Total 
Renal recovery 

Chronic HD 

66 
46 
20 

66 
46 
20 

58 
59 
55 

23 
23 
20 

Keenan 
2004 

Canada Cohort Database 
General ICU 
admissions 

0-45 
months 5

¶
 

ICU and hospital 
(Mean 13.1/17.9)** 

Units 
Total 

Survivors 
Non-survivors 

23859 
20664 
3195 

23859 
20664 
3195 

47 
44 
67 

NR 

Lee 
2004 

Canada Cohort  Database Severe sepsis 3 years 8 No Costs 
Year of  

follow up 
502 502 NR 18 

Herridge 
2011§§ 

 
Canada Cohort 

Database 
Patient diary 

ARDS 5 years 8 
Hospital 

(Median 48) 
Units and 

Costs 
Year of  

follow up 
83 83 45

‡
 23 

Jones 
2003  

UK RCT 
Prospective 
collection 

MV with ICU 
LOS 48hrs 

6 months 6 
Hospital  

(NR) 
Costs 

Total 
DMP 

Control 

126 
69 
57 

102 
58 
44 

58 
57 
59 

17 
17 
16 

Peek, 
2009  

UK RCT 
Prospective 
collection 

Severe 
respiratory 
failure 

6 months 7 
ICU and hospital 
(Mean 69/30)†† 

Units and 
Costs 

Total 
ECMO 
Control 

180 
90 
90 

177 
90 
87 

40 
40 
40 

20 
20 
20 

Douglas 
2007} 

USA RCT 
Prospective 
collection 

MV 72 hours 2 months 7 No 
Units and 

standardised 
charges 

Total 
DMP 

Control 

334 
231 
103 

334 
231 
103 

61 
61 
62 

59
§
 

57 
64 

Clermont 
2011  

USA 
and 

Canada 
RCT 

Prospective 
collection 

Acute lung 
injury 

1 year 9 

Post-enrolment ICU 
and hospital 

(Mean 24.4/23.8)
 ‡‡

 

Units and 
standardised 

charges 

Total 
PAC 
CVC 

655 
325 
330 

429 
210 
219 

50 
50 
50 

94
§
 

96 
92 

Douglas 
2002 

USA Cohort 
Prospective 
collection 

MV 96 hours 1 year 5 No 
Standardised 

charges 

Total 
LTV 
STV 

438 
392 
146 

156 
99 
57 

66 
66 
66 

79
§
 

78 
81 

Hamel 
2000  

USA Cohort Database 
ARDS/ pneum-
onia and MV 

1 year 6 
ICU and hospital 

(NR) 
Cost to 

charge ratio 
None 963 963 63

‡
 63

||
 

Table 7. Summary of articles fulfilling criteria for inclusion in the review. Table continued over page: see legend on following page. 
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Author, 
Year 

Country 
Study 
Design 

Resource 
Data 

Source 

Cohort with 
Resource 

Data 

Follow 
Up 

Period 

Quality 
Assess
-ment 

Inpatient Period 
Included In Follow 

Up (Days) 

Measure of 
Resource 

Use 

Stratification 
Factor 

Cohort (n) 
Baseline 

Characteristics 

Cohort (n) 
Resource 

Data 

Mean 
Age* 

 Mean 
Severity 
Score† 

Lipsett 
2000  

USA Cohort Database 
Surgical ICU 
LOS 7 days 

1 year 7 
ICU and hospital 

(Median 31) 
Units and 
charges  

None 128 75 57 23 

Unroe 
2010  

USA Cohort 
Prospective 
collection 

PMV or MV96 
hours 

1 year 9 No 
Units and 

Costs 
None 126 126 55 19

‡
 

Wunsch 
2010  

USA Cohort Database 
ICU admission 
>65 years old 

3 years 5
¶
 No Units None 35308 35308 78 N/R 

Table 7. Summary of articles fulfilling criteria for inclusion in the review. 

Abbreviations: ARDS=adult respiratory distress syndrome; NR=not reported; HD=haemodialysis; DMP=Disease Management Program intervention group; 

ECMO=Extracorporeal Membrane Oxygenation intervention group; LOS=length of stay; LTV=long term ventilated patients; STV=short term ventilated patients; 

PMV=prolonged mechanical ventilation (ventilation for 21 days); PAC=pulmonary artery catheter; CVC=central venous catheter.*Mean age unless stated 

otherwise; †Mean APACHE (Acute Physiology and Chronic Health Evaluation) II score unless stated otherwise; ‡Median; §APACHE III score; ||Median APS (acute 

physiology score) day 1 score; ¶Quality assessment score out of 6 as no cost data reported; **Survivors/Non-survivors; ††Intervention/Control. ‡‡PAC/CVC; §§Some 

information was extracted from the article describing two year follow up for the same cohort by Cheung et al. (Cheung et al., 2006) and the last four columns relate 

to the ‘Year 1’ cohort. 
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Douglas 

2007 
Douglas 

2002 
Hamel 
2000 

Herridge 
2011§ 

Jones 
2003|| 

Keenan 
2004 

Lee 
2004 

Lipsett 
2000 

Manns 
2003 

Peek 
2009 

Unroe 
2010 

Williams 
2010 

Wunsch 
2010 

Clermont 
2011 

Acute health 
Care 

Subsequent 
hospitalisation 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

 
Emergency dept 
visits 

   Y   Y  Y  Y   Y 

 Outpatient visits    Y Y  Y   Y Y   Y 

 
Chronic hospital 
facility/LTAC 

Y   Y       Y    

 
Skilled nursing 
facility 

Y Y         Y   Y 

 Physicians fees   Y Y   Y  Y  Y    

 Rehabilitation Y Y  Y       Y   Y 

 
Other hospital-
based care 

   Y   Y  Y* Y Y    

Community 
health care 

Primary care 
physician visits 

   Y Y     Y    Y 

 Medications    Y     Y† Y    Y 

 
Primary care AHP 
visits 

Y Y  Y Y     Y Y   Y 

 
Other community 
care 

   Y      Y    Y 

Non-health 
care‡ 

Long term nursing 
home 

         Y     

 
Help from 
family/friends 

         Y     

 
Other non-health 
care costs 

   Y Y     Y Y   Y 

Table 8. Resource categories included in original articles.  
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*Haemodialysis and day surgery only; †High cost renal drugs only. ‡See Table 12 for detail of non-health care costs. §Some data extracted from publication by 

Cheung et al. reporting two-year outcomes for the same cohort.(Cheung et al., 2006) ||Some data extracted from economic evaluation of study published separately 

(Tan et al., 2009). Abbreviations: AHP=Allied health care professional (see Table 4 for AHP list); LTAC=Long term acute care facility. 
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Author, 
Year 

Country 
Follow 

Up 
Period 

Measure specified in article text Denominator 
Stratification 

Factor 
n 

Mean no. of 
readmission 

episodes 

Mean no. of 
inpatient days 

during 
readmissions 

Williams, 
2010 

Australia 7 years 
Mean number of hospital readmission 
episodes and readmission days 

Patients surviving index 
hospitalisation 

None 19920 3.7 37.8 

Manns, 
2003 

Canada 1 year 
Mean number of hospital readmission 
days 

Patients surviving to hospital 
discharge living in local region 
(n=46/20) 

Total 
Renal recovery 

Chronic HD 

66 
46 
20 

- 
14.7 
11.3 
22.5 

Herridge,  
2011‡  

Canada 2 years* 
Total number of hospital readmission 
episodes(n=62 Yr1, n=39 Yr 2); mean 
number of readmission days 

Patients surviving to ICU 
discharge (n=109) 

Year 1 
Year 2 

109 
109 

0.6 
0.4 

4.2 
2.4 

Keenan, 
2004 

Canada 
0 to 45 

months* 

Mean number of hospital readmission 
episodes/ readmission days per person 
per year 

Person-time denominator 
(days/patient/year) 
(n=20664/3195) 

Survivors 
Non-survivors 

20664 
3195 

- 
5.3 
32.6 

Peek, 
2009 

UK 6 months* Mean number of readmission days 
Patients randomised in ICU 
(n=180/177) 

Total 
ECMO 
Control 

177 
90 
87 

- 
1.1 
1.4 
0.7 

Douglas, 
2007† USA 2 months Mean number of readmission days 

Patients surviving to hospital 
discharge (n=231/103)  

Total 
DMP 

Control 

334 
231 
103 

- 
13.0 
11.4 
16.7 

Clermont, 
2011 

USA and 
Canada 

1 year* 
Mean number of hospital readmission 
episodes and readmission days 

Patients surviving index 
hospitalisation who were 
interviewed at least once 
during follow up 

Total 
PAC 
CVC 

429 
210 
219 

2.8 
3.1 
2.5 

19.0 
20.2 
17.7 

Lipsett, 
2000 

USA 1 year* 
Total number of hospital readmission 
days (n=774) 

Patients surviving to hospital 
discharge (n=75) 

None 75 - 11.7 

Unroe, 
2010 

USA 1 year 
Total number of hospital readmission 
episodes (n=155) 

Patients surviving index 
hospitalisation, not discharged 
to hospice  

None 102 1.5 - 

Wunsch, 
2010 

USA 3 years 
Mean number of hospital readmission 
episodes 

Patients surviving index 
hospitalisation 

None 35308 2.1 - 

Table 9. Studies reporting units of health care resource use: number of hospital readmissions and inpatient days during subsequent readmission to 

hospital.  
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*The study follow up period includes some time spent in hospital during the index admission. Therefore, the actual post-hospital discharge period is shorter than 

the reported figure. †Further data extracted from related paper by Daly et al. (Daly et al., 2005). ‡Data relating to units of resource use available only in article by 

Cheung et al. (Cheung et al., 2006) relating to two year follow up rather than the article by Herridge et al.(Herridge et al., 2011) relating to five year follow up; 

the denominator for this cohort is 109 as readmission data available for more patients. For abbreviations see Table 7 legend. 
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Author, 
Year 

Cost year 
and original 

currency 

Follow 
up 

period 

Stratification 
factor 

Cohort 
(n) 

Subsequent 
hospitalisation 

Hospital-
based care 

Outpatient 
visits 

Rehabilitation 
Chronic 
facility/ 

LTAC/SNF 

Medications & 
community 
health care 

Total Cost 
2011 US$ 

Manns, 
2003 

1999 CAN$ 1 year 

Total 66 16331 11937    3145 31412 

Renal recovery 46 11421 296 included§ NR NR 0 11717 

Chronic HD 20 27625 38709    10377 76711 

Lee,  
2004 

2001 CAN$ 3 years 

Year 1 502 20429 310     20739 

Year 2 412 6917 187 NR NR NR NR 7104 

Year 3 250 6850 208     7058 

Herridge, 
2011 

2009 CAN$ 5 years* 

Year 1 83 10085  7638   1224 18947 

Year 2 69 3165  3827   1403 8395 

Year 3 71 1883 included‡ 1323 included‡ included‡ 1943 5149 

Year 4 63 1652  927   2304 4883 

Year 5 64 2293  606   1828 4727 

Jones, 
2003¶ 

2000 UK£ 
6 

months* 

Total 102 836  657   276 1769 

Intervention 58 815 NR 715 NR NR 257 1787 

Control 44 858  594   298 1750 

Peek, 
2009 

2005 UK£ 
6 

months* 

Total 177 571 89 318   667 1645 

ECMO 90 741 16 325 NR NR 771 1852 

Control 87 395 164 312   559 1430 

Douglas, 
2007 

2001 US$† 2 months 

Total 334 21336   8246 36281 2022 67885 

DMP 231 18868 NR NR 8702 37514 1843 66927 

Control 103 27967   7021 32968 2504 70459 

Clermont, 
2011†† 

2010 US$ 1 year* 

Total 429 15716 1687 3930 16073  3917 41325 

PAC 210 16512 2145 4393 19575 included‡ 4270 46895 

CVC 219 14954 1248 3486 12716  3579 35983 

Douglas, 
2002 

1998 US$ 1 year 

Total 156 39587    101103 7764 148454 

LTV 99 48826 NR NR NR 124868 7300 180994 

STV 57 23540    59826 8571 91937 

Table 10. Studies reporting costs or charges of health care resource use. Table continued over page: see legend on following page. 
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Author, 
Year 

Cost year 
and original 

currency 

Follow 
up 

period 

Stratification 
factor 

Cohort 
(n) 

Subsequent 
hospitalisation 

Hospital-
based care 

Outpatient 
visits 

Rehabilitation 
Chronic 
facility/ 

LTAC/SNF 

Medications & 
community 
health care 

Total Cost 
2011 US$ 

Hamel, 
2000 

1998 US$ 1 year* None 963 24400 NR NR NR NR NR 24400 

Lipsett, 
2000 

1996 US$ 1 year* None 75 67991 NR NR NR NR NR 67991 

Unroe, 
2010 

2007 US$ 1 year None 99 40844 465 included|| 6518 50585 3215 101627 

Table 10. Studies reporting costs or charges of health care resource use.  

All costs are in 2011 $US and are the mean cost of health care per patient in the ‘Cohort (n)’ column. See Table 4 for method used to pool cost categories and Table 

12 for other cost categories. *The study follow up period includes some time spent in hospital during the index admission. Therefore, the actual post-hospital 

discharge period is shorter than the reported figure. †Year of cost and currency not explicitly stated: inferred from article text. ‡Included in other cost categories: not 

stated in article text; §Included in subsequent hospitalisation costs. ||Included in hospital-based care costs. ¶Some data extracted from economic evaluation of study 

published separately (Tan et al., 2009) and cohort denominator for resource data confirmed by contacting authors. ††Costs from the Clermont article were published 

as a graph and were therefore estimated from this. LTAC= long term acute care facility; SNF=skilled nursing facility; NR=not reported. For other abbreviations see 

Table 7 legend. 
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Author, 
Year 

Period over 
which costs 

assessed 

Method used to 
assess association 
with resource use 

Variables assessed for association 
Summary 

measure or 
cost (2011 US$) 

P value 

Lee, 
2004  

1 year Multivariable: Cox 
proportional hazards 
regression and linear 
regression (Cox model 
only shown: summary 
measures are hazard 
ratios) 

Age 
Sex 
APACHE II score 
Cause of admission 
Charlson comorbidity scores 

1.03 
- 

1.01 
- 

1.14 

0.001* 
- 

0.36 
- 

<0.001 

Cheung, 

2006
†
  

2 years Multivariable: linear 
regression (summary 
measures are ratio of 
costs) 

Age 
Sex 
Pre-existing illness 
Comorbidities acquired during ICU stay 
Slower recovery from lung injury 
Burn diagnosis 
Having caregiver 
More education 
Neighbourhood income 
Obesity (BMI>30) 

1.51 
- 

1.33 
- 
- 

1.86 
- 
- 
- 
- 

0.10 
- 

0.14 
- 
- 

0.03 
- 
- 
- 
- 

Herridge, 

2011
†
  

5 years Multivariable: linear 
regression 

Pre-existing illness 
Other 9 covariates in model not listed 

Not stated 
 

‘Significant’ 
 

Douglas, 
2002  

1 year Univariable Short-term ventilated  
Long term ventilated 

$96521 
$180995 

0.006 

Hamel, 
2000 

1 year Univariable descriptive 
analysis – no 
hypothesis test 
performed 

Predicted 2-month survival derived from 
data modeling using SUPPORT cohort 
data: 
 low (>70% survival) 
 moderate (50-70%) 
 high (<50%)  

 
 
 

$30403 
$25899 
$16547 

 
 

Not 
performed 

Unroe, 
2010  

1 year Univariable analysis 
Note analyses include 
index hospitalisation 
costs 

Mechanical ventilation duration 
 <21d 
 21d 
Mechanical ventilation duration 
 <28d 
 28d 
Ventilator days before tracheostomy 
 <14d 
 14d 
Weaned from ventilator 
 Yes 
 No 
Health outcome 
 Good 
 Fair  
 Poor 
Quality of life 
 Good 
 Fair  
 Poor 

 
$245276 
$372956 

 
$255164 
$414037 

 
$331651 
$332648 

 
$298113 
$405105 

 
$343296 
$349025 
$164611 

 
$250397 
$348078 
$375728 

 
0.03 

 
 

0.004 
 
 

0.99 
 

 
0.08 

 
 

0.40 
 
 
 

0.50 
 
 

Table 11. Factors associated with health care costs.  

*Linear regression of log-transformed costs revealed that age was not a significant predictor of costs; 

‘-’ covariate not in final stepwise model; †Cheung et al. (Cheung et al., 2006) and Herridge et al. 

(Herridge et al., 2011) studies used the same ARDS cohort but reported factors associated with two 

and five year costs.
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Table 12. Detailed reporting of sources of resource data, index hospital costs and non-health care costs. Table continued over page: see legend on following page. 

  

Author, 
Year 

Cost year 
and 

original 
currency 

Follow 
up period 

Resource data source 
Stratification 

factor 
Cohort 

(n) 

Index 
hospital 

admission 

Post-
discharge  

costs 
(from Table 

10) 

Total health care 
cost including index 

hospitalisation  
2011 US$ 

Non-health care 
services 

Non-health 
care costs 

Manns, 
2003  

1999 
CAN$ 

1 year 

Micro-costing for dialysis; in-hospital 
costs from administrative database. 
Physician claims from linkage to other 
database. 

Total 66  31412    

Renal recovery 46 NR 11717 N/A NR NR 

Chronic HD 20  76711    

Lee,  
2004  

2001 
CAN$ 

3 years Administrative databases 

Year 1 502  20739    

Year 2 412 NR 7104 N/A NR NR 

Year 3 250  7058    

Herridge, 

2011
§
  

2009 
CAN$ 

5 years* 

Administrative databases, hospital and 
outpatient records review, patients' 

monthly diaries
†
 and self-reports at 

visits.  

Year 1 83  18947  

Social worker and 
homemaker 

worker 

Costs 
included in 

post-
discharge 

costs 

Year 2 69  8395  

Year 3 71 95062‡ 5149 N/A‡ 

Year 4 63  4883  

Year 5 64  4727  

Jones, 

2003
||
  

2000 UK£ 6 months* 

Data collected prospectively for clinical 
trial through patient interview and 
medical records review. Social services 
data obtained directly from local 
authority.  

Total 102  1769  

Social services 

1 

Intervention 58 NR 1787 N/A 1 

Control 44  1750  0 

Peek,  
2009  

2005 UK£ 6 months* 

Data collected prospectively for clinical 
trial through patient interview, patient –
completed events diary and cost 
questionnaire. 

Total 177 94210 1645 95855 Unpaid help from 
family; nursing 
home; transport 

for outpatient visits 

5904 

ECMO 90 129786 1852 131638 7751 

Control 87 57408 1430 58838 3993 

Douglas, 
2007  

2001 US$† 2 months 
Resource use diary and administrative 
database 

Total 334  67885    

DMP 231 NR 66927 N/A NR NR 

Control 103  70459    
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Table 12. Detailed reporting of sources of resource data, index hospital costs and non-health care costs.  

All costs are converted to US$ 2011. This table supplements Table 7 and Table 10. *The study follow up period includes some time spent in hospital during the 

index admission. Therefore, the actual post-hospital discharge period is shorter than the reported figure.  †Patient reported resource use verified by medical record 

review or administrative database. ‡Index hospitalisation costs relate to 18 additional members of the cohort who did not contribute to post-discharge costs (total 

n=117); §Some data extracted from publication by Cheung et al. reporting two-year outcomes for the same cohort.(Cheung et al., 2006). ||Some data extracted from 

economic evaluation of study published separately (Tan et al., 2009) and cohort denominator for resource data confirmed by contacting authors. N/A= not 

applicable; NR= not reported. For additional abbreviations see Table 7 legend. 

 

Author, 
Year 

Cost year 
and 

original 
currency 

Follow 
up period 

Resource data source 
Stratification 

factor 
Cohort 

(n) 

Index 
hospital 

admission 

Post-
discharge  

costs 
(from Table 

10) 

Total health care 
cost including index 

hospitalisation  
2011 US$ 

Non-health care 
services 

Non-health 
care costs 

Clermont, 
2011 

2010 US$ 1 year* 
Patient interviews; acute hospital stay 
from administrative databases 

Total 429 95832 41325 137157 

Lost wages 

6006 

PAC 210 99833 46895 146728 6559 

CVC 219 91995 35983 127978 5476 

Douglas, 
2002  

1998 US$ 1 year Patient diaries
†
 

Total 156  148454    

LTV 99 NR 180994 N/A NR NR 

STV 57  91937    

Hamel, 
2000  

1998 US$ 1 year* 
Post-index hospitalisation hospital 
costs: Medicare financial data linked to 
SUPPORT study data 

None 963 95860 24400 120260 NR NR 

Lipsett, 
2000  

1996 US$ 1 year* 
Readmission status from interviews, 
with cost from database 

None 75 168315 67991 236306 NR NR 

Unroe, 
2010  

2007 US$ 1 year 
Medical records review, administrative 

billing records and patient interview
†
 

None 99 242339 101627 343966 
Transportation 

costs 
11830 
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 Recommendations Why this is important 

1 Provide a separate table of baseline 
characteristics including age, pre-
existing illness and pre-admission 
resource use for the cohort for whom 
health care resource use is reported if 
different from the main study cohort. 

Age, pre-existing illness and pre-admission 
resource use are likely to be determinants of 
post-discharge resource use. If there is a 
systematic difference between the subcohort for 
whom resource use is available compared with 
the main cohort, this makes generalisability of 
findings difficult to a new study population. 

2 Report units of health care resource in 
addition to costs. 

Measures of units of resource use are more 
comparable between countries than cost 
measures. 

3 Report resource use separately for 
the acute index admission and post-
acute care facilities. 

Post-acute health care organisation is likely to 
differ more substantially between countries. 
Stratification of resource use measures by facility 
would allow easier generalisability to a local 
situation.  

4 Provide a description of the typical 
pathways taken by patients during 
and after an episode of critical illness. 

An understanding of the setting of the health care 
organisation in which the study was conducted 
allows an assessment of applicability to a local 
situation. 

5 Report mean measures of resource 
use in addition to medians and clearly 
define the population constituting the 
denominator. 

Median measures of resource use do not allow 
total costs/units to be calculated. However, total 
costs/units cannot be derived from mean 
measures without clear reporting of a 
denominator population. 

6 Provide a flow diagram which 
accounts for patient numbers at each 
stage of the follow- up period. 

A diagram annotated with the time points at 
which different measures of resource use have 
been collected and the population on whom they 
were collected improves clarity and facilitates 
application of resource data to future studies. 

7 Report the method used to account 
for resource use data of patients who 
die or are lost to follow up. 

Survivors and non-survivors are likely to have 
different resource use profiles. If it is not possible 
to collect resource use data for non-survivors, 
this should be stated explicitly. 

8 Report factors assessed for an 
association with resource use, 
whether or not an association is 
demonstrated, using appropriate 
statistical methods.  

It is equally important to identify factors 
associated with resource use along with those 
not associated with resource use. The study 
should be adequately powered to test for 
associations. 

9 Consider the collection and reporting 
of non-health care resource data and 
measures of quality of life. 

Non-health care costs can be substantial but may 
be difficult to collect and quantify. Measures of 
quality of life allow cost-effectiveness analyses to 
be undertaken.  

Table 13. Recommendations and rationale for reporting resource use data. 
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Figure 2. Flow chart detailing the two-stage search strategy to identify relevant articles. 

 

4909 records 
identified for title and 

abstract review 

150 full texts 
articles retrieved 

159 full text 
articles reviewed 

18 articles 
reported post-
acute hospital 

14 articles 
included in 

4759 excluded: not relevant 
or duplicates 

9 full texts retrieved from hand 
searching 

141 articles excluded: 
-50 index hospital costs only 
-51 no resource data reported 
-21 not reported at individual level 
-8 non-ICU patients included 
-11 other reasons 

 

4 articles reported data from 
cohorts used in remaining articles 
but supplied additional information 
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4 Measuring comorbidity in research using health care 
databases 

4.1 Overview 

In this chapter, I describe the methods used to measure comorbidity in health care databases with a 

particular focus on intensive care populations. I found it necessary to undertake a detailed review of 

the literature once I discovered that there was no validated method for measuring comorbidity within 

the Scottish databases. The chapter starts with an overview of the definition of comorbidity and the 

methods used to derive comorbidity indices, followed by a review of published comorbidity indices. I 

finish the chapter by summarising the evidence base for using comorbidity measures in intensive care 

populations. 

4.2 Understanding comorbidity and derivation of indices 

4.2.1 Defining comorbidity 

Comorbidity refers to diseases or disorders that coexist with an index disease (Gijsen et al., 2001). 

These diseases would be expected to have an influence on certain outcomes, such as mortality, health 

care resource use, quality of life and the probability of receiving treatment (Gijsen et al., 2001; Hall, 

2006). Some authors distinguish comorbidity from multimorbidity (de Groot et al., 2003; van den 

Akker et al., 1998), which is defined by the co-occurrence of two or more diseases with no reference 

to an index disease. It is often essential to have a measure of comorbidity when undertaking 

epidemiological studies. This is because imbalances in comorbidity burden between comparator 

groups can compromise the internal validity of observational studies due to confounding. Depending 

on the nature of the research question, comorbidity can also be used to assess for effect modification 

of an exposure-outcome association,  or used as a predictor of a study outcome (de Groot et al., 2003).  

In research using administrative databases, there are often a number of variables in a database which 

can contribute to a measure of comorbidity burden, with each variable frequently having many 

potential values (Schneeweiss et al., 2000). Transforming these variables into a more manageable 

measure, such as a single summary comorbidity index, allows for a simplified comparison between 

study groups. A single summary measure also improves the statistical efficiency of analyses, 

particularly if effect modification needs to be assessed by entering interaction terms in to a statistical 

model (de Groot et al., 2003). In addition, if a standard comorbidity index were available which had 

been validated in multiple study populations, the comparability of different published studies might be 

improved (Schneeweiss et al., 2000). There is a disadvantage to simplifying comorbidity burden into a 

single index; the process of deriving and validating the index can produce a measure that is no longer 

generalisable to studies conducted in a different population with a different index disease. 
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4.2.2 Derivation and validation of comorbidity indices 

A comorbidity index comprises three components: disease items, a severity scale, and a scoring 

system which weights the disease items (Hall, 2006). The index is usually derived by collecting data 

on the comorbid conditions and outcomes of interest, often mortality, in a study population. These 

comorbid conditions are then entered as covariates into a statistical model with the outcome of interest 

designated the dependent variable. If the model is shown to have sufficient predictive power, the 

resulting hazards ratios, relative risk ratios (RR) or odds ratios (OR) can then be used to weight the 

conditions to produce a simplified summary score.  

It is accepted that validation of these indices, specifically criterion validation, is difficult to undertake 

as there is no true gold standard measure of comorbidity (Schneeweiss et al., 2000). Instead, the 

degree of comorbidity is assumed to be correlated with a relevant outcome, such as poorer survival, 

increased health care resource use or possibly worse quality of life (Gijsen et al., 2001; Schneeweiss 

et al., 2000). This assumption is then used to assess how well a comorbidity index predicts one of 

these parameters, known as predictive criterion validity (Hall, 2006). When a comorbidity index is 

shown to accurately predict an outcome, it is assumed to be a valid tool for controlling the 

confounding caused by comorbidity in the relationship between an exposure and the same outcome 

(Schneeweiss et al., 2000). A number of comprehensive reviews have critically appraised the validity 

of published comorbidity indices (de Groot et al., 2003; Hall, 2006; Needham et al., 2005; 

Schneeweiss et al., 2000). 

4.2.3 Generalisability 

In order to minimise residual confounding when adjusting for comorbidity in an epidemiological 

study, the ideal comorbidity index would be derived from a similar population, using the same method 

to ascertain comorbidity (for example, case note review), for patients with the same index condition. 

However, this method has its own disadvantages. The index would need to be validated and calibrated 

for each study which would be resource intensive and therefore reduce efficiency. Furthermore, the 

study could not easily be replicated in a different population. In addition, using a tailor-made 

comorbidity index would reduce comparability of studies.  

Concerns relating to generalisability of a comorbidity index may be related to the methods used at 

each stage of the process of its derivation. Membership of the study population chosen to derive the 

index may be limited to a particular group, for example, acute medical admissions or elective surgical 

patients. Alternatively, a comorbid index derived from a general population may not be generalisable 

to a specific group of patients, for example, a cohort of patients with cancer (Holman et al., 2005). 

The comorbid conditions may be ascertained by directly questioning patients, from administrative 

databases or from case note review, each of which is associated with its own degree of measurement 

error. Questioning patients regarding their comorbidity is likely to be affected by recall bias as well as 

being resource intensive. Comorbidity data derived from hospital or insurance claims administrative 

databases are relatively cheap, but non-symptomatic comorbidities have been shown to be under-
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represented whilst those that are symptomatic or yielding higher payments are more likely to be coded 

(Schneeweiss et al., 2000). Case note review is resource intensive but results in more comorbidities 

being recorded than when using administrative data alone (Sarfati et al., 2010b). The choice of which 

comorbid conditions to include in the model may be determined by the index disease of interest (Hall, 

2006), or from the magnitude of association of comorbidities with the outcome (Charlson et al., 

1987). This may lead to exclusion of diseases during the derivation of an index in a general population 

which have a significant effect on outcome for a particular subgroup (Holman et al., 2005).  

4.2.4 Outcomes for comorbidity indices 

Mortality is one of the most common outcomes used when deriving a comorbidity index (de Groot et 

al., 2003). However, the diseases and weighting applied to each disease that are included in a 

comorbidity index for this outcome may not be the same as those which best predict other outcomes, 

such as health care resource use (Elixhauser et al., 1998). Even when considering mortality alone, it is 

feasible that certain comorbidities are more likely to predict short term rather than long term mortality.  

4.2.5 Considerations when deciding on a comorbidity index 

Before using a comorbidity index to adjust exposure-outcome association in a new study, it is useful 

to consider if there are systematic differences in the parameters listed above between the new study 

and the original studies that describe the derivation and validation of the comorbidity index. If there 

are substantial differences, it may not be appropriate to use an ‘off-the-shelf’ measure of comorbidity. 

An alternative may be to use a defined list of comorbid conditions, such as those identified by 

Elixhauser et al. (1998), and enter the individual comorbidities into a statistical model to allow study 

specific weights to be applied to each comorbidity individually. This reduces the potential problem of 

applying weights to comorbidities which may have been derived using a different study population or 

outcome. It also allows some degree of comparability between studies if the same list of comorbidities 

is used consistently. However, this method would be statistically inefficient, requiring a large number 

of observations in the model. This is not usually a limiting factor in research using large 

administrative databases. 

4.3 Published comorbidity indices  

Three measures of comorbidity burden were identified from a review of the literature which may be 

relevant to intensive care research using administrative databases: the Charlson Comorbidity Index 

(CCI), comorbidities identified by Elixhauser et al., and the Multi-purpose Australian Comorbidity 

Scoring System (MACSS). The main features of these indices are summarised in Table 14.  
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4.3.1 Charlson Comorbidity Index 

4.3.1.1 Derivation and validation 

The most widely used comorbidity index, the CCI, was derived from a cohort of 607 acute medical 

inpatients in a single New York hospital over a one month period in 1984 (Charlson et al., 1987). 

Comorbidities were ascertained from retrospective case note review. Three case notes could not be 

located and a further 45 patients were lost to follow up and were therefore censored in the survival 

analyses. The outcome was one year mortality after hospital admission. Of the 30 categories of 

diseases tested for a statistically significant univariate association with the outcome, 19 categories, 

representing 17 diseases, were independent predictors of the outcome in the final model. Liver 

disease, cancer and diabetes had two levels of disease severity. Each disease was weighted with a 

score of 1, 2, 3 or 6 which was derived from relative risk estimates of the hazards ratio produced from 

a backwards stepwise Cox proportional hazards model. The final regression model comprised the sum 

of weighted comorbidity scores, severity of illness on admission and reason for admission. The model 

explained more of the variance in predicting the outcome than a simple unweighted count of 

comorbidities (2=208, df=3, R=0.30 for weighted model compared with 2=96, df=3, R=0.20). The 

CCI was then validated in a population of 685 women with breast cancer treated between 1962 and 

1969 in a single centre to predict 10 year mortality. Deaths attributable to cancer were censored as 

‘withdrawn alive’ from the analysis, thereby restricting the outcome to 10-year mortality due to non-

cancer causes. Only age and the weighted comorbidity index were significant predictors of death. 

4.3.1.2 Adaptations for health care databases 

The CCI has subsequently been adapted and validated in other cohorts of patients. Of relevance to 

research using administrative data, Schneeweiss and Maclure (2000) identified four research groups 

who had mapped the comorbidities used in the CCI to ICD-9 codes and then validated the adapted 

CCI in health care databases in North America. Three of the adaptations (Deyo, Dartmouth-Manitoba 

and Ghali) were validated in post-operative surgical populations. The D’Hoore adaptation was 

validated in a medical inpatient population. The performance of these adaptations is compared in 

Table 15. The Deyo adaptation, one of the more commonly used methods, and the D’Hoore 

adaptation, which was validated in acute medical population, are discussed further here.  

Deyo et al. (1992) used a database of Medicare claims to identify patients who had undergone lumbar 

spine surgery in 1985. Those with end stage renal disease or in receipt of disability benefits were 

excluded because these conditions could ‘adversely affect the outcomes of back surgery in a 

misleading manner.’ The conditions used in the original CCI were mapped to ICD-9CM codes and 

weighted using the original weights derived by Charlson before adding the scores together to produce 

an index. If a Charlson condition, such as myocardial infarction, had been coded as occurring during 

the same admission as the index surgery, the authors assumed that it was a complication of surgery 

rather than a comorbidity and excluded it from the calculation of the CCI. Simple analysis of variance 

or chi-square tests were used to assess for an association between the modified index (categorised in 
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to 4 groups: CCI score 0, 1, 2, 3 or more) and the outcomes listed in Table 14. All associations were 

significant at the 5% level, even after adjusting for age. 

Melfi and colleagues (1995) compared the Deyo adaption of the CCI with other indices, including a 

simple count of number of diagnoses on Medicare claims, in a cohort of Medicare claimants 

undergoing total knee replacement. It is worth noting that 99.4% of patients had a CCI of 3 or less, out 

of a possible total score of 33. The CCI was associated with 30 day mortality, improving the area 

under the receiver operator curve (AUC) for the baseline model, which included age, type of arthritis, 

sex and race, from 0.645 to 0.653. However, a simple count of diagnoses improved the AUC of the 

model to 0.733. Similarly, for length of stay, the R2 of the baseline model was improved from 0.170 to 

0.174 with the addition of the CCI, and to 0.211 with the count of diagnoses, indicating that a simple 

count of diagnoses explained more of the variability in the outcome than the CCI. 

A simplified version of ICD-9 codes were allocated to diagnoses in the D’Hoore adaptation of the CCI 

(D'Hoore et al., 1996). The authors used only the first 3 digits of the ICD-9 code which meant that 

some of the detail available from diagnostic coding was lost. The original weights assigned by 

Charlson were used with some minor modifications. The distinct categories of diabetes with 

(weighting=2) and without (weighting=1) complications in the original CCI were merged to create a 

single diabetes category (weighting=2) due to the simplification of the ICD-9 coding which could no 

longer distinguish between them. Also, the comorbidity AIDS, with an original weighting of 6, was 

excluded from the new score with no explanation. This resulted in a modified CCI containing 17 

comorbid categories, representing 16 distinct comorbidities. The authors did not exclude the index 

condition when calculating the weighted score. They validated their index using a cohort of patients 

admitted with ischaemic heart disease (IHD) to Quebec hospitals. The baseline model to predict in-

hospital mortality contained the variables sex, age and principle diagnosis (acute myocardial 

infarction compared with other IHD diagnoses). When a categorised, 5 level ordinal version of their 

comorbidity index was added to the baseline model, it significantly improved the model fit (likelihood 

ratio 2=1676.5, 1df, p<0.0001), with a resulting AUC of 0.87. No AUC statistic was given for the 

baseline model. 

4.3.2 Elixhauser comorbidities 

4.3.2.1 Derivation and validation 

Dr Elixhauser and colleagues devised a method for adjusting for comorbidity in large datasets in 

response to the limitations of the adaptations to Charlson’s index (Elixhauser et al., 1998). They took 

advantage of the very large Californian hospital discharge dataset to allow population-specific weights 

to be applied to comorbidities instead of constructing a unified comorbidity index (Table 14). 

Although not explicitly stated, it appears that comorbidity data were derived from the index admission 

record, with no look back period applied to extract data from previous admissions. The thirty 

comorbidities used in the final model were chosen after reviewing the literature and testing 
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associations between comorbid diseases and outcomes within their own dataset. Three outcomes were 

used as the dependent variables: hospital mortality, length of stay in hospital, and hospital charges. 

The baseline model to which comorbidities were added consisted of patient characteristics known to 

be associated with the outcomes: age, race, sex, expected primary payer, emergency admission, 

surgery performed, and presence of a complication arising during admission. The addition of the thirty 

comorbidity variables improved the explanatory power of the models predicting continuous outcome 

variables (length of stay and hospital charges) when compared with the baseline models, with R2 

values increasing from 0.06 to 0.13 and 0.18 to 0.26 respectively (Table 15). No equivalent summary 

statistics were calculated to assess the improvement in the predictive ability of the model for hospital 

mortality. A number of comorbidities were found to be associated with a reduction in the risk of 

hospital mortality. These included valvular heart disease (OR 0.9), hypertension (0.6), hypothyroidism 

(0.7), peptic ulcer disease excluding bleeding (0.8), obesity (0.5), anaemia due to blood loss (0.9) and 

depression (0.6). Overall, 7 out of the 25 comorbidities (28%) were associated with statistically 

significant reduction in hospital mortality. 

The authors acknowledged that the cohort of all hospital admissions was very heterogeneous. They 

therefore tested the predictive ability of their chosen comorbidities in ten subgroups of more 

homogeneous patients (e.g. breast cancer, asthma). This showed that the explanatory power of the 

models improved for predicting length of stay and hospital charges in all ten subgroups, although the 

degree of improvement varied by subgroup (hospital charges: 0.03 to 0.10 absolute change in R2; 

length of stay: 0.03 to 0.07). Again, no equivalent summary statistic for model fit was presented for 

the models predicting mortality. However, five of the thirty comorbidities were associated with a 

significant increase in hospital mortality in all 10 subgroups: congestive heart failure, other 

neurological disorders, renal failure, coagulopathy and fluid/electrolyte disorders. 

4.3.2.2 Strengths and limitations 

The method used by Elixhauser and colleagues has advantages over the ‘one size fits all’ approach of 

constructing a single comorbidity index. Entering comorbidities individually into a model allows 

coefficients to be derived which are likely to be more relevant to predicting a specific outcome for a 

specific disease in a predefined subpopulation. For example, anaemia due to deficiency was associated 

with a reduction in risk of hospital death in patients with acute myocardial infarction (OR 0.7) but an 

increased risk in patients undergoing a hernia operation (OR 2.4). A limitation of Elixhauser’s method 

was not using a look back period. This increases the chance of incorrectly counting a complication 

arising as a result of the primary disease during an admission as a comorbidity. Although the authors 

made reasonable attempts to account for this, it is unlikely that this would have entirely removed this 

misclassification bias. This may be the explanation for the finding that coagulopathy, renal failure and 

fluid/electrolyte disorders, conditions which are frequently complications of an acute illness, were 

associated with hospital mortality in all ten subgroups. The authors’ explanation for the association 

between some comorbidities and a decreased risk of hospital death was the reduced frequency of 
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coding of these less serious conditions when the primary condition was a serious illness. However, if 

admission was related to a more trivial illness, comorbidities such as depression or hypertension were 

more likely to be coded. 

4.3.3 Multi-purpose Australian Comorbidity Scoring System 

4.3.3.1 Derivation and validation 

An Australian group proposed that it should be possible to devise a comorbidity scoring system that 

would outperform the Charlson index given the availability of large amounts of information in health 

care administrative databases. They used the Western Australia data linkage system to define three 

separate cohorts of inpatients: medical, psychiatric, and those undergoing a procedure (Table 14). A 

comorbidity was included in the preliminary list if any of the following criteria were fulfilled: it was 

one of the 100 most frequent comorbidities in any of the three cohorts; it was included in the Deyo 

adaptation of the CCI (Deyo et al., 1992); or it was one of the 30 comorbidities identified by 

Elixhauser et al. (1998). Comorbidities that were explicitly coded in ICD-9CM as a complication were 

excluded. In addition, comorbidities that were the same as the primary reason for admission in the 

index record were excluded. The authors then undertook separate regression analyses in which the 

preliminary list of comorbidities was entered into models to predict three outcomes: mortality at one 

year, readmission within 30 days, and length of stay in hospital. These three analyses were repeated in 

each of the three cohorts. A comorbidity was selected for inclusion in the final comorbidity score if it 

was independently associated with one year mortality (RR1.1), 30 day readmission (RR1.1), or an 

increase in length of stay (0.5 days). The final MACSS list comprised 102 comorbidities.  

Five subgroups of patients, defined by a single condition or procedure, were selected to assess the 

performance of the MACSS: two medical (asthma, acute myocardial infarction), two procedural 

(transurethral resection of prostate for benign prostatic hypertrophy, mastectomy for breast cancer), 

and one psychiatric (admission for major depressive episode). The authors decided to measure 

performance of their models in subgroups rather than the whole cohort because the heterogeneity in 

the cohort as a whole would have ‘diminished the relative contribution of comorbidity to the variance 

in patient outcomes.’ This would have had the effect of reducing the performance of the MACSS. The 

performance was compared to the Charlson Index using a number of methods. For the two binary 

outcomes, the deviance for Cox regression (-2 log likelihood function) and the AUC for the logistic 

regression model were reported. For the continuous outcome, the R2 statistic from multiple linear 

regression was reported. Unlike the other studies in this review, the authors attempted to show how 

well their score adjusted for the confounding effect of comorbidity. They did this by assessing the 

effect of being admitted to a teaching hospital compared with being admitted to a non-teaching 

hospital for each of the three outcomes (one year mortality, 30 day readmission and length of stay) in 

each of the five homogeneous subgroups. They assumed that teaching hospitals would admit more 

complex patients with more comorbidities and therefore crude measure of these association would be 

of greater magnitude in those admitted to teaching hospitals. However, once these associations were 
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adjusted for the confounding effects of comorbidity, they expected that the magnitude of association 

would be reduced. 

The MACSS score was superior to the Charlson index in terms of Cox regression deviance (model 

fit), AUC measures (discrimination) and R2 for all five subgroups. Interestingly, despite an only 

marginal improvement in the performance of the MACSS score when measured by its discriminatory 

ability (AUC statistic), the effect on reduction in the odds ratio was marked in some analyses. For 

example, the AUC for the model which predicted one year mortality in asthmatics was 0.88 for the 

Charlson index, improving to 0.90 for the MACSS score. However, the OR for one year mortality for 

admissions to a teaching hospital vs non-teaching hospital reduced from 1.46 to 1.43 when adjusting 

for comorbidity using the Charlson index compared with a reduction to 1.26 when using the MACSS 

score. This raises the question of what the ‘true’ effect of adjusting for comorbidity when comparing 

teaching hospital admissions to non-teaching hospital admissions: does the MACSS score ‘over 

adjust’ and the Charlson index correctly adjust for the confounding effect of comorbidity rather than 

vice versa? 

4.3.3.2 Strengths and limitations 

A number of key features of the MACSS score, which would be required to decide on its suitability as 

a comorbidity index, were not reported in the methods section of the paper. For example, it was 

unclear if the comorbidity score was entered into models as a single continuous variable (with a value 

of between 0 and 102 if each condition had an equal weighting) or as 102 separate binary variables. 

There was also no indication of how the conditions in the Charlson index were mapped to ICD-9 

codes, or whether an accepted modification of the CCI for use with administrative databases was used. 

It may be possible to obtain some of this information from a follow up study (Preen et al., 2006) if we 

assume that the authors used the same methods in both studies. Their second study was undertaken to 

assess the ideal look back period for developing the MACSS score. In this study, the 102 

comorbidities were entered as individual variables into the regression models. Each model included 

terms to adjust for age, sex, indigenous status and primary diagnosis.  

A comorbidity score which requires up to 102 terms to be entered in a regression model loses 

statistical efficiency and could, therefore, only be used when the number of participants in a study is 

very large. The gains in model performance may not have been as great if the MACSS was compared 

with the Elixhauser method rather than Charlson index. This is because the Elixhauser method allows 

up to 30 comorbidities to be assigned empirical weights from the model in which they are entered 

instead of the sum of assigned weights that Charlson and colleagues derived from their original study. 

However, there are a number of strengths in the methods that Holman and colleagues used in deriving 

and testing the MACSS. They used three different cohorts of patients and three different outcome 

measures in the preliminary stages to select the 102 comorbidities used in the final score. 

Furthermore, they tested the score’s performance in relation to the three outcomes in five subgroups of 
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patients, and demonstrated the effect of adjusting for comorbidity in a scenario which was both easy 

to understand and clinically relevant. 

4.4 Comorbidity indices in intensive care populations 

A large number of studies in intensive care populations are undertaken using epidemiological 

methods. Adjusting outcomes for confounding in these studies is usually undertaken by including one 

of the illness severity scores that have been derived from intensive care populations, rather than one of 

the generic comorbidity indices. The Scottish ICU dataset collects data to calculate two illness 

severity scores: the APACHE II score (Knaus et al., 1985) and Simplified Acute Physiology Score 

(SAPS) II (Le Gall et al., 1993). In the rest of the UK, the ICNARC Model is the most widely used 

scoring system (Harrison et al., 2007). The three scores have been validated to predict death at 

discharge from hospital. Each score comprises three components: i) 12 variables related to measures 

of acute physiology; ii) an age variable which is categorised; and iii) other variables, such as 

comorbidity. The acute physiology component contributes the largest number of variables to each 

score, and is interpreted as a measure of severity of acute illness. The scores differ in which variables 

constitute the ‘other’ component of the score (Table 16). Although these scores are viewed primarily 

as measures of acute physiological derangement, the inclusion of terms relating to age and chronic 

diseases means that they will, in part, account for some of the disease burden caused by comorbidity. 

The ICNARC model does not contain specific terms for chronic diseases as the removal of chronic 

disease terms during model development did not significantly alter the performance of the model. 

However, the inclusion of age and a variable for cardiopulmonary resuscitation (CPR) would explain 

some degree of comorbidity. 

4.4.1 Considerations when deciding on a comorbidity measure in ICU 

research 

Deciding on a method to control for comorbidity in research using intensive care databases requires a 

number of considerations to be taken into account. Administrative intensive care databases may 

contain variables for age, illness severity scores and a generic comorbidity measure, particularly if 

they can be linked to hospital databases, as is the case in Scotland. Where controlling for confounding 

is required in this scenario, it may be preferable to extract the acute physiology component of the 

illness severity scores only, as age and comorbidity can be entered separately into regression models. 

However, the score of the acute physiology component alone would not be valid as the weights 

applied to the physiological variables are mutually adjusted for age and the ‘other’ components when 

predicting the outcome. A valid alternative would be to enter the 12 acute physiology variables as 

individual elements into a regression model.  

In a study which compares outcomes between an intensive care population and a hospital population, 

adjustment would need to be made using a comorbidity index which consists of variables recorded in 

both population datasets. The detailed physiological variables recorded in the ICU illness severity 
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scores are rarely recorded in hospital administrative databases. This would mean a generic 

comorbidity measure derived from ICD codes would need to be used. 

Furthermore, illness severity scores are used to adjust for a variety of outcomes in intensive care 

research. The ability of these scores to predict outcomes such as long term survival, resource use or 

length of stay, is unknown. This may lead to residual confounding, primarily because the scores have 

only been validated for hospital mortality. The most recent versions of these scoring systems, referred 

to as ‘fourth generation’ scores, have been developed to address some of these shortcomings. 

APACHE IV has been validated for outcomes measuring resource use, including ICU length of stay, 

duration of mechanical ventilation and risk of receiving active therapy (Zimmerman et al., 2006). The 

SAPS III score (Moreno et al., 2005) was developed to improve its generalisability compared with 

APACHE. It used data from ICUs in five continents, unlike APACHE IV which used patients only 

from the United States. 

4.4.2 Studies comparing severity of illness scores with comorbidity indices 

Needham and colleagues undertook a systematic review of the literature relating to the use of the 

Charlson Comorbidity Index to adjust for outcomes in intensive care research (Needham et al., 2005). 

They found only one study that compared how well the CCI and the chronic health component of the 

APACHE II score predicted hospital mortality (Poses et al., 1996). It was undertaken in a cohort of 

201 consecutive inpatient admissions to an ICU and intermediate ICU in a single centre in 1987, of 

which 183 had complete data. The chronic health component of the APACHE II score can take the 

values 0, 2 or 5. The presence of immunosuppression or one of four organ system dysfunctions 

(cardiovascular, respiratory, liver or renal) increments the score to 2 for a patient admitted following 

an elective surgical operation or to 5 if the patient is an emergency admission. Data were collected 

prospectively from case note review, physician interview and clinical examination, and are therefore 

not comparable to a comorbidity index derived from administrative data. They found that the CCI was 

able to discriminate between dead and alive patients at hospital discharge (AUC 0.67, standard error 

(SE) 0.05). This was better than the discriminative ability of the chronic health component of the 

APACHE II score (AUC 0.57, SE 0.05), which did not reach statistical significance (no p-value 

reported). However, the full APACHE II score including all components had better predictive ability 

(AUC 0.87, SE 0.04). On addition of the CCI into the model containing all components of the 

APACHE II score other than the chronic health component , the improvement in the 2 statistic of the 

model was significant (p=0.03), but not following addition of the APACHE II chronic health 

component (p=0.19). The addition of the CCI into the model containing all components of the 

APACHE II score did not lead to a significant improvement in the 2 statistic of the model (2.9, 

p=0.09). 

The findings of this study would be difficult to generalise to intensive care data linkage research in the 

UK for a number of reasons. The study population was derived from a single centre over two winter 

months and included admissions to an intermediate intensive care unit in the USA. This population is 
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likely to be different in terms of case-mix and severity of illness to the general ICU population in the 

UK. In addition, the CCI was calculated prospectively following case note review and patient 

examination making it likely to be much more accurate than a database derived index. From a general 

epidemiology viewpoint, the sample size was small with a low number of outcome events in some 

subgroups (for example, the 11 patients with an APACHE chronic health component score of 2 had 

only 1 death), rendering it underpowered to undertake comparisons between indices. 

