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Abstract
Objective: To create an instrument for the prognostic evaluation of elderly patients 
hospitalized in an intensive care unit. Methods: A cohort study, with prospective data 
collection, which included elderly persons aged 60 years or older, was carried out in the 
city of João Pessoa, in the state of Paraíba, Brazil. Data collection was performed using an 
instrument created from a pilot study and the Katz Index. Poisson’s regression was used 
for data analysis. This technique estimates relative risk, retaining variables with p≤0.10 
in the instrument, and ensures biological plausibility. The classification of risk of death 
was performed using quartile analysis, confirmed by the Receiver Operator Characteristic 
(ROC) curve. Results: 205 elderly patients with an average age of 74.6 years and a 59% 
risk of mortality, were included. Of the total sample and based on the scores, 16.6% of 
elderly persons had a low risk of developing death, 23.9% were at moderate risk, 40% 
had a high risk, and 19.5% exhibited a very high risk of death. The positive predictive 
value of the instrument was 77% and the negative value was 67.5%, with a concordance 
index of 0.78. The cutoff score of the instrument was 9 points or over. The sensitivity 
was 77.7% and the specificity was 66.7%. Conclusions: The instrument developed may 
be useful in the identification of elderly people with risk factors who require increased 
care. The instrument described can therefore be applied in Brazilian intensive care units.
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INTRODUC TION

With increased population aging and greater 
longevity accompanied by the exacerbation of 
noncommunicable chronic diseases, more and 
more elderly persons are becoming users of hospital 
services and consequently being hospitalized in 
intensive care units1,2. 

The overall rate of mortality in adult intensive 
care units (ICUs) is between 10 and 56%3,4 while the 
mortality of the elderly in such units ranges from 
28 to 62%5,6.

This population group, which is generally 
characterized by a high prevalence of chronic 
diseases and reduced organic reserve, presents a 
greater demand for ICU beds and evolves more 
easily to a critical state, resulting in greater costs 
when hospitalized in these units. 

To provide care to such individuals, multi-
professional teams working in the ICU must have 
specific knowledge about the needs of the elderly 
and focus their actions on attending to their 
specific needs and the needs of their families, while 
also accompanying the advances of the complex 
technology that these units contain. 

The severity of the condition of individuals leads 
medical professionals to think about their prognosis 
and to seek measures that evaluate such severity, as 
well as considering whether the treatment instituted 
will be successful, or if the search for a cure for 
the patient should be suspended. This means that 
measurement is a constant challenge which, if 
effectively performed, can facilitate decision-making 
by the health team and family members7.

In a study carried out in 2015, Pedrosa et al.1 
found that the combination of acute and chronic 
diseases, together with the physiological limitations 
resulting from the aging process, can interfere with 
the treatment of elderly persons in the ICU, resulting 
in a more negative prognosis.

Literature remains conflicting in terms of 
demonstrating whether the instruments and scales 
of evaluation and prognosis currently used in younger 
populations are also the most adequate for the elderly 
population. 

Studies support the development and validation 
of new indices aimed at elderly patients hospitalized 
in ICUs, which consider, in addition to survival, the 
functional and cognitive status of such individuals 
following hospital discharge, and argue that the 
creation of these indices can support decision making 
in the ICU, respecting the preferences of patients8,9.

In the midst of these challenges, and due to the 
high percentages of elderly people in the population, 
a proportion which increases considerably in ICUs, 
there is a need for greater targeting of care through 
the introduction of new strategies that offer the 
required treatment, so reducing hospitalization and 
providing more resolutive approaches for the health 
problems of the elderly10.

Therefore, to contribute to the care of the elderly 
in ICUs, the present study aimed to construct a 
tool for the prognostic evaluation of elderly patients 
admitted to an intensive care unit.

METHOD 

An exploratory cohort study involving elderly 
ICU patients, with data collected prospectively, was 
carried out in four hospitals with ICU services that 
offered care to the severely ill from the public health 
network of the city of João Pessoa, Paraíba, Brazil. 
One of these was a teaching hospital with twelve 
beds, one was a military hospital with seven beds, 
one was a municipal hospital with ten beds and one 
was a state hospital with eight beds. Together these 
hospitals offer 37 beds for intensive care admission. 

