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Abstract 

In the Intensive Care Unit, clinicians are continuously faced with the difficult task of 

prognosis, but their predictions of patient survival status may not always be consistent. 

Specifically very little is known about consistency of predictions over time. The aim of 

this paper is to assess the consistency of nurses’ daily predictions of survival in terms of 

inter-observer variance and variance of observers over time. We found a low consistency 

of these predictions between observers and over time, even though changes in the pa-

tients’ condition are considered. Our findings have implications to the process of end-of-

life decision-making, which pertains to withholding or withdrawing intensive care treat-

ment.  

 

Introduction 

In the Intensive Care Unit (ICU), clinicians are continuously faced with the difficult task 

of prognosis. The relevant prognostic question in this setting is to predict hospital survival 

chances of their patients, which is the probability that a particular patient will eventually 

be discharged alive from the hospital. Although prognosis of survival status strongly in-

fluences clinical actions such as provision of life support [1], it is the part of medical prac-

tice clinicians feel most insecure about [2,3]. 

Previous research shows that, on the first day of ICU admission, both nurses and phy-

sicians’ predictions have good discriminative ability (i.e. ability to distinguish between sur-

vivors and non-survivors) [4]. There could however be substantial disagreement between 

different clinicians, even among very experienced ones and their predictions are influ-

enced by several external factors, such as ego bias (i.e. more trust in self than in others), 

reverse ego bias (i.e. less trust in self than in others) and level of experience [5-9]. There-

fore, it is often hypothesized [2,3] that their predictions, or those of humans in general 

[10], are not consistent.  

The term consistency in this context refers to either 1) consistency between different 

observers assessing the same phenomenon (inter-observer reliability) or 2) consistency of 

the same observer assessing the same phenomenon more than once from one time to 

another (test-retest reliability) [11]. Knowledge in this area is however restricted to the 

inter-observer reliability of physicians with different levels of experience and little is 

known on the consistency of nurses’ predictions of survival in the ICU. More important, 

there are no published studies that assess the consistency of daily predictions of survival 

over time, which is closely related to the concept of test-retest reliability, although the 

predictions over time should be expected to change due to change in the condition of the 

patient. The aim of this paper is to assess the consistency of nurses’ daily predictions of 

survival in terms of 1) inter-observer variance and 2) variance of observers over time. 

 

Methods 

In this prospective cohort study we included all consecutive patients admitted between 

March 2009 and June 2010 to a 28-bed multidisciplinary mixed adult ICU of a 1002-bed 

university hospital in Amsterdam. We extracted demographics, patient outcomes and all 

data necessary to calculate severity of illness scores from the Dutch National Intensive 

Care Evaluation (NICE) registry [12], which is officially registered according to the Dutch 

Personal Data Protection Act. 
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In addition, we developed a software module to elicit nurses’ estimates of the likeli-

hood of patient survival until hospital discharge. This module was integrated into the Pa-

tient Data Management System (PDMS) that is used in the ICU. After entry of daily rou-

tine clinical patient data, a self-explaining question popped up automatically in which 

nurses could choose between 10 probability categories (from 1 to 10) or state that they 

had no clue regarding the survival chance of a particular patient. Categories were indicat-

ed with red (low survival probabilities) and green (high survival probabilities) color-scales. 

Eliciting these survival probability categories took typically place between 9.00 and 12.00, 

but estimates could be changed until 0.00. We estimated that this set up would result in 

three nurses’ estimates of a patient’s hospital survival every 24 hours. Our ICU employs 

120 nurses whom were not trained to estimate survival probabilities and did not receive 

feedback. They were notified of this study by email and a single announcement (EdJ) dur-

ing a staff meeting and they are unaware of their colleagues’ assessments. Ethical consent 

for this study was waived by the Institutional Review Board (IRB).  

Data were analysed using the statistical environment R version 2.10.1 [13]. Missing 

predictions were imputed by taking the mean value of the predictions of the previous and 

next day. When these were not available, the complete patient record was excluded. The 

consistency of the predictions was assessed in the following ways. First, inter-rater vari-

ance was measured by calculating 1) the variance Vij per patient i per day j, 2) taking the 

mean value per patient MeanVj of all prediction days, and 3) taking the mean value for all 

patients MeanV. Second, variance over time was obtained by 1) taking for each patient i 

the mean prediction MeanPri per day, e.g. <0.2, 0.6, 0.4>, 2) calculating for each observer 

k the distances between prediction MeanPrik and MeanPri, e.g. when the predictions of ob-

server 1 are <0.3, 0.6, 0.2> then the distances between this observer and MeanPrj are 

<0.1, 0.0, -0.2>, 3) taking the variance Vi of these distances, and 4) taking the mean vari-

ance MeanV for all patients. Third, the inter-rater variance was calculated for each of the 

first 7 days, to assess if there is a correlation between inter-rater variance and the day of 

prediction. These analyses were conducted for the entire patient cohort as well as patients 

with an ICU stay of at least 7 days. The strategy described above is robust for changes in 

the patient’s condition, because the mean of the predictions per day reflect these changes. 

