
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Data-driven methods to improve quality assessment of intensive care units

Koetsier, A.

Publication date
2014

Link to publication

Citation for published version (APA):
Koetsier, A. (2014). Data-driven methods to improve quality assessment of intensive care
units. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/datadriven-methods-to-improve-quality-assessment-of-intensive-care-units(6badb296-558e-4c34-b42e-e9c65c50666a).html


119 

 

Chapter 7: 
Readmission to the ICU: a dead 
end? 
In-hospital mortality among 
readmitted ICU patients; validation 
of the APACHE IV model for 
readmissions and comparison of 
adjusted in-hospital mortality 
between readmission and no-
readmission to the ICU 
 

 

 

 

 

 

 

Marjel J. van Dam, Antonie Koetsier, Niels Peek, Dylan W. de Lange, Nicolette F. de 
Keizer 

 

 

Submitted for publication 



120 

 

 
7.1 Abstract 

7.1.1 Importance: Readmission to the Intensive Care Unit (ICU) during the same 
hospitalization is considered not beneficial for patients´ survival. In the Acute Physiology 
And Chronic Health Evaluation (APACHE) IV model readmissions are excluded.     

7.1.2 Objective: (1) Evaluate the performance of the APACHE IV model to predict in-
hospital mortality among readmitted ICU patients, and (2) to compare the crude and 
adjusted in-hospital mortality of non-readmissions versus readmissions. 

7.1.3 Design: A retrospective cohort analysis of patients included in the Dutch ICU quality 
registry (National Intensive Care Evaluation, NICE).   

7.1.4 Setting: 85 mixed medical-surgical ICUs in university-, teaching- and non-teaching 
hospitals. 

7.1.5 Participants: 333,989 ICU admissions from 2007 to 2013, with 20,125 (6.0%) 
patients readmitted at least once.  

7.1.6 Interventions: none 

7.1.7 Main Outcomes and Measures: Calibration and discrimination of the APACHE IV 
model was assessed on both non-readmissions and readmissions. Subsequently, we used 
logistic regression analysis to adapt the APACHE IV model to predict in-hospital mortality 
in readmissions, using patient age, APACHE IV Acute Physiology Score (APS) of each 
admission (initial, 1st readmission, 2nd, etc.), admission type, readmitted (yes/no) and 
readmission count as predictors. This model was used to compare adjusted in-hospital 
mortality rates of non-readmitted and readmitted patients. 

7.1.8 Results: For the APACHE IV model with only readmitted patients, the AUC, Brier 
score, and R2 was 0.78, 0.16, and 0.19 versus 0.91, 0.07, and 0.36 including only non-
readmissions. The APACHE IV APS was higher for first time readmissions (median 50; 
inter quartile range [IQR] 35-69) than for non-readmissions (median 37; IQR 25-56). Crude 
in-hospital mortality among first readmissions was higher than among non-readmissions 
(22.7% versus 12.6%). Using the adapted APACHE IV model, adjusted in-hospital 
mortality among readmissions was 20% lower (OR =0.80 [0.73 – 0.88]) than among initial 
ICU admissions. The in-hospital mortality further decreased by 17% (OR = 0.83 [0.76 – 
0.90]) for each increase in readmission count.  

7.1.9 Conclusions and Relevance: The performance of the APACHE IV model to adjust 
in-hospital mortality for severity of illness in readmitted ICU patients was fair to good. 
Crude mortality rises per readmission, but the adjusted in-hospital mortality decreased 20% 
compared to non-readmissions with a further decrease of 17% for each readmission count. 
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7.2 Introduction 

Unplanned readmissions to the ICU are perceived as a complication of care because they 
are associated with increased death rates [1;2]. Several publications have shown that the 
mortality of patients that are readmitted is 4-5 times higher than in patients with only one, 
initial admission to the ICU [3-5]. Readmissions are, obviously, associated with longer 
length of stay (LOS) in the ICU and in the hospital, increased consumption of resources, a 
higher morbidity and mortality and therefore, represent an enormous economic burden [1-
6]. In short, unplanned readmissions are considered to represent poor quality of care that 
should be best avoided [7;8]. 

