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Abstract 

Purpose: To systematically review prognostic research literature on development and/or 

validation of mortality predictive models in elderly patients. 

Methods: We searched the Scopus database until June 2010 for articles aimed at validating 

prognostic models for survival or mortality in elderly intensive care unit (ICU) patients. 

We assessed the models’ fitness for their intended purpose on the basis of barriers for use 

reported in the literature, using the following categories: (1) clinical credibility, (2) meth-

odological quality (based on an existing quality assessment framework), (3) external validi-

ty, (4) model performance, and (5) clinical effectiveness. 

Results: Seven studies were identified which met our inclusion criteria, one of which was 

an external validation study. In total, 17 models were found of which six were developed 

for the general adult ICU population and eleven specifically for elderly patients. Cohorts 

ranged from 148 to 12,993 patients and only smaller ones were obtained prospectively. 

The area under the receiver operating characteristic curve (AUC) was most commonly 

used to measure performance (range 0.71–0.88). The median number of criteria met for 

clinical credibility was 4.5 out of 7 (range 2.5–5.5) and 17 out of 20 for methodological 

quality (range 15–20). 

Conclusions: Although the models scored relatively well on methodological quality, none of 

them can be currently considered sufficiently credible or valid to be applicable in clinical 

practice for elderly patients. Future research should focus on external validation, address-

ing performance measures relevant for their intended use, and on clinical credibility in-

cluding the incorporation of factors specific for the elderly population. 

 

Introduction 

Prognostic models may serve different purposes in the intensive care unit (ICU) [1, 2]. 

First, they may be used for risk adjustment in benchmarking when comparing outcomes 

of patients admitted to different ICUs. Second, identification of high-risk or low-risk sub-

groups may be used for triage or for risk stratification of patients in clinical trials. Finally, 

prognostic models could be used to support individual decision-making (e.g. end-of-life 

decisions or informing patients and their families). The simplified acute physiology score 

(SAPS) [3], acute physiology and chronic health evaluation (APACHE) [4], and mortality 

prediction model (MPM) [5] families are commonly used models originally designed to 

predict mortality in a general adult ICU population. These ‘‘general’’ models, however, 

have also been applied in elderly and very elderly populations (defined by various thresh-

olds on age starting from 65 years) [6]. 

Elderly people represent a rapidly growing distinctive subgroup of patients admitted to 

ICUs with higher prevalence of co-morbidity, cognitive and functional impairment, and 

mortality [7]. Several studies found that in elderly people not age per se, but other factors 

related to old age are predictive of mortality, including diagnosis, co-morbidity, and pre-

morbid cognitive and functional status [8–13]. Although general models use age as a 

proxy of these factors, they may not sufficiently correct for them as calendar age and bio-

logical age diverge at older age. In addition, elderly patients, who are usually excluded 

from clinical trials, react differently to diagnostic procedures and medication than the 

younger population [14]. Moreover, there is some evidence suggesting that older patients 

in the ICU are treated differently from younger ones even when they have the same se-

verity of illness [15]. For these reasons, new, more ‘‘specific’’ models incorporating these 
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factors have been developed specifically to predict outcome in elderly and very elderly 

ICU patients.  

There is no literature review, however, narrative or systematic, that describes these 

models. Of special interest is what is known about the validity of these models and 

whether they can be used in clinical practice. In this systematic review we aimed to answer 

the following research questions: (1) which prognostic models (general or specific) are 

validated in an elderly or very elderly ICU population, and (2) to what extent can these 

models reliably be used for the purpose they were developed for? Aside from describing 

the general characteristics of such studies we resort to the literature on barriers to the im-

plementation of prognostic models in practice in order to extract and assess relevant de-

scriptors. 

 

Materials and methods 

Search strategy and data sources 

The Scopus database (from January 1966 to June 2010) was searched on the basis of title, 

abstract, and keywords for research articles and reviews using the query shown in Figure 

3.1. Scopus comprises, among others, large bibliographic databases such as Medline and 

Embase. In addition to the articles retrieved by the electronic search, references of all in-

cluded articles as well as the references of articles citing them were screened. 

