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Backgound:

Critical Care has evolved over the last three decades into the speciality it is today. The expenditure on critical care worldwide is increasing rapidly and the care of critically ill patients is increasingly expensive. Currently in the United Kingdom it is estimated that annually approximately 2% of the entire hospital budget is devoted to treating less than 100,000 critically ill patients (Intensive Care National Audit and Research Centre :ICNARC, personal communication). This trend is replicated throughout western countries and further significant expansion in these services will occur consequent on advances in surgery and therapeutic technology, rising patient expectations and the desire to sustain life. It is therefore not unreasonable that society will expect vigorous strides to be made to assess how well ICUs’ perform their function. To date outcome research has largely concentrated on relatively short-term clinical outcomes, such as hospital survival, expressed either as a crude overall figure or adjusted for case-mix, or  in connection with the evaluation of new therapies1/strategies2,  or existing practices3. This is increasingly out-of-step with the way in which our health care systems are modernising. The delivery of health care is moving towards developing patient and family centered models of care and the challenge facing healthcare professionals in critical care is how we assess our performance within this model of care. First we need to identify which questions need to be addressed, define the most appropriate outcomes for study and select which instruments should be used.
This chapter addresses the question of which outcomes are important, discusses the tools which are currently available to measure these outcomes and then with the use of case-mix adjusted patient population’s details and discusses the current literature on outcome.  

What are the important outcomes to assess?

Assessing outcome after intensive care is notoriously difficult and for many years was synonymous with survival which has been  taken as a measure of the quality of ICU care. Increasingly and not surprisingly an ICU stay has been identified as a life event which will have an adverse impact on a patient’s subsequent QOL. How then can we assess the outcome of Intensive Care therapy?  First we will need to define the components of outcome which are relevant to clinical staff, politicians and patients and their families.

Mortality

Death is certainly a clear end-point but possibly even this outcome is not as easy to quantify as one may assume. Mortality rates can be obtained for the period within ICU, before hospital discharge, and for the longer-term survival. For these statistics to be meaningful requires a complex database where case-mix is accounted for, a stable population for ease of follow-up and the personnel infrastructure to follow a cohort of patients from admission into ICU until their survival curves have returned to those of the normal  population, if indeed that is known. This time period is unlikely to be measurable in months and more likely will take many years. To date few investigators have studied this process and  those that have, have done so in differing populations. Ridley4 and colleagues studied a population from the West Coast of Scotland  and noted that it took 3 years for their survival curves to return to that of the rest of the population. Zaren and Bergstrom5 in comparison, reported the survival rates of their Swedish population had returned to that of an age-matched general population 6 months after discharge from ICU.  The principle determinants of these apparent differences will almost certainly be complex and prevalence of pre-existing co-morbidity, socio-economic differences between populations and availability of rehabilitation facilities will all be relevant. The collection of such data in its entirety will also be a mammoth task.

Missing data is an important issue for all researchers involved in long-term follow-up and may occur for a variety of reasons. Patients  may be too ill and hence unable to complete a  questionnaire, they may have left the area or died, or the converse, too well to be bothered to attend the clinic or complete the form. Whatever the reason missing data has the potential to bias study results. To date the majority of ICU outcome studies have only at best reported on the status of 60-80% of eligible patients6, 7. Longitudinal study designs are particularly sensitive to the effects of missing data. Hence it is vital that the clinical characteristics and demographics of these non-responders are highlighted with those of responders if we are to generalise from study results.

The difficulties in acquiring long-term mortality statistics and the availability of predictive models for application during a patient’s hospital stay have made short-term rates appealing to clinicians. These models predict the risk of death for individual patients and will permit comparative audit within districts, countries and internationally. They have been used as surrogate markers of performance or failings within a healthcare service. 

The predictive models currently in use will be known to all critical care clinicians and include the Acute Physiology and Chronic Health Evaluation (APACHE)8, Mortality Probability Model9 and the simplified Acute Physiology score (SAPS)10. Within each prognostic scoring system the development and validation cohort were generated by randomly splitting the overall cohort. Unfortunately to date no system has been applied nationally. All studies have involved self-selected ICUs. This may explain why the performance of the systems is at times poor11 when applied to ICU  populations  outwith those from which they were developed. This has prompted the development of customisation of models to particular  populations12, thereby facilitating comparative outcome audit of individual ICUs performance within a region or country. There is no doubt that adjusted mortality rates are more meaningful than the raw data but nevertheless can not be applied to an individual patient. 

These short-term hospital based death rates will almost certainly remain of interest to clinicians and commissioners of health care but are of limited value to patients and their families. In fact an ICU with a higher risk adjusted short-term mortality may in fact represent a superior level of care and not as one may be tempted to infer a reduced quality of care. Such a model could represent a patient-centered approach where a patient and their family are fully involved in the decision making process regarding limitation of therapy and the process of dying. 

