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Take-home Messages 

 

What is already known about this topic: 

The Simplified Acute Physiology (SAPS) 3 was published in 2005, and it is the most commonly used 

severity of illness score in Brazil. The performance of a score is expected to deteriorate over time, 

particularly in terms of calibration. Therefore, it should be reassessed periodically to evaluate 

whether it remains appropriate. In addition, the parameters and metrics used to estimate ICU 

resources were reported in 2007 and, to the best of our knowledge, have not been revalidated. The 

present study evaluated SAPS 3 performance in a contemporary cohort of 913,035 patients 

admitted to 886 ICUs participating in the Brazilian ICU Registry (UTIs Brasileiras) and investigated 

the need for its customization. 

 

What this study adds: 

We found that the estimated hospital mortality using the standard equation of SAPS 3 (SAPS 3-SE) 

and ICU resources using the original metrics to estimate the length of stay (LOS) per survivor were 

significantly overestimated, which resulted in low standardized mortality and resource use rates, 

respectively. Therefore, we performed a first-level customization (recalibration) of SAPS 3 (SAPS 3-

Custom) and derived a new set of metrics to estimate the expected number of ICU days per 

survivor. The customization procedures corrected these overestimations and resulted in more 

accurate predictions of the two outcomes of interest. 

 

How this study may affect practice or policy: 

The study results support the use of SAPS 3-Custom over SAPS 3-SE to evaluate ICU performance 

and efficiency and for benchmarking in Brazilian ICUs. However, reevaluations of the performance 

of the SAPS 3-Custom and its customized LOS per survivor should be regularly performed to 

assess whether they remain accurate in the near future. 
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Introduction 

 

The severity of illness scores is routinely used to evaluate the performance and efficiency 

of intensive care units (ICUs) for the benchmarking and assessment of temporal severity-adjusted 

trending of mortality.(1–3) These scores are also used in clinical trials and observational studies to 

characterize and stratify subgroups of patients in terms of illness severity. Therefore, these 

instruments provide valuable clinical and administrative information. 

However, model performance inherently varies across different settings because of 

differences in case-mix, clinical management, admission and discharge policies, among other 

factors.(3, 4) Moreover, the performance of these scores is also expected to deteriorate over time, 

particularly in terms of calibration.(5, 6) Therefore, the severity of illness scores must be validated 

prior to their use in a specific setting or geographic region and reassessed periodically to evaluate 

whether their performance remains appropriate. 

The Simplified Acute Physiology (SAPS) 3 score was published in 2005, and it was developed 

from a database with 16,784 patients who were admitted to 303 ICUs from 35 hospitals in 35 

countries, including Brazil.(4) Since 2009, the Brazilian Association of Intensive Care (Associação de 

Medicina Intensiva Brasileira, AMIB) has defined the SAPS 3 score as the recommended severity of 

illness score for assessing ICU performance and benchmarking Brazilian ICUs.(7) This decision has 

been supported by different multicenter studies.(8–10) The last large and multicenter validation 

study was published in 2017 and used data from 48,818 patients who were admitted to 70 ICUs in 

50 hospitals during 2013.(8) In this study, the SAPS 3 standard equation (SAPS 3-SE) had good 

discrimination and calibration, but the customized equation for Central and South American 

countries overestimated mortality.(8) Recently, the critical care setting was seriously challenged by 

the worldwide COVID-19 pandemic, with significant changes in patient clinical management and 

ICU organization and management.(11) Therefore, validation of the SAPS 3 in a post-pandemic 

critical care population is needed to assess whether this model still performs well. In addition, the 

SAPS 3 provides information for evaluating ICU efficiency using standardized resource use (SRU). 

Nevertheless, the parameters and metrics used to estimate the SRU were reported in 2007 by 

Rothen et al. using the SAPS 3 original dataset, and to the best of our knowledge, they have not 

been revalidated.(12) The present study aimed to evaluate SAPS 3 performance in a contemporary 

cohort of patients who were admitted to ICUs participating in the Brazilian ICU Registry (UTIs 

Brasileiras)(13) and investigate whether it needs to be customized. 
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Methods 

 

Study design and setting 

We performed a retrospective analysis of prospectively collected data from adult patients 

(≥16 years old) who were admitted to ICUs participating in the Brazilian ICU Registry between 

January 1st, 2022 and September 30th, 2023. 