 

Inclusion criteria 

Two reviewers (LM and JL) independently screened all titles and abstracts of research 

articles and reviews written in English, and applied the following inclusion criteria: (1) the 

study aimed to validate the performance of a prognostic model in predicting mortality 

and/or survival; (2) mortality and/or survival was defined for a specific endpoint (e.g. 30 

days); (3) patients were admitted to the ICU; and (4) patients were at least 65 years old, 

termed ‘elderly patients’ in this review. Possible differences were resolved by consulting a 

third independent reviewer (AAH). Review articles were only used for reference in our 

discussion. 

 

Extracted information 

Each study was described by general descriptors (study design, number of included pa-

tients, age subgroups, mortality rate, model type, and stated purpose of the model) and 

descriptors relevant for assessing the fitness of the model for its intended use. The stated 

purpose of a model was described by using the following categories: (1) benchmarking, 

(2) identification of high- or low-risk subgroups, (3) individual decision-making.  

For assessing the models’ fitness for use, we took into account the main barriers re-

ported in the literature for using prognostic models [1, 16]; these are model complexity 

and lack of trust in the models due to clinical (in)credibility and lack of evidence (e.g. lack 

of external validation). These imply the following prerequisites for useful models as re-

ported elsewhere [17–19]: clinical credibility and clinical  effectiveness, good methodolog-

ical quality, external validation, and good performance. We summarized these aspects in 

the following categories: (1) clinical credibility (including model complexity), (2) methodo-

logical quality, (3) external validation, (4) model performance, and (5) clinical effectiveness 

(evidence that the model has a positive impact in practice). The same two reviewers who 
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conducted the screening process (LM and JL) together scored the included studies on 

these categories. These reviewers were not involved in any of these reviewed studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. Search strategy. The items within the boxes A, B, C, D and E are connected by the OR operator. 

 

Clinical credibility 

To measure clinical credibility, we used the following criteria based on those reported 

elsewhere [1, 16]: (1) elderly-specific factors (e.g. co-morbidity, pre-morbid cognitive and 

functional status) are included, (2) there are no abrupt risk changes due to the use of 

thresholds to categorize continuous data, (3) data are obtained in a timely fashion (i.e. 

available before a decision is to be made), (4) data are obtained reliably (i.e. variables are 

not subjective), (5) predictions are easy to generate, (6) predictions are obtained in an un-

derstandable fashion (i.e. the described model is not a ‘‘black box’’). We added to this list 

the following criterion from 2000 [19]: (7) the range of predictions (minimum and maxi-

mum) in the sample is described (if the maximal prediction is low or the range of predic-

tions is small, the prognostic information provided by the model may be too weak to in-

fluence individual treatment decisions). Although clinical credibility is influenced by 

methodological quality, we describe methodological quality separately because it is also 

meaningful to consider it on its own. 

 

Methodological quality 

A checklist with quality criteria for prognostic studies, described by us [20] and based on 

work by Hayden et al. [21], was used to appraise the methodological quality of the includ-

ed studies (Appendix 3.1). The checklist addresses the following components: study par-
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ticipation (e.g. study population described and representing source population), prognos-

tic factor measurement (e.g. prognostic factors defined and measured appropriately), out-

come measurement (e.g. outcome defined), and analysis (e.g. appropriate description and 

implementation of analysis). 

 

External validation 

To assess the extent to which newly developed models are being used or validated by oth-

ers, we reported (1) whether the study developed a new model or externally validated an 

existing model, (2) whether newly developed models were validated by others, and (3) the 

number of times studies were cited by others (as a proxy, albeit weak, for the relevance of 

the models). 

 

Model performance 

We reported the performance of each model as described in the original study. An expla-

nation of the meaning and interpretation of the performance measures used to describe 

model performance can be found in Appendix 3.2. 

 

Clinical effectiveness 

This relates to whether there is evidence, obtained by impact studies, showing that the 

models brought positive change in either the process (e.g. how decisions are made) or 

patient outcome. We checked whether there were (positive) impact studies reported for 

the given models. To this end we searched all articles referring to the respective models 

for impact studies. 

