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Abstract

Objective

We aimed to analyze risk factors related to the development of delirium, aiming for early
intervention in patients with greater risk.

Material and methods

Observational study, including prospectively collected patients treated in a single general
ICU. These were classified into two groups, according to whether they developed delirium
or not (screening performed using CAM-ICU tool). Demographics and clinical data were
analyzed. Multivariate logistic regression analyses were performed to quantify existing
associations.

Results

1462 patients were included. 93 developed delirium (incidence: 6.3%). These were older,
scored higher on the Clinical Frailty Scale, on the risk scores on admission (SAPS-3 and
SOFA), and had a greater number of organ failures (OF). We observed more incidence of
delirium in patients who (a) presented more than two OF (20.4%; OR 4.9; C195%: 2.9-8.2),
and (b) were more than 74 years old albeit having <2 OF (8.6%; OR 2.1; CI95%: 1.3-3.5).
Patients who developed delirium had longer ICU and hospital length-of-stays and a higher
rate of readmission.

Conclusions

The highest risk observed for developing delirium clustered in patients who presented more
than 2 OF and patients over 74 years old. The detection of patients at high risk for develop-
ing delirium could imply a change in management and improved quality of care.
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Introduction

Delirium is a severe neuropsychiatric disorder of organic origin characterized by the appear-
ance of alterations in both consciousness and cognitive functions [1]. The development of
delirium is associated with multiple complications: increased mortality [2], longer duration of
mechanical ventilation, higher reintubation rate, and increased hospital stay [3-5]. Unfortu-
nately, despite the increasing number of delirium publications in recent years, it remains an
underdiagnosed and somewhat underestimated problem [6].

Effective treatment of delirium has proven troublesome. Therefore, prophylactic strategies
become paramount. In addition, knowing the different risk factors and the degree of their
association with the development of delirium can help identify patients at high risk. In this
regard, some of the risk factors identified in previously published studies [7-9] (which are in
line with the experience in our center) include: advanced age, personal history of previous
high blood pressure or cognitive impairment, urgent surgery, or trauma before admission to
the Intensive Care Unit (ICU), high APACHE II score (Acute Physiology and Chronic Health
Evaluation) upon admission, and need for mechanical ventilation. Moreover, knowledge of
the risk factors associated with delirium development and their implication in the patient’s
prognosis (both short and long-term) may imply a change in our daily practice [8, 10-13].

The detection of these high-risk patients could reinforce preventive measures. However, it
remains to be defined which interventions are the most effective. Clinical guidelines [8] have rec-
ommended using a bundle approach (e.g., ABCDEF bundle) to target eliminating multiple modi-
fiable risk factors of ICU, reducing the chances of suffering delirium, or shortening its duration
once established. Bundle interventions have been proposed to be more effective than any single-
component strategy, but studies are still inconsistent and present contradictory data [14, 15].

Moreover, no pharmacological agent has demonstrated efficacy in treating or preventing
delirium. Therefore, the current guidelines [8] suggest against routine use of dexmedetomi-
dine [16, 17], statins [18] or ketamine [19] to prevent delirium. Thus, there is still much to be
done and much to be researched to tackle delirium and its consequences. Meanwhile, as
healthcare professionals dedicated to critical patient care, we are responsible for identifying
and treating the effects of critical illness on patients, both inside and outside the ICU.

Our hypothesis implies the association between the presence of delirium during ICU
admission and a worse immediate prognosis. Therefore, our study’s primary goal is to ana lyze
the differences between patients who develop delirium and patients who do not develop delir-
ium during ICU admission. Secondarily, we aim to study their characteristics to detect risk fac-
tors associated with delirium’s appearance during ICU admission and its impact on the
patient’s early prognosis in our population.

Materials and methods

We conducted an observational study including prospectively collected data of a cohort of
patients admitted to a general ICU from October 1, 2016, up to -and including- May 1, 2019.
Our general ICU is in a second-level hospital, including all types of medical patients and
24-hour coverage by general surgeons, urology, orthopedic surgery, and gynecology/obstetrics,
excluding cardiothoracic and neurosurgical patients.

