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Abstract
Prediction models are widespread used as surrogate markers of disease severity, benchmarking and resource allocation 
in critical care. After derivation, they should pass through validation in different settings before their general use in other 
populations. Moreover, constant assessment of score’s performance is necessary to keep them reliable. In this study, we 
sought to evaluated Sequential Organ Failure Assessment (SOFA) score discrimination and calibration for mortality 
in a cohort of neurosurgical and neurological patients overtime. Although SOFA showed a good discrimination in all 
timepoints, our data suggest that its calibration may improve as time pass. Therefore, SOFA is a good model for mortality 
prediction in neurological and neurosurgical patients and may help for organ dysfunction objective evaluation and 
benchmarking in neurocritical care.
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used and studies support their reliability for mortality pre-
diction in general ICUs [6,8]. SOFA is a score initially pro-
posed for organ dysfunction quantification in general criti-
cally ill patients, that was posteriorly validated for mortality 
prediction as well [4,9,10]. Studies have shown that values 
calculated using original SOFA score or composites of it, 

Introduction
Admission to intensive care units is a critical decision 

for many patients [1]. This is because of the great burden 
for the patient and family regarding the equilibrium among 
real benefits and harms cause by it [1,2]. Moreover, critical 
care is associated with elevated costs for healthcare systems 
that may increase as therapeutics evolve. Therefore, mod-
els that aid for an objective evaluation of endpoints in this 
setting, allowing to an evidence-based decision process and 
management, are important to pursue. In this context, pre-
dictive scores appear as tools for outcome prediction, sever-
ity of illness evaluation, comparison among reference stan-
dards, and resource allocation [3-7].

Several scores are available for general critical care pa-
tient’s stratification. Among them, Acute Physiology and 
Chronic Health Disease Classification System (APACHE) 
II, Simplified Acute Physiology Score (SAPS) 3 and Sequen-
tial Organ Failure Assessment (SOFA) have been widely 
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like maximum SOFA score or delta of variation in SOFA 
score, are associated with increased mortality [4,11,12]. In 
opposition to APACHE II and SAPS 3, that have cumber-
some equations and are validated to be calculated at the first 
24 hours from admission, SOFA is easier to calculate and 
may be applied sequentially overtime [8,13,14]. Tradition-
ally, this is applied to patients admitted in the ICU and gives 
the overall severity of organic dysfunction, based on six dif-
ferent organic system’s parameters. It returns the probabil-
ity of death and gauges illness severity objectively. As any 
score, SOFA has flaws that may disrupt its predictive accu-
racy in certain situations [4,15]. For instance, in cirrhotic 
patients its predictions may be biased by the chronic throm-
bocytopenia and hyperbilirubinemia observed in advanced 
stages of the disease [16,17]. Therefore, it is necessary to 
validate predictive scores in different clinical backgrounds 
to assure their accuracy. Our group have recently tested SO-
FA’s accuracy at admission of neurological and neurosurgi-
cal patients to predict mortality in a neurocritical ICU and 
found a good performance in this scenario [18].

Critical care patients are subject to many conditions 
unique to the ICU environment. For example, ventilation 
associated pneumonia and critical illness polyneuropa-
thy, which are associated with the use of invasive treat-
ments and prolonged ICU stay, may impact morbidity 
and mortality in critical care [19,20]. Therefore, mortal-
ity predicted by severity scores measured at admission 
may not reflect the observed mortality of the subgroup 
of patients that remains in the ICU for longer periods. 
In general ICU patients, SOFA has been used sequen-
tially to estimate how organ dysfunction progress over-
time. To test whether SOFA remains an accurate model 
for mortality prediction in neurological and neurosur-
gical patients that request more than 48 hours of ICU 
hospitalization, we assessed the predictive features of the 
model in different timepoints in a neurocritical care unit.

Materials and Methods
Study design and setting

This was retrospective cohort study using data, collected 
in a single neurocritical ICU, from January 1th 2013 and 
December 31st 2016, in Unicamp’s teaching hospital. This 
ICU has seven beds and a full time intensive care specialists, 
nurses, assistants and physiotherapists. Patients had their 
medical history of interest fed in an electronic database and 
their death data corresponding to the hospitalization peri-
od. This was an observational study and every clinical deci-
sion was at the discretion of the attending physician. There-
fore, an informed consent was waived. Local and national 
ethics committee approved the study’s protocol.

Selection of participants and data gathering
During the study period, all patients aged 18 years or 

older, admitted to the neurocritical ICU of Unicamp’s 
teaching hospital were evaluated. Data were collected 
from an electronic database protected to hide patient’s 
identification and fed with demographic, clinical and 
laboratory variables of interest.

SOFA, APACHE II and SAPS 3 were automatically 
calculated using standard equations with appropriate 
variables. APACHE II and SAPS 3 were used in descrip-
tive evaluation of patients. Inclusion criteria were to 
have a primary neurological or neurosurgical diagnosis 
at ICU admission. Exclusion criteria were individuals 
transferred from other ICUs and those with missing in-
formation for analysis in the database.

