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ARTICLE INFO ABSTRACT
Key_words: Objective: To determine the incidence, risk factors and outcomes of acute brain failure (ABF) in a mixed medical
Delirium and surgical cohort of critically ill patients and its effect on ICU & hospital mortality.

Acute brain failure

U Design: Observational electronic medical record (EMR) based retrospective cohort study of critically ill patients

Coma adn}itted to 'the ICU bet\{veen 2906 and 2013.

Electronic digital signature Setting: Tertiary ac_ademlc medical center.A . _ _ _ . . .

Risk factors Patients: Consecutive adult (>18 years) critically ill patients admitted to medical and surgical ICUs. Patients ad-
mitted to the Neuroscience, Pediatric and Neonatal ICUs were excluded.
Interventions: None.
Measurements and main results: ABF was defined by the presence of delirium (positive CAM-ICU) or depressed
level of consciousness (by abnormal GCS and FOUR scores) in the absence of deep sedation (RASS < — 3). Severity
of ABF was categorized as grade I if there was delirium with GCS consistently >8 and grade II if the GCS was <8
with or without delirium during the ICU hospitalization. ABF duration was not used for this study. Univariate and
multivariable analyses were used to access the factors associated with the development of ABF and its effect on
short and long term mortality. Of 67,333 ICU patients included in the analysis, ABF was present in 30,610 (44.6%).
Patients with ABF had an isolated delirium in 1985 (6.5%) patients, isolated depressed consciousness in 18,323
(59.9%), and both delirium and depressed consciousness in 10,302 (33.6%) patients. When adjusted for comor-
bidities and severity of illness ABF was associated with increased hospital (OR 3.47; 95% CI 3.19-3.79), and at
one year (OR 2.36; 95% CI 2.24-2.50) mortality. Both hospital and one year mortality correlated with the in-
creased severity of ABF. The factors most strongly associated with ABF were pre-admission dementia (OR 7.86;
95% CI16.15-10.19) and invasive ventilation (OR 2.32; 95% CI 2.24-2.40) but older age, female sex, presence of
liver disease, renal failure, diabetes mellitus, malignancy and COPD were also associated with increased risk of
ABF.
Conclusions: ABF is a common complication of critical illness and is associated with increased short and long term
mortality. The risk of ABF was particularly high in older patients with baseline dementia, COPD, diabetes, liver
and renal disease and those treated with invasive mechanical ventilation.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Delirium is characterized by a disturbance in attention and aware-

_ - ) ness which develops over a short period of time with an additional dis-
* Financial disclosure: The remaining authors have disclosed that they do not have any . o .. o

conflicts of interest. turbance in cognition [1]. The prevalence of delirium ranges from 16% to

* Corresponding author at: 200 First Street SW, Rochester, MN 55905, United States. 87% in ICU patients [2], with an incidence of up to 83% in mechanically

E-mail address: rabinstein.alejandro@mayo.edu (A.A. Rabinstein). ventilated patients as compared to 20% in non-ventilated patients

http://dx.doi.org/10.1016/j.,jcrc.2017.08.028
0883-9441/© 2017 Elsevier Inc. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrc.2017.08.028&domain=pdf
http://dx.doi.org/10.1016/j.jcrc.2017.08.028
mailto:rabinstein.alejandro@mayo.edu
Journal logo
http://dx.doi.org/10.1016/j.jcrc.2017.08.028
http://www.sciencedirect.com/science/journal/
www.jccjournal.org

T.D. Singh et al. / Journal of Critical Care 43 (2018) 42-47 43

[3-5]. Multiple clinical complications have been associated with ICU de-
lirium including unplanned extubation, self-removal of catheters, aspi-
ration, reintubation, longer length of hospital stay, short and long term
mortality, and long term cognitive impairment [6-10]. Patients
experiencing ICU delirium have a 49% increased risk of remaining in
the hospital on any given day compared to those without delirium
[11], and every additional day of ICU delirium is associated with a 10%
increase in the hazard of death within 1 year post ICU admission [12].
Estimated health care costs associated with delirium are a staggering
$164 billion (2011) per year in the United States and over $182 billion
(2011) per year in 18 European countries combined [13-16].