Three additional studies have been published which were not included in the review. The first was 

undertaken in Canada using an administrative database of all emergency admissions to a single 

medical/surgical ICU in Vancouver from 1998 to 2003 (Norena et al., 2006). 1603 out of 1808 had 

complete data. The APACHE II score was compared to a modified version of the CCI for use with 

administrative databases (D'Hoore et al., 1993). The comorbidity index was calculated using 

admissions to the same hospital during a one year look back period. However, only 378 of the cohort 

had a previous admission during the previous year, either because they were well enough not to 

require admission, or they were admitted to other hospitals, an event which would not have been 

captured in the study database. Hospital mortality and hospital length of stay were two of the 

outcomes measured. All analyses adjusted for age, sex, socioeconomic status, source of admission and 

diagnostic category.  

APACHE II score was a better discriminator of hospital mortality than the CCI (AUC 0.77 vs 0.69, no 

confidence intervals reported nor significance tests undertaken). Gamma regression was used to model 

the effect of the two scores on hospital length of stay. In addition to reporting the relative risk for a 

one point change in each score, the ratio of length of stay for a patient in the 75th percentile compared 

to a patient in the 25th percentile was used to better compare the associations of length of stay with 

CCI and APACHE II. APACHE II score was not independently associated with hospital length of stay 

(RR 0.997 per point, 95%CI 0.991 to 1.003). Comparing the 75th percentile of APACHE II score to 

the 25th percentile, there was also no association between APACHE II and hospital length of stay (RR 

0.97, 95%CI 0.90 to 1.04). However, on stratification by survivor status, APACHE II was positively 

associated with length of hospital stay in survivors (RR 1.3), and negatively associated in non-

survivors (RR 0.7). A one point increase in CCI was associated with a 4% increase in hospital length 

of stay (RR 1.04, 95%CI 1.01 to 1.07). Comparing the 75th to 25th percentiles, CCI was positively 

associated with hospital length of stay (RR 1.08, 95%CI 0.9 to 7.2). This association remained 

positive in both survivors and non-survivors (stratum specific RR 1.15 and 1.14 respectively). When 

CCI and APACHE II were entered simultaneously into the models, both independently predicted 

hospital mortality, although the magnitude of the RR for CCI reduced to 1.12. The associations 

between a one point change in CCI and hospital length of stay and APACHE II and hospital length of 

stay remained unchanged in terms of both magnitude and statistical significance. 

In this study, the main limitation is the likelihood of measurement error in the primary exposure 

variable: comorbidity. The majority of the cohort had the comorbidity index derived solely from 
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secondary diagnoses coded during the index admission. This was because there were no previous 

admission episodes in the dataset. This is likely to significantly underestimate the burden of 

comorbidity, given that other groups have reported the optimal look back period to ascertain 

comorbidity burden is between one and five years in administrative databases (Preen et al., 2006). 

This is acknowledged by the authors in their discussion. A secondary analysis restricted of the 378 

cases with previous admissions in the dataset did not alter the measures of exposure-outcome 

associations, although no data are reported to confirm this. As with the previous study, this is a single 

centre study in which hospital-based measures used as outcomes are likely to be more biased than in 

multicentre studies. It is also worth noting that the maximum score of chronic health component of 

APACHE II is 5 out of a total score of 71, which may not have made a significant difference to the 

outcomes reported if excluded. An additional concern is the use of all components of the APACHE II 

score in the final analysis when both CCI and APACHE II were simultaneously entered into the 

models. APACHE II combines measures of both acute physiological derangement and comorbidity. It 

may have been better to use only the acute physiology score (APS) component in the analysis if the 

aim of the model was to compare a measure of severity of illness to one for comorbidity. However, if 

the purpose of the model was to investigate if current risk adjustment methods used in hospital 

outcome comparisons can be improved upon, the authors’ chosen method would have been 

appropriate.  

The second article used data from the Veterans Affairs (VA) administrative database in the USA 

which covered 17 areas and 43 ICUs over a 17 month starting in 1996 (Johnston et al., 2002). Data 

relating to 17,893 veterans were included in the analysis. The aim of the study was to compare the 

impact of different measures of comorbidity burden on hospital mortality for ICU patients. 

Comorbidity burden was derived from the VA database and was measured in three ways: APACHE 

III chronic health evaluation conditions weighted using the APACHE III system (Table 17), a count of 

the thirty conditions described by Elixhauser et al. (1998), and the thirty Elixhauser conditions 

independently weighted. 

In the whole cohort, APACHE III weighted comorbidities had the poorest ability to discriminate 

between hospital mortality status (AUC 0.57). The Elixhauser comorbidity count was somewhat better 

when derived from the index hospitalisation only (AUC 0.60) or the index and prior hospitalisations 

(AUC 0.63). However, the independently weighted Elixhauser comorbidity variables had the best 

ability to discriminate regardless of whether derived from index or previous hospitalisations (AUC 

0.70 for both). A second analysis was undertaken adding other patient characteristics to each model 

(age, a proportion of the variables that contribute to the APACHE III acute physiology score (11 

laboratory values with APACHE III weights applied) diagnosis and source of admission. The 

discriminative ability for all three measures improved with the additional variables (AUC 0.87, 0.87 

and 0.88 respectively). The relative contribution of each component of the third model was calculated 

using the percentage of the 2 statistic for the overall model explainable by each component. This 
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approach demonstrated that comorbidity explained 8.4% of the predictive ability of the model, 

compared with acute physiology (68%), diagnosis (18%), age (4%), and admission source (2%). 

The strengths of this paper lie in its sample size and the completeness of the database. In addition, 

components of the APACHE III score were modelled separately, and a series of sensitivity analyses 

undertaken to assess the robustness of the findings (not commented on here). However, the study 

population comprised older (mean age 64) males (98%) and therefore generalisability of results may 

be difficult. Furthermore, a hospital mortality of 11.2% following ICU admission indicates an ICU 

population very different to that in the UK, where hospital mortality rates are around 30% (Harrison et 

al., 2004).  

The final study used the administrative database from a single centre ICU in Perth, Western Australia, 

linked to the Western Australia hospital morbidity database (Ho et al., 2007). The cohort comprised 

24,303 ICU admissions over a 15 year period (1987 to 2002). The authors’ presented their results 

stratified by cardiac surgical status. Non-cardiac surgical patients made up the majority of the cohort 

(n=14,013) and the results for this group are discussed. The remaining 10,290 cardiac surgical patients 

are less relevant to the Scottish ICU context as cardiothoracic intensive care units do not contribute to 

the national ICU database (SICSAG, 2011). Hospital mortality was the primary outcome, and the 

comorbidity burden defined by Charlson, Elixhauser and APACHE II methods was compared. The 

look back period for Charlson and Elixhauser comorbidity scores was five years. These measures of 

comorbidity were all poor discriminators of hospital mortality (AUCs all <0.61, no data shown for 

individual comorbidity measures). Six models were constructed and their ability to predict hospital 

mortality was compared using AUC measures. The baseline model had only one predictor variable: 

the APACHE II score without the weighted chronic health evaluation comorbidity component. The 

AUC for this model was 0.83 (95%CI 0.82-0.84). In the other five models, one of the following 

measures of comorbidity was added: 1) weighted APACHE II chronic health evaluation 

comorbidities; 2) weighted CCI; 3) count of APACHE II comorbidities; 4) count of Charlson 

comorbidities; and 5) count of Elixhauser comorbidities. The AUC for all of these models was 0.83, 

and therefore no different from the baseline model. The models performed less well in the subgroup 

comprising elective admissions (AUC range 0.75 or 0.76 for the six models) and those 75 years and 

older (AUC range 0.77 to 0.78) when the cohort was stratified. 

The primary conclusion from this study is that no measure of comorbidity appears to improve upon 

the ability of the acute physiology component and age component of the APACHE II score to 

discriminate between hospital survivors and non-survivors of critical illness. This finding is not 

directly comparable to the other three studies due to the differences in which measures were compared 

and the methods used to compare them. However, the study by Poses et al. (1996) showed that the 

CCI, but not the APACHE II chronic health component, appeared to improve the predictive ability of 

a model containing the components of the APACHE II score other than chronic health component. 

Johnston et al. (2002) concluded that any of their three measures of comorbidity burden improved the 



  92 

AUC of the baseline model containing 11 measures of acute physiological derangement in addition to 

age, diagnosis, and admission source. The Canadian administrative database study (Norena et al., 

2006) also found that when CCI was added to a model containing all components of the APACHE II 

score along with patient demographic variables, it maintained a statistically significant association 

with hospital mortality. One reason for the discrepant findings of the Australian study could be that 

the recording of comorbidities in the Western Australia databases is poorer than the VA database. No 

data were presented relating to case note validation of the comorbidity fields in the Western Australia 

hospital morbidity dataset. In addition, none of the six models contained individually weighted 

comorbidities, a method the original Elixhauser study had used, but instead used a simple unweighted 

count of Elixhauser comorbidities as a continuous variable. This may not be appropriate given that 

some of the 30 Elixhauser comorbidities had a negative association with mortality and, therefore, if 

included in a count of comorbidities, should have reduced the count rather than increased it. 

4.4.3 Implications for intensive care research 

None of these studies examined whether a measure of comorbidity in addition to severity of illness 

scores is required in studies reporting longer term outcomes of critically ill populations. It is 

reasonable to assume the comorbidity may have a greater effect on long term rather than short term 

mortality in the context of critical illness. However, this would need to be confirmed by undertaking a 

study using Scottish data to compare comorbidity measures derived from Scottish hospital data with 

measures derived from Scottish intensive care data and their ability to predict various short and long 

term outcomes. 

4.5 Conclusion 

No comorbidity index has been validated in Scottish administrative health care databases for any 

patient population including intensive care patients. If researchers in Scotland need to assess 

comorbidity in a study, the choice of which published index to use should be made after consideration 

of the issues raised in the preceding paragraphs. For my study, I intend to maximise the information 

available from the databases by using a combination of comorbidities recorded in illness severity 

scores and Charlson derived comorbidities from the hospital databases. I plan to avoid using derived 

weights as there is no evidence that these would be appropriate in ICU populations. 

My review has highlighted a number of areas which require further research in Scotland. Given the 

heavy use of Scottish data for research, it would be useful if some or all of the published indices could 

be validated in Scottish databases or even a novel comorbidity measure constructed. If this were 

undertaken, the indices would need to be tested in a large enough population to avoid exclusion of 

important covariates in subgroups due to lack of power. In addition, a baseline model of relevant 

predictors of outcomes, such as age and sex, should be constructed first and model performance 

reported with and without the measure of comorbidity. A decision should be made regarding the 

choice of comorbidity measure: a comorbidity score, such as the CCI, which would be statistically 
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efficient in small studies; or allowing comorbid diseases to contribute to a model as independent 

covariates with study specific weights, which may improve performance. Finally, reporting unadjusted 

odds ratios/risk ratios for associations which are known to be confounded by comorbidity along with 

adjusted measures may be more understandable than the simple reporting of r2 and AUC statistics for 

model performance. 
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Table 14. Summary of three comorbidity coding systems for use with administrative databases. 

CCI= Charlson Comorbidity Index; ICD=International Classification of Disease; CABG=coronary artery bypass graft surgery; MACSS=Multipurpose Australian 

Comorbidity Scoring System. Adapted from Schneeweiss et al. (2000).  

Comorbidity 
Index

Author, Year 
Published

Setting Country Year Database
Disease Coding 

System
Number of Diagnosis 

Fields
Look Back 

Period
Study Cohort Outcome

CCI: Dartmouth-
Manitoba

Romano, 1993 Discharges from hospitals in 
Manitoba

Canada  1980-1992 Manitoba Health Services 
Commission database

ICD-9CM 16 codes from index 
admission

12 months 4121 patients undergoing bypass surgery 
30 yrs

Hospital mortality

Romano, 1993 Discharges from Californian 
federal hospitals 1988-1991

USA  1988-1990 Hospital Discharge Data 
Program database

ICD-9CM Primary diagnosis and 
24 secondary 
diagnoses

None 55,407 patients undergoing lumbar disc 
excision surgery 18 yrs

In-hospital complications

Roos, 1997 Discharges from hospitals in 
Manitoba

Canada 1990-1993 Manitoba Health hospital 
discharge database

ICD-9CM 16 codes from index 
admission

12 months 57,332 patients undergoing one of 17 
operations. Final analyses on 3 groups: 
CABG (n=1558); pacemaker surgery 
(n=1645); hip fracture repair (n=3984)

30 day mortality, 1 year mortality

CCI: Deyo Deyo, 1992 Medicare claimants in USA 
1985

USA 1985 Medicare database ICD-9CM Not stated 12 months 27,111 patients undergoing lumbar spine 
surgery (mean age 72)

Post-operative death in hospital or 
within 6 weeks of discharge, post-
operative complications, length of 
stay, hosptial charges

Melfi, 1995 Medicare claimants in USA 
1985-1989

USA  1985-1989 Medicare database ICD-9CM Not stated 12 months 238,999 undergoing total knee 
replacement 65 yrs

30 day mortality, hospital length of 
stay

CCI: D'Hoore D'Hoore, 1993 78 hosptial >100 beds in 
Quebec 1989-1990

Canada  1989-1990 MED-ECHO database First three digits 
of ICD-9 

Primary diagnosis and 
15 secondary 
diagnoses

Not stated - 
probably none

62456 hospitalised patients with 
ischaemic heart disease, heart failure, 
stroke or bacterial pneumonia

Hospital mortality

D'Hoore, 1996 78 hosptial >100 beds in 
Quebec 1989-1990

Canada  1989-1990 MED-ECHO database First three digits 
of ICD-9

Primary diagnosis and 
15 secondary 
diagnoses

Not stated - 
probably none

33,940 hospitalised patients with 
ischaemic heart disease (mean age 63). 
Note this is a subcohort of 1993 study.

Hospital mortality

CCI: Ghali Ghali, 1996 524740 discharges from all 
Massachusetts hospitals 1990

USA 1990 Massachusetts Health Data 
Consortium discharge 
database

ICD-9CM 15 coded diagnoses Not stated - 
probably none

6326 patients undergoing bypass surgery 
(mean age 65)

Hospital mortality

Elixhauser Elixhauser, 
1998

438 hosptials in California USA 1992 California Statewide 
Inpatient Database

ICD-9CM Primary diagnosis and 
29 secondary 
diagnoses

None 1,779,167 adult non-maternity inpatients 
(mean age 57) not discharged to long 
stay facilities

Hospital mortality, hospital length of 
stay, hospital charges

MACSS Holman, 2005 Admissions to all public 
hospitals in Western Australia

Australia  1989-1996 Western Australia data 
linkage system 
administrative health 
database

First three digits 
of ICD-9 

19 diagnosis fields 
(2006 paper)

12 months 326,456 medical inpatients; 16,895 
psychiatric inpatients; 349,686 inpatients 
undergoing procedures

1 year mortality, 30-day readmission, 
hospital length of stay
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Table 15. Performance of comorbidity indices in predicting outcomes.  
aMortality is hospital mortality unless stated otherwise in ‘notes’ column. The performance measure for mortality is the c statistic, equivalent to the area under the 

receiver operator curve. bThe performance measure to predict length of stay is the r2 statistic. cFor details of 'other' outcomes see notes column. dThe left hand 

Baseline 

model

+ Co-

morbidities

Baseline 

model

+ Co-

morbidities

Baseline 

model

+ Co-

morbidities

Roos, 1997 Age, sex Coronary bypass surgery - 0.64 - - - -

Pacemaker surgery - 0.70 - - - -

Hip fracture repair - 0.75 - - - -

CCI: Deyo Melfi, 1995 Age, sex, race, 

type of arthritis

All patients
0.64 0.65 0.17 0.17 -

- Outcome: 30 day 

mortality

CCI: D'Hoore IHD, stroke, pneumonia, 

heart failure
- 0.83 -

-
-

-

IHD - 0.87 - - - -

CCI: Ghali Ghali, 1996 Age, sex All patients 0.66 0.74 - - - -

Elixhauser All conditions - - 0.06 0.13 0.18 0.26

Breast cancer - - 0.14 0.20 0.04 0.12

AMI - - 0.09 0.13 0.40 0.43

Asthma - - 0.13 0.17 0.13 0.19

Appendicitis - - 0.23 0.26 0.22 0.27

Pneumonia - - 0.08 0.14 0.13 0.23

Complicated diabetes - - 0.14 0.20 0.29 0.36

MACCS Holman, 2005 Asthma 0.88c 0.91 0.17c 0.26 0.67c 0.71

AMI 0.74 0.81 0.03 0.13 0.61 0.64

Mastectomy for cancer 0.81 0.84 0.14 0.33 0.65 0.77

TURP 0.79 0.81 0.11 0.29 0.61 0.70

Major depressive episode 0.84 0.86 0.15 0.28 0.62 0.69

Other outcome: hospital 

charges (r2 statistic)

Other outcome: 

readmission within 30 

days to hosptial (c 

statistic)

Author and 

Year of 

Publication

CCI: Dartmouth-

Manitoba

Notes

D'Hoore, 1993 

and 1996

Outcome: 1 year 

mortality

Age, sex, 

diagnosis

Age, race, sex, 

primary payer, 

emergency 

admission, 

surgery, 

compications

Cohort of Patients

Age, sex, SES, 

race

Elixhauser, 

1998

Comorbidity 

Index

Length of stayb OthercMortaltiya

Variables in 

Baseline 

Model
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column for each outcome of the MACSS is the performance of a model containing baseline variables+CCI compared with baseline variables+MACSS in the right 

hand column. AMI=acute myocardial infarction; CCI= Charlson Comorbidity Index; ICD=International Classification of Disease; IHD=ischaemic heart disease; 

MACSS=Multipurpose Australian Comorbidity Scoring System; SES=socioeconomic status; TURP=transurethral resection of prostate. Adapted from Schneeweiss 

et al. (2000). 
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Table 16. Characteristics of severity of illness scores used in intensive care research.  
aAdmission diagnosis does not contribute to the APACHE II score but can be used to modify the 

predicted mortality from the APACHE II score alone. 

  

APACHE II SAPS II ICNARC Model

Year 1979 to 1982 1991 to 1992 2006 to 2008
Country USA Europe/North America UK (not Scotland)
Patients 5005 13,152 216,626
Score Range 0 to 71 0 to 163 0 to 100
Number of Acute 
Physiology Variables

12 12 12

Other Variables
Age Y Y Y
Admission type Y Y Y
Source of admission N N Y

Admission diagnosis Na N Y

CPR in first 24 hours N N Y
Interactions Chronic diseases and 

admission type interaction
Admission diagnosis and 

APS interaction
Chronic diseases
Haem malignancy Y Y None
AIDS Y Y
Other Heart failure Metastatic carcinoma

Liver disease
Renal disease (dialysis)

Respriatory disease
Immunosuppression

Exclusions
Readmissions during 
same hospital stay

Y Y Y

Coronary care patients Y Y N
Cardiac surgery Y Y N
Burns patients Y Y N
Age Under 16 Under 18 N
Other Length of stay <8 hours Transferred to ICU N

Outcome Hospital mortality Hospital mortality Hospital mortality
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Table 17. APACHE III chronic health evaluation comorbidity conditions and weights. 

 

Condition Weighting

AIDS 23

Hepatic failure 16

Lymphoma 13

Metastatic cancer 11

Leukemia/multiple myeloma 10

Immunosuppression 10

Cirrhosis 4
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5 Methods   

5.1 Setting 

The Scottish Intensive Care Society Audit Group (SICSAG) database effectively captures all general 

intensive care activity for the country’s population as only a few critical care services are not provided 

within Scotland, for example extracorporeal membrane oxygenation and lung transplantation. There 

were 24 intensive care units in Scotland during 2005, of which six admitted both level three and level 

two patients (SICSAG, 2012b). Many hospitals maintained high dependency/level two facilities 

separate from ICU/level three facilities and these level two facilities did not contribute data to the ICU 

part of the SICSAG database.  

5.2 Study population 

Four study cohorts were used in the analyses presented in the thesis: ICU admission cohort, ICU 

survivor cohort, hospital inpatient admission cohort and hospital survivor cohort. It should be noted 

that the ‘ICU survivor’ cohort comprised patients who were admitted to ICU and survived to hospital 

discharge (and not ICU discharge).  These cohorts are now described in more detail. 

5.2.1 ICU cohorts 

5.2.1.1 ICU admission cohort 

The study population comprised patients admitted to general ICUs in Scotland between 01 Jan 2005 to 

31 Dec 2005. Only the first ICU admission was used which was designated the index ICU admission. 

Admissions that related to transfers between units during a continuous ICU stay were counted as a 

single episode, with a date of ICU admission taken from the first record and date of discharge from 

the last. Patients were excluded if aged under 16 at the time of ICU admission, if they were not 

resident in Scotland or if their place of residence was unknown. Patients in the SICSAG dataset 

without a valid linkage in the Information Services Division (ISD) linked datasets were also excluded 

as place of residence along with other characteristics and outcomes could not be determined.  

5.2.1.2 ICU survivor cohort 

All patients in the ICU admission cohort who survived their index hospitalisation and were discharged 

on or before 31/12/2010 were included in the ICU survivor cohort. The index hospitalisation was 

defined as the first hospital admission in 2005 which included an ICU admission. Additional checks 

across the three databases (Scottish Morbidity Record 01 (SMR01), SICSAG and National Records 

Scotland (NRS) death records) were undertaken to ensure that those with a date of death within seven 

days of hospital discharge were correctly identified as deaths after hospital discharge rather than in-

hospital deaths. 
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5.2.2 Hospital inpatient cohorts 

In order to create the matched hospital control population, I obtained an extract from the SMR01 

database comprising all patients admitted to any acute hospital in Scotland from 01 January 2005 to 

31 December 2005. Inclusion and exclusion criteria for the control population were identical to those 

for the ICU cohorts: first hospital admission during 2005 only; excluded if aged under 16 at the time 

of hospital admission; excluded if not resident in Scotland or if place of residence unknown. I also 

excluded any patient admitted to intensive care during 2005 (defined as the patient having an 

admission episode in the SICSAG database during 2005).  

5.2.2.1 Hospital inpatient admission cohort 

I undertook a matching process to select patients from the SMR01 extract by matching members of 

the ICU admission cohort on a 1:1 basis to hospital inpatients using the following matching criteria: 

age, sex, admission type (emergency medical/emergency surgical/elective surgical) and quarter of 

year admitted.  

5.2.2.2 Hospital inpatient survivor cohort 

In order to create a control population of hospital survivors, I excluded all patients who died during 

their index hospital admission from the SMR01 extract. I then matched members of the ICU survivor 

cohort on a 1:1 basis using the following matching criteria: age, sex, admission type (emergency 

medical/emergency surgical/elective surgical) and quarter of year discharged.  

The matching process was iterative to minimise the number unmatched ICU cohort members. I 

initially matched using narrow age bands and using months of admission or discharge. However, due 

to the number of unmatched patients, I relaxed the age bands to 10 year intervals and matched using 

quarters rather than months of the year. Similarly, if controls were not found in the same quarter of 

year discharged as ICU patients, I relaxed the matching for this criterion to allow for control patients 

to be matched within 90 days of the date the ICU patient was discharged. Eight more patients were 

matched using this criterion.       

The ICU admission cohort and ICU survivor cohorts, therefore, were matched to two different control 

cohorts, rather than deriving the hospital inpatient survivor cohort from the hospital inpatient 

admission cohort. 

5.3 Databases and data linkage 

The primary data sources for this project were routinely collected, administrative health care 

databases. In this section, I outline the methods used to link the databases. Following this, I describe 

the information available in each database, examine the reported completeness, timeliness and validity 

of data, and note any relevant changes to data collection or formatting which have a bearing on the 

study.  
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5.3.1 Data linkage 

ISD is an organisation within NHS Scotland. It collects and manages national health care data for 

Scotland. A number of these national databases are linked routinely by ISD to each other to allow an 

individual’s trajectory through the health care system to be observed until death. The main health care 

database contains four routinely linked databases and is known as ACADME (Acute Cancer Deaths 

Mental Health). It can be linked to external datasets supplied to ISD. Linkage is undertaken in ISD 

using probabilistic matching methods. The following fields are used to undertake the matching 

process (Scottish Public Health Observatory, 2013b): 

• Surname and phonetic code (allows of misspellings of similar sounding surnames) 

• First initial (or full name if available) 

• Sex 

• Year, month and day of birth 

• Postcode 

• Date of death 

• Patient identifiers: hospital case reference number, Community Health Index number, NHS 

number 

A computer algorithm is used to compare each field listed above between two records and generate a 

score. This score depends on the agreement of the contents of the field and the rarity of the 

information. For example, a surname beginning with ‘Z’ in two records would have a greater weight 

attached to it than a surname beginning with ‘S’, reflecting the former’s relative rarity. Negative 

weighted scores are similarly applied to fields that do not match. From this, the probability that the 

two records relate to the same person is calculated. This probability is the sum of weighted scores for 

each field. Records are only considered correct matches if the sum of the weighted scores is greater 

than a specified threshold value. Records that fall below the threshold remain unlinked (Kendrick, 

1999). Manual checking of linkages indicates that the accuracy of this method of data linkage is high 

(Scottish Public Health Observatory, 2013b). 

5.3.2 Intensive care database 

The SICSAG database contains records relating to all admissions to general ICUs and combined 

ICU/HDUs in Scotland (SICSAG, 2012b). Combined units contain beds housed in the same ward in 

which patients requiring level two and level three care can be managed. Those patients requiring level 

two care admitted to a combined unit are classified as an ICU admission for the purposes of the 

database. 

The database was established in 1995, although not all ICUs contributed data initially. A cohort of the 

same 21 ICUs and combined units has contributed over the last 10 year period. However, within this 

cohort, some have reconfigured services. Most data are collected prospectively at the time of 

admission by clinical staff in the ICU. However, data relating to which organs are being supported are 
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entered on a daily basis during the ICU stay and some discharge information, for example relating to 

hospital discharge, is entered retrospectively. 

The data fields collected include demographic details, admission details (date, time, source, 

diagnosis), whether or not surgery had been performed prior to admission, illness severity score on 

admission, daily organ support data for the period of the ICU stay (respiratory, cardiovascular and 

renal), ICU discharge information (date, time, discharge destination and mortality), and hospital 

discharge information (date, destination, and mortality). There is a distinction made between ‘this’ 

hospital discharge and ‘ultimate’ hospital discharge in the database. The former refers to the discharge 

date from the hospital in which the ICU stay occurred. The latter is the date when a patient was 

discharged from the acute sector to a non-acute hospital or permanent residence. In many cases, these 

fields measure the same event. However, an important national quality indicator of ICU care, the 

standardised mortality ratio, is based on the ‘ultimate’ hospital discharge field (SICSAG, 2012b). 

5.3.2.1 Data validity 

Quality assessment is undertaken using point of entry validation, case note validation and central 

validation (SICSAG, 2012b, p51). Case note validation is taken on a random sample of 5% of ICU 

admissions. Twenty two data fields are assessed against case notes, and the proportion agreement 

between the two sources is reported. Data are not available for data quality in 2005. However, the 

most recent report showed that there was only a 6% disagreement between the two sources (SICSAG, 

2012b).   

The SICSAG database is routinely linked to the ISD ACADME Database. It contains community 

health index numbers which uniquely identify patients in Scotland. In theory, all SICSAG records 

should be represented in the SMR01 dataset with at least one episode coded as an ICU admission. 

However, a proportion of SICSAG records remain unlinked because they fall below the linkage 

threshold score. These records, therefore, must be false negative links. 

5.3.3 Hospital discharge database 

Scottish Morbidity Record 01 (SMR01) is the name of the database containing data on all non-

psychiatric, non-obstetric acute hospital inpatient and day case discharges in Scotland (Scottish Public 

Health Observatory, 2013a). SMR01 has been computerised since 1968. The linked dataset comprises 

SMR01 records since 1981. Around one million records are created annually. Each SMR01 record is 

known as an episode. Multiple episodes can constitute a single admission to hospital as an episode is 

created when any of the following occur:  

• Inpatient/day case admissions to NHS hospital 

• Change in speciality 

• Transfer to another hospital 
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• Transfer to another consultant (including day case procedures under a different consultant 

during an inpatient stay). 

• Change in significant facility (including ICU or HDU) 

• Return to hospital after being on pass for >5 days 

A stay in an ICU or HDU should therefore be identifiable from SMR01 as there are separate 

significant facility codes for ICU and HDU (ISD, 2013c). A continuous inpatient stay (CIS) is defined 

by ISD as “an unbroken period of time that a patient spends as an inpatient” (ISD, 2013a). Groups of 

records for an individual patient are identified by ISD as belonging to a particular CIS. The dates of an 

ICU stay should be wholly contained within the start date and end date of a CIS.  

The main data fields in the SMR01 database used in this project include patient demographics, dates 

of admission and discharge for each episode, the CIS identifier, diagnosis fields, and surgical 

operation fields. Fields derived from area-level measures, such as deprivation status, are described 

below. There are six diagnosis fields recorded in each episode, the first of which describes the 

principal condition managed during the episode. The remaining five fields record other diagnoses 

relating to the admission or comorbid conditions. The diagnoses are coded using the International 

Classification of Diseases version 10 method (ICD-10). It is possible that different principal diagnoses 

are recorded on each episode in a CIS. Up to four operations or procedures can be coded in each 

episode using the Office of Population, Censuses and Surveys Classification of Surgical Operations 

and Procedures 4th revision (OPCS-4). 

5.3.3.1 Data Validity 

The last quality assurance report for the SMR01 dataset was published in 2007, which assessed data 

from 2010 to 2011 (ISD, 2012a). A sample of 4857 SMR01 records was validated using case note 

review. This represented a 1.75% sample of 3 months of data for 24 hospitals in Scotland. The report 

stated the proportion of records free of a major error for a number of key data fields: principal 

diagnosis 88%, other diagnosis fields (two to six) 82%, main operation 94%, admission date (98%) 

and discharge date (98%). Under-reporting was the main cause of error. In particular, hypertension, 

coronary heart disease, asthma and diabetes were under-reported by 30 to 40%. This report indicated 

that the main data fields used in the studies presented in the thesis were of reasonable validity. 

5.3.4 Death records database 

All deaths in Scotland must be legally registered with NRS, previously the General Register Office for 

Scotland GRO(S). Death data have been routinely linked to the Scottish health care databases since 

1981. The quality of data in the NRS database is of a high standard (NRS, 2011). ICD codes are 

allocated using software and are then manually checked by a trained medical coder. A recent 

comparison with health record data showed that NRS data were more accurate and had very few errors 

in the main fields used in this study. For the PhD, the date of death and cause of death (coded using 

ICD-10) were the only fields used from this database. 
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5.4 Variables 

Patient characteristics were derived from both the SMR01 and SICSAG databases. However, for 

matched analyses, only variables recorded in the SMR01 database could be used in analyses as 

information relating to the hospital inpatient cohort was derived from the SMR01 database 

exclusively. In the case of a patient being transferred between ICUs during a single continuous ICU 

stay, demographics or physiological variables often changed between records. I handled this by using 

values relating to admission characteristics from the first record, using discharge characteristics and 

outcomes from the final record, and merging daily organ support data across all records to produce 

counts of days of organ support throughout the ICU stay.  

5.4.1 Age  

Age was entered as a continuous variable in all models with mortality as an outcome after checking 

linearity (Appendix 2, p271). I also entered age and a continuous variable in the matched analysis, 

despite the analysis already allowing for matching on age-bands between ICU and hospital cohorts. 

This was to remove the residual confounding relating to age within the age bands. For the analyses in 

which resource use was the outcome, I entered age as a categorical term based on quartiles of age in 

the survivor cohort (16-43, 44-59, 60-71, 72-101). 

5.4.2 Socioeconomic status 

Socioeconomic status was measured using the Scottish Index of Multiple Deprivation (SIMD) 2009 

(National Statistics, 2009). This was available through linkage to the SMR01 database. SIMD is an 

area-based measure of relative deprivation across Scotland. It ranks these areas from one, being the 

most deprived, to 6505, being the least deprived. Each data zone has a population of between 500 and 

1000 (average 750). The index comprises seven domains which are differentially weighted (weighting 

in parentheses): income (12), employment (12), health (6), education (6), access to services (4), crime 

(2) and housing (1). The order of SIMD quintiles was reversed so that the least deprived quintile was 

the first quintile and therefore the reference category. 

5.4.3 Remoteness and rurality 

Remoteness and rurality are defined by the Scottish Office of National Statistics (Scottish 

Government, 2010b). The variables in the database refer to the 2007/2008 classification system. A 

rural settlement is defined as one with fewer than 3000 people. A remote settlement is defined as one 

containing fewer than 10,000 people with a drive time of greater than 30 minutes to the nearest 

settlement with 10,000 or more people in it. The Scottish Office of National Statistics recommends 

one of three classification systems when using remoteness and rurality in analyses. I chose the binary 

classification system for both remoteness and rurality to reduce the number variables in regression 

models.  
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5.4.4 Diagnosis on admission to ICU 

There were two diagnostic coding systems in use in the SICSAG database both of which were entered 

by health care staff at the time of admission to ICU: APACHE III and SICSAG. Diagnosis on 

admission was derived primarily from the APACHE III diagnostic coding system. The SICSAG 

diagnosis was checked in those patients with ‘missing’ or ‘other’ APACHE III diagnoses and used if 

appropriate. Those missing a diagnosis in both systems were allocated to the ‘other miscellaneous’ 

group. The number of diagnostic categories needed to be reduced for entry into regression models. 

The final diagnostic categories were selected to be recognised diseases or clinical syndromes of 

sufficient size for analyses. Using a two stage approach, I initially combined similar diagnostic 

categories or those with small frequencies into ‘other’ categories to produce 56 groups from 138 

groups. For the second stage, I along with an ICU clinician independently combined the 56 groups to 

produce 28 categories. A third ICU clinician reviewed differences in the coding method and had the 

final decision in deciding which categories would be combined (Appendix 3, p273).  

5.4.5 Measures of comorbidity 

There were two separate measures of comorbidity derived from the databases: the Charlson list of 

comorbidities derived from previous hospital admissions recorded in SMR01; and the comorbidities 

recorded in the SICSAG databases as part of severity of illness scoring. The 17 comorbidities 

identified by Charlson were derived from a one year ‘look-back’ period from the date of the hospital 

admission during which the index ICU admission occurred using published ICD coding algorithms 

(Quan et al., 2005). The 17 Comorbid conditions extracted from the SICSAG database were derived 

from those recorded at the time of ICU admission by health care staff as part of the APACHE II and 

the SAPS II comorbidities. This resulted in six comorbidity categories: severe cardiovascular disease, 

severe respiratory disease, severe liver disease, end stage renal disease, immunosuppression and 

metastatic cancer. The SICSAG comorbidities were used in analyses as a binary variable (presence or 

absence of comorbidity). Those records with no evidence to assess past medical history were assumed 

to have no comorbidities. This assumption was reasonable as this group had similar mortality when 

compared to the group with no comorbidities (Appendix 4, p278). In order to maximise use of the two 

separate measures of comorbidity and reduce duplication of these measures, I combined the 23 

categories to produce 20 comorbid categories (Appendix 4, p278). The 17 Charlson comorbid 

categories were entered as individual variables in regression models in matched analyses. The 20 

combined Charlson and SICSAG comorbidities were entered as individual variables in regression 

models in non-matched analyses. 

5.4.6 Admission type 

All ICU and hospital admissions were categorised into three groups: elective surgical, emergency 

surgical and emergency medical. In the SICSAG database, a surgical admission was defined as a 

patient being admitted to the ICU directly from the operating theatre or the recovery room. However, 

it was not possible to use the equivalent definition in the SMR01 database. For hospital inpatient 
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control cohorts, a surgical admission was defined as a continuous inpatient stay which contained an 

episode which fulfilled the following criteria: it contained both a surgical admission speciality code as 

well as a surgical procedure code (identified by the presence of a surgical OPCS code) on the same 

episode (a continuous inpatient stay could consist of multiple episodes); and the continuous inpatient 

stay did not relate to a day case admission. Surgical admissions were divided into elective and 

emergency admissions using the elective/emergency code on first episode of the continuous inpatient 

stay. An emergency medical admission was defined using the following criteria: (i) a CIS not defined 

as a ‘surgical’ admission; (ii) a CIS not relating to a day case admission; and (iii) an emergency code 

on the first episode of the CIS.  

For non-matched analyses with mortality as the outcome, I further divided emergency medical 

admissions into admissions from the ward, emergency department or other source (including high 

dependency unit, other hospital, or radiology department) to create a five category variable. This was 

to allow further exploration of the association between admission type and mortality.  

5.4.7 Previous resource use 

The number of admissions to acute hospitals during the one year period prior to the date of the 

hospital admission during which the index ICU admission occurred was used as a measure of previous 

health care resource use. It was grouped into five categories (0, 1, 2, 3, 4 or more) and included in the 

model as a linear term. The reason for this is explained in Appendix 5 (p283). In the analyses related 

resource use, the term was entered as a continuous variable as there was a more convincing linear 

relationship between number of previous hospital admissions and the outcome (number of subsequent 

hospital admissions after hospital discharge over five years). 

5.4.8 Health board of residence 

There were 15 geographically based health boards in Scotland in 2005 which provided health care for 

their local populations. One health board, NHS Argyle and Clyde, was dissolved in April 2006 and its 

responsibilities were divided between NHS Greater Glasgow (renamed Greater Glasgow and Clyde) 

and NHS Highland. This reduced the total number of health boards to 14, which is the current 

configuration in 2012. The postcode of residence in 2005 for patients admitted to ICUs was mapped to 

the 2006 health board configuration by ISD. In addition, I combined the three smallest health boards 

(NHS Orkney, Shetland and Western Isles) with the NHS Highland health board as there were fewer 

than 100 residents of the three island health boards admitted to Scottish ICUs. This resulted in eleven 

health board categories which were entered in analyses as a categorical variable. 

5.4.9 Length of hospital stay 

This was calculated by calculating the difference, measured in days, between the date of hospital 

admission and the date of hospital discharge. Records with a date of admission and discharge on the 

same day were allocated a length of stay of one day (rather than zero).  
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5.4.10 Variables specific to SICSAG database 

5.4.10.1 Severity of illness scores 

APACHE II and SAPS II scores were available in the dataset. I chose to use the SAPS II score as 

there were fewer patient excluded from severity scoring compared with the APACHE II score. SAPS 

II score was entered in all models as a continuous variable (Appendix 2, p271). 

5.4.10.2 Organ support data 

I extracted daily organ support from the SICSAG database for invasive mechanical ventilation, renal 

replacement therapy and vasoactive therapy. I created a count of days of organ support for each of the 

categories. I also identified patients who were mechanically ventilated on the day of ICU admission in 

order to use this as a proxy for patients requiring level three care at the time of admission. In addition, 

I created a binary variable which identified patients who had a tracheostomy inserted at some point 

during their ICU stay. 

5.5 Outcomes 

The main outcomes were five year mortality and hospital resource use during the five year follow up 

period. Further details relating to the outcomes are explained in each results chapter. 

5.6 Follow up period 

For the ICU admission cohort, follow up time started on the day of ICU admission. All patients were 

followed up until the date of death, or when five years of follow up was completed. Complete follow 

up was available for all patients. For the ICU survivor cohort, follow up time started on the day of 

discharge from the index hospital admission. All patients were followed up until the date of death or 

when five years of follow up were completed. For those discharged from hospital after 31st December 

2005, follow up was censored on 31st December 2010. 

Although all patients in the study cohort were admitted during 2005, the date of discharge and 

therefore start of the follow up period ranged from 2/1/05 to 8/5/09. All patients were followed up 

until the earliest of the following three time points: date of death, 31/12/2010 or when five years of 

follow up was completed.  

5.7 Bias and Error 

Patients who were not resident in Scotland or whose country of residence was not known were 

excluded from the study population. This was because health care contacts before and after the index 

ICU admission and deaths occurring during the follow up period were less likely to have been 

recorded in the national Scottish databases. Their inclusion would have potentially biased mortality 

and measures of health care resource use downwards. I excluded all records in the ICU database with 
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no identifiable linkage to the national Scottish databases and endeavoured to identify and exclude as 

many false linkages as possible. Those records with no identifiable linkage had fallen below the 

threshold used by ISD when undertaking probabilistic linkage between the datasets. As all ICU 

admission should be recorded in the SMR01 database, these were false ‘non-linkages’ and excluded. I 

undertook further clerical checking to identify false linkages by cross-checking data fields that should 

have been identical in both SICSAG and ACADME databases such as dates of ICU admission and 

discharge. These measures should have reduced the error rates inherent in working with linkage 

databases. However, it was not possible to identify when a Scottish resident emigrated in the 

ACADME and SICSAG databases.  

5.8 Study size 

The study size was determined by the number of patients admitted to ICUs in Scotland in 2005. 

Before requesting the data extracts, I knew from published sources that the annual number of 

admissions to Scottish ICUs varied between 9000 and 10,000 throughout the past decade (SICSAG, 

2012b).  The size of the ICU admission cohort (n=7656) could detect a non-null hazard ratio <0.93 or 

>1.08 (assumptions: =0.05, =0.2, median survival 3.9 years in unexposed group, ratio of cohort 

exposed:unexposed 1:1). The size of the ICU survivor cohort (n=5259) could detect a non-null hazard 

ratio <0.91 or >1.11 (assumptions: =0.05, =0.2, median survival 5 years in unexposed group, ratio 

of cohort exposed:unexposed 1:1). Power calculations were undertaken using the method proposed by 

Schoenfeld and Richter (1982).   

5.9 Statistical analysis 

All analyses were undertaken using Stata IC version 12 (StataCorp LP, Texas, USA). I used a 

significance level of 5% for analyses and presented 95% confidence intervals (CI). All p values were 

two sided. Patient characteristics were presented as number and percentage, mean and standard 

deviation (SD), and/or median and interquartile range (IQR). Both mean and median values were 

reported for continuous variables relating to resource use with skewed distributions, for example 

length of ICU stay. 

For univariate comparisons, I used the following statistical tests: T-test for normally distributed data, 

Mann-Whitney U test for non-normally distributed data, and chi-squared test for categorical variables. 

Trends across ordered categorical variables were analysed using the nonparametric test for trend 

across ordered groups (Stata Corp, 2013).  

Due to the large sample size, and large number of events, I took a non-parsimonious approach to 

variable selection. Therefore, all clinically relevant variables which were available in the databases 

were included in development of multivariable models. However, for analyses relating to the ICU 

admission cohort, variables were included in models if they would have been available during the first 
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24 hours of ICU admission or before ICU admission. This meant that variables such as ICU length of 

stay or daily organ support data after the first 24 hours were not included in models. Furthermore, 

analyses used to compare ICU and hospital cohorts could only include variables recorded in the 

SMR01 database. This was because the rich data available in the SICSAG database relating to the 

ICU cohort was not available for the hospital cohort. For example, only the measure of comorbidity 

derived from SMR01 alone could be used in models comparing hospital and ICU cohorts, rather than 

the comorbidity variable combining SICSAG and SMR01 coded comorbidities. I have provided 

details relating to other statistical analyses and multivariable models in each of the relevant results 

chapters. 

In analyses relating to resource use, the variable ‘health board of residence’ was included in the 

models as this was a variable of interest. Health board of residence was not included in analyses with 

mortality as the outcome because these Cox models were stratified by ICU, which was extremely 

strongly associated with health board of residence. 
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6 Incidence of ICU admission and ICU survivorship in 
Scotland  

6.1 Introduction 

Accurate population level estimates of the incidence of ICU admission have not been reported in the 

UK. Furthermore, there are no studies reporting the incidence of ICU survivorship, defined as those 

admitted to ICU who survive to acute hospital discharge. These estimates are required as a starting 

point to define the magnitude of the problem of ICU survivorship and to plan services at a health 

board level. The national audit of intensive care in Scotland, SICSAG, produces an annual report of 

ICU admissions across the country which includes the actual number of admissions to each unit 

(SICSAG, 2012b). However, this is not presented as an incidence proportion using a population 

denominator. In addition, a more specific indicator of level three care, such as the incidence of 

mechanically ventilated patients, is not reported. This measure is likely to have greater external 

validity. 

My aim, therefore, was to report the incidence in Scotland of ICU admission and survivorship for all 

patients and for the subgroup of patients that were mechanically ventilated. 

6.2 Methods 

6.2.1 Study design, study population and setting 

I used a retrospective cohort study design. Two study cohorts were used in analyses in this chapter: 

the ICU admission cohort and the ICU survivor cohort. Details relating to the setting and eligibility 

criteria for these cohorts can be found in Chapter 5 (p99).  

6.2.2 Calculation of incidence 

6.2.2.1 Numerator 

The definition of the numerator for the incidence of ICU admission was membership of the ICU 

admission cohort i.e. the first ICU admission for a Scottish resident aged 16 years or older on the day 

of ICU admission during 2005. Episodes relating to patients who were transferred between ICUs were 

merged to create a single continuous ICU stay. To qualify in the numerator for the incidence of ICU 

survivorship, a patient had to fulfil criteria for membership of the ICU admission cohort and survive 

to be discharged from hospital. Discharges, therefore, could have occurred after 2005. The subcohort 

of mechanically ventilated patients was identified differently for the two cohorts. For the ICU 

admission cohort, the subcohort comprised patients invasively mechanically ventilated on the first day 

of ICU admission. For the ICU survivor cohort, the subcohort comprised patients invasively 

mechanically ventilated on any day of their ICU stay. This was because the ICU admission cohort was 

defined on the day of ICU admission, and mechanical ventilation occurring after the first day could 
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not have been ascertained at this time point. For the ICU survivor cohort, the cohort was defined on 

the day of hospital discharge, therefore mechanical ventilation on any day of the ICU stay could have 

been identified at this time point. 

6.2.2.2 Denominator 

The denominator for incidence estimates was the general population of Scotland aged 16 years or 

older. This was obtained using the mid-2005 estimate of the general population of Scotland, stratified 

by age, sex and health board administrative area, from National Records Scotland (NRS, 2013b). 

Health board area populations for NHS Highland and NHS Greater Glasgow and Clyde were not 

available in the mid-2005 population tables due to a reconfiguration in the health boards. This was 

because Argyle and Clyde health board was dissolved in April 2006, and the population redistributed 

to NHS Highland and NHS Greater Glasgow and Clyde. As health board of residence was allocated in 

my dataset by ISD using post-2006 health board boundaries rather than 2005 boundaries, I obtained 

the proportion of the population of Argyle and Clyde health board region in 2006 redistributed to NHS 

Highland and NHS Greater Glasgow and Clyde and applied these proportions to the mid-2005 

population estimates to create the new population estimates for NHS Highland and NHS Greater 

Glasgow and Clyde (NRS, 2013c). 

6.2.2.3 Statistical methods 

Age-specific incidence estimates were directly standardised for the sex distribution of the general 

population of Scotland. Health board incidence estimates were directly standardised for the age and 

sex structure of the general population of Scotland. 95% confidence limits were calculated assuming a 

Poisson distribution (Rothman et al., 2008b, p267).  

6.3 Results 

There were 7656 patients aged 16 or older resident in Scotland who were admitted to a Scottish ICU 

in 2005. Of these, 5259 survived to hospital discharge. Data relating to mechanical ventilation were 

missing in 61 (0.8%) patients in the ICU admission cohort, and 53 (1.0%) in the ICU survivor cohort. 

The majority of cases with missing data were resident in Borders health board (92%; n=56 

admissions; n=49 survivors).  

6.3.1 Crude incidence 

There were 18.4 ICU admissions per 10,000 people resident in Scotland aged 16 and over (95%CI 

18.0 to 18.8). The incidence of ICU survivorship was 12.6 per 10,000 (95%CI 12.3 to 13.0). When 

restricted to those mechanically ventilated, the incidence of ICU survivorship reduced to 7.6 per 

10,000 (95%CI 7.3 to 7.8).  
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6.3.2 Age specific incidence 

Sex-standardised incidence of ICU admission increased for each age band to peak in those aged 75 to 

79 (ICU admission incidence 54.6 per 10,000 population, 95%CI 51.0 to 58.2) (Figure 3). The 

incidence of ICU survivorship followed a similar pattern, peaking in the same age band at 31.9 per 

10,000 population (95%CI 29.1 to 34.6). The incidence for both ICU admission and ICU survivorship 

reduced for older age groups, with those aged 90 years or older experiencing an ICU survivorship 

incidence of 9.6 per 10,000 population (95%CI 5.7 to 13.5). The proportion surviving the acute 

hospital admission (incidence ratio of survivorship to admissions), reduced as age increased (16 to 19 

years 90.3%; 90 years or older 47.9%). 

6.3.3 Health board specific incidence  

Crude incidence of ICU admission varied by health board from 11.0 per 10,000 (95%CI 9.9 to 12.2) 

in NHS Tayside to 39.0 per 10,000 (95%CI 35.0 to 43.3) in NHS Borders (Table 18). Following direct 

standardisation using the age and sex structure of the Scottish population, NHS Tayside remained the 

health board with the lowest incidence of ICU admission (10.5 per 10,000, 95%CI 9.4 to 11.6) and 

NHS Borders the highest (35.1 per 10,000, 95%CI 31.4 to 38.8) (Figure 4). Survivorship incidence 

followed a similar pattern, with the lowest age-sex standardised incidence in NHS Tayside (7.1 per 

10,000, 95%CI 6.2 to 8.0) and highest in NHS Borders (27.2 per 10,000, 95%CI 23.9 to 30.5) (Figure 

5). 

Restriction of the cohort to a more homogeneous group of patients, ICU patients who were 

mechanically ventilated either on the first day of admission (for the ICU admission cohort) or who 

were mechanically ventilated at any point during their ICU admission (for the ICU survivor cohort) 

reduced the variation in the age-sex directly standardised incidence. For ICU survivorship, the 

incidence varied from 5.3 per 10,000 in NHS Tayside (95%CI 4.5 to 6.1) to 8.5 per 10,000 in NHS 

Fife (95%CI 7.5 to 9.6).  

6.4 Discussion 

This is the first study to report the incidence of ICU admission and survivorship at a national level in 

the UK using the general population as a denominator. I found that incidence was much higher for the 

older population. There was variation in the incidence of ICU admission and ICU survivorship 

between health boards even after allowing for differing age and sex distributions between health 

boards.  

6.4.1 Strengths and limitations 

A key strength of this study was the complete national coverage of the SICSAG database as all 

general ICUs contributed data during the study period. This allowed true population incidences of 

ICU admission and survivorship to be calculated. The main limitation to these estimates was that the 

following non-general ICUs in Scotland did not contribute data to the database: any of the three 
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cardiothoracic ICUs in Scotland and one neurosurgical ICU in Greater Glasgow and Clyde health 

board. Cardiothoracic ICUs have a case-mix that primarily constitutes elective post-cardiac surgical 

patients with relatively short ICU stays and therefore may be a reasonable group to exclude from 

estimates of ICU admission and survivorship. The neurosurgical ICU joined the SICSAG audit in 

2007 and has admitted between 395 and 461 patients per year since then, the majority of whom were 

mechanically ventilated (SICSAG, 2012b). If a similar number of patients were admitted in 2005, this 

would have increased the incidence of ICU admissions from 18.4 to 19.3 per 10,000 population. 