Discharge from ICU alive is not synonymous with being a hospital survivor. Some patients will die prior to ultimate discharge from hospital. This may be an expected event, and may be a reflection of withdrawal or limitation of continuing active treatment. It may have been made more likely due to readmission due to a premature discharge from ICU or may merely reflect an unexpected additional or new complication. Within the UK our national audit and research centre for intensive care (ICNARC) used the data from the case-mix adjusted programme to identify an increased hospital mortality for the cohort of patients discharged from ICU between the hours of 22.00hr and 6.59am. This pattern of discharge was associated with a higher crude (odds ratio 1.46 ) and case-mix adjusted ultimate hospital mortality (odds ratio 1.33)13. In the UK, there is high demand for ICU beds and relatively little provision of high-dependency care14,15. As a consequence it is widely felt that many patients are discharged too early and to inadequate and inappropriate facilities, resulting in an increased rate of unexpected hospital deaths16. Recently one British study identified 9.8% of admissions as readmissions17 and a mortality on the wards of 27.1%, which gave the units concerned an overall hospital SMR of 1.137. A shortage of critical care beds is a perceived problem in many countries and the timing of admission for patients is often fraught by operational difficulties which result in a delayed admission. The effect of this is difficult to accurately quantify but a recent publication from Israel has demonstrated that the survival benefit to patients resulting from admission and care in an ICU only extends to 72hrs after onset of critical illness18. Therefore the earlier the admission the better. This would appear to be common sense and reiterates the considerable published literature supporting more extensive measurement of physiological parameters on our wards. 

Internationally there are major differences in the incidence of death on the wards after ICU discharge. This will in part be due to a lack of consensus about requirements for post-ICU care, lack of agreement about who clinically is best equipped to care and co-ordinate the patients care and an absence of clear funding streams to pay for this care. For change to be effective will require clinical outcomes to be measured and reported for the entire patient journey. This would afford an opportunity to standardise elements of clinical care between institutions for the benefit of patients. One such programme is the current Surviving Sepsis Campaign19 which provides guidelines on optimal patient selection and timing for a variety of evidence-based interventions and advice on how to integrate these new therapies into ICU practice with the intention of reducing mortality from severe sepsis. Internationally the 30 day mortality for patients with severe sepsis, that is sepsis with organ dysfunction remains 30-50%20. This has changed little over the past  25years despite considerable improvement in our knowledge of the pathophysiology associated with the disease, and several RCT reporting beneficial effects of treatment interventions (recombinant activated protein C1, low dose steroids21, early goal directed therapy22, and improved glycaemic control23). The challenge of implementing research findings at the bedside and ensuring equity of care across organisations and health economies should not be underestimated.
After hospital discharge the cumulative mortality will continue to rise until the survival curve of the cohort under investigation has reached that of the underlying population. Most additional deaths occur within the first few months after discharge from hospital6 and reflect a patient’s age, diagnosis, and co-morbidity6,24. Some patient populations have predictable rates of additional deaths and these occur in a predictable fashion. This applies for instance to patients who have undergone cardiac surgery and have had a prolonged period of intensive care (( 10 days)  following the surgery24. The importance of survival rates to a patient and their family is difficult to gauge but probably falls far behind quality of life measurements, as patients would appear to value even limited survival25. Society however will continue to press for these statistics and the political pressure to continue constructing prognostic scoring systems is unlikely to abate. 

Morbidity

In contrast to mortality, morbidity after a period of critical illness and the impact on a patient’s  QOL is arguably of more relevance to the individual and their families. The interventions and therapies associated with critical care are clearly associated with risk and potential adverse effects. Morbidity can be classified as that arising from the critical illness or from invasive interventions or therapies required during the period of critical illness. If adverse effects from medical care are frequent then there may be a subset of patients in whom critical care is a significant risk. The possibility that medical care can induce a worse outcome is established with respect to specific interventions but not commonly considered in the more general context of hospitalisation or critical care. It may be inaccurate to assume that intensive care efforts are invariably associated with benefit as was exemplified by the observation that at least in some circumstances use of a PAFC may be associated with a worse outcome26. The group of patients who would appear to be more susceptible to adverse events are the elderly population. Elderly patients have an increased risk of adverse events in hospital27,28 and some of the frequently described morbidity associated with critical illness will be either more likely or more pronounced with age e.g. weakness consequent on muscle loss and acute confusional states. 

Initial studies have focused on generalised morbidity after a period of critical illness and have used specific subjective measures to evaluate a patient’s functional status. Objective evaluation is a relatively recent concept in outcome assessment and has extended to incorporate not just specific therapy-related events such as the long-term implications of  tracheostomy29, central venous cannulation30, but has developed to include the many components of a patient’s QOL. 

Amongst these one must include the psychological implications of a period of critical illness and treatment within an ICU. Such sequelae are well recognised31, are not exclusive to critical illness and have been reported to occur in conjunction with any physical illness. When they occur they will impact on the length of hospitalisation as well as a patient’s functional outcome32. Indeed, it has been suggested that the introduction of psychological liaison teams in acute care hospitals could produce significant financial savings32. Assessment of such morbidity requires the use of a specialist tool and often specialist services to treat. One such tool which has been validated in the post-ICU population is the Hospital Anxiety and Depression scale score33. The HAD questionnaire is a measure designed for use in a hospital, with good internal consistency and reliability, and has been proven useful as a valid psychological measure in medically ill patients, including the critical care population6, 34. Certain sub-groups of patients will have higher rates of psychological morbidity and it should be no surprise that patients with previous depressive illness or addictive personalities fall into these groups35. These effects are not restricted to the patient alone, indeed there is mounting evidence that that the entire family unit often becomes dysfunctional and in need of assistance after a relative has developed critical illness and required treatment within an ICU36,37 .  