However, delirium only reflects alterations in the content of con-
sciousness and by definition should only be assessed in patients who
are sufficiently alert to respond to some questions. Critically ill patients
often also have depression in the level of consciousness (i.e. drowsiness,
stupor and coma) [17]. Therefore a correct evaluation of acute brain
dysfunction in critically ill patients must consider both content and
level of consciousness. As the level and content of consciousness may
form part of the same spectrum, separating them as different endpoints
may not be biologically or clinically reasonable. Hence we favor the use
of a novel endpoint, which we propose to call Acute Brain Failure (ABF),
to encompass alterations in the level or content of consciousness and to
be used as an outcome measure in studies evaluating acute impairment
of consciousness in critically ill patients. In a previous study we showed
that ABF can be reliably identified from electronic medical records when
compared with a gold standard of prospective examinations by specifi-
cally trained clinicians [18].

In this study we sought to determine the incidence, risk factors and
outcome of ABF in a mixed medical and surgical cohort of critically ill
patients.

2. Materials and methods

The study was conducted in accordance with the Declaration of Hel-
sinki. The study was approved by the Mayo Clinic Institutional Review
Board (IRB) for the use of existing medical records of patients or their
relatives who gave prior research authorization.

We included consecutive patients who were admitted to one of the
following ICUs at Mayo Clinic in Rochester, Minnesota between January
1, 2006 and December 31, 2013; medical ICU, coronary care unit, two
mixed medical surgical ICU and the cardiosurgical ICU. Patients admit-
ted to the Neuroscience, Pediatric and Neonatal ICUs were excluded.
Of note, in our practice, patients with traumatic brain injury are admit-
ted to the Neuroscience ICU. We only included the index ICU admission
episodes for each patient during the study.

2.1. ABF definition (Fig. 2)

In our practice, the Richmond Agitation Sedation Scale (RASS) is
used in patients receiving sedative drugs and the Glasgow Coma Scale
(GCS) and the Full Outline of Unresponsiveness (FOUR) score are used
to assess level of consciousness in non-sedated patients (including se-
dation holidays). The Confusion Assessment Method for the ICU
(CAM-ICU) is tested after ensuring that the patients are not too sedated
to participate in the testing (i.e. CAM-ICU is not tested if the RASS score
is — 3 or lower). ABF was defined by the presence of delirium (positive
CAM-ICU) or depressed level of consciousness (by two consecutive
scores of GCS score <15 and/or FOUR score <16) in the absence of
deep sedation (RASS <3) during the ICU stay. For ventilated patients,
GCS score of <11 in ventilated patients and FOUR scores of <13 was con-
sidered abnormal. Severity of ABF was categorized as grade 0 (no ABF),
grade [ if there was delirium with GCS consistently >8, and grade Il if the
GCS was <8 with or without delirium during the ICU hospitalization.

Deeply sedated patients (defined by a RASS score — 3 or lower) were
excluded because a reliable neurological examination cannot be per-
formed in these instances. We chose to use two consecutive GCS or

FOUR scores for the identification of reduced level of consciousness be-
cause these scores are more susceptible to the residual effects of seda-
tion and thus relying on a single abnormal score could falsely identify
patients as having ABF. In our ICUs, GCS and FOUR scores are document-
ed every 4 h or less and the CAM-ICU is documented every 8-hour shift.

2.2. Identification of patients with ABF in the EMR

All the ICU patients were identified through a validated prospective
electronic medical record (EMR) database that retrieves variables for all
ICU patients in near real-time known as “the ICU Data Mart”. The Data
Mart uses Microsoft Structured Query Language (MS SQL, Microsoft,
Redmond, WA). Steps of the development of the database, data security
and validation of the demographics have been previously reported [19].

