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Identification of distinct clinical phenotypes in
mechanically ventilated patients with acute brain
dysfunction using cluster analysis
Vicente Cés Souza-Dantas, MD, PhDa,∗, Felipe Dal-Pizzol, MD, PhDb,c,d, Cristiane D. Tomasi, PhDb,c,d,e,f,
Nelson Spector, MD, PhDa, Márcio Soares, MD, PhDg,h, Fernando A. Bozza, MD, PhDg,i,
Pedro Póvoa, MD, PhDj,k, Jorge I. F. Salluh, MD, PhDg,h

Abstract
Acute brain dysfunction (ABD) is a frequent and severe syndrome occurring in critically ill patients and early identification of high-risk
patients is paramount. In the present analysis, we propose a clinically applicable model for early phenotype identification of ABD at the
bedside in mechanically ventilated patients, improving the recognition of patients with prolonged ABD.
Prospective cohort with 629 mechanically ventilated patients in two medical-surgical intensive care units at academic centers. We

applied cluster analysis to identify phenotypes using clinical and biological data. We then tested the association of phenotypes and its
respective clinical outcomes. We performed a validation on a new cohort of patients select on subsequent patients admitted to the
participants intensive care units.
A model with 3 phenotypes best described the study population. A 4-variable model including medical admission, sepsis

diagnosis, simplified acute physiologic score II and basal serum C-reactive protein (CRP) accurately classified each phenotype (area
under curve 0.82; 95%CI, 0.79–0.86). Phenotype A had the shorter duration of ABD (median, 1 day), while phenotypes B and C had
progressively longer duration of ABD (median, 3 and 6 days, respectively; P< .0001). There was an association between the duration
of ABD and the baseline CRP levels and simplified acute physiology score II score (sensitivity and specificity of 80%). To increase the
sensitivity of the model, we added CRP kinetics. By day 1, a CRP<1.0 times the initial level was associated with a shorter duration of
ABD (specificity 0.98).
A model based on widely available clinical variables could provide phenotypes associated with the duration of ABD. Phenotypes

with longer duration of ABD (phenotypes B and C) are characterized by more severe inflammation and by significantly worse clinical
outcomes.

Abbreviations: ABD= acute brain dysfunction, CRP =C-reactive protein, ICU = intensive care unit, MV =mechanical ventilation,
RASS = Richmond agitation sedation scale, SAPS II = simplified acute physiology score II, SOFA = sequential organ failure
assessment.
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1. Introduction

Acute brain dysfunction (ABD), defined as the presence of coma
or delirium, is a severe and frequent syndrome in patients
admitted to the intensive care unit (ICU).[1–3] Numerous studies
demonstrate that ABD is associated with increased mortality,
hospital length of stay and costs, as well as, long-term cognitive
impairment.[2–7]

Accurate and early identification of high-risk patients may
provide relevant information to guide clinical interventions,
especially those aiming at a preemptive or preventive approach
of delirium. Currently available ICU delirium prediction models
use variables at ICU admission and at 24hours to stratify ICU
patients for the risk of delirium occurrence with a high
discriminative power.[8,9] However, although they can predict
delirium during ICU stay, they are not able to predict the duration
of delirium or coma. Recent data confirmed that more than the
occurrence of delirium, the duration and severity of coma and
delirium duration are the major predictors of poor outcome.[10–13]

Clinical management could potentially be improved by using
reliable phenotypes of ABD based on clinical risk factors and
biomarkers. However, there are few studies using this approach
for ICU patients.
Cluster analysis is amultivariate statisticalmethod that identifies

groups of cases according to similarity on certain well-accepted
characteristics (phenotype) of a specific disorder without the
constraint of an a priori diagnostic system.[14] It has previously
been used to identify profiles of non-critically ill individuals with
delirium.[15,16] However, to the best of our knowledge, cluster
analysis has never been used to find groupings of factors (clinical
data) that fall into distinct phenotypes that are associated with the
duration of ABD, trying to predict and classify its duration.
In the present analysis, we proposed a clinically applicable

model which uses easily available clinical and biological
(biomarkers) information for early phenotype identification of
ABD at the bedside in mechanically ventilated patients that may
have impact for identifying patients with longer duration of ABD.