Data were collected prospectively in the Registry of the Intensive Care Unit of the Univer-
sity Hospital of Henares. The research was approved by the Francisco de Vitoria University’s
Healthcare Ethics Committee (44/2018). Participation and acceptance of inclusion of patient’s
data into the Registry were obtained by signing the informed consent document (by the patient
or by an authorized surrogate in case the patient was unable to express their opinion). The
study includes all patients admitted during the mentioned period who agreed to participate in
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the Registry. Exclusion criteria were patients under 18 years old and patients who required
transfer to another hospital (given the impossibility of correct data collection and follow-up
upon discharge from the ICU).

We collected relevant demographic and clinical data in every patient, including sex, age,
Clinical Frailty Scale (CFS) [20-22], admission type, reason for admission, comorbidities (car-
diovascular, respiratory, renal, hepatic, cancer disease, endocrine), specific measures of critical
patient management (mechanical ventilation, continuous extrarenal clearance technique, iso-
lation, continuous neuromuscular blockade (NMB), prone) and development of organ failure
(s) (OF) during ICU admission. We used the Simplified Acute Physiology Score (SAPS-3) and
SOFA score (Sequential Organ Failure Assessment) on admission as validated scores for sever-
ity of illness [23, 24]. Organ failure was defined by SOFA score above two as individual scores
for each organ, determining progression of organ dysfunction. In addition, invasive mechani-
cal ventilation duration was calculated by adding up the time (in days) of all consecutive inva-
sive ventilation episodes during the same ICU admission and rounded to the nearest whole
day. The team of physicians routinely collects CFS, SAPS-3, and SOFA scores.

Patients were then classified into two groups, according to whether they developed delirium
during ICU stay. Delirium screening using the CAM-ICU (Confusion Assessment Method for
the Intensive Care Unit [25]) was performed by our nursing staff every eight hours (once every
shift), and, in case of doubt, it was discussed with the attending physician. This delirium assess-
ment instrument is highly reliable in the hands of health care providers. It comprises four fea-
tures assessing: acute change or fluctuation in mental status, inattention, disorganized
thinking, or an altered level of consciousness. To be diagnosed with delirium, the patient
needed to have a RASS (Richmond Agitation Sedation Scale, [26]) score above -3, a positive
CAM-ICU (defined as an acute change or fluctuation in mental status, accompanied by inat-
tention, and either disorganized thinking or an altered level of consciousness) [27-29].

Our standard of care implies applying a protocol for the prevention, diagnosis, and early
treatment of delirium based on the ABCDEF bundle on all patients [30]. Thus, our first objec-
tive is to optimize prevention measures by assessing analgesia, sedation, and care, trying to
maintain multimodal analgesia with the lowest possible opioid dose, maintaining the lowest
possible sedation except where deep sedation is necessary, and promoting early mobilization,
optimizing the environment, and promoting the family” presence.

Statistical analysis

Discrete variables were expressed as a number and percentage, while continuous variables are
expressed as medians (with interquartile range). Variables were explored to evaluate their nor-
mal distribution using the Kolmogorov-Smirnov test. Firstly, Pearson’s or Chi-square test
(alternatively Fisher’s exact test for expected values<5) or Mann-Whitney’s U were used to
perform the exploratory analyses to find significant differences. Variables with a p-value under
0,05 were taken as statistically significant. Finally, odds ratios (OR) with 95% confidence inter-
val (CI) were used when comparing characteristics between patients who had developed delir-
ium and delirium-free patients during ICU stay.