Since the GCS, FOUR, CAM-ICU and RASS score in the Data Mart are
entered by the ICU nurses, it becomes extremely important that these
scores are accurate and in concordance to the physician's evaluations.
In order to validate this we conducted a prospective observational
study in a population of 55 patients to validate the EMR based ABF def-
inition variables (CAM-ICU, modified RASS, GCS and FOUR scores) with
the physician assessments. The Pearson correlation of GCS, FOUR score
and modified RASS scores were 0.87, 0.92 and 0.73 with a mean differ-
ence of 0.35,0.21 and 0.33 respectively, which were not significant. The
Kappa coefficient for the CAM-ICU scores was 0.86. Hence there was an
excellent correlation between the nursing and physician assessments.
The details of this study methodology and results are being reported
in a separate paper [18].

Next, in order to derive and validate the ABF definition, we randomly
selected 200 patients from our study cohort for definition derivation;
these patients underwent simultaneous manual chart review by two re-
viewers [TDS and DRR] and electronic search using the Mayo Clinic Life
Sciences System, a validated electronic medical record search tool. Mayo
Clinic Life Sciences System is a clinical data warehouse, developed in
collaboration with Mayo Clinic and IBM that allows automated clinical
data extraction through a query tool called the Data Discovery and
Query Builder [20]. The results were compared (with manual review
being considered as the gold standard), and disagreements were adjudi-
cated by a third reviewer (RK). Elements abstracted and compared dur-
ing the search included RASS scores, GCS scores, FOUR scores, and CAM-
ICU. The automatic search was done by an independent critical care re-
searcher (RK.).

The electronic search strategy was refined continuously through the
addition or change of terms to enhance sensitivity and specificity to
>90% in the derivation subset. The performance improved, when the
flow sheet row data equal to “Eye Response (F, Motor Response (F,
Brainstem Reflex, Respiration (F (for FOUR score)” where the patient's
nurses chart FOUR score was added to the search query. To validate
the automated electronic search, sensitivity and specificity were calcu-
lated through comparison to the reference standard of comprehensive
manual medical record review in a validation subset in another 200 ran-
domly selected patients in an independent population. The final sensi-
tivity of EMR search for identification of ABF was 95.9% (95% CI,
85.9%-99.4%) and specificity was 94.1% (95% CI, 83.7%-98.7%).

2.3. Risk factors and outcomes

The ICU data mart was used to abstract the baseline characteristics,
comorbidities and clinical variables from the electronic medical records
[21]. Basic demographic data included age, sex, race and body mass
index (BMI). The comorbidities that were abstracted included a past
medical history of hypertension, diabetes mellitus, diabetes with com-
plications, myocardial infarction, congestive heart failure, peripheral
vascular disease, dementia, cerebrovascular accident, hemiplegia/para-
plegia, asthma or chronic obstructive pulmonary disease (COPD), peptic
ulcer, moderate/severe liver disease, cirrhosis, renal failure, and malig-
nancy. During the ICU admission, the use of invasive or noninvasive



44 T.D. Singh et al. / Journal of Critical Care 43 (2018) 42-47

ventilation, length of ventilation and the length of ICU stay were also re-
corded. A Charlson comorbidity index (CCI) was calculated based on a
previously validated algorithm at our hospital [22]. Acute Physiology
and Chronic Health Evaluation III (APACHE III) at admission and Se-
quential Organ Failure Assessment (SOFA) score using variables collect-
ed within the first 24 h were also derived using the previously validated
computerized automated systems at our institution [19,23,24]. ICU, hos-
pital length of stay and 30 day, one year mortality were obtained from
the validated EMR registry (Fig. 1).

2.4. Statistical considerations

We calculated sensitivity and specificity of the automated electronic
note search strategy on the basis of comparisons of test results and the
reference standard in both the derivation and validation patient subsets.
The 95% confidence intervals were calculated with an exact test for pro-
portions. For quantitative variables, data are presented as median (in-
terquartile range) and for qualitative data as frequency (percentage).
Patients were categorized into two groups of presence and absence of
ABF based on our definition as discussed above. Univariate analyses
and multivariate analyses were used to determine the group differ-
ences, validate ABF as a significant factor for predicting mortality and
to determine the factors predisposing to the development of ABF. The
categorical data were initially assessed using the chi-square test while
Student t-test or Mann-Whitney test was used to analyze continuous
variables as applicable. For comparing the three cohorts in the ABF se-
verity scale, one-way Analysis of Variance (ANOVA) or Kruskal-Wallis