The sample was selected for convenience and 
based on free demand for each service. It consisted 
of elderly individuals aged 60 years or older admitted 
to the ICUs of the hospitals included in the study, 
with a length of stay in the unit equal or superior to 
24 hours, and irrespective of their educational level 
or physical and mental status. Elderly patients who 
died within the first 24 hours; who were transferred 
to ICUs from hospitals that were not part of the 
study; and who were neither discharged nor died 
during the period determined for data collection 
were excluded from the study, along with the first 
hospitalizations of those subsequently readmitted to 
the ICU. The sample size calculation was performed 
according to guidelines established in literature, 
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which suggest that studies using regression analysis 
are based on a quantitative of at least 10 outcomes 
per predictor variable in the final instrument11, giving 
a total sample of 170 patients.

Data collection was performed from the 
beginning of December 2012 to the end of June 
2013, using the instrument constructed from the 
pilot study and the Katz scale12, with the objective of 
evaluating the functional capacity of the elderly. Three 
classification categories were used: independent, 
partially dependent and totally dependent.

A cross-sectional pilot study was applied to 20 
elderly patients admitted to two ICUs from the 
institutions included in the study. The construction 
of the instrument for the pilot study was aimed 
at identifying the clinical and demographic 
characteristics of elderly individuals in these units 
and the approximation of the variables to be 
included in the data collection instrument used in 
the study. While the results of the pilot study were 
not inserted in this study, the findings showed that 
this instrument allowed approximation to reality and 
the identification of the most important variables for 
the construction of the data collection instrument 
used in this study.

The “worst” data from the first 24 hours of the 
patient in the ICU were collected from medical 
records. To achieve this, the data which most 
effectively revealed the extent of the severity of the 
patient’s condition, such as highest temperature, were 
gathered from the results observed and recorded by 
the medical team. This measure is justified by the 
fact that the data collected in this period reveals the 
status of the patient without the interference of the 
measures instituted in the ICU, and it is when the 
most severe disorders with the worst psychological 
deviations are observed3,6,13.

In the case of readmission to the ICU, records 
of the previous hospitalization were disregarded. 
In sedated patients, the Glasgow Coma Scale was 
used to classify state of consciousness immediately 
before sedation.

The strategy for the construction of the data 
collection instrument was based on the problems 
raised in the pilot study, the variables contemplated 
in previously validated severity indexes applied to 

adult patients hospitalized in ICUs, and variables 
highlighted by several previously published studies, 
which address factors potentially related to the 
outcome of elderly persons hospitalized in ICUs. 
Biological plausibility, or in other words whether 
the findings were consistent with the state of elderly 
persons hospitalized in the ICU, was also considered, 
as was the clinical experience of the researchers of 
factors related to the prognosis of elderly persons 
in ICUs and which are considered important for 
this age group. The prognosis of the elderly in the 
ICU refers to anticipated knowledge or judgment 
about the evolution of the disease or patient, and 
the chances of a cure.

Variables related to clinical history were 
collected from family information and medical 
records, and were included in the data collection 
instrument. These were: age group, gender, length 
of previous ICU stay, hospitalization in the last 
year, comorbidities, functional capacity, previous 
cognitive decline, previous history of delirium and 
medication use, as well as variables related to the 
reason for hospitalization: type of hospitalization, 
Glasgow coma scale, invasive procedures performed 
in the ICU, vital signs, 24 hour diuresis, drugs used 
in the ICU, ventilatory modality, FiO2 percentage, 
O2 saturation, Ph value and blood gases, laboratory 
tests and length of stay in the ICU.

This information was obtained by the researchers 
during the working day and always at visiting times, 
so that the family could be approached in order to 
obtain the clinical history of the patient, followed by 
the study of medical records to obtain data related 
to laboratory tests, demographic information, and 
clinical data relating to the admission of the elderly 
person in the first twenty-four hours.