However, contemporary prognostic models, like the Acute Physiology and 
Chronic Health Evaluation IV model (APACHE IV), usually exclude readmissions. Only 
the data from the first admission to the ICU are utilized. Readmissions were originally 
excluded to avoid counting more than one hospital outcome for the same patient and 
because their physiologic parameters might be influenced by treatment and hence do not 
represent the severity of illness. As readmitted patients are normally excluded from 
prognostic models we do not know whether these models accurately predict mortality in 
readmitted patients. As a consequence, mortality of readmitted patients is almost never 
corrected for severity of illness. 

 In this article the research question is twofold: (1) what is the performance of the 
original APACHE IV model for readmitted patients, and (2) assuming we can use an 
adjusted APACHE IV model, including readmission (yes/no) and readmission count, for 
prognostication how does the crude and adjusted in-hospital mortality of readmitted 
patients compare to non-readmitted patients? These questions were answered based on a 
large national quality registry of ICUs in The Netherlands [9]. 

 

7.3 Methods 

 

7.3.1 Data Collection 

This retrospective cohort study was conducted using the database of the National Intensive 
Care Evaluation (NICE) registry in which currently 85 Dutch ICUs participate (mixed 
medical-surgical ICUs in university hospitals (n=7), teaching (n=27) and non-teaching 
hospitals (n=51)). At present the NICE-registry contains almost 700,000 records. The 
hospital and patient data (demographic, diagnostic, physiologic and outcome) were 
collected prospectively and de-identified. Readmission was defined as a second (or more) 
entrance into an ICU during the same hospital stay.  

In this study we analyzed all consecutive patients admitted between  January 1st, 
2007 and  January 1st, 2013 including readmission, excluding patients according to the 
APACHE IV exclusion criteria: LOS <4 hrs, patients with burns, patients aged younger 
than 16, patients admitted after transplant operations, and patients coming from another 
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ICU [10]. Furthermore, information on admission type, diagnoses, age, readmission, and 
survival status at discharge from the hospital are key elements for APACHE IV model 
calculations and hence missing data in these items resulted in exclusion of the admission.  

Admissions were categorized into “never readmitted during hospitalization”, “first 
admission of patient that was later readmitted” and “readmission”. For each readmission we 
also recorded the readmission count, i.e. number of times that the patient in question had 
been previously admitted to the ICU during the same hospitalization period. Readmissions 
that were excluded from the analysis due to the APACHE IV exclusion criteria (e.g. LOS 
<4 hrs) were not counted. 

The NICE registry uses a framework for data quality assurance, including 
elements like formal training in data collection, periodical on-site data quality audits and 
automated data range and consistency checks [9-11]. Legally, there is no obligation in The 
Netherlands to obtain consent to make use of registries that do not include patient-
identifying information. Hence, this study did not need further review by an institutional 
review board. The NICE initiative is officially registered according to the Dutch Personal 
Data Protection Act. 

 

7.3.2 Descriptive statistics 

We compared initial ICU admissions, first readmissions, and subsequent readmissions with 
respect to baseline characteristic (age, ICU admission type, comorbidities, APACHE IV 
acute physiology score (APS), ICU LOS, and crude mortality. We also compared non-
readmitted patients and the initial admissions of patients that were later readmitted using 
the same characteristics. In addition, we investigated whether patients that were later 
readmitted, were more often admitted or discharged outside office hours, following the 
definition of office hours used by Kuijsten et al., as 08:00–22:00 hours during weekdays 
and 09:00–18:00 hours during weekend days [12]. Categorical data were compared with the 
chi-squared test. Numeric data following the Normal distribution were compared using 
Student's t-test, while other numeric data were compared with the Wilcoxon rank-sum test. 

 

7.3.3 Performance of APACHE IV model for readmissions 

We assessed the performance of the APACHE IV model in predicting the in-hospital 
mortality risk for (1) ICU admissions of patients that were not readmitted during their 
hospitalization; (2) the initial ICU admission of patients that were later readmitted to the 
ICU during their hospitalization; (3) the first readmission of patients that were readmitted to 
the ICU during their hospitalization; and (4) the second (or higher) readmission of patients 
that were readmitted to the ICU during their hospitalization. We note that datasets (1) and 
(2) together form the set of patients for which normally predictions are made with the 
APACHE IV model. Predictive performance was assessed for each of the four different 
datasets using the ordinary bootstrap method with 1000 bootstrap samples [13]. The mean 
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Brier score [14], AUC [15], and R2 statistics [16] with their 95% Confidence Intervals (95% 
CI) were calculated. 