 

Selection of Participants, Data Collection and Definitions 

We included adult ICUs with ≥10 beds that had been participating in the Brazilian ICU 

Registry for at least six months to allow the inclusion of units with greater stability in the collected 

data. The registry is an initiative led by AMIB in partnership with Epimed Solutions® (Rio de Janeiro, 

Brazil) to characterize the epidemiological profile of Brazilian ICUs and share useful information to 

guide health policies and strategies to improve the care of critically ill patients in the country.(13) 

In addition, the project aims to encourage the use of quality indicators and performance in the 

management of ICUs and improve the quality of intensive care and increase patient safety in Brazil. 

We included all patients aged ≥16 years who were admitted to the participating ICUs during 

the study period. We excluded patients who were readmitted to the ICU, had an ICU length of stay 

(LOS) <6 hours or hospital LOS >90 days, were potential organ donors and brain dead at ICU 

admission, and whose core data were missing (admission source, primary admission diagnosis, and 

ICU and hospital outcomes). ICUs with >10% missing core data were also excluded. 

The participating ICUs routinely collect patients from trained nurses and medical personnel 

using the Epimed Monitor System (Epimed Solutions®, Rio de Janeiro, Brazil), which is a cloud-based 

registry for ICU quality improvement and benchmarking purposes.(14) The data included 

demographics, admission source, hospital LOS before ICU admission, primary ICU admission 

diagnosis, Sequential Organ Failure Assessment (SOFA) score at admission,(15) comorbidities based 

on the Charlson Comorbidity Index,(16) frailty assessed by the Modified Frailty Index,(17) use of 

organ support during the ICU stay, ICU and hospital LOS, vital status at hospital discharge (dead or 

alive) and destination after hospital discharge. We calculated the SAPS 3-SE score as recommended 

using the logit [-32.6659 + ln(SAPS 3 score + 20.5958) × 7.3068] to estimate the probability of death: 

elogit/(1+elogit).(4) 

 

Outcomes 

The primary outcome was all-cause in-hospital mortality at the patient level. The ICU LOS 

was the secondary outcome. 
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Missing data 

Following the recommendations for the SAPS 3 calculation, we input normal values for 

laboratory and physiological variables.(4) The a-Table in the Appendix presents the frequencies of 

missing data for each SAPS 3 variable or component. 

 

Statistical analysis 

We describe the ICU and patient characteristics using standard descriptive statistics and 

report continuous variables as the means ± standard deviation or medians (25%-75% interquartile 

range, IQR), as appropriate. We report categorical variables as absolute numbers (frequency 

percentages). 

We evaluated model discrimination (i.e., the ability of each model to discriminate between 

patients who lived and patients who died) by estimating the area under the receiver operating 

characteristic curve (AUROC). We plotted calibration curves with 95% confidence intervals (CIs) to 

investigate the relationships between the observed and expected outcomes within each risk decile. 

We used Brier's score as an additional parameter for comparing the overall agreement between 

the predicted and observed outcomes.(18) Standardized mortality (SMR) and resource use (SRU) 

ratios with 95% CIs were estimated to evaluate clinical performance and resource use efficiency, 

respectively. The SMR is the ratio between the observed and predicted hospital mortality. The SRU 

estimates the average observed-to-expected ratio of resources (based on the ICU LOS) used per 

surviving patient in a specific ICU adjusted for the SAPS 3, as proposed by Rothen et al.(12) We 

fitted funnel plot graphs of SMRs and SRUs considering only those ICUs with greater than 150 

admissions to evaluate potential biases in the estimation of these indicators.(19) 

We randomly stratified the samples into training (70%) and validation (30%) datasets. After 

confirming the poor calibration of the original SAPS 3-SE, we performed a first-level customization 