Missing data affected the incidence estimates restricted to ICU patients receiving mechanical 

ventilation. This was caused by a problem with data entry in the ICU in NHS Borders. Patients 

admitted during a fixed period of time did not have organ support data entered. Although the 

incidence estimates for Scotland as a whole would not have been substantially affected, once stratified 

by health board of residence, incidence of ICU admission and survivorship for patients mechanically 

ventilated for NHS Borders were underestimated. If the data were missing at random, the crude 

incidence of admissions mechanically ventilated in NHS Borders would have increased from 12.4 to 

14.8 per 10,000 and the crude incidence of survivors mechanically ventilated would have increased 

from 7.7 to 9.5 per 10,000. In retrospect, it would have been better to either report these incidence 

proportions using a complete case analysis assuming data were missing completely at random, or 

using multiple imputation using chained equations assuming missing data were missing at random. 

Instead, the incidence estimates assume that all 56 patients did not receive mechanical ventilation. 

A further limitation was that the estimates of incidence of mechanically ventilated ICU patients 

included only those ventilated during the first ICU admission. This means that a patient with more 

than one ICU admission who was not ventilated during their first ICU admission, but was ventilated 

during a second or subsequent ICU admission would not be counted in the incidence estimates. This is 

likely to be an uncommon event, but would lead to an underestimation in incidence. 

I used age and sex direct standardisation to improve comparability of estimates between health boards. 

However, I did not standardise for deprivation which may therefore confound comparisons. Other 

potential confounders, such as comorbidity or functional status, were not reported at health board level 

and so could not be used to standardise estimates. 

6.4.2 Interpretation and future work 

The incidence of ICU admission and survivorship, in particular for patients mechanically ventilated, is 

likely to be generalisable to the UK population. However, the incidence of ICU admission was 

substantially lower than those reported in a study comparing ICU admission incidence for countries in 

Western Europe and North America (Wunsch et al., 2010a). In this study, the incidence varied from 

21.6 per 10,000 in the UK (including Scotland) to 192.3 per 10,000 in the USA. The incidence that I 

calculated for Scotland would have been lower than the 21.6 per 10,000 reported for the UK as I 

excluded readmissions to ICU and those not resident in Scotland. However, comparability was further 
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affected by the variation in definition of ICU between countries and because the population 

denominator included children, which would have produced lower estimates than those in my study. 

Another study used a physician billing database to identify patients undergoing mechanical 

ventilation, excluding post-cardiac surgery, for the population of Ontario, Canada (Needham et al., 

2004). They reported an incidence of 21.7 per 10,000 population aged 18 years or older in 2000, 

which was almost double the incidence of mechanical ventilation in Scotland. They also excluded 

readmissions requiring mechanical ventilation, thereby making the method of calculating incidence 

more comparable to the method I used. I was unable to identify any studies reporting the incidence of 

ICU survivorship on a national level. 

The incidence of ICU admission and survivorship was much greater in those aged 65 years or older 

than among younger populations. This has potentially important public health consequences due to the 

ageing of the Scottish population (Scottish Government, 2010a). This will be particularly problematic 

as elderly survivors of ICU are likely to have more comorbidities, be increasingly frail and to have 

increased requirements for rehabilitation.  

I found that the incidence of ICU admission and survivorship between health boards varied 

substantially. However, this was difficult to interpret due to the differences in organisation of critical 

care facilities. Some health boards had predominantly combined ICU/HDU units (for example, NHS 

Lanarkshire and NHS Borders) and therefore a much higher incidence of ICU admission and 

survivorship. Once I restricted the cohort to those mechanically ventilated, a marker for level three 

care, variation between health boards was substantially reduced. The variation in incidence of ICU 

admissions mechanically ventilated may have reflected differences in utilisation of ICU facilities. 

However, without further adjustment for important potential confounders, it may also have been a 

result of residual confounding. Further work will be required to investigate the variation in ICU 

utilisation further in order to identify whether this is a real phenomenon in the first instance and then 

to identify causative factors. 

The crude incidence of ICU survivorship stratified by health board will be useful to inform health 

policy makers at a national level and health service planners at local health board level of the potential 

scale of the of the problem of ICU survivorship. However, an unknown proportion of ICU survivors 

may have no ongoing health or social care needs after discharge from hospital. Restricting the cohort 

to those who were mechanically ventilated increased the likelihood of identifying patients who 

survived ICU with a significant ongoing burden of illness (Wunsch et al., 2010b). Others have used a 

minimum length of ICU stay (Jones et al., 2003) or length of mechanical ventilation (Walsh et al., 

2012) to try and better identify these patients. Further restriction to patients admitted on an emergency 

basis requiring mechanical ventilation may go some way to achieve this aim. The incidence of ICU 

survivorship restricted on these criteria was 6.7 per 10,000 (95%CI 6.5 to 7.0), varying from 5.2 to 7.6 

per 10,000 between health boards. Further work is clearly required to improve the identification of 
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patients with a particularly high burden of continuing illness, and in particular, those who may benefit 

from intervention.  

6.5 Conclusion 

This is the first study to report the incidence of ICU admission and survivorship at a national level in 

the UK using the general population as a denominator. Further work is required to investigate the 

variation between health boards and to better identify patients who survive ICU to be discharged from 

hospital but have ongoing health care needs. 
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Table 18. Crude incidence of ICU admission and ICU survivorship for all admissions and those 

mechanically ventilated stratified by health board region per 10,000 population aged 16 years 

and older. 

The incidence for mechanically ventilated patients was for those ventilated on the first day of ICU 

admission for the ICU admission cohort and for those ventilated at any time point during their ICU 

stay for the survivor cohort. *16% of Borders health board residents were missing data relating to 

mechanical ventilation and are assumed to have not been mechanically ventilated in these incidence 

estimates. MV=mechanical ventilation. 

 
  

Health board of residence All
MV on 

admission
All

MV during 

admission

Ayrshire & Arran 17.7 12.3 12.3 8.2

Borders* 39.0 12.4 29.9 7.7

Dumfries & Galloway 24.3 14.2 16.8 8.5

Fife 20.1 12.5 14.6 8.6

Forth Valley 12.7 9.0 8.8 6.2

Grampian 14.3 10.6 9.0 6.8

Greater Glasgow & Clyde 16.4 13.1 10.5 8.2

Lanarkshire 29.4 10.5 22.4 6.9

Lothian 19.0 12.9 12.4 8.1

Tayside 11.0 8.3 7.3 5.5

Highlands/Islands 15.7 11.7 10.9 7.7

Scotland 18.4 11.8 12.6 7.6

All ICU admissions Hospital survivors only
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Figure 3. Age specific incidence of ICU admission and ICU survivorship per 10,000 population 

aged 16 years and older during 2005. 

Incidence proportions are sex-standardised to the general population of Scotland in 2005 using direct 

standardisation.  
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Figure 4. Age and sex standardised incidence of ICU admissions by health board of residence 

for all admissions and those mechanically ventilated. 

Incidence proportions are age and sex standardised to the general population of Scotland using direct 

standardisation and reported per 10,000 population aged 16 or older. Open markers represent all ICU 

admissions. Solid markers represent ICU admissions who were mechanically ventilated on the first 

day of admission. The incidence of ICU admission for the Scottish population is denoted by the 

dashed grey line, and incidence of those ICU admission mechanically ventilated by the sold grey line. 

Error bars represent 95% confidence intervals assuming a Poisson distribution.  
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Figure 5. Age and sex standardised incidence of ICU survivorship by health board of residence 

for all survivors and those mechanically ventilated. 

Incidence proportions are age and sex standardised to the general population of Scotland using direct 

standardisation and reported per 10,000 population aged 16 or older. Open markers represent all ICU 

patients surviving to hospital discharge. Solid markers represent ICU patients surviving to hospital 

discharge who were mechanically ventilated at any time during their ICU admission. The incidence of 

ICU survivorship for the Scottish population is denoted by the dashed grey line, and incidence of 

survivors who were mechanically ventilated by the sold grey line. Error bars represent 95% 

confidence intervals assuming a Poisson distribution.  
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7 Long term mortality of the Scottish ICU population  

7.1 Introduction 

Understanding the consequences of critical illness that continue beyond hospital discharge for patients 

admitted to ICUs is increasingly recognised to be of importance. There is a growing body of evidence 

that the burden of longer term morbidity and mortality may be substantial (Adhikari et al., 2010).  

Furthermore, the need for reporting long term outcomes for ICU populations was highlighted by a 

group of international experts at a consensus conference in 2003 (Angus et al., 2003a).  

My review of the current literature in this area highlighted that reported long term mortality of ICU 

patients varied substantially between countries (Chapter 2, p39). I could only identify two studies 

reporting long term mortality for ICU populations in the UK, both of which were single centre studies 

(Eddleston et al., 2000; Wright et al., 2003a). As there is variation in the organisation of intensive care 

services between countries and the fact that results from single centre studies are less generalisable, I 

concluded that a national study of long term mortality in the UK was required to help inform 

clinicians, policy makers, and health service planners. 

Therefore, my aim for this chapter was to describe five year mortality and identify factors associated 

with mortality in two cohorts of patients: those admitted to ICUs in Scotland in 2005 (ICU admission 

cohort) and those admitted to ICUs in Scotland in 2005 who survived to hospital discharge (ICU 

survivor cohort).  

7.2 Methods   

Study methods common to all studies within the thesis can be found in Chapter 5 (p99). Only methods 

relevant to this chapter are included here. 

7.2.1 Study design, study population and setting 

I used a retrospective cohort study design. Two study cohorts were used in analyses in this chapter: 

the ICU admission cohort and the ICU survivor cohort. Details relating to the setting and eligibility 

criteria for these cohorts can be found in Chapter 5 (p99).  

7.2.2 Outcomes and follow up period 

For the ICU admission cohort, death during the five year period after the date of ICU admission was 

the outcome. The date of death was available through linkage of the SICSAG database to Scottish 

death records. For the ICU survivor cohort, the outcome was death during the five year period after 

the date of discharge from the index hospital admission. Follow up was censored on 31 December 

2010 (see Chapter 5, p107 for further details). In addition to five year mortality, I presented one year 

mortality as this was the most commonly reported statistic in the literature (see Chapter 2).  
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7.2.3 Variables and data sources 

A description of data sources and the methods used to handle quantitative variables and are described 

in Chapter 5 (p100 and p104).  

7.2.4 Statistical methods 

I used Kaplan-Meier plots to assess survival stratified by baseline characteristics in univariate 

analyses. Continuous variables were grouped in order to assess the survival curves. Univariate 

associations were reported using the log rank test for non-ordinal categorical variables and the log 

rank trend test for ordinal variables.  

I used Cox multivariable regression to identify predictors of mortality and accounted for the clustering 

effect of individual ICUs by stratifying the regression models by unit. This allowed the shape of the 

(non-quantified) baseline hazard to vary in each unit, but assumed that the hazard ratios for all 

variables remained constant across all units. Stratification yields similar results to including the unit as 

a categorical variable in the analysis, but can be more statistically efficient (Kleinbaum et al., 2012, 

p201). 

The proportional hazards assumption was assessed using a combination of log-minus-log plots of the 

estimated survival probability and tests based on Schoenfeld residuals (Appendix 6, p286). In the ICU 

admission cohort, the proportional hazards assumption for some key variables was not valid over the 

five year period. I, therefore, inspected plots of the underlying hazard function for the population. This 

allowed me to identify three phases of the underlying hazard function. During the first 30 days, there 

was a very high hazard rate. For the remaining 11 months of the first year, the hazard rate decreased 

month to month. After the first year, the hazard rate declined more gradually over the remaining four 

year period. Rather than choosing arbitrary time points, I used these time points to partition follow up 

time into these three periods and constructed Cox regression models for each time period. The 

proportional hazards assumption was assessed for each of these periods and was found to be valid. 

This process is described in Appendix 6 (p286). The proportional hazards assumption was valid for 

the survivor cohorts which allowed a single model to be constructed encompassing the full follow up 

period. 

7.3 Results 

There were 7656 eligible first admission episodes to ICU in 2005. Of the 7656 patients, 5259 survived 

to hospital discharge. A flow diagram demonstrating derivation of the cohorts is presented in (Figure 

6). I have presented the analysis for the ICU admission cohort before the analysis for the hospital 

survivor cohort. 
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7.3.1 ICU admission cohort 

7.3.1.1 Baseline characteristics 

The median age was 63 years (IQR 48 to 73) and the majority of patients were male (Table 19). The 

most deprived quintile of the Scottish population was over-represented in the ICU cohort (28%). Over 

half of the cohort lived in three health board regions: Greater Glasgow and Clyde (21%), Lanarkshire 

(17%) and Lothian (16%). Around two-thirds of patients were mechanically ventilated on the first day 

of admission (64%), and a further 5% were ventilated after the first day. Around half received some 

form of vasoactive therapy during their ICU stay (53%). The median length of ICU stay was 2 days 

(IQR 1 to 6 days, mean 5 days) and the median length of hospital stay was 15 days (IQR 6 to 33 days, 

mean 29 days). 

The majority of patients had no pre-existing comorbidity recorded using the combined Charlson, 

APACHE II and SAPS II measure (62%), and a similar proportion had not been admitted to hospital 

during the previous year. The most prevalent comorbidities were pulmonary disease (11%, all degrees 

of severity), cancer (9% including metastatic disease) and cardiovascular disease (9% including 

myocardial infarction, heart failure and severe cardiovascular disease) (Table 20). Around 40% of 

patients were admitted from the operating theatre (16% after an elective procedure, 25% after an 

emergency procedure). One fifth were admitted directly from the emergency department and a further 

fifth from a hospital ward.  

The most common three ICU admission diagnostic categories were pneumonia (11%), acute 

gastrointestinal (GI) pathology (8%) and septic shock (7%) (Table 21).  

7.3.1.2 Survival curve and hazard function over time 

One year mortality for the ICU admission cohort was 38.4% (95%CI 37.3 to 39.5) and five year 

mortality was 53.4%. Median survival was 3.9 years (95%CI 3.6 to 4.3). The survival curve 

displayed a steep gradient during the first three months after which the gradient became less 

steep (Figure 7).  

The risk of death occurring during discrete time periods (hazard function) over the five year follow up 

period is plotted in Figure 8. Plotting the hazard function revealed more information relating to the 

change in rate of risk of death. There was a rapid decline in risk of death per unit time during the first 

90 days (hazard function reducing from 4.01 in first 30 days to 0.21 in last 30 days). During the 

remainder of the first year, the gradient in change in hazard function reduced less rapidly (0.19 to 0.13 

during 90 day to 180 days; 0.11 to 0.09 during 180 days to 360 days). This is seen more clearly in 

Figure 9 which displays the hazard function plotted at 15 day intervals during the first year of follow 

up. After the first year, the hazard function declined by approximately 0.1 for years two and three, 

then appeared to become constant for years four and five. 
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7.3.1.3 Univariable analysis 

Univariable associations with five year survival using the log rank test were not significant for sex 

(p=0.51), deprivation quintile (p=0.18), remoteness (p=0.35) and rurality (p=0.08) (Figures 10a-l). For 

the remaining variables, SAPS II score was most strongly associated with five year survival (2=1614, 

df=1, p<0.001, trend test) followed by ICU admission diagnosis (Figure 11, 2=1301, df=27, p<0.001) 

and age (2=748, df=1, p<0.001, trend test). The shape of the survival curves for those requiring CPR 

prior to admission and those with the highest quartile of SAPS II score on admission (46) were 

similar: a steep gradient initially followed by a less steep gradient compared with other groups. This 

indicated that although more deaths occurred within the early period of follow up, the risk of death 

was lower for those who survived beyond this point compared with those not requiring CPR prior to 

admission or those with lower admission SAPS II scores. 

7.3.1.4 Multivariable analysis: predictors of mortality 

Partitioning models by time allowed the change in hazard ratios to be observed over the three time 

periods. During the first 30 days after ICU admission, the strongest predictors of mortality (based on 

the likelihood ratio test 2 statistic, p<0.001 for all) were SAPS II score (2=662.4, df=1) ICU 

admission diagnosis (2=299.4, df=27), admission type (2=85.7, df=5), age (2=53.6, df=1) and 

comorbidities (2=68.8, df=20) (Table 22). During the one to five year period after ICU admission, 

age, comorbidities, ICU admission diagnosis and previous number of hospital admissions were the 

strongest predictors of mortality. In general, age and comorbidity increased in importance as 

predictors of mortality during later time periods compared with earlier periods. In contrast, 

characteristics related to the acute illness, such as pre-admission cardiopulmonary resuscitation and 

SAPS II score became less important predictors of mortality over time as might be expected. The 

remoteness and rurality of a patient’s residence had no influence on outcome during any time period 

(Table 22). 

The twenty comorbidities as a group were strong predictors of mortality in each time interval. During 

the first thirty days after ICU admission, severe cardiovascular disease, mild hepatic disease, 

moderate/severe hepatic disease, severe pulmonary disease and metastatic disease were significantly 

associated with mortality (Table 23). All but the mild hepatic disease category were comorbidities 

used in the APACHE II or SAPS II mortality risk prediction models. During the one to five year 

period after ICU admission, diabetes mellitus with complications (HR 4.1, 95%CI 2.4 to 6.9, 

p<0.001), metastatic disease (HR 3.1, 95%CI 2.3 to 4.3, p<0.001) and connective tissue disease (HR 

2.5, 95%CI 1.5 to 4.0) were the comorbidities most strongly associated with mortality (Table 23).  

Hazard of death for admission diagnoses was reported relative to self-poisoning as this category was 

associated with one of the lowest risks of death for all three time periods (Table 24). In the first 30 

days after ICU admission, 25 of the 27 diagnostic categories were significantly associated with 

mortality relative to self-poisoning. Intracranial haemorrhage (HR 16.4, 95%CI 8.8 to 30.5, p<0.001), 

post-cardiac arrest (HR 9.8, 95%CI 5.3 to 18.1, p<0.001) and liver failure (HR 9.5, 95% 4.9 to 18.5, 
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p<0.001) were associated with the greatest hazard of death during the first thirty days after admission. 

In the period one to five years after ICU admission, the magnitude of association was smaller, and 

only six diagnostic groups were significantly associated with mortality. The three diagnoses with the 

greatest magnitude of association during the last period were oesophageal variceal bleed (HR 3.6, 

95%CI 1.9 to 7.0, p<0.001), COPD (HR 2.7, 95%CI 1.5 to 4.9, p=0.001) and ARDS (HR 2.6, 95%CI 

1.1 to 6.6, p=0.04). The relative hazard of death reduced after the first time period for almost all 

diagnostic categories. However, for patients with ARDS, the HR remained high during the first two 

time periods and only reduced one year after ICU admission. Furthermore, patients admitted to ICU 

with seizures or DKA had a similar hazard of death across all three periods relative to patients 

admitted with overdose (Table 24).  

7.3.2 ICU survivor cohort 

7.3.2.1 Baseline characteristics 

The characteristics of the ICU survivor cohort differed from the ICU admission cohort in that those 

factors associated with hospital mortality were less prevalent. For example, members of the ICU 

survivor cohort were younger (median age 60), more likely to have been admitted following elective 

surgery, had fewer comorbidities and were also less likely to have received organ support during their 

ICU stay. The median length of hospital stay was longer in survivors (median 17 days compared with 

15).  

7.3.2.2 Survival curve and hazard function over time 

One year mortality for the ICU survivor cohort was 10.9% (95%CI 10.0 to 11.7) increasing to 32.3% 

(95%CI 31.0 to 33.6) at five years after hospital discharge (Figure 12). The hazard function showed a 

gradual decline over the first three years before stabilising for the final two years (Figure 13). 

7.3.2.3 Multivariable analysis: predictors of mortality 

Age, comorbidity, ICU admission diagnosis and number of previous inpatient admissions were most 

strongly associated with five year mortality based on the likelihood ratio test 2 statistic (Table 25). 

Females had a 15% reduction in relative hazard of death (HR 0.85, 95%CI 0.76 to 0.94, p=0.001). 

Severity of illness on admission remained associated with mortality (HR 1.09 per 10 point increase, 

95%CI 1.04 to 1.15, p=0.001), but the association was weaker in the ICU survivor cohort compared 

with the ICU admission cohort. Treatment with inotropic support, but not mechanical ventilation or 

renal replacement therapy, was associated with five year mortality. Metastatic cancer was the 

comorbidity with the strongest association with five year mortality (HR 3.99, 95%CI 3.22 to 4.94, 

p<0.001) (Table 26). A number of comorbidities which were exclusively derived from the hospital 

database (rather than ICU database) were associated with five year mortality: peptic ulcer disease, 

mild hepatic disease, dementia, diabetes mellitus with complications and connective tissue disease. 

Previous myocardial infarction was associated with a lower risk of five year mortality (HR 0.67, 

95%CI 0.50 to 0.93, p=0.02). 
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ICU admission due to oesophageal variceal bleeding had the greatest magnitude of association with 

five year mortality relative to self-poisoning (HR 3.85, 95%CI 2.22 to 6.70, p<0.001) followed by 

admission due to ARDS and COPD (Table 27). Individual comorbidities were correlated with some 

ICU admission diagnoses (for example severe liver disease with oesophageal variceal bleeding, 

Spearman’s rho 0.40, p<0.001). Rerunning the model with a count of comorbidities rather than 

individual comorbidities changed the magnitude of association for some diagnostic categories to a 

small extent (for example, the HR for oesophageal variceal bleeding increased from 3.85 to 4.42). 

COPD and GI neoplasm were also associated with a change in magnitude of association (Figure 14).   

7.4 Discussion 

Over half of all patients admitted to ICUs in Scotland died within five years of admission. Whilst most 

of this mortality was concentrated during the acute hospital admission, I found that one third of 

patients who survived to be discharged from hospital died within five years of hospital discharge 

suggesting a significant ongoing burden of illness in survivors of critical illness. By examining the 

underlying hazard function of the cohorts, I demonstrated that the mortality rate for ICU patients 

declined during the first three years of follow up before stabilising during the final two years of follow 

up.  Age, reason for admission to ICU and pre-existing comorbid illness strongly predicted five year 

mortality whether the ICU cohort was defined at the time of ICU admission or hospital discharge. 

Somewhat surprisingly, receipt of renal or respiratory organ support was not independently associated 

with five year mortality.  

7.4.1 Strengths and limitations 

Overall strengths and limitations relating to the thesis are discussed in Chapter 11 (p242). Strengths 

and limitations which are specific to this chapter are discussed here. 

A key strength of the study was the sample size. This reduces the chance that the findings of the study 

are due to random error. However, the analysis was relatively underpowered to allow analyses to be 

undertaken of more homogeneous subgroups, in particular those defined by ICU admission diagnosis. 

Furthermore, stratifying the multivariable analysis of the ICU admission cohort into three time periods 

resulted in a loss of power when identifying independent predictors of the outcome, especially during 

the 31 day to one year time period. 

A further strength of the study was reporting outcomes for both ICU admission and survivor cohorts. 

Hospital discharge, the start of follow up for the ICU survivor cohort, is a key transition point on the 

critical illness patient journey.  A patient must be well enough to leave hospital and be discharged 

home. For this reason, I chose to analyse the ICU survivor cohort separately and report outcomes 

using time of hospital discharge as the start of the five year follow up period. In addition, the 

proportional hazards assumption was largely valid for the entire five year follow up period allowing 

me to report a more easily interpretable single hazard ratio for each variable rather than three.  
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7.4.1.1 Issues related to statistical methods 

As the proportional hazards assumption was invalid for the models relating to the ICU admission 

cohort and five year mortality, I decided to stratify the analysis by time period. I chose the cut points 

for the three time periods by observing the change in the underlying hazard function for the whole 

cohort. These cut points may have related to phases of critical illness, with the initial high hazard 

relating to the acute illness, the second period relating to recovery from the ‘acute’ aspects of illness 

whilst the final phase of a fairly constant hazard rate indicating a new ‘baseline’ risk of death. I hoped 

that the hazard ratios for variables may be more likely to be proportional during these discrete time 

periods, despite the fact that, from a biological mechanistic view point, the hazard ratios would have 

been more likely to change smoothly over time rather than have had a step change at each time period 

transition.  

7.4.1.2 Outcomes 

The primary outcome, mortality, was a robustly measured outcome, being minimally affected by 

measurement error or bias. However, I was unable to report other outcomes which have been shown to 

be impaired in ICU survivors in previous studies, such as new physical morbidity, psychological 

morbidity, functional disability or quality of life, as very few of these were recorded in the national 

databases (Desai et al., 2011). It is perhaps a not unreasonable assumption that the predictors of 

mortality may be associated with some other outcomes, for example, newly acquired comorbidity. 

However, it is unlikely to that mortality is a valid proxy measure for all consequences of critical 

illness. 

7.4.1.3 Missing data  

The variables with the greatest amount of missing data were ICU admission diagnosis (3.3%) and 

SAPS II score (2.5%). Missing admission diagnosis was entered in to the model as the 

‘miscellaneous’ category. Those missing SAPS II score were excluded from multivariable analyses. 

Cox regression analysis allowed for appropriate handling of those with incomplete follow up in the 

ICU survivor cohort (there was complete follow up for the ICU admission cohort). Only a small 

proportion had incomplete five year follow up and it was a reasonable assumption that censoring was 

uninformative. Therefore, it is unlikely that a complete case analysis excluding patients with missing 

data would have biased the results. 

7.4.1.4 Collinearity  

The Cox models used to identify independent predictors of mortality were, on the whole, adequately 

powered. However, the coefficients for some variables may have been affected by collinearity. For 

example, three variables entered in the model also contribute to the SAPS II score: age, admission 

type, and three specific comorbidities (Le Gall et al., 1993). Although these components are weighted 

as part of a score made up of fifteen variables, on reflection it would have been better to extract the 

acute physiology score component of the illness severity score to reduce the risk of collinearity 

affecting coefficients. 
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There were two separate sources of comorbidity: one in the ICU database and the other in the SMR01 

database. There was a significant amount of overlap and I therefore combined a number of these 

categories and split others into two mutually exclusive categories to reduce problems with collinearity. 

This meant that Charlson-defined comorbidities such as ‘chronic pulmonary disease’ excluded any 

SICSAG database-defined ‘severe pulmonary disease’ and similarly Charlson-defined ‘renal disease’ 

excluded SICSAG-defined ‘severe renal disease’, whereas Charlson-defined ‘moderate to severe liver 

disease’ was merged with SICSAG-defined ‘liver disease’. The inclusion of ‘comorbidity’ in the 

model as individual diseases rather than an index or a count of comorbidities allowed the disease-

specific associations with mortality to be observed. Furthermore, it was biologically plausible that the 

size of association of some (but not all) comorbidities with outcome might have changed depending 

on the time frame over which the outcome was measured. However, the disadvantage of this approach 

was the likelihood that some ICU admission diagnoses were correlated with individual comorbidities. 

Repeating the analysis with a count of comorbidity rather than individual comorbidities demonstrated 

that the association with mortality for the majority of admission diagnoses was not substantially 

altered. 

7.4.2 Interpretation and comparison with other studies 

7.4.2.1 Generalisability 

The findings of this study are likely to be generalisable to other general ICUs within the UK due to the 

completeness of the cohort and the population level nature of the study. However, it is more difficult 

to apply the findings across national boundaries given the difference in definition of intensive care, the 

variation in case-mix, and the provision of ICU in terms of beds per head of population (Adhikari et 

al., 2010). In countries in which there is less rationing of ICU beds, there is a greater acceptance to 

provide intensive care to patients who have significant pre-existing illnesses or in situations in which 

provision of intensive care is unlikely to succeed (Wunsch et al., 2009). Narrowing the cohort to 

emergency admissions (to minimise variation due to elective admission practices in the UK and 

abroad) and those mechanically ventilated (which can usually only be undertaken in an ICU) may 

produce a sub-cohort of ICU patients for which outcomes are more comparable between countries. 

The comparability of the predictors identified in the models for long term mortality from this study 

with previous research depends on a number of factors: sample size, case-mix of the ICU cohort, 

definitions of variables, and other covariates selected for inclusion in models. For example, almost 

half of the Australian ICU survivor cohort were post-cardiac surgery (Williams et al., 2008), a group 

of patients that are not represented in the Scottish cohort as these patients are cared for in other 

cardiothoracic ICUs that do not contribute to the SICSAG audit database. Predictors of mortality in 

this cohort, therefore, may be more related to those factors associated with long term mortality in 

patients with cardiac disease.  
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7.4.2.2 Long term mortality 

Comparison with other studies reporting long term mortality was difficult due to differences in in 

case-mix, organisation of intensive care services and the age of the studies. This was reflected in the 

wide variation in one year mortality reported in other studies which defined the start of follow up at 

the time of ICU admission. This ranged from 21% (Mudumbai et al., 2011) to 50% (Short et al., 

1999) compared with 38% in this study. Five year mortality was slightly higher than that in the two 

studies reporting this (53% compared with 40% (Niskanen et al., 1996) and 47% (Wright et al., 

2003a)).  

Post-hospital discharge long term mortality in the Scottish cohort might have been less comparable to 

other populations due to the differences in health care organisation of post-acute hospital care between 

countries. However, one year post-discharge mortality in this cohort (11%) was broadly similar to four 

of the studies reporting this (10-14%) (Capuzzo et al., 1996; Dragsted, 1991; Eddleston et al., 2000; 

Keenan et al., 2002) despite differences in the study era and case-mix. Five year mortality in the 

survivor cohort (33%) was the same as that reported in a Danish cohort study conducted over twenty 

years earlier (33%) (Dragsted, 1991) but double that reported an Australian cohort (16%) (Williams et 

al., 2008) which had a case-mix very different from the Scottish population. 

7.4.2.3 Predictors of mortality 

As would be expected, the association between age and long term mortality was consistent with the 

findings from other studies (Keenan et al., 2002; Williams et al., 2008). The finding that males had a 

poorer long term survival than females, was demonstrated in three other studies (Keenan et al., 2002; 

Niskanen et al., 1996; Williams et al., 2008). 

My finding that comorbidity was independently associated with long term mortality agreed with the 

findings of three studies that investigated this characteristic (Niskanen et al., 1996; Williams et al., 

2008; Wunsch et al., 2010b)  The number of previous hospital admissions, which could be considered 

as a proxy measure of severe comorbidity, was associated with post-hospitalisation long term 

mortality in multivariable analysis in a large Canadian cohort study similar to this study (Keenan et 

al., 2002).  

SAPS II score, a measure of severity of illness on ICU admission, was an independent predictor of 

mortality in all time periods and in both cohorts. This was in keeping with other studies which used a 

variety of measures of severity of illness (Niskanen et al., 1996; Williams et al., 2008; Wright et al., 

2003a).  

I found socioeconomic deprivation was independently associated with both short and long term 

mortality. The only other study that explored a similar association demonstrated a statistically 

significant relationship between median income and mortality, although this was of a very small 

magnitude (HR 0.99 per $10,000 increase in income) (Keenan et al., 2002). I found no association 
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between urban residence and outcome, although the same study demonstrated a small excess risk of 

death associated with urban residence (HR 1.06) (Keenan et al., 2002). 

In the survivor cohort, it was surprising that only cardiovascular support with vasoactive drugs, in 

contrast to support with renal replacement therapy or mechanical ventilation, was independently 

associated with an increased risk of five year mortality. This may have been due to the fact that organ 

support was provided to patients fulfilling two criteria: those with organ failure and deemed suitable 

to receive organ support. The group not receiving organ support may have therefore been a mixture of 

patients without organ failure (with a lower mortality) and patients with organ failure not deemed 

appropriate to receive organ support (with a higher mortality). Furthermore, some failed organs cannot 

be directly supported (e.g. liver failure) and there are less severe degrees of organ failure which do not 

require support (e.g. early acute kidney injury). I was unable to include a measure of organ failure in 

the prediction models as this was not collected in the SICSAG database. Scores which measure organ 

failure are important as organ failure may be a mediator on the causal pathway between critical illness 

and long term mortality ((Lone et al., 2012) and have been shown to predict long term mortality in 

other studies (Lone et al., 2012; Williams et al., 2008).   

The diagnoses with the highest mortality in survivors in the study cohort were oesophageal variceal 

bleed, ARDS, and COPD.  It was difficult to compare diagnosis on admission as a predictor of 

mortality due to the variation in coding methods and different ways of categorising diagnosis on 

admission. I opted to keep numerous categories to improve homogeneity of subgroups in this study, in 

contrast to the study by Williams et al. (2008) in which only nine categories were used, of which only 

three could be easily compared with those in my study (survivors to 1 year, non-traumatic brain 

condition, cardiac arrest, sepsis). Wright et al. (2003a) used a Scottish ICU database but categorised 

admission diagnosis in to nine categories. Others did not have access to a specific ICU database so 

could only use ICD codes related to the hospital admission (Keenan et al., 2002).  

The strength of association of ICU admission diagnosis with mortality varied by diagnostic category 

over the three time periods. The patterns of changes could be broadly divided into three groups: those 

with a high risk of death in the first period (relative to patients admitted with self-poisoning) which 

then reduced substantially, those with a high relative risk of death persisting to one year post 

admission, and those with a high relative risk of death throughout the five year follow up period. 

Patients admitted with diagnoses such as abdominal aortic aneurysm rupture, intracranial bleed and 

vascular surgery had a high relative risk of death in the first thirty days, which then reduced 

substantially indicating that if patients survived the acute event precipitating their critical illness, they 

returned to a baseline level of risk (similar to patients admitted with self-poisoning).  

A number of diagnostic categories had an excess relative risk of death persisting to the end of the first 

year after ICU admission: ARDS, liver failure, cardiogenic shock, pancreatitis, variceal bleed, 
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pneumonia, post-cardiac arrest. This could indicate an ongoing effect that the acute illness had on 

mortality which reduced during the final four year follow up period, perhaps indicating a resolution of 

acute cause eventually rather than newly acquired comorbidity. 

Certain diagnoses were associated with a similar relative risk of death throughout the three time 

periods: diabetic ketoacidosis (DKA), COPD, and seizures. For these patients, the reason for ICU 

admission could have been a direct result of worsening control of their pre-existing comorbidity, and 

therefore a progression of the pre-existing comorbidity itself, rather than sequelae of the episode of 

critical illness, may have led to an increase in relative risk of death over five years. In this context, an 

admission to ICU may have been a marker of disease severity punctuating a downward disease 

trajectory but not necessarily altering the trajectory. However, an ICU admission may also have 

conferred an increased risk of death due to newly acquired morbidity. The database limited further 

exploration of this issue. 

In the survivor cohort, a similar pattern was seen of diagnostic categories with an increased risk of 

death during the five year follow up period. These categories were a mixture of exacerbations of 

chronic diseases (COPD, DKA, variceal bleed, seizures) and those conditions which may have led to 

newly acquired morbidity (pneumonia, ARDS, intracranial bleed).    

7.4.2.4 Change in predictors over time 

Variables associated with aspects of the acute illness such as severity of illness, prior CPR, admission 

type and diagnosis on admission reduced in importance as predictors of mortality over subsequent 

time periods. In contrast, age, comorbidity, previous number of inpatient admissions (a marker of 

previous resource use and pre-existing illness severity) and sex became increasingly important 

predictors over subsequent time periods.  

It was unsurprising that SAPS II score was the strongest predictor of 30 day mortality as the score was 

derived from a model to predict hospital mortality (Le Gall et al., 1993). Hospital mortality was 

similar to 30 day mortality in the study dataset. The other strong predictors of 30 day mortality (ICU 

admission diagnosis, admission type, comorbidity and age) also contribute to SAPS II or APACHE II 

scores, and therefore their presence in the database was related to the fact that they predicted hospital 

mortality. A number of variables that do not contribute to ICU risk prediction mortality were found to 

be significantly associated with 30 day mortality: social deprivation quintile (p=0.04), prior CPR 

(p<0.001), mechanical ventilation on first day of admission and some comorbidities.  Fourteen of the 

20 comorbidities were derived from the hospital SMR01 database rather than from the ICU database. 

Only one of these hospital database-derived comorbidities, mild hepatic disease, was significantly 

associated with 30 day mortality (mild hepatic disease HR 1.74, p=0.002) compared to four of the six 

ICU database-derived comorbidities.   
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The variables found to be associated with short term mortality which are not included in current risk 

prediction models may be able to be used to improve future risk prediction models, particularly if 

mortality at a fixed time-point rather than hospital mortality is used as the outcome. 

7.4.3 Conclusion 

This is the first study to report long term mortality for a complete national cohort of ICU patients in 

the UK. A substantial proportion of ICU patients die during the five years after discharge from 

hospital. Important predictors of long term mortality included age, comorbidity, and ICU admission 

diagnosis. These findings will be useful to those who are faced with decision making and relaying to 

patients and their families the longer term consequences of an admission to ICU. 

  



 

  132 

 
Table 19. Baseline characteristics of ICU admission cohort and ICU survivor cohort. Table continues: 

see legend on following page.   

Value SD / IQR / % Value SD / IQR / %

Age median (IQR) years 63 (48, 73) 60 (44, 72)

Female n (%) 3420 (44.7) 2344 (44.6)

Scottish Index of Multiple Deprivation Quintile n (%)

1 Least deprived 955 (12.5) 661 (12.6)

2 1230 (16.1) 854 (16.2)

3 1544 (20.2) 1070 (20.4)

4 1800 (23.5) 1243 (23.6)

5 Most deprived 2127 (27.8) 1431 (27.2)

Resident in remote area n (%) 693 (9.1) 470 (9.0)

Resident in rural area n (%) 1294 (16.9) 919 (17.5)

Health board of residence n (%)

Ayrshire & Arran 532 (7.0) 369 (7.0)

Borders 349 (4.6) 267 (5.1)

Dumfries & Galloway 297 (3.9) 205 (3.9)

Fife 585 (7.6) 424 (8.1)

Forth Valley 291 (3.8) 202 (3.8)

Grampian 614 (8.0) 389 (7.4)

Greater Glasgow & Clyde 1596 (20.9) 1025 (19.5)

Lanarkshire 1318 (17.2) 1005 (19.1)

Lothian 1243 (16.2) 808 (15.4)

Tayside 353 (4.6) 233 (4.4)

Highlands/Islands 478 (6.2) 332 (6.3)

Count of comorbidities n (%)

0 4717 (61.6) 3438 (65.4)

1 2000 (26.1) 1295 (24.6)

2 or more 939 (12.3) 526 (10.0)

Number of inpatient admissions in previous year n (%)

0 4419 (57.7) 3074 (58.5)

1 1574 (20.6) 1097 (20.9)

2 or more 1663 (21.7) 1088 (20.7)

CPR prior to admission n (%) 542 (7.1) 162 (3.1)

Admission SAPS II score median (IQR) 33 (21, 46) 27 (18, 38)

ICU admission 

cohort n=7656

ICU survivor cohort

n=5259
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Table 19. Baseline characteristics of ICU admission cohort and ICU survivor cohort. 

Count of comorbidities is derived from combining comorbidities from the hospital and ICU databases. 

CPR=cardiopulmonary resuscitation; SAPS=simplified acute physiology score; RRT=renal 

replacement therapy.  

Value SD / IQR / % Value SD / IQR / %

Surgical status n (%)

Elective surgery 1258   (16.4) 1148   (21.8)

Emergency surgery 1926   (25.2) 1454   (27.7)

Non-surgical 4469   (58.4) 2654   (50.5)

ICU admission type n (%)

Operating theatre 3187   (41.7) 2605   (49.6)

Emergency department 1484   (19.4) 1027   (19.5)

Hospital ward 1477   (19.3) 765   (14.6)

High dependency area 1065   (13.9) 566   (10.8)

Other 440   (5.8) 294   (5.6)

Mechanical ventilation on day one n (%) 4896   (64.5) 2962   (56.9)

Number of days of mechanical ventilation n (%)

0 2361   (31.1) 2057   (39.5)

1 1591   (21.0) 1101   (21.2)

2 or more 3643   (48.0) 2048   (39.3)

Number of days of RRT n (%)

0 6692   (88.1) 4822   (92.6)

1 145   (1.9) 52   (1.0)

2 or more 758   (10.0) 332   (6.4)

Number of days of vasoactive support n (%)

0 4355   (57.3) 3678   (70.7)

1 908   (12.0) 442   (8.5)

2 or more 2332   (30.7) 1086   (20.9)

T racheostomy inserted n (%) 933   (12.3) 627   (12.0)

ICU length of stay (days)

Mean (SD) 5.2 (8.7) 5.0 (8.7)

Median (IQR) 2.1 (0.9, 5.7) 2.0 (1.0, 5.0)

Index hospitalisation length of stay (days)

Mean (SD) 28.8 (46.9) 33.9 (52.6)

Median (IQR) 15   (6, 33) 17 (9, 39)

ICU admission 

cohort n=7656

ICU survivor cohort

n=5259
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Table 20. Comorbidities recorded at the time of ICU admission for ICU admission and ICU 

survivor cohorts. 

The 20 comorbidity categories were derived from both hospital and ICU databases and were binary 

variables. For example, 2.4% of the ICU admission cohort had myocardial infarction as a comorbidity, 

and therefore 97.6% did not have this as a comorbidity. CVS=cardiovascular system; 

GI=gastrointestinal; Mod=moderate; DM=diabetes mellitus. 

  

n (%) n (%)

CVS Myocardial infarction 183 (2.4) 120 (2.3)

Heart failure 134 (1.8) 71 (1.4)

Severe cardiovascular 356 (4.6) 168 (3.2)

Peripheral vascular disease 274 (3.6) 190 (3.6)

Cerebrovascular disease 155 (2.0) 92 (1.7)

Resp Chronic pulmonary disease 381 (5.0) 256 (4.9)

Severe pulmonary disease 432 (5.6) 243 (4.6)

Liver/GI Mild hepatic disease 85 (1.1) 48 (0.9)

Mod/severe hepatic disease 358 (4.7) 166 (3.2)

Peptic ulcer disease 95 (1.2) 61 (1.2)

Renal Renal disease 159 (2.1) 81 (1.5)

Severe renal disease 108 (1.4) 63 (1.2)

CNS Dementia 18 (0.2) 11 (0.2)

Paraplegia/hemiplegia 22 (0.3) 14 (0.3)

Other DM (without complications) 352 (4.6) 211 (4.0)

DM (with complications) 57 (0.7) 34 (0.6)

Connective tissue disease 78 (1.0) 44 (0.8)

Immunosuppressed 299 (3.9) 150 (2.9)

Cancer (no metastases) 452 (5.9) 362 (6.9)

Metastatic disease 252 (3.3) 154 (2.9)

ICU admission cohort 

n=7656

ICU survivor cohort

n=5259



 

  135 

 
Table 21. ICU admission diagnosis derived from APACHE III diagnostic codes for ICU 

admission and ICU survivor cohorts. 

*Acute pathology includes the following diagnoses: GI perforation, abscess, diverticulitis, peritonitis, 

and ischaemia. †The missing category was combined with ‘other miscellaneous’ for analyses. 

GI=gastrointestinal; AAA=abdominal aortic aneurysm; COPD=chronic obstructive pulmonary 

disease; ARDS=adult respiratory distress syndrome; CVS=cardiovascular system; CNS=central 

nervous system.  

n (%) n (%)

Pneumonia 849 (11.1) 461 (8.8)

Acute GI pathology* 630 (8.2) 428 (8.1)

Septic shock 535 (7.0) 256 (4.9)

T rauma excluding head injury 343 (4.5) 309 (5.9)

Post-cardiac arrest 327 (4.3) 87 (1.7)

GI neoplasm 324 (4.2) 265 (5.0)

GI obstruction 322 (4.2) 253 (4.8)

Self poisoning 299 (3.9) 287 (5.5)

Vascular surgery 271 (3.5) 224 (4.3)

GI bleed 204 (2.7) 155 (2.9)

Intracranial bleed 199 (2.6) 75 (1.4)

T rauma including head injury 180 (2.4) 134 (2.5)

Seizures 167 (2.2) 146 (2.8)

Pancreatitis 116 (1.5) 75 (1.4)

AAA rupture 108 (1.4) 67 (1.3)

Oesophageal variceal bleed 95 (1.2) 51 (1.0)

Asthma 95 (1.2) 90 (1.7)

Liver failure 94 (1.2) 26 (0.5)

COPD 88 (1.1) 64 (1.2)

Cardiogenic shock 76 (1.0) 17 (0.3)

ARDS 62 (0.8) 29 (0.6)

Diabetic ketoacidosis 51 (0.7) 43 (0.8)

Other respiratory 480 (6.3) 357 (6.8)

Other GI 402 (5.3) 334 (6.4)

Other CVS 282 (3.7) 179 (3.5)

Other CNS 265 (3.5) 185 (3.4)

Other renal 195 (2.5) 161 (3.1)

Other miscillaneous 346 (4.5) 292 (5.6)

Missing† 251 (3.3) 209 (4.0)

ICU admission 

cohort n=7656

ICU survivor cohort

n=5259
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Table 22. Multivariable Cox regression analysis for identifying predictors of mortality stratified 

over three time periods in the ICU admission cohort. 

The coefficients for Charlson comorbidities and ICU admission diagnoses are presented in Table 23 

and Table 24. The likelihood ratio test for the variable is the effect of removing all categories of the 

variable from the model and comparing this to the full model. All models are stratified by unit. See 

Table 19 for explanation of abbreviations.  

LowerUpper LowerUpper Lower Upper

Age (per 10 years) 1.14 1.10 1.18 53.6 <0.001 1.41 1.33 1.51 113.2 <0.001 1.47 1.40 1.55 218.9 <0.001

Female (ref male) 1.06 0.97 1.15 1.5 0.22 0.87 0.74 1.01 3.5 0.06 0.86 0.76 0.97 5.9 0.02

SIMD quintile 10.2 0.04 4.2 0.37 12.0 0.02

1 Least deprived Ref Ref Ref

2 1.03 0.87 1.22 1.24 0.94 1.64 0.82 0.65 1.03

3 1.05 0.89 1.23 1.31 0.99 1.72 1.03 0.83 1.28

4 1.08 0.92 1.26 1.13 0.87 1.48 1.06 0.86 1.29

5 Most deprived 1.22 1.05 1.43 1.18 0.90 1.54 1.18 0.97 1.45

Remote 1.10 0.92 1.30 1.1 0.29 0.96 0.72 1.27 0.08 0.77 0.82 0.64 1.05 2.4 0.12

Rural 0.89 0.78 1.02 2.7 0.10 0.92 0.73 1.15 0.5 0.46 1.00 0.84 1.21 <0.1 0.96

Inpatient adm in prev year 1.04 1.00 1.09 3.5 0.06 1.22 1.14 1.30 36.2 <0.001 1.14 1.08 1.21 21.9 <0.001

Prior CPR 1.63 1.35 1.98 25.1 <0.001 1.52 0.99 2.35 3.6 0.06 0.99 0.61 1.60 <0.1 0.97

Admission type 85.7 <0.001 0.5 0.97 9.9 0.04

Elective surgical Ref Ref Ref

Emergency surgical 1.63 1.24 2.14 0.95 0.72 1.25 0.94 0.76 1.17

Emergency department 2.47 1.85 3.29 1.01 0.72 1.41 1.11 0.85 1.45

Hospital ward 3.03 2.29 4.01 1.05 0.77 1.43 1.17 0.91 1.51

Other 2.58 1.95 3.41 1.01 0.75 1.37 0.86 0.67 1.11

SAPS II score (per 10 pts) 1.48 1.44 1.52 662.4 <0.001 1.19 1.12 1.27 27.9 <0.001 1.07 1.01 1.13 6.1 0.01

MV on day one 1.40 1.24 1.58 28.8 <0.001 1.06 0.88 1.27 0.4 0.54 1.09 0.94 1.26 1.3 0.25

Comorbidities 68.8 <0.001 100.3 <0.001 128.6 <0.001

20 categories

Diagnosis on admission 299.4 <0.001 73.9 <0.001 63.2 <0.001

28 categories

Admission to day 30 Day 31 to 1 year 1 year to 5 years

HR
95%  CI LRT 2 

of 
variable

p value 
for 

variable

HR
95%  CI LRT 2 

of 
variable

p value 
for 

variable

HR
95%  CI LRT 2 

of 
variable

p value 
for 

variable
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Table 23. Multivariable analysis of diagnosis for mortality stratified over three time periods for 

ICU admission cohort: hazard ratios for comorbidities. 

The comorbidities were entered in to the multivariable model in Table 22 as 20 covariates. The 

reference group for each specific comorbidity category is those patients without that specific 

comorbidity. See Table 20 for explanation of abbreviations. 

  

Lower Upper Lower Upper Lower Upper

CVS Myocardial infarction 0.96 0.73 1.27 0.80 0.56 0.35 0.90 0.02 0.69 0.47 1.02 0.07

Heart failure 1.18 0.89 1.57 0.24 1.21 0.77 1.91 0.40 1.07 0.67 1.70 0.79

Severe cardiovascular 1.49 1.25 1.79 <0.001 0.90 0.63 1.29 0.58 1.11 0.83 1.49 0.49

Peripheral vascular disease 0.98 0.76 1.25 0.84 1.27 0.87 1.84 0.22 0.99 0.72 1.38 0.97

Cerebrovascular disease 1.18 0.90 1.56 0.23 0.85 0.52 1.40 0.53 0.97 0.66 1.42 0.87

Resp Chronic pulmonary disease 0.96 0.78 1.18 0.69 1.05 0.77 1.43 0.78 1.16 0.89 1.50 0.28

Severe pulmonary disease 1.33 1.12 1.57 0.001 1.29 0.95 1.75 0.10 1.53 1.18 1.97 0.001

Liver/GI Mild hepatic disease 1.74 1.23 2.47 0.002 1.00 0.52 1.90 0.99 1.95 1.21 3.14 0.01

Mod/severe hepatic disease 1.42 1.16 1.72 0.001 1.29 0.85 1.97 0.24 1.64 1.14 2.36 0.01

Peptic ulcer disease 0.81 0.56 1.17 0.26 1.38 0.88 2.16 0.16 1.33 0.82 2.17 0.25

Renal Renal disease 1.05 0.81 1.36 0.71 1.45 0.97 2.17 0.07 1.40 0.95 2.08 0.09

Severe renal disease 1.07 0.78 1.47 0.69 1.56 0.89 2.71 0.12 1.26 0.76 2.09 0.37

CNS Dementia 1.87 0.83 4.25 0.13 2.03 0.64 6.50 0.23 1.83 0.66 5.07 0.24

Paraplegia/hemiplegia 1.23 0.62 2.43 0.55 2.10 0.51 8.61 0.30 0.57 0.08 4.07 0.57

Other DM (without complications) 0.93 0.77 1.13 0.46 1.14 0.84 1.55 0.40 1.10 0.84 1.45 0.48

DM (with complications) 0.94 0.60 1.47 0.78 1.20 0.58 2.52 0.62 4.06 2.37 6.94 <0.001

Connective tissue disease 1.26 0.86 1.85 0.24 1.25 0.67 2.32 0.49 2.51 1.54 4.08 <0.001

Immunosuppressed 1.08 0.89 1.31 0.46 1.60 1.17 2.18 0.003 1.43 1.06 1.93 0.02

Cancer (no metastases) 0.79 0.61 1.02 0.07 1.25 0.95 1.66 0.12 1.20 0.94 1.53 0.15

Metastatic disease 1.28 1.02 1.60 0.03 3.25 2.46 4.28 <0.001 3.12 2.29 4.27 <0.001

Admission to day 30 Day 31 to 1 year 1 year to 5 years

HR
95% CI

p value HR p value
95% CI

HR
95% CI

p value
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Table 24. Multivariable analysis of diagnosis for mortality stratified over three time periods for 

ICU admission cohort: hazard ratios for ICU admission diagnosis. 