 

Results 

Search results 

Of 3,865 articles initially identified, seven met the inclusion criteria and were included in 

this review (Figure 3.1). No additional articles were found after cross-referencing. Two 

relevant reviews were found that were used for reference in our discussion. No differ-

ences in inclusion decisions between the two reviewers arose, and they were always able 

to reach consensus in scoring the included studies. 

 

Study characteristics 

The characteristics of the included studies were heterogeneous (Table 3.1). In three pro-

spective [6, 22, 23] and four retrospective [24–27] studies, cohorts ranged from 148 to 

12,993 patients, minimum age of participants from 65 to 85 years, and hospital mortality 

from 6.3 to 54.8%. Two studies did not define outcome as hospital mortality, but used 

30-day mortality [24] and 1-year survival [23] instead. Finally, two studies focused on a 

subgroup of elderly ICU patients, Clostridium difficile-associated disease (CDAD) [24] and 

pneumonia [23]. 

 

Reported models 

In the seven included studies, a total of 17 models are validated. Of these, six models 

were developed for a general ICU population [6, 25, 26] and 11 models specifically for an 

elderly ICU population. [22–27] One of the general models was adjusted for the elderly 

population in which it was validated. [26] In two studies general and specific models were  
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Table 3.1. Summary of included studies 
Study/Country Study design 

Period 
N/Age 
(Sub-
group) 

Mor-
tality 
(%) 

Outcome Model 
type 

Model description Model validation Own 
model 

Validat-
ed by 
others 

Number of 
Times Cited 
by othersa 

(per year) 

Stated purpose 

Zilberberg et al. 
(24)/USA 

Retrospective  
Jan-04 to Dec-05 

148/65+ 
(CDAD) 

45.3 30-day 
Mortality 

LR age 75+A, lack of history of CRD, lack of leukocytosis, 
presence septic shock, APACHE-II 20+B 

Internal validation 
using bootstrapping 

Yes No 3 (3) 
 

Individual decision-
making 

Nannings  et al. 
(25)/NL 

Retrospective  
Jan-97 to Oct-05 

12993/ 
80+ 

34.5 Hospital 
Mortality 

PRIM Subgroup A: 24 h urine production < 0.83l, mechanical 
ventilation at 24 h after admission, lowest systolic 
blood pressure during first 24 h <75 mmHg, lowest pH 
during first 24 h <7.3 and medical or unscheduled 
surgical reason for admission C 

Internal validation 
using an independent 
validation set 

Yes No 3 (1.5) Benchmarking 
Identification of 
high-risk subgroups 
Individual decision-
making 

      Subgroup B: lowest systolic blood pressure during first 
24 h <70 mmHg, 24 h urine production <0.9 l and 
lowest pH value during first 24 h <7.3 or >7.6 C 

 Yes No  

      Subgroup C: GCS <5 C  Yes No  

     LR SAPS-IID on all subgroups  No -  

De Rooij et al. 
(26)/NL 

Retrospective  
Jan-97 to Dec-03 

6867/ 
80+ 

31.3 Hospital 
Mortality 

Classifi-
cation 
Tree 

GCS, planned/unplanned surgery, 24h urine, bicar-
bonate, urea, syst ABP, mechanical ventilation 24h after 
admission, pHC 

Internal validation 
using an independent 
validation set 

Yes No 3 (1) Benchmarking 
Identification of 
high-risk subgroups 
Individual decision-
making 