(recalibration) by computing a new logistic coefficient while maintaining the same variables with 

the same weights as the original model. A logistic regression was fitted with the SAPS 3 score as the 

independent variable and in-hospital mortality as the dependent variable in the training dataset 

(SAPS 3 customized equation, SAPS 3-Custom). To update the average number of expected ICU days 

to produce a survivor in our dataset for the purpose of SRU estimation, we stratified patients into 

the nine SAPS 3 strata (< 24; 25-34; 35-44; 45-54; 55-64; 65-74; 75-84; 85-94; ≥ 95 points) originally 

proposed by Rothen et al.(12) First, the average number of resources expected to produce a 

survivor in each stratum was estimated by dividing the sum of the ICU LOS of all patients in that 

stratum by the number of surviving patients in that stratum. To calculate the SRU for a given ICU, 
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the sum of the ICU LOS of all patients was divided by the sum of the total number of expected days 

to produce survivors according to the SAPS 3 strata to which patients were assigned. “Zero” 

expected days was assigned to non-survivors. To avoid noise and the wide variability of the SRUs 

introduced by patients with disproportionately high ICU LOSs, we truncated it to 30 days. We 

performed a pre-specified sensitivity analysis for medical and surgical patients. 

A two-tailed p value < 0.05 was considered statistically significant. We performed the 

statistical analyses using R version 3.5.2 (http://www.r-project.org). 
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Results 

 

Characterization of the studied population and participating centers 

 

A total of 913,035 patients admitted to 886 ICUs in 407 hospitals during the study period 

were considered eligible and constituted the study population (Figure 1). 

 

Figure 1. Eligibility of ICUs and patients. 

 

ICU: intensive care unit.  
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Table 1 presents the main hospital and ICU characteristics. Most ICUs were medical-surgical 

(n=669, 75.5%) located at private hospitals (n=620, 70.0%). The median number of patients per ICU 

was 812 (536 - 1030). 

 

Table 1. ICU characteristics (n=886) 

Variable n (%) 

Hospital Type  
   Public 266 (30.0) 
   Private 620 (70.0) 
Region  
   Southeast 499 (56.3) 
   Northeast 197 (22.2) 
   Central-West 105 (11.9) 
   South 53 (6.0) 
   North 32 (3.6) 
ICU beds (n)  
   10 - 20 461 (52.0) 
   20 - 30 187 (21.1) 
   ≥ 30 238 (26.9) 
Unit Type  
   General/Mixed 669 (75.5) 
   Cardiac/Coronary care 132 (14.9) 
   Surgical 31 (3.5) 
   Neurological 20 (2.3) 
   Oncological 18 (2.0) 
   Other 16 (1.8) 

 

In general, data completeness was good for all SAPS 3 variables, except for bilirubin and 

blood gas analysis results (a-Table 1 of Appendix). For the purpose of assessing the model’s 

performance, the samples were divided into training (n=639,125) and validation (n=273,910) 

datasets. Table 2 shows that the main patient characteristics and outcomes were comparable 

between the two datasets. The main reasons for ICU admission were medical (71.7% and 71.6%), 

followed by postoperative care after scheduled (21.3% and 21.3%) and emergency (7.0% and 7.1%) 

surgeries. Cardiovascular complications, infection/sepsis and neurological complications 

represented almost two-thirds of the medical admissions. At ICU admission, invasive mechanical 

ventilation was used in 11.1% and 11.0%, vasopressors were used in 12.6% and 12.5%, and renal 

replacement therapy was used in 1.9% and 1.9% of the training and validation datasets, 

respectively. The median SAPS 3 score was 47 (39-58) points. The outcomes were also comparable. 