 

Results 

During our study period, 2,629 patients were admitted. The database contained 29,018 

records with nurses’ predictions of survival. 16 (0.0006%) values were missing and in 

1,481 (0.05%) of the cases, nurses recorded that they had no idea regarding a patient’s 

chance of survival. Data of 12 patients (0.005%) could not be completed by imputation 

resulting in the removal of 25 records (0.001%) of these patients. The remaining 28,993 

records of 2,617 patients were included in the analyses. Patient characteristics are shown 

in Table 9.1. Overall severity of illness by the mean Acute Physiology And Chronic 

Health Evaluation-II (APACHE-II) score was 17.3 and 45.9 by the mean Simplified 

Acute Physiology Score-II (SAPS-II) score. The median length of stay was 2 days and 

mortality was 16%. 

The mean inter-rater variance between different nurses was 1.95 for the entire patient 

cohort (which also includes very short stays) and 3.16 for patients with an ICU stay of at 

least 7 days. This means that the spread around the mean prediction of a particular patient 

on a particular day is 1.95 categories and even 3.16 categories for patients with a longer 
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ICU stay. The mean variance over time was 1.52 in the entire cohort and 2.11 in patients 

with an ICU stay of at least 7 days. For the entire cohort, this refers to a mean spread of 

1.52 categories of each observer around the mean predictions of all observers over time. 

 

Table 9.1. Patient characteristics. 

Age (median [range]) 64 [52-74] 

Male (%) 62.6 

Died (%) 16.0 

Length of stay (median [inter-quartile range])  2 [1-4] 

APACHE II score (mean (standard deviation)) 17.3 (6.8) 

SAPS II score (mean (standard deviation)) 45.9 (16.8) 

Admission type (%)  

Medical 40.7 

Unplanned surgery 16.4 

Planned surgery 42.9 

 

Figure 9.1 shows the inter-rater variance for each of the first 7 days of prediction in the 

entire patient cohort. It can be observed that during the first 7 days of ICU stay, inter-

rater variance is closely correlated to the day of prediction (correlation coefficient = 0.93, 

p<0.01). For patients with a minimum stay of 7 days this relation is less clear as it remains 

high at a similar level as the last observation of day 7 (data not shown).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.1. Inter-rater variance in entire cohort. 

 

Discussion 

Nurses have a low level of consistency in predicting patient survival status in the ICU. 

The variance between predictions of different nurses (inter-rater variance = 1.95) was 

higher than the variance within observers over time (variance over time = 1.52), especially 

in long term patients (inter-rater variance = 3.16 vs. variance over time = 2.11). Patients 

with a longer ICU stay may be more difficult to assess, resulting in more divergent opin-

ions of different nurses. Indeed, while inter-rater variance was closely related to the day of 

admission in the entire cohort, it was already at about its highest value at the first day of 

admission in patients with a stay of at least 7 days.  
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To the best of our knowledge, this is the first study assessing the consistency of nurses’ 

daily predictions of patient survival status in the ICU. We included a large patient cohort 

for whom three nurse predictions were available at each day of ICU stay with very few 

missing values (0.0006%). The main limitation of this study is that the predictions are not 

always provided by the same nurses, which may bias estimates of inter-observer variance 

and variance of observers over time. We mitigated this bias, however, by first calculating 

variance at patient level before taking the mean of all patients. Note also that, although 

survival status is important, other outcomes (such as functional status) should also be 

considered in the end-of-life decision-making process. 

Previous studies that assessed inter-rater variance in the ICU between physicians and 

nurses or physicians with different levels of experience generally found the same levels of 

intra- and inter-rater variance [5-9,14]. Those studies did not assess inter-rater agreement 

of different nurses, however, and most of them were based solely on the day of admis-

sion.  

Important clinical decisions regarding the withdrawal or continuation of intensive med-

ical treatment are for a major part based on subjective interpretations of patient survival 

status. This study shows however that these subjective predictions of survival status by 

humans are not always consistent. Therefore, one should carefully think about how to 

improve the end-of-life decision-making process and communication of survival probabil-

ities in the ICU. Future research should focus on this improvement and the possible 

(supportive) role of objective mathematical models.  
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