LR SAPS-IID No -  

LR Recalibrated SAPS-IID No -  

Torres et al. (22)/ 
ES 

Prospective 
Mar-00 to Oct-00 

412/ 
65-,65-
80,80+ 

7.8 IMCU 
Mortality 

LR APACHE-IIB, TISS-28, Barthel Index, diagnosis, 
stroke 

Apparent validation on 
training set 

Yes No 16 (4) Individual decision-
making 

6.3 Hospital 
Mortality 

LR APACHE-IIB, TISS-28, diagnosis, stroke Yes No  

25 2-year 
Mortality 
after 
discharge 

LR Charlson Index, ageE Yes No  

33.5 2-year + 
Hospital 
Mortality 

LR AgeE, APACHE-II, Barthel Index, Charlson Index, 
TISS-28 

Yes No  

Nierman et al. 
(27)/USA 

Retrospective 
Jan-96 to Dec-97 

455/85+ 24.6 Hospital 
Mortality 

LR AgeE, gender, independent ADL, assistance with ADL, 
type of ICU, heart rate at ICU admission, count of 
organ system failures, count of ICU procedures 

Internal validation 
using an independent 
validation set 

Yes No 35 (3.89) Individual decision-
making 

Sikka  et al. (6)/ 
USA 

Prospective  
Jun-96 to Sep-99 

253/75+ 
(pneu-
monia 

54.8 Hospital 
Mortality 

LR SAPS-IID External validation No - 16 (1.6) Individual decision-
making APACHE-IIB  No - 

MPM-IIE  No - 

Jandziol et al. 
(23)/UK 

Prospective 
Apr-95 to Sep-96 

555/70+ 43 1-year 
Survival 

LR extreme age (> 85 years)A, diagnostic category, acute 
physiological derangement 

External validation Yes - 3 (0.3) Individual decision-
making 

USA United States, NL The Netherlands, ES Spain, UK United Kingdom, N Number of participants, CDAD Clostridium Difficile-Associated Disease, IMCU intermediate care unit, LR Logistic 
Regression, PRIM Patient Rule Induction Method, CRD Chronic Respiratory Disease, APACHE Acute Physiology And Chronic Health Evaluation, GCS Glascow Coma Score, SAPS Simplified Acute 
Physiology Score, Syst ABP Systolic arterial blood pressure, TISS Therapeutic Intervention Scoring System, ADL Activities of Daily Living, ICU Intensive Care Unit, MPM Mortality Prediction Model. a 
Scopus, date 20-07-2010. Superscript capitals in the column model description denote the way in which age is represented in the model; A Age is represented as a dichotomous variable by using a specif-
ic cut-off point. B Age is represented as a discrete variable by the following 5 categories: ≤ 44, 45–54, 55–64, 65–74, ≥75. C Age is not included in the model itself, but the model is restricted to patients 
aged 80 years and older. D Age is represented as a discrete variable using the following 6 categories: < 40, 40–59, 60–69, 70–74, 75–79,  ≥80. E Age is represented as a continuous variable.
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directly compared to each other [25, 26], in one study only general models were validated 

[6], and in four studies only specific models. [22–24, 27] Six general and seven specific 

models were developed by logistic regression [6, 22–27], one specific model by recursive 

partitioning [26], and three by PRIM [25] (for an explanation of these techniques see 

Online Resource 2). 

The stated purpose of the models was benchmarking in two studies [25, 26], identifica-

tion of high-risk subgroups in five studies [6, 22, 23, 25, 26], and support of individual 

decision-making in seven studies [6, 22–27]. 

 

Clinical credibility  

None of the 17 models fulfilled all 7 criteria for clinical credibility (Table 3.2). The median 

score was 4.5 (out of 7), the highest score was 5.5 in three models, and the lowest was 2.5 

in one model. Fifteen models met less than five criteria, and two models less than four. 

Criterion 1 (inclusion of elderly-specific factors) was the least often met (only in five 

models), followed by criterion 2 (no use of arbitrary thresholds to categorize continuous 

data; met in 6 models). 

 

Methodological quality 

Table 3.3 shows the results of checking the included studies against a set of 20 quality 

criteria. The number of criteria that were met ranged from 15 to 20; the median was 17. 

Although all studies fulfilled most criteria in the other three components, two studies [22, 

27] did not meet three or more criteria in the analysis component. Low scores in method-

ological quality mainly concerned validation performed on the developmental set itself 

[22], lack of comparison to a reference model [22, 24–27], and not measuring perfor-

mance in terms of both discrimination and calibration [22, 24, 25, 27]. 