The median ICU and hospital LOS were 3 (1–5) and 7 (3–14) days, respectively. The ICU and hospital 

mortality rates were 9.5% and 14.1%, respectively. 
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Table 2. Characteristics of the studied population in the training and validation datasets. * 

Variable 
Training Validation 

P value 
(n=639,125) (n=273,910) 

Age, years 66.0 (49.0-78.0) 66.0 (49.0-78.0) 0.320 
Sex   0.428 
   Female 321,788 (50.3) 137,512 (50.2)  
   Male 317,265 (49.6) 136,369 (49.8)  
   Unknown 72 (0.0) 29 (0.0)  
SAPS 3, points 47.0 (39.0-58.0) 47.0 (39.0-58.0) 0.456 
SOFA, points 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.860 
Hospital LOS prior to ICU Admission, days 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.008 
Charlson Comorbidity Index, points 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.291 
Modified Frailty Index, points 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.751 
Admission Source   0.598 
   Emergency room 329,045 (51.5) 140,834 (51.4)  
   Operating room 134,237 (21.0) 57,426 (21.0)  
   Transfer from other hospital 55,544 (8.7) 23,857 (8.7)  
   Ward/floor 53,615 (8.4) 22,799 (8.3)  
   Cardiovascular intervention room 36,021 (5.6) 15,718 (5.7)  
   Other ICU of your hospital 9,236 (1.4) 3,964 (1.4)  
   Other 21,427 (3.4) 9,312 (3.4)  
Admission type   0.390 
   Medical 458,498 (71.7) 196,255 (71.6)  
      Cardiovascular 134,843 (21.1) 57,525 (21.0)  
      Infection/sepsis 121,716 (19.0) 51,936 (19.0)  
      Neurological 63,161 (9.9) 27,134 (9.9)  
      Renal/Metabolic 27,220 (4.3) 11,661 (4.3)  
      Respiratory 24,034 (3.8) 10,373 (3.8)  
      Gastrointestinal 7,731 (1.2) 3,402 (1.2)  
      Other 79,793 (12.5) 34,224 (12.5)  
   Scheduled surgery 136,040 (21.3) 58,333 (21.3)  
   Emergency surgery 44,587 (7.0) 19,322 (7.1)  
Invasive Support use at ICU admission (±1 h)    
   Mechanical ventilation 70,924 (11.1) 30,174 (11.0) 0.261 
   Vasopressors 80,233 (12.6) 34,198 (12.5) 0.369 
   Dialysis 11,833 (1.9) 5,156 (1.9) 0.320 
Outcomes    
   Unit LOS, days 3.0 (1.0-5.0) 3.0 (1.0-5.0) 0.633 
   ICU mortality 60,511 (9.5) 26,001 (9.5) 0.714 
   Hospital LOS, days 7.0 (3.0-14.0) 7.0 (3.0-14.0) 0.582 
   Hospital mortality 89,687 (14.0) 38,437 (14.0) 1.000 

SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; ICU: intensive 

care unit; LOS: length of stay. 

*All continuous variables are reported as medians (25%-7% interquartile ranges), and categorical 

variables are reported as numbers (%). 
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Performance of SAPS 3-SE in the training dataset 

 

Table 3 reports the performance analyses of SAPS 3-SE in the training sample (n=639,125). 

In summary, the discrimination was very good [AUROC = 0.840 (95% CI, 0.839–0.842)]. However, 

the calibration was poor because SAPS 3-SE uniformly overestimated mortality in all risk ranges 

(Figures 2 and 3). The overall SMR was 0.655 (95% CI, 0.651–0.660), and the SRU was 0.749 (95% 

CI, 0.685–0.815). In the ICU-level analysis, the distributions of SMR and SRU individual values 

considering only the ICUs with at least 150 patients (n=861) are reported in Table 4 and the funnel 

plot graphics (Figures 4 and 5). Most ICUs had SMRs and SRUs below 1.00. 

 

Customization of the SAPS 3 score (SAPS 3-Custom) in the training dataset 

 

Considering the poor calibration of SAPS 3-SE, we performed a first-level customization of 

SAPS 3 using the same function of the standard equation and vital status at hospital discharge as 

the dependent variable. The following equation was derived: 

 

[-24.688134 + ln(SAPS 3 score + 1) × 5.703813]. 

 

 The SAPS 3-Custom model had good discrimination (AUROC: 0.840 (0.839–0.842) (Table 3)) 

and calibration in all risk ranges (Figures 2 and 3), which corrected the overestimation of SAPS 3-

SE. 