test was used for continuous variables as applicable and chi-square
test was used for categorical variables. All the variables which were
found to be statistically significant on univariate analyses were then en-
tered into a multivariable logistic regression analyses for the final anal-
yses. In all the analyses, p values of <0.05 were considered statistically
significant. AUROC were constructed to discriminate the ability of ABF,
delirium only and abnormal GCS/FOUR score only to predict ICU and
hospital mortality while r-squares were calculated for the endpoints
of ICU and hospital length of stay. AUROC were also constructed for dif-
ferent models for measuring the severity and the final severity model
was determined by comparison of the AUROC using methodology previ-
ously described [25]. Statistical analyses were performed using JMP
11.0.0 software (SAS Institute, Cary, NC).

3. Results

The initial total number of ICU admissions in our study time period
was 116,410. After excluding patients with multiple admissions, incom-
plete data and those without research authorization, the final number of
patients that was included in our cohort was 68,558. The details are
shown in Supplemental Fig. e-1.

ABF was present in 30,610 (44.6%) patients. Patients with ABF had
only an abnormal CAM-ICU score in 1985 (6.5%) patients, only an ab-
normal GCS/FOUR score in 18,323 (59.9%) patients, and abnormalities
in CAM-ICU and GCS/FOUR in 10,302 (33.6%) during the same admis-
sion. The details of the demographics, predisposing conditions, ICU sta-
tus and outcomes are shown in Table 1.

RASS <-3 Yes

No

CAM-ICU

positive? e

No

GCS Or
FOUR score
abnormal

Yes -

Overly sedated,
ABF cannot be
evaluated

Thought content
abnormal

ABF present

No

ABF absent

Level of
consciousness
abnormal

Fig. 1. Algorithm that was used to identify ABF in our study cohort. Abnormal GCS scores were <15 in non-ventilated patients, or <11 in ventilated patients. Abnormal FOUR scores were

<16 in non-ventilated patients, and <13 in ventilated patients.
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Table 1
Characteristics of patients who did and did not develop Acute Brain Failure (ABF).
Variables ABF absent ABF present p-Value
(37,948) (30,610)
Demographics
Age 62 (49-73) 65 (52-77) <0.001
Males 22,059 (58.1) 16,891 (55.2) <0.001
BMI 28.3 (24.6-32.9) 27.7 (24.0-32.4) <0.001
Predisposing conditions
Hypertension 15,722 (41.4) 12,561 (41.0) 0.296
Myocardial infarction 2757 (7.3) 2352 (7.7) 0.038
Congestive heart failure 1985 (5.2) 2026 (6.6) <0.001
Peripheral vascular disease 1146 (3.0) 1106 (3.6) <0.001
Dementia 79 (0.2) 457 (1.5) <0.001
Cerebrovascular accident 2210 (5.8) 2346 (7.7) <0.001
Hemiplegia/paraplegia 103 (0.3) 116 (0.4) 0.014
Asthma 2473 (6.5) 1803 (5.9) <0.001
COPD 4184 (11.0) 4615 (15.1) <0.001
DM 5813 (15.3) 5051 (16.5) <0.001
DM with complications 1243 (3.3) 1179 (3.9) <0.001
Peptic ulcer 361 (0.9) 336 (1.1) 0.058
Moderate/severe liver 206 (0.5) 331 (1.1) <0.001
disease
Cirrhosis 622 (1.6) 872 (2.9) <0.001
Renal failure 3079 (8.1) 2926 (9.6) <0.001
Malignancy 6920 (16.6) 5299 (17.3) 0.011
Metastatic malignancy 1319 (3.5) 1048 (3.4) 0.710
Emergent surgery 254 (0.7) 353(1.2) <0.001
Charlson comorbidity index 4 (1-6) 4 (2-6) <0.001
APACHE 3 at admission 49 (37-63) 62 (46-79) <0.001
SOFA day 1 2 (1-5) 5(3-7.8) <0.001
Invasive ventilation 9168 (25.1) 15,220 (50.2) <0.001
Vent days 0.3 (0.2-0.5) 0.8 (0.4-2.7) <0.001
ICU length of stay 1.0 (0.8-1.7) 1.8 (0.9-3.8) <0.001
ICU mortality 451 (1.2) 1203 (3.9) <0.001
Hospital length of stay 44 (2.7-7.1) 7.6 (4.6-13.7) <0.001
Hospital mortality 721 (2.0) 2494 (8.2) <0.001

Data is presented as number (percentage) and median (interquartile range).