2. Methods

2.1. Design and setting

This was a prospective cohort study performed in the ICUs of
Instituto Nacional de Câncer (INCA), Rio de Janeiro and the São
José Hospital, Crici�uma, Brazil. INCA’s ICU is a twenty-bed
medical-surgical unit specialized in the care of patients with
cancer,[17] with the exception of bone marrow transplant patients.
São JoséHospital is a university hospitalwith a twenty-bed general
medical-surgical ICU. Briefly, during the study period (November
2009 to September 2013), we evaluated every adult patient (≥ 18
years) who required ICU admission and mechanical ventilation
(MV) >48hours. Patients ventilated > 24hours prior to ICU
admission, patients ventilated after 48hours of ICU admission and
readmissions were excluded. Patients with blindness, deafness or
incapable of speaking Portuguese, moribund patients (expected to
die in < 48hours), as well as patients with previous neurologic
disorders were also excluded (Fig. 1).

2.2. Definitions, selection of participants and data
collection

The Ethics Committees of the Instituto Nacional de Câncer in Rio
de Janeiro and of São José Hospital in Crici�uma approved the

study (Number: 144/2009; and Number: 25915513.3.0000.
0119, respectively) and all patients or proxies gave written
informed consent, without any refusal.
We collected demographic, clinical and laboratory data using

standardized case report forms that included comorbidities, the
Simplified Acute Physiology Score (SAPS) II[18] and the Sequential
Organ Failure Assessment (SOFA)[19] without Glasgow Coma
Scale component. Duration of the MV, ICU, hospital and 90-day
mortality rates from any cause were also assessed. All patients
were followed up until death or hospital discharge.
The use of sedatives was registered. The level of arousal was

measured using the Portuguese version of Richmond Agitation
and Sedation Scale (RASS).[20] Coma was defined as a RASS of
minus 4 (responsive only to physical stimulus) or minus 5
(unresponsive to physical stimulus).[21] Delirium was diagnosed
with the Brazilian-Portuguese version of confusion assessment
method (CAM)-ICU.[22] The participating ICUs had sedation
protocols according to the best practices at the time of the
study,[23] which included the daily suspension of sedatives in all

Figure 1. Inclusion flowchart. EOL=end of life care, ICU= intensive care unit.
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patients. Patients were sedated titrated to a RASS[21] ideal target
between 0 and �1, unless the consultant intensivist responsible
for clinical management decided a deeper level of sedation on a
given day. RASS was assessed every 4hour. We did not use a
formal pain score and analgesics were titrated according to the
bedside nurse’s judgment of the patient’s level of comfort and
pain as assessed by local protocols. Patients were assessed for
delirium every morning 3hours after daily sedation/analgesic
holds, by a trained investigator during the first 8 days of ICU stay.
C-reactive protein (CRP) levels were measured at ICU

admission and during 7 consecutive days. For purposes of the
analysis, Day 0 (D0) was defined as the day of ICU admission.We
assessed a new variable, CRP-ratio, which was calculated as the
day’s CRP concentration divided by the D0 CRP concentration.
Serum CRP level was determined with the Roche Cobas Integra
800 analyzer (Roche Diagnostic, Indianapolis, IN).
The main outcome of interest was the duration of ABD. Other

measured outcomes were CRP, organ dysfunctions assessed by
SOFA, MV duration and also ICU, hospital and 90-day
mortality.