The timing of such assessments is unclear and probably will differ for patients and their family cohort. From the patient’s perspective too early an assessment will be fraught with practical difficulties and an initial assessment at 3 months may well be the ideal. This should permit detection of psychological sequelae  purely due to critical illness or the ICU environment and not encompass additional problems and difficulties at home. For the relatives of critically ill patients the detection period will be much earlier and the processes more complex. Not surprisingly heightened anxiety and depression are recognised in relatives during the period of critical illness, are known to influence their judgements during this period, and can lead to conflict with carers36,37. Currently our understanding of these phenomena, their triggers, timing and ultimate impact on the functionality of a family unit are in their infancy and considerable work is still required. The financial impact of critical illness on a family can be substantial38. One study reported significant loss of most or all of the family savings (31% of families) and almost a third (29%) lost their major source of income.

It is important to understand and acknowledge these outcomes and the associated prevalence of specific therapeutic interventions on a patient’s QOL but at present the data systems to facilitate such reporting are not available. Until such mechanisms are freely available we will repeatedly underestimate the effects of our interventions both on the patient and their QOL, the individual family members and the functioning of the family unit, and ultimately the impact on a country’s healthcare system. 

Quality of Life

There are many challenges in the study of QOL in our population. The definition for instance is notoriously difficult and must consist of more than just a measure of a patient’s functional or psychological status. The last decade has seen an explosion in the emergence of QOL tools in the medical literature.  In 1994, Gill and Feinstein39 identified 75 articles about QOL that incorporated a total of 159 different instruments. Some were  designed to be used as general outcome tools, whereas others were condition specific. To date, several of these general instruments have been applied to the critically ill population6, 40-44. In contrast to condition-specific measures, which may be criticised for being more focused, general measures attempt to capture aspects of health that are important to all patients and will therefore permit comparisons between different groups of patients. General outcome tools applied to the post-ICU population include Spitzer’s Quality of Life Index40 (North America), Nottingham Health Profile in conjunction with the Perceived  Quality of Life questionnaire41 (France), Sickness Impact Profile42 ( The Netherlands), and the SF-366,43-44 (UK). 

If a general measure is to be used in our population, it should ideally be suitable for use at admission in the first instance. This will reduce the present bias in the system in which patients are asked after discharge about their previous pre-morbid status. Sometimes this is not a practical option due to impairment in CNS function at the point of admission, therefore validation of these tools in surrogates, such as next-of-kin becomes essential. Such validation has to-date received limited attention. Some investigators have used a general tool, such as the SF-3644 and recorded a good performance when completed by the next-of-kin with the exception of the estimation of mental health. In comparison others have developed their own tool45. Clearly without a common definition of QOL comparisons will be difficult. Too often the terms QOL, health-related QOL, health status, and functional status have been used interchangeably in the literature without either defining the term or defining QOL. This lack of methodological rigor diminishes the value and impact of such research. Heyland46 identified the magnitude of the task  by illustrating that between January 1992 and July 1995 there had been no less than 64 articles published on the subject in peer reviewed journals and only 3 (5%) satisfied the authors  methodological rigor. Additionally reliability and validity of the instruments used were reported in only 6% and 14% respectively and in the majority of the studies (75%) the results were merely descriptive. 

One general instrument which has received considerable assessment is the SF-366,43,47-52. This tool has been successfully applied to critically ill and non-critically ill patients , and to the general adult population53. It has demonstrated itself to have acceptable reliability and validity in a wide variety of populations47. For instance one review54 of 15 published studies in diverse populations reported  the reliability co-efficients for 7 of the 8 domains being ( 0.80. The exception was the social functioning domain which had a median reliability across the studies of 0.76. Furthermore in a head to head comparison of the performance characteristics of  4 generic health status measures (the Nottingham Health Profile, SF-36, COOP/WONCA charts and EuroQOL) the SF-36 was superior in terms of internal consistency and ability to discriminate between populations with differing health status55. Some tools concentrate largely on functional status and fail to measure patients’ subjective satisfaction40,42, whilst others are incapable of detecting low levels of dysfunction and disability41 and most can be extremely daunting to a patient due to the length of the questionnaire.

 The practicalities involved in completing a QOL questionnaire should not be overlooked. The ex-ICU patient, even after hospital discharge will be fatigued and have poor concentration, sometimes for many months6. Their manual dexterity may also be severely impaired. With respect to this the SF-36 does however appear to offer distinct advantages. It  contains 36 questions which is considerably shorter than some of the other generic tools, such as the Sickness Impact Profile’s 136-item questionnaire42, and possesses the ability to be responsive to changes in health status over time47, which is obviously vital if studies are to accurately reflect the changes in a patient’s QOL with time.