Secondly, we performed a univariate analysis of delirium incidence. Thirdly, a multivariate
logistic regression analysis was carried out to quantify the existing associations. The multivari-
ate analysis included all variables that proved significant associations with a p-value under 0.10
in the univariate analysis, considering an alpha error of 5%. Lastly, we performed a recursive
partitioning test employing a CHAID (Chi-square Automatic Interaction Detection) classifica-
tion tree. Statistical analyses were performed using the SPSS software package version 20.0 for
Windows.
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Results

During the study period, 1534 patients were admitted to our ICU. Seventy-two patients were
excluded from the statistical analysis (due to loss of data related to hospital transfer), obtaining
a cohort of 1462 adult patients. The demographic and clinical characteristics of the n = 1462
patients (already divided into two groups) are summarised in Table 1.

Table 1. Demographics and clinical characteristics of the studied population.

Delirium No delirium p
Number of patients, n (%) 93 (6) 1369 (94) -
Age, yr, median (IQR) 71 (60-81) 66 (55-74) < 0,001
Sex, n (%) Male 58 (62,3) 790 (57,7) 0,38
Female 35 (37,6) 579 (42,3)
Clinical Frailty Scale, median (IQR) 3(3-4) 3(2-3) < 0,001
Admission type, n (%) Emergency surgery 14 (15) 196 (14,3) 0,035
Scheduled surgery 18 (19,4) 437 (31,9)
Medical patient 61 (65,5) 736 (53,8)
Main diagnosis on admission, n (%) Acute respiratory failure 22 (14) 148 (10,8) < 0,001
Postoperative 25 (26,9) 553 (40,4)
Sepsis 19 (20,4) 150 (11)
Acute coronary syndrome 5 (5,4) 202 (14,8)
Coma 9(9,7) 42 (3,1)
Cardiac arrest 4(18,3) 19 (1,4)
Other 9(9,7) 254 (18,6)
Comorbidities, n (%) Cardiovascular 59 (63,4) 720 (52,3) 0,04
Respiratory 27 (29) 328 (24) 0,27
Renal 50 (53,4) 334 (24,4) <0,001
Hepatic 15 (16,1) 220 (16,1) 0,99
Cancer disease 26 (28) 489 (35,7) 0,13
Endocrine 45 (48,4) 39 (2,8) 0,086
SAPS 3 score, median (IQR) 59 (49-66) 45 (38-55) <0,001
SOFA score, median (IQR) 5(2-8) 1(0-4) <0,001
Organ-supportive treatments Invasive MV, n (%) 58 (62,4) 351 (25,6) <0,001
Days under invasive MV, days (IQR) 6,5 (3-15) 2(1-5) <0,001
Reintubation, n (%) 5(5,4) 13 (9,5) <0,001
Non-invasive MV, n (%) 10 (10,7) 88 (6,4) 0,11
CRRT, n (%) 5(5,4) 64 (4,7) 0,76
Isolation Preventive isolation on suspicion of MDR, n (%) 27 (29) 199 (14,4) <0,001
Confirmed isolation due to positive MDR, n (%) 14 (15) 58 (4,2) <0,001
Need of prone position, n (%) 4 (4,3) 8 (0,6) 0,005
Neuromuscular blockade, n %) 6 (6,5) 5(0,4) <0,00
Organ failure, n (%) Cardiovascular 70 (75,3) 424 (31) <0,001
Respiratory 63 (67,7) 475 (34,7) <0,001
Renal 50 (53,8) 334 (24,4) <0,001
Hepatic 13 (14) 68 (5) <0,001
Hematologic 13 (14) 102 (7,5) 0,02
Number of organ failure/s, median (IQR) 3(2-4) 0(0-2) <0,001

Yr = years; IQR = interquartile range; MV = mechanical ventilation; CRRT = continuous renal replacement therapy; MDR = multidrug-resistant bacteria.

Dashes indicate no data.

https://doi.org/10.1371/journal.pone.0255522.t001
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Table 2. Short-term outcomes.