The mutually exclusive 28 categories were entered in to the multivariable model in Table 22 as a 

single categorical covariate with ‘self-poisoning’ set as the reference category. See Table 21 for 

explanation of abbreviations and symbols * and †. 

  

Lower Upper Lower Upper Lower Upper

Self poisoning 1 1 1

CVS Post-cardiac arrest 9.81 5.31 18.13 <0.001 3.03 1.31 7.02 0.01 1.10 0.59 2.08 0.76

Cardiogenic shock 11.75 6.06 22.81 <0.001 4.39 1.47 13.08 0.01 1.53 0.52 4.47 0.44

Septic shock 6.75 3.64 12.50 <0.001 2.15 0.98 4.73 0.06 1.27 0.76 2.10 0.36

AAA rupture 7.64 3.79 15.38 <0.001 1.06 0.33 3.42 0.93 1.03 0.52 2.03 0.94

Vascular surgery 5.30 2.65 10.57 <0.001 0.94 0.38 2.34 0.90 1.04 0.60 1.81 0.88

Resp Pneumonia 6.07 3.29 11.19 <0.001 3.03 1.43 6.43 0.004 1.78 1.12 2.82 0.01

ARDS 8.42 4.13 17.16 <0.001 8.17 3.13 21.37 <0.001 2.64 1.06 6.60 0.04

Asthma 1.88 0.65 5.45 0.24 0.34 0.04 2.76 0.31 0.98 0.46 2.08 0.96

COPD 3.95 1.89 8.24 <0.001 2.06 0.78 5.46 0.15 2.71 1.51 4.87 0.001

Liver/GI Acute GI pathology* 6.65 3.54 12.48 <0.001 1.84 0.84 4.08 0.13 1.44 0.88 2.36 0.15

GI bleed 4.34 2.20 8.57 <0.001 2.68 1.18 6.08 0.02 1.34 0.77 2.36 0.30

GI neoplasm 7.71 3.85 15.44 <0.001 2.25 0.99 5.07 0.05 1.63 0.96 2.77 0.07

GI obstruction 5.12 2.63 9.96 <0.001 1.87 0.83 4.22 0.13 1.52 0.91 2.56 0.11

Liver failure 9.53 4.90 18.53 <0.001 5.01 1.72 14.59 0.003 1.34 0.49 3.65 0.57

Oesophageal variceal bleed 8.34 4.17 16.66 <0.001 4.80 1.86 12.41 0.001 3.61 1.85 7.03 <0.001

Pancreatitis 6.32 3.17 12.63 <0.001 3.07 1.23 7.66 0.02 1.08 0.53 2.22 0.83

CNS Seizures 2.11 1.01 4.43 0.05 1.62 0.66 3.95 0.29 1.99 1.18 3.35 0.01

Intracranial bleed 16.34 8.76 30.47 <0.001 1.55 0.50 4.80 0.45 1.87 0.98 3.56 0.06

Other Diabetic ketoacidosis 1.86 0.71 4.84 0.20 3.02 1.11 8.23 0.03 1.78 0.81 3.89 0.15

Trauma including head injury 7.96 4.07 15.59 <0.001 1.46 0.50 4.25 0.49 0.88 0.42 1.85 0.74

Trauma excluding head injury 3.19 1.56 6.51 0.001 1.88 0.81 4.35 0.14 1.07 0.62 1.84 0.81

Other CVS 5.67 3.00 10.72 <0.001 1.93 0.85 4.35 0.12 1.69 1.01 2.82 0.04

Other respiratory 4.70 2.50 8.84 <0.001 2.91 1.35 6.25 0.01 1.41 0.86 2.29 0.17

Other GI 4.88 2.52 9.46 <0.001 1.46 0.64 3.33 0.37 0.98 0.58 1.66 0.95

Other renal 3.02 1.48 6.16 0.002 1.96 0.86 4.51 0.11 1.38 0.80 2.39 0.24

Other CNS 4.72 2.48 8.98 <0.001 3.03 1.36 6.76 0.01 1.54 0.90 2.61 0.11

Other miscellaneous† 4.93 2.58 9.42 <0.001 1.59 0.70 3.60 0.27 1.22 0.73 2.04 0.45

Ref Ref Ref

Admission to day 30 Day 31 to 1 year 1 year to 5 years

HR
95%  CI p value 

for 
variable

HR
95%  CI p value 

for 
variable

p value 
for 

variable

HR
95%  CI
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Table 25. Multivariable Cox regression model to identify independent predictors of five year 

mortality in the ICU survivor cohort. 

Individual coefficients for comorbidities and ICU admission diagnoses are displayed in Table 26 and 

Table 27. See Table 19 for explanation of abbreviations.  

Lower Upper

Age (per 10 years) 1.45 1.39 1.51 285.5 <0.001

Female (ref male) 0.85 0.76 0.94 10.5 0.001

SIMD quintile 8.3 0.08

1 Least deprived Ref

2 0.97 0.80 1.18

3 1.14 0.95 1.36

4 1.09 0.92 1.30

5 Most deprived 1.21 1.01 1.44

Remote 0.88 0.72 1.07 1.6 0.21

Rural 1.01 0.87 1.17 <0.1 0.92

Inpatient adm in prev year 1.18 1.13 1.24 52.7 <0.001

Prior CPR 1.16 0.81 1.66 0.6 0.42

Admission type 12.9 0.01

Elective surgical Ref

Emergency surgical 0.97 0.81 1.16

Emergency department 1.14 0.92 1.42

Hospital ward 1.09 0.89 1.34

Other 0.84 0.68 1.03

SAPS II score (per 10 pts) 1.09 1.04 1.15 12.3 0.001

MV at any time 0.94 0.82 1.06 1.0 0.31

CVVH at any time 0.84 0.68 1.04 2.5 0.11

Inotropes at any time 1.21 1.06 1.37 8.6 0.003

Comorbidities 253.1 <0.001

20 categories

Diagnosis on admission 99.4 <0.001

28 categories

Multivariable

HR
95% CI LRT 2 of 

variable

p value for 

variable
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Table 26. Multivariable Cox regression model for five year mortality for the ICU survivor 

cohort: hazard ratios for comorbidities. 

Comorbidities were entered in to the multivariable model in Table 25 as 20 covariates. The reference 

group for each specific comorbidity category is those patients without that specific comorbidity. See 

Table 25 for model details and Table 20 for explanation of abbreviations.  

  

Lower Upper

CVS Myocardial infarction 0.68 0.50 0.93 5.9 0.02

Heart failure 1.22 0.86 1.71 1.2 0.27

Severe cardiovascular 1.09 0.86 1.38 0.5 0.50

Peripheral vascular disease 1.08 0.84 1.41 0.4 0.54

Cerebrovascular disease 0.91 0.66 1.25 0.3 0.56

Resp Chronic pulmonary disease 1.09 0.88 1.35 0.6 0.44

Severe pulmonary disease 1.61 1.31 1.97 20.5 <0.001

Liver/GI Mild hepatic disease 1.52 1.02 2.26 4.3 0.04

Mod/severe hepatic disease 1.62 1.21 2.17 10.4 0.001

Peptic ulcer disease 1.46 1.04 2.07 4.7 0.03

Renal Renal disease 1.42 1.05 1.92 5.3 0.02

Severe renal disease 1.67 1.12 2.48 6.3 0.01

CNS Dementia 2.43 1.12 5.24 5.1 0.02

Paraplegia/hemiplegia 1.48 0.55 4.00 0.6 0.44

Other DM (without complications) 1.11 0.89 1.38 0.8 0.37

DM (with complications) 2.59 1.64 4.09 16.8 <0.001

Connective tissue disease 1.91 1.26 2.91 9.2 0.002

Immunosuppressed 1.43 1.12 1.82 8.3 0.004

Cancer (no metastases) 1.29 1.06 1.57 6.4 0.01

Metastatic disease 3.99 3.22 4.94 162.0 <0.001

LRT 2 

Multivariable

HR
95% CI

p value
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Table 27. Multivariable Cox regression model for five year mortality for the ICU survivor 

cohort: hazard ratios for ICU admission diagnosis. 

The mutually exclusive 28 categories were entered in to the multivariable model in Table 25 as a 

single covariate with ‘self-poisoning’ set as the reference category. See Table 25 for model details and 

Table 21 for explanation of abbreviations and symbols.  

Lower Upper

Self poisoning 1

CVS Post-cardiac arrest 1.41 0.85 2.35 0.19

Cardiogenic shock 2.00 0.91 4.44 0.09

Septic shock 1.12 0.71 1.77 0.61

AAA rupture 1.04 0.57 1.89 0.91

Vascular surgery 0.87 0.54 1.42 0.59

Resp Pneumonia 1.88 1.26 2.82 0.002

ARDS 3.18 1.53 6.61 0.002

Asthma 0.87 0.43 1.75 0.69

COPD 2.52 1.52 4.19 <0.001

Liver/GI Acute GI pathology* 1.36 0.88 2.09 0.16

GI bleed 1.60 1.00 2.56 0.05

GI neoplasm 1.50 0.95 2.36 0.08

GI obstruction 1.46 0.94 2.29 0.10

Liver failure 1.32 0.53 3.28 0.55

Oesophageal variceal bleed 3.85 2.22 6.70 <0.001

Pancreatitis 1.23 0.68 2.25 0.50

CNS Seizures 1.93 1.22 3.05 0.01

Intracranial bleed 1.81 1.02 3.22 0.04

Other Diabetic ketoacidosis 2.31 1.26 4.24 0.01

Trauma including head injury 0.87 0.46 1.68 0.68

Trauma excluding head injury 1.16 0.73 1.85 0.53

Other CVS 1.61 1.03 2.52 0.04

Other respiratory 1.73 1.14 2.62 0.01

Other GI 1.01 0.65 1.59 0.96

Other renal 1.45 0.91 2.31 0.12

Other CNS 1.67 1.06 2.65 0.03

Other miscellaneous† 1.23 0.79 1.91 0.37

Ref

Multivariable

HR
95% CI

p value
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Figure 6. Flow diagram illustrating derivation of the study cohorts. 

Proportions are calculated used n=8991 as the denominator. 
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Figure 7. Kaplan-Meier plot of survival for the ICU admission cohort.  

Median survival time: 3.9 years (95%CI 3.6 to 4.3). All subjects had complete follow up for the five 

year period. 
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Figure 8. Hazard function over the five year follow up period for ICU admission cohort. 

The hazard function is risk of death for each discrete time interval. The unit of the hazard function is 

standardised to be risk of death per year regardless of length of time interval. The hazard function is 

plotted at the midpoint of each time interval. For the first twelve month period, this is every 30 days; 

after this it is 6-monthly. Dotted lines represent 95% confidence interval. 
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Figure 9. Detail of hazard function over first year in 15 day time intervals.  

The unit of the hazard function is standardised to be risk of death per year regardless of length of time 

interval. The hazard function is plotted at the midpoint of each time interval. Dotted lines represent 

95% confidence interval. 
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Log rank test: 2=748.4 (df=1); p<0.001 Log rank test: 2=0.4 (df=1); p=0.51 

(trend test) 

 

 
Log rank test: 2=1.8 (df=1); p=0.18 Log rank test: 2=0.9 (df=1); p=0.35 

(trend test) 

 

 
Log rank test: 2=3.1 (df=1); p=0.08 Log rank test: 2=1614 (df=1); p<0.001 

 (trend test) 
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Log rank test: 2=240.0 (df=2); p<0.001 Log rank test: 2=219.7 (df=1); p<0.001 

 

 

 
Log rank test: 2=524.0 (df=1); p<0.001 Log rank test: 2=502.4 (df=1); p<0.001 

 

 

 
Log rank test: 2=210.3 (df=1); p<0.001 Log rank test: 2=99.4 (df=1); p<0.001 

(trend test) (trend test) 

 

Figures 10a-l. Kaplan Meier plots for the ICU admission cohort stratified by baseline 

characteristics.  

Univariable analyses were undertaken using the log rank test and log rank trend test.  
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Figure 11. Kaplan Meier plots for 28 ICU admission diagnostic groupings.  

Graphs ordered by frequency of diagnoses, with ‘other’ diagnostic groups plotted in final two graphs 

(VI and VII). Log rank test 2=1301 (df=27); p<0.001. 
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Figure 12. Kaplan-Meier plot of survival for the ICU survivor cohort with censoring markers.  

Mean length of follow up for those alive: 5.0 years, range 1.6 to 5.0 years.  
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Figure 13. Hazard function over the five year follow up period for ICU survivor cohort. 

See Figure 8 for explanation of hazard function. For the first twelve month period, the hazard function 

is plotted every 3 months; after this it is 6-monthly. The y-axis is plotted on a logarithmic scale to 

improve comparability with Figure 8. Dotted lines represent 95% confidence interval. 
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Figure 14. Association of ICU admission diagnostic category and five year mortality in the ICU 

survivor cohort. 

Open markers represent hazard ratios adjusted for the variables listed in Table 25; solid markers 

represent hazard ratios produced from a model which replaced individual comorbidities with a count 

of comorbidity. 95% confidence intervals relate to estimates adjusted for count of comorbidity. 
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8 Long term mortality of ICU populations compared with 
matched hospital inpatients and the general population of 
Scotland 

8.1 Introduction 

In the previous chapter, I described five year mortality for the Scottish ICU population. I was also able 

to characterise the baseline hazard function for the ICU population and demonstrated that this 

plateaued during years four and five of follow up. However, in order to determine whether this new 

baseline mortality rate remained greater than what might have been expected for patients had they not 

experienced an episode of critical illness, and thereby potentially quantify the ongoing burden of 

critical illness, a comparison to another population was needed.  

Hospital inpatient populations and the general population of a country were the two most commonly 

used comparator populations for this purpose in the literature review (Chapter 2, p42). Whilst 

comparison with the general population of a country may improve generalisability, the use of an 

inpatient hospital comparison population may be advantageous as these patients are more likely to be 

similar to patients admitted to ICU than the general population. Previous studies have demonstrated 

that the time point at which survival rates in the ICU population approached those in the general 

population varied from anywhere between one year to 16 years after an episode of critical illness 

(Chapter 2, p44).  

Previous studies have estimated mortality rates from the time of ICU admission or from the time of 

ICU/hospital discharge and compared these to control populations (Chapter 2, p35). There are 

advantages to presenting both of these figures. The inclusion of mortality that occurs during the acute 

ICU and hospital stay allows the burden of critical illness to be assessed in its entirety. However, 

using hospital discharge as a starting point to calculate mortality rates has its own advantage: this time 

point signifies a transition in a patient’s journey once the period of acute illness associated with 

particularly high mortality has ended and also removes the not insignificant number of patients who 

are admitted to hospital primarily for palliative reasons. The study database allowed for the 

calculation of mortality rates in both admission and survivor cohorts.  

I, therefore, undertook matched cohort studies to compare the five year mortality in the following 

groups: (i) patients admitted to ICU with patients admitted to hospital not requiring ICU admission; 

(ii) ICU patients who survived to hospital discharge with patients admitted to hospital not requiring 

ICU admission who survived to hospital discharge. I also compared five year mortality in the ICU 

admission and survivor cohorts with age and sex standardised mortality rates in the general 

population. I aimed to quantify the magnitude of excess risk of death in the ICU population compared 

with the comparator populations and identify the time point, if such a time point existed, at which 

there was no longer evidence of an excess risk of death during the five year follow up period. 
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8.2 Methods   

Study methods common to all studies within the thesis can be found in Chapter 5 (p99). Only methods 

relevant to this chapter are included here. 

8.2.1 Study design, study population and setting 

I used a matched cohort study design. Details relating to the setting and eligibility criteria for the four 

study cohorts (ICU admission, ICU survivor, hospital inpatient admission and hospital inpatient 

survivor cohorts) can be found in Chapter 5 (p99). The outcomes for the ICU and hospital inpatient 

cohorts were compared to age/sex indirectly standardised mortality rates for the general population of 

Scotland. Therefore, the general population of Scotland was not an actual study cohort. 

8.2.2 Outcomes and follow up period 

For the ICU admission cohort, death during the five year period after the date of ICU admission was 

the outcome. The date of death was available through linkage of the SICSAG database to the Scottish 

death register. For the ICU survivor cohort, the outcome was death during the five year period after 

the date of discharge from the index hospital admission. Follow up was censored on 31 December 

2010. 

8.2.3 Variables and data sources 

A description of data sources and the methods used to handle quantitative variables and are described 

in Chapter 5 (p100 and p104). 

8.2.4 Statistical methods 

Indirectly standardised rates were produced by obtaining age and sex specific mortality rates from life 

tables of the general population of Scotland based on data from 2004 to 2006 (NRS, 2013a). Mortality 

rates were obtained from unabridged life tables for each year of life from 16 to 100 years old. 

Mortality rates for those aged over 100 were assumed to be the same as those aged 100. The mortality 

rate for each year subsequent to the first was assumed to be the rate for that age during 2004 to 2006. 

For example, the mortality rate for a 35 year old female during the first year of follow up was read 

directly from the life table. For the same individual in the fifth year of follow up, her mortality rate 

was assumed to be that of a 39 year old female in 2004 to 2006.  

Hypothesis tests comparing baseline characteristics between the two cohorts allowed for matching: 

McNemar’s chi-square for comparing proportions of binary variables, Wilcoxon signed rank test for 

continuous variables and conditional logistic regression for categorical variables (member of ICU 

cohort vs hospital control cohort as dependent variable). A hypothesis test was not undertaken on the 

matching variables. 
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I used Kaplan-Meier plots to compare survival between ICU and hospital inpatient cohorts. In 

addition, I plotted the expected age/sex indirectly standardised survival curve for the general Scottish 

population to allow a graphical comparison with the ICU and hospital inpatient cohorts.  

Cox regression stratified by matched pairs was used to estimate the HR for the comparison of 

mortality for the ICU compared with hospital inpatient cohort. Stratification accounted for the 

matched nature of the data. The proportional hazards assumption was assessed as described in 

Appendix 6 (p286). As the assumption was rejected for the admission cohorts, follow up time was 

partitioned into three periods: 0 to 30 days, 31 to 90 days, and 91 days to 5 years. The cut points for 

these periods were determined by the change in hazard ratio for the ICU vs hospital variable as this 

variable was the focus of this analysis. The proportional hazards assumption was valid for the survivor 

cohorts which allowed a single model encompassing the full follow up period. 

I used an additional method, the relative survival approach, to compare survival between the ICU 

cohorts, hospital inpatient cohorts and the standardised survival of the general population of Scotland. 

This method only allowed for adjustment for confounders on which the cohorts were matched or those 

used in indirect standardisation. The resulting relative survival and excess mortality estimates, 

therefore, accounted for differences in distribution of the four matching variables for comparisons 

between ICU and hospital inpatient cohorts, and accounted for differing age and sex structures for 

comparisons of either ICU or hospital inpatient cohorts with the general population of Scotland. I 

produced relative survival and excess mortality estimates at yearly intervals for the five year follow up 

period and represented the relative survival experience using relative survival plots. It is important to 

note that the excess mortality rate is an absolute difference in mortality rates between two groups, and 

the relative survival rate is the ratio of cumulative survival rates in two groups.  

8.2.4.1 Confounding 

A Cox model containing only the variable distinguishing ICU and hospital inpatient cohorts produced 

estimates that were adjusted for the variables on which the cohorts were matched: age, sex, admission 

type (emergency surgical, elective surgical, emergency medical) and quarter of year admitted or 

discharged. In order to produce estimates further adjusted for all potential confounders in the database, 

a Cox model was built including the following variables: age (continuous variable), deprivation 

quintile (categorical variable), remoteness, rurality, number of inpatient admissions in the previous 

year, Charlson comorbidities (17 binary categories) and health board of residence (11 categories). 

8.2.4.2 Subgroups and effect modification 

I assessed for the presence of effect modification on hazard of death over five years for the ICU 

survivor cohort compared with hospital inpatient survivor cohort by reporting stratum specific HRs 

and including interaction terms in Cox regression models for the following variables: age 

(dichotomised <70, 70), sex, admission type (elective/emergency), mechanical ventilation (yes/no), 

renal replacement therapy (yes/no) and vasoactive support (yes/no). Effect modification was only 
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assessed in the survivor cohorts as this model was not partitioned into three time periods and was 

therefore likely to have greater power to detect effect modification. 

8.3 Results 

8.3.1 Baseline characteristics  

I was able to match 7635 out of 7656 (99.7%) members of the ICU admission cohort to hospital 

inpatients using the four matching variables: age (within 10 year bands), sex, admission type and 

quarter of year admitted. The two cohorts, however, were different when other non-matched variables 

were compared (Table 28). Members of the control cohort were less deprived (p<0.001), were more 

likely to live in a remote area (p=0.001), had fewer comorbidities (p<0.001) (Table 29) and had fewer 

previous hospital inpatient admissions (p<0.001). The health board of residence differed between the 

ICU and control cohorts (p<0.001). 

8.3.2 Long term mortality in admission cohorts 

The ICU admission cohort had a much greater relative mortality in the early part of follow up 

compared with both the matched control population of patients admitted to hospital not requiring 

critical care and an age-sex standardised general population of Scotland (Figure 15). Five year 

survival in the ICU cohort was 46.6% compared with 73.2% in the matched hospital inpatient cohort. 

Five year expected survival for the general population of Scotland using indirect standardisation for 

age and sex was 84.4% (Table 30). Following further adjustment for potential confounders not used in 

the matching process, the hazard ratio (HR) for death in the ICU cohort compared with the hospital 

inpatient cohort was 15.5 (95%CI 12.7 to 18.9, p<0.001) 0 to 30 days after admission, 2.7 (2.0 to 3.6, 

p<0.001) for 31 to 90 days, and 1.5 (1.4 to 1.7, p<0.001) 91 days to 5 years (Figure 16). ICU 

admission, therefore, was associated with an excess risk of death throughout the five year follow up 

period. 

Relative survival of the ICU admission cohort continued to reduce throughout the five year follow up 

period compared to the general population of Scotland, reducing rapidly in the first year to 63% and 

then reducing to 55% in the fifth year (Figure 17). Excess mortality (i.e the absolute difference in 

annual mortality rates) decreased from 35.8% in the first year of follow up to 2% in the final year 

(Table 31). A similar pattern was seen compared to the hospital inpatient cohort, relative survival 

reducing from 69% in the first year to 65% in the fifth year of follow up (Figure 17). Excess mortality 

(i.e the absolute difference in annual mortality rates) in the ICU cohort decreased from 27.4% in year 

one to 1.8% in year five compared with the hospital inpatient cohort (Table 31). This demonstrated 

that the survival curve of the ICU admission cohort continued to diverge from both hospital inpatient 

and general population survival curves throughout the five year follow up period. Survival in the 

hospital inpatient population relative to the general population of Scotland plateaued in year five of 

follow up indicating that these two survival curves were running parallel during the fifth year. 
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8.3.3 Long term mortality in survivor cohorts 

The ICU survivor cohort had a higher five year mortality (32.6%) compared with the matched hospital 

inpatient control population (22.7%) and an age-sex standardised general population (13.4%) (Figure 

18, Table 32). Following adjustment for potential confounders, patients admitted to ICU had an 

increased risk of death during the five year follow up period compared to hospital inpatients not 

requiring ICU admission: HR 1.29 (95%CI 1.16 to 1.42, p<0.001). Although the proportional hazards 

assumption was not violated, the relative hazard appeared to increase during the five year follow up 

period (Figure 19). There was an excess risk of death associated with ICU admission in a number of 

subgroups: patients who received mechanical ventilation at any point during their ICU stay, HR 1.31 

(95%CI 1.16 to 1.48, p<0.001); patients who received mechanical ventilation at any point during their 

ICU stay and were admitted as an emergency, HR 1.24 (95%CI 1.09 to 1.41, p=0.001); patients with 

no Charlson comorbidities in either matched pair of the ICU survivor and hospital survivor control 

cohorts, HR 1.39 (95%CI 1.23 to 1.57, p<0.001). 

Relative survival of the ICU survivor cohort steadily reduced during the five year follow up period 

compared to the matched hospital inpatient survivor cohort, reducing by 2% to 4% each year from 

96% in the first year to 87% in the fifth year (Figure 20). This was reflected in the absolute excess 

mortality rate (i.e. absolute difference in mortality rates) of the ICU survivor cohort, which remained 

between 2% and 3.3% greater than that of the hospital inpatient survivor cohort throughout the follow 

up period (Table 33). In contrast, there was a steeper decline in relative survival in the ICU survivor 

cohort compared with the general population of Scotland during the first year (91%). The rate of 

decline slowed during each subsequent year, resulting in 78% relative survival in the fifth year of 

follow up (Figure 20). Similar to the admission cohorts, the survival curve of the ICU survivor cohort 

continued to diverge from both hospital inpatient survivor and general population survival curves 

throughout the five year follow up period. 

 ICU survivors aged 70 or over did not have an increased five year mortality compared with matched 

hospital survivors once estimates were adjusted for confounders (HR 0.97, 95%CI 0.85 to 1.12, 

p=0.72) (Table 34). In contrast, the excess risk of death associated with ICU admission was restricted 

to those aged under 70. Age, therefore, was an effect modifier for the association between ICU 

admission and five year mortality in patients who survived to hospital discharge (p<0.001 for 

interaction term). The following factors were also effect modifiers for the association between ICU 

admission and five year mortality (increased magnitude of HR): elective admission (compared with 

emergency admission) (p<0.001 interaction term) and organ support with vasoactive therapy (p=0.02).  

8.4 Discussion 

ICU patients experienced an increased risk of death compared with both hospital inpatients and the 

general population which persisted for at least five years after the episode of critical illness. The 

increased risk remained present even when restricting the ICU population to those who survived to be 
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discharged from the hospital. I found that the increased risk of death after hospital discharge was 

particularly pronounced in younger ICU patients compared with hospital inpatient controls, whilst, 

interestingly, older ICU patients had no increased risk of death compared with hospital controls.   

8.4.1 Strengths and limitations 

The strengths and limitations identified in Chapter 11 (p242) were equally applicable to the analyses 

presented in this chapter. In terms of strengths, these included the large sample size, the population 

level coverage of both ICU and hospital databases, the minimal number of observations with missing 

data, and the presentation of analyses relating to both admission and survivor cohorts. The limitations 

relating to the outcome, measurement error of variables and the definition of ICU were also relevant 

to the matched analyses presented in this chapter. 

There were a number of strengths specific to the analyses in this chapter. I was able to compare 

mortality to both a hospital inpatient cohort of patients as well as to standardised mortality rates in the 

general Scottish population, both of which provide complementary measures of excess mortality 

associated with admission to ICU. In addition, I used two methods of statistical analysis to estimate 

the excess mortality associated with admission to ICU. The Cox model produced a relative measure of 

risk rather than an absolute measure. The relative survival approach allowed me to report an absolute 

measure of risk, which is often a more important and easily understood measure for patients, 

clinicians and policy makers. Reporting of both measures is now recommended in observational 

studies (von Elm et al., 2007).  

The individual level data of the ICU and hospital cohort analysis using Cox regression allowed 

estimates to be adjusted for a number of important confounders including comorbidity and previous 

health care resource use. Matching the cohorts on quarter of admission allowed for seasonal variation 

in the diagnoses presenting to hospital and ICU (for example, pneumonia during winter months) and 

the seasonal variation in volume of admissions (Fullerton et al., 1999).  

8.4.1.1 Defining intensive care 

Inclusion of HDU patients within the hospital inpatient cohorts would have reduced the size of 

association between ICU admission and outcome. The method used to improve homogeneity within 

the ICU cohort by restricting the cohort to those receiving mechanical ventilation could not be applied 

to the hospital cohort. The proportion of hospital patients requiring HDU care was small in 2005 

indicating that this would have little effect. However, the lack of consistency between hospitals in 

classifying ICU admissions would become more important if stratum-specific associations between 

ICU admission and mortality were reported for health board areas, which was not undertaken in this 

analysis. 
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8.4.1.2 Defining the start of follow up 

The start of follow up (time zero) for the ICU admission cohort was the date of admission to ICU. For 

the hospital inpatient admission cohort this was the first day of hospital admission. Some ICU patients 

had a significant pre-ICU admission hospital length of stay which I did not account for in the analysis. 

This would have particularly affected comparisons of those patients with a prolonged hospital stay 

before ICU admission who may have had complex medical problems. The effect of this would have 

been to bias estimates of the association with ICU admission towards the null. In order to account for 

this, a better approach may have been to ascertain the time point at which ICU admission occurred 

after hospital admission and then to match using this in addition to the other matching criteria. The 

analysis of the survivor cohorts were not affected by this issue as the start of follow up was the time of 

hospital discharge. 

8.4.1.3 Residual confounding 

A number of important confounders were not included in models due to limitations in the database. 

Pre-admission markers of frailty, such as limited exercise tolerance or weakness, and functional status 

or disability, including nursing or residential home residence, were not available. Both of these are 

known to be associated with long term mortality (Fried et al., 1998; Fried et al., 2001), and are also 

influential in decisions to refuse ICU admission (Iapichino et al., 2010). Comorbidity and number of 

previous hospital admissions would have only partly accounted for these measures. The bias that this 

would have produced on estimates is difficult to predict. One study investigating the long term burden 

of illness in patients surviving sepsis found that inadequate adjustment for pre-existing frailty and 

disease trajectories led to confounded associations between sepsis and long term outcomes (Iwashyna 

et al., 2012). If poor functional status had lower prevalence in the ICU cohort, and was strongly 

associated with mortality, the direction of confounding would be to bias the association of ICU 

admission with mortality towards the null. This may have been the explanation for the lack of 

association between ICU admission and mortality in those aged 70 or older. Adequate adjustment for 

frailty may have also accounted for members of the hospital inpatient cohort who had been ill enough 

to warrant ICU admission but for whom it was deemed inappropriate.  

I have described in the thesis discussion the likelihood of measurement error in the comorbidity 

variable (Chapter 11, p243). Similar to residual confounding due to frailty, the direction of the 

confounding bias on the association of ICU admission and morality would be difficult to predict 

(Rothman et al., 2008b, p144).  

I did not match or adjust for diagnosis on admission in the analysis. This was in part pragmatic: ICU 

admission diagnoses were coded using APACHE III diagnostic criteria and hospital admission 

diagnoses were coded using ICD-10. In addition, some diagnoses would invariably lead to ICU 

admission, such as cardiac arrest or cardiovascular shock, and could be considered synonymous with 

ICU admission. Others have used broad diagnostic groupings which contained a wide variety of 

diagnoses (Keenan et al., 2002). However, it is likely that these groupings would not be equivalent in 



 

  159 

ICU and hospital populations. For example, the most common ICU admission diagnoses in patients 

admitted with ‘cardiovascular’ conditions in the ICU admission cohort were cardiac arrest, septic 

shock and cardiogenic shock. These would have been far less frequently recorded, or absent, in the 

hospital inpatient cohort presenting with ‘cardiovascular’ conditions. Even when equivalent diagnoses 

were present in both cohorts, for example self-poisoning due to drug overdose, the spectrum of drugs 

taken in overdose leading to ICU admission would likely have been different from those drugs leading 

to hospital admission alone.   

8.4.1.4 Validity and limitations of comparator populations  

Comparison of mortality rates to standardised rates in the general population is used widely in other 

areas of epidemiology (Rothman et al., 2008b, p67). I used age (in one year intervals) and sex specific 

mortality rates from the general population and applied these to the population structure of both ICU 

admission and survivor cohorts to produce indirectly standardised mortality rates. However, I did not 

standardise mortality rates for deprivation status which, in retrospect, would have been more 

appropriate given the over-representation of patients from more deprived areas in the ICU population. 

Some of the excess mortality, therefore, observed in the ICU population compared with the general 

population could be related to residual confounding due to deprivation.  

As I was unable to use individual level data for the general population, I was only able to adjust for a 

limited number of confounders using standardisation, and therefore residual confounding may persist. 

Wunsch et al. (2010b) were able to use individual level data from a cohort they assumed to be similar 

to the general population in the USA aged over 65. These were Medicare beneficiaries who had made 

at least one insurance claim (which could have been related to community care) during the preceding 

year. It would be difficult to construct a similar population using the Scottish hospital databases, as a 

patient was only recorded in the database if a contact with the hospital occurred. One approach could 

have been to identify patients who attended for day case procedures during the study period. These 

patients may have represented a cohort closer in characteristics to the ‘general population.’ However, I 

did not explore this option further.    

Comparing mortality in the ICU population to a hospital inpatient population has been proposed to be 

a more valid comparison than the general population as patients admitted to ICU are more likely to 

have comorbidities and would have, therefore, been more likely to die compared to the general 

population whether or not an ICU admission occurred (Keenan et al., 2002). This comparison, 

therefore, is assumed to be between patients admitted to ICU and those admitted to hospital not 

requiring ICU admission. However, hospital inpatient populations generally consist of at least three 

groups: (i) patients who are ill enough to need hospital-based treatment for an illness or operation that 

cannot be managed in the community and who do not have a severe enough illness to fulfil criteria for 

admission to ICU; (ii) patients who have a severe enough illness to warrant ICU admission, but for 

whom it is felt to be inappropriate based on pre-existing illness, poor functional status or a patient’s 
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wishes; and (iii) patients who are extremely ill requiring ICU admission but who do not survive long 

enough to be transferred to the ICU.  

The first group is the implied group for comparison of mortality rates between ICU and hospital 

cohorts. The second group may be expected to have a relatively high mortality rate and would include 

patients in the terminal stages of their illness. Patients who are critically ill but are refused ICU 

admission are at an increased risk of death (Sinuff et al., 2004). Furthermore, in Scotland, hospital 

remains the most common place for individuals to die (58.5% of the general population in one study 

(Cohen et al., 2008)), even in the elderly age groups, indicating that a substantial number of patients 

are palliated at the end of life in a hospital, rather than at home or in a hospice. The number in the 

third group is difficult to quantify, although my clinical experience suggests that this is not a common 

event. The presence of patients in groups two and three in the hospital inpatient cohort would bias the 

association between ICU admission and mortality towards the null. The analysis of survivor cohorts 

would have reduced the effects of this bias substantially as many of these patients would have died 

during their hospital stay. The survivor cohort analysis, therefore, would have more likely represented 

a comparison between ICU patients and hospital inpatients who were not ill enough to require ICU 

admission.  

8.4.2 Interpretation and comparison with other studies 

In order for these findings to be generalisable, both hospital and ICU populations should be 

representative of those in other countries. It is unlikely that the Scottish ICU population is comparable 

to ICU populations outside the UK (Adhikari et al., 2010). However, it is not clear how similar the 

Scottish hospital population is to that in other countries. Restriction of the ICU cohort to patients who 

were mechanically ventilated may improve generalisability, particularly for comparisons with 

mortality rates in the general population.   

Keenan found that there was increased mortality associated with ICU admission compared to a 

hospital control population (HR 1.21, 95%CI 1.17 to 1.27) over a maximum period of 3.75 years 

follow up, having adjusted for age, sex, comorbidity, major clinical category (admission diagnosis), 

previous hospital admissions, income, urban/rural residence and size of hospital. This estimate was 

similar to the result from this study (HR 1.29 (95%CI 1.16 to 1.42)). 

Wunsch et al. (2010b) produced estimates for three year post discharge mortality in ICU patients 

restricted to those aged over 65 compared with a hospital control population adjusted for admission 

source, discharge destination, hospitalisation in previous year, skilled nursing facility admission in 

previous year, and comorbidities. Matching was undertaken on age, sex, race and admission type 

(medical vs surgical). They found a much smaller increased risk of death in the ICU cohort compared 

with hospital controls (HR 1.07, 95%CI 1.04 to 1.10). This finding was compatible with the result 

produced when I restricted the analysis to a similar aged subcohort (aged 70 or older), indicated by the 

overlapping confidence intervals (HR 0.97, 95%CI 0.85 to 1.12). A difference between our studies 
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was the fact that this group adjusted for discharge destination whereas I decided that this would not be 

appropriate. In their study, patients in the ICU cohort were more likely to be discharged to a skilled 

care facility than hospital controls (33% vs 26%). If the increased impairment in ICU survivors was a 

direct result of their critical illness, discharge to a skilled care facility could have been a mediator on 

the causal pathway from ICU admission to increased mortality. Adjusting for this factor, therefore, 

may have reduced the strength of association or induced confounding (Rothman et al., 2008b, pp131, 

202).  

I found that the mortality rate remained higher in the ICU population in comparison with the general 

population of Scotland throughout the follow up period. This was the case in some other studies 

reporting this comparison. An Australian single centre study found that mortality in ICU survivors 

remained higher than the general population for the entire 15 years of follow up using indirect 

standardisation (SMR 2.01 in year 15, 95%CI, 1.64–2.46) (Williams et al., 2008). Similarly, Keenan 

et al. (2002) and Wunsch et al. (2010b) found that North American ICU survivors continued to have 

an increased mortality rate compared with the general population during three years of follow up.  

I did not identify a time point at which the mortality rate in the ICU cohort reverted to that of the 

hospital inpatient using the Cox proportional hazards approach in either ICU admission or survivor 

cohorts, nor with a relative survival approach allowing for only those variables on which matching 

was undertaken. The confidence interval for the HR excluded one for the fifth year of follow up, and 

relative survival curves continued to decline rather than plateau. Similarly, two studies found that the 

proportional hazards remained intact over the follow up period indicating that the excess hazard 

persisted in the ICU population compared with the hospital inpatient population (Keenan et al., 2002; 

Wunsch et al., 2010b).   

Similarly, I did not identify a time point at which the mortality rate in the ICU cohort reverted to that 

of the general population. This was in agreement with three studies (Keenan et al., 2002; Williams et 

al., 2008; Wunsch et al., 2010b) which used indirect standardisation (Keenan et al., 2002; Williams et 

al., 2008) and regression modelling (Wunsch et al., 2010b). This was in contrast to Niskanen et al. 

(1996) who used a relative survival approach to find that the survival rate of ICU patients paralleled 

that of the age and sex adjusted general Finnish population two years after ICU admission. In two 

single centre studies, Flaaten et al. (2001) concluded that survival in the ICU population reverted to 

that of the general Norwegian population six months after ICU admission and Wright et al. (2003a) 

found that this occurred during the fourth year after ICU admission in a Scottish ICU. These may be 

questionable conclusions as the authors assumed that the inclusion of 1 in the confidence interval 

indicated the time point at which mortality in the ICU population had reverted to that of the general 

population. Given the width of the confidence intervals in the two studies that reported them (Flaatten 

et al., 2001; Wright et al., 2003a), the lack of statistical significance could be compatible the study 

being underpowered leading to a type II error. I have explained this issue fully in Chapter 2 (p44). 
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8.4.3 Reasons for increased mortality in ICU cohort 

The extremely high risk of death associated with ICU admission during the first few months after ICU 

admission was clearly a result of the acute episode of critical illness. Most of these deaths occurred 

within the ICU . This was followed by a transition period during which the HR reduced rapidly before 

stabilising to be reasonably constant until the end of the follow up period. The analysis of the survivor 

cohorts confirmed that the increased risk of death associated with ICU admission remained constant, 

or even increased, after hospital discharge.  

There are a number of potential explanations for the increased long term mortality associated with 

ICU admission. The association could have been due to error, residual confounding, or a result of the 

chosen control populations which I have discussed above. However, if these did not explain the 

findings and if the association was causal, then the excess mortality could have represented the burden 

of illness that was a consequence of ICU admission which continued after discharge from hospital. A 

consensus conference has termed this burden of illness ‘post-intensive care syndrome’ (Needham et 

al., 2012). The excess mortality may reflect the extreme end of the spectrum of this syndrome which 

includes impairments of respiratory and neuromuscular systems as well as neurocognitive dysfunction 

and mental illness (Desai et al., 2011; Needham et al., 2012). 

In order to understand the components of this ‘burden’, there are a number of clinically and 

biologically plausible mechanisms which are worth considering. I have attempted to apply a 

framework to group these factors into three areas: factors related to the diagnosis on admission to 

ICU, factors related to interventions and treatment undertaken in ICU (nosocomial factors), and 

factors related to syndromes arising from or closely associated with critical illness itself (‘critical 

illness syndromes’). I have discussed this framework in more detail in Chapter 11 (p244) as it 

integrates the findings from the whole thesis. 

8.5 Conclusion 

This study has demonstrated that ICU patients experienced an increased risk of death compared with 

both hospital inpatients and the general population which persisted for at least five years after the 

episode of critical illness. A careful consideration of potential confounding factors along with an 

improved understanding of the risk attributable to ICU admission will help to direct future research 

and policy. 
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Table 28. Baseline characteristics of ICU admission cohort and matched hospital inpatient admission 

control population. Table continues: see legend on following page.   

P value

Value SD/IQR/% Value SD/IQR/%

Age median (IQR) years 63 (48, 73) 63 (48, 73) -

Female n (%) 3411 (44.7) 3411 (44.7) -

Admission type n (%) -

Elective surgery 1257 (16.5) 1257 (16.5)

Emergency surgery 1924 (25.2) 1924 (25.2)

Emergency non-surgical 4454 (58.3) 4454 (58.3)

Quarter of year admitted n (%) -

1 1949 (25.5) 1949 (25.5)

2 1906 (25.0) 1906 (25.0)

3 1780 (23.3) 1780 (23.3)

4 2000 (26.2) 2000 (26.2)

Scottish Index of Multiple Deprivation Quintile n (%) <0.001

1 Least deprived 952 (12.5) 1144 (15.0)

2 1228 (16.1) 1327 (17.4)

3 1542 (20.2) 1513 (19.8)

4 1793 (23.5) 1679 (22.0)

5 Most deprived 2120 (27.8) 1972 (25.8)

Resident in remote area n (%) 694 (9.1) 813 (10.7) 0.001

Resident in rural area n (%) 1294 (17.0) 1375 (18.0) 0.08

Health board of residence n (%) <0.001

Ayrshire & Arran 531 (7.0) 611 (8.0)

Borders 349 (4.6) 182 (2.4)

Dumfries & Galloway 297 (3.9) 209 (2.7)

Fife 579 (7.6) 479 (6.3)

Forth Valley 290 (3.8) 377 (4.9)

Grampian 613 (8.0) 770 (10.1)

Greater Glasgow & Clyde 1,594 (20.9) 1977 (25.9)

Lanarkshire 1314 (17.2) 851 (11.2)

Lothian 1239 (16.2) 1015 (13.3)

Tayside 352 (4.6) 595 (7.8)

Highlands/Islands 477 (6.3) 569 (7.5)

ICU admission

cohort

Hospital inpatient 

admission cohort
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Table 28. Baseline characteristics of ICU admission cohort and matched hospital inpatient 

admission control population. 

A hypothesis test was not undertaken on the matching variables (-). Tables comparing the ICU 

survivor and hospital inpatient survivor cohorts are presented in Chapter 10 (Table 47). 

  

P value

Value SD/IQR/% Value SD/IQR/%

Count of comorbidities n (%) <0.001

0 5491 (71.9) 6805 (89.1)

1 1435 (18.8) 578 (7.6)

2 or more 709 (9.3) 252 (3.3)

Number of inpatient admissions in previous year n (%) <0.001

0 4409 (57.8) 6203 (81.2)

1 1568 (20.5) 911 (11.9)

2 or more 1658 (21.7) 521 (6.8)

Index hospitalisation length of stay (days) <0.001

Mean (SD) 28.8 (47.0) 8.2 (18.3)

Median (IQR) 15 (6, 32) 3 (1, 7)

ICU admission

cohort

Hospital inpatient 

admission cohort



 

  165 

 
Table 29. Baseline prevalence of individual Charlson comorbidities in the ICU admission cohort 

and hospital inpatient admission cohort. 

Differences in comorbidity between cohorts were tested as a count of comorbidity variable (see Table 

28). 

  

n % n %

CVS Myocardial infarction 246 (3.2) 119 (1.6)

Heart failure 192 (2.5) 90 (1.2)

Peripheral vascular disease 273 (3.6) 77 (1.0)

Cerebrovascular disease 155 (2.0) 85 (1.1)

Resp Chronic pulmonary disease 510 (6.7) 207 (2.7)

Liver/GI Mild hepatic disease 150 (2.0) 29 (0.4)

Mod/severe hepatic disease 131 (1.7) 19 (0.2)

Peptic ulcer disease 95 (1.2) 33 (0.4)

Renal Renal disease 237 (3.1) 55 (0.7)

CNS Dementia 18 (0.2) 24 (0.3)

Paraplegia/hemiplegia 22 (0.3) 15 (0.2)

Other DM (without complications) 350 (4.6) 142 (1.9)

DM (with complications) 57 (0.7) 19 (0.2)

Connective tissue disease 77 (1.0) 49 (0.6)

Immunosuppressed 5 (0.1) 1 (0.0)

Cancer (no metastases) 504 (6.6) 133 (1.7)

Metastatic disease 101 (1.3) 63 (0.8)

ICU admission

cohort

Hospital inpatient 

admission cohort
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Table 30. Life table for five year survival in the ICU admission and hospital inpatient admission 

cohorts and the general population of Scotland. 

Estimates for the general population of Scotland are derived from age and sex specific mortality rates 

using indirect standardisation. 

  

Interval

Total at 

interval 

start

Deaths

Survival at 

interval 

end (%)

95% CI

Total at 

interval 

start

Deaths

Survival at 

interval 

end (%)

95% CI Interval

Total at 

interval 

start

Deaths

Survival at 

interval 

end (%)

0 to 30d 7635 2162 71.6 70.6, 72.6 7635 234 96.9 96.5, 97.3

31d to 90d 5473 308 67.6 66.5, 68.6 7401 206 94.2 93.6, 94.7

91d to 1y 5165 456 61.6 60.5, 62.7 7195 396 89.0 88.3, 89.7 0 to 1y 7635 195 97.4

1y to 2y 4709 370 56.8 55.7, 57.9 6799 371 84.1 83.3, 84.9 1y to 2y 7440 214 94.6

2y to 3y 4339 303 52.8 51.7, 53.9 6428 311 80.1 79.2, 81.0 2y to 3y 7226 236 91.6

3y to 4y 4036 243 49.6 48.5, 50.8 6117 263 76.6 75.7, 77.6 3y to 4y 6990 259 88.2

4y to 5y 3793 235 46.6 45.4, 47.7 5854 259 73.2 72.2, 74.2 4y to 5y 6731 284 84.4

General population of ScotlandICU cohort Hospital cohort
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Table 31. Relative survival and excess mortality for ICU admission cohort compared with 

hospital inpatient admission cohort and the general population of Scotland. 

Relative survival for the ICU admission cohort compared with the hospital inpatient admission cohort 

is calculated by dividing the cumulative survival for the ICU admission cohort by the cumulative 

survival for the hospital inpatient cohort (D/E). The ratio is presented as a percentage by multiplying 

by 100. The relative survival for the ICU admission cohort compared with the general population of 

Scotland is calculated similarly (D/F). Excess mortality in the ICU admission cohort compared with 

the hospital inpatient admission cohort is calculated by subtracting the interval survival for the 

hospital inpatient admission cohort (column B) from the ICU admission cohort (column A) (A-B). 

Excess mortality in the ICU admission cohort compared with the general population of Scotland is 

calculated similarly (A-C). Estimates for the general population of Scotland are derived from age and 

sex specific mortality rates using indirect standardisation. ICU=ICU admission cohort; Hosp=hospital 

inpatient admission cohort; Gen pop=general population of Scotland. 

  

Interval ICU Hosp
Gen 
pop

ICU Hosp
Gen 
pop

ICU vs 
hosp

ICU vs 
gen pop

ICU vs 
hosp

ICU vs 
gen pop

Calculation A B C D E F D / E D / F A - B A - C

0 to 1y 61.7 89.1 97.4 61.7 89.1 97.4 69.3 63.3 27.4 35.8

1y to 2y 92.1 94.5 97.1 56.8 84.2 94.6 67.5 60.0 2.4 5.0

2y to 3y 93.0 95.2 96.7 52.9 80.1 91.6 66.0 57.7 2.1 3.7

3y to 4y 94.0 95.7 96.3 49.7 76.7 88.2 64.8 56.4 1.7 2.3

4y to 5y 93.8 95.6 95.8 46.6 73.3 84.4 63.6 55.2 1.8 2.0

Excess mortality (%)Interval survival (%) Cumulative survival (%) Relative survival (%)
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Table 32. Life table for five year survival in the ICU survivor and hospital inpatient survivor 

cohorts and the general population of Scotland. 

Estimates for the general population of Scotland are derived from age and sex specific mortality rates 

using indirect standardisation. 

  

Interval

Total at 

interval 

start

Deaths
Cens-

ored

Survival at 

interval 

end (%)

95% CI

Total at 

interval 

start

Deaths
Cens-

ored

Survival at 

interval 

end (%)

95% CI

Total at 

interval 

start

Deaths

Survival at 

interval 

end (%)

0 to 1y 5215 564 0 89.1 88.3, 90.0 5215 391 0 92.5 91.7, 93.1 5215 115 97.8

1y to 2y 4651 365 0 82.1 81.1, 83.2 4824 266 0 87.4 86.4, 88.2 5100 126 95.4

2y to 3y 4286 287 0 76.6 75.5, 77.8 4558 213 0 83.3 82.2, 84.3 4974 139 92.7

3y to 4y 3999 242 0 72.0 70.8, 73.2 4345 166 0 80.1 79.0, 81.1 4835 153 89.8

4y to 5y 3757 234 201 67.4 66.1, 68.6 4179 143 226 77.3 76.1, 78.4 4682 168 86.6

ICU cohort Hospital cohort General population Scotland
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Table 33. Relative survival and excess mortality for ICU survivor cohort compared with 

hospital inpatient survivor cohort and the general population of Scotland.  

Relative survival for the ICU survivor cohort compared with the hospital inpatient survivor cohort is 

calculated by dividing the cumulative survival for the ICU survivor cohort by the cumulative survival 

for the hospital survivor cohort (D/E). The ratio is presented as a percentage by multiplying by 100. 