Statistical analysis
To evaluate SOFA’s accuracy in neurocritical patients, 

its discrimination and calibration features were assessed in 
the first 24 hours from patient’s admission to the ICU (ad-
mission SOFA) and in the third and fifth days of ICU’s hos-
pitalization. Statistical analyses were performed using Med-
Calc version 17.8.1. Continuous variables were presented as 
median and range. Categorical variables were presented as 
absolute values and percentages. Score discrimination was 
evaluated by calculating the Area Under the Receiver Op-
erating Characteristic Curve (AUROC), with 95% Confi-
dence Intervals (CI) and compared with the DeLong meth-
od [21]. The discrimination was considered excellent, very 
good, good, moderate and poor with AUROC values of 
0.9-0.99, 0.8-0.89, 0.7-0.79, 0.6-0.69 and < 0.6, respectively. 
The model’s calibration for probability of death was evalu-
ated by the Hosmer-Lemeshow goodness-of-fit test [22]. A 
p value < 0.05, two-tailed and 95% CI were used for logistic 
regressions.

Results
A total of 978 patients fulfilled the inclusion criteria 

and were enrolled for further analyzes. Age and sex dis-
tribution are found in Table 1. Patients admitted for neu-
rosurgical procedures include 70.1% of total and for neu-
rological reasons 29.9%. Median ICU length of stay was 
four days and hospital length of stay 13 days. Observed 
in-hospital mortality was 6.3% and median prognostic 
scores values were 10, 35 and 2 for APACHE II, SAPS 3 
and SOFA respectively. Baseline patient’s characteristics 
are found in Table 1 and overall SOFA distribution in 
Supplementary Figure 1.

SOFA’s discrimination was good in all timepoints. 
Area Under the ROC curves (AUROC) were 0.82 (95% 
CI: 0.795 to 0.844) for admission SOFA, 0.827 (95% CI: 
0.795 to 0.856) for third day SOFA and 0.827 (95% CI: 
0.779 to 0.869) for fifth day SOFA (Figure 1). Next, we 
sought to measure SOFA’s values in different timepoints 
and compared them with each other. Results showed that 
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model’s discrimination remained stable over time. For 
admission SOFA, AUROC were 0.753 (95% CI: 0.718 
to 0.787) in the third day and 0.688 (95% CI: 0.631 to 
0.741) in the fifth day. For third day SOFA, AUROC was 
0.707 (95% CI: 0.650 to 0.759) in the fifth day (Figure 1). 
Pairwise evaluation achieved significance against com-
parisons with SOFA values of the day according to the 

DeLong test (Third day: admission vs. third day SOFA 
p = 0.0243/Fifth day: admission vs. fifth day SOFA p = 
0.0127; third day vs. fifth day SOFA p = 0.0041; admis-
sion vs. third day SOFA p = 0.6941). These observations 
suggest that SOFA measured daily has a better discrim-
ination than values from the past, being able to separate 
patients most likely to evolve to a negative outcome. For 

Table 1: Baseline patient’s characteristics.

Characteristic All Admission (24 hours) Third day Fifth day
Sample size, n 978 978 624 289
Age, median (IQR) 51 (37-61) 51 (37-61) 51 (38-62) 52 (40-63)
Male, n (%) 471 (48.2%) 471 (48.2%) 297 (47.6%) 137 (47.4%)
Admission type, n (%)
Neurological 292 (29.9%) 292 (29.9%) 235 (37.7%) 145 (50.2%)
Neurosurgical 686 (70.1%) 686 (70.1%) 389 (62.3%) 144 (49.8%)
Length of ICU stay, median (IQR) 4 (2-8) 4 (2-8) 6 (4-13) 11 (6-20)
Length of hospital stay, median (IQR) 13 (8-26) 13 (8-26) 17 (10-31) 27 (15-44)
Severity scores, median (IQR)
APACHE II 10 (7-14) 10 (7-14) 12 (8-15) 13 (10-17)
SAPS 3 35 (25-46) 35 (25-46) 39 (28-52) 46 (32-56)
SOFA 2 (1-4) 2 (1-4) 2 (1-5) 3 (1-6)
Hospital mortality, n (%) 62 (6.3%) 62 (6.3%) 45 (7.2%) 29 (10%)
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Figure 1: Sequential Organ Failure Assessment (SOFA) score has a good discrimination for mortality prediction in 
neurocritical patients. Receiver Operating Characteristic (ROC) curves for SOFA’s scores in different timepoints (depicted at 
the top of the chart and/or inside the chart area) with hospital mortality as the dependable variable. Top row charts represent 
single ROC curves for different timepoints, with their 95% confidence intervals, and bottom row charts are ROC curves 
pairwise comparisons between SOFA’s scores calculated in different timepoints, at the third and fifth days.
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precision and may not be able to indicate a poor calibra-
tion [23,24].