Delirium No delirium P
LOS ICU, days, median (IQR) 7 (3-15) 2 (1-4) <0,001
LOS hospital after ICU discharge, days, median (IQR) 10 (5-18) 6 (3-11) < 0,001
Unplanned readmission to ICU, n (%) 7 (7%) 40 (3%) 0,014
Mortality upon ICU discharge, n (%) 0 (0%) 47 (3,4) 0,07
Mortality upon hospital discharge, n (%) 5(5,4) 39 (2,85) 0,72

LOS = length of stay; IQR = interquartile range; ICU = intensive care unit.

https://doi.org/10.1371/journal.pone.0255522.t1002

Ninety-three patients developed delirium (incidence of 6.3%). Patients who developed
delirium during ICU stay were older (p<0.001) and had a higher score in the CFS. In this
group, reasons for ICU admission included pre-ICU emergency surgery or a medical admis-
sion (acute respiratory failure, sepsis, coma, or cardiac arrest). SAPS-3 (59 vs. 45, p<0.01) and
SOFA score (5 vs. 1, p<0.001) on admission were higher in the delirium group. Patients with
delirium also presented a higher incidence of cardiovascular (p 0.04) and renal comorbidities
(p<0.001). Moreover, they required invasive mechanical ventilation in a higher percentage of
the cases, plus they presented longer invasive mechanical ventilation duration (6.5 vs. two
days, p<0.001). Regarding the development of organ failure(s), patients who developed delir-
ium had a higher incidence of cardiovascular, respiratory, renal, hepatic, and hematological
failures. Likewise, they required higher preventive (29% vs 14%, p<0.01) and confirmed (15%
vs. 4%, p<0.01) isolation due to multidrug-resistant bacteria (MDR).

When studying outcomes (early prognosis, Table 2), patients who developed delirium pre-
sented longer ICU length-of-stay (7 vs. 2, p<0.001) and longer hospital stay once discharged
from ICU (10 vs. 6, p<0.001). Furthermore, they presented an increased unplanned ICU read-
mission rate (7% vs. 3%, p<0.014). However, we did not find differences in mortality (upon
ICU and ward discharge).

We initially performed a univariate analysis with all statistically significant variables: age
above 74, Clinical Frailty Scale above 3, specific reason for admission (acute respiratory failure,
sepsis, coma, cardiac arrest, urgent surgery), comorbidities (cardiovascular and renal), SAPS-3
score above 56, SOFA score on admission above 4, invasive mechanical ventilation, reintuba-
tion rate, preventive and confirmed isolation due to MDR, prone position, NMB, organ fail-
ures (respiratory, cardiovascular, renal, hepatic and hematological) and the number of failed
organs above 2 (S1 Table).

In the multivariate analysis (Table 3), the use of neuromuscular blockade (OR 7.2, 95% CI
1.99-26.27) and the number of failed organs above 2 (OR 4.9, 95% CI 2.9-8.2) were the

Table 3. Multivariate analysis.

VARIABLE OR (95% IC)
Age above 74 yrs 2,1 (1,3-3,5)
Coma on ICU admission 2,5 (1,07-5,8)
> 2 organ failures 4,9 (2,9-8,2)
Invasive MV 1,9 (1,1-3,3)
Confirmed isolation due to MDR 2,4 (1,2-4,6)
Neuromuscular blockade 7,2 (2-26,3)

Yrs = years; ICU = intensive care unit; MV = mechanical ventilation; MDR = multidrug-resistant bacteria.

https://doi.org/10.1371/journal.pone.0255522.t1003
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strongest independent predictors of transitioning to delirium. We also observed high odds
ratio for age above 74 (OR 2.1; 95% CI 1.3-4.5), coma as the reason for ICU admission (OR
2.5,95% CI 1.1-5.8), need for invasive mechanical ventilation (OR 1.92, 95% CI 1.1-3.3) and
confirmed isolation due to MDR (OR 2.4, 95% CI 1.2-4.8). Finally, we should clarify that most
patients presented a toxic/metabolic/respiratory origin coma, and few were secondary to pri-
mary neurological problems.

Regarding the recursive partitions test using a CHAID classification tree, we observed a
higher incidence of delirium in patients who presented more than two OF (20.4%) and
patients with less than two OF, a higher incidence over 74 years of age (8.6%).