The relative survival for the ICU survivor cohort compared with the general population of Scotland is 

calculated similarly (D/F). Excess mortality in the ICU survivor cohort compared with the hospital 

inpatient survivor cohort is calculated by subtracting the interval survival for the hospital inpatient 

survivor cohort (column B) from the ICU survivor cohort (column A) (A-B). Excess mortality in the 

ICU survivor cohort compared with the general population of Scotland is calculated similarly (A-C). 

Estimates for the general population of Scotland are derived from age and sex specific mortality rates 

using indirect standardisation. ICU=ICU survivor cohort; Hosp=hospital inpatient survivor cohort; 

Gen pop=general population of Scotland. 

  

Interval ICU Hosp
Gen 
pop

ICU Hosp
Gen 
pop

ICU vs 
hosp

ICU vs 
gen pop

ICU vs 
hosp

ICU vs 
gen pop

Calculation A B C D E F D / E D / F A - B A - C

0 to 1y 89.2 92.5 97.8 89.2 92.5 97.8 96.4 91.2 3.3 8.6

1y to 2y 92.2 94.5 97.5 82.2 87.4 95.4 94.0 86.2 2.3 5.4

2y to 3y 93.3 95.3 97.2 76.7 83.3 92.7 92.0 82.7 2.0 3.9

3y to 4y 93.9 96.2 96.8 72.0 80.1 89.8 89.9 80.2 2.2 2.9

4y to 5y 93.8 96.6 96.4 67.6 77.4 86.6 87.3 78.0 2.8 2.6

Excess mortality (%)Interval survival (%) Cumulative survival (%) Relative survival (%)
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Table 34. Assessing for the presence of effect modification on hazard of death over five years for 

ICU survivor cohort compared with hospital inpatient survivor cohort. 

Stratum specific hazard ratios are presented for each of the covariates assessed for effect modification. 

The p value for the interaction term is derived by adding an interaction term of the potential effect 

modifier with the variable indicating membership of the ICU or hospital cohort in to the multivariable 

model. MV=mechanical ventilation; RRT=renal replacement therapy; vasoactive=vasoactive therapy. 

 

  

Lower Upper

Age <70 1.60 1.39 1.84 41.2 <0.001 <0.001

Age >=70 0.97 0.85 1.12 0.13 0.72

Elective 2.21 1.62 3.01 25.5 <0.001 <0.001

Emergency 1.15 1.03 1.28 6.6 0.01

Male 1.24 1.09 1.41 10.1 0.001 0.501

Female 1.29 1.10 1.50 10.3 0.001

No MV 1.28 1.06 1.55 6.7 0.01 0.78

MV 1.31 1.16 1.48 8.6 <0.001

No RRT 1.28 1.16 1.42 1.9 <0.001 0.705

RRT 1.83 1.13 2.95 6.1 0.01

No vasoactive 1.21 1.06 1.37 8.5 0.004 0.017

Vasoactive 1.54 1.29 1.83 3.6 <0.001

HR
95%  CI LRT 2 

of 
variable

p value 
for 

variable

p value for 
interaction
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Figure 15. Five year survival of the ICU admission cohort compared with a matched hospital 

inpatient admission cohort and age/sex standardised survival of the general population of 

Scotland. 

At risk pop= number of patients at risk in the general population per year assuming the expected 

mortality occurs each year; At risk hosp= number of patients in the hospital inpatient admission cohort 

at risk per year; At risk ICU= number of patients in ICU admission cohort at risk per year. 
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Figure 16. Adjusted hazard ratio of ICU admission cohort compared with hospital inpatient 

admission cohort. 

The hazard ratio is calculated for shorter intervals during the first year then annually for years two to 

five. The hazard ratio for the interval is plotted at the midpoint for the interval. Error bars represent 

95% confidence intervals. 
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Figure 17. Relative survival of the ICU admission cohort compared with the matched hospital 

inpatient admission cohort and the general population of Scotland.  
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Figure 18. Five year survival of the ICU survivor cohort compared with a matched hospital 

inpatient survivor cohort and age/sex standardised survival of the general population of 

Scotland. 

For explanation of ‘at risk’ numbers see Figure 15. 
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Figure 19. Adjusted hazard ratio of ICU survivor cohort compared with hospital inpatient 

survivor cohort for each year of follow up. 

The hazard ratio for the interval is plotted at the midpoint for the interval. Error bars represent 95% 

confidence intervals. 
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Figure 20. Relative survival of the ICU survivor cohort compared with the matched hospital 

inpatient survivor cohort and the general population of Scotland. 
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9 Long term health care resource used by ICU survivors  

9.1 Introduction 

ICU patients are often left with residual disability and functional impairment after surviving an 

episode of critical illness (Desai et al., 2011). Some of this illness burden may be attributable to the 

episode of critical illness (Herridge et al., 2011). They often experience multiple transitions of care, 

and have ongoing health care needs after discharge. However, the cost to the health service and 

society of ICU survivorship is largely unknown.  

My systematic review of the current international literature revealed that there was variable quality in 

the reporting of long term health care resource use after surviving ICU (Chapter 3). There were no 

studies undertaken in the UK which reported the long term costs of surviving ICU and the factors 

associated with increased resource use. International generalisability of studies quantifying health care 

resource is problematic due to differences in health care organisation, valuing health services between 

countries and converting between currencies (Angus et al., 1997). For this reason, I concluded that a 

national study describing the long term health care resource used by ICU survivors in the UK was 

required to help inform clinicians, policy makers, and health service planners. 

Therefore, my aim for this chapter was to quantify the amount of hospital resource used by ICU 

survivors in the five years after discharge from hospital and identify factors associated with resource 

use.  

9.2 Methods  

Study methods common to all studies within the thesis can be found in Chapter 5 (p99). Only methods 

relevant to this chapter are included here. 

9.2.1 Study design, study population and setting 

I used a retrospective cohort study design. Patients admitted to ICUs in Scotland who survived to be 

discharge from hospital comprised the study cohort (ICU survivor cohort). Details relating to the 

setting and eligibility criteria for the cohort can be found in Chapter 5 (p99).  

9.2.2 Follow up period 

The follow up period was for a maximum of five years after discharge from hospital. Follow up time 

was censored on 31 December 2010. I presented total follow up time for each cohort grouped into 

three categories: time alive, time after death, and time lost to follow up (i.e. time after 31 December 

2010 for those alive on this date and discharged after 31 December 2005) over the five year period. As 

there was negligible censoring due to incomplete follow up, I assumed five year follow up was 

complete for all patients when reporting outcomes. Importantly, follow up time was not censored at 

the time of death. This was to allow the actual total resource use to be calculated over the five year 
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follow up period regardless of vital status. If follow up had been censored at the time of death, 

admission rates would have reflected resource used for each patient per unit time alive rather than the 

actual resource used by each patient over the five year period. The latter approach implicitly 

recognised that patients who died during follow up were unable to accrue resource use after death. For 

example, if a patient died one year after hospital discharge and had one hospital admission, the 

admission rate would have been one admission per person per year, or five admissions per person over 

the five year follow up period if follow up had been censored on the date of death. The latter 

admission rate would have therefore been the same as a patient who had survived the five year follow 

up period with five hospital admissions. The second patient clearly would have used more resource 

than the first patient, despite having identical admission rates if follow up time had been censored on 

the date of death.  

9.2.3 Outcomes 

Health care resource was defined as hospital attendance for any of the following three categories of 

admission: day case, elective inpatient or emergency inpatient. Resource use was measured using 

three different outcomes: total number of admissions (all admission types and emergency only); total 

number of days spent in hospital; and total cost. Measures of resource use were reported per person 

over the five year follow period. Costs for hospital care were derived from the NHS Scottish Costs 

Book (ISD, 2012b). Day case attendances accrued a cost of £836 per case in 2011. The mean cost of a 

week in hospital as an inpatient was £3395. I derived the per diem cost for this figure as £485 (£3395 

divided by 7).  

All admission rate ratios (number of admissions per patient over five years) were reported for two 

outcomes: number of admissions for all admission types and number of emergency admissions. The 

rationale for modelling two outcomes was that the first outcome, total number of admissions for all 

admission types, was a proxy for the total hospital resource used over five years. In contrast, 

emergency admissions represented unscheduled access to hospital services and may therefore have 

indicated a potential unmet need for health care for these patients.  

9.2.4 Variables and data sources 

A description of data sources and the methods used to handle quantitative variables and are described 

in Chapter 5 (p100 and p104).  

9.2.5 Statistical methods 

I reported resource use using each of three outcomes as a total resource for the five year period per 

person. I also reported resource use stratified by each year of follow up. In this stratified analysis, the 

resource used per year was calculated per person alive and under follow up at the start of each of the 

five years. I also graphically presented admission rates over five years in three month periods. The 

denominator for each three month period was person-years alive and under follow up.  
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In order to investigate the relationship between baseline characteristics and the outcome, I presented 

admission rates for each of the admission types stratified by categories of each baseline characteristic. 

I also presented the admission rate for each admission type as a proportion of the total admission rate 

for all types of admission stratified by baseline characteristics in order to more easily observe patterns 

of admission type by baseline characteristics. This method of displaying data allowed, for example, 

observation of whether older patients were more likely to experience emergency as opposed to 

elective hospital admissions compared with younger patients. 

I reported univariable admission rate ratios using two outcomes: all admission types and emergency 

admissions. Univariable admission rate ratios were calculated for each baseline characteristic by 

dividing the number of admissions over five years in a category by the number of admissions over 

five years in the reference category. 95% confidence intervals were calculated assuming a Poisson 

distribution with robust standard errors. Robust standard errors allow for the overdispersed nature of 

the data and reduce the risk of underestimated confidence limits and therefore reduce the risk of 

finding an apparent association with the outcome when there is none (Hilbe, 2011, p168). 

I used negative binomial multivariable regression to model the count data outcome (number of 

hospital admissions [all types and emergency] during the five years after hospital discharge) and 

identify independent predictors of the admission rate. As for the univariable analyses, I modelled two 

outcomes in the multivariable analyses: admission rate ratios for all admission types over five years 

and emergency admissions over five years. The exponentiated coefficients produced by the regression 

model can be interpreted as incidence rate ratios, or, in the case of these analyses, admission rate 

ratios. I chose this method of modelling data as the negative binomial model allows for overdispersion 

in count data (variance>mean) unlike the Poisson distribution, which assumes that the mean and 

variance are equal (Glynn et al., 1996). It also allows for the differing propensities that individual 

patients might have of experiencing recurrent hospital admissions, so that a patient admitted to 

hospital once may have an increased chance of being readmitted subsequently during the five years 

(contagion). This is in contrast to the Poisson distribution which assumes a constant event rate over 

time and assumes intra-individual independence of observations (Glynn et al., 1996; Hilbe, 2011, 

p141). Depending on the parameter for overdispersion, the negative binomial model also allows for an 

increased number of zero counts (Hilbe, 2011, p32), which was a particular issue with the data used in 

these analyses.  

9.3 Results 

There were 5259 patients who survived to hospital discharge after their index ICU admission. The 

baseline characteristics for these patients and derivation of the cohort have been presented earlier 

(Figure 2, p78). Median follow up was 5 years (range 1.65 to 5 years), and mean follow up was 4.99 

years. Follow up was incomplete for patients discharged from hospital after 31 December 2005 who 

were still alive on 31 December 2010. 4871 patients (92.6%) were discharged on or before 31 
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December 2005. Of the 388 patients discharged after this date, 173 died on or before 31 December 

2010. The remaining 215 (4.1%) of patients, therefore, had incomplete follow up. Of these patients, 

182 (84.7%) patients were followed up for at least 4.75 years. Only 4 (1.9%) patients were followed 

up for fewer than 4 years. Therefore, 5226 (99.4%) of patients had at least 4.75 years of complete 

follow up. In terms of a person-time denominator, 34.4 person-years (0.13%) of person-time of follow 

up was incomplete (Table 35). Therefore, no adjustments were made for incomplete follow up. 

9.3.1 Distribution of resource use outcomes 

The distribution of each of the three measures of resource use was positively skewed (Figure 21). 

Furthermore, a substantial proportion of patients had no resource use over the five year follow up 

period (n=964, 18.3%). This meant that there was no easy transformation to make each outcome 

normally distributed. 

9.3.2 Measures of resource use 

There were 25290 admissions during the five year follow up period, equating to 4.81 admissions per 

patient over five years (Table 36). These admissions accounted for 173,113 days spent in hospital 

(29.2 days per patient per five years), costing £86.5 million for the whole cohort, equivalent to £14593 

per patient over five years (Table 37). Emergency admissions accounted for 54% of all admissions, 

but 77% of days spent in hospital and 75% of the cost of hospital admissions over the five years after 

discharge. 

When stratified by year of follow up, there was a downward trend in both numbers of admissions per 

patient per year and number of days in hospital per patient per year, which was the same for all three 

types of admission (emergency inpatient, elective inpatient, daycase) (Table 36 and Table 37). This 

was also reflected in the reducing cost of hospital admissions, reducing from £5701 during the first 

year of follow up (per person alive at the start of the follow up period (n=5259)) to £2894 during the 

fifth year of follow up (per person alive at the start of the fifth year of follow up (n=3780)). 

When plotted by three month period of follow up (Figure 22), there was a steep decline in hospital 

admission rate during the first nine months after discharge from the index hospital admission, a more 

gradual decline between one year and four years of follow up, followed by a reasonably constant 

admission rate during the fifth year of follow up. 

For all three types of hospital admission, the trends over time for both number of hospital admissions 

per person-year and number of days spent in hospital per person-year were similar (Figure 23), 

indicating that either measure of resource use could be used for further analyses. I decided to use 

number of hospital admission rather than number of hospital days for more detailed analysis in order 

to use particular statistical modelling methods.  
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9.3.3 Univariable analyses 

In univariable analyses, age had a non-linear relationship with the hospital admission rate: the 

youngest and oldest quartiles of the population had the lowest admission rate (4.29 and 4.23 

admissions per person over five years respectively), although the majority of these admissions were 

emergency admissions (66.0% and 55.6% respectively). In contrast, the second oldest quartile of the 

population aged 44 to 59 years old had the highest admission rate (5.68 admissions per person over 

five years, 49.8% emergency admissions) (Table 38). Age, therefore, had an inverted ‘U’ shaped 

relationship with admission rates for all admission types (p<0.001) and had an inverse association 

with emergency admission rates (p=0.002) (Table 39). The most deprived quintile had the highest 

emergency admission rate (3.07 per person over five years) and had the highest proportion of 

admissions due to emergencies (61.7%). Increasing deprivation was significantly associated with an 

increased rate of emergency hospital admission (p<0.001), although the association with admission 

rate for all hospital admission types was not obviously linear (p=0.01). Similarly, increasing number 

of comorbidities was associated with an increased rate of emergency hospital admissions (p<0.001), 

although the pattern of association with admission rate for all hospital admission types was less clear 

(p<0.001).  

Residence in an urban area was associated with a higher admission rate for all types of admission 

(4.91 vs 4.33 admissions per person over five years, admission rate ratio 0.88, 95%CI 0.79 to 0.98, 

p=0.02) and emergency admission rate compared with residence in a rural area (2.71 vs 2.12, 

admission rate ratio 0.78, 95%CI 0.70 to 0.88, p<0.001).  

Increasing number of inpatient admissions in year before ICU admission was strongly associated with 

a higher hospital admission rate for all types of admission (admission rate 9.39 per person over five 

years in those with three or more previous admissions compared with 3.64 in those with no previous 

admissions, rate ratio 2.58, 95%CI 2.28 to 2.91, p<0.001) and a higher emergency admission rate 

(Table 38, Table 39).  

Health board of residence was significantly associated with hospital admission rate (p<0.001), with 

NHS Fife residents having the highest admission rate (5.51 admissions per person over five years, 

admission rate ratio 1.74, 95%CI 1.26 to 2.42, p=0.001 relative to NHS Tayside residents). However, 

the proportion of admissions due to emergency reasons was lowest in NHS Fife (42.2%) and highest 

in NHS Lothian (71.0%). Health board of residence was also significantly associated with emergency 

admission rate, with NHS Lothian residents having the highest emergency admission rate (3.24 per 

person over five years, admission rate ratio 1.54, 95%CI 1.21 to 1.97, p=0.001 relative to NHS 

Tayside residents). 

The majority of markers of illness severity and organ support were not associated with hospital 

admission rate for all types of admission, such as pre-ICU admission CPR (p=0.93), SAPS II score 

(p=0.13), renal replacement therapy (p=0.24), inotropic support (p=0.44) and ICU length of stay 
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(p=0.58). Mechanical ventilation was associated with a 17% reduction in relative rate of admission 

(admission rate ratio 0.83, 95%CI 0.75 to 0.92, p<0.001). In contrast, all of these variables except pre-

admission CPR were significantly associated with an increased rate of emergency hospital admission.  

Patients admitted to ICU after emergency surgery or for emergency non-surgical reasons had a lower 

five year hospital admission rate compared with patients admitted to ICU after elective surgery 

(admission rate ratio 0.79 for both groups relative to elective surgery group). However, patients 

admitted to ICU for non-surgical reasons had a significantly higher emergency admission rate 

compared with patients admitted to ICU after elective surgery (3.05 vs 2.06 admissions per person 

over five years, emergency admission rate ratio 1.48, 95%CI 1.32 to 1.66, p<0.001). 

ICU length of stay was not associated with either measure of hospital admission rate. However, 

hospital length of stay had an inverted ‘U’ shaped relationship with hospital admission rate for all 

admission types (p<0.001), with patients in the lowest and highest quartiles of hospital length of stay 

having the lowest admission rates (4.26 and 4.40 admissions per person over five years for 0 to 8 days 

and 39 days respectively). 

The small number of patients discharged to locations other than their private residence (7.8% of the 

cohort) had significantly lower five year admission rates for all admission types compared with those 

discharged to their private residence (p<0.001). There was no significant association with discharge 

destination and emergency admission rate (p=0.12). 

Analysis of comorbidities as individual diseases rather than as a count of comorbidities indicated that 

immunosuppressed patients had the highest five year hospital admission rate (9.49 admissions per 

person) followed by patients with non-severe pulmonary disease (8.75 admissions per person per five 

years) (Table 40). Only around one third of all admissions for immunosuppressed patients and those 

with a previous diagnosis of cancer were due to emergency reasons (28.4% to 38.1%). The small 

proportion of patients with dementia (0.2%) had the lowest five year admission rate for all admission 

types (2.27 admissions per patient). Six comorbidity categories were not significantly associated with 

five year admission rate: heart failure, severe cardiovascular disease, peripheral vascular disease, 

cerebrovascular disease, paraplegia/hemiplegia, and connective tissue disease. There were similar 

associations with five year emergency admission rate, although patients with a previous diagnosis of 

cancer with metastatic disease had a lower emergency admission rate than those with no previous 

diagnosis of cancer (1.86 vs 2.66 emergency admissions per person over five years, admission rate 

ratio 0.70, 95%CI 0.58 to 0.85, p<0.001) (Table 40, Table 41). 

Five year admission rate varied by diagnosis on admission to ICU (Table 42, Table 43). Patients 

admitted with asthma had the highest admission rate for all admission types (8.99 admissions per 

person over five years, admission rate ratio 3.11, 95%CI 2.12 to 4.58, p<0.001 relative to patients 

admitted with trauma without head injury), followed by patients admitted with oesophageal variceal 
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bleeding (8.47 admissions per person per five years, admission rate ratio 2.93, 95%CI 2.17 to 3.96, 

p<0.001). The diagnostic categories with the lowest five year admission rates were abdominal 

aneurysm rupture (2.96 admission per person), trauma without head injury (2.89 admission per 

person), and trauma with head injury (2.54 admission per person). More than three quarters of 

admissions were due to emergency admissions for the following diagnostic categories: DKA (81.7%), 

self-poisoning (81.0%), asthma (79.5%), ARDS (78.4%), and seizures (78.3%) (Table 42). Five year 

emergency admission rates were highest in the following diagnostic categories (relative to trauma 

without head injury): asthma (admission rate ratio 4.71), oesophageal variceal bleeding (3.77), COPD 

(3.10) and seizures (2.96) (Table 43).  

9.3.4 Multivariable analyses  

9.3.4.1 All admission types 

Age, deprivation, number of inpatient admissions in the previous year, admission type, mechanical 

ventilation, health board of residence, comorbidity and diagnosis on admission were independent 

predictors of hospital admission rate over five years for all admission types (Table 44). Number of 

inpatient admissions in the previous year was the covariate most strongly associated with the outcome 

(2=186.2, df=1, p<0.001). Age and deprivation had similar inverted ‘U’ shaped relationships with 

admission rate. After adjustment for other covariates, the magnitude of association with mechanical 

ventilation during ICU stay and outcome was reduced compared with the univariable analysis 

(adjusted admission rate ratio 0.92, 95%CI 0.84 to 0.99, p=0.03). Residents of NHS Borders, rather 

than NHS Fife, had the highest admission rate relative to residents of NHS Tayside (adjusted 

admission rate ratio 1.65, 95%CI 1.28 to 2.14, p<0.001) (Figure 24).  

After adjustment for covariates, fewer comorbidities were independent predictors of hospital 

admission rate over five years after adjustment. Peripheral vascular disease (adjusted admission rate 

ratio 0.81, 95%CI 0.67 to 0.98, p=0.03) and dementia (adjusted admission rate ratio 0.45, 95%CI 0.21 

to 0.98, p=0.04) were associated with a reduction in hospital admission rate. Immunosuppressed 

patients, patients with chronic pulmonary disease, severe renal disease, and metastatic cancer had a 

significantly increased five year admission rate. 

ICU admission diagnosis remained a strong predictor of five year hospital admission rate. The three 

categories associated with the greatest increase in admission rate (relative to trauma excluding head 

injury) were oesophageal variceal bleeding (adjusted admission rate ratio 2.26, 95%CI 1.58 to 3.22, 

p<0.001), COPD (adjusted admission rate ratio 2.10, 95%CI 1.52 to 2.91, p<0.001) and asthma 

(adjusted admission rate ratio 1.84, 95%CI 1.37 to 2.47, p<0.001) (Figure 25). 

9.3.4.2 Emergency admissions 

Deprivation quintile, urban residence, number of inpatient admissions in the previous year, SAPS II 

score, health board of residence, comorbidity and diagnosis on admission were independent predictors 
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of emergency hospital admission rate over five years (Table 44). Age, admission type, and mechanical 

ventilation were not significantly associated with emergency admission rates in contrast to admission 

rates for all types of admission. Number of inpatient admissions in the previous year was once again 

the covariate most strongly associated with the outcome (2=231.2, df=1, p<0.001). NHS Borders 

residents had the highest relative rate of emergency admissions over five years compared with 

residents of NHS Tayside (adjusted admission rate ratio 1.61, 95%CI 1.21 to 2.15, p=0.001) followed 

by NHS Lothian residents (adjusted admission rate ratio 1.35, 95%CI 1.11 to 1.65, p=0.002) (Figure 

24). 

Patients with a pre-existing diagnosis of diabetes mellitus with complications had the highest five year 

emergency rate relative to those without the pre-existing diagnosis (adjusted admission rate ratio 1.57, 

95%CI 1.03 to 2.41, p=0.04) (Table 45). Chronic and severe pulmonary disease, moderate/severe 

hepatic disease, severe renal disease and immunosuppression were also independently associated with 

a significant increase in five year emergency admission rate. Patients with a pre-existing diagnosis of 

cancer with or without metastatic disease had a lower five year emergency admission rate compared 

with those without the diagnosis. 

The ICU admission diagnoses most strongly associated with an increased five year emergency 

admission rate (relative to trauma excluding head injury) were asthma (adjusted admission rate ratio 

2.36, 95%CI 1.71 to 3.25, p<0.001), COPD (adjusted admission rate ratio 2.34, 95%CI 1.64 to 3.34 

<0.001) and oesophageal variceal bleeding (adjusted admission rate ratio 2.29, 95%CI 1.56 to 3.35, 

p<0.001) (Table 46, Figure 24). 

9.4 Discussion 

Over the five years after hospital discharge, ICU survivors used a substantial amount of hospital 

resources, costing £86.5 million nationally. The majority of this cost was attributable to emergency 

admissions to hospital. The single factor most strongly predictive of increased resource use was the 

number of inpatient hospital admissions in the year prior to the index hospitalisation. Other 

independent predictors included social deprivation, comorbidity and ICU admission diagnosis. 

Receipt of renal or cardiovascular organ support was not independently associated hospital admission 

rates. Interestingly, hospital admission rates, and emergency hospital admission rates specifically, 

varied significantly by the health board region in which a patient lived, even after adjustment for 

multiple confounders. 

9.4.1 Strengths and limitations 

9.4.1.1 Issues related to statistical methods 

It would have been preferable to account for the hierarchical nature of the data by using multilevel 

modelling methods. I have discussed this limitation in more detail in Chapter 11 (p244). 
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I did not account for loss to follow up as this affected only a small proportion of patients who were 

alive on 31 December 2010 and therefore did not complete five years of follow up. The effect of 

reporting rates without accounting for loss to follow up would underestimate the admission rate over 

five years. I tested whether this affected estimates by rerunning regression models with an offset for 

time under follow up. This made no difference to coefficients, confirming that my approach did not 

bias estimates.  

I chose to identify predictors of resource use by modelling the count of admissions over five years 

using multivariable regression assuming that the outcome followed a negative binomial distribution. 

The alternative measures of resource use, hospital days and hospital costs, could not be transformed to 

allow standard regression approaches, such as ordinary least squares linear regression, to model the 

data. This was due to the high frequency of ‘zero’ counts of the outcome, which led to a poor model 

fit. The advantage of using this type of regression was that the model fit the data well and 

accommodated the high proportion of patients who had no admissions during the five year follow up 

period (‘zero’ count of admissions) unlike the Poisson distribution which fit the data poorly (Coxe et 

al., 2009). It also would have allowed for loss to follow up, if this had been a significant problem. 

However, the disadvantage of this approach was that I was not directly modelling the cost of hospital 

resource. 

The use of Cox regression with the competing risk of death to identify independent factors associated 

with the outcome would have been an alternative approach. The outcome of interest in this model is 

the time to first admission, with time to death without an admission to hospital as the competing risk. 

This approach would lose information relating to recurrent events, as an individual no longer 

contributes to future risk sets once either of the two competing outcomes occurs. To exemplify this 

limitation, the following three patients would be treated the same using this modelling strategy: 

patient A who is admitted to hospital on day 30 of follow up, then survives for the remaining follow 

up period with no further admissions; patient B who is admitted to hospital on day 30, then survives 

the remainder of the five year period with ten further hospital admissions; and patient C who is 

admitted to hospital on day 30 and dies on day 32 during the hospital stay. More advanced adaptations 

of this method, such as Cox regression with competing risks allowing for recurrent events (Kleinbaum 

et al., 2012, p430), may have overcome some of these limitations, but these methods lie beyond my 

statistical expertise. 

Other approaches to modelling economic data with a high ‘zero’ count include using a two stage 

model (Glick et al., 2012, p111). The first models the probability or odds of having at least one 

admission compare with none. The second predicts the number of admissions or cost conditional on 

having at least one admission. The predicted number of admissions or cost for an individual can then 

be obtained by combining the probability of having at least one admission from the first model with 

the predicted number of admissions from the second model (Glick et al., 2012, p111). The 



 

  186 

disadvantage of this approach is that two coefficients are produced for each variable in the model 

(Govan et al., 2011).   

9.4.1.2 Outcomes 

Hospital resource use was likely to be responsible for a substantial proportion of overall health care 

costs for the study cohort. However, a limitation of the study was that I was not able to include costs 

other than hospital admissions due to time constraints. I was, therefore, unable to account for other 

secondary care costs, such as ICU readmissions, emergency department attendance or outpatient 

attendance, or primary care costs. Although my focus was to measure resource used in the health care 

setting after intensive care, other important societal costs would have been important to measure, such 

as the cost of increased social care, loss of earnings, the financial burden on carers and the cost of 

death. The one UK study which clearly reported most of these categories of costs in ICU survivors 

demonstrated that hospital admission costs accounted for 35% of health care costs, but only 8% of all 

costs once non-health care societal costs were included (Peek et al., 2009). A second UK study which 

reported primarily health care costs found that hospital costs accounted for 47% of total costs (Jones et 

al., 2003). Both of these studies collected data over shorter time periods (less than one year), therefore 

may not be entirely comparable with my study. However, in the UK health care system in which 

primary care co-ordinating role and acts as the gatekeeper to secondary care access, it is likely that 

this study which reported costs for hospital admissions only would have accounted for less than half 

of the total health care costs accrued by these patients. 

I decided that the primary outcome measure of resource use was the number of admissions over the 

five year period regardless of whether a death occurred during this period. As the main purpose of this 

chapter was to quantify the resource used by ICU survivors and identify factors associated with 

increased resource use, this was an appropriate approach. Once death occurs, it is no longer possible 

for a patient to use health care resources. A factor which is found to be associated with a lower 

amount of resource use, such as the oldest age group, may be due two potential reasons: (i) older 

patients actually use a lower amount of resource whilst they are alive; or (ii) older patients are more 

likely to die and therefore spend less of the five year follow up period alive and have less time to use 

resource. Analysis of the amount of person-time attributable to the ‘after death’ category demonstrated 

that the oldest quartile had a mean of 1.6 years per person after death, compared with 0.3 years per 

person in the youngest quartile. The relative contribution of mortality to the reduction in admission 

rates is less important from an economic perspective when planning health care services. However, if 

a new intervention were to improve survival, this would have to be accounted for when determining 

the likely effect on resource use. If the research question posed was to identify factors associated with 

increased resource use for each unit of time that a person was alive, it may have been appropriate to 

use the rate of resource use per person-time alive as the outcome. However, the modelling approach 

that I used to identify independent predictors using multivariable regression might not have been valid 

due to the change in the distribution of this outcome. 
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A strength of the study was reporting two outcomes and identifying predictors of each: number of all 

types of hospital admissions over five years and number of emergency hospital admissions over five 

years. I explained the rationale for choosing these two outcomes in the methods section above (p178). 

In addition, coding for emergency hospital admissions rates was likely to be more consistent across 

health boards and categories of other covariates making this outcome more comparable.  

It was important to explore the trend in resource use over time. This would allow health care planners 

or researchers to obtain an estimate of the resource used over the subsequent year for patients who had 

survived to, for example, the start of year three of follow up. To achieve this, I used an interval 

method to calculate the mean resource use over one year periods for each person alive at the start of 

each interval. An extension of this method has been proposed by Lin and colleagues which allows for 

censored costs to be imputed in samples in which loss to follow up is problematic (Lin et al., 1997). 

This method was not needed in my study as there was near complete follow up. 

9.4.1.3 Costing resource use 

I used a relatively simple cost per diem approach to attribute costs to hospital admissions. Limitations 

of this approach have been well described (Drummond et al., 2005, p71). In particular, the per diem 

method assumes that the cost accrued on the first day of a hospital stay is the same on all subsequent 

hospital stays. In contrast to this assumption, in reality there is a significant loading of cost earlier 

during an admission which then reduces over time (Geue et al., 2012). The per diem method, 

therefore, is likely to overestimate the true cost of hospital care (Geue et al., 2012). Other methods 

that improve the precision of costing hospital care include using the disease-specific cost per diem, 

using case-mix group costs (such as health-related grouping codes) and micro-costing. Whereas the 

application of costs to health-relating groupings is well established in England and Wales, the NHS in 

Scotland does not record detailed costing for individual health-related groupings (ISD, 2013b). Costs 

are therefore estimated by first deriving health-relating grouping codes then applying a Scottish 

weighting to costs of English health-related grouping codes using the Scottish National Costs Book 

(ISD, 2013b). Although others have used this method of costing applied to Scottish data (Govan et al., 

2011), there remain some issues with its application and the best method of applying costs to Scottish 

data still requires clarification (Geue et al., 2012). It was for this reason that I used the per diem 

method to estimate the cost of resource use. 

Counting the cost of health care over a period of five years is sufficiently long to consider the effects 

of inflation and time preference. Time preference is the differential valuation of paying for health 

services in the future rather than at the present time, which would have been from the viewpoint of the 

Scottish government in this study (Glick et al., 2012, p49). I used price weights from 2011 Scottish 

costs. This approach of using constant price weights over a period of time does not require adjustment 

for inflation (Drummond et al., 2005, p77). However, it is recommended that discounting of health 

costs should occur due to time preference if follow up is greater than one year, usually at a rate of 3% 

or 5% per year (Drummond et al., 2005, p72). If costs had been discounted for years two to five in 
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sensitivity analyses, the overall cost of health care would have been lower. I opted not to present 

discounted costs, although these can be calculated easily from the data presented if needed in 

economic evaluations or planning health services.   

Obtaining a more complete estimate of the true costs of surviving intensive care will require a 

substantial amount of further work, including prospective studies, linkage to other health care and 

non-health care database, and expert advice from health economists. My intention is that this will 

form part of future post-doctoral work. 

9.4.2 Interpretation and comparison with other studies 

9.4.2.1 Generalisability 

As with the mortality studies in Chapters 7 and 8, the findings of this study are likely to be 

generalisable to other areas within the UK due to the completeness of the cohort, the population level 

nature of the study, and similarities in health service organisation. However, the international 

generalisability of resource findings is even more problematic. This is not only due to the differences 

between countries in definition of intensive care, variation in case-mix, and ICU provision, but also 

differences in health care organisation, the methods used to value health services, and conversion 

between currencies. Reporting units of resource use (such as number of admissions) rather than costs 

removes the last two of these issues, but generalisability remains problematic. Even within Scotland 

and the remainder of the UK, local differences in provision of health care, such as undertaking day 

case procedures outside the hospital environment may also reduce generalisability. However, the cost 

of emergency hospitalisation should remain generalisable to the remainder of the UK. 

9.4.2.2 Resource use 

The total cost of hospital resource use included emergency inpatient, elective inpatient and day case 

procedures. There was variation between emergency and elective resource use by ICU admission 

diagnosis, comorbidity and other variables. This is in keeping with certain conditions, such as variceal 

bleeding or elective surgery, after which there is likely to be follow up inpatient elective or daycase 

procedures as part of appropriate management. However, emergency inpatient resource use represents 

unplanned access to the health service. The database did not have sufficient information to classify 

these as potentially avoidable or unavoidable admissions. The former group may have been 

preventable through proactive primary care, social care or improvement in transitions of care for 

secondary to primary care environments. Further work will be required to further investigate this 

issue. 

Comparison with other studies reporting resource use was difficult due to differences in patient case-

mix, organisation of intensive care services and organisation of the wider health services between 

countries. In the studies identified in the systematic review (Chapter 3, p51), the most commonly 

reported metric was hospital resource quantified in terms of hospital admissions and days in hospital. 
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Using one year follow up to allow comparability, my study found that there were 1.1 hospital inpatient 

admissions per patient (excluding day cases) in year one, compared with 0.6 to 2.8 admissions per 

patient in studies reporting this metric (Cheung et al., 2006; Clermont et al., 2011; Lipsett et al., 2000; 

Manns et al., 2003; Unroe et al., 2010). Using days in hospital during the first year, Scottish ICU 

survivors spent an average of 11.1 days in hospital in year one compared with 4.2 to 19.0 days. The 

only other study conducted in the UK was a trial that reported 1.1 days spent in hospital during the six 

months after randomisation, but the study population comprised patients with severe respiratory 

failure for consideration of extra-corporeal membrane oxygenation support and the six months 

included time during the index hospital admission (Peek et al., 2009). This makes comparability with 

my study difficult. 

Costs comparability between countries was even more difficult than comparing units of resource use 

due to differences in valuing health services between countries and converting between currencies 

(Chapter 3, p59). However, where reported, average one year hospitalisation costs (converted to 2011 

UK£) varied from £6848 (Herridge et al., 2011) to £46166 (Lipsett et al., 2000) compared with £5271 

in my cohort. Given the multitude of differences between studies and methods of valuing health 

services, the cost estimates from this study are likely to only be comparable with similar UK studies, 

of which there are none published as yet. 

The trend in resource use over time was more comparable between countries. In the two studies that 

reported this, cost of hospitalisation reduced in year two to around 33% of the cost in year one in both 

studies (Herridge et al., 2011; Lee et al., 2004). In the ARDS survivor study with five year follow up, 

hospitalisation costs stabilised at around 20% of the cost of the first year of follow up (Herridge et al., 

2011). In this Scottish cohort, costs reduced to 65% in year two, then declined each year to reach 51% 

in year five. The reasons for this difference in trend could vary from differences in case-mix, to 

structural differences in health system organisation for post-discharge care. 

9.4.2.3 Predictors of resource use 

I found that very few studies had reported predictors of resource use for ICU survivors in my 

systematic review of the literature (Chapter 3, p55). In the three studies (of two cohorts) that used 

multivariable methods to identify independent predictors of resource use, Lee et al. (2004) found that 

only comorbidity (measured using Charlson score) was associated with increased resource use during 

the one year after hospital discharge in survivors of sepsis in multivariable analyses using three 

different regression methods. Age, gender, cause of admission and APACHE II score were also 

included in models, but age and cause of admission were removed by stepwise methods from final 

models as they were associated with a p value >0.1. Cheung et al. (2006) found that, in their Canadian 

cohort of ARDS survivors, only a diagnosis of burns on admission to ICU predicted greater hospital 

costs at two years post-hospital discharge, and other factors were either not significantly associated 

with the outcome (age, number of pre-ARDS organ dysfunctions) or not entered in to the 

multivariable model due to lack of association with the outcome in univariable analyses (sex, 
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comorbidities acquired in ICU, having a caregiver, education, neighbourhood income, and obesity). 

Only pre-existing illness was a predictor of resource use in the same cohort when followed up at five 

years after discharge (Herridge et al., 2011). 

I found that number of admissions in the previous year was an extremely strong independent predictor 

of post-discharge resource use, both total number of admissions and emergency admissions. This was 

despite patients with three or more admissions in the year before index hospitalisation had a lower 

amount of time alive under follow up compared with those with no previous admissions (mean 3.4 vs 

4.2 years per person). This covariate was not collected or tested in models in the studies listed above. 

This variable is likely to capture a number of features relating to a patient which predisposed him or 

her to increased use of hospital resource, including frailty, comorbid illnesses, social support and 

health seeking behaviour. The strong association, therefore, is perhaps unsurprising. However, it 

stresses the importance of collecting this information in studies of post-discharge resource use.  

Age had an inverted-‘U’ shaped relationship with total number of hospital admission, with the oldest 

age group having a similar number of admissions as the youngest age group. This may have, in part, 

been due to the higher death rates in this age group. However, quartiles of age had no association with 

emergency admission rates. The two studies listed above entered age into models predicting resource 

use as a continuous variable which may have not been appropriate (Cheung et al., 2006; Lee et al., 

2004).  

Receipt of any type of organ support was not associated with increased resource use using either 

outcome. I had hypothesised that organ support might be a marker for acquisition of new ICU-related 

comorbidities, and therefore may have been associated with increased resource use. One explanation 

may have been receipt of organ support was not the same as development of organ failure (see 

Chapter 7, p128). Furthermore, an increase in SAPS II score, which was associated with increased rate 

of emergency hospital admission, would have been associated with organ failure, and therefore 

potentially be collinear with the organ support variables. A further exploration of the organ support 

data, including number of days of receipt of organ support, may have yielded additional information 

related to the association between organ support and subsequent resource use. I was unable to 

undertake these additional analyses due to time constraints. 

The ICU admission diagnoses that were independently associated with an increase in total number of 

hospital admissions could be broadly divided into two groups: (i) exacerbations of an underlying 

chronic disease, such as asthma, COPD, variceal bleeding, and seizures; and (ii) possible newly 

acquired comorbidities, such as the consequences of septic shock and pancreatitis. These associations 

were even more pronounced with emergency admissions. My post-doctoral work will focus on work 

to better attribute post-discharge resource use to the ICU admission episode. 
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A greater number of comorbidities were independently associated with increased emergency hospital 

admissions compared with all types of hospital admissions, in particular, pulmonary disease, 

moderate/severe liver disease, renal disease, and diabetes mellitus with complications. Interestingly, 

cardiovascular comorbidity was not associated with increased resource use, which may have been due 

to the selection of patients with this type of comorbidity admitted to ICU. However, it is unlikely that 

the threshold for ICU admission for patients with cardiovascular comorbidity was greater than for 

patients with other types of comorbidity. Patients with a diagnosis of cancer (metastatic or otherwise) 

had a clear difference between all resource use and emergency resource use. They were less likely to 

be admitted for emergency reasons but more likely to be admitted for elective care compared to those 

without a diagnosis of cancer. Clearly, time under follow up would have been particularly limited for 

this group which would have reduced the time available to use resources. However, recalculating 

admission rates using person-time alive as a denominator revealed that unadjusted emergency hospital 

admission rates were lower in patients with metastatic cancer (0.99 emergency admissions per person-

year) compared with patients with severe pulmonary disease (1.26) or patients with moderate/severe 

liver disease (1.51). These findings could still be explained by differential selection pressure due to 

ICU admission thresholds or residual confounding. However, cancer care and cardiovascular care 

have both been targeted in the NHS for integration of care between primary and secondary care with 

clear care pathways after hospital discharge (NHS Improvement, 2013; NHS Improvement, 2010). It 

is tempting to hypothesis that these findings may indicate that planned care pathways for patients after 

critical illness may help reduce reliance on emergency hospital resource use.  

My finding that health board of residence was independently associated with all types of hospital 

admissions and emergency hospital admissions requires further investigation. If not due to residual 

confounding through inadequately measured confounders or unmeasured confounders (such as 

frailty), there are a number of speculative reasons for this finding. This may reflect differences in local 

health care organisation, particularly if non-critically ill patients are more likely to access local health 

care services by self-presenting through emergency admission to hospital rather than through primary 

care services. However, it may be indicative of certain health boards providing proactive care for ICU 

survivors, and therefore preventing subsequent emergency hospital readmission. A more detailed 

analysis of the linked databases may partly help to elucidate the reason for the observed variation, 

although a prospective study designed to investigate this issue will provide more definitive answers. 

9.4.3 Conclusion 

This study is the first to report long term resource use and health care costs for a complete national 

cohort of ICU patients in the UK. ICU survivors used hospital resources costing £86.5 million 

nationally in the five years after hospital discharge, the majority of which was attributable to 

emergency admissions to hospital. Important predictors of health care resource use after surviving an 

episode of critical illness included previous health care resource use, comorbidity, social deprivation 

and ICU admission diagnosis. These findings will be useful to aid health care planners and policy 
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makers to develop, organise and plan health care provision for ICU survivors, a group of patients that 

are likely to grow in the future. 
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Table 35. Person-time under follow up for each year of follow up and cumulatively over the five 

year follow up period.  

The total potential person-time of follow up for the three categories (alive, after death and lost to 

follow up) for each year is the same as the number of patients alive at the start of that year. 

Discrepancies are due to rounding. Cumulative person-time under follow up carries forward the 

person-time in each category to the following year. For example, the 571 patients dying during the 

first year of follow up contribute 332 person-years of follow up after death in the first year then will 

contribute 571 person-years in each subsequent year under the ‘after death’ category. 

  

Alive After death
Lost to 

follow up
Alive After death

Lost to 
follow up

0 to 1 5259 4927 332 0 4927 332 0

1 to 2 4688 4490 198 0.4 9417 1101 0.4

2 to 3 4317 4161 156 1 13578 2198 1

3 to 4 4027 3897 129 0 17474 3558 3

4 to 5 3780 3638 115 27 21112 5148 34

Five year period 5259 21112 5148 34 21112 5148 34

Time interval 
(years)

Number alive 
at start of 
interval

Person-time under follow up 
(person-years)

Cumulative person-time under follow 
up (person-years)
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Table 36. Number of hospital admissions per year of follow up stratified by admission type 

during the five years after hospital discharge for ICU survivors. 

Number of hospital admission per patient are calculated per patient alive and under follow up at the 

start of each interval. The figures for the five year period are per patient for the whole cohort 

(n=5259). 

  

Emergency Elective
Day 
case

Total Emergency Elective
Day 
case

Total

0 to 1 5259 4373 1652 2713 8738 0.83 0.31 0.52 1.66

1 to 2 4688 2819 928 1494 5241 0.60 0.20 0.32 1.12

2 to 3 4317 2505 693 1142 4340 0.58 0.16 0.26 1.01

3 to 4 4027 2150 559 1067 3776 0.53 0.14 0.26 0.94

4 to 5 3780 1843 470 882 3195 0.49 0.12 0.23 0.85

Five year period 5259 13690 4302 7298 25290 2.60 0.82 1.39 4.81

Time interval 
(years)

Number 
alive at 
start of 
interval

Number of admissions per patientNumber of hospital admissions
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Table 37. Number of days in hospital and cost of hospital admissions stratified by admission 

type during the five years after hospital discharge for ICU survivors. 

Number of days in hospital and cost are calculated per patient alive and under follow up at the start of 

each interval. The figures for the five year period are per patient for the whole cohort (n=5259). 

 
  

Emergency Elective Day case Total Emergency Elective Day case Total

0 to 1 5259 8.4 2.5 0.5 11.4 4077 1194 430 5701

1 to 2 4688 5.5 1.6 0.3 7.4 2688 756 267 3711

2 to 3 4317 5.4 1.3 0.3 6.9 2609 619 221 3450

3 to 4 4027 5.4 1.0 0.3 6.6 2620 463 222 3305

4 to 5 3780 4.7 0.8 0.2 5.8 2302 398 195 2894

Five year period 5929 22.4 5.5 1.2 29.2 10888 2676 1029 14593

Time interval 
(years)

Number 
alive at start 
of interval

Number of days in hospital per patient Cost (£) per patient
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Table 38. Univariable analysis of five year admission rates for all hospital admission types stratified 

by patient characteristics. Table continues: see legend on following page.   

All Emergency Elective Daycase Emergency Elective Daycase

All patients 5259 100.0 4.81 2.60 0.82 1.39 54.1 17.0 28.9

Age

16-43 1273 24.2 4.29 2.83 0.67 0.79 66.0 15.5 18.4

44-59 1309 24.9 5.68 2.83 0.96 1.88 49.8 17.0 33.2

60-71 1350 25.7 5.03 2.42 0.94 1.67 48.1 18.6 33.3

72-101 1327 25.2 4.23 2.35 0.70 1.18 55.6 16.6 27.9

Sex

Male 2915 55.4 4.73 2.59 0.82 1.32 54.7 17.3 27.9

Female 2344 44.6 4.91 2.62 0.82 1.47 53.4 16.6 30.0

SIMD Quintile

1 Least Deprived 661 12.6 4.43 2.06 0.86 1.51 46.5 19.4 34.1

2 854 16.2 4.13 2.20 0.76 1.17 53.3 18.3 28.4

3 1070 20.3 5.27 2.53 0.95 1.79 48.0 18.0 34.0

4 1243 23.6 4.88 2.69 0.78 1.41 55.1 16.0 28.9

5 Most Deprived 1431 27.2 4.98 3.07 0.77 1.13 61.7 15.5 22.8

Remoteness

Accessible 4783 91.1 4.86 2.64 0.80 1.41 54.3 16.6 29.1

Remote 470 8.9 4.37 2.27 0.96 1.14 52.0 21.9 26.1

Rurality

Urban 4334 82.5 4.91 2.71 0.79 1.41 55.1 16.2 28.7

Rural 919 17.5 4.33 2.12 0.93 1.28 49.0 21.4 29.6

Number of comorbidities

None 3438 65.4 3.72 2.06 0.67 0.99 55.3 18.0 26.7

1 1295 24.6 6.99 3.49 1.11 2.39 49.9 15.9 34.2

2 385 7.3 6.56 3.84 1.07 1.65 58.6 16.3 25.2

3+ 141 2.7 6.43 4.30 1.01 1.12 66.9 15.7 17.4

Inpatient adm in prev year

None 3074 58.5 3.64 1.84 0.66 1.15 50.4 18.0 31.6

1 1097 20.9 5.17 2.53 0.86 1.78 48.9 16.6 34.5

2 474 9.0 5.61 3.39 1.00 1.21 60.5 17.9 21.6

3+ 614 11.7 9.39 5.97 1.42 2.00 63.6 15.1 21.3

Health board of residence

Tayside 233 4.4 3.16 2.10 0.68 0.37 66.6 21.6 11.8

 Ayrshire & Arran       369 7.0 5.05 2.57 1.01 1.46 51.0 20.0 29.0

 Borders 267 5.1 4.45 2.04 0.85 1.55 46.0 19.0 35.0

 Dumfries & Galloway 205 3.9 5.24 2.88 0.82 1.54 55.0 15.7 29.3

 Fife 424 8.1 5.51 2.33 0.81 2.37 42.2 14.8 43.0

 Forth Valley 202 3.8 3.82 2.49 0.73 0.59 65.2 19.2 15.6

 Grampian 389 7.4 3.75 2.44 0.75 0.56 65.1 20.0 14.9

 Greater Glasgow & Clyde 1025 19.5 4.93 2.74 0.88 1.31 55.5 17.9 26.6

 Lanarkshire 1005 19.1 5.37 2.33 0.83 2.21 43.4 15.5 41.1

 Lothian 808 15.4 4.57 3.24 0.61 0.72 71.0 13.3 15.7

 Highlands/Islands 332 6.3 5.19 2.72 1.09 1.37 52.5 21.1 26.5

Proportion of admissions by type (%)
n %

Admission rate per person per 5 years
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Table 38. Univariable analysis of five year admission rates for all hospital admission types 

stratified by patient characteristics. 

Columns headed ‘n’ and ‘%’ indicate the number and proportion of patients within each category. 

Admission rates are the number of admissions (all types, emergency inpatient, elective inpatient, 

daycase) per person over the five year period after index hospital discharge. The rightmost three 

columns represent the admission rates for the three admission types as a proportion of the admission 

rate for all types of admission. 