Furthermore, to investigate if readmitted patients were more severely ill than non-
readmitted patients we analyzed the APACHE IV APS using a General Linear Model with 
readmission status (yes/no), and readmission count (first, second, third, etc.) as covariates. 
To account for the nonlinear increase in APACHE IV APS we used a logarithmic link 
function, and to adjust for correlations between data of different readmissions from the 
same patient we used Generalized Estimating Equations (GEE) [17] with an autoregressive 
working correlation matrix.  

 

7.3.4 Case-mix adjusted in-hospital mortality of readmissions  

To adjust for case-mix when comparing the in-hospital mortality rates of readmitted and 
non-readmitted patients, we adjusted the APACHE IV model to incorporate information on 
readmission status and readmission count by adding them as predictors. Similar to the 
original APACHE IV model, we used restricted cubic regression splines with five knots to 
allow for nonlinear relationships between APACHE IV APS and in-hospital mortality risk 
and between age and in-hospital mortality risk. The admission type (medical, unplanned 
surgery, and planned surgery) was also added as predictor. To adjust for correlations 
between data of different readmissions from the same patient we used GEE with an 
autoregressive working correlation matrix. 

The analyses were performed using PASW Statistics 18.02 and the statistical 
package R, version 3.0.1 (http://www.r-project.org/). 

 

7.4 Results 

Between January 1st, 2007 and January 1st, 2013, after applying our exclusion criteria, a 
total number of 333,989 ICU admissions were included from the NICE registry. Table 1 
summarizes the characteristics of initial ICU admissions, first readmissions, and subsequent 
readmissions. There were 17,206 (5.1%) first readmissions, and 2,919 (0.9%) subsequent 
readmissions. 

When comparing non-readmitted patients and the initial admissions of patients 
readmitted once, we found that non-readmitted patients were younger (mean 63.4 ( standard 
deviation (SD) 16.0) vs. mean 66.0 (SD 14.0), more frequently admitted for medical 
reasons (56.7% vs. 40.4%), less often underwent unplanned surgery (14.2% vs. 23.7%), 
were admitted more often during office hours (53.4% vs. 44.4%) but similarly discharged 
during office hours (85.4% vs. 83.8%). Furthermore, non-readmitted patients were less 
often diagnosed with sepsis (7.8% vs. 14.1%) and the chronic diagnoses chronic renal 
insufficiency (4.9% vs. 8.0%), immunological insufficiency (6.2% vs. 10.0%), confirmed 
infection (12.9% vs. 28.6%), COPD (12.6% vs. 15.8%, and diabetes (14.9% vs. 15.7%) 
were less often present. Finally, initial ICU LOS was shorter for patients that were not 
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readmitted (median 1.0; IQR 0.8-2.8) than for patients that were readmitted for the first 
time (median 2.8; IQR 1.0-6.8). All differences were statistically significant with a p-value 
less than 0.01.  
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Table 1.  Characteristics of initial ICU admissions, first readmissions, and subsequent readmissions. Patients that 
were readmitted the ICU occur multiple times.  

  Initial admission First readmission 
Second or higher 

readmission 
  No. % No. % No. % 

Number of patients 313864   17206   2919   

Sex (Male) 185990 59.26 10747 62.46 1901 65.13 

Age (years, mean (SD) 63.4 (15.9)  66.0 (14.0)  65.6 (13.4)   