Severity scores are good surrogates for illness severity 
assessment and gives an objective measurement of pa-
tient’s evolution [10,14]. However, studies have showed 
that prediction models should be validated prior to ex-
trapolation to different populations [5,24-26]. This is be-
cause they are grounded on reference databases which 
are used to set the standards for comparison and assess-
ment of outcomes. Studies suggest that those databases 
are subject to heterogeneity, regional variation and loss 
of representativeness over time [5,24-26]. Moreover, 
evolving clinical practice and standards of care may 
diminishes model’s accuracy and restrict their applica-
bility. SOFA is often used in general critical care and its 
prediction overtime has not been validated in a cohort 
of neurological and neurosurgical patients. Our data 
suggests that SOFA keeps its accuracy when measured 
sequentially and may be useful to stratify neurocritical 
patients.

It is well established that SOFA may be used for mor-
tality prediction in general ICU patients. Several studies 
showed that as SOFA score increases its calculated val-
ues, mortality follows a similar pattern [4,10,11,13]. Our 
data support this trend in a specific subgroup of neuro-
logical and neurosurgical patients and adds perspectives 
about mortality prediction in this setting. However, sev-
eral limitations should be stressed. This was a single-cen-
ter retrospective study that must be reproduced in other 
centers and populations to increase reliability in the re-
sults. Moreover, although data was collected following a 
strict protocol, it was a snapshot of a moment and it is 
not possible to assure we were using the worse variable 
values in each day of score’s calculation. This fact may 
reduce score’s accuracy. One way to overcome it, is to 
use maximum values for variables measured three times 
daily for example, although this strategy makes score’s 
calculation more costly and cumbersome.

Prognostic models are important for benchmark in 
critical care. Even though they are not used in an indi-
vidual fashion, they may provide the attendant physician 
with an objective measurement of patient’s organ dys-
function. Our results suggest that SOFA has good dis-
crimination and calibration for mortality prediction in 
neurocritical patients and may be used in this setting.
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example, using a cutoff value of seven which has near 
95% specificity and low sensitivity, SOFA has a positive 
likelihood for death of 6.04 (95% CI: 3.7 to 9.8) at admis-
sion, 4.74 (95% CI: 3.2 to 7.1) at third and 3.89 (95% CI: 
2.3 to 6.6) at fifth day in our population.

A previous study from our group suggests that SOFA 
has a poor calibration compared to other severity scores 
[18]. This means that SOFA may predict a risk of death 
different than that observed. To evaluate for model’s pre-
dictive agreement, we sought to assess SOFA’s calibra-
tion in different timepoints. Observed p values suggest 
that model’s calibration is acceptable at admission and 
may increase overtime (Table 2). Perhaps the number 
and features of patients analyzed changes overtime as 
they are discharged or died and may explain observed 
data. Our result suggests that SOFA may predict better in 
neurocritical patients who have a longer hospitalization 
in the ICU.

Discussion
In this study, we assessed SOFA’s mortality predic-

tion in different timepoints of a cohort of neurocritical 
patients. We observed that SOFA has a good discrimi-
nation and may increase its calibration as time pass. 
Moreover, our data suggests that SOFA should be mea-
sured daily to keep its calibration stable and trustworthy. 
Our group compares SOFA to APACHE II and SAPS 3 
in a similar cohort of patients and observed a poor cal-
ibration compared to APACHE II for mortality in the 
ICU [18]. However, we showed that SOFA may be bet-
ter calibrated for predictions in patients after the first 24 
hours of ICU hospitalization. Perhaps changes in cohort 
characteristics overtime may fits better in SOFA’s cali-
bration. This may be justified by new organ dysfunctions 
appearance and resolution or as patients are discharged 
or die. For example, patients may develop ventilator as-
sociated pneumonia after prolonged periods in mechan-
ical ventilation or other critical care related complication 
during ICU hospitalization that increases morbidity and 
mortality. Therefore, SOFA calculated in different time-
points can gauge those events better and predict more 
accurately than previous calculated values. Another ex-
planation is that as the sample size reduces as time pass, 
Hosmer-Lemeshow goodness of fit statistics may lose 

Table 2: Hosmer & Lemeshow goodness of fit test for Sequential 
Organ Failure Assessment (SOFA) score overtime. A p value 
equal to or more than 0.05 indicates insignificance and that 
the score is probably calibrated. If the p value is above 0.1, it is 
suggested a good calibration of the score.

SOFA Hosmer & Lemeshow 
test, chi-squared

Hosmer & Lemeshow 
test, p value

Admission 96.840 0.0847
Third day 86.771 0.1926
Fifth day 97.029 0.2060
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Supplementary Figure 1: Sequential Organ Failure Assessment (SOFA) score distribution and outcomes overtime. Charts 
show frequencies of survivors (orange bars) and non-survivors (blue bars) according to SOFA score’s values (X-axis) in 
different timepoints. Noteworthy, y-axis scale has diverse ranges in each graph.
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