 

External validation 

One study externally validated existing models, e.g. SAPS-II, APACHE-II, and MPM-II. 

[6] The other six studies either developed one or more new specific models [22, 24–27] or 

internally validated a model they developed earlier. [23] Newly developed models were 

never validated by others. The number of times models were cited by others ranged from 

0.3 to 4 per year. 

 

Model performance 

Model performance is summarized in Table 3.4. Most studies [6, 22–24, 26] measured 

performance in terms of discrimination by calculating the area under the receiver operat-

ing characteristic curve (AUC; five studies), whereas one study [27] used the Goodman–

Kruskal c statistic to measure discrimination. Moreover, three studies [6, 23, 26] measured 

calibration using the Hosmer–Lemeshow statistics, two studies [25, 26] calculated the 

positive predictive value (PPV), and one study [26] measured accuracy by calculating Brier 

scores. Note that the PPV is dependent on the cut-off point used. 

 

Clinical effectiveness 

There were no reported studies on the impact of any of the models on either clinical pro-

cess or patient outcomes. 
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Table 3.2. Criteria for clinical credibility 
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Zilberberg et al. (24)  LR  - - +/- +/- + +/- - 

Nannings  et al. (25)  Subgroup A 
Subgroup B 
Subgroup C 
SAPS-II 

- 
- 
- 
- 

- 
- 
- 
- 

+ 
+ 
+ 
+ 

+ 
+ 
+/- 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+/- 

NA 
NA 
NA 
+ 

De Rooij et al. (26)  Classification tree 
SAPS-II 
Recalibrated SAPS-II 

- 
- 
- 

- 
- 
- 

+ 
+ 
+ 

+/- 
+ 
+ 

+ 
+ 
+ 

+ 
+/- 
+/- 

+ 
+ 
+ 

Torres et al. (22)  LR 1 
LR 2 
LR 3 
LR 4 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

- 
+/- 
- 
- 

+ 
+ 
+ 
+ 

+/- 
+/- 
+/- 
+/- 

- 
- 
- 
- 

Nierman et al. (27) LR  + + + - + +/- - 

Sikka  et al. (6)  SAPS-II 
APACHE-II 
MPM-II 

- 
- 
- 

- 
- 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+/- 
+/- 
+/- 

+ 
+ 
+ 

Jandziol et. al (23) LR  - - + + + +/- + 

APACHE acute physiology and chronic health evaluation, LR logistic regression, MPM mortality prediction model, 

NA not applicable, SAPS simplified acute physiology score. a + for symbolic models, +/- for (generalized) linear 

models, - for non-linear “black box”models. 

 

Table 3.3. Quality criteria 
 Zilber-

ber-
berg et 
al. (24) 

Nan-
nings 
et al. 
(25) 

De 
Rooij 
et al. 
(26) 

Torres 
et al. 
(22) 

Nier-
man et 
al. (27) 

Sikka 
et al. 
(6) 

Jan-
dziol 
et al. 
(23) 

1. Study participation        

Description of setting and study period + + + + + + + 
Description of inclusion and exclusion criteria + + + + + + + 
Description of patient mix + + + +/- + +/- + 
Number of patients reported + + + + + + + 
Number of patients > 100 + + + + + + + 
Mortality rate reported + + + + + + + 
Description of patient characteristics + + + + + + + 
Study population represents source population + + + + + +/- + 

2. Prognostic factor measurement        

Definition of all prognostic factor(s) evaluated + + + + + + +/- 
Description of type of model(s) + + + + + + +/- 
Description of % of participants with complete data 
and handling of missing values 

- - + - - + - 

3. Outcome measurement a        

Definition of outcome of interest + + + + + + + 

4. Analysis        

Description of all evaluation measures + + + + + + + 
Description of model building strategy + + + + + + +/- 
Description of test method + + + +/- + + + 
Both discrimination and calibration evaluated - - + - - + + 
Separate test set used for testing + + + - - + + 
Sufficient presentation of data to assess adequacy of 
the analysis 