 To correct for the observed overestimation of the expected number of days per survivor 

according to the severity of illness originally proposed by Rothen et al.(12), we derived a new set 

using the training dataset. To interpret our results compared to Rothen et al., we stratified patients 

into the same original SAPS 3 strata (Table 5). Overall, we found that the expected LOS per survivor 

was comparable to the original value (2.26 days vs. 2.3 days) in the lowest risk patients [stratum 1 

(SAPS 3 = ≤24 points)], followed uniformly by lower values in the low–middle risk patients [strata 

2–6 (SAPS 3 =25–74 points)]. The expected LOS per survivor was also comparable (21.2 days vs. 

22.2 days) in the risk strata 7 group (SAPS 3 = 75–84 points) and, finally, by higher values in the 

highest risk patients [strata 8 and 9 (SAPS 3 ≥ 85 points)]. 

In the ICU-level analysis that considered only the ICUs with at least 150 patients (n=861), 

the SAPS 3-Custom yielded more even distributions of estimated SMR (median=0.93) and SRU 

(median=1.00) around the unit (Table 4 and Figures 4 and 5). 
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Table 3. Performance of SAPS-SE and SAPS-Custom for all patients in the training dataset (n=639,125). 

Score Observed mortality Predicted mortality AUROC (95% CI) SMR (95% CI) SRU (95% CI) Brier 

SAPS 3-SE 
14.03% 

21.41% 
0.840 (0.839–0.842) 

0.655 (0.651-0.660) 0.749 (0.685-0.815) 0.098 

SAPS 3-Custom 14.04% 1.000 (0.993-1.006) 1.004 (1.002-1.007) 0.090 

 

Table 4. Distribution of SMR and SRU individual values in the ICU-level analysis considering only ICUs with at least 150 patients in the training dataset. 

 Training dataset (ICUs=861; Patients=637,453) 

 SMR SRU 

Percentile SAPS 3-SE SAPS 3-Custom SAPS 3-SE SAPS 3-Custom 

     5% 0.18 0.31 0.42 0.57 

     10% 0.23 0.38 0.47 0.63 

     25% 0.37 0.59 0.60 0.80 

     33% 0.44 0.70 0.65 0.87 

     50% 0.60 0.93 0.75 1.00 

     66% 0.79 1.14 0.88 1.15 

     75% 0.92 1.32 1.02 1.33 

     90% 1.26 1.86 1.51 2.01 

     95% 1.47 2.19 1.82 2.46 

SAPS 3-SE: Simplified Acute Physiology Score 3, original standard equation; SAPS 3-CE: SAPS 3, customized equation; AUROC: area under the receiver 

operating curve; CI: confidence interval; SMR: standardized mortality rate; SRU: standardized resource use rate. 
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Table 5. Length of stay (LOS) per surviving patient, stratified by SAPS 3 in patients (n=637,453) admitted to ICUs with ≥ 150 admissions (n=861) for the 

purposes of SRU estimation. 

SAPS 3 
Stratum 

SAPS 3 
(points) 

Patients (n) Survivors (n) 
Total ICU LOS 

(days) 
Customized LOS 

per survivor (days) 
Original LOS per 

survivor (days) (12) 

1 0–24 14,553 14,469 32,632 2.26 2.3 

2 25–34 88,109 87,045 232,088 2.67 3.2 

3 35–44 163,972 158,696 553,003 3.48 4.3 

4 45–54 167,935 153,393 756,149 4.93 7.2 

5 55–64 110,278 88,403 638,220 7.22 11.0 

6 65–74 51,306 31,339 372,105 11.87 16.6 

7 75–84 22,460 8,994 190,943 21.23 22.2 

8 85–94 11,112 2,605 89,412 34.32 29.4 

9 ≥ 95 5,306 744 40,808 54.85 39.0 

LOS: length of stay; SAPS 3: Simplified Acute Physiology Score 3; SRU: standardized resource use rate. ICU: intensive care unit 

To update the average number of expected LOS per survivor in our dataset for the purpose of SRU estimation, we stratified patients into the nine SAPS 3 

classes (< 24; 25-34; 35-44; 45-54; 55-64; 65-74; 75-84; 85-94; ≥ 95 points) originally proposed by Rothen et al. (12). First, the average number of resources 

expected to produce a survivor in each stratum was estimated by dividing the sum of the ICU LOS of all patients in each stratum by the number of surviving 

patients in that stratum. 
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Figure 2. Calibration curves for the original (SAPS 3-SE) and customized (SAPS 3-Custom) equations 

in the training dataset (n=639,125). Patients were stratified into equal 10%-risk deciles. The 

columns represent the number of patients per decile. The thin dotted line represents a perfect fit. 