Discussion

In this study, trying to find risk factors associated with delirium development, we found that
the highest risk observed for developing delirium clustered in patients who presented more
than two OF and patients over 74 years old. Furthermore, in our cohort, patients who devel-
oped delirium showed a longer ICU length of stay, a longer length of hospitalization after dis-
charge from ICU, and an increased ICU readmission rate (7%), with no differences in
mortality.

Considering the results we obtained in the multivariate analysis, patients in coma on admis-
sion to the ICU, patients who required invasive mechanical ventilation or continuous NMB,
and patients who needed isolation due to an identified MDR were also at high risk of develop-
ing delirium. When compared with risk factors assessed in published studies [7-9], we high-
light the lack of information regarding the relationship between the development of delirium
and the use of NMB and between the development of delirium and contact isolation required
after confirmation of the presence of MDR. The risk of delirium development observed in
patients requiring NMB may be linked with the concurrent use of deep sedation. Still, one
could raise a question: is one pharmacological group of NMBs more associated with delirium
than another? On the other hand, the presence of MDR implies specific contact measures,
making the family visit and contact with the patient more difficult, in addition to the need for
broad-spectrum antibiotics, which could also play a role in the development of delirium.

Knowledge of the risk factors associated with delirium development among critical patients
is essential for optimal patient management. In essence, it provides insight into a complex syn-
drome, facilitates the detection of high-risk patients, and allows us to improve prevention pro-
grams. One of the first attempts to identify those variables associated with an increased risk of
delirium in critically ill patients [7] recognized the following with a strong level of evidence:
trauma or emergency surgery before ICU admission, APACHE II score, coma, delirium on
the previous day, use of mechanical ventilation and metabolic acidosis; multiorgan failure had
moderate evidence (OR varying from 1.09 to 8.8). Regarding current guidelines [8], Devlin
et al. found strong evidence for age, dementia or prior coma, pre-ICU emergency surgery or
trauma, sex opioid use, mechanical ventilation, benzodiazepine use, and blood transfusion;
while moderate evidence was found for a history of hypertension, admission due to neurologic
disease, trauma and use of psychoactive medication. Whilst the APACHE score presented a
strong association with delirium development, the SOFA score was inconclusive. Our study
observed a statistically significant difference between SAPS-3 and SOFA scores when compar-
ing non-delirium and delirium patients. When performing univariate analysis (S1 Table) we
found an OR 4,07 (95% 2,65-6,23) for SAPS-3 score above 56 and an OR 4,05 (95% 2,64-6,21)
for SOFA score above 4. Upon multivariate analysis, we observed an OR for multiorgan failure
of 4.9, with a narrower confidence interval (95% CI 2.9-8.2) than the one observed by Zaal
etal. [7].
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The development of delirium is associated with a worse short-term prognosis, such as
increased mortality, cognitive impairment, longer duration of mechanical ventilation, and lon-
ger length of stay in the ICU [5]. Even though we did not find differences in mortality, our
patients who developed delirium presented more prolonged ICU and hospital length-of-stay
(median of seven days in ICU, plus ten days in the wards). It should be noted that a longer
duration in ICU is associated with an increase in morbidity and mortality, partially explained
by potentially modifiable ICU factors such as the use of corticosteroids, neuromuscular block-
ing agents, benzodiazepines, or mechanical ventilation (already known risk factors for delir-
ium) [31]. Along with this, and even though it was out of our study’s scope, we must highlight
that delirium is also associated with worse long-term prognosis, such as persistent cognitive
impairment [32-34] and disability in activities of daily living, including worse motor-sensory
function [35, 36].

We would also like to focus on the associated increase in ICU readmission rate (7% in our
cohort), similar to the results published in other studies [37, 38]. Besides, previous studies have
shown risk factors associated with unscheduled admissions, such as indices of pre-existing ill-
health, previous prolonged ICU length of stay, administration of steroids, need for blood prod-
ucts, need for extrarenal clearance techniques, or primary diagnosis of respiratory, gastrointes-
tinal, metabolic or renal pathology [39-41]. Readmission to the ICU has proven frequent and
strongly related to poor outcomes [42]. However, measures to prevent them remain elusive, as
only a small percentage of readmissions are reported to be preventable [43].