+ + + + + + +/- 

No selective reporting of results + + + + + + + 
Comparison to reference model - + + - - + - 

aAs a result of our inclusion criteria in this review all studies score one point in this component 
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Table 3.4. Model performance 

  AUC/ 

AUC ± SD/ 

AUC (95% CI) 

Brier PPV/ 

PPV (95% CI) 

Hosmer-Lemeshow 

statistics/ Goodman 

Kruskal γ statistic 

Zilberberg 
et al. (24)  

LR 0.74 (0.66-0.82)    

Nannings  
et al. (25)  

Subgroups 
 
 
SAPS-II 

  Subgroup A: 0.92 
Subgroup B: 0.90 
Subgroup C: 0.87 
Subgroup A: 0.92 
Subgroup B: 0.90 
Subgroup C: 0.87 

 

De Rooij 
et al. (26)  

Classification 
tree 
 
SAPS-II 
 
 
Recalibrated 
SAPS-II 

0.77 ± 0.01 
 
 
0.77 ± 0.01 
 
 
0.77 ± 0.01 

0.16 
 
 
0.16 
 
 
0.16 

T0.5: 0.69 (0.64–0.73) 
T0.7: 0.85 (0.8–0.89) 
T0.8: 0.88 (0.83–0.91) 
T0.5: 0.68 (0.64–0.72) 
T0.7: 0.78 (0.73–0.82) 
T0.8: 0.83 (0.77–0.87) 
T0.5: 0.71 (0.67–0.76) 
T0.7: 0.81 (0.76–0.86) 
T0.8: 0.88 (0.81–0.92) 

 
 
 
H-statistic: 64.3 
(p<0.001) 
C-statistic: 89 (p<0.001) 
H-statistic: 9.5 (p=0.49) 
C-statistic: 21.6 (p=0.02) 

Torres et 
al. (22)  

LR 1 
LR 2 
LR 3 
LR 4 

0.88 (0.82–0.93) 
0.81 (0.75–0.87) 
0.77 (0.71–0.82) 
0.79 (0.74–0.84) 

   

Nierman 
et al. (27) 

LR    γ statistic: Min -2.557, 
mean -0.487, max 2.502 

Sikka  et 
al. (6)  

SAPS-II 
APACHE-II 
MPM-II 

0.75 ± 0.05 
0.71 ± 0.05 
0.75 ± 0.05 

  H-statistic: 16.4 (p<0.05) 
H-statistic: 19.0 (p<0.01) 
H-statistic: 9.9 (p>0.1) 

Jandziol 
et. al (23) 

LR 0.75   H-statistic: p<0.05 

APACHE acute physiology and chronic health evaluation, LR logistic regression, MPM mortality prediction model, 

SAPS simplified acute physiology score, AUC area under the receiver operating characteristic curve, CI confidence 

interval, PPV positive predictive value, T threshold, e.g. T0.5 means the threshold used for calculating the PPV is 

0.5, min minimum, max maximum, SD standard deviation. 

 

Discussion 

In the seven included studies, 17 models were found that were subject to validation for 

risk estimation in an elderly or very elderly ICU population (defined by different age 

thresholds starting from 65 years). Of these, six are general (i.e. developed for a general 

adult ICU population) and 11 are specific models (i.e. developed specifically for an elderly 

ICU population). The added value of specific models with respect to general ones is ad-

dressed in only two studies that did not find differences. [25, 26] The specific models ad-

dressed in these two studies did not include elderly-specific factors, such as pre-morbid 

cognitive and functional status or co-morbidity, however. 

To assess whether models could be used for the purpose they were developed for, we 

focused on clinical credibility of the model, methodological quality of the study, external 

validity, the model’s reported performance, and clinical effectiveness. Generally, although 

the studies score relatively well on methodological quality (most quality criteria are met by 

most studies with a median of 17 out of 20), there are opportunities for improvement in 

clinical credibility (median number of criteria met is 4.5 out of 7). In addition, external 
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validation is scarce and done only for the general models in small patient samples. More-

over, most model development studies were rarely cited by others and there are no stud-

ies about the impact of models on either clinical practice or patient outcomes. 