The ICU mortality of patients with delirium only, abnormal GCS/
FOUR only and ABF was 4.4%, 3.0% and 4.0% while their hospital mortal-
ity was 8.9%, 5.3% and 8.2% (Table 2). The AUROC for prediction of ICU
mortality were 0.613 (95% CI, 0.601-0.625) for delirium only, 0.618
(95% Cl, 0.606-0.629) for abnormal GCS/FOUR only, and 0.640 (95% CI,
0.629-0.651) for ABF. Similarly, ABF discriminated better the patients
who died in the hospital [AUROC 0.656 (95% CI, 0.647-0.664) for delir-
ium only, 0.650 (95% CI, 0.641-0.658) for abnormal GCS/FOUR only, and
0.669 (95% (I, 0.662-0.677) for ABF] and was more predictive of ICU
length of stay (r-squares 11.4% for delirium only, 6.4% for abnormal
GCS/FOUR only, and 13.1% for ABF) and hospital length of stay (r-
squares 9.8% for delirium only, 6.7% for abnormal GCS/FOUR only, and
12.0% for ABF).

Compared to patients with no ABF, patients with ABF had higher
hospital mortality rates at discharge (OR 3.47; 95% CI 3.19-3.79),
90 days (OR 3.07; 95% CI 2.83-3.3) and 1 year (OR 2.36; 95% CI 2.24-
2.50) after controlling for CCI and admission APACHE III scores (p <
0.001 in all cases). The Kaplan Meyer curves for survival in patients
with and without ABF are shown in Fig. 2.

We evaluated all possible combinations of the different components
of ABF (including the separate analysis of ventilated and non-ventilated
patients) to come up with a severity score that would correlate with ICU
and hospital mortality. 386 patients who had been diagnosed with ABF
solely on the basis of abnormal FOUR score were excluded from the se-
verity analyses because FOUR score was not consistently measured in all
the ICUs before 2010. Thus, final analyses included 67,333 patients. The
best discrimination was achieved with a GCS sum score of 8. Using this
cut-off, the AUROCs for ICU and hospital mortality were 0.57 (95% CI,
0.56,0.58) and 0.57 (95% CI, 0.57, 0.58), respectively. When this grading
was applied to our cohort, 37,109 (55.1%) had no ABF (Grade 0), 25,283
(37.6%) had ABF Grade I and 4941 (7.3%) had ABF Grade II. The details of

Table 2
Characteristics of the patients who developed delirium only, GCS/FOUR score abnormali-
ties only and ABF.

Delirium only®  GCS/FOUR abnormal ~ ABF?

(1985)° only? (18,323)° (30,610)°

Age 67 (54-78) 63 (50-75) 65 (52-77)
Males 1112 (56.0) 9941 (54.3) 16,891 (55.2)
BMI 27.7 (24.0-32.1) 279 (24.2-32.6) 27.7 (24.0-324)
Hypertension 945 (47.6) 7194 (39.3) 12,561 (41.0)
Myocardial infarction 189 (9.5) 1285 (7.0) 2352 (7.7)
Congestive heart failure 128 (6.5) 1072 (5.9) 2026 (6.6)
Peripheral vascular 80 (4.0) 547 (3.0) 1106 (3.6)

disease
Dementia 21(1.1) 145 (0.8) 457 (1.5)
Cerebrovascular accident 166 (8.4) 1220 (6.7) 2346 (7.7)
Hemiplegia/paraplegia 5 (0.3) 58 (0.3) 116 (0.4)
Asthma 130 (6.6) 1121 (6.1) 1803 (5.9)
COPD 289 (14.6) 2396 (13.1) 4615 (15.1)
DM 387 (19.5) 2820 (15.4) 5051 (16.5)
DM with complications 91 (4.6) 608 (3.3) 1179 (3.9)
Peptic ulcer 36 (1.8) 169 (0.9) 336 (1.1)
Moderate/severe liver 30(1.5) 162 (0.9) 331(1.1)

