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Introduction 

Why is 'survival' an important outcome? As intensive care unit (ICU) clinicians, it 
is important for us to obtain a clear understanding of the natural history of the 
critical illness we treat. While we would like to know how long a patient is likely to 
stay in the ICU or hospital, their probable future functional status and quality of 
life, the likelihood of their surviving their critical illness is of paramount interest. 
Understanding the impact of critical illnesses on survival allows us to share this 
information with patients and family and guide resource allocation more appro
priately. The time interval over which a patient remains at increased risk of death 
varies among the critical illnesses we treat. For example, patients who become 
septic have a greater than expected mortality for a number of months beyond the 
onset of illness [1,2]' while patients surviving overdoses or multiple trauma have 
shorter time intervals of increased risk. Understanding the time intervals of risk 
can guide the design of interventional trials. These trials would ideally include a 
follow-up period that is comparable to the time interval of risk. 

Survival is also the most important outcome we have in benchmarking ICU 
practice. While randomized controlled trials (RCTs) remain the gold standard for 
identifying effective new technology, benchmarking outcomes among a network 
ofICUs may reveal differences in survival. Further scrutiny will determine whether 
these differences are likely real and, if so, related differences in practice may be 
isolated. Global implementation of these best practices using a systematic approach 
has the potential to improve overall outcome. 

In this chapter, we will briefly address short-term survival (all time-intervals up 
to ICU survival) for patients admitted to the ICU. Our main focus, however, will be 
survival beyond the ICU stay. What happens to patients after they are discharged 
from the ICD? How likely are they to survive their hospital stay or return to the 
ICU, and what happens once they leave hospital? To address these questions we 
searched the published literature using MED LINE and the keywords 'intensive care 
units' or 'critical care' and 'survival' or 'mortality' or 'outcome'. We also searched 
'related articles' for those citations considered most relevant. While RCTs add 
information and are remarkable in their survival intervals chosen, we have focused 
primarily on observational studies as they are less likely to be affected by the 
selection bias of many RCTs. As future chapters of this volume will be devoted 
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exclusively to the natural history of elderly and pediatric critically ill populations 
we did not include studies specifically dealing with these patient populations. 

Short-term Mortality 

Mortality for patients admitted to the ICD is high compared to that for patients 
cared for in non-critical care units. While the literature on short-term outcomes 
during ICD stay is too vast to review in detail, three important issues emerge. First, 
the time interval selected for short-term mortality varies. The selection of intervals 
as low as 10 [3] to 14-days [4-7] for RCTs has been rationalized on the basis that 
either the therapy will only influence outcome during the period in which it is being 
applied (prone positioning) or that the disease process of interest (sepsis or 
ventilator associated pneumonia) has an attributable mortality that is restricted to 
the first 14-days. While it is true that for patients with sepsis most attributable 
mortality occurs early, studies have clearly demonstrated that the impact of sepsis 
on mortality extends well beyond the first 2 weeks [1, 2], suggesting that selection 
of a 14-day endpoint may be misleading for sepsis trials. Similarly, selecting a time 
interval for analysis of mortality to reflect the time interval during which the new 
treatment or technology is applied is potentially concerning. It is possible that such 
treatments may just delay death, an outcome that is clearly not desirable. The more 
commonly used 28-day endpoint in RCTs appears to be more reasonable but still 
does not fully address the longer-term impact of critical illness. In designing a RCT, 
one is faced with a trade-off in choosing the time interval for mortality. On the one 
hand, sensitivity is increased by choosing a shorter time interval to measure the 
effect of a new technology on survival, a period during which death is more likely 
to arise from the disease process of interest. As the time interval for study is 
extended, deaths will be increasingly due to factors other than the disease process 
of interest, this added 'noise' making it more difficult to demonstrate a true 'signal'. 
On the other hand, patients are most interested in surviving an event, in this case 
ICD stay and, more importantly, hospitalization (see Fig. 1). 