2.3. Data processing and statistical analysis

Baseline clinical data were considered as class-defining variables
in a two-steps hierarchical cluster analysis that was carried out
using Ward’s method, applying squared Euclidean Distance as
the similarity measure.[24] The classification was conducted
without consideration of clinical outcomes. Clinical variables
included in the model were age, gender, Charlson comorbidity
index, SAPS II score, SOFA score, medical admission, diagnosis
of sepsis at admission, CRP at day 0 and the use of sedatives.
They are presented in Table 1.
The aim of this statistical method was to find relatively

homogeneous clusters of cases based onmeasured characteristics.
The log-likelihood method was used to determine inter-subject
distance and specific classification of participants. The model was
produced using the Schwarz Bayesian criterion. Many different
models were subsequently produced using a different number of
predetermined classes.
Once the number of classes was determined, the association

between classes and clinical outcomes (ICU, hospital and 90-day

mortality; duration of MV and MV free-days) was tested. We
used standard descriptive statistics and reported continuous
variables as median [25%–75% interquartile range]. Compar-
isons between groups were performed with two-tailed unpaired
Student t-test, one-way ANOVA, Mann-Whitney U or Kruskal-
Wallis H tests for continuous variables according to data
distribution. Fisher exact test and Chi-square test were used
to carry out comparisons between categorical variables as
appropriate.
We subsequently tested howwell a smaller number of variables

could identify the predetermined classes. We used a forward
stepwise modeling and we identified 4 variables that contributed
independently to class assignment. We also tested the perfor-
mance characteristics of these models. The model was validated
on a new cohort of ICU patients.
In an attempt to improve the model’s ability to sort the classes,

we used CRP kinetics as a second classification step to correctly
define the classes. The CRP kinetics was assessed for its
association with the duration of ABD by conventional bivariate
correlation and a linear regression model.
We performed time-dependent analysis of different variables

with general linear model, univariate, repeated-measures analysis
using a split-plot design approach.[25]

One investigator (V.C.S.D) performed data entry and assessed
data consistency by a rechecking procedure in a random sample
of patients. We carried out all statistical analyses using the SPSS
23.0 software package (Chicago, Illinois) and Prism 6.0
(Graphpad).

3. Results

3.1. Cluster analysis: identification of number of
phenotypes

We began by fitting cluster models ranging from one to five
classes. The Bayesian information criterion (BIC) decreased as the
number of classes increased, suggesting that the addition of
subsequent classes could be adding additional information to the
model (Table 2). Entropy in models with three and four classes
was >0.80, indicating strong separation between the classes.
Using the likelihood ratio test, a 3-class model was a significant

Table 1

Demographic and clinical variables of patients according to the acute brain dysfunction phenotype.

Variables
All patients

(n=629;100%)
Phenotype A
(n=207; 33%)

Phenotype B
(n=166; 26%)

Phenotype C
(n=256; 41%) P-valuea

Age, yr 60 (48–70) 56 (45–69) 59 (46–68) 63 (52–72) .0060
Male gender, n (%) 375 (60%) 134 (65%) 101 (61%) 140 (56%) .0846
Charlson comorbidity index (points) 3 (2–5) 3 (3–4) 3 (2–5) 4 (2–6) .3687
SAPS II score (points) 37 (26–53) 26 (17–33) 39 (25–52) 49 (37–59) < .0001
SOFA score (points) 7 (5–9) 6 (4–8) 7 (5–10) 8 (5–9) .0005
Medical admission, n (%) 391 (62%) 109 (53%) 118 (71%) 164 (64%) .0010
Sepsis at admission, n (%) 277 (44%) 52 (25%) 76 (46%) 149 (58%) < .0001
CRP day 0 (mg/dL) 6.8 (5.3–18.8) 3.4 (2.1–5.3) 5.8 (3.2–20.4) 18.8 (8.4–27.8) <.0001
Sedatives, n (%) 526 (84%) 128 (62%) 151 (91%) 247 (96%) <.0001
Midazolam, n (%) 366 (69%) 77 (60%) 103 (68%) 186 (75%) <.0001
Midazolam >48h, n (%) 208 (33%) 35 (27%) 43 (28%) 132 (53%) <.0001
ABD duration (d) 4 (0–8) 1 (0–2) 3 (2–5) 6 (5–8) <.0001