The process of constructing the prognostic 
evaluation instrument followed the steps of 
categorization of the variables and statistical analysis. 
Several variables were collected as absolute values, 
and were then categorized following criteria adopted 
in literature and articles that deal with the subject, 
considering the physiological and pathological 
peculiarities inherent in the elderly individuals. 

The continuous variables were described by mean 
and standard deviation or median and interquartile 
range, and the categorical variables were described 
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by count data and percentages and compared by 
Pearson's chi-square test. 

The Poisson regression technique was used to 
estimate the Relative Risk (RR), a measure of the 
association between a particular factor and the risk of 
a given outcome, which in this case was the outcome 
of hospital discharge due to improvement or death14. 
This indicates the chance of risk in the exposed and 
non-exposed groups, thus expressing by how many 
times the risk is greater or lower in the exposed 
group than in the unexposed group. 

Univariate Poisson regression analysis was 
therefore performed in the construction of the 
prognostic evaluation instrument, and included 
variables with a value of p<0.20 or with major 
biological plausibility. It was followed by Poisson 
multivariate analysis, retaining only variables with 
p≤0.10 in the instrument.

In order to determine the discrimination 
capacity of the instrument constructed, the C-index 
(concordance) was used. This value is equivalent 
to the area under the ROC (Receiver Operator 
Characteristic) curve, allowing the expression of 
the relationship between sensitivity and specificity, 
that is, the capacity to distinguish the final outcome. 

The prognostic evaluation instrument was 
constructed, generating a score for the included 
variables, based on the point estimate of RR and 
the confidence interval, determined by the Poisson 
regression technique, with variables with major 
biological plausibility also considered.

The classification of risk of death was also 
elaborated, using quartile analysis, confirmed by 
the ROC curve, and the Kaplan-Meier curve was 
constructed in order to evaluate time until the 
occurrence of death in the ICU.

All the phases of the study complied with 
Resolution 466/12 of the National Health Council 
of the Department of Health15, and the project was 
approved by the Ethics Research Committee of the 
Pontifícia Universidade Católica do Rio Grande do 
Sul, under Plataforma Brasil number 186.415.

RESULTS

A total of 555 patients were admitted to the ICUs 
of the study during the period from December 1, 
2012 to June 20, 2013, of whom 252 (45.4%) were 
elderly. Data was collected from 233 of these subjects, 
with 28 individuals then eliminated due to transfer, 
incomplete data or a stay of less than 24 hours in 
the ICU. The total sample of the study was therefore 
composed of 205 elderly people, 30.7% of whom 
were from the teaching hospital, 25.8% from the 
military hospital, 28.7% from the municipal hospital 
and 14.6% from the state hospital. 

The mean age of the total sample was 74.6 (± 
9.04) years, with the youngest individual aged 60 and 
the oldest person aged 96. The length of stay in the 
ICU ranged from 01 to 126 days of hospitalization, 
with a median of 11 days (25th percentile=5 days, 75th 
percentile=22 days). Hospitalization time ranged 
from 10 to 114 days, with a median of two days (25th 
percentile=1 day, 75th percentile=9 days). Of the 
total sample, the outcome of 121 (59.02%) elderly 
patients was death.

Table 1 shows the Poisson multivariate analysis, 
including only variables that obtained a statistical 
significance with a value of p<0.10 included. Due 
to their statistical significance, these variables 
were included in the final prognostic evaluation 
instrument.

Based on the point estimate of RR and the 
confidence interval determined by Poisson regression, 
together with biological plausibility, a score was 
generated for the variables included, with a total of 
33 points, and is set out in table 2.

Table 3 shows the risk of mortality of the elderly 
in the ICU according to score and classification of 
risk, based on quartile analysis and confirmed by 
the ROC curve. Of the total sample and based on 
the scores, 16.6% of the elderly persons were low 
risk, 23.9% presented moderate risk, 40% were high 
risk and 19.5% had a very high risk of evolving until 
death. Corroborating the findings of the scores, the 
probability of death increases considerably when the 
score is ≥ 9 points.
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to be continued

Table 1. Distribution of variables according to relative risk, confidence interval and p≤0.10 value, based on Poisson 
multivariate analysis (n=205). João Pessoa, Paraíba, 2013. 