The observed mortality in each decile is represented by blue diamonds with 95% confidence 

intervals. 

 

 

 

 

 

Figure 3. Calibration curves for the original (SAPS 3-SE) and customized (SAPS 3-Custom) equations 

in the training dataset (n=639,125). Patients were equally stratified into deciles. The columns 

represent the number of patients per decile. The thin dotted line represents a perfect fit. The 

observed mortality in each decile is represented by blue diamonds with 95% confidence intervals. 
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Figure 4. Funnel plot graphs of individual SMR values using the original (SAPS 3-SE) and SAPS 3-

Custom equations in ICUs with more than 150 admissions (n=861) in the training dataset. The 

dotted thin and dashed lines represent the 95% and 99% confidence intervals, respectively. 

 

 

 

Figure 5. Funnel plot graphs of individual SRU values using the original (SAPS 3-SE) and SAPS 3-

Custom expected LOS per surviving patient according to the severity of illness in ICUs with greater 

than 150 admissions (n=861) in the training dataset. The thin dotted and dashed lines represent 

the 95% and 99% confidence intervals, respectively.  
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Performance of SAPS 3-SE and SAPS 3-Custom in the validation dataset 

 

We report the performance of SAPS 3-SE and SAPS 3-Custom for all patients in the validation 

dataset in Table 5 and Figures 6 and 7, with comparable results to those observed in the training 

dataset. Despite good accuracy, SAPS 3-SE significantly overestimated the observed mortality in 

all risk ranges, whereas SAPS 3-Custom was well calibrated. The subgroup analysis of medical and 

surgical patients revealed similar results (Table 6 and Figures 8-11). The ICU-level analysis (n= 

(Table 7 and Figures 12 and 13) with distribution patterns for the SMR and the SRU confirmed 

that the SAPS 3-Custom was more appropriate for evaluating ICU performance than the SAPS 3-

SE. 
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Table 6. Performance of SAPS-SE and SAPS-Custom for all (n=273,910), medical (n=196,255) and surgical (n=77,655) patients in the validation dataset. 

Patients 
Observed 
mortality 

Score 
Predicted 
mortality 

AUROC (95% CI) SMR (95% CI) SRU (95% CI) Brier 

All 14.03% 
SAPS 3-SE 21.37% 

0.841 (0.839–0.843) 
0.657 (0.650-0.663) 0.750 (0.686-0.816) 0.098 

SAPS 3-Custom 13.99% 1.003 (0.993-1.013) 1.006 (1.002-1.010) 0.090 

Medical 16.67% 
SAPS 3-SE 25.28% 

0.829 (0.827–0.832) 
0.659 (0.652-0.667) 0.771 (0.708-0.838) 0.114 

SAPS 3-Custom 16.80% 0.992 (0.981-1.003) 1.045 (1.040-1.049) 0.104 

Surgical 7.21% 
SAPS 3-SE 11.41% 

0.835 (0.830–0.841) 
0.632 (0.616-0.649) 0.667 (0.607-0.729) 0.057 

SAPS 3-Custom 6.84% 1.054 (1.027-1.082) 0.866 (0.859-0.872) 0.054 

SAPS 3-SE: Simplified Acute Physiology Score 3, original standard equation; SAPS 3-CE: SAPS 3, customized equation; AUROC: area under the receiver 

operating curve; CI: confidence interval; SMR: standardized mortality rate; SRU: standardized resource use rate. 
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Figure 6. Calibration curves for the original (SAPS 3-SE) and customized (SAPS 3-Custom) equations 

in the validation dataset (n=273,910). Patients were stratified into equal 10%-risk deciles. The 

columns represent the number of patients per decile. The thin dotted line represents a perfect fit. 