ABD= acute brain dysfunction, CRP=C reactive protein, SAPS II= simplified acute physiology score II, SOFA= sequential organ failure assessment.
Results expressed as median (25%–75% interquartile range) and numbers (%).
a For comparisons among patients with different acute brain dysfunction phenotypes.
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improvement over a 2-class model (P=.04). In our patient
population additional classes did not provide a statistically
significant improvement. We retained a final three-class model
based on these results.
The three-class model estimated 207 subjects in Class 1 (33%),

166 subjects in Class 2 (26%) and 256 subjects in Class 3 (41%).
Because of the high average cluster class probabilities of class
assignment, there is minimal loss of information. We will
subsequently refer to class 1, 2, and 3 as phenotypes A, B and C.

3.2. Phenotypes have distinct characteristics and clinical
outcomes

Only 2 (0.0003%) of the patients did not present any sort of ABD
(coma or delirium during the study period). Sixty-nine (11%)
patients had only coma and 125 (20%) had only delirium, being
that 48 (38%) of these patients presented only short-term
delirium, throughout the study period. The rest of the patients
fluctuated between coma, delirium and periods of normal
cognition.
The baseline clinical and biological characteristics among the 3

phenotypes were different on demographics, clinical character-
istics and severity of illness (Table 1). A significantly longer
duration of ABD was observed in phenotype B and C [median, 3
and 6 days, respectively] as compared to A [median, 1 day;
P< .0001]. Patients with phenotypes B and C were older, sicker,
as expressed by higher baseline SAPS II, and sepsis at ICU
admission. They also showed significantly longer ICU and
hospital length of stay, had higher ICU, hospital and 90-day
mortality and exhibited longer duration of MV (Supplemental
Digital Content 1, http://links.lww.com/MD/E171).

3.3. A four-variable model can accurately identify distinct
ABD phenotypes

The cohort of the study consisted of 629 patients that were
included in the development dataset. Another 200 patients

subsequent patients admitted to the participants ICUs (January
2016 to March 2018) with the same inclusion criteria of the
patients in the development dataset were included in the
validation dataset. The demographic characteristics of both
groups were comparable (see Supplemental Digital Content 2,
http://links.lww.com/MD/E172).
Using forward stepwise modeling, the four variables that

contributed most to phenotype assignment (in order of
contribution) were SAPS II, medical admission, diagnosis of
sepsis and basal serum CRP. We then measured the accuracy of
models using the top four variables for phenotype identification
in the development and in the validation dataset [see Supplemen-
tal Digital Content 3, http://links.lww.com/MD/E173 andd 4,
http://links.lww.com/MD/E174]. The “top four” variable model
had an area under the curve (AUC) of 0.82 (95% CI, 0.79–0.86)
in the development dataset and 0.81 (95% CI, 0.77–0.87) in the
validation dataset. Using Youden index, the optimal sensitivity
and specificity of the four-variable model was 75% and 73%,
respectively. The parameter estimates for the four-variable model
are listed in Table 3.
In order to improve the accuracy of the model, we performed a

time-dependent analysis of the CRP from day 0 to day 7
comparing the distinct clusters. The analysis showed that
increases in CRP levels on day 1 were only present in patients
with longer ABD duration (clusters B and C), thereafter, there
was a progressive decrease in CRP levels (P< .0001; see
Supplemental Digital Content 5, http://links.lww.com/MD/
E175).
Then, we proposed a clinical algorithm containing the 4-

variable model at ICU admission, associated with the variation
in the D1 CRP-ratio, allowing us to help in the early
identification of patients with longer duration of ABD
(Fig. 2). Patients with medical admission, sepsis diagnosis at
ICU admission, basal CRP>18.8mg/dL, and score SAPS II>53
points (Model 3), always (n=233; 100%) had longer duration
of ABD, compatible with the duration of ABD seen in patients
with Phenotype C.