Certain cohorts of ICU patients have received targeted assessment of their QOL. These include post-cardiac surgical patients who develop organ failure24, elderly patients ( > 70 yrs)56, survivors of sepsis47, trauma57, and respiratory failure58. Most studies have assessed QOL at only one time point, have been unable to match for age and sex, and have therefore not added to our knowledge of the natural progression of QOL of our patients. Only when this is undertaken can we attempt to reduce the time scale and optimise the recovery by the introduction of early active intervention. Overall quality of life of patients after ICU would appear to be dominated by physical limitation, particularly in the early months after discharge6, 47 but such limitation for some patients is more permanent, particularly for elderly patients56. Despite this, individual patient’s perception of their health would appear to remain high6, 56 and the literature would appear to support the concept that most patients are satisfied with their recovery even if the patients estimate that their QOL has deteriorated56. More importantly it has been reported that the vast majority of survivors state that they would be willing to undergo ICU treatment  again, even if only to prolong life for a relatively short time, and even if functional status and quality of life are compromised59. These expectations and preferences are often discordant with those of ICU clinicians and nurses60,61. 

End-of-Life Care

What are the appropriate outcomes to study in end-of-life care in the ICU? and how can the quality of the dying experience be measured? Both are difficult questions as we currently have not yet defined a “gold standard” for  end-of-life care. Neither clinicians or patients and their families contest that communication is key to providing, effective, compassionate care at this stressful time.  The reality in practice is however much different. The processes in such care are frequently not transparent and result in growing dissatisfaction amongst the families of those patients who have died. Families all too often feel excluded by ICU staff from the dying process62. This exacerbates their sense of helplessness and frustration. Clinicians, on the other hand, are offended at the suggestion that their communication skills could be enhanced and continue to fail to elicit treatment preferences from ICU patients or their relatives, and on occasions even contravene clear mandates63. A recent survey63 identified that 25% of  ICU clinicians withheld or withdrew life support treatment without the consent of the patient or their surrogate and  14% did so without the knowledge of the patient or their surrogate. Such actions are rationalised by clinicians as being in the patient’s best interests. 

If we are to improve, we must recognise and accept, the present  level of dissatisfaction amongst ICU patients and their families with the current status-quo, our frequent inability to provide effective communication and our apparent difficulty in offering ICU patients and their families true autonomy in the health care decision making process. This principle of patient autonomy has prompted a number of decision- making models for the end-of-life care, such as advanced directives and do not resuscitate orders to express and encode their treatment preferences . These are still infrequent events  world-wide and are often difficult to apply in the context of unanticipated critical illness. Therefore it is important to facilitate advance care planning by the additional inclusion of frequent ongoing discussions with the  patient and their family. We must be aware of the difficulty in predicting death and anticipate that the likelihood of death may only become apparent as the critically ill patient fails to respond to treatment.

Outcome Measurement

Mortality

Crude overall survival rates are meaningless without adjustment for case-mix. Even then the predictive models have still been found wanting and in need of customisation12  and will merely provide a risk of death for that hospital admission. Within the UK the average risk of hospital death of an ICU patient, as predicted using  APACHE II data has been reported as 0.272 to 0.28617,64 . This differs somewhat from studies from the United States where one study reported a risk of death of 0.19865. In another US study66, the average risk of death was 0.188 for teaching and 0.151 for non-teaching hospitals. Similarly other countries appear to admit patients to their ICUs with lower risks of death. The Canadian risk was calculated as 0.24767 and 0.2068 for Brazil. Such disparity may occur for a variety of reasons, which will not be discussed here but will include later detection of critical illness, difficulty admitting critically ill patients to ICU due to capacity problems, and genuine case-mix differences. These differences might in part explain wide differing reported one year survival rates which have been reported between the UK, Europe and the US where rates vary from as low as 27% in an elderly population69 in the UK to as high as 75%40 in the US.  Of more value, in the comparison of hospital survival rates for similar patient groups, are the comparisons of expected to actual mortality. Within the UK there are examples of large studies where the composite SMR for an entire population exceeds 1.012,17 and such practice has led to customisation of probability prediction models12. 

Readmission to ICU is a factor which will significantly increase the chance of death for a patient. Readmission rates have been reported to range from 4%70-72 in several Canadian and European hospitals to  10% in the UK17 and US73. Irrespective of the country patients who require readmission consistently exhibit significantly higher hospital mortality rates than expected, by a factor of eleven in one study73. This  compares less favourably than studies which have used APACHE III to risk adjust. These  reported increases in mortality of  7.570 and  5.974 respectively. One study identified a patient’s acute physiology score at the time of discharge as the most important independent risk factor for readmission73.  Other variables include the first ICU admission location (medical wards v emergency departments and whether the patient had already been transferred to a medical ward), the presence of sepsis or hepatic failure at the time of first ICU admission, and poor responders to therapy73. These patients consume considerable resources. Their longer-term outcome is therefore of direct interest. Although data specific to this population is scarce, in general, all patients who require prolonged ICU stay and ultimately are discharged to an extended facility (neurosurgical patients excluded)  have a poor outcome. In one study75 the one-year survival rates were 49.5% and patients who were not discharged from the facility within 6 months remained  institutionalised until death. Only 11.5% ever returned home. Heyland and colleagues76 reported  similar 1 year survival figures for prolonged intensive care survivors  (49%). Improved survival rates have been reported at one year in patients who have sustained major trauma77, and worse figures will be found in patients with combined respiratory and renal failure3, 78. In this population acute renal failure is associated with an overall ICU mortality of 39.5% and hospital mortality of 46.8% irrespective of oliguric or non-oliguric acute renal failure3.