The performance of models can be considered reasonable, but most studies did not 

apply a set of performance measures covering more than one aspect of model perfor-

mance. All studies reported individual decision making as a possible use of prognostic 

models, of which one study only measured discrimination, whereas another only meas-

ured positive predictive values. Although the importance of calibration and accuracy may 

be debatable in individual decision-making, discrimination between survivors and non-

survivors is obviously essential. Two studies intended to use prognostic models for 

benchmarking, but only one of them measured performance in terms of discrimination, 

calibration, and accuracy. Moreover, three studies did not describe the range of predicted 

probabilities, and none of them used the R2 measure. R2, which is equal to 1 - Brier 

score/ [M * (1 - M)], where M is the overall mortality risk, adjusts the Brier score to the 

prevalence of mortality. For these reasons, there is still no sufficient evidence that these 

models can be used for these purposes. Exceptions are the models evaluated by de Rooij 

et al. [26] and Sikka et al. [6] (APACHE-II, SAPS-II, MPM-II and a classification-tree 

model), but extensive external validation of these models is still needed in the elderly pa-

tient population. 

Our study has the following strengths. First, to our knowledge, this is the first system-

atic review providing an overview of prognostic models used to predict mortality or sur-

vival in an elderly ICU population. Second, we focused on what we believe are prerequi-

sites for appropriate choice and use of prognostic models in clinical practice: methodolog-

ical quality of the study, clinical credibility and external validity of the model, whether per-

formance measures relevant to the intended use were reported, and model performance. 

Third, we used extensive search criteria to identify relevant studies. Finally, a comprehen-

sive set of quality criteria was used for methodological appraisal of studies. Limitations of 

our study include the fact that, although based on literature, our checklist for clinical cred-

ibility and methodological quality inevitably suffers a certain degree of subjectivity. We 

provided, however, a comprehensive overview of how prognostic research can be im-

proved in order to support the wider acceptance of prognostic models. Another limitation 

is that model use in practice may be influenced not only by methodological quality and 

credibility but also by various implicit social, organizational, or other aspects which can-

not be assessed from the published studies themselves. 

Two other studies reviewed the literature about prognostic tools or variables for out-

come prediction in critically ill elderly patients. However, these studies either focused on 

risk factors alone [9] or focused on scoring systems predicting outcome in patients that 

are not yet admitted to the ICU [28]. Two recent reviews by Mallett et al. [17] assessed the 

reporting of methods in studies developing prognostic models in cancer (no age re-

strictions) and the reporting of their performance [18]. Although they studied a different 

patient population, they also found that external validation of models is scarce. They also 

reported on findings that do not concord with ours. Using quality criteria comparable to 

those used in our checklist, they found that methodology and reporting of methods and 

model performance were generally poor. Apparently, reporting of prognostic models is of 

higher quality in the field of critical care than in the field of cancer. 
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Accepting any of the included models in clinical practice for either benchmarking, 

high-risk subgroup selection, or individual decision-making in the elderly ICU population 

is still premature as both external validation and evidence for the validity of the models 

for their intended use are very scarce. To help alleviate these problems, assuming the goal 

is to employ the models in practice, researchers should better consider the model’s in-

tended use and report on the appropriate performance measures, but preferably also using 

a set of performance measures covering aspects of accuracy (e.g. Brier score, R2), discrim-

ination (e.g. AUC), as well as calibration (e.g. Hosmer–Lemeshow statistics). Moreover, 

there is a need for external validation studies (preferably conducted independently by dif-

ferent researchers in a different research setting as authors tend to confirm the validity of 

their own models [19]) and studies on model acceptance and their impact on clinical prac-

tice (i.e. are they clinically effective?). These kinds of studies could increase physicians’ 

trust and knowledge on how to use prognostic models, and thereby reduce barriers for 

using models in clinical practice [1]. It should be noted, however, that the older the indi-

vidual patient becomes, the smaller their proportion is in the developmental and/or vali-

dation samples. Thus the predictions for these patients will be less reliable. 