Table 2

Fit class cluster.

Number of individuals per class ⧸sub phenotype

Number of classes BIC Entropy
∗

N1 N2 N3 N4 N5 P-valueb

2 5382.1 .77 334 295 .10
3 4997.4 .84 207 166 256 .04
4 4697.2 .90 167 95 210 157 .65
5 4463.4 .77 161 55 142 78 193 .69

BIC=Bayesian information criterion.
∗
Entropy is an index of how well the classes are separated. It ranges from zero to one and values around .8 and up are generally considered a sign of a useful model.

b By likelihood ratio test, testing whether the number of classes provides improved model fit compared to a model using one fewer class.

Table 3

Logistic regression parameter estimates for the 4-variable model.

Parameter DF Estimate SE Wald Chi-Square P-value

Intercept 1 1.59 0.08 32.40 <.0001
SAPS II (per point) 1 1.08 0.34 15.69 <.0001
Medical admission 2 1.07 0.29 10.70 .002
Sepsis 1 1.07 0.26 9.25 .03
CRP (per mg/dL) 1 1.04 0.10 9.63 .002

The predictor variables for the logistic regression model are score SAPS II, clinical admission, diagnosis of sepsis and basal serum CRP. The outcome variable is class assignment.
CRP=C-reactive protein, DF=degrees of freedom, dl=decilitre, mg=milligram, SE= standard error, Simplified Acute Physiology Score II=SAPS II.
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However, patients with clinical characteristics compatible with
Models 1 and 2 had variable duration of ABD. Using the D1
CRP-ratio, patients with the ratio<1.0 (n=207; 52%) had
shorter duration of ABD (compatible with the duration of ABD
seen in patients with Phenotype A), while the patients with the
ratio >1.0 (n=189;49%) had longer duration of ABD
(compatible with the duration of ABD seen in patients with
Phenotype B).

3.4. SAPS II and the duration of ABD

The higher the SAPS II, the longer the duration of ABD
(P< .0001). Phenotype A patients had the lowest SAPS II
(median, 26 points), while patients with phenotypes B and C had
the higher SAPS II (median, 39 and 49 points, respectively;
P< .0001). On admission, SAPS II greater than 34 points were
associated with longer duration of ABD, with sensitivity and
specificity of 80% (positive likelihood ratio 3.98; negative
likelihood ratio 0.25). With each 8-point increase in the SAPS II,
the duration of ABD increased by 0.5 days (P< .0001) and the
risk of longer ABD duration increased by 8% (odds ratio 1.08;
95% CI, 1.01–1.16; P< .0001).

3.5. CRP and the duration of ABD

A higher baseline CRP level, was a associated with longer the
duration of ABD (P<0.0001). As expected, phenotype A patients
had the lowest baseline CRP levels (median, 3.4mg/dL), while
patients with phenotypes B and C, had the higher CRP levels
(median, 5.8mg/dL and 18.8mg/dL, respectively; P< .0001). At
baseline, CRP values greater than 5.3mg/dL were associated with
longer ABD duration with both sensitivity and specificity of 75%
(positive likelihood ratio 3.25; negative likelihood ratio 0.36).
With each 10.5mg/dL increase in baseline CRP, the duration of
ABD was increased by 1.7 days (P< .0001) and the risk of longer

ABD duration was increased by 7% (odds ratio, 1.07; 95% CI
1.04–1.10). The longer duration of ABD related to baseline CRP
levels and the CRP kinetics was clear regardless of the use of
sedatives.