  

All Emergency Elective Daycase Emergency Elective Daycase

Prior CPR

No 5180 98.5 4.81 2.60 0.82 1.39 54.1 17.0 28.9

Yes 79 1.5 4.73 2.78 0.80 1.15 58.8 16.8 24.3

SAPS II Score

<18 1163 22.9 5.42 2.27 1.02 2.14 41.9 18.7 39.4

18-26 1326 26.1 4.75 2.46 0.75 1.54 51.8 15.7 32.5

27-37 1275 25.1 4.71 2.92 0.79 1.00 62.1 16.8 21.2

38+ 1317 25.9 4.55 2.85 0.76 0.94 62.6 16.7 20.6

Admission Type

Elective 1148 21.8 5.75 2.06 1.15 2.54 35.8 20.0 44.2

Emergency 1454 27.7 4.53 2.23 0.94 1.37 49.1 20.7 30.2

Non-surgical 2654 50.5 4.55 3.05 0.61 0.90 66.9 13.4 19.7

Any mechanical ventilation

No 2057 39.5 5.38 2.45 0.82 2.10 45.5 15.3 39.1

Yes 3149 60.5 4.48 2.73 0.82 0.93 60.9 18.3 20.8

Any renal replacement

No 4822 92.6 4.80 2.58 0.81 1.42 53.7 16.8 29.5

Yes 384 7.4 5.25 3.11 1.03 1.11 59.3 19.6 21.1

Any inotropes

No 384 9.5 5.25 3.11 1.03 1.11 59.3 19.6 21.1

Yes 3678 90.5 4.89 2.53 0.82 1.54 51.8 16.7 31.5

ICU length of stay (days)

0 1391 26.4 4.77 2.46 0.81 1.51 51.5 17.0 31.6

1 1180 22.4 4.84 2.73 0.87 1.24 56.5 17.9 25.6

2-4 1362 25.9 5.01 2.49 0.80 1.72 49.7 16.0 34.3

5+ 1326 25.2 4.61 2.76 0.80 1.05 59.8 17.4 22.9

Hospital length of stay (days)

0-8 1257 23.9 4.26 2.57 0.54 1.15 60.4 12.7 26.9

9-16 1262 24.0 5.15 2.47 0.91 1.77 47.9 17.6 34.4

17-38 1413 26.9 5.37 2.67 0.93 1.77 49.7 17.3 33.0

39+ 1327 25.2 4.40 2.69 0.87 0.84 61.1 19.8 19.1

Discharge destination

Private residence 4851 92.2 4.93 2.64 0.84 1.46 53.4 17.0 29.5

Institution/hospice 85 1.6 3.09 1.96 0.49 0.64 63.5 16.0 20.5

Rehabillitation inpt facility 171 3.3 3.74 2.46 0.65 0.63 65.7 17.4 16.9

Other 152 2.9 2.95 2.07 0.45 0.44 69.9 15.1 14.9

n %
Admission rate per person per 5 years Proportion of admissions by type (%)
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Table 39. Univariable analysis of five year admission rate ratios for all admissions and emergency 

inpatient hospital admissions stratified by patient characteristics. Table continues: see legend on 

following page.   

Lower Upper Lower Upper

Age     <0.001     3 0.002

16-43 1    1    

44-59 1.32 1.14 1.54 <0.001 1.00 0.86 1.16 0.99

60-71 1.17 1.03 1.34 0.02 0.85 0.74 0.99 0.03

72-101 0.99 0.87 1.12 0.83 0.83 0.72 0.95 0.01

Sex     0.44     1 0.79

Male 1    1    

Female 1.04 0.94 1.14 0.44 1.01 0.92 1.11 0.79

SIMD Quintile     0.01     4 <0.001

1 Least Deprived 1    1    

2 0.93 0.78 1.11 0.42 1.07 0.90 1.26 0.44

3 1.19 0.99 1.43 0.07 1.23 1.05 1.44 0.01

4 1.10 0.93 1.30 0.26 1.31 1.11 1.54 0.001

5 Most Deprived 1.12 0.96 1.32 0.16 1.49 1.27 1.75 <0.001

Remoteness     0.15     1 0.05

Accessible 1    1    

Remote 0.90 0.78 1.04 0.15 0.86 0.74 1.00 0.05

Rurality     0.02     1 <0.001

Urban 1    1    

Rural 0.88 0.79 0.98 0.02 0.78 0.70 0.88 <0.001

Number of comorbidities     <0.001     3 <0.001

None 1    1    

1 1.88 1.68 2.10 <0.001 1.70 1.53 1.88 <0.001

2 1.76 1.52 2.05 <0.001 1.86 1.57 2.21 <0.001

3+ 1.73 1.42 2.10 <0.001 2.09 1.66 2.64 <0.001

Inpatient adm in prev year     <0.001     3 <0.001

None 1    1    

1 1.42 1.24 1.62 <0.001 1.38 1.25 1.52 <0.001

2 1.54 1.37 1.73 <0.001 1.85 1.60 2.13 <0.001

3+ 2.58 2.28 2.91 <0.001 3.25 2.85 3.70 <0.001

Health board of residence     <0.001     10 <0.001

Tayside 1    1    

 Ayrshire & Arran       1.60 1.24 2.05 <0.001 1.22 0.92 1.63 0.17

 Borders 1.41 1.12 1.77 0.004 0.97 0.75 1.26 0.83

 Dumfries & Galloway 1.66 1.31 2.10 <0.001 1.37 1.02 1.84 0.04

 Fife 1.74 1.26 2.42 0.001 1.11 0.86 1.42 0.44

 Forth Valley 1.21 0.94 1.56 0.15 1.18 0.86 1.63 0.30

 Grampian 1.19 0.96 1.48 0.12 1.16 0.89 1.52 0.27

 Greater Glasgow & Clyde 1.56 1.28 1.91 <0.001 1.30 1.03 1.64 0.03

 Lanarkshire 1.70 1.39 2.07 <0.001 1.11 0.88 1.40 0.38

 Lothian 1.45 1.18 1.77 <0.001 1.54 1.21 1.97 0.001

 Highlands/Islands 1.64 1.29 2.10 <0.001 1.29 0.96 1.74 0.09

All admissions Emergency admissions

Admission 

rate ratio

95% CI p 

value

p value 

for 

variable

df

p value 

for 

variable

Admission 

rate ratio

95% CI p 

value
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Table 39. Univariable analysis of five year admission rate ratios for all admissions and 

emergency inpatient hospital admissions stratified by patient characteristics. 

The admission rate ratio is calculated by dividing the admission rate for a category 
by the reference category. 95% confidence intervals are calculated assuming a 
Poisson distribution with robust standard errors. The degrees of freedom (df) column 
is the same for both all admissions and emergency admission but is only presented in 
the latter group due to lack of space.  

Lower Upper Lower Upper

Prior CPR     0.93     1 0.69

No 1    1    

Yes 0.98 0.70 1.38 0.93 1.07 0.77 1.49 0.69

SAPS II Score     0.13     3 0.001

<18 1    1    

18-26 0.88 0.75 1.02 0.09 1.09 0.93 1.27 0.30

27-37 0.87 0.75 1.01 0.06 1.29 1.10 1.51 0.002

38+ 0.84 0.73 0.97 0.02 1.26 1.08 1.46 0.002

Admission Type     0.001     2 <0.001

Elective 1    1    

Emergency 0.79 0.69 0.90 0.001 1.08 0.96 1.22 0.22

Non-surgical 0.79 0.70 0.90 <0.001 1.48 1.32 1.66 <0.001

Any mechanical ventilation     <0.001     1 0.03

No 1    1    

Yes 0.83 0.75 0.92 <0.001 1.11 1.01 1.23 0.03

Any renal replacement     0.24     1 0.01

No 1    1    

Yes 1.09 0.94 1.27 0.24 1.21 1.06 1.38 0.01

Any inotropes     0.44     1 0.05

No 1    1    

Yes 0.96 0.87 1.06 0.44 1.11 1.00 1.23 0.05

ICU length of stay     0.58     3 0.19

0 to 24 hours 1    1    

24 to 48 hours 1.02 0.88 1.18 0.84 1.11 0.97 1.28 0.13

48 hours to 96 hours 1.05 0.91 1.21 0.51 1.01 0.89 1.15 0.83

>96 hours (4 days) 0.97 0.83 1.12 0.66 1.12 0.98 1.28 0.09

Hospital length of stay (days)     <0.001     3 0.52

0-8 1    1    

9-16 1.21 1.03 1.41 0.02 0.96 0.82 1.12 0.59

17-38 1.26 1.10 1.44 0.001 1.04 0.89 1.20 0.64

39+ 1.03 0.91 1.18 0.62 1.04 0.90 1.21 0.56

Discharge destination     <0.001     3 0.12

Private residence 1    1    

Institution/hospice 0.63 0.46 0.86 0.004 0.75 0.53 1.05 0.09

Rehabillitation inpt facility 0.76 0.62 0.92 0.01 0.93 0.76 1.14 0.49

Other 0.60 0.47 0.76 <0.001 0.78 0.59 1.05 0.10

Admission 

rate ratio

95% CI p 

value
df

p value 

for 

variable

All admissions Emergency admissions

95% CI p 

value

p value 

for 

variable

Admission 

rate ratio
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Table 40. Univariable analysis of five year admission rates for all hospital admission types 

stratified by pre-existing comorbidities. 

Columns headed ‘n’ and ‘%’ indicate the prevalence of comorbidities at the time of index hospital 

admission. For further explanation of statistics see  

Table 39. Abbreviations: CVS – cardiovascular system; mod/sev – moderate/severe; compl – 

complications; mets – metastatic disease. 

  

All Emergency Elective Daycase Emergency Elective Daycase

All patients 5259 100.0 4.81 2.60 0.82 1.39 54.1 17.0 28.9

CVS No 5139 97.7 4.77 2.57 0.81 1.38 54.0 17.0 29.0

Yes 120 2.3 6.63 3.93 1.11 1.60 59.2 16.7 24.1

No 5188 98.6 4.80 2.59 0.82 1.39 53.9 17.0 29.0

Yes 71 1.4 5.23 3.49 0.82 0.92 66.8 15.6 17.5

No 5091 96.8 4.82 2.59 0.82 1.41 53.8 17.0 29.2

Yes 168 3.2 4.43 2.94 0.76 0.73 66.4 17.2 16.4

No 5069 96.4 4.81 2.60 0.82 1.40 54.0 17.0 29.1

Yes 190 3.6 4.68 2.76 0.86 1.06 59.1 18.3 22.6

Resp No 4760 90.5 4.56 2.37 0.82 1.37 51.9 18.0 30.1

Chronic 256 4.9 8.75 5.44 1.04 2.27 62.1 11.9 26.0

Severe 243 4.6 5.51 4.26 0.53 0.72 77.3 9.7 13.0

Liver/GI No 5045 95.9 4.69 2.49 0.82 1.38 53.1 17.4 29.5

Mild 48 0.9 7.02 5.00 0.58 1.44 71.2 8.3 20.5

Mod/sev 166 3.2 7.86 5.33 0.96 1.57 67.9 12.2 19.9

No 5198 98.8 4.76 2.59 0.81 1.36 54.4 17.1 28.5

Yes 61 1.2 8.67 3.80 1.11 3.75 43.9 12.9 43.3

Renal No 5115 97.3 4.72 2.55 0.80 1.38 53.9 16.8 29.3

Renal 81 1.5 7.80 4.62 1.07 2.11 59.2 13.8 27.1

Severe 63 1.2 7.95 4.67 2.33 0.95 58.7 29.3 12.0

CNS No 5167 98.3 4.80 2.58 0.82 1.40 53.7 17.1 29.1

Yes 92 1.7 5.16 3.84 0.52 0.80 74.3 10.1 15.6

No 5248 99.8 4.81 2.60 0.82 1.39 54.1 17.0 28.9

Yes 11 0.2 2.27 1.91 0.18 0.18 84.0 8.0 8.0

No 5245 99.7 4.81 2.60 0.82 1.39 54.1 17.0 28.9

Yes 14 0.3 5.29 4.07 0.79 0.43 77.0 14.9 8.1

Other No 5014 95.3 4.71 2.51 0.80 1.40 53.3 16.9 29.7

No compl 211 4.0 6.77 4.36 1.24 1.17 64.5 18.3 17.2

With compl 34 0.6 7.00 5.18 1.09 0.74 73.9 15.5 10.5

No 5215 99.2 4.80 2.60 0.81 1.39 54.1 17.0 29.0

Yes 44 0.8 5.43 3.25 1.23 0.95 59.8 22.6 17.6

No 5109 97.1 4.67 2.57 0.80 1.30 55.1 17.1 27.8

Yes 150 2.9 9.49 3.61 1.53 4.35 38.1 16.2 45.8

No 4743 90.2 4.59 2.66 0.76 1.18 57.9 16.5 25.6

Without mets 362 6.9 6.92 2.18 1.44 3.30 31.5 20.9 47.6

With mets 154 2.9 6.55 1.86 1.27 3.42 28.4 19.3 52.2

Immuno-

suppressed

Cancer

Peptic ulcer 

disease

Renal disease

Cerebrovascular 

disease

Dementia

Paraplegia or 

hemiplegia

Diabetes

Proportion of admissions by type (%)
n %

Admission rate per person per 5 years

Connective 

tissue disease

Myocardial 

infarction

Heart failure

Severe CVS 

disease

Peripheral 

vascular disease

Pulmonary 

disease

Hepatic disease
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Table 41. Univariable analysis of five year admission rate ratios for all admissions and 

emergency inpatient hospital admissions stratified by pre-existing comorbidities. 

For explanation of statistics see Table 39 

Table 39. Abbreviations: CVS – cardiovascular system; mod/sev – moderate/severe; compl – 

complications; mets – metastatic disease.  

Lower Upper

CVS No 5139 97.7 4.77 1    

Yes 120 2.3 6.63 1.39 1.05 1.85 0.02

No 5188 98.6 4.80 1    

Yes 71 1.4 5.23 1.09 0.84 1.41 0.52

No 5091 96.8 4.82 1    

Yes 168 3.2 4.43 0.92 0.78 1.08 0.31

No 5069 96.4 4.81 1    

Yes 190 3.6 4.68 0.97 0.83 1.14 0.73

Resp No 4760 90.5 4.56 1    

Chronic 256 4.9 8.75 1.92 1.45 2.54 <0.001

Severe 243 4.6 5.51 1.21 1.04 1.41 0.02

Liver/GI No 5045 95.9 4.69 1    

Mild 48 0.9 7.02 1.50 1.00 2.25 0.05

Mod/sev 166 3.2 7.86 1.68 1.42 1.98 <0.001

No 5198 98.8 4.76 1    

Yes 61 1.2 8.67 1.82 1.30 2.56 0.001

Renal No 5115 97.3 4.72 1    

Renal 81 1.5 7.80 1.65 1.21 2.26 0.002

Severe 63 1.2 7.95 1.68 1.37 2.07 <0.001

CNS No 5167 98.3 4.80 1    

Yes 92 1.7 5.16 1.08 0.88 1.32 0.48

No 5248 99.8 4.81 1    

Yes 11 0.2 2.27 0.47 0.28 0.81 0.01

No 5245 99.7 4.81 1    

Yes 14 0.3 5.29 1.10 0.62 1.96 0.75

Other No 5014 95.3 4.71 1    

No compl 211 4.0 6.77 1.44 1.23 1.68 <0.001

With compl 34 0.6 7.00 1.49 1.17 1.89 0.001

No 5215 99.2 4.80 1    

Yes 44 0.8 5.43 1.13 0.93 1.37 0.22

No 5109 97.1 4.67 1    

Yes 150 2.9 9.49 2.03 1.56 2.65 <0.001

No 4743 90.2 4.59 1    

Without mets 362 6.9 6.92 1.51 1.30 1.74 <0.001

With mets 154 2.9 6.55 1.43 1.06 1.91 0.02

p 

value

Myocardial 

infarction

Heart failure

n %
Admission 

rate

Admission 

rate ratio

95% CI

Renal disease

Peptic ulcer 

disease

Diabetes

Severe CVS 

disease

Peripheral 

vascular disease

Pulmonary 

disease

Hepatic disease

Cerebrovascular 

disease

Cancer

Connective 

tissue disease

Immuno-

suppressed

Dementia

Paraplegia or 

hemiplegia
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Table 42. Univariable analysis of five year admission rates for all hospital admission types 

stratified by diagnosis on admission to ICU. 

For explanation of statistics see Table 39. The diagnostic group ‘trauma excluding head injury’ is used 

in other analyses as the reference category and is therefore presented at the top of the table. *Acute GI 

pathology includes the following diagnoses: GI perforation, abscess, diverticulitis, peritonitis, and 

ischaemia. †The missing category was combined with ‘other miscellaneous’ for analyses. 

  

All Emergency Elective Daycase Emergency Elective Daycase

5259 100.0 4.81 2.60 0.82 1.39 54.1 17.0 28.9

Trauma excluding head injury 309 5.9 2.89 1.52 0.69 0.68 52.6 23.9 23.5

CVS Post-cardiac arrest 87 1.7 3.22 2.09 0.52 0.61 65.0 16.1 18.9

Cardiogenic shock 17 0.3 3.41 2.12 0.59 0.71 62.1 17.2 20.7

Septic shock 256 4.9 5.25 2.80 1.02 1.43 53.5 19.4 27.2

AAA rupture 67 1.3 2.96 1.79 0.66 0.51 60.6 22.2 17.2

Vascular surgery 224 4.3 3.91 2.07 0.83 1.00 53.0 21.3 25.7

Resp Pneumonia 461 8.8 4.73 3.42 0.61 0.70 72.2 13.0 14.8

ARDS 29 0.6 4.00 3.14 0.41 0.45 78.4 10.3 11.2

Asthma 90 1.7 8.99 7.14 0.47 1.38 79.5 5.2 15.3

COPD 64 1.2 7.09 4.70 0.41 1.98 66.3 5.7 28.0

Liver/GI Acute GI pathology* 428 8.1 5.08 2.37 1.13 1.57 46.7 22.3 31.0

GI bleed 155 2.9 4.53 2.35 0.71 1.46 52.0 15.7 32.3

GI neoplasm 265 5.0 7.52 2.01 1.23 4.28 26.8 16.3 56.9

GI obstruction 253 4.8 6.09 2.34 0.96 2.79 38.4 15.8 45.8

Liver failure 26 0.5 6.00 3.69 0.54 1.77 61.5 9.0 29.5

Oesophageal variceal bleed 51 1.0 8.47 5.73 1.14 1.61 67.6 13.4 19.0

Pancreatitis 75 1.4 4.80 3.41 0.83 0.56 71.1 17.2 11.7

CNS Trauma including head injury 134 2.5 2.54 1.73 0.31 0.51 68.0 12.0 19.9

Seizures 146 2.8 5.75 4.50 0.48 0.77 78.3 8.3 13.3

Intracranial bleed 75 1.4 3.44 2.21 0.81 0.41 64.3 23.6 12.0

Other Self poisoning 287 5.5 3.69 2.99 0.27 0.43 81.0 7.4 11.6

Diabetic ketoacidosis 43 0.8 3.81 3.12 0.40 0.30 81.7 10.4 7.9

Other CVS 179 3.4 4.08 2.52 0.74 0.82 61.8 18.1 20.1

Other respiratory 357 6.8 4.64 2.51 1.06 1.06 54.1 23.0 23.0

Other GI 334 6.4 5.65 2.64 1.19 1.83 46.7 21.0 32.4

Other renal 161 3.1 5.57 2.84 1.25 1.47 51.1 22.4 26.5

Other CNS 185 3.5 2.98 1.95 0.56 0.47 65.4 18.8 15.8

Other miscellaneous† 501 9.5 4.69 1.70 0.81 2.18 36.2 17.2 46.6

All patients

n %
Admission rate per person per 5 years Proportion of admissions by type (%)
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Table 43. Univariable analysis of five year admission rate ratios for all admissions and 

emergency inpatient hospital admissions stratified by diagnosis on admission to ICU. 

For explanation of statistics see Table 39. The admission rate ratio is calculated by dividing the 

admission rate for a diagnostic category by the reference category: trauma excluding head injury. For 

explanation of symbols * and † see Table 42. 

  

Lower Upper Lower Upper

T rauma excluding head injury 1 1

CVS Post-cardiac arrest 1.11 0.82 1.52 0.49 1.38 0.94 2.01 0.10

Cardiogenic shock 1.18 0.80 1.75 0.40 1.40 0.89 2.19 0.15

Septic shock 1.82 1.37 2.41 <0.001 1.85 1.39 2.45 <0.001

AAA rupture 1.02 0.72 1.45 0.90 1.18 0.81 1.72 0.39

Vascular surgery 1.35 1.09 1.67 0.01 1.36 1.04 1.79 0.02

Resp Pneumonia 1.64 1.32 2.04 <0.001 2.25 1.72 2.95 <0.001

ARDS 1.39 0.86 2.23 0.18 2.07 1.19 3.60 0.01

Asthma 3.11 2.12 4.58 <0.001 4.71 3.08 7.18 <0.001

COPD 2.46 1.51 3.99 <0.001 3.10 2.17 4.42 <0.001

Liver/GI Acute GI pathology* 1.76 1.42 2.17 <0.001 1.56 1.22 2.00 <0.001

GI bleed 1.57 1.17 2.11 0.003 1.55 1.15 2.10 0.01

GI neoplasm 2.60 1.87 3.63 <0.001 1.33 1.02 1.72 0.03

GI obstruction 2.11 1.64 2.71 <0.001 1.54 1.18 2.01 0.002

Liver failure 2.08 1.26 3.42 0.004 2.43 1.58 3.75 <0.001

Oesophageal variceal bleed 2.93 2.17 3.96 <0.001 3.77 2.55 5.59 <0.001

Pancreatitis 1.66 1.15 2.40 0.01 2.25 1.40 3.62 0.001

CNS Trauma including head injury 0.88 0.57 1.36 0.57 1.14 0.64 2.02 0.65

Seizures 1.99 1.51 2.62 <0.001 2.96 2.14 4.11 <0.001

Intracranial bleed 1.19 0.85 1.68 0.31 1.46 0.90 2.36 0.12

Other Self poisoning 1.28 0.98 1.66 0.07 1.97 1.43 2.71 <0.001

Diabetic ketoacidosis 1.32 0.91 1.92 0.14 2.05 1.32 3.19 0.001

Other CVS 1.41 1.12 1.78 0.003 1.66 1.27 2.18 <0.001

Other respiratory 1.61 1.27 2.03 <0.001 1.65 1.24 2.20 0.001

Other GI 1.96 1.58 2.43 <0.001 1.74 1.34 2.25 <0.001

Other renal 1.93 1.49 2.49 <0.001 1.87 1.36 2.59 <0.001

Other CNS 1.03 0.80 1.34 0.80 1.29 0.93 1.77 0.12

Other miscellaneous† 1.62 1.26 2.09 <0.001 1.12 0.87 1.44 0.38

p 

value

All admissions Emergency admissions

Admission 

rate ratio

95% CI p 

value

Admission 

rate ratio

95% CI
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Table 44. Multivariable analyses of five year admission rate ratios for all admissions and 

emergency inpatient hospital admissions. 

  

Lower Upper Lower Upper

Age 20.1 <0.001 3.6 0.31

16-43 1 1

44-59 1.18 1.07 1.30 0.001 1.01 0.90 1.12 0.91

60-71 1.05 0.94 1.17 0.37 0.98 0.87 1.11 0.77

72-101 0.97 0.86 1.09 0.57 1.08 0.95 1.23 0.24

Female (ref male) 0.99 0.92 1.06 0.72 0.1 0.72 0.96 0.90 1.04 0.33 0.9 0.33

SIMD Quintile 11.6 0.02 27.5 <0.001

1 Least Deprived 1 1

2 1.03 0.91 1.17 0.64 1.15 1.00 1.33 0.05

3 1.19 1.06 1.34 0.004 1.30 1.14 1.49 <0.001

4 1.13 1.00 1.26 0.04 1.30 1.15 1.49 <0.001

5 Most Deprived 1.10 0.98 1.23 0.11 1.37 1.20 1.56 <0.001

Remote 0.94 0.81 1.09 0.40 0.7 0.40 0.91 0.77 1.07 0.25 1.3 0.25

Rural 0.92 0.83 1.02 0.10 2.7 0.10 0.88 0.78 0.98 0.02 5.4 0.02

Inpatient adm in prev year 1.17 1.14 1.19 <0.001 186.2 <0.001 1.22 1.19 1.25 <0.001 231.2 <0.001

Prior CPR 0.98 0.75 1.28 0.90 <0.1 0.90 0.88 0.65 1.18 0.38 0.8 0.38

Admission type 13.2 0.001 0.4 0.83

Elective surgical 1 1

Emergency surgical 0.86 0.76 0.97 0.01 0.98 0.85 1.12 0.74

Non-surgical 0.80 0.71 0.90 <0.001 1.01 0.89 1.16 0.85

SAPS II score (per 10 pts) 1.03 1.00 1.07 0.06 3.6 0.06 1.06 1.02 1.10 0.003 8.7 0.003

MV at any time 0.92 0.84 0.99 0.03 4.5 0.03 1.00 0.91 1.09 0.99 <0.001 0.99

CVVH at any time 1.07 0.93 1.23 0.32 1.0 0.32 1.05 0.90 1.22 0.54 0.4 0.54

Inotropes at any time 1.07 0.98 1.17 0.12 2.4 0.12 1.10 1.00 1.21 0.06 3.6 0.06

Health board of residence 45.8 <0.001 28.8 0.001

Tayside 1 1

 Ayrshire & Arran       1.35 1.10 1.65 0.003 1.10 0.88 1.37 0.41

 Borders 1.65 1.28 2.14 <0.001 1.61 1.21 2.15 0.001

 Dumfries & Galloway 1.48 1.18 1.86 0.001 1.29 1.00 1.67 0.05

 Fife 1.53 1.26 1.86 <0.001 1.11 0.89 1.38 0.35

 Forth Valley 1.05 0.83 1.32 0.67 0.97 0.75 1.25 0.82

 Grampian 1.15 0.94 1.40 0.17 1.09 0.87 1.35 0.47

 Greater Glasgow & Clyde 1.45 1.22 1.73 <0.001 1.14 0.94 1.38 0.20

 Lanarkshire 1.50 1.25 1.81 <0.001 1.17 0.95 1.43 0.13

 Lothian 1.36 1.14 1.63 0.001 1.35 1.11 1.65 0.002

 Highlands/Islands 1.47 1.18 1.83 0.001 1.16 0.91 1.48 0.23

Comorbidities 86.4 <0.001 85.5 <0.001

20 categories

Diagnosis on admission 104.6 <0.001 112.0 <0.001

28 categories

All admissions Emergency admissions

Admission 

rate ratio

95% CI p 

value

LRT 2 of 

variable

p value for 

variable

Admission 

rate ratio

95% CI p 

value

LRT 2 of 

variable

p value for 

variable
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Table 45. Multivariable analyses of the association of comorbidities with five year admission 

rate ratios for all admissions and emergency inpatient hospital admissions. 

Admission rate ratios for patients with each comorbidity are reported relative to patients without the 

comorbidity. All rate ratios are adjusted for the variables listed in Table 44.  

  

Lower Upper Lower Upper

CVS Myocardial infarction 1.08 0.87 1.34 0.5 0.47 1.06 0.84 1.34 0.3 0.60

Heart failure 0.77 0.57 1.02 3.3 0.07 0.88 0.64 1.20 0.6 0.43

Severe cardiovascular 1.00 0.83 1.20 <0.1 0.97 1.17 0.95 1.44 2.2 0.14

Peripheral vascular disease 0.81 0.67 0.98 4.5 0.03 0.82 0.66 1.01 3.4 0.07

Resp Chronic pulmonary disease 1.33 1.14 1.55 12.6 <0.001 1.26 1.06 1.49 7.1 0.01

Severe pulmonary disease 1.13 0.96 1.33 2.3 0.13 1.44 1.21 1.72 17.4 <0.001

Liver/GI Mild hepatic disease 0.99 0.71 1.37 <0.1 0.94 1.19 0.83 1.69 0.9 0.34

Mod/severe hepatic disease 1.17 0.96 1.43 2.5 0.12 1.46 1.18 1.80 12.0 0.001

Peptic ulcer disease 1.31 0.98 1.75 3.4 0.07 0.95 0.69 1.31 0.1 0.75

Renal Renal disease 1.25 0.97 1.61 3.0 0.08 1.31 1.00 1.73 3.7 0.05

Severe renal disease 1.39 1.03 1.86 4.7 0.03 1.49 1.08 2.05 5.8 0.02

CNS Cerebrovascular disease 0.91 0.71 1.17 0.5 0.47 1.06 0.81 1.38 0.2 0.67

Dementia 0.45 0.21 0.98 4.1 0.04 0.64 0.28 1.46 1.1 0.29

Paraplegia/hemiplegia 1.03 0.56 1.88 <0.1 0.92 1.45 0.76 2.75 1.3 0.26

Other DM (without complications) 1.09 0.92 1.28 1.0 0.33 1.17 0.97 1.40 2.8 0.09

DM (with complications) 1.24 0.83 1.84 1.1 0.30 1.57 1.03 2.41 4.4 0.04

Connective tissue disease 0.97 0.68 1.38 <0.1 0.88 1.14 0.78 1.68 0.5 0.50

Immunosuppressed 1.79 1.49 2.16 37.7 <0.001 1.26 1.02 1.55 4.6 <0.001

Cancer (no metastases) 1.14 0.99 1.31 3.2 0.08 0.81 0.68 0.96 6.1 0.01

Metastatic disease 1.26 1.04 1.52 5.8 0.02 0.70 0.56 0.87 9.9 0.002

LRT 

2 

p 

value

All admissions Emergency admissions

Admission 

rate ratio

95% CI LRT 

2 

p 

value

Admission 

rate ratio

95% CI
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Table 46. Multivariable analyses of the association of ICU admission diagnosis with five year 

admission rate ratios for all admissions and emergency inpatient hospital admissions. 

Admission rate ratios are reported relative to the reference category: patients admitted to ICU with 

trauma without head injury. All rate ratios are adjusted for the variables listed in Table 44.  

Lower Upper Lower Upper

Ref Trauma excluding head injury 1 1

CVS Post-cardiac arrest 0.98 0.73 1.33 0.91 1.02 0.73 1.42 0.90

Cardiogenic shock 1.00 0.56 1.81 1.00 1.03 0.53 1.97 0.94

Septic shock 1.53 1.24 1.89 <0.001 1.51 1.19 1.92 0.001

AAA rupture 1.17 0.84 1.63 0.34 1.30 0.90 1.88 0.16

Vascular surgery 1.28 1.02 1.61 0.03 1.38 1.07 1.78 0.01

Resp Pneumonia 1.39 1.15 1.68 0.001 1.67 1.35 2.06 <0.001

ARDS 1.40 0.89 2.19 0.15 1.90 1.17 3.09 0.01

Asthma 1.84 1.37 2.47 <0.001 2.36 1.71 3.25 <0.001

COPD 2.10 1.52 2.91 <0.001 2.34 1.64 3.34 <0.001

Liver/GI Acute GI pathology* 1.46 1.21 1.75 <0.001 1.39 1.13 1.71 0.002

GI bleed 1.28 1.01 1.62 0.04 1.24 0.95 1.62 0.11

GI neoplasm 1.75 1.41 2.18 <0.001 1.40 1.08 1.80 0.01

GI obstruction 1.71 1.40 2.10 <0.001 1.41 1.12 1.77 0.004

Liver failure 1.71 1.05 2.77 0.03 1.52 0.89 2.60 0.13

Oesophageal variceal bleed 2.26 1.58 3.22 <0.001 2.29 1.56 3.35 <0.001

Pancreatitis 1.53 1.13 2.06 0.01 1.93 1.39 2.68 <0.001

CNS Trauma including head injury 1.03 0.80 1.34 0.81 1.19 0.89 1.60 0.23

Seizures 1.66 1.31 2.12 <0.001 2.21 1.69 2.88 <0.001

Intracranial bleed 1.38 1.01 1.88 0.04 1.49 1.06 2.11 0.02

Other Self poisoning 1.22 0.99 1.50 0.06 1.59 1.26 2.00 <0.001

Diabetic ketoacidosis 0.94 0.63 1.40 0.76 1.27 0.83 1.97 0.28

Other CVS 1.20 0.95 1.51 0.12 1.27 0.99 1.65 0.06

Other respiratory 1.24 1.03 1.51 0.03 1.35 1.09 1.68 0.01

Other GI 1.39 1.14 1.68 0.001 1.32 1.06 1.64 0.01

Other renal 1.23 0.97 1.56 0.08 1.27 0.98 1.66 0.07

Other CNS 1.00 0.80 1.27 0.97 1.21 0.93 1.57 0.16

Other miscellaneous† 1.28 1.05 1.55 0.01 0.97 0.78 1.21 0.77

All admissions Emergency admissions

Admission 

rate ratio

95% CI
p value

Admission 

rate ratio

95% CI
p value
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Figure 21. Truncated distributions of the three resource use outcomes: number of hospital 

admissions (A), number of days in hospital (B) and total hospital costs (C). 

Histograms are truncated at both left and right extremes. The left-most grey bar is the number of 

patients with no resource use over five years. The remainder of bins of the histogram are correctly 

labelled on the x-axis scale. The right-most grey bar is the number of patients with 34 hospital 

admissions, 280 hospital days and £128000 in hospital costs for Figures A, B and C respectively. 
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Figure 22. Trend in hospital admission rate stratified by admission type over five year follow up 

period after index hospital discharge.  

The hospital admission rate is plotted per 3 month period. The admission rate is calculated as number 

of admissions per person-year alive and under follow up during each quarter. 
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Figure 23. Comparison of number of hospital admissions and number of hospital days per 

person-year of follow up as measures of resource use. 

Rates are plotted for each three month period using a person-year denominator. The numerator 

includes all three types of admission (emergency inpatient, elective inpatient, daycase). The two lines 

overlie each other indicating that both measures of resource use show similar trends over time.  
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Figure 24. Five year hospital admission rate ratios by health board of residence for all types of 

hospital admissions and emergency admissions only. 

Admission rate ratios are produced by dividing the admission rate for each admission category by the 

admission rate in the reference category (residents in NHS Tayside health board area). All admission 

rate ratios are adjusted for the potential confounders listed in  

Table 44.  
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Figure 25. Five year hospital admission rate ratios by ICU admission diagnosis for all types of 

hospital admissions and emergency admissions only. 

Admission rate ratios are produced by dividing the admission rate for each admission category by the 

admission rate in the reference category (patients with trauma without head injury). All admission rate 

ratios are adjusted for the potential confounders listed in  

Table 44.  
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10 Long term resource use for ICU survivors compared with 
matched hospital inpatient survivors 

10.1 Introduction 

In the previous chapter, I described the five year hospital costs associated with surviving ICU in 

Scotland, and the factors associated with increased hospital resource use. There is difficulty in 

attributing the increased subsequent resource use associated with an ICU admission to aspects of the 

critical illness itself rather than pre-existing factors, such as health seeking behaviour or underlying ill 

health. In addition, the length of time over which this increased resource use persists is unclear. Use of 

a comparator population of similar hospital patients not requiring intensive care may help answer 

these unknown aspects of surviving ICU. However, my systematic review identified very few studies 

that had compared the economic consequences of surviving ICU with a comparator population 

(Chapter 3, p51).  

Therefore, my aim for this chapter was to compare the amount of hospital resource used in the five 

years after hospital discharge by ICU survivors with that used by a matched cohort of hospital 

inpatient survivors not requiring ICU admission. I aimed to quantify the magnitude of the excess 

resource used by ICU survivors and identify the time point, if such a time point existed, at which there 

was no longer evidence of an excess in resource use during the five year follow up period. 

10.2 Methods   

Study methods common to all studies within the thesis can be found in Chapter 5 (p99). Only methods 

relevant to this chapter are included here. 

10.2.1 Study design, study population and setting 

I used a matched cohort study design. Patients admitted to ICUs in Scotland during 2005 who 

survived to be discharged from hospital comprised the ICU survivor cohort. Each member of the ICU 

survivor cohort was matched to a hospital inpatient on the basis of four characteristics: age (in ten 

year age bands), sex, admission type (emergency medical, emergency surgical, elective surgical) and 

quarter of year discharged. Details relating to the setting and eligibility criteria for the two study 

cohorts can be found in Chapter 5 (p99).  

10.2.2 Follow up period 

The follow up period was for a maximum of five years after discharge from hospital. Follow up time 

was censored on 31 December 2010. I presented total follow up time for each cohort grouped into 

three categories: time alive, time after death, and time lost to follow up (i.e. time after 31 December 

2010 for those alive on this date) over the five year period. Importantly, follow up time was not 

censored at the time of death. The reason for this is explained in Chapter 9 (p177). As there was 
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negligible censoring due to incomplete follow up, I assumed five year follow up was complete for all 

patients when reporting outcomes. 

10.2.3 Outcomes 

The main purpose of the analyses in this chapter was to compare health care resource use in ICU 

survivors with matched hospital inpatients. Health care resource was defined as hospital attendance 

for any of the following three categories of admission: day case, elective inpatient or emergency 

inpatient. Resource use was measured using three different outcomes over the five year follow up 

period: total number of admissions (all admission types and emergency only); total number of days 

spent in hospital; and total cost. Measures of resource use were reported per person over the five year 

follow period. Costs were derived from the NHS Scottish costs book in 2011 (ISD, 2012b). Day case 

attendances accrued a cost of £836 per case in 2011. The mean cost of a week in hospital as an 

inpatient was £3395. I derived the per diem cost for this figure as £485 (£3395 divided by 7).  

The ratio of admission rates in the ICU survivor cohort compared with those in the hospital inpatient 

survivor cohort was the key outcome of interest. Admission rates (number of admissions per patient 

over five years) were reported for two outcomes: number of admissions for all admission types and 

number of emergency admissions. The rationale for reporting two outcomes is described in Chapter 9 

(p178). 

10.2.4 Variables and data sources 

The primary exposure in all analyses in this chapter was ICU survivorship, defined as membership of 

the ICU survivor cohort, compared with hospital inpatients not requiring ICU admission but who 

survived to hospital discharge. A description of data sources and the methods used to handle 

quantitative variables and are described in Chapter 5 (p100and p104).  

10.2.5 Statistical methods 

Hypothesis tests comparing baseline characteristics in the two cohorts allowed for matching: 

McNemar’s chi-square for comparing proportions of binary variables, Wilcoxon signed rank test for 

continuous variables and conditional logistic regression for categorical variables (member of ICU 

cohort vs hospital control cohort as dependent variable). Hypothesis tests were not undertaken on the 

four matching variables. 

I reported resource use using each of three outcomes as a total per person for the five year period 

stratified by cohort. In order to explore trends over time, I reported resource use stratified by each year 

of follow up for both cohorts. In this analysis of annual resource use, the resource used per year was 

calculated per person alive and under follow up at the start of each of the five years. I also graphically 

presented admission rates over five years in three month periods stratified by cohort. The denominator 

for each three month period was person-years alive and under follow up.  
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I reported univariable admission rate ratios using two outcomes: all admission types and emergency 

admissions. Univariable admission rate ratios were produced by dividing the number of admissions 

over five years in the ICU survivor cohort by the number of admissions over five years in the hospital 

inpatient survivor cohort. These admission rate ratios were controlled for the four variables on which 

the cohort was matched but not for other potential confounders. 95% confidence intervals were 

calculated assuming a Poisson distribution with robust standard errors. Robust standard errors allow 

for the overdispersed nature of the data and reduce the risk of underestimated confidence limits and 

therefore reduce the risk of finding an apparent association with the outcome when there is none 

(Hilbe, 2011, p168). 

In order to adjust the admission rate ratio of ICU compared with hospital controls for potential 

confounders other than the matching variables, I used multivariable negative binomial regression. My 

rationale for using this type of regression analysis is provided in Chapter 9 (p178). I allowed for the 

paired nature of the data by using standard errors that accommodated clustering (correlation between 

pairs). This led to an increase in the width of standard errors. I opted not to use conditional fixed 

effects negative binomial regression, which may have more appropriately accounted for matched 

pairs. This was primarily due to limitations in my statistical expertise, although concerns have been 

raised about the fixed effects negative binomial regression model inadequately controlling for all 

covariates (Allison et al., 2002; Hilbe, 2011, p478). Alternatively, an unconditional negative binomial 

regression model has been recommended with appropriately scaled standard errors, which is the 

approach that I used (Hilbe, 2011, p478). 

I explored the change in admission rate ratio between the two cohorts over time by undertaking five 

separate analyses, one for each year of follow up. Unadjusted and adjusted admission rate ratios were 

produced for each year of follow up. A patient fulfilled criteria for membership of the annual cohorts 

if he or she was alive on the first day of each year of follow up. However, after the first year, vital 

status may have differed for matched pairs at the start of each of the subsequent years. I took two 

approaches to allow for this. In the primary analysis, only matched pairs of patient in whom both were 

alive at the start of each year of follow up were included. I used the second approach as a sensitivity 

analysis, in which any patient alive at the start of each year of follow up was included, ignoring the 

paired nature of the data (other than for producing robust standard errors). The second approach 

maximised use of the available data, but resulted in cohorts that were no longer comparable on the 

basis of matching variables. For this reason, the unadjusted admission rate ratios for the sensitivity 

analysis were adjusted only for the matching variables using multivariable regression.   

10.2.5.1 Confounding 

Initial comparisons between ICU and hospital cohorts were controlled for only the four variables used 

in the matching: age (in ten year age bands), sex, admission type (emergency non-surgical, emergency 

surgical, elective surgical) and quarter of year discharged. In order to further control for confounding, 

the following covariates were entered into multivariable models: age (in quartiles), sex, deprivation 
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quintile, remoteness, rurality, admission type, 16 Charlson comorbidities (there were no survivors 

with a diagnosis of human immunodeficiency virus (HIV) in either cohort), number of inpatient 

admissions during the year prior to index hospitalisation (as a continuous variable) and health board of 

residence. I did not control for length of hospital stay as this was directly related in admission to ICU 

(ICU admission almost inevitably prolongs hospital length of stay in survivors), and rather than 

confounding the relationship between ICU survivorship and resource use, I felt it was more likely to 

be a mediator on the causal pathway, or at least a marker for a mediator on the causal pathway. 

10.2.5.2 Subgroups and effect modification     

I assessed for the presence of effect modification on hospital admission rates for the ICU survivor 

cohort compared with hospital inpatient survivor cohort by reporting stratum specific admission rate 

ratios and including interaction terms in negative binomial regression models for the following 

variables: age (dichotomised <70, 70), sex, number of Charlson comorbidities (dichotomised 0, 1), 

number of inpatient hospital admissions in the year prior to index hospitalisation (dichotomised 0, 1), 

admission type (elective/emergency), mechanical ventilation (yes/no), renal replacement therapy 

(yes/no) and vasoactive support (yes/no). As no members of the hospital inpatient survivor cohort had 

received organ support, admission rates ratios were produced separately for ICU patients with organ 

support relative to their matched control, and ICU patients without organ support relative to their 

matched control. 

10.2.5.3 Sensitivity analyses 

In order to assess if the small difference in incomplete follow up between the two cohorts biased the 

adjusted admission rate ratios, I undertook a sensitivity analysis by including person-time under 

follow up as an offset in the multivariable regression model. 

10.3 Results 

10.3.1 Baseline characteristics  

I was able to match 5215 out of 5259 (99.2%) members of the ICU survivor cohort to hospital 

inpatients who survived to hospital discharge using the four matching variables: age (within 10 year 

bands), sex, admission type and quarter of year discharged. The 44 ICU patients not matched to 

hospital inpatients were different from those with matches, in that they were younger (median 46 vs 

60), required more organ support, and had substantially longer ICU and hospital stays (median 127 vs 

17 days). The unmatched members of the ICU cohort were all discharged after 31 December 2010.  

The ICU and hospital cohorts were different when non-matched variables were compared (Table 47). 

The prevalence of almost every Charlson comorbidity was greater in the ICU survivor cohort 

compared with the hospital inpatient survivor cohort (Table 48). Members of the control cohort were 

less deprived (p<0.001), were more likely to live in a remote area (p=0.02), had fewer comorbidities 
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(p<0.001) and had fewer previous hospital inpatient admissions (p<0.001). The health board of 

residence differed between the ICU and control cohorts (p<0.001). 

10.3.2 Differences in follow up between cohorts 

A small proportion (4.2%, n=443) of patients had incomplete follow up (less than five years) due to 

being discharged from their index hospital stay after 31 December 2005. Amongst these 443 patients, 

the median follow up time was 4.96 years (range 4.02 to 5.00). The proportion with incomplete follow 

up differed between the cohorts: 4.6% (n=242) of the hospital inpatient survivor cohort and 3.9% 

(n=201) of the ICU survivor cohort. In terms of person-years of follow up, there was a total of 23 

person-years of incomplete follow up for the hospital inpatient survivor cohort, equating to 0.09% of 

total person-time (5 years x 5215 persons), and 20 person-years of incomplete follow up for the ICU 

survivor cohort (0.08% of total person-time) (Table 49). 

10.3.3 Univariable matched analysis of hospital resource use 

There were 42015 hospital admissions during the five year follow up period (24992 in ICU survivor 

cohort vs 17023 in hospital inpatient survivor cohort). ICU survivors had 4.79 hospital admissions per 

person over five years compared with 3.26 hospital admissions in the hospital inpatient survivor 

cohort (admission rate ratio 1.47, 95%CI 1.40 to 1.54, p<0.001)  (Table 50). ICU survivors had a 

higher hospital admission rate for all three categories of hospital admission compared with hospital 

controls, although this was the most pronounced for emergency admissions (2.58 compared with 1.63 

emergency admissions over five years, emergency admission rate ratio 1.58, 95%CI 1.50 to 1.67, 

p<0.001).  

In terms of number of days in hospital, ICU survivors spent a total of 28.6 days in hospital over five 

years, of which 22.0 days (77%) were during emergency admissions (Table 51). Hospital inpatient 

survivors spent fewer days in hospital over the same time period (21.5 days) of which a similar 

proportion were during emergency admissions (16.0 days, 74%). The mean cost of hospital 

admissions was 33% higher in ICU survivors (£14318 per patient) compared with hospital survivors 

(£10751) (Table 51). The majority of costs in both cohorts were attributable to emergency admissions 

(£10650, 74% in ICU survivors; £7768, 72% in hospital inpatient survivors). 

10.3.3.1 Trends in resource use over time 

In order to calculate unadjusted trends over time, the mean annual measure of resource use was 

calculated using patients alive at the start of each year of follow up as the denominator, rather than the 

number of patients alive at the start of the five year follow up period (n=5215 for each cohort). 

Comparisons between ICU and hospital inpatient survivor cohorts were affected by the four variables 

used in matching being slightly imbalanced after the first year of follow up due to differential numbers 

of patients dying within strata of each matched variable. The amount of hospital resource used per 

patient per year reduced during each year of follow up in both cohorts, regardless of the method used 

to quantify resource use (admission rates (Table 50), number of hospital days and hospital costs 
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(Table 51)). The admission rate for all types of admissions reduced by half from 1.66 per person 

during the first year to 0.84 per person during year five in the ICU survivor cohort, with a similar 

reduction seen in the hospital inpatient survivor cohort (1.05 to 0.57 admissions per person) (Table 

50). There was a 49% reduction in the total cost of hospital admission between years one and five of 

follow up in ICU survivors (£5635 to £2874 per person) and 47% reduction in hospital inpatient 

survivors over the same period (£3428 to £1812). 

I was able to explore trends over time in more detail by plotting admission rates over three month 

periods rather than annually for both cohorts. For all types of hospital admission, the admission rate 

reduced steeply during the first nine months of follow up before reducing at a more gradual rate 

between month nine to the end of year four (Figure 22). Admission rates appeared to plateau during 

the final year of follow up. Throughout follow up, the admission rate in the hospital inpatient cohort 

appeared to run parallel to the admission rate in the ICU survivor cohort (Figure 22). A similar trend 

was seen when plotting three month admission rate for emergency admissions only by cohort (Figure 

23).  

10.3.4 Multivariable matched analysis 

In the univariable analysis, the cohorts were matched for age, sex, admission type and quarter of the 

year at the design stage, but not adjusted for other covariates. Once further adjustment was made for 

potential confounders, the relative rate of hospital admission remained significantly higher in the ICU 

survivor cohort compared with the hospital inpatient survivor cohort, although this reduced from 1.47 

in the univariable analysis to 1.21 (95%CI 1.14 to 1.29, p<0.001). A similar reduction was seen when 

modelling the rate of emergency admissions rather than all admission types, with the admission rate 

ratio reducing from 1.58 in the univariable analysis to 1.30 in the multivariable analysis (95%CI 1.22 

to 1.39, p<0.001).  

Accounting for the slight difference in incomplete follow up made no difference to the multivariable 

adjusted estimate for five year admission rate ratio for all types of hospital admissions in the ICU 

survivor cohort compared with the hospital inpatient survivor cohort (after allowing for incomplete 

follow up: admission rate ratio 1.21, 95%CI 1.14 to 1.29, 2=36.4, p<0.001). 

10.3.4.1 Trends in admission rate ratios over time 

I assessed whether the admission rates in the two cohorts changed relative to each other over time by 

partitioning follow up into one year periods and running separate regression models for each one year 

period. The analyses were conducted using two different definitions of membership of each cohort at 

the start of each year of follow up. In the first, only pairs of patient in whom both were alive at the 

start of each year of follow up were included. In the second approach, any patient alive at the start of 

each year of follow up was included, ignoring the paired nature of the data. The latter approach 

maximised use of the available data, but resulted in cohorts that were no longer comparable on the 

basis of matching variables.  
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Initially, I analysed the data using the rate of all types of hospital admission as the outcome. Using the 

first approach limiting the analysis to pairs of patients alive at the start of each year, the adjusted 

admission rate ratio may have demonstrated a slight downward trend, changing from 1.27 (95%CI 

1.18 to 1.38, p<0.001) in the first year to 1.22 (95%CI 1.08 to 1.38, p=0.002) in the fifth year of 

follow up (Figure 28). However, the confidence intervals for each year overlapped, indicating that the 

results were consistent with no change in the rate ratio over time. Using the second approach to 

maximise data, similar estimates were produced during the five year period with slightly narrower 

confidence intervals (Figure 29). 

Using the first approach for emergency admission rates as the outcome, the admission rate ratio 

remained constant over time, changing from 1.31 (95%CI 1.22 to 1.42, p<0.001) in the first year to 

1.34 (95%CI 1.16 to 1.54, p<0.001) in the fifth year of follow up (Figure 30). Using the second 

approach to maximise data, similar estimates were produced during the five year period (Figure 31). 

In all four analyses, there was clear evidence of confounding in the matched unadjusted analysis for 

each year of follow up, as admission rate ratios reduced substantially after adjustment for other 

confounders using multivariable regression (Figure 30 and Figure 31). 

In summary, these analyses demonstrated that ICU survivors continued to have an increased rate of 

admission to hospital compared with hospital controls, which even persisted in the fifth year of follow 

up. This admission rate was increased for both outcomes: all types of hospital admissions and 

emergency inpatient admissions only. 

10.3.4.2 Effect modification 

There was evidence that the adjusted excess rate of five year hospital admission in ICU survivors 

compared with hospital controls varied by a number of patient characteristics (Figure 32). The rate of 

hospital admission was higher in ICU survivors aged under 70 relative to matched hospital controls 

under 70 (adjusted admission rate ratio 1.27, 95%CI 1.18 to 1.97, p<0.001). In contrast, ICU survivors 

aged 70 or older did not have a significantly increased rate of five year hospital admission compared 

with hospital controls (Table 52). The interaction term for age was significant (p<0.001), indicating 

that it was unlikely that the difference in effect size (admission rate ratios) between younger and older 

patients was due to chance.  