Besides lack of validation studies, lack of physicians’ trust in the models is also caused 

by lack of clinical credibility [16]. Indeed, we found caveats in elements that determine 

clinical credibility. First, most models did not include elderly-specific factors (e.g. premor-

bid cognitive and functional status or co-morbidity), although there is increasing evidence 

that in elderly patients not age per se, but elderly-specific factors are predictive of mortali-

ty [8–13]. Useful instruments to measure these include the Katz [29] or Barthel [30] activi-

ties of daily living (ADL) index, the informant questionnaire on cognitive decline in the 

elderly, short form (IQCODE-sf) [31], and the Charlson co-morbidity index [32], alt-

hough these may be hard to collect accurately for all patients, especially in an ICU envi-

ronment. Moreover, predictions may improve when including information arising during 

ICU stay, such as the sequential organ failure assessment (SOFA) scores [20]. Second, 

more than half of the models used arbitrary thresholds for categorizing continuous varia-

bles, such as age, even though, for example, it would be unlikely that the prognosis for 

someone aged 75 years and 0 days would be very different from someone aged 74 years 

and 364 days, but they would fall in different categories if the threshold is 75 years [16]. 

Third, some data are obtained subjectively, but admittedly these mostly include elderly-

specific factors that are sometimes hard to measure objectively. Fourth, most studies did 

not report the range of probabilities provided by their models, although, for example, 

there is no use for a model providing a range of probabilities between 0.1 and 0.3 if the 

intention is to inform individual treatment decisions pertaining to survival [19]. In addi-

tion, predictions that markedly deviate from the overall risk are more useful than proba-

bilities that are close to it.  

Focus of future research should include external validation and improving existing 

models, and not only the development of new models. Models for the elderly patients 

may, however, be improved by adding pre-morbid cognitive and physical status as addi-

tional predictors, and/or short-term post-discharge cognitive and physical status as addi-

tional outcome measures [9, 33]. In addition, for purposes of supporting individual deci-

sion-making at the ICU, it could be beneficial to use information (e.g. SOFA scores) 

about patients during their entire stay (as physicians do) rather than using data collected 
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only in the first 24 h of admission, which are collected mainly for risk adjustment when 

comparing patient outcomes in different ICUs. 

Previous research has shown that patients’ preferences towards life-sustaining treat-

ments are highly dependent on their probabilities on a good outcome [34, 35]. In fact, 

patients often prefer palliative care aiming at comfort and relief of pain if chances for sur-

vival are very low or if survival is associated with high burden. Future research should 

focus on the acceptability by doctors, patients, and their families of different forms of 

prognostic information and whether this might influence the process and outcome of 

decision-making. 

 

Conclusion 

Current prognostic models predicting mortality in the elderly and very elderly ICU popu-

lations are not mature enough for use in clinical practice either because they are not cred-

ible enough and/or not yet extensively validated. This applies for any of their reported 

uses: benchmarking, high-risk subgroup selection, or individual decision-making. There is 

no evidence that elderly- specific models (e.g. models developed specifically for an elderly 

or very elderly ICU population) perform better than general models (e.g. models devel-

oped for a general adult ICU population), but direct comparison of specific and general 

models is scarce. Moreover, elderly specific factors (e.g. co-morbidity, and cognitive and 

functional status) are not included in these elderly specific models, although there is in-

creasing evidence that these, and not age per se, are predictive of mortality in elderly peo-

ple. 

To obtain wider acceptance of prognostic models the focus of future research should 

be on external validation, addressing the performance measures relevant for their intend-

ed use, and on models’ clinical credibility, including the incorporation of factors specific 

for the elderly population. In addition, it might be useful to use information about pa-

tients during their entire stay (e.g. SOFA scores) and to predict cognitive and physical 

status next to survival. Finally, future research could focus on the question whether doc-

tors, patients, and their families value receiving more tailored prognostic information, in 

which form, and whether provision of this information influences the process and out-

come of their decision making. 

 

Appendices 

Appendix 3.1 – Quality Assessment Framework (available online) 

Appendix 3.2 – Performance Measures (available online) 
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