disease
Cirrhosis 77 (3.9) 439 (2.4) 872 (2.9)
Renal failure 217 (10.9) 1559 (8.5) 2926 (9.6)
Malignancy 413 (20.8) 3059 (16.7) 5299 (17.3)
Metastatic malignancy 108 (5.4) 577 (3.2) 1048 (3.4)
Emergent surgery 18 (0.9) 163 (0.9) 353(1.2)
Charlson comorbidity 5(3-7) 4 (2-6) 4(2-6)

index
APACHE 3 at admission 61 (47-76) 57 (42-73) 62 (46-79)
SOFA day 1 4 (2-6) 5(2-7) 5(3-7.8)
Invasive ventilation 606 (30.5) 8967 (49.4) 15,220 (50.2)
Vent days 0.4 (0.2-0.9) 0.6 (0.3-1.4) 0.8 (0.4-2.7)
ICU length of stay 1.2 (0.9-2.1) 1.2 (0.9-2.7) 1.8 (0.9-3.8)
ICU mortality 88 (4.4) 538 (3.0) 1203 (4.0)
Hospital length of stay 7.3 (4.7-12.4) 6.2 (4.1-9.8) 7.6 (4.6-13.7)
Hospital mortality 177 (8.9) 956 (5.3) 2494 (8.2)

2 The three categories mentioned here i.e. delirium, GCS/FOUR score and ABF are not
mutually exclusive and there is overlap in patients having either delirium, GCS/FOUR ab-
normalities or both.

b Data is presented as number (percentage) and median (interquartile range).

the demographics, predisposing conditions, and outcomes by ABF se-
verity are presented in Table 3. ICU and hospital lengths of stay and
ICU and hospital mortality rates increased from ABF grade O to grade I
and from grade I to grade II. The Kaplan Meyer curves for survival by dif-
ferent grades of ABF are shown in Supplemental Fig. e-2.

Factors associated with the development of ABF on multivariable
analysis were older age, female sex, invasive ventilation use, presence
of moderate/severe liver disease, cirrhosis, renal failure, malignancy
and COPD (Table 4). The neurologic conditions associated with ABF

1.0
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Surviving

04

0.2+

0.0 T T T T T T T T T T T T T
0 50 100 150 200 250 300 350
Last follow up time in days

B ABFabsent

@ ABF present

Fig. 2. The Kaplan Meyer curves for survival in patients with and without ABF.
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Table 3
Comparison of the different grades of ABF.
Variables Grade 0 ABF  Grade I ABF Grade Il ABF  p-Value
(37,109) (25,283) (4941)
Age 62 (49-73) 66 (52-77) 63 (50-74) <0.001
Males 21,582 (58.2) 13,694 (54.2) 2969 (60.1) <0.001
BMI 283 27.7 279 <0.001
(24.6-32.9) (23.9-32.3) (24.3-32.8)
Hypertension 15,658 (42.2) 10,731 (42.4) 1806 (36.6) <0.001
Myocardial infarction 2745 (7.4) 2010 (8.0) 339 (6.9) 0.006
Congestive heart failure 1981 (5.3) 1745 (6.9) 278 (5.6) <0.001
Peripheral vascular 1142 (3.1) 963 (3.8) 140 (2.8) <0.001
disease
Dementia 78 (0.2) 414 (1.6) 43(0.9) <0.001
Cerebrovascular accident 2201 (5.9) 2023 (8.0) 319 (6.5) <0.001
Hemiplegia/paraplegia 103 (0.3) 100 (0.4) 16 (7.3) 0.042
Asthma 2465 (6.6) 1558 (6.2) 240 (4.9) <0.001
CoPD 4166 (11.2) 3880 (15.4) 725 (14.7) <0.001
DM 5782 (15.6) 4275 (16.9) 756 (15.3) <0.001
DM with complications 1243 (3.3) 1029 (4.1) 145 (6.0) <0.001
Peptic ulcer 361 (1.0) 294 (1.2) 42 (0.9) <0.001
Moderate/severe liver 200 (0.5) 266 (1.1) 61(11.6) <0.001
disease
Cirrhosis 611 (1.7) 710 (2.8) 157 (3.2) <0.001
Renal failure 3058 (8.2) 2508 (9.9) 408 (8.3) <0.001
Malignancy 6248 (16.8) 4611 (18.2) 678 (13.7) <0.001
Metastatic malignancy 1311 (3.5) 931 (3.7) 116 (2.4) <0.001
Charlson comorbidity 4 (2-6) 5(3-7) 4 (2-6) <0.001
index
APACHE 3 49 (37-63) 61 (45-77) 71 (54-91) <0.001
SOFA day 1 2 (1-5) 5(2-7) 7 (5-9) <0.001
Emergent surgery 235 (0.6) 255 (1.0) 83 (1.7) <0.001
Invasive ventilation 9020 (25.3) 10,922 (43.7) 4058 (82.5) <0.001
Vent days 0.3 (0.2-0.5) 0.7(0.3-19) 1.8(0.5-63) <0.001
ICU length of stay 1.0(0.8-1.7) 1.6(1.0-3.1) 3.1(1.2-88) <0.001
ICU mortality 419 (1.2) 680 (2.7) 488 (9.9) <0.001
Hospital length of stay 45(2.5-71) 72(44-123) 113(6.2-23.0) <0.001
Hospital mortality 677 (1.9) 1551 (6.2) 890 (18.1) <0.001