Variables Relative Risk CI 95% p
Clinical antecedents
Prior delirium 1.36 (1.14 – 1.63) 0.001
Neoplasms 1.61 (1.20 – 2.16) 0.002
Use of vasoactive drugs 1.41 (1.13 – 1.76) 0.002
Heart rate >100 bpm* 1.27 (1.03 – 1.57) 0.024
Length of stay in ICU 1.01 (1.00 – 1.01) 0.006
Glycemia <70mg/dl 1.40 (0.94 – 2.10) 0.102
Age range (years)
60-69 1.00 - -
70-79 1.12 (0.88 – 1.43) 0.354
≥80 1.42 (1.08 – 1.86) 0.012
Ventilatory support
Spontaneous/Catheter 1.00 - -
Use of Venturi mask 1.87 (1.15 – 3.15) 0.018
Invasive Mechanical Ventilation 1.82 (1.09 – 3.03) 0.022
Glasgow Coma Scale
Mild: 13 to 15 1.00 - -
Moderate: 9 to 12 1.48 (1.09 – 2.01) 0.013
Severe: 3 to 8 1.33 (1.02 – 1.73) 0.033
Reason for hospitalization
Respiratory disorder 1.86 (1.00 – 3.45) 0.050
Neurological disorder 1.99 (1.07 – 3.68) 0.029
Cardiac disorder 1.96 (1.08 – 3.56) 0.028
Gastrointestinal disorder 2.26 (1.19 – 4.29) 0.013
Renal/metabolic disorder 0.82 (0.28 – 2.42) 0.723
Infection/sepsis 1.56 (0.84 – 2.92) 0.162
Surgical procedures 1.00 - -

*bpm = beats per minute

Table 2. Variables included in the prognostic evaluation instrument for elderly persons hospitalized in ICUs, 
based on score (n=205). João Pessoa, Paraíba 2013.

Variables Score
Clinical antecedents
Prior presence of delirium 2
Neoplasms 3
Use of vasoactive drugs 2
Heart rate >100 bpm* 2
Glycemia <70mg/dl 1
Age range (years)
70-79 1
≥ 80 2
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Table 3. Classification of risk of death for elderly persons hospitalized in ICU based on score and category of 
risk (n=205). João Pessoa, Paraíba, 2013.

Score
Sample 
n=205 (%)

Death
Category of risk

n (%)
≤6 34 (16.6) 05 (14.7) Low
7- 8 49 (23.9) 22 (44.9) Moderate
9-11 82 (40.0) 58 (70.7) High
>11 40 (19.5) 36 (90.0) Very high

Table created by authors

Variables Score
Ventilatory Support
Use of Venturi mask 2
Invasive Mechanical Ventilation 3
Glasgow Coma Scale
Moderate: 9 to 12 2
Severe: 3 to 8 3
Reason for hospitalization
Respiratory disorder 2
Neurological disorder 2
Cardiac disorder 2
Gastrointestinal disorder 2
Infection/sepsis 1
Length of stay in ICU > 6 days 1
Total points 33

*bpm = beats per minute

continued from Table 2

The discriminatory power of the instrument 
was demonstrated by the construction of the ROC 
curve. The positive predictive value was 77%, while 
the negative predictive value was 67.5%, with a 
concordance index C = 0.78 (95% CI, 0.71-0.84). 
The cut-off point of the instrument through the 
ROC curve was ≥9 points. The sensitivity was 77.7% 
and specificity was 66.7% (Figure 1).