Second, ICD survival appears to be improving over time despite the fact that 
advances in medicine have resulted in a greater population of sicker, immunosup
pressed patients at risk of critical illness and an increasing proportion of our 
population being elderly. This improvement in outcome has been well docu
mented. For example, a marked reduction was found in the mortality for the control 
groups of two trials on patients with acute respiratory distress syndrome (ARDS) 
of extracorporeal oxygenation [8] and extracorporeal carbon dioxide removal [9], 
with similar inclusion criteria, published 15 years apart (9 % versus 39 %, respec
tively). Similarly, the Seattle group demonstrated a reduction in mortality for 
patients with ARDS over time within their center in a carefully conducted study 
using similar definitions of ARDS over a 1O-year period [10]. Finally, a number of 
recent landmark studies have demonstrated efficacy of treatments for sepsis [11], 
ARDS [12], and sedation protocols [13, 14] that establish new benchmarks for 
short-term outcome. 

Lastly, despite this promising trend, there is evidence suggesting that some 
patient groups may not benefit from life support measures despite the apparent 
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Fig.!. This figure illustrates the potential trade-off facing designers of a randomized controlled 
trial in choosing their interval for survival. 

need for such measures for immediate survival. For example, there has been an 
ongoing evaluation of the potential usefulness of lev admission for patients who 
have human immunodeficiency virus (HIV) infection. This has become necessary 
as the introduction of new treatment regimens has radically altered their long-term 
outcome. While once considered poor candidates for lev care, a case-by-case 
approach is warranted in these groups [15, 16]. Patients with underlying malignan
cies are a heterogeneous group but subpopulations such as patients who develop 
respiratory failure after bone marrow transplant remain a group with extremely 
high short-term mortality [17,18]. Finally, there are other disease processes that 
appear to have such a poor short-term outcome that serious consideration should 
be given to avoiding Iev admission in these patients. For example, patients who 
have idiopathic pulmonary fibrosis who require mechanical ventilation have a very 
high hospital mortality [19-21]. We need more data on the outcomes, both short 
and longer-term, for these and other patient groups that may not benefit from lev 
admission. 

Long-term Mortality 

If my patient were to survive her lev stay, what is the probability that she will die 
before leaving hospital? If she survives hospitalization, what is the probability that 
she will die by 6 months, one year, or longer? Less literature exists that describes 
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these important outcomes for patients admitted to the leu who survive leu stay. 
We will first summarize estimates and determinants of hospital mortality for leu 
survivors and then summarize similar de scrip tors for long-term mortality. 

Hospital Mortality 

It is clear that a significant proportion of patients discharged from the leu do not 
survive hospitalization. The proportion dying in hospital after discharge from the 
leu varies among studies from a few percent for observational studies on surgical 
leu patients to greater than an additional 10 % for some studies of patients 
requiring mechanical ventilation or renal replacement therapy (Fig. 2). 

The cause of these additional deaths can be divided into those that are expected 
and those that are not. The former would be comprised of patients who are 
discharged from the leu following withdrawal of life support or with express 
instructions not to have life support reintroduced should they deteriorate further. 
Other patients may die due to a new, unexpected problem arising on the general 
ward or due to a worsening of the underlying disease process. Some of these 
patients may be readmitted to the leu prior to their death. From the growing 
literature addressing readmission to the leu [22-30], well summarized in a review 
by Rosenberg and Watts [31], patients are readmitted to leu for the same reason 
as their initial admission from 19 to 53 % of the time. Readmission rates vary from 
4 to 14 % and these patients have prolonged length of stay and marked increase in 
hospital mortality (1.5 to 10 times that of other leu patients). 

Mortality after Hospitalization 

Survival beyond hospitalization for patients requiring an admission to the leu is 
an outcome of utmost importance to patients and family. The literature addressing 
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Fig. 2. This figure summarizes the respective I CU and hospital mortality for a representative group 
of cohort studies that also provided follow-up beyond hospitalization. 
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long-term survival is comprised of three different study designs. The most common 
are observational studies describing survival of a single cohort ofICU patients after 
hospitalization over time without a comparison group. In some studies, variables 
that distinguish survivors from non-survivors have been determined, most often 
using univariable analysis, less frequently reporting the more robust use of multi
variable analysis. The population studied may either be consecutive patients ad
mitted to a specific ICU, most often a general ICU, or a subset ofICU patients. Table 
1 demonstrates wide variation in outcome among studies of 'general' lCU popula
tions with a one-year mortality ranging from 18 to 56 % [32-50]. 