Data is presented as number (percentage) and median (interquartile range).

were pre-existent dementia, stroke, and presence of hemiplegia/para-
plegia. Hypertension was associated with a decreased frequency of ABF.

4. Discussion

The results of this large retrospective observational cohort study
show that ABF has a high incidence in critically ill patients. ABF is asso-
ciated with poor clinical outcomes including short and long term mor-
tality. Moreover, as the severity of ABF increases, clinical outcomes

Table 4

Multivariate analyses for the factors predicting ABF.
Variable OR (95% CI) p-Value
Age (Unit OR) 1.009 (1.008-1.010) <0.001
Males 0.83 (0.80-0.86) <0.001
Invasive ventilation use 2.32 (2.24-2.40) <0.001
Dementia 7.86 (6.15-10.19) <0.001
Stroke 1.27 (1.19-1.36) <0.001
CoPD 1.25 (1.19-1.31) <0.001
DM with complications 1.17 (1.07-1.29) <0.001
Malignancy 1.14 (1.09-1.19) <0.001
Moderate/severe liver disease 1.27 (1.00-1.60) <0.001
Cirrhosis 1.47 (1.28-1.69) <0.001
Hypertension 0.84 (0.81-0.87) <0.001
Hemiplegia/paraplegia 1.49 (1.11-2.01) 0.008
Renal failure 1.09 (1.02-1.16) 0.007

Emergent surgery
ICU length of stay (Unit OR)

1.32 (1.09-1.59) 0.004
1.383 (1.368-1.398) <0.001

Only variables with positive association have been listed in this table. Variables which
were included in the multivariate analyses and were not shown to be associated with
the development of ABF were: BMI, myocardial infarction, congestive heart failure, periph-
eral vascular disease, asthma, diabetes mellitus without complications, peptic ulcer and
metastatic malignancy.

worsen accordingly. Isolated impairment in the content of conscious-
ness (i.e. delirium) was rare. Pre-existent dementia and requirement
of invasive ventilation were the factors most strongly associated with
ABF in this cohort. Other predisposing factors for ABF included older
age, female sex, stroke, COPD, DM with complications, malignancy,
moderate/severe liver disease, hemiplegia/paraplegia, and renal failure.