4. Discussion

This study provides evidence that there are at least 3 phenotypes
of ABD, with different clinical characteristics, biomarker profiles,
and clinical outcomes when critically ill mechanically ventilated
patients are evaluated. This 4-variable model that incorporates
clinical admission, diagnosis of sepsis, SAPS II and basal serum
CRP easily identifies the 3 ABD phenotypes. We also found a
qualitative relation between ABD phenotype, as defined by
cluster analysis and early CRP kinetics, in which persistent
systemic inflammation seems to be associated with longer
duration of brain dysfunction. To the best of our knowledge
this is the first study evaluating the early assessment of CRP
kinetics as a predictor of the duration of ABD in critically ill
patients.
Currently specific intervention that could effectively prevent or

treat ABD in unselected patients are scarce.[26] However, the
early identification of patients with high risk of longer duration of
ABD, those with phenotypes B and C, could lead the attending
physician to a change in the prescription of sedatives away from
drugs with a well-known risk of inducing or aggravating ABD,
like benzodiazepines. And in the future, we could speculate that
these phenotypes could be useful in the selection of more
personalized approach of ABD in the clinical setting or in trials.
The brain is frequently involved by the systemic inflammation

response in critical illness, and overexpression of proinflamma-
tory cytokines is directly associated with brain dysfunction.[27]

Few studies have evaluated the usefulness of CRP[28–32] both in
the diagnosis and in the prediction of patients with high risk of
developing ABD. Most published studies[28–31] evaluated the

Figure 2. Clinical algorithm of acute brain dysfunction duration. ABD=acute brain dysfunction, CRP=C-reactive protein, ICU= intensive care unit.
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discriminative power for brain dysfunction diagnosis of a single
determination of CRP.
In previous studies of critically ill patients with severe

infections[33,34] there was a clear association of patterns of
CRP-ratio response with outcomes, such as mortality, organ
failures and response to antibiotic therapy. In the present study,
we used the CRP-ratio to evaluate its role as an early marker of
the duration of ABD.
Our study has several strengths. First, since clinical outcomes

were not considered as class-defining variables, the strengths and
consistency of the associations between phenotypes and clinical
outcomes are striking. Second, we evaluated a large cohort of MV
patients evaluating the courseofCRP.Therefore, all eligiblepatients
were included, independently of the presence of comorbidities or
underlying diagnoses, which makes our study population more
representative of ICU patients. In addition, we used a biomarker
that is fast, cheap, validated in clinical practice, and routinely
available. Finally, the sequential use of clinical clustering and
evaluation of CRP kinetics provided a two-step approach that
further refined the early assessment of persistent ABD.
This study also has several limitations. Although the sample

size provided an adequate statistical power to identify 3
subgroups of patients, a larger sample could be more
representative of MV critically ill patients. Eventually, larger
number and more homogeneous clusters can emerge with a
higher number of participants. Moreover, the study was
implemented in only two hospitals, and although they are likely
to be representative of modern in-patient medical centres, further
work replicating these findings elsewhere are warranted.
Additionally, we provide no data on the different interventions
to prevent and treat delirium. The addition of this information in
future studies could be valuable to identify phenotypes that are
more responsive to specific interventions. The incidence and
severity of ABD is markedly influenced by the use of sedative
agents. Owing to the observational nature of our study changes in
the sedative agents’ prescription was not controlled, and we
acknowledge that it could constitute a confounding factor.
Also, as brain dysfunction was evaluated only once daily and,

as ABD is a fluctuating syndrome, some diagnoses may have been
missed. Also, the majority of the participants had ABD,
important clinical features, such as motor subtypes, and
persistence of subsyndromal symptoms were not assessed.
Finally, long-term follow-up was not performed and therefore,
we cannot draw conclusions on the impact of these 3 phenotypes
on long-term cognitive function of these patients.

5. Conclusions

In summary, the use of simple and widely available clinical
variables supports the presence of 3 distinct ABD phenotypes.
The application of the 4-variable model at ICU admission,
associated with the variation in the D1 CRP-ratio, allowed us to
propose an accurate model that helps in the early identification of
patients with longer duration of ABD. We believe that current
results may have an impact on the effectiveness of identification
of patients with prolonged ABD, assisting in clinical practice and
selection criteria for pharmacological intervention trials.
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