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Purpose: The prognosis of a patient who deteriorates during a prolonged intensive care unit (ICU) stay is difficult
to predict. We analyze the prognostic value of the serialized Sequential Organ Failure Assessment (SOFA) score
and other variables in the early days after a complication and to build a new predictive score.
Materials and methods: EPIPUSE (Evolución y pronóstico de los pacientes con ingreso prolongado en UCI que
sufren un empeoramiento, Evolution and prognosis of long intensive care unit stay patients suffering a deterioration)
study is a prospective, observational study during a 3-month recruitment period in 75 Spanish ICUs. We focused
on patients admitted in the ICU for 7 days or more with complications of adverse events that involve organ dys-
function impairment. Demographics, clinical variables, and serialized SOFA after a supervening clinical deteriora-
tion were recorded. Univariate and multivariate analyses were performed, and a predictive model was created
with the most discriminating variables.
Results:We included 589 patients who experienced 777 cases of severe complication or adverse event. The entire
samplewas randomly divided into 2 subsamples, one for development purposes (528 cases) and the other for val-
idation (249 cases). The predictive modelmaximizing specificity is calculated byminimum SOFA+ 2 * cardiovas-
cular risk factors + 2 * history of any oncologic disease or immunosuppressive treatment + 3 * dependence for
basic activities of daily living. The area under the receiver operating characteristic curve is 0.82. A 14-point cutoff
has a positive predictive value of 100% (92.7%-100%) and negative predictive value of 51% (46.4%-55.5%) for death.
Conclusions: EPIPUSE model can predict mortality with a specificity and positive predictive value of 99% in some
groups of patients.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Intensive care units (ICUs) and life-sustaining treatments (LSTs)
have helped increase the survival of many diseases but can also result
in a useless prolongation of the dying process, which leads to an emo-
tional and difficult-to-estimate economic burden [1,2]. Symmers [3]
wonderedwhether new technology really sustained life or simply inter-
fered with the process of dying, and Blackhall [4] proposed that cardio-
pulmonary resuscitationmaneuverswere selectively applied, as it is still
recommended [5]. Thirty-five years ago, most patients dying in the ICU

underwent cardiopulmonary resuscitation [6]; knowing the limited
utility of its indiscriminate use, it has given way to LST decisions [7]. In
many cases, it is not possible to establish an accurate prognosis, and
this leads to the application of intensive measures to the patient, even
beyond what physicians would choose for themselves [8,9], and this is
also described in the Appropriateness of Care in the ICUs study [10].
To predict the outcome, several scores and algorithms have been devel-
oped, most of them designed to be used upon ICU admission. However,
we did not find any study specifically designed to assess the course after
a complication or adverse event of patients already admitted in an ICU.

The prognosis of a patient who deteriorates after a prolonged ICU
stay is not easy to predict, as many variables can influence it upon ad-
mission to the ICU: basal situation before ICU admission, prognosis of
chronic diseases, reason for admission, length of stay in the ICU, and
many others. We designed the present study on the assumption that
the serialized calculation of the Sequential Organ Failure Assessment
(SOFA) during the following days after a complication can guide the
prognosis and, therefore, the decisions to take and can be the basis of
an algorithm valid in some circumstances to predict mortality
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approaching 100% of probability. The purpose of our study was to ana-
lyze the prognostic value of SOFA upon admission and its tendency dur-
ing the early days after a complication and to generate a mathematical
model that predicts a mortality exceeding 99% using the serialized
value of the SOFA score in this period.

2. Patients and methods

A prospective, observational, multicenter studywas performed in 75
ICUs in Spain. The project was approved (reference 11/96) by the Clin-
ical Research Ethics Committee of the Hospital Universitario Fundación
Alcorcón (Madrid, Spain) and classified as “No-Postmarketing Observa-
tional Study” by the Spanish Agency of Drugs and Health Products
(Agencia Española de Medicamentos y Productos Sanitarios). Scientific
support from the Spanish Society of Intensive Care Medicine (Sociedad
Española deMedicina Intensiva, Crítica y Unidades Coronarias) was also
requested and granted.

The patient recruitment period lasted 3 months, and afterwards,
there was a follow-up period of 4 months. Eligible patients were adults
admitted in the ICU for 7 days or more and who experienced a compli-
cation or adverse event with organ function impairment (SOFA in-
creased by 1 point or more). We consider complication or adverse
event for purposes of this study any supervening clinical entity (infec-
tious, neurologic, hematologic, cardiac, or any other) suffered by the pa-
tient and appeared while in the ICU that increases the SOFA score. The
progressiveworsening of the patient due to a previously diagnosed pro-
cess was not considered a complication. More than 1 complication may
occur in the same patient during the ICU admission. Pneumonia,
catheter-related infection, bacterial meningitis, endocarditis, and uri-
nary tract infectionwere diagnosed according to Infectious Diseases So-
ciety of America (IDSA) definitions. Acute coronary syndrome was
defined according to European Society of Cardiology guidelines. Renal
failure was considered when Acute Kidney Injury Network (AKIN)
criteria for stage II or III were met. A deterioration of 2 or more points
in Glasgow Coma Scale was considered significant. Other diagnoses
were according to medical criteria.