Critically ill patients often have alterations in the level and the con-
tent of consciousness. But, in most previous research and in practice, al-
terations in consciousness have been generally characterized using the
concept of delirium. However, delirium does not include pronounced
impairment in the level of alertness and assessing the RASS score for ex-
cessive sedation is necessary before checking for delirium. Studies con-
ducted by Haenggi et al. have shown that the proportion of CAM-ICU-
positive evaluations decreased from 53% to 31% (p < 0.001) after exclud-
ing the sedated patients using RASS [26]. If the RASS score is between
—3 to — 5, evaluation of delirium is not possible because its assessment
depends on the ability of the patient to interact at least to some degree
with the examiner. However, many previous studies assessing delirium
do not report the use of the RASS score or exclude excessive sedation [5,
27,28]. Therefore, some patients in these studies could have still been
sedated during cognitive evaluation and might have been falsely cate-
gorized as delirious. Also, previous studies incorporating an evaluation
of the level of consciousness have characteristically restricted it to the
presence or absence of coma; yet, critically ill patients can have alter-
ations in the level of consciousness without being comatose as contem-
plated in our definition of ABF.

We found a hospital mortality rate of 8.2% among patients with ABF.
This is similar to the mortality seen with delirium in a meta-analysis by
Cole et al. that found 14.2% of delirious patients died during one month
of the ICU admission. However, ABF identifies a nearly 60% more at-risk
patients than delirium alone, expanding our ability to detect patients at
risk for neurologic damage. In our models, ABF was also superior to de-
lirium only or abnormal level of consciousness only for the prediction of
ICU and hospital mortality and ICU and hospital length of stay.

The variables associated with ABF in our multivariable analysis have
been previously associated with delirium in other studies. Previous
studies have indicated that dementia, respiratory disease and age are
the strongest predisposing risk factors for delirium and have also
found associations between delirium and mechanical ventilation,
APACHE score, metabolic acidosis, and alcohol abuse [29,30]. Results
from our study, as well as results from a study conducted by Krzych et
al., showed that patients with hypertension were less likely to develop
delirium [31]. However, other studies have suggested that hypertension
may actually be a risk factor for the development of delirium in the ICU
[29,30,32]. Thus, the relationship between blood pressure and ABF
needs further investigation.

This study has several strengths. The large size of our cohort (68,558
unique ICU admissions) gave us ample statistical power. Meanwhile,
the combination of medical and surgical patients increases the general-
izability of our findings. All the data elements included in our analysis
were gathered automatically from the digital records using previously
validated data collection tools [19,22-24]. This automation can be easily
replicated at other institutions and allows for large scale data retrieval
with a significant reduction in the likelihood of manual errors, both at
the time of initial variable measurement and at the time of data retriev-
al. Because of the reliability of charted elements, ABF can help identify
hospital exposures of interest and design and test preventative quality
improvement and research strategies.

Our study also has several limitations. First, although we took pre-
cautions to try to minimize the confounding effect of sedation, it is
still possible that sedation may have contaminated our assessments.
Unlike ours, previous studies have not consistently excluded CAM-ICU
evaluations in patients with RASS of — 3 to — 5. Yet, even milder degrees
of sedation can result in a positive CAM-ICU and a potentially erroneous
diagnosis of delirium. Second, we excluded patients from the Neurosci-
ences ICU and the Pediatric ICUs. This was intentional to avoid the
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inclusion of patients with acute cerebral disease upon admission and to
focus on adult patients, but this limits the generalizability of our
findings to these populations. Third, because ours is a tertiary referral
center, referral bias cannot be excluded. We used RASS scores to identify
which patients were appropriate for delirium screening as recommend-
ed by the investigators who developed the CAM-ICU score. We are
convinced that this is a necessary step before evaluating patients with
the CAM-ICU score to screen for delirium. Yet, this practice is not univer-
sal, which may affect the generalizability of our findings to other
settings. In this analysis we did not incorporate a detailed evaluation
of drugs, metabolic factors and other in-hospital variables on the devel-
opment of ABF. We are currently evaluating these in-hospital factors
and the results of this analysis will be reported in a separate study. Last-
ly the length of stay and outcomes could be confounded by the presence
of death.

5. Conclusions

We conclude that ABF reliably identifies patients with critical illness
who develop acute cerebral dysfunction with disturbance in the content
or level of consciousness. ABF is more common in older patients with
greater acute disease severity and extensive comorbidities and its de-
velopment is associated with worse short- and long-term prognosis.
Further research is necessary to identify modifiable risk factors for ABF.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jcrc.2017.08.028.
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