These studies vary in time of publication, country of origin and number of 
centers, most being single-centers while one study includes all ICU admissions in 
a specific health care region [50]. 

While these single-cohort observational studies provide insight into the appar
ently poor long-term prognosis of ICU patients who survive hospitalization, they 
include the expected high hospital mortality rate and do not account for this by 
comparing survival over time beyond hospitalization to a control group. To ad
dress this, a second study design adopted by a number of investigators includes a 
comparison of survival rates between their patient cohort and the general popula
tion [38], matched for age and gender [42, 44, 49, 50]. In the first of these studies, 
conducted over one-year at a single center, Zaren and Bergstrom found that 
survival beyond hospitalization, one-year after admission, was 96% of that pre
dicted by comparing it to the general population [38]. However, four subsequent 
studies, most larger, and two multi-centered, have all documented a significantly 
greater long-term mortality among ICU patients compared to the general popula
tion matched for age and gender [40,42,47,48]. Niskanen and colleagues reported 
a 5-year mortality rate for 12,180 patients admitted to 25 ICUs in Finland in 1987 
that was 3.3 times that of Finland's general population [44]. They also noted that 
the difference between survival curves occurred over the first 2 years with the 
curves paralleling each other beyond that. Flaaten and Kvale also found that 
survival beyond 2 years after hospitalization paralleled that of the general popula
tion of Norway [49]. In a single center study in Glasgow, enrolling all patients over 
4 years, Ridleyand Plenderleith [42] found that the survival curve for ICU patients 
was significantly worse than that for an age and gender-matched general popula
tion. In this study, however, survival curves did not parallel each other until the 
fourth year. We also found that patients who required ICU admission fared worse 
than the general population in a study of all ICU admissions during a 3-year period 
in British Columbia [50]. This difference in survival persists over the three years of 
follow-up data available to us, although the ratio of observed to expected deaths 
declined from 6.47 during the first year to 3.10 in the third (Fig. 3). 

Patients who require ICU admission differ from the general population, having 
more co-morbid disease on average prior to their acute event. As such, one would 
expect their outcome to be worse than that of the general population even without 
hospital admission. To understand the effect that exposure to an ICU has on 
long-term outcome, one should choose a comparison group more similar to those 
patients requiring ICU admission than the general population. The final study 
design found in the literature uses other hospitalized patients as controls. Parno 
and associates compared 2-year survival rates between 558 lCU patients and 124 
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Fig. 3. Unadjusted survival curves for 2 groups of patients surviving hospitalization, one of 
which was admitted to the Ieu during their stay. For comparison, yearly survival for a sample of 
the general population, adjusted for age and gender has been included (from [50] with permis
sion). 

non-ICU patients and while the 2-year mortality was considerably worse for the 
ICV group (35.6 versus 14.8 %), this was due largely to higher in-hospital mortality 
[51]. In fact, survival after hospital discharge was very similar, 83.3 versus 89.1 % 
at 2 years for ICU and non-ICU patients, respectively [51]. In our retrospective 
study of all ICU admissions in the province of British Columbia, we compared 
mortality after hospital discharge of ICV patients to that in a random sample of 
patients who required hospitalization but were not admitted to the ICU [50]. From 
Figure 3 it is clear that, while the unadjusted survival curve for ICU patients who 
survived to hospital discharge appears less favorable than that of the control group 
of hospitalized non-ICU patients, both groups fared considerably worse than a 
general population, matched for age and gender. Furthermore, after controlling for 
other prognostic factors we found that the difference in long-term mortality 
between ICU patients and hospitalized, non-ICU patients, bordered on negligible 
(see Table 2). This would suggest that after controlling for hospitalization, the 
difference in long -term mortality between I CU patients and the general population 
is due more to whatever leads patients to be hospitalized rather than admitted to 
the ICU. 
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Table 2. Factors associated with mortality beyond index hospitalization. From [50] with permis-
sion 