This specific group of patients shows a high risk of unscheduled hospital readmissions and
an increased risk of developing post-ICU syndrome, already known to profoundly affect
patients’ perceived quality of life [44-46]. Prolonged exposure to risk factors from the ICU
environment, including delirium development (with the consequent risk of developing sec-
ondary functional disability), makes this group of patients very vulnerable. Improving our
understanding of risk factors amenable to intervention could improve our clinical manage-
ment, plus develop post-ICU care programs. It has, therefore, important implications for
research and public health policies.

Our study has several potential limitations. The main one is the relatively low incidence of
delirium in our cohort (6.3%). Previous reports [47-49] from mixed ICU populations have dem-
onstrated an incidence ranging between 30 to 80% observed in studies involving exclusively
mechanical ventilated patients. Possible reasons for our low incidence could be (1) not including
cardiac, thoracic, nor neuro-surgery due to the characteristics of our ICU, (2) an underdiagnosis
of the condition (loss of cases related to undiagnosed hypoactive delirium [50]), (3) fluctuating
handling of CAM-ICU screening tool likely related to frequent staff changes within the nursing
pool or (4) optimized analgosedation management and preventive measures, which have been
improved in recent years (although we do not have reliable data before 2016 to be able to compare
whether this hypothesis is true). Delirium screening scales have the limitation of tagging but not
necessarily identifying delirium. PADIS [8] supplemental material brings to light the controversy
between delirium assessment reliability and sedation or consciousness, suggesting that the level of
arousal could influence delirium assessment. CAM-ICU performed in routine practice has high
specificity but low sensitivity, hampering early detection of delirium [51].

Two distinct clinical states (sedation and delirium, both associated with morbidity and
mortality risks) can appear as a positive CAM-ICU screen and are considered equivalent to a
"delirium diagnosis.” However, sedation-associated positive delirium scores that normalize
when sedation is lightened [52] confer no greater risk than documented in critically ill adults
without delirium. Moreover, transient CAM-ICU positivity in the context of deep sedation
behaves very differently than CAM-ICU positivity or ongoing delirium symptoms with RASS
levels of, or near, 0.
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Two other limitations to consider are the study’s unicentric character and the somewhat
limited number of patients, and the reliance on medical record data, introducing the potential
for missing data. Regarding these two statements, in the first place, we believe the unicentric
character could favor data homogeneity and consistency of the applied management. In the
second place, although a lack of data is real, our ICU medical team tries to reduce this bias as
much as possible by carrying out periodic reviews of the database.

The present study also has several strengths. We managed to include a high sample size
considering our relatively small ICU capacity (between 8 and 10 available ICU beds), and we
applied a reasonably new statistical model, which allowed us to detect the group most at risk of
developing delirium. Different lines of action have been generated from the study, targeting a
specific high-risk group and implying a change in our day-to-day work. Firstly, we have rein-
forced prevention measures (ABCDEF bundle) both within the ICU and within the hospital
wards (thanks to our ICU outreach team) and encouraged a rigorous and systematic use of
screening tools (CAM-ICU) within our ICU population. Furthermore, we have reinforced the
presence of family members within the ICU, extending visiting hours, providing psychological
screening and support, increasing the awareness of possible long-term consequences of inten-
sive care among ICU survivors, and engaging them in the care of their relatives.