Factors which have been shown to be relevant in predicting death include the age of the patient. Age historically has formed a component of prognostic scoring systems but can we be more precise on its influence in the presence of critical illness? Certainly the incidence of co-morbid illness increases with age, from about 17% at age 40 to 65% by age 75 and patients with greater co-morbidities will have worse outcomes irrespective of age79. 
Disappointingly the mortality associated with severe sepsis has changed little over the past 25 years and remains 30-50%.The incidence of severe sepsis in the US, high in infants <1yr of age (5.3/1,000 of the population), decreased rapidly in older children aged 5-14 (0.2/1,000), increased slowly through most of adulthood to reach 5.3/1,000 by age 60-64, and increased sharply in the cohort ( 85yrs80. Overall sepsis is the tenth most common cause of death in the US, and it is estimated that severe sepsis accounts for in excess of 215,000 deaths annually from a total population of approximately 750,000 patients81 .  The high mortality rate ranks it above some of the higher profile causes of in-hospital death in the US, including stoke (12-19% risk of death in the first 30 days) and acute myocardial infarction (8% risk of death in the first 30 days)82. 
Many cases of sepsis are recognized late, and treated inappropriately before admission to ICU. Additionally as with other areas of medicine, the application and integration of new but proven strategies for reducing morbidity and mortality into clinical practice has been slow. In an attempt to enhance equity of treatment worldwide for severe sepsis eleven international organisations have produced practical guidelines which can be applied at the bedside. These guidelines are encompassed in the Surviving Sepsis Campaign19 which is targeted to implement a core set of interventions by deploying them as a bundle. Some interventions have in a randomized controlled trial setting been proven to reduce mortality in severe sepsis (APC1, steroids21, early goal directed therapy22) whilst other strategies have been shown to benefit a broader population of critically ill patients (tight control of blood glucose23, low tidal volume/limitation of plateau pressure2, ventilator-associated care bundle.
 The source of sepsis is frequently the chest either as a primary pneumonia or hospital acquired. It will be no surprise that there is an increasing incidence of pneumonia with age and the mortality of severe community acquired pneumonia requiring critical care is approximately 40% in the elderly83,84. Similar overall mortality rates have been reported for severe sepsis in any patient ( 85yrs80. The sub-set of  patients who ultimately progress to mechanical ventilation fair worse. Prolonged mechanical ventilatory support, chronic systemic disease and malnutrition are of particular risk to the elderly. In one study  when  the summation of a patient’s age plus number of ventilator days  approached or exceeded 100 deaths was inevitable85. 
The cause of the respiratory failure is clearly relevant. In a recent publication hospital mortality for critically ill patients ranged from approximately 12% in a coronary care unit to 37% in a surgical ICU to 48% if a patient required the care of a medical ICU86. These investigators incorporated the type of ICU care required in  an elegant prediction model for patients aged ( 85 to predict the likelihood of death, discharge home or discharge to a skilled nursing or rehabilitation facility. Model variables included: age; gender; baseline functional status; nature of ICU care required; heart rate at ICU admission; use of mechanical ventilation; need for vasopressor therapy or a pulmonary artery catheter during the ICU stay; and the development of respiratory, neurological, haematological failure or sepsis while in the ICU. The association of these variables with eventual hospital outcome proved to be both independently and jointly highly statistically significant. The variable most predictive of a good outcome was baseline level of activity before hospitalisation86. This will in practice be a reflection of organ reserve, co-morbidity, and nutritional state,  factors  which have been shown to be relevant in other populations24.

Similarities can be found in another study which principally identified the long-term prognosis for patients aged >75 yrs who were admitted with life-threatening cardiogenic pulmonary oedema requiring mechanical ventilation. The in-hospital mortality was 26.6% rising to 31% at 12 months87. Variables relating to the severity of respiratory failure did not predict mortality. The most valuable proved similar to some of those previously reported in other studies, namely use of vasopressors, length of mechanical ventilation (>3days), MOF score, and acute MI ( anterior infarct). Similar encouraging results have been reported88,89, but it is not universal, and one needs to separate the population with an acute event from that with chronic congestive heart failure90,91. Wilson and colleagues90  followed  77 patients with a mean age of 61 yrs who had class  III or IV heart failure. Overall, the mortality rate was 48% at 1 year and 68% at 2yrs.  A similar cohort of patients followed to 3 yrs had a mortality  approaching 80%91 . 