The observed mortality in each decile is represented by blue diamonds with 95% confidence 

intervals. 

 

 

 

 

Figure 7. Calibration curves for the original (SAPS 3-SE) and customized (SAPS 3-Custom) equations 

in the validation dataset (n=273,910). Patients were equally stratified into deciles. The columns 

represent the number of patients per decile. The thin dotted line represents a perfect fit. The 

observed mortality in each decile is represented by blue diamonds with 95% confidence intervals. 
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Figure 8. Calibration curves for the original (SAPS 3-SE) and customized (SAPS 3-Custom) equations 

for medical patients in the validation dataset (n=196,255). Patients were stratified into equal 10%-

risk deciles. The columns represent the number of patients per decile. The thin dotted line 

represents a perfect fit. The observed mortality in each decile is represented by blue diamonds with 

95% confidence intervals. 

 

 

 

 

Figure 9. Calibration curves for the original (SAPS 3-SE) and customized (SAPS 3-Custom) equations 

for medical patients in the validation dataset (n=196,255). Patients were equally stratified into 

deciles. The columns represent the number of patients per decile. The thin dotted line represents 

a perfect fit. The observed mortality in each decile is represented by blue diamonds with 95% 

confidence intervals. 
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Figure 10. Calibration curves for the original (SAPS 3-SE) and customized (SAPS 3-Custom) equations 

for surgical patients in the validation dataset (n=77,655). Patients were stratified into equal 10%-

risk deciles. The columns represent the number of patients per decile. The thin dotted line 

represents a perfect fit. The observed mortality in each decile is represented by blue diamonds with 

95% confidence intervals. 

 

 

 

 

Figure 11. Calibration curves for the original (SAPS 3-SE) and customized (SAPS 3-Custom) equations 

for surgical patients in the validation dataset (n=77,655). Patients were equally stratified into 

deciles. The columns represent the number of patients per decile. The thin dotted line represents 

a perfect fit. The observed mortality in each decile is represented by blue diamonds with 95% 

confidence intervals. 
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Figure 12. Funnel plot graphs of individual SMR values using the original (SAPS 3-SE) and SAPS 3-

Custom equations in ICUs with more than 150 admissions (n=861) in the validation dataset. The 

thin dotted and dashed lines represent the 95% and 99% confidence intervals, respectively. 

 

 

 

Figure 13. Funnel plot graphs of individual SRU values using the original (SAPS 3-SE) and SAPS 3-

Custom expected LOS per surviving patient according to the severity of illness in ICUs with more 

than 150 admissions (n=861) in the validation dataset. The thin dotted and dashed lines represent 

the 95% and 99% confidence intervals, respectively. 
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Table 7. Distribution of SMR and SRU individual values in the ICU-level analysis considering only ICUs with at least 150 patients in the validation dataset. 

 Validation dataset (ICUs=861; Patients=273,185) 

 SMR SRU 

Percentile SAPS 3-SE SAPS 3-Custom SAPS 3-SE SAPS 3-Custom 

     5% 0.16 0.28 0.41 0.56 

     10% 0.22 0.37 0.48 0.65 

     25% 0.37 0.60 0.59 0.79 

     33% 0.45 0.70 0.65 0.87 

     50% 0.60 0.92 0.75 0.99 

     66% 0.80 1.19 0.89 1.19 

     75% 0.94 1.36 1.03 1.37 

     90% 1.25 1.85 1.51 2.00 

     95% 1.45 2.22 1.82 2.49 

SAPS 3-SE: Simplified Acute Physiology Score 3, original standard equation; SAPS 3-CE: SAPS 3, customized equation; AUROC: area under the receiver 

operating curve; CI: confidence interval; SMR: standardized mortality rate; SRU: standardized resource use rate. 
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Discussion and Interpretation of the Study Results 

 