Type of admission             

I. Medical 126888 40.43 9748 56.65 1902 65.16 

II. Surgery unplanned 44613 14.21 4074 23.68 551 18.88 

III. Surgery planned 142363 45.36 3384 19.67 466 15.96 

Time of admission (office hours 
vs off-hours) office hours 

167520 53.37 7643 44.42 1383 47.38 

Time of discharge (office hours 
vs off-hours) office hours 

268105 85.42 14416 83.78 2424 83.04 

Ventilated in first hour 137955 43.95 6822 39.65 1074 36.79 

Ventilated in the first 24 hours 160287 51.07 9302 54.06 1484 50.84 

 Medical        

I. Cardiovascular  49081 15.64 3741 21.74 718 24.60 

II. Respiratory 40166 12.80 4888 28.41 983 33.68 

III. Neurologic  28488 9.08 1110 6.45 118 4.04 

IV. Gastro-intestinal  13234 4.22 1295 7.53 267 9.15 

Surgery unplanned          

I. Gastro-intestinal  20027 6.38 2537 14.74 347 11.89 

II. Cardiovascular  15159 4.83 1422 8.26 183 6.27 

III. Trauma 4567 1.46 62 0.36 2 0.07 

IV. Neurologic  3598 1.15 234 1.36 22 0.75 

Surgery planned          

I. Cardiovascular  78784 25.10 1517 8.82 161 5.52 

II. Gastro-intestinal  26200 8.35 1009 5.86 177 6.06 

III. Respiratory 14213 4.53 459 2.67 59 2.02 

IV. Genito-urinary  9028 2.88 141 0.82 12 0.41 

Sepsis 24693 7.87 2432 14.13 425 14.56 

Cardio pulmonary resuscitation 12654 4.03 661 3.84 132 4.52 

Acute renal failure 21186 6.75 1618 9.40 221 7.57 

Dysrhythmia 22404 7.14 1648 9.58 229 7.85 

Cerebral vascular accident 11138 3.55 601 3.49 54 1.85 

Gastro intestinal bleeding 6487 2.07 650 3.78 132 4.52 
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  Initial admission First readmission 
Second or higher 

readmission 
  No. % No. % No. % 

Intracranial mass effect 9672 3.08 394 2.29 41 1.40 

Chronic renal insufficiency 15395 4.90 1375 7.99 325 11.13 

Chronic dialysis 3721 1.19 456 2.65 159 5.45 

Neoplasm 14096 4.49 1012 5.88 154 5.28 

AIDS 447 0.14 34 0.20 9 0.31 

Hematological malignity 4327 1.38 362 2.10 66 2.26 

Cirrhosis 3975 1.27 336 1.95 64 2.19 

Chronic cardiac vascular 
insufficiency 

21153 6.74 1014 5.89 185 6.34 

Chronic respiratory insufficiency 15659 4.99 1445 8.40 269 9.22 

Immunological insufficiency 19596 6.24 1713 9.96 352 12.06 

COPD 39621 12.62 2723 15.83 447 15.31 

Diabetes 46847 14.93 2701 15.70 471 16.14 

Confirmed infection 40339 12.85 4915 28.57 877 30.04 

APACHE IV  APS median 
[IQR] 

38 [25-56]   50 [36-69]   52 [37-70]   

GCS lowest in 24 hours median 
[IQR] 

15 [14-15]   15 [14-15]   15 [13-15]   

Length of stay ICU median 
[IQR] 

1.01 [0.79-2.83]   2.78 [1.02-6.82]   2.89 [1.00-7.62]   

ICU death 26252 8.36 2131 12.39 362 12.40 

Hospital death 41261 13.15 4009 23.30 794 27.20 

 

7.4.1 Performance of APACHE IV model for readmissions 

The performance of the APACHE IV model for predicting in-hospital mortality risk was 
superior for admissions that were not followed by a readmission during the hospitalized 
period (AUC 0.91; Brier score 0.07; R2 0.36). In contrast, its performance was worst for the 
initial admissions of patients that were later readmitted to the ICU (AUC 0.64; Brier score 
0.19; R2 0.03).  Among the readmissions, using data of the first readmission resulted in best 
performance of the model (AUC 0.78; Brier score 0.16; R2 0.19; see Appendix, Analysis 1). 
We therefore chose to continue our analyses with the assumption that the APACHE IV 
model accurately predicts in-hospital mortality for readmissions when using data of the first 
readmission. 

Table 2 compares crude ICU mortality, crude in-hospital mortality and APACHE 
IV APS between admissions not followed by a readmission and all readmissions, split by 
readmission count. In-hospital mortality for patients who were never readmitted during 
their hospitalization was 12.6%. For patients readmitted only once this percentage increased 
to 22.7% and further to 26.7% for patients readmitted two times. The average in-hospital 
mortality of patients readmitted three times or more was 124/440*100% = 28.2%. The 
APACHE IV APS for non-readmissions was considerably lower than for all readmissions. 
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For non-readmissions, the mean APACHE IV APS was 44.5 (SD 28.3) and increased to 
57.4 (SD 28.5) for patients readmitted two times.  Table 3 shows the results of the 
regression analysis that tests the relation between APACHE IV APS and readmitted status 
and readmission count. Patients had a 22% higher APACHE IV APS during readmissions 
(95% CI 1.19-1.24). However, the readmission count does not significantly influence the 
APACHE IV APS.  

Table 2.  Comparison of ICU mortality, in-hospital mortality and APACHE IV APS between admissions not 
followed by a readmission and all readmissions, split by readmission count. Patients are counted only in the row 
that corresponds to their last ICU admission during the hospitalization; Therefore each patient occurs only once 
in this table.  