Variable Hazard Ratio Wald 
(95% Cl) Chi-square * 

Age (per decade) 1.60 (1.58-1.62 ) 5093 
Comorbidity 1.28 (1.27-1.29) 3321 

Major Clinical Category (MCC) 
Lymphoma/Leukemia 4.00 (3.59-4.46) 624 
HIV 20.99 (16.46-26.77) 602 
Respiratory Disorders 1.63 (1.54-1.71) 331 
Musculoskeletal Disorders 0.75 (0.69-0.81 ) 54 
Neurological Disorders 1.21 (1.13-1.30) 30 
Blood Disorders 1.56 (1.31-1.85) 25 
Burns/Multiple Trauma 0.65 (0.47-0.90) 7 

Sex (M vs F) 1.22 (1.17-1.26) 92 
ICU admission 1.21 (1.17-1.27) 85 
Prior Hospital admission 1.02 (1.01-1.02) 72 
Prior ICU admission 1.07 (1.04-1.1 0) 20 
Median Income (per $10,000) 0.99 (0.98-0.99) 19 

Residence (urban vs rural) 1.06 (1.01-1.11) 5 
Tier (1 to 7) ** 0.99 (0.97-1.00) 4 

* As all P <0.001, the Wald Chi-square has been reported to illustrate which variables are most 
significant 
** The negative coefficient denotes that there is a decreased risk of death after discharge from 
hospital in patients who were admitted to ICUs at higher Tier number hospitals which are actu
ally smaller hospitals, i.e., a given I CU patient is more likely to survive after hospital discharge 
from a smaller hospital. 

Studies of general leu populations like those in Table 1 provide average esti
mates for long-term mortality. Trying to prognosticate for an individual patient 
from these studies is more difficult. It is possible to make more precise estimates 
by considering additional variables that have been shown within these studies to 
influence mortality. These factors can be divided into patient or non-patient related 
variables. The patient-related variable that has been most consistently demon
strated to have a major influence on long-term mortality is age (Tables 3 and 4). As 
the effect of age on outcome is the subject of another chapter in this volume, we 
will not address it further here. In addition to age, male gender, worse pre-morbid 
functional status, greater degree of co-morbid disease, organ dysfunction and 
severity of illness during hospitalization, and reason for leu admission (diagnosis) 
are among those demonstrated to increase long-term mortality in specific studies 
(Tables 3 and 4). 

In our recent study, we identified increasing age, male gender, number of prior 
hospitalizations, major clinical category (diagnosis) and, to a lesser degree, socio
economic factors to be associated with mortality after an index hospitalization [50]. 
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Table 3. Factors associated with poorer long-term survival using univariate analysis 

Study N Age Male Comor- Diagnosis Severity Organ Pre-morbid 
gender bidity of illness dys- functional 

function status 

Nunnet al. 100 ./ ./ 
(1979) [52] 

Le Gall et al. 228 ./ ./ ./ 
(1982) [34] 

Parno et al. 558 ./ ./ 
(1984) [51] 

Witeket al. 100 ./ 
(1985) [53] 

Spicher et al. 240 ./ ./ 
1987) [55] 

Dragsted et al. 1308 ./ 
(1989) [39] 

Ridley et al. 513 ./ ./ ./ 
(1990) [41] 

Stauffer et al. 383 ./ ./ 
(1993) [58] 

Capuzzo et al. 260 ./ 
(1996) [45] 

Carson et al. 133 ./ ./ 
(1999) [60] 

Short et al. 2268 ./ ./ 
(1999) [46] 

Table 4. Factors associated with poorer long-term survival using multivariate analysis 

Study N Age Male Comorbidity Diagnostic Severity 
gender group of illness 

Ridley et al. * 513 ./ ./ 
(1990) [41] 

Niskanen et al.* 12,180 ./ ./ ./ ./ 
(1996) [44] 

Keenan et al. * 27,103 ./ ./ ./ 
(2002) [50] 
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Major clinical categories associated with the highest long-term mortality included 
patients with HIV, lymphoma, leukemia, other blood disorders, respiratory disor
ders, or neurological disorders while multiple trauma or burn patients surviving 
to hospital discharge had a relatively low long-term mortality [50]. Of interest, 
while non-HIV infection was associated with a marked increased hospital mortal
ity, it was not associated with mortality after the index hospitalization. These 
findings are consistent with that described by Niskanen and colleagues [44] who 
reported the highest long-term mortality for patients with cancer and a relatively 
high mortality for patients with cardiovascular, respiratory or gastroenterological 
diseases. Diagnostic categories that represent chronic progressive disorders, ma
lignant or otherwise, appear to be those that are of greatest importance in deter
mining a poor long-term outcome regardless of whether patients are admitted to 
the leu or not. In contrast, patients admitted to the leu because of an acute, 
self-limiting process such as drug overdose, accidental acute intoxication, or mul
tiple trauma, who survive their hospitalization generally have a good recovery with 
little impact on long-term outcome arising as a result of their admission. Sepsis is 
an interesting entity as it appears that there is an ongoing increased mortality for 
a number of years despite the acute nature of this disease process [1, 2]. 