The performance of any prognostic score should be reassessed regularly for several 

reasons, including changes in case mix, ICU admission and discharge policies and patient clinical 

management, among others. Although the score’s discrimination tends to remain relatively stable 

over time, calibration can deteriorate, and recalibration is required to maintain its 

performance.(20–23) In addition, recalibration may be required to adjust for local specificities in a 

given country or region.(24, 25) According to the Brazilian ICU Registry data, there was a trend 

toward progressively lower SMRs and SRUs in the years preceding the COVID-19 pandemic.(13) 

Although these results may suggest improvements in the efficiency of the ICUs participating in the 

registry, a reassessment of SAPS 3 performance was already opportune. However, the COVID-19 

pandemic imposed serious restrictions on any evaluation of model performance during that period. 

Moreover, some studies demonstrated the poor performance of prognostic scores in COVID-19 

patients.(26–28) The present study evaluated the performance of SAPS 3 to predict outcomes in a 

large contemporary cohort of patients admitted to the ICUs participating in the Brazilian ICU 

Registry, which is comprised of approximately 50% of all adult ICU beds in Brazil, with a balanced 

mix of private and public ICUs from the five national regions. To the best of our knowledge, this 

database is the largest ICU registry worldwide. 

We demonstrated that the SAPS 3-SE was mis-calibrated to predict outcomes in the training 

and validation datasets. In general, the SAPS 3-SE significantly overestimated hospital mortality in 

all risk ranges (including the subgroup analysis of medical and surgical patients). We also 

demonstrated that the expected LOS per surviving patient according to the severity of illness 

proposed by Rothen et al.(12) were also not appropriate in our database, with lower values in the 

low–middle-risk classes and higher values in the highest-risk patients. Therefore, lower than 

expected (<1.0) SMR and SRU values were observed in most ICUs. 

The abovementioned results indicated that recalibration was needed. Because the 

discrimination was still very good [AUROC=0.840 (0.839–0.842)], we performed a first-level 

recalibration of the score. The derived equation of SAPS 3-Custom had a very good calibration in all 

risk ranges in the training and validation datasets, including the medical and surgical patient 

subgroups, which corrected the overestimation of the original standard equation. We also derived 

“customized” LOS per survivor by stratifying patients as originally proposed. Comparing our results 

with Rothen et al.(12), we found that resource use was overestimated in the low–middle-risk 

classes and underestimated in the highest-risk patients. The new customized values substantially 

improved the accuracy of the SRU estimation. 
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The present study has potential practical implications because we demonstrated that the 

SAPS 3-SE overestimated mortality and resource use in more recent years. The recalibration 

procedures corrected these overestimations. Therefore, the study results support the use of SAPS 

3-Custom over SAPS 3-SE to evaluate ICU performance and efficiency and for benchmarking in 

Brazilian ICUs. However, reevaluations of the performance of the SAPS 3-Custom and its customized 

LOS per survivor should be regularly performed to assess whether they remain accurate in the near 

future. 
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a-Table 1. SAPS 3 missing variables (patients: 913,035) 

Missing variables n (%) 

Age 0 
Comorbidities 141,536 (15.5) 
Admission source 0 
Length of hospital stay before ICU admission 0 
Vasoactive drugs before ICU admission 1,861 (0.2) 
SAPS 3 admission diagnoses 1,142 (0.1) 
Admission type 0 
Surgical status 0 
Acute infection 1,142 (0.1) 
Glasgow coma scale 111,350 (12.2) 
Total bilirubin 517,642 (56.7) 
Body temperature 57,835 (6.3) 
Creatinine 127,787 (14.0) 
Heart rate 26,739 (2.9) 
Leukocyte 119,152 (13.1) 
pH 560,212 (61.4) 
Platelets 120,555 (13.2) 
Systolic blood pressure 27,156(3.0) 
PaO2/FiO2 649,590 (71.1) 
PaO2 562,170 (61.6) 
PaO2/FiO2in ventilated patients* 35,487 (35.1) 
PaO2 in ventilated patients* 22,844 (22.6) 
Ventilatory support 1861 (0.2) 

SAPS: Simplified Acute Physiology Acute Score; ICU: intensive care unit 

Ventilated patients at ICU admission (n=101,098) 
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