Readmission 
count number of patients ICU mortality (%) In-hospital mortality (%) 

Mean APACHE 
IV APS (SD) 

0 296423 26252 (8.86) 37236 (12.56) 44.48 (28.29) 

1 15009 2129 (14.18) 3401 (22.66) 
54.55 (28.40) 

2 1877 297 (15.82) 501 (26.69) 
57.36 (28.49) 

3 315 43 (13.65) 90 (28.57) 
57.03 (29.95) 

4 96 14 (14.58) 24 (25.00) 
54.12 (32.05) 

5 19 6 (31.58) 8 (42.11) 
61.11 (49.03) 

6 3 0 (0.00) 0 (0.00) 
46.33 (11.59) 

>6 7 2 (28.57) 2 (28.57) 
17.71 (24.68) 

 

Table 3.  Results of regression analysis that investigates the relation between readmission status (yes/no), 
readmission count, and APACHE IV APS. We used a multiplicative model (logarithmic link function), and 
Generalized Estimating Equations (GEE) model to adjust for correlations between data from subsequent ICU 
admissions from the same patient. 

Variable Odds Ratio 95%CI 

(Intercept) 44.43 [44.32-44.53] 

Readmission count 1.01 [1.00-1.03] 

Readmission status 1.22 [1.19-1.24] 

 

7.4.2 Case-mix adjusted in-hospital mortality of readmissions 

Table 4 presents the adapted APACHE IV in-hospital mortality prediction model for both 
initial ICU admissions and readmissions. The results of the analysis show that when 
correcting for case-mix factors, in-hospital mortality in readmissions was 20% lower (OR = 
0.80 [0.73 – 0.88]) than in initial admissions. The in-hospital mortality further decreased by 
17% (OR = 0.83 [0.76 – 0.90]) for each increase in readmission count, e.g. when a patient 
was readmitted for a second (or third, fourth, etc.) time. 
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Table 4.  Adapted APACHE IV mortality prediction model for both initial ICU admissions and readmissions. 

Variable Coefficient 
Stanard 

error Odds Ratio 95%CI 

(Intercept) 
-5.10 0.11 0.01 [0.00-0.01] 

Readmission count 
-0.19 0.04 0.83 [0.76-0.90] 

Readmission status 
-0.22 0.05 0.80 [0.73-0.88] 

APACHE IV APS spline 1 
-0.02 0.00 0.98 [0.98-0.99] 

APACHE IV APS spline 2 
0.79 0.05 2.20 [2.01-2.40] 

APACHE IV APS spline 3 
-2.18 0.13 0.11 [0.09-0.15] 

APACHE IV APS spline 4 
1.62 0.11 5.06 [4.04-6.32] 

Admission type emergency surgery 
-0.14 0.02 0.87 [0.84-0.90] 

Admission type elective surgery 
-1.10 0.02 0.33 [0.32-0.35] 

Age spline 1 
0.04 0.00 1.04 [1.03-1.04] 

Age spline 2 
-0.01 0.01 0.99 [0.98-1.00] 

Age spline 3 
0.16 0.05 1.17 [1.06-1.29] 

Age spline 4 
-0.26 0.12 0.77 [0.61-0.97] 

 

7.5 Discussion 

This study shows that the APACHE IV model is able to adjust in-hospital mortality in 
readmitted ICU patients, with fair to good calibration and discrimination. Remarkably, 
using data of the initial admissions for readmitted patients, which is normally done in the 
APACHE IV model, yielded the poorest model performance. The crude in-hospital 
mortality of readmitted patients is almost double compared to patients that were admitted 
once to the ICU, but after correction for age, admission type, and severity of illness the 
chances of death appeared to be 20% lower in readmitted patients in comparison to patients 
that were never not readmitted. An increase in readmission count increased the in-hospital 
mortality by another 17%. 