Age proves again to be of prognostic importance in long-stay cardiac surgery patients. Bashour and colleagues24  studied patients with an ICU stay equal to or in excess of 10 days. The predictive variables for this population are: advanced age (65-75 and >75yrs), type of surgery (combined CABG/valve v CABG alone), re-operation, pre-operative albumin (35g/L, history of chronic obstructive pulmonary disease, pre-operative renal  impairment (creatinine (2.0mg/dl), and left ventricular dysfunction24. Similarly pre-operative albumin (<4.0g/L) and elevated blood urea nitrogen ((30mg/dl) proved of prognostic significance in another study of elderly ((75yrs) patients undergoing cardiac surgery92. The hospital mortality for the cohort24  was 33.1%, but a further 18.3% of the original group died within 6 months of discharge from hospital and a further 12.7% died between 6 and 31 months which was when their follow-up ended. This gives an overall mortality for this cohort of long stay patients of  approximately 64% which is considerably higher than that reported for patients undergoing cardiac surgery in whom no complications arose92,93,94. The occurrence or not of a cardiac arrest within the first 24 hrs following surgery would , not surprisingly, appear to influence outcome. Hospital and longer  term survival rates of 79% and 55% at 4 yrs95   respectively have been reported.

Another cohort of patients for whom an extensive body of outcome data has been accumulated  are those with haematological disease. The futility of such care for these patients when respiratory failure is complicated by other organ system dysfunction has been well reported in the literature96-100. Recent evidence has emerged to clarify the model. Historically, predictive scoring systems such as APACHE II has repeatedly significantly underestimated survival101. APACHE III would appear to offer distinct advantages to this population102. The most frequent ICU admission reasons for this population are respiratory failure, sepsis, or neurological disease.
 The requirement for mechanical ventilation continues to identify a sub-set of this population who will have an increased mortality both in ICU, at 30 days and at 6 months99,103. One study reported mortality rates of 62%, 74% and 80% for ventilated patients vs  44%, 57%, and 67% for the non-ventilated population103. Those patients who have had a  BMT  fair worse99, with ICU survival rates of 18%. Only 5% are still alive at 6 months. The presence of  GVHD in this population offers further discrimination. In one study none of these patients left ICU99. The cause of the respiratory failure and reason for BMT was also important. Respiratory failure associated with congestive heart failure or pulmonary oedema was associated with better outcomes as compared to bacterial pneumonia, which in turn was better than viral pneumonia or pneumonitis99. Survival was better if the primary pathology was multiple myeloma or non-hodgkin’s lymphoma as compared to acute or chronic myeloid leukaemia99. The worst outcome was seen in  patients requiring BMT for acute lymphoblastic leukaemia, where in one study no patients survived to leave ICU99. Furthermore if prolonged mechanical ventilation (>15 days) is required in this BMT population ICU mortality has been reported to be as high as 95%99. Others have documented similar dismal outcomes if ventilation becomes prolonged104, particularly if vasopressors are required. 

The importance of the requirement for vasopressors has been repeatedly highlighted as an admission variable prognostic of a poor outcome, irrespective of the haematological malignancy103,105,106. Other significant admission variables are hepatic or renal dysfunction, age, neutropenia, and presence of active disease103. The successful utilisation of such data is however, as always, highly dependent on the trust that patients have in their physicians and in the clinical decision making process107. 

Morbidity

Morbidity can be characterised as physical or psychological. Both are prevalent in the critically ill population after discharge from ICU6. Physical morbidity includes intense fatigue, reduced quality of sleep, inability to concentrate, alopecia, and significant muscle weakness. Morbidity directly attributable to a therapeutic intervention or pharmacological management will not be included in this section. 
Delayed motor recovery is a frequent event in the ex-ICU population, particularly in the patients who required prolonged mechanical ventilation  ((7 days) and physical recovery is slow, measured in months rather than weeks108. This is in part consequent on the almost universal incidence (96%) of myopathic and neurogenic abnormalities in muscle biopsy in this population109 . Patients with critical illness polyneuropathy had the greatest handicap. There is consensus in the literature that  this population has approximately a 50% chance of a complete recovery110 and those with axonal polyneuropathy with conduction slowing on EMG do particularly badly111. Rehabilitation programmes have been popularised for other debilitated patient cohorts such patients with chronic obstructive pulmonary disease112 and myocardial infarction patients113-115. In these patient groups they have successfully shown that exercise regimes and psychological intervention will aid recovery and coping behaviour.  A recent randomised trial116 in UK ICU survivors administered a six week self-help rehabilitation programme which was designed to improve physical mobility and strength. This study reported significant improvement in physical function at 2 months. The improvement was still evident at 6 months compared to the control group.
Psychological sequelae after critical illness are well recognised and can be characterised as occurring in the immediate or longer term. A review of the literature117 identified the frequent occurrence of anxiety, irritability, depression, hallucinations, social withdrawal, panic attacks, sleep disorders and confusion. The ex-ICU patient has some unique properties  which set them aside from any other seriously ill patient. They possess almost universal amnesia for the time in ICU, or possibly even worse psychologically, have fragmented memories, relating to pain, suctioning, or lack of sleep, some of which lead to repetitive nightmares which can be of a persecutory nature. These nightmares may in part be attributable to the choice and depth of sedative agents, the unnatural environment of the ICU with its lack of day and night separation, sometimes lack of day light, and the constant noise. 