When restricted to patients with one or more Charlson comorbidity, ICU survivors did not have an 

increased rate of five year hospital admission relative to hospital survivor controls (adjusted admission 

rate ratio 0.97, 95%CI 0.87 to 1.10, p=0.67). This contrasted with those with no recorded Charlson 

comorbidities, in whom ICU survivorship was associated with an increased five year hospital 

admission rate (adjusted admission rate ratio 1.23, 95%CI 1.15 to 1.31, p<0.001). The highly 

significant interaction term indicated that comorbidity was an effect modifier (p=0.001). The number 

of inpatient admissions was also an effect modifier (interaction term p=0.003) (Table 52): ICU 
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survivorship was not associated with an increased hospital admission rate in those with one or more 

previous inpatient hospital admissions in contrast to those with no previous admissions.   

Neither sex nor admission type (emergency vs elective) modified the association between ICU 

survivorship and five year hospital admission rate (Table 52). Similarly, mechanical ventilation, renal 

replacement therapy and vasoactive therapy were not effect modifiers (Figure 32,Table 52), although 

the width of the confidence interval for patients receiving renal replacement therapy indicated that 

power may have been an issue in this analysis.  

I found that repeating the analyses using emergency admissions as the outcome produced similar 

results, with comorbidity, number of previous hospital admissions and age acting as effect modifiers 

(Figure 33, Table 53). However, older patients in the ICU survivor cohort still had a significantly 

increased rate of emergency hospital admission compared with older patients in the hospital inpatient 

survivor cohort (emergency admission rate ratio 1.15, 95%CI 1.05 to 1.26, p=0.002), albeit a smaller 

magnitude of association than that found in younger patients (Table 53). This was in contrast to the 

analyses above using all types of hospital admissions as the outcome, in which the older group did not 

have a significantly increased rate of five year hospital admission compared with hospital controls. 

10.4 Discussion 

ICU survivors used more hospital resource than matched hospital inpatients not requiring intensive 

care for each of the five years after hospital discharge. This cost an additional £3500 per patient. 

There was a more pronounced increase in emergency hospital admissions in ICU survivors, who 

experienced a 30% increase relative to hospital inpatient controls. Much of this increased resource use 

was limited to younger patients and those with no pre-existing illness.  

10.4.1 Strengths and limitations 

Many of the strengths and limitations detailed in Chapter 11 (p242) are equally relevant to this 

chapter. However, in the following paragraphs, I focus on strengths and limitations specific to the 

matched study design. 

I was able to match almost all patients in the ICU survivor cohort with hospital inpatient survivors. 

However, the 44 ICU patients who were not matched were substantially different from the patients 

with matches and used a substantial amount of post-discharge hospital resource use (mean 75 days in 

hospital). Therefore, despite the small proportion of unmatched patients, this study is likely to 

underestimate the true excess hospital resource used by ICU survivors compared with hospital 

inpatient survivors had all members of the ICU cohort been matched. 

Follow up time was not censored at the time of death for reasons explained in Chapter 9 (p177). The 

differential mortality rate raised problems when comparing annual resource use after the first year. 

This was because the vital status may have differed for matched pairs at the start of each subsequent 
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year of follow up. However, there was very little difference in estimates of the admission rate ratios 

produced by the two sensitivity analyses, indicating that these results were reasonably robust to the 

assumptions made. 

I also assessed whether the slight difference in loss to follow up between the two cohorts could have 

been a source of bias. I did this by entering the follow up time as an offset in the count regression 

models. This made no difference to the admission rate ratio estimate, nor the confidence intervals, 

indicating that differential loss to follow up did not bias estimates. 

10.4.1.1 Outcomes 

The strengths and limitations of my approaches to reporting and modelling resource use are detailed in 

Chapter 9 (p184). An additional limitation to the analysis in this chapter was that I only presented 

fully adjusted results for one (number of admissions) of the three different measures of resource use. 

This meant that the comparisons for number of days in hospital and costs between the ICU and 

hospital cohorts were only controlled for the four matching variables. With more time, I would have 

investigated the possible modelling strategies which could have been employed for such skewed 

resource data. 

A significant limitation of the study was limiting resource measurement to the acute hospital sector. 

Widening resource use to measure social care costs, primary care costs, loss of earnings, economic 

effects on carers would give more complete picture of the costs of surviving intensive care. Some of 

this work could be undertaken using novel database linkage. However, the remainder would likely 

require a prospective approach using detailed survey instruments.   

10.4.2 Interpretation and comparison with other studies 

My findings are likely to be generalisable to the remainder of the UK given the similarities in ICU 

provision and organisation of the health service. However, it is unlikely that the absolute numbers and 

costs could be applied outside the UK. It is possible that the relative estimates produced in analyses, 

namely the admission rate ratio of ICU survivors compared with hospital inpatient survivors, may be 

more generalisable outside the UK. There would have to be a number of assumptions for this to be 

correct: ICU and hospital survivor cohorts should be reasonably similar; hospital discharge signified a 

similar transition point in both countries; and the same organisational structures within a health service 

would be applied to both ICU and hospital cohorts. This is clearly not the case in the USA, where 

many ICU survivors are discharged from an acute hospital to a long term acute care facility (Kahn et 

al., 2010). 

Only two studies have compared resource use in an ICU population with comparator populations. The 

results of these studies are not consistent with my findings. In a population level study set in British 

Columbia, Canada, members of the ICU cohort had a lower readmission rate compared with hospital 

controls during the three years after hospital discharge before and after adjustment for a number of 
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potential confounders (Keenan et al., 2004). The authors presented adjusted admission rate ratios 

separately for those who survived the follow up period (0.80, 95%CI 0.77 to 0.82) and those who did 

not (0.85, 95%CI 0.82 to 0.89) due to concerns about the “confounding effect of death during 

…follow up”. There are differences in study population, analysis methods and confounder selection 

between this study and mine which may explain the opposite direction of association. It is difficult to 

directly compare the study populations as the authors chose to present all baseline characteristics 

stratified by vital status at the end of the follow up period. However, hospital controls with a stay 

under 24 hours were excluded as these may have represented elective and day case admission. This 

cohort of hospital inpatients may have been lower users of subsequent hospital resource. Furthermore, 

a non-stratified admission rate ratio was not presented and therefore the effect of stratifying by vital 

status on outcome was difficult to ascertain. Importantly, they adjusted their estimates for admission 

diagnostic group (20 broad groupings) but not admission type (emergency or elective) which differed 

from my approach. However, it is unlikely that the different study outcomes could be attributed 

entirely to differences in confounder adjustment, and the unadjusted estimates also show a lower 

admission rate in ICU survivors.  

The second study was based in the USA and the cohorts were limited to Medicare beneficiaries aged 

older than 65 (Wunsch et al., 2010b). An ICU survivor cohort was compared with hospital control and 

general population controls with 1 to1 matching on age, sex and race. There was no further adjustment 

for potential confounders. ICU survivors had a higher mean number of admissions one year after 

discharge compared with hospital and general controls (0.85 vs 0.64 vs 0.23 admissions per patient) 

and also at three years after discharge (2.06 vs 1.76 vs 0.83). As there were imbalances in non-

matched baseline characteristics between cohorts, including number of previous admissions and 

comorbidities, it is not clear if the excess number of admissions in the ICU cohort would have 

persisted after adjustment. In my own study, the subgroup analysis of a similar group of patients (70 

years old) suggested no evidence of a significantly increased admission rate for all types of hospital 

admission.  

10.4.2.1 Reasons for increased resource use in ICU survivor cohort 

ICU survivors used more hospital resource during the five years after discharge. This was despite the 

fact that they spent 7% less person-time alive and under follow up compared with hospital inpatient 

survivor controls. There was no clear indication that the resource used by the ICU cohorts was 

reducing to that used by the hospital inpatient cohort by the end of the five year follow up period. 

Observing the admission rates in the two cohorts, there was a rapid decline during the first nine 

months, followed by a gradual decline during the next three years, followed by a plateau during the 

final year. However, the ratio of admission rates between the two cohorts remained constant.  

This persisting increase in resource use could be due to a number of factors. Chance, error or residual 

confounding are possibilities. The role of chance is less likely due to the consistency of the association 

and the reasonably precise estimates, as evidenced by the narrow widths of the confidence intervals. I 
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have discussed the roles of error and residual confounding in detail in Chapter 8 (p158). Of relevance 

to these analyses, the number of inpatient admissions in the year prior to index hospitalisation was an 

extremely strong predictor of subsequent hospital admission. There are a number of different methods 

of measuring this variable. For example, the timeframe over which to measure the number of 

admissions may have influenced the association, as would restricting the measure to emergency 

admissions only. Given the importance of this variable, it would have been useful to undertake a 

number of sensitivity analyses using different criteria to define ‘previous resource use’ to investigate 

their effect on the magnitude of the association. 

If the increase was not due to these factors and the association was causal, ICU admission may drive 

this increased resource use through a number of mechanisms. The framework proposed in Chapter 11 

(Figure 34, p245) would be reasonable to apply here, namely diagnosis-related factors, nosocomial 

factors and consequences of the ‘critical illness syndromes’. Consequences of critical illness which 

resolve during the initial period after discharge, for example temporary disability during the recovery 

and rehabilitation phase, could not explain the reason for ICU survivors using increased resource use 

for the full five year period of follow up. Rather, it is more likely that newly acquired permanent 

morbidity has occurred in these patients as a result of the episode of critical illness. In addition, there 

is a well described effect of increased resource use in the months before death (Moorin et al., 2008). 

As there were a greater number of ICU patients who died during follow up, this could explain some of 

this excess. Further exploration of the reasons of readmission to hospital using, for example, using 

diagnosis codes may help to tease out the relative importance of different factors. 

It is of interest that excess resource use was concentrated in younger patients, those with no previous 

comorbidities and those with no previous hospital admissions. These are the groups of patients most 

likely to fall in to the category of previously fit and well patients experiencing a critical illness ‘hit’ 

leaving them with new health problems. This is in contrast to those whose admission to ICU merely 

punctuates an already deteriorating health trajectory. This raises the possibility that the economic 

consequences of critical illness may be even greater than the costs relating to acute hospital resource 

presented in this study, as I have not measured social costs which may be substantial such as disability 

benefits, loss of earnings, and economic effects on carers (Kress et al., 2012). 

10.5 Conclusion 

This study has demonstrated that ICU survivors used around a fifth more hospital resource than 

similar hospital inpatients not requiring intensive care over the five years after hospital discharge. 

There did not appear to be a time point at which the amount of hospital resource used by ICU 

survivors decreased to a ‘background’ level of resource. Much of the excess resource use was 

concentrated in the younger and previously well. Further work is required to identify the causal 

mechanisms underpinning this phenomenon and to inform the design of interventions to improve the 

health of ICU survivors.  
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Table 47. Baseline characteristics of ICU survivor cohort compared with hospital inpatient survivor 

cohort. Table continues over page: see legend on following page. 

P value

Value (SD/IQR/%) Value (SD/IQR/%)

Age median (IQR) 60 (44, 72) 60 (44, 72) -

Female n (%) 2327 (44.6) 2327 (44.6) -

Admission type n (%) -

Elective surgery 1146 (22.0) 1146 (22.0)

Emergency surgery 1447 (27.8) 1447 (27.8)

Emergency non-surgical 2622 (50.3) 2622 (50.3)

Quarter of year discharged n (%)* -

1 923 (17.7) 922 (17.7)

2 1297 (24.9) 1295 (24.8)

3 1251 (24.0) 1252 (24.0)

4 1380 (26.5) 1380 (26.5)

5 to 8 (discharged in 2006) 364 (7.0) 366 (7.0)

Scottish Index of Multiple Deprivation Quintile n (%) <0.001

1 Least deprived 653 (12.5) 781 (15.0)

2 848 (16.3) 906 (17.4)

3 1065 (20.4) 1012 (19.4)

4 1233 (23.6) 1179 (22.6)

5 Most deprived 1416 (27.2) 1337 (25.6)

Resident in remote area n (%) 471 (9.0) 542 (10.4) 0.02

Resident in rural area n (%) 916 (17.6) 905 (17.4) 0.77

Health board of residence n (%) <0.001

Ayrshire & Arran 368 (7.1) 376 (7.2)

Borders 266 (5.1) 130 (2.5)

Dumfries & Galloway 205 (3.9) 137 (2.6)

Fife 417 (8.0) 311 (6.0)

Forth Valley 199 (3.8) 256 (4.9)

Grampian 385 (7.4) 551 (10.6)

Greater Glasgow & Clyde 1,013 (19.4) 1320 (25.3)

Lanarkshire 998 (19.1) 544 (10.4)

Lothian 800 (15.3) 735 (14.1)

Tayside 233 (4.5) 420 (8.1)

Highlands/Islands 331 (6.4) 435 (8.3)

ICU admission

cohort

Hospital inpatient 

admission cohort
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Table 47. Baseline characteristics of ICU survivor cohort compared with hospital inpatient 

survivor cohort. 

A hypothesis test was not undertaken on the matching variables (-). *There is a discrepancy between 

numbers in each cohort in the quarter of year discharged. This was because, for those ICU patients 

without matched controls on the initial matching attempt using quarter of discharge, I allowed 

matching to occur within 90 days of date of discharge from hospital. Eight ICU patients were 

therefore matched to controls who were discharged during an adjacent quarter of the year 

.  

P value

Value (SD/IQR/%) Value (SD/IQR/%)

Count of comorbidities n (%) <0.001

0 3799 (72.9) 4748 (91.1)

1 1012 (19.4) 357 (6.9)

2 or more 404 (7.8) 110 (2.1)

Number of inpatient admissions in previous year n (%) <0.001

0 3047 (58.4) 4387 (84.1)

1 1090 (20.9) 562 (10.8)

2 or more 1078 (20.7) 266 (5.1)

Index hospitalisation length of stay (days) <0.001

Mean (SD) 32.5 (43.8) 11.4 (32.8)

Median (IQR) 17 (9, 38) 3 (1, 8)

ICU admission

cohort

Hospital inpatient 

admission cohort
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Table 48. Baseline prevalence of individual Charlson comorbidities in the ICU survivor and 

hospital inpatient survivor cohorts. 

Differences in comorbidity between cohorts were tested as a count of comorbidity variable (see Table 

47) 

  

n (%) n (%)

CVS Myocardial infarction 150 (2.9) 43 (0.8)

Heart failure 93 (1.8) 49 (0.9)

Peripheral vascular disease 188 (3.6) 47 (0.9)

Resp Chronic pulmonary disease 336 (6.4) 111 (2.1)

Liver/GI Mild hepatic disease 75 (1.4) 23 (0.4)

Mod/severe hepatic disease 69 (1.3) 11 (0.2)

Peptic ulcer disease 61 (1.2) 14 (0.3)

Renal Renal disease 127 (2.4) 33 (0.6)

CNS Cerebrovascular disease 92 (1.8) 38 (0.7)

Dementia 11 (0.2) 13 (0.2)

Paraplegia/hemiplegia 14 (0.3) 7 (0.1)

Other DM (without complications) 209 (4.0) 80 (1.5)

DM (with complications) 34 (0.7) 11 (0.2)

Connective tissue disease 44 (0.8) 20 (0.4)

Immunosuppressed 0 (0.0) 0 (0.0)

Cancer (no metastases) 400 (7.7) 71 (1.4)

Metastatic disease 63 (1.2) 30 (0.6)

ICU admission

cohort

Hospital inpatient 

admission cohort
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Table 49. Person-time under follow up per year of follow up and cumulatively over the five year 

follow up period for ICU survivor and hospital inpatient survivor cohorts. 

The total potential person-time of follow up for the three categories (alive, after death and lost to 

follow up) for each year is the same as the number of patients alive at the start of that year. 

Discrepancies are due to rounding. Cumulative person-time under follow up carries forward the 

person-time in each category to the following year. For example, the 571 patients dying during the 

first year of follow up contribute 327 person-years of follow up after death in the first year then will 

contribute 564 person-years in each subsequent year under the ‘after death’ category. 

 

  

Alive After death
Lost to 

follow up
Alive After death

Lost to 
follow up

0 to 1 5215 4888 327 0 4888 327 0

1 to 2 4651 4456 195 0 9344 1086 0

2 to 3 4286 4131 155 0 13475 2170 0

3 to 4 3999 3871 128 0 17346 3514 0

4 to 5 3757 3621 112 23 20967 5085 23

Five year 
period

5215 20967 5085 23 20967 5085 23

0 to 1 5215 4981 234 0 4981 234 0

1 to 2 4824 4682 142 0 9663 767 0

2 to 3 4558 4444 114 0 14107 1538 0

3 to 4 4345 4253 92 0 18360 2500 0

4 to 5 4179 4084 75 20 22445 3611 20

Five year 
period

5215 22445 3611 20 22445 3611 20

Cumulative person-time under 
follow up (person-years)

ICU 
survivor 
cohort

Hospital 
inpatient 
survivor 
cohort

Time interval 
(years)

Number 
alive at 
start of 
interval

Person-time under follow up 
(person-years)
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Table 50. Number of hospital admissions per year of follow up stratified by admission type 

during the five years after hospital discharge for ICU survivors and matched hospital inpatient 

controls.  

Number of hospital admission per patient are calculated per patient alive and under follow up at the 

start of each interval. The figures for the five year period are per patient for the whole cohort 

(n=5215). 

 

  

Emergency Elective
Day 
case

Total Emergency Elective
Day 
case

Total

0 to 1 5215 4315 1638 2702 8655 0.83 0.31 0.52 1.66

1 to 2 4651 2768 919 1483 5170 0.60 0.20 0.32 1.11

2 to 3 4286 2461 687 1140 4288 0.57 0.16 0.27 1.00

3 to 4 3999 2115 555 1057 3727 0.53 0.14 0.26 0.93

4 to 5 3757 1810 464 878 3152 0.48 0.12 0.24 0.84

Five year 
period

5215 13469 4263 7260 24992 2.58 0.82 1.39 4.79

0 to 1 5215 2585 1342 1542 5469 0.50 0.26 0.30 1.05

1 to 2 4824 1804 714 1018 3536 0.37 0.15 0.21 0.73

2 to 3 4558 1526 587 832 2945 0.33 0.13 0.18 0.65

3 to 4 4345 1338 493 858 2689 0.31 0.11 0.20 0.62

4 to 5 4179 1257 406 721 2384 0.30 0.10 0.17 0.57

Five year 
period

5215 8510 3542 4971 17023 1.63 0.68 0.95 3.26

Hospital 
inpatient 
survivor 
cohort

ICU survivor 
cohort

Time 
Interval 
(years)

Number 
alive at 
start of 
interval

Number of admissions per patientNumber of hospital admissions
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Table 51. Number of days in hospital and cost of hospital admissions stratified by admission 

type during the five years after hospital discharge for the ICU survivor cohort and matched 

hospital inpatient survivor cohort. 

Number of days in hospital and cost are calculated per patient alive and under follow up at the start of 

each interval. The figures for the five year period are per patient for the whole cohort at the start of 

follow up (n=5215 for each cohort). For method used to calculate costs see Methods section 9.2.3 

(p178). 

  

Emergency Elective Day case Total Emergency Elective Day case Total

0 to 1 5215 8.3 2.5 0.5 11.2 4009 1193 432 5635

1 to 2 4651 5.4 1.5 0.3 7.2 2612 746 267 3626

2 to 3 4286 5.4 1.3 0.3 6.9 2605 617 223 3445

3 to 4 3999 5.3 1.0 0.3 6.6 2589 461 221 3271

4 to 5 3757 4.7 0.8 0.2 5.8 2280 399 195 2874

Five year 
period

5215 22.0 5.5 1.2 28.6 10650 2645 1023 14318

0 to 1 5215 4.8 1.8 0.3 6.9 2324 857 247 3428

1 to 2 4824 3.8 0.9 0.2 5.0 1864 443 176 2483

2 to 3 4558 3.4 0.8 0.2 4.4 1655 400 153 2208

3 to 4 4345 3.0 0.8 0.2 3.9 1439 370 165 1974

4 to 5 4179 2.8 0.7 0.2 3.6 1340 328 144 1812

Five year 
period

5215 16.0 4.5 1.0 21.5 7768 2186 797 10751

Hospital 
inpatient 
survivor 
cohort

Time 
interval 
(years)

Number 
alive at start 
of interval

Number of days in hospital per patient Cost (£) per patient

ICU 
survivor 
cohort
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Table 52. Effect modification of covariates on admission rate ratios for all types of hospital 

admission in the ICU survivor cohort compared with the matched hospital inpatient survivor 

cohort over the five year period after hospital discharge. 

Stratum specific admission rate ratios are presented for each of the covariates assessed for effect 

modification. The p value for the interaction term is derived by adding an interaction term of the 

potential effect modifier with the variable indicating membership of the ICU or hospital cohort in to 

the multivariable model. 

  

Lower Upper

All 1.21 1.14 1.29 36.1 <0.001 <0.001

<70 1.27 1.18 1.37 36.6 <0.001 <0.001

70 1.09 0.99 1.19 3.4 0.07

Male 1.23 1.14 1.34 25.5 <0.001 0.64

Female 1.19 1.08 1.30 13.4 <0.001

None 1.23 1.15 1.31 35.2 <0.001 0.001

One or more 0.97 0.87 1.10 0.2 0.67

None 1.24 1.16 1.34 33.7 <0.001 0.003

One or more 1.05 0.95 1.17 0.9 0.35

Elective 1.33 1.15 1.53 15.3 <0.001 0.21

Emergency 1.18 1.10 1.26 21.6 <0.001

No 1.27 1.14 1.42 19.0 <0.001 0.43

Yes 1.17 1.08 1.26 16.7 <0.001

No 1.19 1.12 1.27 27.6 <0.001 0.14

Yes 1.49 1.23 1.80 16.8 <0.001

No 1.18 1.09 1.27 17.3 <0.001 0.31

Yes 1.27 1.14 1.41 19.7 <0.001

Renal replace-

ment therapy

Vasoactive 

therapy

Admission 

rate ratio

95% CI
Wald 2 

Age

Sex

p value for 

interaction 

term

Num Charlson 

comorbidities

Prev num of 

admissions

Admission type

Mechanical 

ventilation

p value



 

  230 

 
Table 53. Effect modification of covariates on admission rate ratios for emergency hospital 

admission in the ICU survivor cohort compared with the matched hospital inpatient survivor 

cohort over the five year period after hospital discharge. 

Stratum specific admission rate ratios are presented for each of the covariates assessed for effect 

modification. The p value for the interaction term is derived by adding an interaction term of the 

potential effect modifier with the variable indicating membership of the ICU or hospital cohort in to 

the multivariable model. 

  

Lower Upper

All 1.30 1.22 1.39 62.4 <0.001 <0.001

<70 1.37 1.26 1.50 54.8 <0.001 <0.001

70 1.15 1.05 1.26 9.7 0.002

Male 1.35 1.23 1.47 25.5 <0.001 0.22

Female 1.25 1.14 1.37 13.4 <0.001

None 1.34 1.24 1.44 62.0 <0.001 <0.001

One or more 1.02 0.91 1.16 0.2 0.70

None 1.37 1.27 1.48 63.2 <0.001 0.002

One or more 1.09 0.97 1.22 2.2 0.14

Elective 1.47 1.26 1.71 15.3 <0.001 0.11

Emergency 1.27 1.18 1.36 21.6 <0.001

No 1.29 1.16 1.43 22.2 <0.001 0.18

Yes 1.31 1.21 1.42 41.4 <0.001

No 1.27 1.19 1.36 48.6 <0.001 0.19

Yes 1.59 1.31 1.95 21.0 <0.001

No 1.23 1.14 1.34 26.8 <0.001 0.11

Yes 1.39 1.25 1.56 34.7 <0.001

p value for 

interaction 

term

Vasoactive 

therapy

Sex

Num Charlson 

comorbidities

Prev num of 

admissions

Admission type

Mechanical 

ventilation

Renal replace-

ment therapy

Age

Admission 

rate ratio

95% CI
Wald 2 p value
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Figure 26. Trend in hospital admission rates for all admission types in ICU survivor cohort and 

hospital inpatient survivor cohort over five year follow up period after index hospital discharge.  

The hospital admission rate is plotted per three month period. The admission rate is calculated as 

number of admissions per person-year alive and under follow up during each quarter. The numerator 

comprises all three types of admission (emergency inpatient, elective inpatient, daycase).  
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Figure 27. Trend in emergency hospital admission rates in ICU survivor cohort and hospital 

inpatient survivor cohort over five year follow up period after index hospital discharge. 

The hospital admission rate is plotted per three month period. The admission rate is calculated as 

number of admissions per person-year alive and under follow up during each quarter. The numerator 

comprises emergency inpatients only. The graph has been plotted using the same y-axis scale as the 

graph in Figure 22 to allow direct comparability. 
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Figure 28. Change in annual admission rate ratio for all hospital admissions in the ICU survivor 

cohort compared with the hospital inpatient survivor cohort including only ICU patients and 

their matched hospital control if both are alive at the start of each year of follow up. 

Annual admission rate ratios are the number of hospital admissions of any type per person per year in 

the ICU survivor cohort relative to the number per person in the hospital inpatient survivor cohort. 

Only ICU patients and their matched hospital control are included in each annual cohort if both were 

alive on the first day of each year of follow up. The dashed line represents univariable admission rate 

ratios which are only controlled for the potential confounding effect of the four matched variables. 

The solid line represents admission rate ratios which are adjusted for other potential confounders 

using multivariable regression. Error bars represent 95% confidence intervals for rate ratios. 
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Figure 29. Change in annual admission rate ratio for all hospital admissions in the ICU survivor 

cohort compared with the hospital inpatient survivor cohort including all patients alive at the 

start of each year of follow up regardless of differing vital status of matched pairs. 

Annual admission rate ratios are the number of hospital admissions of any type per person per year in 

the ICU survivor cohort relative to the number per person in the hospital inpatient survivor cohort. All 

members of the ICU survivor cohort and hospital inpatient cohort were included if they were alive on 

the first day of each year of follow up, regardless of whether the matched pair was alive or dead. The 

dashed line represents admission rate ratios which are only adjusted for the potential confounding 

effect of imbalances in the variables used in matching. The solid line represents admission rate ratios 

which are adjusted for other potential confounders using multivariable regression. Error bars represent 

95% confidence intervals for rate ratios. 
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Figure 30. Change in annual emergency admission rate ratio in the ICU survivor cohort 

compared with the hospital inpatient survivor cohort including only ICU patients and their 

matched hospital control if both are alive at the start of each year of follow up. 

Annual admission rate ratios are the number of emergency hospital admissions per year in the ICU 

survivor cohort relative to the number per person in the hospital inpatient survivor cohort. See Figure 

28 legend for further details. 
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Figure 31. Change in annual emergency admission rate ratio in the ICU survivor cohort 

compared with the hospital inpatient survivor cohort including all patients alive at the start of 

each year of follow up regardless of differing vital status of matched pairs. 

Annual admission rate ratios are the number of emergency hospital admissions per year in the ICU 

survivor cohort relative to the number per person in the hospital inpatient survivor cohort. See Figure 

29 legend for further details. 
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Figure 32. Assessing effect modification of covariates on admission rate ratios for all types of 

hospital admission in the ICU survivor cohort compared with the matched hospital inpatient 

survivor cohort over the five year period after hospital discharge. 

Stratum specific admission rate ratios are plotted for each of the covariates assessed for effect 

modification. Error bars represent 95% confidence intervals. The following covariates were 

significant effect modifiers: age (<70 vs 70) (p<0.001), presence of Charlson comorbidities (0 vs 1) 

(p=0.001) and number of  inpatient hospital admissions during the previous year (0 vs 1) (p=0.003). 

Abbreviations: CV sup=cardiovascular support (vasoactive therapy); RRT=renal replacement therapy; 

MV=mechanical ventilation; adm=number of inpatient admissions in the previous year; 

comorb=Charlson comorbidities. 
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Figure 33. Assessing effect modification of covariates on emergency admission rate ratios in the 

ICU survivor cohort compared with the matched hospital inpatient survivor cohort over the five 

year period after hospital discharge. 

Stratum specific admission rate ratios are plotted for each of the covariates assessed for effect 

modification. Error bars represent 95% confidence intervals. The following covariates were 

significant effect modifiers of emergency admission rate ratios: age (<70 vs 70) (p<0.001), presence 

of Charlson comorbidities (0 vs 1) (p<0.001) and number of  inpatient hospital admissions during the 

previous year (0 vs 1) (p=0.002). For abbreviations see Figure 32. 
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11 Discussion 

11.1 Summary of findings 

11.1.1 Systematic review of health care resource use after ICU admission 

• Wide variation in methodological approaches limited study comparability and external 

validity of findings. Variation reflected international differences in methods of assigning 

resource costs, type of resource categories reported and organization of health care systems. 

• Following standardization to a common currency and year, variation in cost of resource use 

was evident (range 2011 US$ 18,847-148,454 for year one post-discharge). Studies 

undertaken within the USA reported the highest costs; those in the UK reported substantially 

lower costs. Factors associated with increased resource use included increasing age, co-

morbidities, organ dysfunction score and previous resource use.  

• Given the paucity of identified studies, I concluded that there was clear need for longer term 

studies of resource use of survivors of intensive care. Due to the variable quality of published 

studies, I produced recommendations for a more standardised approach to improve design 

and reporting of future studies. 

11.1.2 Incidence of ICU admission 

• The incidence if ICU admission was 18.4 per 10,000 (95%CI 18.0 to 18.8) people resident in 

Scotland aged 16 and over and the incidence of ICU survivorship was 12.6 per 10,000 

(95%CI 12.3 to 13.0). 

• When restricted to those mechanically ventilated, the incidence of ICU survivorship reduced 

to 7.6 per 10,000 (95%CI 7.3 to 7.8).  

• There was variation in the incidence of ICU admission and ICU survivorship between health 

boards even after allowing for differing age and sex distributions between health boards.  

11.1.3 Long term mortality of the Scottish ICU population 

• Over half of all patients admitted to ICUs in Scotland died within five years of admission 

(53%, 95%CI 52.3 to 54.6). When restricted to those patients surviving to hospital discharge, 

five year mortality was 32% (95%CI 31.0 to 33.6).  

• Increasing age, diagnosis on admission to ICU and pre-existing comorbid illness, but not 

receipt of renal or respiratory organ support, predicted five year mortality whether the ICU 

cohort was defined at the time of ICU admission or hospital discharge. 
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11.1.4 Long term mortality of ICU populations compared with matched 

hospital inpatients and the general population of Scotland 

• When the ICU cohort was defined at the time of ICU admission, ICU patients experienced an 

increased risk of death compared with both hospital inpatients (absolute excess 26.6%) and 

the general population (absolute excess 37.8%).  

• After adjustment for confounders, there remained an excess mortality in the ICU admission 

cohort relative to the hospital inpatient admission cohort (HR 15.5 0 to 30 days after 

admission (95%CI 12.7 to 18.9, p<0.001), HR 2.7 for 31 to 90 days (95%CI 2.0 to 3.6, 

p<0.001), and HR 1.5 91 days to 5 years (95%CI 1.4 to 1.7, p<0.001).  

• When the ICU cohort was defined at the time of hospital discharge, there remained an 

increased risk of death compared with both hospital inpatients who survived to discharge for 

each year of follow up (annual absolute excess mortality range 2.0% to 3.3%) and the age-

sex standardised general population of Scotland (annual absolute excess mortality range 

2.6% to 8.6%).  

• After adjustment for confounders, there was a 29% increase in the relative hazard of death in 

the ICU survivor cohort compared with the hospital inpatient survivor cohort over the five 

year follow up period (HR 1.29, 95%CI 1.16 to 1.42, p<0.001).  

• In the survivor cohorts, the increased risk of death after hospital discharge was particularly 

pronounced in younger ICU patients compared with younger hospital inpatient controls 

(age<70: HR 1.60, 95%CI 1.39 to 1.84) whilst older ICU patients had no increased risk of 

death compared with older hospital controls (age70: HR 0.97, 95%CI 0.85 to 1.12, p=0.72) 

(p<0.001 for interaction term). 

11.1.5 Long term health care resource used by ICU survivors 

• For ICU patients surviving to hospital discharge, there were 4.81 admissions per patient over 

the subsequent five years. These admissions accounted for 29.2 days per patient spent in 

hospital over five years, costing £86.5 million for the whole cohort, equivalent to £14593 per 

patient over five years. 

• Emergency admissions accounted for the majority of hospital resource used over the five 

years after discharge regardless of the metric used: 54% of all admission types, 77% of days 

spent in hospital and 75% of the cost of hospital admissions. 

• In multivariable analyses using number of admissions of any type over five years as the 

outcome, the single factor most strongly predictive of increased resource use was the number 

of inpatient hospital admissions in the year prior to the index hospitalisation (admission rate 
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ratio 1.17 for each additional admission in previous year, 95%CI 1.14 to 1.19, p<0.001). 

Other independent predictors included social deprivation, health board of residence, 

comorbidity and ICU admission diagnosis. Receipt of renal or cardiovascular organ support 

was not independently associated with increased hospital admission rates. Similar predictors 

were identified when restricting the outcome to number of emergency admissions over five 

years. 

11.1.6 Long term resource use for ICU survivors compared with matched 

hospital inpatient survivors 

• ICU survivors experienced more hospital admissions during the five years after index 

hospital discharge compared with hospital inpatient survivors: 4.79 compared with 3.26 

hospital admissions per person over five years (admission rate ratio 1.47, 95%CI 1.40 to 

1.54, p<0.001). This was the most pronounced when restricting the outcome to emergency 

admissions (2.58 compared with 1.63 emergency admissions over five years, emergency 

admission rate ratio 1.58, 95%CI 1.50 to 1.67, p<0.001).  

• Whether mean resource was measured in terms of hospital days or hospital costs, ICU 

survivors used more than hospital inpatients over the five years after index hospital 

discharge: hospital days, 28.6 days compared with 21.5 days per patient; hospital costs, 

£14318 compared with £10751. 

• After further adjustment for potential confounders, the relative rate of hospital admission 

remained significantly higher in the ICU survivor cohort compared with the hospital inpatient 

survivor cohort (five year admission rate ratio 1.21, 95%CI 1.14 to 1.29, p<0.001; five year 

emergency admission rate ratio 1.30, 95%CI 1.22 to 1.39, p<0.001).  

• ICU survivors had an increased rate of admission to hospital compared with hospital controls 

for each year of follow up using either outcomes (all types of hospital admissions or 

emergency inpatient admissions): range of annual admission rate ratios for all types of 

admission 1.18 to 1.28 (p<0.003 for all years); range of annual emergency admission rate 

ratios 1.25 to 1.38 (p<0.001 for all years). 

• There was evidence of effect modification as the admission rate ratio for ICU survivors 

compared with hospital inpatient survivors for all admission types varied by a number of 

baseline characteristics: age (higher in patients aged<70 compared with those aged 70, 

interaction term p<0.001); comorbidity (higher in patients with no previous comorbidity 

compared with those with one or more, p=0.001); and number of inpatient admissions during 

year before index hospitalisation (higher in patients with no previous admissions compared 

with those with one or more, p=0.003). The same factors acted as effect modifiers when the 

outcome was limited to emergency admissions. 
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11.2 Overall strengths and limitations 

In this summary chapter, I present the strengths and limitations which are applicable to the body of 

work in the thesis as a whole. Where these are more applicable to specific chapters, I have presented 

them in the discussion sections of individual chapters. 

11.2.1 Databases and linkage 

A significant strength of the study was that the cohort included all patients admitted to all general 

ICUs in Scotland and was derived from population-based linked data. Therefore, the frequently 

encountered biases in prospective cohort studies particularly relating to ICU populations (Williams et 

al., 2011), such as loss to follow up or participation bias, were less likely to affect the study. However, 

there were a small number of records (3%) that had been incorrectly linked or could not be linked to 

the other health care databases. Such a small proportion of missing data is unlikely to bias reported 

outcomes.  

Patients who emigrated from Scotland during the five year follow up period could not be identified 

from the routine databases as there is no marker identifying emigration. This loss to follow up would 

have resulted in an underestimation of mortality and resource use. However, this was minimised by 

excluding non-Scottish residents from the cohort. Furthermore, the degree of emigration from 

Scotland is relatively low (National Records of Scotland, 2012), particularly in those aged 45 and 

older who comprised 75% of the cohort. An analysis of 2005 Scottish migration statistics 

demonstrated that only 0.6% of residents aged 45 emigrated from Scotland to the remainder of the 

UK or overseas, and 0.7% of the same age group were immigrants (National Records of Scotland, 

2012). It is plausible that those who suffer an episode of critical illness are less likely to emigrate in 

the years after their critical illness due to ill health, further reducing the loss to follow up, although 

this potential differential loss to follow up may have biased comparisons between ICU and hospital 

populations. 

11.2.2 Prevalent pool effect 

A proportion of patients who had been defined as first ICU admissions will have been readmissions to 

ICU, with their first admission occurring in late 2004. I was unable to ascertain whether these were 

readmissions to ICU during the same hospital stay as I did not have access to the 2004 SICSAG 

database at the time of the analysis. This would have been more likely to affect admissions during the 

first month of 2005 as most ICU readmissions occur within 30 days of ICU discharge [unpublished 

work from this thesis]. The effect of not excluding such cases in studies designed to estimate disease 

incidence is known as the ‘prevalent pool effect’, and results in an overestimate of incidence (Brameld 

et al., 2003). In relation to this study, the small proportion of ICU patients who were unidentified 

readmissions would have been likely to have had a different clinical trajectory to ‘first’ ICU 

admission patients. Their outcomes may have been worse depending on the reason for readmission, 

potentially resulting in a small overestimate of mortality and possibly resource use. 
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11.2.3 Definition of intensive care 

Membership of the study cohorts was defined by admission to a geographically specific area of the 

hospital rather than being defined by a particular disease or pathological process. As the SICSAG 

database contains patients admitted to both ICU and combined units, I chose a pragmatic definition for 

membership of the ICU cohort as an admission to either of these types of unit. It was not possible to 

distinguish easily between ICU and HDU patients in the database. The inclusion of HDU patients in 

the cohort would be expected to reduce the overall mortality rate as, on average, HDU patients are less 

severely ill than ICU patients (Intensive Care Society, 2009). Its effect on resource use is less clear. 

However, a proportion of patients admitted to HDUs may have a similar severity of illness as ICU 

patients but have limits to treatment in place as they are not candidates for aspects of ICU care, such 

as mechanical ventilation. Even in hospitals with separate units, patients requiring HDU care may be 

admitted to ICU due to bed pressures or locally devised care pathways after elective surgery (for 

example, post-operative care after major vascular or upper gastrointestinal surgery). This may limit 

external generalisability of the findings of the thesis.  

11.2.4 Exposure measurement error 

Comorbidity: There may be a degree of measurement error in ascertaining comorbidity. Those 

patients who moved to Scotland shortly before 2005 would not have had any comorbidities derived 

from the SMR01 database nor would there have been any previous inpatient admissions recorded. 

Those aged 16 to 34 are the most mobile population in Scotland (4.5% immigration in 2005) (National 

Records of Scotland, 2012) but are the least likely to have comorbidity. Furthermore, this age group 

represented a relatively small proportion of the ICU database (14.7% of ICU admission cohort). In 

addition, the method I chose to derive comorbidity categories may have affected estimates. The 

measure of comorbidity was only derived from hospital records rather than primary care data or case 

notes, which would have yielded more detailed information. Hospital data derived comorbidities are 

more likely to be at the severe end of the spectrum, with diagnoses such as hypertension less likely to 

be recorded in contrast to primary care records. I used a one year look back period but chose not to 

use the additional diagnoses noted on the index admission record to construct the comorbidity 

variable. This may have underestimated comorbidity. Under-measurement of comorbidity may have 

led to residual confounding due to incomplete adjustment. I have described in more detail the 

limitations of deriving comorbidity from routine data in Chapter 4 (p79). 

Variables measured at an area rather than individual level: The measure of deprivation used in the 

study, SIMD, is created from area-based measures of deprivation and applied to individuals on the 

basis of postcode of residence (National Statistics, 2009). This was the only method of measuring 

deprivation for the whole cohort that was easily obtainable. The disadvantage of this approach is the 

scope for misclassification of individual socioeconomic status. When examining the effect of 

deprivation as an independent predictor of outcome, this misclassification error would have had the 

effect of biasing the association towards unity if the error was present in each of the categories and if 
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this was random (Rothman et al., 2008b, p139). As statistically significant associations were present 

between both deprivation and mortality and deprivation and resource use, it is only the magnitude of 

this association which may have been underestimated as a result of this error. When deprivation was a 

confounder in analyses, the effect of misclassification on other covariates would not have been easily 

predictable (Rothman et al., 2008b, p144).  

11.2.5 Modelling approach 

A limitation of the studies was the fact that the hierarchical nature of the data was not explicitly 

accounted for in analyses. A multilevel modelling approach would have been more appropriate, 

particularly in the studies investigating health board level effects. I was unable to undertake these 

analyses due to limitations in my statistical expertise. Factors affecting the outcomes could have been 

categorised as individual-level factors or organisational-level factors. In analyses with resource use as 

the outcome, I attempted to account for health board of residence by entering this as a fixed effect 

term. This approach attributes health board of residence as an individual-level characteristic which 

may not account for the similarity between individuals within the same region. The potential lack of 

independence of individual observations in analyses may overestimate the precision of estimates, a 

phenomenon known as misestimated precision, leading to an increased rate of type I statistical error. 

The results from multivariable analyses should be interpreted in the context of this limitation. 

11.3 Interpreting the increased burden of illness in ICU populations 

There is a complex interplay between pre-illness patient factors, acute illness factors and health care 

organisational structures that influence the patient trajectory before, during and after an episode of 

critical illness (Figure 34). A greater understanding of these factors would not only further the 

understanding of the increased burden of illness in ICU populations, but also identify factors which 

can be modified to improve the post-critical illness patient trajectory. In this section, I will examine 

each group of factors influencing the patient trajectory focussing on two aspects: factors which may 

explain the excess burden of critical illness when comparing ICU and hospital populations and factors 

which could be targeted to improve patient outcomes. 

11.3.1 Patient factors 

Fixed demographic factors, such as age and sex, clearly cannot be modified by interventions and were 

fully controlled for in the comparison between ICU and hospital populations. At most, these 

demographics could be used to identify patients at higher risk of health problems after ICU discharge. 

Poorer outcomes due to deprivation, whilst often viewed as a ‘fixed’ demographic which may 

confound comparisons, may be improved through engagement with the wider agenda to reduce health 

inequalities (Marmot, 2005; Scottish Government, 2008). However, the patient trajectory may be 

influenced by late recognition of critical illness due to education or reduced access to primary health 

care.  
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Patients with pre-existing illnesses or disability may require ICU admission for organ support as a 

consequence of a physiological insult, such as pneumonia causing respiratory impairment, whereas the 

same insult in a healthy individual may not lead to a hospital admission. Pre-existing illness or 

disability, therefore, may not just confound the association between ICU admission and outcomes, but 

may also be mediators on the casual pathway between critical illness and the increased burden of 

illness. These factors may also interact with post-critical illness recovery causing a more protracted 

requirement for rehabilitation (Clermont et al., 2002). 

 
 Figure 34. Overview of the trajectory of the critically ill patient incorporating factors 

influencing the trajectory and important outcomes. 

 

11.3.2 Organisational factors 

Health and social care organisation are likely to influence all aspects of the patient journey. 

Improvements in quality of pre-ICU care may improve the pre-critical illness patient trajectory, 

potentially by avoiding ICU admission altogether. Examples of this may be improved ambulance 

response to critically ill patients (Pell et al., 2001; Scottish Government, 2013) in the pre-hospital 

environment, implementing disease-specific protcolised treatment pathways for sepsis (Nguyen et al., 

2007), and improved training of hospital staff in the recognition and early referral of the acutely ill 

patient (NICE, 2007). Organisation factors within the ICU which may influence outcomes have 

already been incorporated into quality indicators of ICU care, including minimising night time 

discharges, ensuring consultant intensivists involvement in patient care and implementation of care 

bundles (SICSAG, 2012a). Post-ICU care may be able to be improved by a greater focus on the 

rehabilitation needs of patients, proactive identification of some of the less overt sequelae of critical 

illness, and improved interdisciplinary communication between members of the health and social care 
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team (Walsh et al., 2012). The multiple transitions that patients experience after discharge from ICU 

may increase the risk of loss of information relating to their critical illness. Ensuring comprehensive 

handover between hospital, primary care and social sectors may reduce the consequences of this. 

11.3.3 Acute illness factors 

Acute illness factors deserve specific attention as these are the factors which are likely to be causal in 

driving the excess burden of illness in ICU survivors when compared with hospital inpatient 

survivors. As a consequence, modification of these factors may be the most likely to improve 

outcomes. 

11.3.3.1 Diagnosis related factors and illness severity 

Patients are admitted in order to support failing organs, or to closely monitor patients with the 

potential to develop organ failure. Admission to ICU, therefore, is not related to a particular disease-

specific pathological process, but rather the result of any process which results in organ dysfunction or 

organ failure. Severe presentations of certain diseases, therefore, will result in admission to ICU. It 

follows that a significant proportion of the long term burden of illness that I found might have been 

related to sequelae of the diagnosis causing admission to ICU rather than due to the sequelae of ICU 

admission itself. Differentiating these two factors is extremely difficult.  

One scenario which exemplifies this would be a young patient sustaining traumatic brain injury in a 

road traffic accident who survived to be discharged from hospital after a prolonged ICU stay but 

subsequently died from aspiration pneumonia due to neurological impairment six months after 

hospital discharge. It would be more appropriate to attribute the mortality and morbidity associated 

with traumatic brain injury to the injuries sustained in the road traffic accident rather than intensive 

care. In one respect, the post-discharge mortality in this case could be attributed to intensive care, 

insomuch as the admission to ICU allowed the patient to survive long enough to have his or her death 

attributed to ICU survivorship, whereas declining to admit the patient would have resulted in a non-

ICU hospital death. 

A proportion of patients are admitted to ICU due to a deterioration in the stability of an underlying 

chronic illness, such as chronic liver disease or chronic obstructive pulmonary disease (COPD). The 

ongoing increased burden of illness associated with ICU admission for these patients may reflect the 

natural history of the disease. ICU admission, therefore, may be a marker of severity of the underlying 

disease and would represent an event punctuating a pre-existing downward trajectory in health. A 

proportion of the measured increased burden of illness after ICU admission might not, therefore, be 

attributable to ICU itself but rather the underlying disease. Adjustment for the pre-critical illness 

trajectory of the comorbidity, if this could have been measured, might have allowed this to have been 

controlled for in the models. The concept of patient trajectories before and after an episode of critical 

illness has been described by one expert in the field in an editorial relating to the burden of ICU 

survivorship (Iwashyna, 2012). 
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11.3.3.2 Nosocomial factors 

Once a patient is admitted to ICU, a number of interventions are undertaken to allow treatments to be 

delivered and for patients to be managed safely, many of which have the potential to cause harm 

(Desai et al., 2011). Some of these are binary interventions which are necessary to deliver some 

aspects of organ support (for example tracheal intubation for mechanical ventilation), whereas others 

may be necessary but could be delivered with a differing dose with the possibility of causing less 

harm (for example, minimising sedative drug use (Girard et al., 2008), or delivering lower volumes of 

mechanical ventilation in patients at risk of lung injury (Acute Respiratory Distress Syndrome 

Network, 2000)). Table 54 below lists a number of these interventions and the potential benefits and 

harms.  

Whilst some of these interventions are undertaken outside the ICU, the frequency of their use in ICU 

patient cohorts may allow them to be considered an integral part of the critical illness. This group of 

mechanisms, therefore, could be considered to be a component of the burden of critical illness that can 

legitimately be attributed to critical illness managed in the ICU itself. However, many of the harms 

listed in Table 54 may not be common occurrences despite the near universal application of some of 

the interventions, and even when the harms occur, they are more likely to result in morbidity rather 

than death. As the outcome for the matched study in Chapter 8 was mortality, it is unlikely that a 

substantial proportion of the mortality associated with ICU admission could be attributed to this 

mechanism. 
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Intervention Potential benefit Potential harm 

Endotracheal 
intubation  

Allows a patient to receive mechanical 
ventilation 

- Ventilator associated pneumonia 

- Damage to the airway and trachea 
resulting in longer term breathing 
problems 

Tracheostomy Allows a patient to receive mechanical 
ventilation with minimal or no sedation 

- Ventilator associated pneumonia 

- Damage to local structures at the time of 
insertion  

- Damage to the airway and trachea 
resulting in longer term breathing 
problems 

Sedation Allows a patient to tolerate endotracheal 
tube and other ICU interventions 

- Delirium and long term cognitive and 
psychiatric sequelae  

Invasive 
intravascular 
catheter insertion 

Allows delivery of potent drugs, reduces the 
number of peripheral venous cannulae, 
allows invasive monitoring of 
haemodynamic values 

- Infection associated with the catheter,  
damage to local structures, occlusion of 
blood vessels 

Mechanical 
ventilation 

Allows ventilation and gas exchange - Ventilator associated pneumonia 

- Damage to lungs by high pressures or 
volumes 

- Respiratory muscle atrophy 

Prolonged 
immobility 

Ease of clinical and nursing management of 
a critically ill patient  

- Disuse atrophy of muscles leading to 
weakness 

Table 54. Benefits and complications of interventions undertaken within the ICU.  

Based in part on Rubenfeld (2007) and Desai et al. (2011). 

 

11.3.3.3 Critical illness syndromes 

A number of conditions or syndromes are over-represented, or occur almost exclusively, in ICU 

patients. These are often final common pathways for a variety of different diseases with varyingly 

understood aetiological and pathological processes. These ‘critical illness syndromes’ include ARDS, 

ICU acquired weakness, and multi-organ dysfunction syndrome. The clinical expertise and 

management of these conditions falls primarily within the speciality of intensive care medicine rather 

than single organ specialities. Therefore, despite the fact that these critical illness syndromes are 

complications of traditionally recognised ‘single organ’ diseases (for example pneumonia, pancreatitis 

or multiple trauma), a proportion of the long term morbidity and resource use associated with ICU 

admission could be reasonably attributed to them.  

The databases I used in the analysis would be unlikely to identify patients experiencing these 

syndromes due to a number of them occurring later in the ICU stay after the time of ICU admission 

when most data are collected. Prospective cohort studies would be the most appropriate method to 

identify the burden of illness in these patients, which have been undertaken already in some of these 
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more homogeneous subgroups such as ARDS survivor cohorts (Herridge et al., 2011).  Furthermore, it 

would be practically difficult to distinguish the negative effects of the syndromes on long term 

mortality from complications arising from interventions used to treat them (for example mechanical 

ventilation in ARDS) which would be important if the treatment could be modified to reduce the risk 

of complications (e.g. protective lung ventilation in ARDS (Acute Respiratory Distress Syndrome 

Network, 2000)) as well as distinguishing the effects of critical illness syndromes from other sequelae 

arising from the primary disease process. 