Differences in patient-related variables also explain some of the differences in 
mortality rates evident among studies. Lower mortality rates tend to be recorded 
by large multi-center studies that include Ieus of varying size that likely reflect a 
population with an average lower severity of illness and degree of organ dysfunc
tion than single center studies at tertiary care centers. Case-mix may also vary 
among studies and the influence of this factor is clearly demonstrated in the higher 
mortality levels seen in patients requiring mechanical ventilation [52-60] (Table 
5) or specific subgroups such as septic patients or bone marrow transplant patients 
who require leu admission [I, IS, 17, 18,61-78] (Table 6). From studies on chronic 
obstructive pulmonary disease (eOPD), however, it is clear that factors other than 
diagnosis are of importance, including the stage of disease and severity of the 
exacerbation, particularly whether mechanical ventilation is required or not 
[71-78]. 

Variables that are independent of patients include Ieu structure (available 
technology and personnel) and leu model used (organizational factors, including 
the use of clinical practice guidelines and degree of training of attending staff). As 
these variables are potentially easier to modify than patient -related variables, there 
has been growing interest in determining whether these variables affect outcome. 
In the case of guidelines or protocols, there is an expanding literature demonstrat
ing a positive effect on short-term outcomes [14, 15,79-81], but relatively little on 
long-term outcomes. In addition, there are few published data on the effect of 
differences in Ieu structure. The possible exception may be the use of non-invasive 
ventilation in patients with eOPD. Two studies, using historical controls have 
demonstrated that eOPD patients who presented with an acute exacerbation and 
who were treated with non-invasive positive pressure ventilation had a better 
I-year survival rate than those who do not receive non-invasive ventilation [76, 77]. 
Admission policies to Ieu that may be related to availability of leu or other 
high-dependency beds may also explain some of the differences found among 
studies. 
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Conclusion 

Patients admitted to the ICU have a high short-term mortality rate compared to 
patients who receive alternate levels of care. Over time there has been an improve
ment in survival as a result of both the introduction of innovative pharmacological 
and technological therapies and the improved organization of delivery of care. 
Survival after discharge from the ICU depends upon a number of patient factors; 
age, premorbid co-morbidity and diagnosis are the most important. While it is clear 
that ICU patients who survive hospitalization have a higher long-term mortality 
than the general population, it appears that this is not related so much to their ICU 
admission but rather to their need for hospitalization. 

The studies and trials that have added to the literature on survival ofICU patients 
in general have high internal validity, describing an endpoint that is easily meas
ured in a well-defined group of patients. However, there is a greater problem with 
external validity, or how others may try to use the results from these studies in their 
own setting; this arises from the heterogeneity of patients included that exists 
among studies. There is a need for large, multi-center, multi-national, prospective 
studies on a priori defined homogeneous populations of ICU patients. Data col
lected would include not only baseline demographics and severity of illness but also 
specific information on ICU and hospital interventions, complications, length of 
stay and discharge destination. These large cohorts would provide more useful 
information for families and clinicians. While this may appear daunting at first 
blush, the burgeoning field of informatics has provided the technology to proceed 
and groups such as Project IMPACT, sponsored by the Society of Critical Care 
Medicine in the United States, as well as ICNARC (Intensive Care National Audit 
and Research Center) in the United Kingdom are already collecting large amounts 
of data on many ICUs prospectively. With time, we will hopefully have the data on 
long-term survival, and more importantly associated quality oflife, to be able to 
confidently discuss long-term prognosis with our patients and their families and 
make informed decisions regarding the institution, continuation, and withdrawal 
oflife support measures. 
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