We assess evolution through survival data and length of stay both in
the ICU and in the hospital. To assess the course of the complication or
adverse event, each researcher calculated the SOFA score on a daily
basis from the day before the complication up to 4 days afterwards.
We chose the SOFA score due to its ease of use and the fact that it has
been used in previous multicenter studies [11].

As previous studies to estimate the sample size are not available, we
estimated 500 subjects, adding 250 more cases for external validation,
on the basis that a sample size of 404 patients would be required, con-
sidering heterogeneity of 50%, a confidence level of 95%, an accuracy
of 5%, and 1% of estimated losses.

Quantitative data are expressed as mean and SD ormedian and inter-
quartile range. Qualitative data are expressed as absolute numbers and
percentages. Univariate analysis was performed to study the potential
predictors of death considered in the study. The Student t test or Mann-
Whitney U test and χ2 test were used to compare quantitative and qual-
itative data, respectively. Odds ratios with 95% confidence interval were
presented as results. The predictive model was constructed with multi-
variate logistic regression analysis. To confirm the model, an internal val-
idation procedurewasmade; the samplewas split at random into 2 parts:
one to develop the model, training set (70%), and another to measure its
performance, validation set (30%). In the modeling strategy, a manual
elimination of covariates approach was followed, sticking to the rule of
thumb: 10 outcome events per predictor variable. First-order interactions
were evaluated by a global significance test, chunk test [12], deleting the
group of interaction variables from the model, and testing the likelihood
ratio. Receiver operating characteristic (ROC) curve was used as predic-
tive performance measure, and sensitivity, specificity, and predictive
values were estimated at different cutoff points. We searched for cutoff
points for aminimal specificity higher than95%andmaximumsensitivity.

Mixed models were adjusted to study SOFA longitudinal data [13]. The
model included time (−1, 0, +1, +2, +3, +4) as repeated measure
with an unstructured covariance matrix, death as fixed factor, and their
interaction. All testswere 2 sided, and P b .05was deemed statistically sig-
nificant. All statistical analyses were performed using SPSS for Windows,
version 18.0 (SPSS, Inc, Chicago, IL).

3. Results

During the 3-month recruitment period, 13456 patients were ad-
mitted in the 75 participating ICUs, which account for a total of 1302
ICU beds. Of those patients, 2594 had an ICU stay of 7 days or longer.
During that time, there were 777 complications or adverse events
with organ function impairment after the seventh day of admission in
589 patients, and all of them were included. The entire sample (777
cases) was randomly divided into 2 subsamples, the training subsample
(528 cases) and the validation subsample (249 cases), to develop amor-
tality prediction model and thereafter perform its validation.

3.1. Training subsample

Baseline characteristics, severity scores, and evolution of the 528
cases in the training subsample appear in Table 1. Nosocomial infections
are the most frequent complication recorded (42%). The most frequent
infection was nosocomial pneumonia (79 cases; 15% of included
cases). Tables 2 and 3 show the results of the comparison of different
variables with survival criterion. Inhospital mortality is associated
with older age, higher severity at ICU admission and each day of the
complication, and highest SOFA peak value and minor SOFA score re-
duction in the days after the complication. The presence of previous
complications, cardiovascular risk factors, immunosuppresion, and de-
pendence for basic activities of daily living (BADL) were also associated
with higher inhospital mortality. The SOFA increase in day 0 has no in-
fluence on evolution because the complication leads to a 2.8-point SOFA
increase in both survivors and nonsurvivors (Fig. 1).

The discrimination power of variables using SOFA is analyzed using
ROC curves (Fig. 2). The discrimination power of SOFA increases on
every new day after the complication, reaching an area of 0.799 for
the value of the SOFA on the fourth day after the event.

We developed a logistic regressionmodelwith the variables that show
a greater contribution in the univariate analysis (SOFA, cardiovascular risk
factors, immunosuppression, dependence for BADL, previous complica-
tion, and no. of treatments for actual complication). Of all the variables
considered using the SOFA, we selected the minimum SOFA value of
days 0 to +4 for several reasons: (a) considering 4 days, we are giving
an option to see results of the treatment; (b) we did not include SOFA of
days −1 and 0 because its discrimination power was inferior to the
SOFA score of the days after the complication; and (c) for its simplicity.

The model (EPIPUSE 1) includes 4 variables:

0.354 * minimum SOFA of days 0 to +4
+0.556 * hypertension/diabetes/obesity (1, yes; 0, no)
+0.578 * any oncologic disease or being under steroids,
immunosuppressors, or chemotherapy (1, yes; 0, no)
+0.907 * dependence for BADL (1, yes; 0, no)

The area under the ROC curve for this model (Fig. 3A) is 0.823
(0.788-0.858, P = .018), and the point of maximum sensitivity with a
specificity of 100% is 5. Considering a 5-point cutoff, this model has a
specificity of 100% (98.4%-100%), sensitivity of 17% (13.1%-21.9%), pos-
itive predictive value of 100% (92.4%-100%), and negative predictive
value of 50.8% (46.2%-55.3%). Given the excessive loss of sensitivity for
a specificity of 100%, we estimate the cutoff for a specificity of 95% get-
ting a value of 4. With this cutoff point, the model shows a specificity of
95.3% (91.8%-97.4%), sensitivity of 40.2% (34.6%-46.1%), positive predic-
tive value of 91% (84.6%-94.9%), and negative predictive value of 57.7%
(52.7%-62.5%).
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