 Studies of the longer term effects show significant numbers with psychosocial dysfunction117 . This is particularly prevalent in the younger adult aged 30-50 yrs42 . They commonly exhibit a profile of social isolation, where they avoid company and  show less affection to their partner. Additionally a significant number of patients will exhibit heightened anxiety6 (12%) and/or clinical depression6 (10%) after hospital discharge. The detection of such sequelae requires the use of  a specialist tool such as the HAD and needs to be administered in an appropriate location by an operator who is trained in its use and able to institute appropriate clinical management.

Quality of Life 

As stated previously the absence of a common definition of QOL for our population, and lack of gold-standard tool for assessment has led to a plethora of outcome studies in ICU patients with varied study design. The majority have examined QOL purely after an ICU stay6,7,24,41-43,47,49-51,56,58,75,77,95,118-122 , whereas others have compared QOL before vs after admission39,40 to  a critical care unit and recently the influence of QOL before ICU admission on mortality rate and impact on resource utilisation has been studied86,123. In both of these later studies the investigators identified a direct correlation between pre-admission QOL and hospital mortality rate. Historically studies examining QOL after ICU were sequentially inclusive of all patients irrespective of underlying admission diagnosis6,40-43,45. Latterly we are now seeing studies targeted at specific diagnostic categories. These include patients who required prolonged ventilation58,75 , patients with ALI or ARDS50,51,120-122 , elderly patients56, cardiac surgical patients24,93,95, patients with severe sepsis47, major trauma77,119 or haematological malignancy124.  

In general patients who were discharged after ICU care experience fairly good QOL6,7,118 . Eddleston et al6 , reported that at 3 months post-critical care (median length of stay 4 days), most patients (n=143) were satisfied with their QOL; however scores, as assessed using the SF-36, were worse than the general adult population. When QOL outcomes are assessed (using Nottingham Health Profile) in patients who require (4 days of intensive care, irrespective of the diagnosis (median 9 days)(n=368), the overall QOL 6 months later was  reported as fairly good but still worse than the general population118. Problems in physical mobility and energy were prevalent in all diagnostic categories but patients who had sustained trauma or respiratory failure experienced the most limitations . Similar findings were reported in a European study41.  Psychosocial domains of QOL improved more rapidly than did physical domains of QOL, but most patients were independent in their activities of daily living118. QOL outcomes have also been determined for longer stay patients ((14 days)7,76. Fakhry7 reported the majority (80%) of respondents  (average follow-up 18 months) had fair to good overall QOL, despite 70% still having significant impairment in functional status compared to pre-ICU state.  Similar findings were  reported by Heyland76. The same can not be said for the cohort of long-stay ICU patients who require discharge to an extended care or rehabilitation facility75 (median ICU stay 39 days). These patients, (n=97 consecutive patients), had a one year survival rate of 49.5%, 23% required readmission to a tertiary care hospital for acute deterioration within the first 30 days and two thirds had died within 2 yrs of original ICU discharge. Patients who could not be discharged from the facility within 6 months remained institutionalised until death. Only 11.5% were able to be discharged home. These patients who ultimately returned home reported good physical function and fair or better quality of life.

Comparative study designs have also been conducted. Konopad40 ( using Spitzer’s Quality of Life Index) compared QOL outcomes in 504 patients from before to 1 year after ICU (average ICU length of stay 4 days). Patients reported a reduced level of physical activity compared to baseline, the prevalence being greater in the older patients and those with longer ICU and hospital lengths of stay. Additionally patients (75 yrs perceived their overall health status to be improved compared to baseline. 

Our knowledge of  QOL outcomes after critical care has been further extended by the emergence of studies assessing outcome amongst diagnostic categories, admittedly sometimes with small numbers of patients. One of the larger studies24 investigated both survival and functional capacity of long stay patients after cardiac surgery (n=94, 50% >65yrs). The median follow-up was 30.6 months and no baseline assessment was performed. The assessment tool used for functional status was the Duke Activity Status Index. Nevertheless this long stay population would appear to have lower activity levels 12 months after discharge compared to survivors of uncomplicated cardiac surgery125. A more comprehensive assessment of QOL has been reported when investigators have used one of the generic tools, such as the SF-36. Weinhart126 used the tool to assess early outcome in survivors of ALI and reported significant reductions in all domains of the SF-36 compared to the general population. The findings were similar to those found soon after hospital discharge in patients with sepsis47, also using the SF-36, the exception being that motor function was better in the ALI  survivors and bodily pain was less. 