Figure 2 shows the distribution of the survival 
rate of the elderly participants in the study according 
to length of stay in the ICU. For individuals who 
remained in the ICU for up to 10 days, the survival 
rate was 69.8%, with this rate falling to 46.6%, 
22.4% and 10.7% for those who remained for 20, 
40 and 50 days respectively, as verified by the Kaplan 
Meier curve. This figure reveals that, as the length 
of stay of the elderly person in the ICU increases, 
the probability of survival decreases.
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Figure 1. Area under ROC curve in detection of occurrence of mortality of elderly persons in an ICU using 
the final prognostic evaluation instrument. C=0.78 (CI 95%; 0.71 – 0.84), (n=205). João Pessoa, Paraíba, 2013.

Figure 2. Kaplan-Meier Curve (n=205). João Pessoa, Paraíba, 2013. 

TP_ICU = Length of stay in ICU
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DISCUSSION

The results indicated ten factors which may be 
associated with a higher risk of mortality for elderly 
patients hospitalized in ICUs: previous delirium; 
neoplasms; use of vasoactive drugs; heart rate> 100 
bpm; length of stay in the ICU> 6 days; glycemia 
<70mg/dl; age range ≥80 years; use of Venturi 
mask or invasive mechanical ventilation (IMV) as 
ventilatory support; a moderate or severe Glasgow 
coma scale rating; and respiratory, neurological, 
cardiac or gastrointestinal disorders as a reason for 
hospitalization.

The reason for hospitalization presented a 
significant association with death and a high relative 
risk of mortality among the elderly persons in the 
ICU, and was classified by disorders in different body 
systems. Disorders that affected the gastrointestinal 
system correlated most closely with death in the ICU, 
with elderly individuals admitted with pathologies 
that affected this system having more than twice the 
risk of an outcome of death than elderly persons who 
were not exposed to this situation. This corroborates 
the findings of other authors16, who affirmed that 
the disorders that most affected the elderly in ICUs 
were neurological, cardiovascular, respiratory, 
gastrointestinal and renal /metabolic.

Hospitalized elderly persons with a clinical 
history of neoplasms had a 1.61 times greater risk 
of death than the elderly who did not have the clinical 
diagnosis of this disease. Elderly cancer patients 
are a significant presence in the ICU, and increased 
age means there is a greater chance that neoplastic 
disease will be present in more advanced stages17.

Just as respiratory disorders were significantly 
associated with a risk of death risk, so ventilatory 
support was included in the instrument as a predictor 
of a worse prognosis, with a high risk of death. 
Elderly patients who used a Venturi mask were 1.87 
times more likely to evolve to death in the ICU 
and those who used IMV were 1.82 times more 
at risk than those who did not use such breathing 
modalities. Previous studies also identified the latter 
as an important risk factor for the negative prognosis 
of elderly patients admitted to the ICU18,19. 

In terms of the Glasgow coma scale, it was 
observed that elderly persons with a moderate score 
had a 1.48-fold greater risk of death, while elderly 
individuals with a score between 3 and 8 had a 1.33 
times greater risk. 

Regarding age group, elderly persons aged 80 
years or more were 1.42 times more likely to evolve to 
death than younger elderly individuals. Scholars have 
identified age as a factor related to higher mortality5, 
but warn that age on its own should not be related to 
a worse prognosis8,9. Other associated factors, such 
as the severity of an acute illness, comorbidities and 
functional status appear to be more responsible for 
such an outcome8,9. 

The use of vasoactive drugs was identified as 
another important factor of mortality, with elderly 
people who used this type of drug during the first 24 
hours of hospitalization having a 1.41 times greater 
chance of death than elderly individuals who did 
not, corroborating the findings of a previous study 
cited in literature20. 

The risk of mortality of elderly persons with a 
history of delirium was almost double that of elderly 
persons without such a history. This factor is a major 
concern as it is a problem that commonly affects the 
elderly and is often underdiagnosed, and because 
it is associated with a serious and life threatening 
condition21.  

Medical teams should perform careful cardiac 
monitoring, as elderly patients with a heart rate (HR) 
higher than 100 bpm are 1.27 times more likely 
to progress to death, corroborating other findings 
which affirmed the existence of a "close correlation 
with HR values, with values above 110 bpm implying 
an almost 50% risk of death, and values below 69 
bpm being associated with 15% of deaths”22.