There is overlap between this category and the first two, and creating a separate group for these 

conditions is perhaps unnecessary. However, the expertise relating to identifying and managing these 

syndromes is concentrated within the speciality of critical care rather than single organ specialities. 

Furthermore, as much of the burden of illness is concentrated in a younger cohort with less comorbid 

illness, there is a higher risk that these patients will not be picked up through conventional health care 

pathways which are targeted towards older populations. Therefore, improvement in long term 

outcomes for these conditions could be achieved by intensivists and the multi-disciplinary team during 

and immediately after the acute illness. 

11.3.4 Conclusion 

In this section, my intention was to provide a framework to better understand the potential reasons for 

the increased burden of critical illness. This can be used to identify the key areas of future research 

which need to be undertaken in order to inform future health policy. 

11.4 Implications for research and policy 

11.4.1 Implications for research 

11.4.1.1 Improving causal inference 

The purpose of comparing outcomes in the ICU cohort to a matched hospital control group was to 

attribute the observed excess mortality and resource use to the ICU admission episode. There are a 

number of assumptions underlying this statement, some of which I critiqued in Chapters 8 and 10. 

Further work could be undertaken to try and elucidate causal mechanisms more explicitly.  

The ICU population is a heterogeneous group of patients unified only in their requirement for organ 

support or close observation. Investigating the effect of ICU admission in more homogeneous 

subgroups would be beneficial, as recovery trajectories are likely to differ by the condition 

precipitating ICU admission and the events that occur during ICU stay. For example, the future 

mortality and resource used by a young patient who takes an overdose resulting in ICU admission is 

very different to that of a patient admitted to ICU electively after an oesophagectomy for oesophageal 

cancer. The study dataset lacked sufficient power to undertake subgroup analyses. Repeating the 

analysis using a cohort of ICU admissions over a number of years would increase the sample size and 
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therefore allow more homogeneous subgroups to be identified and prototypical patient trajectories 

constructed around these. This would aid the identification of potentially causal factors.  

Further research needs to be undertaken to try and identify the proportion of post-discharge mortality 

and resource use that can be attributed to conditions arising from or interventions given in ICU. Both 

Cox and relative survival methods allow for cause-specific outcome to be modelled. This would 

improve the ability to make causal inferences from the associations identified in the current study and 

ultimately the biological mechanisms underpinning these associations. In order to achieve these aims, 

routine health care databases could only form one part of the solution. For example, subsequent 

admissions and deaths could potentially be attributed to the episode of critical illness by comparing 

diagnostic codes on these records with codes from the index admission. This information could then 

be combined with time elapsed since index hospital discharge. Diagnostic codes on death certificates 

or admission records would have to be specific for each ICU condition or be generically related to 

ICU care. In this way, an algorithm could be constructed to classify subsequent admissions and deaths 

as ‘attributable’ to aspects of the ICU stay, whether these are related to sequelae of the ICU admission 

diagnosis, nosocomial aspects of ICU care or ‘critical illness syndromes’. However, routine health 

care datasets are unlikely to provide adequate detail to identify some well described conditions which 

are thought to arise as a result of critical illness (Desai et al., 2011). Prospective collection of, for 

example, lung function testing after ARDS would enable diagnosis of residual respiratory impairment 

(Herridge et al., 2011). The evidence base in this area is slowly growing over time (Desai et al., 

2011). 

11.4.1.2 Improving the measurement of exposures, confounders and outcomes 

Pre-admission factors: The Scottish health care datasets did not provide information relating to pre-

admission frailty or disability. These factors could have negatively confounded the association 

between ICU admission and outcome. Furthermore, frailty and functional status are factors associated 

with the decision to decline admission to ICU (Iapichino et al., 2010). Future studies should 

endeavour to account for these factors in analyses.  

Acute illness factors: The SICSAG database primarily collects acute illness factors at the time of ICU 

admission. Collection of data beyond this time point would allow a more complete picture to emerge 

of events occurring during the ICU stay. For example, daily requirement for organ support, rather than 

organ failure, is collected in the database. I could not demonstrate a clear association between receipt 

of respiratory and renal support and outcomes. However, it is likely that the burden of organ failure is 

a mediator on the causal pathway to post-critical illness morbidity (Lone et al., 2012). Routine 

collection of daily organ failure data, or obtaining measures of organ failure through linkage to other 

databases, may improve data relating to the acute illness. 

Outcomes: Attempts to measure morbidity in addition to mortality would be important to gain a more 

complete understanding of the consequences of critical illness. Furthermore, in order to understand the 
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true extent of resource use, extending outcome measurement to other secondary care, primary care and 

social care resource is necessary. Other important societal costs would also be important to measure, 

such as loss of earnings, the financial burden on carers and the cost of death. This would give a more 

complete picture of the costs of surviving intensive care. Prospective approaches would be needed to 

achieve this as little of this information is recorded in routine databases.  

In order to use these data in economic evaluations of interventions in ICU survivors, patient-reported 

outcome measures, such as health-related quality of life, would also need to be collected. A number of 

investigators have attempted to do this through prospective cohort studies and clinical trials 

(Cuthbertson et al., 2010; Dowdy et al., 2005).  

11.4.1.3 Understanding disease trajectories 

A further exploration of admissions to ICU due to exacerbations of chronic illness would be of 

benefit. Examining pre-admission and post-discharge disease trajectories for a selection of more 

homogeneous chronic conditions such as COPD or chronic liver disease may elucidate the extent to 

which ICU admission is a marker of deteriorating chronic illness rather than a factor causing further 

decline in an individual’s health status. The importance of disease trajectories and their relation to 

episodes of critical illness is starting to be considered in the critical care literature (Iwashyna, 2012). 

11.4.1.4 Understanding regional variation in emergency resource use 

The variation by health board of residence in post-discharge emergency hospital resource use requires 

further investigation. Further analysis of the linked databases in addition to prospective studies will be 

necessary to clarify the reasons for this. Ideally, these analyses should be undertaken accounting for 

the hierarchical nature of the data using multilevel modelling approaches. If it is possible to exclude 

residual confounding as a cause and identify emergency admissions which could have been avoided 

through improved care, emergency hospital admission has the potential to be used as an indicator for 

the combined quality of care provided by the hospital, primary and social care for ICU survivors. 

11.4.1.5 Improving patient outcomes through interventional trials 

I have found that ICU survivor cohorts experience significant mortality and are high users of resource, 

especially emergency resource. This is particularly true of the younger, previously fit subgroups. The 

aim of improving causal inference through robust epidemiological research would be not only to 

deepen our understanding of the consequences of surviving ICU, but also identify factors that may be 

amenable to modification. Ultimately, an ideal aim would be to design, test and implement an 

intervention to improve the health and quality of life of ICU survivors whilst simultaneously reducing 

potentially avoidable emergency hospital admission. Although previous interventions targeted toward 

outpatient management have shown no benefit in improving quality of life (Cuthbertson et al., 2009), 

a deeper understanding of causal mechanisms may allow a more nuanced, multifaceted intervention to 

be designed to improve the health of these patients. Health policy could then be developed to 

proactively target these patients and improve their outcomes. 
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11.4.2 Implications for policy 

It has been postulated that there is an unrecognised and unmet need for health care provision for 

patients surviving intensive care (Tan et al., 2009). Where increased morbidity or mortality is a direct 

result of the primary condition causing ICU admission, such has heart failure after a myocardial 

infarction or complications of chemotherapy for a cancer, the cardiologist or oncologist would have 

continued care for these patients after discharge from ICU and in the outpatient setting after discharge 

from hospital. It is unlikely that the burden of illness in these patients relating to the primary condition 

is unrecognised or that their health care needs are unmet from current service provision. However, if 

there are other coexisting conditions associated with ICU admission, such as neuropsychiatric 

sequelae or critical care acquired weakness, these may go unrecognised and untreated and therefore 

fall in a gap in current service provision.  

Patients with complex and multiple health care problems, which are not within the remit of a single 

organ specialist, may require a more holistic approach to the assessment and management of multiple 

medical conditions. This may include assessment of rehabilitation needs, nutritional issues, 

polypharmacy, as well as social, psychological and neurocognitive issues. For elderly frail patients, 

these needs are met through current health care service organisation in the UK by geriatricians leading 

a multidisciplinary team (Ellis et al., 2011). A similar framework applied to ICU survivors may 

improve the detection and management of these potentially unrecognised health care needs.  

The design of such a service requires clarification and which patients it should be targeted towards is 

unclear. A number of post-ICU follow up services have already been established in the UK (Griffiths 

et al., 2006). However, a recent randomised trial of early self-directed rehabilitation and out-patient 

follow up clinic showed no benefit in improving quality of life in the year after discharge from ICU 

(Cuthbertson et al., 2009). The lack of effect of the intervention could have been due to the delay in 

outpatient review: the first clinic appointment was three months after hospital discharge.  

Using ICU admission as a ‘marker’ of patients being discharged who potentially have complex health 

care and social needs is probably too simplistic. Only a subset of ICU survivors is likely to have these 

complex needs and therefore benefit from such a service. Whereas much of the further research 

suggested above will improve casual inference, association with increased morbidity, mortality or 

hospital costs alone may suffice to identify this subset of patients for policy purposes. Further work is 

needed to improve the identification of such patients and potentially implement a method to screen for 

them at ICU or hospital discharge. 

A consequence of this restructuring of health care provision for ICU survivors may be a paradoxical 

increase in the cost associated with surviving an ICU admission. However, the intended result of this 

proactive, holistic approach would be that increased ‘elective’ health care costs would be offset by 

improvements in ICU survivors’ health and wellbeing and possibly a reduction in emergency health 

care costs. 
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11.5 Conclusion 

During the course of this thesis, I have used linked national databases to undertake the first 

population-level cohort study in the UK to investigate the long term outcomes of the ICU population. 

I have demonstrated that there is a significant burden of illness experienced by ICU survivors after 

discharge from hospital. This group of patients have substantial increased mortality compared with 

hospital inpatients not requiring ICU admission, and use substantially more hospital resource for at 

least five years after hospital discharge. I conclude the thesis with a framework to improve the 

understanding of factors which may drive the increased burden of illness, and then suggest future 

research which will be required to inform health policy and ultimately improve the outcomes of this 

group of patients. 
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13 Appendices 

13.1 Appendix 1: Systematic review appendix 

13.1.1 Example search strategy used in OVID SP Medline. 

 
1. hospital charges/ 

2. resource allocation/ 

3. health care costs/ 

4. hospital costs/ 

5. cost of illness/ 

6. cost-benefit analysis/ 

7. (resource$ adj2 ("use" or util$ or 

consum$)).ti. 

8. health services/ 

9. health resources/ 

10. Outpatient Clinics, Hospital/ 

11. ambulatory care facilities/ 

12. primary health care/ 

13. "continuity of patient care"/ 

14. Family Practice/ 

15. patient admission/ or patient discharge/ or 

patient readmission/ or patient transfer/ 

16. "length of stay"/ 

17. hospitalization/ 

18. chronic disease/ 

19. survivors/ 

20. long term care/ 

21. rehabilitation/ 

22. aftercare/ 

23. activities of daily living/ 

24. (ec or ut or sn).fs. 

25. critical care/ or intensive care/ or critical 

illness/ or intensive care units/ 

26. (intensive care or critical care).ti. 

27. critical$ ill$.ti. 

28. (infant or pediatr$ or paediatr$ or childr$ 

or childh$ or neonat$).ti. 

29. or/1-7 

30. or/25-27 

31. or/8-14 

32. or/18-23 

33. or/15-17 

34. (or/8-23) and 24 

35. ((29 or 34) and 30) not 28 

36. limit 35 to english language 

37. limit 36 to yr="1990 -Current" 

38. limit 35 to (comment or editorial or 

festschrift or in vitro or interview or news or 

newspaper article) 

39. 37 not 38 
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13.1.2 Data transformation 

Article: Lipsett, PA, Swoboda, SM, Dickerson, J, Ylitalo, M, Gordon, T, Breslow, M, Campbell, 

K, Dorman, T, Pronovost, P, Rosenfeld, B (2000) Survival and functional outcome after 

prolonged intensive care unit stay. Annals of Surgery 231(2): 262-268. 

From the cohort of 128 patients, 75 patients were discharged. Of these, 33 were readmitted to hospital. 

Resource data were available for 29 out of 33, who were readmitted to the study hospital. Data were 

missing for 4 patients readmitted to other hospitals. For calculations of mean resource measure per 

patient discharged alive (n=75), an assumption was made that the mean length of stay and mean cost 

of readmission for the 4 patients with missing data were the same as the other 29 patients. 

Data supplied: 

Total number of readmission hospital 

days for 29 patients: 

774 days 

 

Total cost of readmissions for 29 

patients: 

$1,374,392 

 

 

Calculated data: 

Mean length of stay per patient 

readmitted to hospital:  
774 / 29 = 26.7 days 

Mean cost of resource use per patients 

readmitted to hospital:  
$1,374,392 / 29 = $47,392 

Mean length of stay per patient 

discharged alive from hospital:  
(26.7 x 33) / 75 = 11.7 days 

Mean cost of resource use per patient 

discharged alive from hospital:  
($47,392 x 33) / 75 = $20,853 

 

Article: Douglas, SL, Daly, BJ, Kelley, CG, O'Toole, E, Montenegro, H (2007) Chronically 

critically ill patients: health-related quality of life and resource use after a disease management 

intervention. American Journal of Critical Care 16(5): 447-457. 

Costs for each resource category are presented as the mean cost per patient using the resource (rather 

than mean cost per patient in the study cohort). In order to report the mean cost per patient in the study 

cohort, the following calculations were undertaken, using readmission cost as an example: 
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Data supplied: 

Mean cost of readmission in the 

intervention group 
$39,322 for 68 patients  

Total number of patients in intervention 

group 
231 

 

Calculated data: 

Total cost of readmissions for the 

intervention group 
$39,322 x 68 = $2,673,896 

Mean cost of readmissions for the 

intervention group 
$2,197,896 / 231 = $11,575 
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13.2 Appendix 2: Assessing linearity of age and SAPS II variables 

I plotted the log of the hazard ratio for mortality against equal width bands of age and SAPS II to 

determine whether these could be entered into models as a continuous term. For age, the log of the 

hazard ratio increased linearly for each of the equal width age categories, and it was therefore 

reasonable for this to be entered into the model as a linear term (Appendix Figure 2.1). This was the 

case for both five year mortality and the time stratified Cox models (Appendix Figure 2.2). 

For the SAPS II score, however, the relationship might not have been linear for the upper range of the 

SAPS score (Appendix Figure 2.1). However, the confidence limits were wide indicating fewer events 

in this range, and dividing the highest category into smaller intervals indicated that the relationship 

may not be an ‘inverted-U’ shape. When stratified into three time periods, the relationship was 

reasonably linear between SAPS II and mortality (Appendix Figure 2.2). For this reason, I retained 

SAPS II score as a continuous variable in the model. 

I used similar methods to assess the linearity of these variables in models predicting resource use. Age 

did not have a linear relationship and therefore was categorised. SAPS II score had a weak linear 

relationship so this was retained as a continuous variable to maintain statistical efficiency. 
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Appendix Figure 2.1: Assessing linearity of continuous variables age and SAPS II score in Cox 

regression models. The log of the hazard ratio for five year mortality is plotted on the y-axis. Grey 

lines represent 95% confidence limits. A: age vs log(HR mortality); B: SAPS II score in five 

categories vs log(HR mortality); C: SAPS II score in six categories vs log(HR mortality). 

 

 

  
Appendix Figure 2.2. Assessing linearity of age and SAPS II against log HR(mortality) stratified into 

three time periods. 

Assessing linearity

0

0.5

1

1.5

2

2.5

16-39 40-49 50-59 60-69 70-79 80-101

Age group

L
o

g
(H

R
)

Assessing linearity

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

<20 20-29 30-39 40-49 50-59 60-110

SAPS II grouping

L
o

g
(H

R
)

Assessing linearity

0

0.2

0.4

0.6

0.8

1

1.2

1.4

<20 20-29 30-39 40-49 50-59 60-80 80-110

SAPS II grouping

L
o

g
(H

R
)

0

0.5

1

1.5

2

2.5

16-39 40-49 50-59 60-69 70-79 80-101

L
o

g
(H

R
)

Age

Assessing linearity age (stratified)

0-30d 30d-1y 1-5y 0-5y

0

0.5

1

1.5

2

2.5

<20 20-29 30-39 40-49 50-59 60-110

L
o

g
(H

R
)

SAPS II score

Assessing linearity SAPS II (stratified)

0-30d 30d-1y 1-5y 0-5y

A B 

C 



 

  273 

13.3 Appendix 3: Recategorising the ‘ICU admission diagnosis’ variable 

There were 138 categories in the ICU admission diagnosis variable. These were entered by clinicians 

at the time of ICU admission using the APACHE III diagnostic coding system. A separate diagnostic 

coding system was also present in the database: the SICSAG diagnostic coding system. If the 

APACHE III diagnostic category was missing or categorised using a non-specific code (e.g. other 

miscellaneous), I used the SICSAG diagnostic code to assign a more specific code if this was present. 

In order to reduce the number of categories, I and a colleague independently grouped the variables 

with an aim of producing fewer than 30 new categories. A third ICU clinician reviewed both 

classification systems and had the final decision. In this way, 28 new categories were produced. The 

old and new diagnostic codes are presented below in Appendix Table 3.1. 

 

Appendix Table 3.1. Recoding the variable ‘ICU admission diagnosis’. Table continues: see legend on 

following page.  

New diagnostic grouping
Original 

code
Original APACHE II I  diagnositc grouping n %

Pneumonia 6  Respiratory infection/abscess 27 0.35
12  Pneumonia-bacterial 703 9.18
13  Pneumonia-fungal 12 0.16
14  Pneumonia-aspiration/toxic 80 1.04

SICSAG diagnosis 27 0.35
Total 849 11.09

Self poisoning 92  Self-inflicted overdose 274 3.58
SICSAG diagnosis 25 0.33
Total 299 3.91

Seizures 88  Seizures 166 2.17
SICSAG diagnosis 1 0.01
Total 167 2.18

AAA rupture 31  Aortic aneurysm-rupture 108 1.41
Total 108 1.41

Post-cardiac arrest 69  Post cardiac arrest (± respiratory 322 4.21
SICSAG diagnosis 5 0.07
Total 327 4.27

Cardiogenic shock 61  Cardiogenic shock 76 0.99
Total 76 0.99

Septic shock 35  Septic shock-lungs (pneumonia) 108 1.41
36  Septic shock-urinary tract infectio 53 0.69
37  Septic shock-gastrointestinal tract 110 1.44
38  Septic shock-unknown origin 96 1.25
67  Septic shock-unknown origin 156 2.04

SICSAG diagnosis 12 0.16
Total 535 6.99
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Appendix Table 3.1. Recoding the variable ‘ICU admission diagnosis’. Table continues: see legend on 

following page.   

New diagnostic grouping
Original 

code
Original APACHE II I  diagnositc grouping n %

GI bleed 110  Bleeding-ulcer 142 1.85
111  Bleeding-laceration/tear 35 0.46
113  Bleeding-diverticulosis 10 0.13
114  Bleeding-angiodysplasia 15 0.20

SICSAG diagnosis 2 0.03
Total 204 2.66

GI neoplasm 117  GI neoplasm (not perforation/obstr 323 4.22
SICSAG diagnosis 1 0.01
Total 324 4.23

GI obstruction 116  GI obstruction (any cause) 322 4.21
Total 322 4.21

Liver failure 145  Hepatic failure-virus 7 0.09
146  Hepatic failure-toxin 37 0.48
147  Hepatic failure-drug reaction 4 0.05
148  Hepatic failure-drug overdose 20 0.26
171  Hepato-renal syndrome 25 0.33

SICSAG diagnosis 1 0.01
Total 94 1.23

Pancreatitis 120  Pancreatitis 116 1.52
Total 116 1.52

Oesophageal variceal bleed 112  Bleeding-varices 95 1.24
Total 95 1.24

Diabetic ketoacidosis 176  Diabetic ketoacidosis 51 0.67
Total 51 0.67

ARDS 9  ARDS (non cardiogenic pulmonary oede 60 0.78
SICSAG diagnosis 2 0.03
Total 62 0.81

Asthma 22  Asthma 95 1.24
Total 95 1.24

COPD 21  Emphysema 87 1.14
SICSAG diagnosis 1 0.01
Total 88 1.15

Trauma including head injury 197  Trauma-head/brain 103 1.35
204  Trauma-multiple sites plus head/br 76 0.99

SICSAG diagnosis 1 0.01
Total 180 2.35

Trauma excluding head injury 198  Trauma-spine 21 0.27
199  Trauma-face 21 0.27
200  Trauma-chest 42 0.55
201  Trauma-abdomen 38 0.50
202  Trauma-pelvis 15 0.20
203  Trauma-extremities 49 0.64
205  Trauma-multiple site without head/ 93 1.21
224  Fracture of hip (Elderly) 54 0.71
225  Fracture of extremity (Elderly) 2 0.03

SICSAG diagnosis 8 0.10
Total 343 4.48
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Appendix Table 3.1. Recoding the variable ‘ICU admission diagnosis’. Table continues: see legend on 

following page.  

  

New diagnostic grouping
Original 

code
Original APACHE II I  diagnositc grouping n %

Acute GI pathology 115  GI perforation/rupture 387 5.05
118  Localised GI abscess/cyst 48 0.63
119  Peritonitis 92 1.20
122  Diverticulosis 14 0.18
123  GI vascular insufficiency/embolism 89 1.16

Total 630 8.23
Vascular surgery 26  Carotid endarterectomy 13 0.17

27  Aorto-femoral, fem-fem bypass graft 34 0.44
28  Fem-popliteal bypass graft 22 0.29
29  Aortic aneurysm-pre-leak or dissect 123 1.61
30  Aortic aneurysm-dissection 18 0.24
32  Peripheral ischaemia 17 0.22
33  Gangrenous extremity 11 0.14
53  Aortic aneurysm 21 0.27

SICSAG diagnosis 12 0.16
Total 271 3.54

Intracranial bleed 74  Subarachnoid haemorrhage/intracrani 85 1.11
75  Subdural/epidural haematoma 44 0.57
76  Intracerebral haemorrhage/haematoma 70 0.91

Total 199 2.60
Other CVS 39  Pericardial effusion 1 0.01

40  Valvular repair/replacement 1 0.01
46  Congenital anomaly 1 0.01
51  Other cardiovascular surgery 48 0.63
56  Unstable angina 2 0.03
57  Rhythm disturbance 14 0.18
58  Acute myocardial infarction 32 0.42
59  Rule out MI 3 0.04
60  Congestive heart failure 125 1.63
68  Pericardial tamponade 2 0.03
71  Cardiomyopathy 3 0.04
73  Other cardiovascular disorder 23 0.30

SICSAG diagnosis 27 0.35
Total 282 3.68
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Appendix Table 3.1. Recoding the variable ‘ICU admission diagnosis’. Table continues: see legend on 

following page.  

  

New diagnostic grouping
Original 

code
Original APACHE II I  diagnositc grouping n %

Other respiratory 1  Neoplasm-mouth/sinuses 72 0.94
2  Neoplasm-larynx/trachea 23 0.30
3  Neoplasm-lung parenchyma 14 0.18
5  All other pleural disease 1 0.01
7  Tracheal-oesophageal fistula 1 0.01
8  Other respiratory surgery 39 0.51

19  Pulmonary hypertension (primary) 1 0.01
20  Localised airway obstruction/oedema 32 0.42
23  Smoke inhalation 26 0.34
24  Cystic fibrosis 2 0.03
25  Other respiratory disorder 173 2.26
72  Anaphylaxis 7 0.09

SICSAG diagnosis 27 0.35
230  Respiratory arrest 62 0.81

Total 480 6.27
Other GI 121  Cholangitis/cholecystitis 90 1.18

124  GI inflammatory disease 55 0.72
125  Liver transplant 31 0.40
127  Surgery for obesity 2 0.03
128  Other GI surgery 184 2.40
149  Acute corrosive injury 1 0.01
150  Other GI disorder 36 0.47

SICSAG diagnosis 3 0.04
Total 402 5.25

Other renal 156  Kidney transplant 5 0.07
157  Renal neoplasm 39 0.51
158  Renal infection/abscess 14 0.18
159  Renal bleeding 3 0.04
160  Renal vascular insufficiency/infar 9 0.12
161  Transurethral resection 2 0.03
162  Renal obstruction 5 0.07
163  Other renal surgery 49 0.64
169  Nephrotoxic injury 11 0.14
170  Renal obstruction 4 0.05
172  Other renal disorder 49 0.64

SICSAG diagnosis 5 0.07
Total 195 2.55
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Appendix Table 3.1. Recoding the variable ‘ICU admission diagnosis’. 

 

New diagnostic grouping
Original 

code
Original APACHE II I  diagnositc grouping n %

Other CNS 52  Carotid disease/TIAs 1 0.01
77  Craniotomy for neoplasm 12 0.16
78  Transphenoidal removal of neoplasm 2 0.03
79  Neurological abscess 6 0.08
80  Encephalitis/inflammation 14 0.18
81  Spinal cord surgery 5 0.07
82  Other neurosurgery 10 0.13
86  Cerebrovascular accident (CVA)/stro 48 0.63
87  Neurological neoplasm 8 0.10
91  Meningitis 45 0.59
93  Myaesthenia gravis 7 0.09
94  Guillain Barré 10 0.13
99  Other neurological disorder 84 1.10

SICSAG diagnosis 13 0.17
Total 265 3.46

Other miscellaneous 34  Cellulitis 18 0.24
44  Fibrosarcoma (leg, shoulder) 2 0.03

173  Adrenal neoplasm 8 0.10
174  Thyroid neoplasm 4 0.05
175  Other metabolic/endocrine surgery 6 0.08
180  Hypoadrenal crisis 1 0.01
182  Hyperthyroid storm/crisis 1 0.01
184  Acid-base/electrolyte disturbance- 1 0.01
185  Acid-base/electrolyte disturbance- 1 0.01
186  Hypothermia/hyperthermia 11 0.14
187  Other metabolic/endocrine disorder 32 0.42
189  Haematological neoplasm 1 0.01
190  Other haematological surgery 1 0.01
192  Neutropenia 9 0.12
193  Thrombocytopenia 2 0.03
195  Coagulopathy 8 0.10
196  Other haematological disorder 13 0.17
222  Pre-eclampsia/eclampsia 8 0.10
223  Hysterectomy 36 0.47
226  Other elderly disorder 17 0.22
228  Food/plant/mushroom poisoning 2 0.03
229  Other miscellaneous 164 2.14
999  Not Documented 251 3.28

Total 597 7.80
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13.4 Appendix 4: Defining comorbidity 

13.4.1 SICSAG coded: APACHE II and SAPS II comorbidities 

There were a number of ways of measuring comorbidity in the linked datasets. In the SICSAG 

dataset, comorbidity is directly coded by the clinician using the APACHE chronic health evaluation 

(CHE) diagnostic categories, which are grouped into five categories. The SICSAG dataset also has a 

comorbidity category, metastatic disease, which is used in the calculation of the SAPS II score. These 

six comorbid categories were therefore used in the current models. A significant proportion of records 

were missing data for the comorbidity categories (n=1019.13.3%). This is because there is an option 

at the time of data entry to state if there are no available notes to determine comorbidity status. I 

assessed survival for patients missing these data, comparing them with patients without missing data 

(categorised as 0, 1, 2 or more comorbidities). The Kaplan-Meier plots demonstrated that those with 

missing data had a very similar survival curve to those with no recorded comorbidity (Appendix 

Figures 4.1 and 4.2). The multivariable analysis demonstrated a similar finding (Appendix Table 4.1). 

For this reason, I reassigned those missing comorbidity data as having no comorbidities. 

13.4.2 SMR01 coded: Charlson comorbidities  

The fourteen comorbid diseases included in the Charlson index were derived from the SMR01 dataset. 

Three of the Charlson diseases are represented by two categories in the original index: diabetes, liver 

disease and cancer. This gave a total of seventeen disease groupings. A comorbidity was deemed 

present if it was recorded in one of the six diagnosis fields during a hospital admission during the one 

year period before the index hospital admission. Diagnostic codes on the index admission record were 

not included in determining comorbidity as it was not possible to determine if the disease had been 

diagnosed during the admission or was a pre-existing comorbid illness. Published algorithms were 

used to derived the comorbidities from ICD-10 codes (Quan H, Sundararajan V, Halfon P, Fong A, 

Burnand B, Luthi J-C, et al. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 

administrative data. Medical Care. 2005;43(11):1130-9). 

13.4.3 Combining the two comorbidity coding systems 

I cross-tabulated the six SICSAG derived comorbidities with the relevant SMR01 derived 

comorbidities (Appendix Table 4.2). Having examined the diagnostic definitions for the comorbidities 

in both systems, there were two comorbidities which should have been identically recorded in both 

databases. These were severe liver disease and metastatic cancer. I therefore combined both of these 

categories using the ‘OR’ Boolean operator to produce a new category. All patients with HIV 

according to SMR01 were coded as ‘immunosuppressed’ in the SICSAG database, and therefore the 

HIV category was redundant. For the remaining categories, I took a pragmatic approach and created a 

new two level variable. These are explained in the Appendix Table 4.3. This ultimately created 20 

comorbidities which were used in unmatched analyses of the ICU cohorts. In ICU/hospital matched 
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analyses, I used the original 17 Charlson comorbidities as the SICSAG derived comorbidities were not 

available for the hospital cohorts.  
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Appendix Table 4.1. Multivariable Cox regression model demonstrating that the ‘missing’ category 

of the SICSAG comorbidity variable has a similar hazard ratio for five year mortality to patients with 

no comorbidity. This is the same for both ICU admission and ICU survivor cohorts. 

 
 
 

 
Appendix Table 4.2. Cross tabulations of SICSAG derived and SMR01 derived comorbidities. 

  

Lower Upper Lower Upper

SICSAG comorbidities 72.2 2 <0.001 61.4 2 <0.001

None Ref Ref

One or more 1.42 1.31 1.54 <0.001 1.68 1.47 1.91 <0.001

Unable to ascertain 1.11 0.97 1.28 0.13 1.11 0.91 1.37 0.31

SICSAG comorbidities 70.0 1 <0.001 60.4 1 <0.001

None + unable to ascertain Ref Ref

One or more 1.41 1.30 1.53 <0.001 1.66 1.46 1.89 <0.001

HR
95%  CI

p value
LRT 2 of 
variable

ICU admission cohort Hospital survivor cohort

p value
LRT 2 of 
variable

df
p value for 

variable
df

p value for 
variable

HR
95%  CI

No Yes Total No Yes Total

No 7298 227 7525 No 7404 151 7555

Yes 31 100 131 Yes 51 50 101

Total 7329 327 7656 Total 7455 201 7656

No Yes Total No Yes Total

No 6843 299 7142 No 7166 298 7464

Yes 381 133 514 Yes 134 58 192

Total 7224 432 7656 Total 7300 356 7656

No Yes Total No Yes Total

No 7357 294 7651 No 7117 292 7409

Yes 0 5 5 Yes 183 64 247

Total 7357 299 7656 Total 7300 356 7656

No Yes Total

No 7389 30 7419

Yes 159 78 237

Total 7548 108 7656

SMR01 

derived

SMR01 

derived

CV disease and 

heart failure

ICU comorbidity

SMR01 

derived

CV disease and 

MI

ICU comorbidity

Metastatic 

cancer 

ICU comorbidity

Immuno-

suppression/HIV

ICU comorbidity

SMR01 

derived

Renal disease ICU comorbidity

SMR01 

derived

SMR01 

derived

Severe liver 

disease

ICU comorbidity

Respiratory 

disease

ICU comorbidity

SMR01 

derived
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Appendix Table 4.3. Method used to merge the comorbidities derived from SMR01 and SICSAG to 

create 20 new categories. 

  

SICSAG derived SMR01 derived Charlson

CVS Severe CV disease Myocardial infarction Myocardial infarction ICU CV disease removed

Heart failure Heart failure ICU CV disease removed

Severe cardiovascular ICU diagnosis used

Peripheral vascular disease
Peripheral vascular 
disease

SMR01 diagnosis used

Resp Chronic pulmonary disease
Chronic pulmonary 
disease

ICU renal disease removed

Severe respiratory 
disease

Severe pulmonary 
disease

ICU diagnosis used

Liver/GI Mild hepatic disease Mild hepatic disease ICU liver disese removed

Severe liver 
disease

Mod/severe hepatic disease
Mod/severe hepatic 
disease

Merged using Boolean 'OR'

Peptic ulcer disease Peptic ulcer disease SMR01 diagnosis used

Renal Renal disease Renal disease ICU renal disease removed

End stage renal 
disease

Severe renal disease ICU diagnosis used

CNS Cerebrovascular disease
Cerebrovascular 
disease

SMR01 diagnosis used

Dementia Dementia SMR01 diagnosis used

Paraplegia/hemiplegia Paraplegia/hemiplegia SMR01 diagnosis used

Other DM (without complications)
DM (without 
complications)

SMR01 diagnosis used

DM (with complications) DM (with complications) SMR01 diagnosis used

Connective tissue disease
Connective tissue 
disease

SMR01 diagnosis used

Immunosuppression HIV Immunosuppressed Merged using Boolean 'OR'

Cancer (no metastases) Cancer (no metastases) SMR01 diagnosis used

Metastatic cancer Metastatic disease Metastatic disease Merged using Boolean 'OR'

Original comorbidity categories
New category label

Process to create new 
category
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Appendix Figure 4.1. Long term survival in the ICU survivor cohort stratified by number of SICSAG 

derived comorbidities. Note that patient with missing data have a similar survival to those with no 

recorded comorbidity. 

 

 
Appendix Figure 4.2. Long term survival in the ICU admission cohort stratified by number of 

SICSAG derived comorbidities. Note that patient with missing data have a similar survival to those 

with no recorded comorbidity. 
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13.5 Appendix 5: Modelling previous number of admissions 

I used the number of previous inpatient admissions during the year prior to the index hospital 

admission as a measure of previous health care resource use. The number of admissions ranged from 0 

to 15, although 97.5% of patients had five or fewer previous admission. In order to assess how best to 

this variable, I entered it as a categorical term with 11 categories in the Cox regression models 

predicting five year mortality for both the ICU admission cohort and the hospital survivor cohort 

(Appendix Figure 5.1, A and B), although the number of observations in the categories to the right of 

the graphs were sparse reflected in the wide confidence intervals. I therefore repeated the analysis 

collapsing those with five or more admissions into a single category in (Appendix Figure 5.1, C and 

D). This indicated that there was a reasonably linear increase in log(HR) from 0 to four previous 

admissions followed by a possible threshold effect for values greater than four in both non-stratified 

models. This also appeared to be the case for the stratified Cox models (Appendix Figure 5.1 E). 

I proceeded to assess the predictive ability of the variable as a continuous variable, a variable with five 

and six categories entered as a linear term (with the maximum category as 4 or 5 admissions), and a 

variable with five and six categories entered as a categorical term. The rationale for undertaking these 

analyses was to assess the loss, if any, of the predictive ability of entering the variable as a linear term 

(with 1 degree of freedom and therefore greater statistical efficiency) rather than a categorical term 

(with more degrees of freedom but fewer assumptions about the relationship with outcome). 

Furthermore, if a threshold effect were present, the variable with six categories should have had little 

improvement in predictive ability compared with five categories. The variables with five groups 

entered as a linear term had greater predictive ability for all models than the uncategorised variable 

entered as a linear term. Furthermore, there was only a small loss in predictive ability of the variable 

with five groups when entered as a linear term compared with when entered as a categorical term 

despite the gain in statistical efficiency. In addition, there was little difference in the performance of 

the variable when categorised as five compared with six groups. 

I therefore decided to use the variable categorised into five groups and to enter this as a linear term in 

the models to improve statistical efficiency.  

When repeating the analysis in the ICU survivor cohort using time to first hospital admission as the 

outcome, the relationship was reasonably linear throughout the range of the variable. For the resource 

use analyses, therefore, I entered this term as a continuous variable. 
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Appendix Figure 5.1. Assessing linearity of the variable number of inpatient admissions in year prior 

to index admission. Figures display the log hazard ratio for 5 year mortality for each category of the 

variable relative to the ‘0’ group adjusted for all other covariates listed in multivariable analyses. Grey 

lines represent 95% confidence limits (A to D). Graphs A, C and E relate to all ICU admissions and B 

and D relate to patients surviving their hospital admission. In graphs A and B, the category ‘10+’ 

collapses 10 to 15 admissions into one group. In graphs C to E, 5 to 15 admissions are collapsed into 

the ‘5+’ category. Graph E displays the relationship between number of inpatient admissions and 

mortality stratified by follow up time and unstratified (0-5 years).  
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Appendix Figure 5.2. Number of inpatient admission per year plotted against the log of hazard of 

time to first hospital admission over five years in ICU survivor cohort from the time of index hospital 

discharge. 
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13.6 Appendix 6: Testing the proportional hazards assumption 

There are a large number of variables in the model and a large number of events. Tests for the 

proportional-hazards (PH) assumption based on hypothesis testing are likely to be overly sensitive in 

detecting a violation of the assumption due to the power of the sample. For this reason, I assessed log-

log plots of those variables that were of more importance in the multivariable model (based on the chi-

square of the likelihood ratio test). I then used a test based on Schoenfeld residuals to screen variables 

for possible violation of PH assumption before going on to inspect log-log plots for those flagged 

variables. 

Schoenfeld residuals are similar to residuals from other regression models. The residuals for each 

variable are plotted against time. If a line through the residuals has a gradient of zero, the PH 

assumption has not been violated. If the gradient is positive, the observed events are occurring more 

frequently than the expected events from the model at later follow up times, indicating that the hazard 

ratio is increasing over time. Stata provides a hypothesis test for which the null hypothesis is that the 

gradient is zero. It should be noted that a ‘U-shaped’ line through the residuals would also give a zero 

gradient. The Schoenfeld residual plot is useful in this situation. I assessed violation of the 

proportional-hazards (PH) assumption for all Cox models used in the thesis but present only examples 

in this appendix. 

Graphs demonstrating the methods used to test the PH assumption for the ICU survivor cohort Cox 

model are demonstrated in Appendix Figure 6.1. Plots A to F are log minus log(survival probability) 

plots. A to C were assessed as these were important variables in the model (age, SAPS II score and 

APACHE comorbidities). The PH assumption did not appear to be violated for these three variables. 

Plots D to F were assessed as the Schoenfeld residuals test for non-zero gradient was positive. The 

variables chronic pulmonary disease and SIMD quintiles appeared to have proportional hazards. Plot 

C (diabetes with complications) showed possible non-parallel log plots although the number of events 

in the group was small. Plots G and H show Schoenfeld residual plots for SIMD quintiles and number 

of inpatient admissions in previous year. These were both flagged as having non-zero gradients, 

although examination of the plots demonstrates this was very slight. For this reason, the PH 

assumptions were assumed not to be violated for the overall ‘survivor’ models. 

The proportional hazards assumption was not valid for the ICU admission cohort. Scatterplots of 

Schoenfeld residuals for age and SAPS II score demonstrated a non-zero gradient over the follow up 

time indicating non-proportional hazards (Appendix Figure 6.2). Therefore, for this cohort analyses 

were stratified over three time periods.  

For the matched analysis of the ICU admission cohort compared with the hospital inpatient admission 

cohort, inspection of log-minus-log plots revealed that there was no gross deviation from the 

proportional hazards assumption over the three time periods (Appendix Figure 6.3).  
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Appendix Figure 6.1. Graphically assessing the proportional hazards assumption for the Cox model 

predicting five year mortality in the ICU survivor cohort. A-F are log-minus-log plots, G and H are 

residual plots. A: age; B: APACHE comorbidities; C: SAPS II quartiles; D: diabetes mellitus with 

complications; E: chronic pulmonary disease; F: deprivation quintile; G: deprivation quintile; H: 

number of inpatient admissions.  
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Appendix Figure 6.2. Graphically assessing the proportional hazards assumption for the Cox model 

predicting five year mortality in the ICU admission cohort. Scatterplots of scaled Schoenfeld residuals 

against time. A: age; B: SAPS II score. 

 

 

 

 
Appendix Figure 6.3. Log-minus-log plots for the matched analysis of mortality for the ICU 

admission cohort compared with the hospital inpatient admission cohort. The models are stratified 

over three time periods: A: 0 to 30 days; B: 31 days to 90; C: 91 days to 5 years. 
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13.7 Appendix 7: Multivariable regression model equations and syntax 

13.7.1 Equations 

Cox model equation 

The Cox model is based on the following equation: 

log i(t | X1, X2 …. ,Xk) = log 0(t) + 1X1 + 2X2 + …. + kXk 

0 is a non-negative unspecified function of time representing the baseline hazard.   
(t | X1, X2 …. , Xk) is the hazard function estimated by the parameters on the right hand side of the equation. 
X1 is a covariate which when binary (e.g. sex) is coded as 0 or 1. exp(1)is a coefficient which represents the 
relative hazard for an individual for whom X1=1 compared with an individual for whom X1=0. When the 
covariate is a continuous variable, exp(k) represents the hazard ratio for a one unit increase in Xk.  
 
For the Cox model predictors of long term mortality in ICU survivor cohort, the hazard function for individual i is 
estimated by the following (note ‘i.’ indicated dummy variables are created for each level of the categorical 
variable each with their own coefficient relative to a baseline category): 
 
log(hazard function for individual i) = log(baseline hazard) 0(t) + 1(sex) + 2(age) + 3(i.deprivation) + 
4(remoteness) + 5(rurality) + 6(number previous inpatient admissions) + 7(prior CPR) + 8(i.admitted from) + 
9(SAPS II score) + 10(mechanical ventilation on day 1) + 11(MI) + 12(heart failure) + 13(severe CVS disease) 
+ 14(PVD) + 15(CVD) + 16(respiratory disease) + 17(b_pulm_che1) + 18(c_mhepx1) + 19(c_shepx1) + 
20(c_pud1) + 21(renal disease) + 22(severe renal disease) + 23(uncomplicated diabetes) + 24(diabetes with 
complications) + 25(dementia) + 26(paraplegia) + 27(connective tissue disease) + 28(immunosuppression) + 
29(cancer) + 30(metastatic cancer) + 31(i.ICU admission diagnosis) 
 

Negative binomial model equation 

The regression equation used for negative binomial models is a type of generalised linear model using a log link 
and assuming a negative binomial distribution: 

log[E(Yi | Xi1, Xi2 …. , Xik)] = 0 + 1Xi1 + 2Xi2 + …. + kXik + i 

In the formula above, E(Yi) is the expected count of outcomes (hospital admissions) for individual i.  X1 is a 
covariate which when binary (e.g. sex) is coded as 0 or 1. exp(1)is a coefficient which represents the incidence 
rate ratio for an individual for whom X1=1 compared with an individual for whom X1=0. When the covariate is a 
continuous variable, exp(k) represents the incidence rate ratio for a one unit increase in Xk. The additional error 
term ‘i’ follows a gamma distribution with mean 1 and variance 2 which allows for over-dispersion of the 
distribution of the count of outcomes. 
 
For the negative binomial model predicting number of hospital admissions, the expected number of hospital 
admissions is predicted by the following equation:  
 
log(expected number of admissions for individual i) =  0 + 1(sex) + 2(i.age) + 3(i.deprivation) + 
4(remoteness) + 5(rurality) + 6(number previous inpatient admissions) + 7(prior CPR) + 8(inotropes at any 
time) + 9(SAPS II score) + 10(mechanical ventilation at any time) + 11(MI) + 12(heart failure) + 13(severe 
CVS disease) + 14(PVD) + 15(CVD) + 16(respiratory disease) + 17(b_pulm_che1) + 18(c_mhepx1) + 
19(c_shepx1) + 20(c_pud1) + 21(renal disease) + 22(severe renal disease) + 23(uncomplicated diabetes) + 
24(diabetes with complications) + 25(dementia) + 26(paraplegia) + 27(connective tissue disease) + 
28(immunosuppression) + 29(cancer) + 30(metastatic cancer) + 31(renal replacement at any time) + 32(i.ICU 
admission diagnosis) + 33(health board of residence) 
 

13.7.2 Example syntax 

Example 1 Predictors of long term mortality in ICU admission cohort stratified by three time 
periods (Chapter 7.3.1) 

*Cox regression reporting hazard ratios for predictors of 0-30d mortality in the ICU survivor cohort stratified by 
unit 
gen time=tte 
gen fail=deadx 
replace time=0.01 if tte==0 
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replace time=30 if tte>30 
replace fail=0 if tte>30 
stset time, failure(fail==1)  exit(time td(31dec2010))  
stcox age sex i.simd5rev remote rural inptcatlin1  priorcpr i.admfrom5 /// 
 saps mvday1   c_mix1 b_chfx1 c_cvs_che1 b_pvd1 c_cvd1 /// 
 b_pulmx1 b_pulm_che1 c_mhepx1 c_shepx1  c_pud1 /// 
 c_renalx1 c_renal_che1 c_dmucz1 c_dmc1 c_dem1 c_para1/// 
 c_rheum1 b_immunex1 c_cancerx1 b_metsx1 ib5.apdiag29 , strata(unitid) 
  
*Cox regression reporting hazard ratios for predictors of 31d to 1 year mortality in the ICU survivor cohort 
stratified by unit 
capture stset, clear 
capture drop time fail 
gen time=tte 
gen fail=deadx 
replace time=365.25 if tte>365.25 
replace time=time-31 
replace time=. if time<0 
replace time=0.01 if time==0 
replace fail=0 if tte>365.25 
replace fail=. if tte<31 
stset time, failure(fail==1)  exit(time td(31dec2010))  
stcox age sex i.simd5rev remote rural inptcatlin1  priorcpr i.admfrom5 /// 
 saps mvday1   c_mix1 b_chfx1 c_cvs_che1 b_pvd1 c_cvd1 /// 
 b_pulmx1 b_pulm_che1 c_mhepx1 c_shepx1  c_pud1 /// 
 c_renalx1 c_renal_che1 c_dmucz1 c_dmc1 c_dem1 c_para1 /// 
 c_rheum1 b_immunex1 c_cancerx1 b_metsx1 ib5.apdiag29 , strata(unitid) 
  
*Cox regression reporting hazard ratios for predictors of 1year to 5 year mortality in the ICU survivor cohort 
stratified by unit 
capture stset, clear 
capture drop time fail 
gen time=tte 
gen fail=deadx 
replace time=time-365.25 
replace time=. if time<0 
replace time=0.01 if time==0 
replace fail=. if tte<=365.25 
tab deadx if tte>365.25  
stset time, failure(fail==1)  exit(time td(31dec2010)) scale(365.25) 
stcox age sex i.simd5rev remote rural inptcatlin1  priorcpr i.admfrom5 /// 
 saps mvday1   c_mix1 b_chfx1 c_cvs_che1 b_pvd1 c_cvd1 /// 
 b_pulmx1 b_pulm_che1 c_mhepx1 c_shepx1  c_pud1 /// 
 c_renalx1 c_renal_che1 c_dmucz1 c_dmc1 c_dem1 c_para1 /// 
 c_rheum1 b_immunex1 c_cancerx1 b_metsx1 ib5.apdiag29 , strata(unitid) 
 

Example 2 Predictors of long term mortality in ICU survivor cohort (Chapter 7.3.2) 

capture stset, clear 
gen time=tte 
gen fail=deadx 
replace time=0.01 if tte==0 
stset time, failure(fail==1) exit(time td(31dec2010)) scale(365.25) 
*Cox regression reporting hazard ratios for predictors of mortality in the ICU survivor cohort stratified by unit 
stcox age sex i.simd5rev remote rural inptcatlin1  priorcpr i.admfrom5 /// 
 saps mvday1   c_mix1 b_chfx1 c_cvs_che1 b_pvd1 c_cvd1 /// 
 b_pulmx1 b_pulm_che1 c_mhepx1 c_shepx1  c_pud1 /// 
 c_renalx1 c_renal_che1 c_dmucz1 c_dmc1 c_dem1 c_para1 /// 
 c_rheum1 b_immunex1 c_cancerx1 b_metsx1 ib5.apdiag29 , strata(unitid) 
 

Example 3 Matched analysis of long term mortality in ICU survivor cohort compared with 
hospital inpatient survivor cohort (Chapter 8.3.3) 

gen time=tte 
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gen fail=deadx 
replace time=0.01 if tte==0 
stset time, failure(fail==1)  exit(time td(31dec2010)) scale(365.25)  
*Cox regression reporting hazard ratio for ICU cohort vs hospital cohort adjusted for confounders stratified by 
matched pairs 
stcox icucohort age  i.simd5rev remote rural inptcatlin1 ///  
 b_chf1 b_hiv1 b_mets1 b_pulm1 b_pvd1 c_cvd1 /// 
 c_dem1 c_dmc1 c_mi1 c_para1 c_pud1 c_renal1 /// 
 c_rheum1 c_shep1 c_dmucz1 c_mhepz1 c_cancerz1 /// 
 i.hbmatch1, strata(uniqueicu) 

Example 4 Predictors of number of hospital admissions in five years after hospital discharge in 
ICU survivor cohort  (Chapter 9.3.4) 

*negative binomial regression reporting incidence rate ratios for outcome ‘all types of hospital admission’ 
nbreg totadmx i.age4dead sex i.simd5rev remote rural inptadmyr1 /// 
 priorcpr saps  i.firstsurg mvany cvvhany inotropeany ib56.apdiag29 ///  
 c_mix1 b_chfx1 c_cvs_che1 b_pvd1 c_cvd1 b_pulmx1 /// 
 b_pulm_che1 c_mhepx1 c_shepx1  c_pud1 c_renalx1 /// 
 c_renal_che1 c_dmucz1 c_dmc1 c_dem1 c_para1 c_rheum1 /// 
 b_immunex1 c_cancerx1 b_metsx1 ib8013.hbmatch1, irr 
*negative binomial regression reporting incidence rate ratios for outcome ‘emergency hospital admission’ 
nbreg tot_emergdm i.age4dead sex i.simd5rev remote rural inptadmyr1 /// 
 priorcpr saps  i.firstsurg mvany cvvhany inotropeany ib56.apdiag29 ///  
 c_mix1 b_chfx1 c_cvs_che1 b_pvd1 c_cvd1 b_pulmx1 /// 
 b_pulm_che1 c_mhepx1 c_shepx1  c_pud1 c_renalx1 /// 
 c_renal_che1 c_dmucz1 c_dmc1 c_dem1 c_para1 c_rheum1 /// 
 b_immunex1 c_cancerx1 b_metsx1 ib8013.hbmatch1, irr 
 


	PhD coversheet April 2012
	Thesis_hardbound_Lone