Over the last decade several authors showed that readmission to the ICU is 
associated with higher in-hospital mortality rates in various cohorts. Metnitz [3], Renton [4] 
and Kramer [5] investigated several large cohorts containing patients that were readmitted 
to the ICU and found in-hospital mortality rates increasing four to five times after 
readmission to the ICU. Similar to our study, the severity of illness was found to be higher 
in readmitted patients. In a recent publication Kramer et al. [18] showed an association 
between ICU readmission rate and patient outcome, stratifying ICUs by low, moderate and 
high readmission rates. However, after adjusting for case-mix (based on APACHE IV) no 
significant differences in adjusted in-hospital mortality could be found between the 
different strata of readmission rate. The authors concluded that readmission should only be 
implemented as a quality measure if appropriate patient case-mix correction is taken into 
account. Nevertheless, readmissions are considered a potential quality indicator for ICU 
care for almost a decennium now. Already in 2002 Berenholtz et al. [8] considered 
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unplanned readmissions to the ICU as a complication and quality indicator. More recently, 
The Task Force on Safety and Quality of the European Society of Intensive Care Medicine 
declared ICU readmission rate as a quality indicator [7]. This study puts a new perspective 
on the relation between readmission and in-hospital mortality, both important and 
frequently used quality indicators. Readmission to the ICU may therefore be a less dead-
end road than we used to think. Intensivists play a vital role in the clinical judgement which 
patient will or will not benefit from readmission. 

The major strength of our study is that we used a large dataset from the NICE 
registry, which resulted in high number of readmissions to analyze. Another strength is that 
we used logistic regression with GEE to adjust in-hospital mortality of readmissions and 
non-readmissions for case-mix. As a result, we adjusted for correlations between data of 
different readmissions from the same patient. Although this is one of the largest multi-
center analysis on readmission to the ICU and subsequent mortality, some limitation should 
be addressed. First, observational studies can only discern associations. A causal 
relationship between a certain variable and outcome can only be assumed. Second, not all 
readmissions are alike. For example, we did not take into account the time between ICU 
discharge and readmission. Patients that are readmitted within a couple of hours are 
probably different from patients that are readmitted after a couple of days. Neither did we 
investigate the source of admission of the readmitted patient (e.g. Medium Care, post-
anesthesia care unit or ward). Third, some patients are readmitted because they have 
undergone a procedure that necessitates ICU admission afterwards. Patients with such 
planned readmissions are likely less critically ill than patients who are urgently readmitted. 
Furthermore the dataset does not contain information about treatment restrictions, do-not-
resuscitate (DNR) orders or no return policy at discharge, all possible confounders in 
readmission and mortality.  

 

7.6 Conclusion 

Our results show that the performance of the APACHE IV model is fair to good in 
adjusting the in-hospital mortality for severity of illness in readmitted ICU patients. 
Readmitted patients are more severely ill and their crude ICU and in-hospital mortality is 
higher and rises with each increase in readmission count. However, when mortality is 
adjusted for case-mix, readmission in this cohort of ICU patients is associated with a 
decrease in in-hospital mortality of 20% compared to non-readmissions. The in-hospital 
mortality further decreased by 17% for each increase in readmission count. 
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7.8 Appendix 

 

Analysis 1. Is the APACHE IV model suitable for readmission?   

We first create four datasets of patients adhering to the APACHE IV inclusion criteria (but 
also including readmissions). The four datasets were:  

1. ICU admissions of patients that were not readmitted during their hospitalization. 

2. The initial ICU admission of patients that were later readmitted to the ICU during 
their hospitalization. 

3. The first readmission of patients that were readmitted to the ICU during their 
hospitalization. 

4. the second (or higher) readmission of patients that were readmitted to the ICU 
during their hospitalization. 

For the four datasets, the performance of the original APACHE IV model was determined 
with the mean AUC, Brier Score, and R2  using the ordinary bootstrap method with 1000 
samples. Accordingly, the 95% Confidence Intervals (95% CI) were calculated for the 
corresponding measures.  

Population AUC  Brier score R² SMR 

1. APACHE IV - admissions 
of patients not readmitted 

0.91 [0.91-0.91] 0.07 [0.07-0.07] 0.36 [0.35-0.36] 0.78 [0.77-0.78] 

2. APACHE IV – initial 
admission of patients that were 
later readmitted 

0.64 [0.63-0.65] 0.19 [0.19-0.20] 0.03 [0.02-0.04] 1.26 [1.23-1.30] 

3. APACHE IV – first 
readmission of patients that 
were readmitted 

0.78 [0.77-0.78] 0.16 [0.15-0.16] 0.19 [0.17-0.20] 0.78[0.76-0.80] 

4. APACHE IV – second (or 
higher) readmissions of 
patients that were readmitted 

0.74 [0.72-0.76] 0.18 [0.17-0.19] 0.16 [0.13-0.18] 0.82 [0.77-0.86] 

 
 

  