Glycemia below 70mg/dl was associated with a 
poor prognosis. The American Association of Clinical 
Endocrinologists (AACE) and the American Diabetes 
Association (ADA) propose the need for glycemic 
control in the ICU, in view of the results of more 
recent studies which have showed that hypoglycemia 
also increases mortality. Currently, the AACE and 
ADA suggest that glycemic levels lower than 100 mg/
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dl should be avoided, and define hypoglycemia as 
corresponding to values below 70 mg/dl and severe 
hypoglycemia to values below 40 mg/dl23. 

An ICU stay of longer than six days was also 
among the variables that presented a risk of an 
unfavorable outcome in the ICU. This variable was left 
in the instrument as it was considered an additional 
risk factor for a negative prognosis for the elderly in 
the ICU. As it was not possible to assess this variable 
in the first 24 hours of hospitalization, it was applied 
to elderly persons with a hospitalization time of more 
than six days. In a study carried out with elderly 
patients who developed severe sepsis and septic shock, 
the length of ICU stay was also related to death13,20.

From the identification of the factors related 
above it was possible to develop a score-based 
prognostic evaluation instrument using a points 
scale. The overall score totaled 33 points, and 
according to the ROC curve, the probability of 
death increases considerably with scores equal to 
or greater than 9 points. It should be pointed out 
that for some variables that are grouped together 
the score is allocated to only one of the variables, 
such as age, ventilatory support, Glasgow coma scale 
classification and reason for hospitalization. 

In addition to the aforementioned factors, 
the instrument included the variables age range, 
categorized from 70 to 79 years, and a reason for 
hospitalization of infection/sepsis. We chose to 
include these variables as we consideried them to have 
major biological plausibility, and other studies have 
identified them as risk factors for the mortality of the 
elderly in the ICU13,20. A lower score was considered 
for both, however, considering that they represented 
a lower risk. 

Finally, risk was classified as the low, moderate, 
high or very high possibility of the elderly having an 
outcome of death in the ICU. The elderly classified 
as at high or very high risk were observed to have a 
high mortality rate. 

The outcome of death was common (≥10%) in 
the present study, justifying the use of the Poisson 
model, which is more conservative when using 
relative risk than other statistical methods, such as 

logistic regression, which uses the odds ratio, and 
in this situation overestimates RR.

The instrument of prognostic evaluation 
constructed in this study is suitable for predicting 
the prognosis of the elderly in ICUs, as it presents an 
area under the ROC curve of 0.78, with acceptable 
power of discrimination, and proved itself sufficiently 
consistent for a reasonable degree of accuracy in 
predicting the risk of mortality of elderly persons 
hospitalized in ICUs. American indices developed 
for the elderly in ICUs identified an area of 0.7 when 
using SAPS II and a 0.7 classification tree24.

The fact that the instrument used in this study 
was not compared to a severity index previously used 
in an ICU, which is considered a gold standard, may 
represent a limiting factor. However, the authors 
intend to carry out additional studies among similar 
populations, as well as to validate the instrument 
proposed and constructed in this study.

CONCLUSION

The instrument developed in this study appears 
to be adequate, objective and easy to apply, with 
good sensitivity and specificity for identifying the 
risk of mortality of elderly persons in ICUs. It may 
be useful in the identification of elderly individuals 
with risk factors that require greater care, and can 
therefore be applied in such units. 

The identification of the risk of mortality of the 
elderly in ICUs is important for the support it provides 
to professionals and, together with institutions, offers 
the opportunity to evaluate the clinical and hospital 
practices that may be related to unfavorable outcomes 
in such units, thus contributing to care planning and 
early intervention strategies.

It should be emphasized that the instrument 
developed here is simple to apply, including with 
respect to its objective variables. It is easy to 
interpret and its results are easy to identify, and it 
costs health services nothing. It has a very small 
number of variables, and can be easily used by nurses, 
physicians and physiotherapists working in ICUs. Its 
applications allow the evolution and response of the 
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