A common failing of the majority of studies on QOL are that they merely provide us with a snap-shot of the condition of our patients because they only include one time point, and often this is performed within the first 6 months after hospital discharge.  Exceptions to this include the long-term follow-up of trauma patients. Mata119 identified that improvement in QOL for such a patient frequently takes 2 yrs. Better QOL at 2 yrs post-trauma was associated with younger age, less severe injury, and better pre-trauma QOL119. Extended follow-up with the SF-36 has also occurred in patients with ALI121 or ARDS122. Cooper121 quantified exercise tolerance and diffusion capacity in 28 survivors of acute lung injury. The assessments were undertaken between 1 and 2 yrs after ICU admission. Their performance was compared to patients with chronic respiratory disease. The ALI patients had comparable exercise tolerance to the control group but diffusion capacity was reduced. A more detailed assessment was undertaken by Schelling and colleagues122 who reported  the  QOL of survivors of ARDS at a median time point of 4 yrs after ICU discharge. Most survivors reported a relatively high level of perceived health-related quality of life, but when compared with age and gender matched controls, there were major differences in the physical dimensions of the SF-36. Patients with ARDS described a 25% reduction in physical function and an almost 50% decrease in physical role function. Additionally the cohort who described their general health as 15% lower, had a 40% incidence of chronic pain and impaired social function when compared to the control population. 

Similar long-term QOL assessments, up to 4yrs, have been reported in survivors of cardiac arrest following cardiac surgery95. Evaluation at 4 yrs post-discharge revealed that survivors had good functional status and all were living independently at home. The majority had returned to their hobbies (81%), had been on holiday (75%), two thirds were sexually active, and 20% had returned to employment. 
An area often overlooked and underestimated by health care professionals is the economic impact of critical illness. SUPPORT identified that in about a third of critically ill patients the majority of the family savings will be lost consequent on the illness and similarly a third of families will lose the major source of income. Return to employment is variable and obviously is dependent on the reason for admission. Nevertheless there would appear to be a gender difference, with women returning earlier than men. Eddleston6 et al reported 75% of women back to work at 6 months, compared to 65% of men at 12 months. Similar rates have been reported in other European studies5,41. 

End-of-life Care 

Inadequate pain control and poor or inconsistent communication between caregivers and patients/families have been identified as major problem areas during end-of-life care in ICU127. The SUPPORT study used a retrospective model to identify that significant numbers of patients with acute respiratory failure/multi-organ failure  experienced severe pain (40%) and/or severe dyspnoea (60%) during their last 3 days of life, as reported by family members128. Further confirmation that we have historically underestimated distress amongst our patients in ICU came from a self-reported systematic study129 in ICU patients at high risk for hospital death. Survivors and non-survivors described significant, unrelieved levels of pain, discomfort, anxiety, thirst, and dyspnoea .   Among  procedures rated as most painful or uncomfortable were also non-invasive interventions, such as turning and moving from bed to chair.

Underpinning the delivery of high quality care will require the provision of regular and effective communication between providers and patients and their families. More  than 20 years ago, Molter130reported 58% of relatives who rated the importance of a daily interview with an ICU physician as important. This need was met only 10% of the time. Sadly as a profession we still seem to have difficulty improving this aspect of our performance131. Physicians are frequently unaware of such fundamental information as a patient’s preference for end-of-life care39. The extensive SUPPORT study132, a prospective study of 9105 patients, identified that less than a quarter of  the seriously ill patients had discussed their preferences for CPR with their physicians by the second week of hospitalisation. A proportion of this population may of course not wish to discuss such matters. Multivariable analysis revealed that patient race39, except for black race, was associated with not wanting to discuss such preferences. SUPPORT  was a study of preferences, decision-making, and outcomes of seriously ill hospitalised adults over a 4 year period and included an interventional limb in the second phase where clinicians randomised to this limb received information about their patients’ prognoses and preferences for care and were assigned a clinical nurse specialist to facilitate symptom control and effective communication with patients. Even in this environment no improvement in care processes occurred132. 

Conclusion

It is time to reflect on the outcomes following intensive care. Consensus exists that we must look beyond hospital mortality and morbidity. We must incorporate assessment of the care delivered within our ICUs’. We must do this in the context of existing evidence and assess compliance to these standards. The introduction of bundles of care  is one approach to ensuring equity of care across and within health economies. Additionally it is important not to miss the opportunity of assessing the impact of our care on patients and their families. This should include the registering of adverse patient events, irrespective of whether they were expected or not. 

It is also important to survey the users of our services for their perception of the care afforded to themselves or their relative. Such collaboration is vital if we are to develop greater patient autonomy and deliver compassionate care throughout the entire patient journey in ICU and rehabilitation thereafter. 

Evaluation of outcome after ICU discharge also  needs to be undertaken within a framework  which defines the outcomes to be studied, the timescale to be assessed, and the tools to be used. We must move away from the use of  unvalidated tools which fail to satisfy objective assessment and which sample at only one time point. This is particularly prevalent in QOL assessments. To be more meaningful assessments should be targeted at diagnostic categories and must extend over prolonged periods of time, ideally until the cohort has stopped improving and  survival curves have returned to that of the rest of the population. These time periods are currently unknown. To facilitate the handling of such large quantities of data will obviously require the development of large robust databases. To optimise the acquisition, handling, processing, and ultimate use of such data there is much to be said for standardising databases geographically. It is therefore vital that collectively we develop our framework and its components soon.
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