Secondly, and thanks to the great collaboration of our nursing team, high-risk patients are
closely followed-up once discharged through the Continuity-of-Care Nursing team; this has
led to our first multidisciplinary protocol for the management of post-ICU syndrome (coordi-
nating both the hospital team and the Primary Care health centers attached to the hospital area
to which we belong). During hospital admission, we support a nurse-led follow-up lead, coor-
dinating with healthcare professionals and resource planning, and organizing a ward-dis-
charge plan with the corresponding level of health care, guaranteeing the continuity of care.
Our post-discharge follow-up program assures a satisfactory hand-off with the hospital ward
team and discusses the next steps with the patient and family. They also provide a support pro-
gram for families and caregivers, keeping in mind the patient’s values and wishes in the shared
decision-making process. As for the post-discharge recovery, the principal targets are to return
the patient to baseline by promoting continuous care, sharing knowledge, professional experi-
ence, and resource availability among professionals at all levels of care. A comprehensive
assessment of the patient at the Primary Care Provider is performed. An evaluation is carried
out at intervals defined by the Primary Care and Continuity-of-Care Nursing team [53, 54]. It
remains to be seen whether these changes affect long-term morbidity and mortality, including
a decrease in unplanned hospital and ICU readmission rates.

Conclusions

The detection of patients at high risk for developing delirium could imply a change in manage-
ment and improved quality of care, emphasizing prevention measures, including close follow-up
once discharged and collaboration with primary care. In our cohort, patients over 74 years old
and those who presented more than two OF had the highest risk. Other identified relevant risk
factors were coma on ICU admission, invasive mechanical ventilation, continuous NMB and
patients who needed isolation due to identified MDR. Moreover, patients with delirium showed a
more prolonged ICU and hospital length-of-stay and an increased CU readmission rate.

Our commitment towards critical care patients prompts us for early-diagnosis improve-
ment through the systematic use of screening tools and the meticulous implementation of pre-
vention programs. We must empower health professionals with information, education, and
resources. The cornerstone would be achieving a multidisciplinary collaboration for managing
these patients, improving their long-term prognosis and quality of life.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255522 September 2, 2021 8/12


https://doi.org/10.1371/journal.pone.0255522

PLOS ONE

Delirium risk factors in ICU

Supporting information

S1 Table. Univariate analysis.
(DOCX)

S1 File. Abbreviations list.
(DOCX)

Acknowledgments

We would like to thank all clinical members of the ICU team at H.U del Henares, who actively
helped gather the data for the present article.

Author Contributions
Conceptualization: Federico Gordo.
Formal analysis: David Varillas-Delgado.

Investigation: Beatriz Lobo-Valbuena, Sofia Garcia-Manzanedo, Maria-Mercedes Garcia-
Arias.

Methodology: Federico Gordo.

Project administration: Federico Gordo, Rosario Molina.
Resources: Maria-Mercedes Garcia-Arias.

Software: David Varillas-Delgado.

Supervision: Federico Gordo, Rosario Molina.
Validation: Rosario Molina.

Visualization: Sofia Garcia-Manzanedo.

Writing - original draft: Beatriz Lobo-Valbuena.

Writing - review & editing: Federico Gordo, Ana Abella, Inés Torrejon.

References

1. Ely EW, Siegel MD, Inouye SK. Delirium in the intensive care unit: an under-recognized syndrome of
organ dysfunction. Semin Respir Crit Care Med. 2001; 22(2):115-26. Epub 2005/08/10. https://doi.org/
10.1055/s-2001-13826 PMID: 16088667.

2. Ely EW, Shintani A, Truman B, Speroff T, Gordon SM, Harrell FE Jr, et al. Delirium as a predictor of mor-
tality in mechanically ventilated patients in the intensive care unit. Jama. 2004; 291(14):1753-62. Epub
2004/04/15. https://doi.org/10.1001/jama.291.14.1753 PMID: 15082703.

3. Latl, McMillian W, Taylor S, Janzen JM, Papadopoulos S, Korth L, et al. The impact of delirium on clini-
cal outcomes in mechanically ventilated surgical and trauma patients. Crit Care Med. 2009; 37
(6):1898-905. Epub 2009/04/23. https://doi.org/10.1097/CCM.0b013e31819ffe38 PMID: 19384221.

4. Milbrandt EB, Deppen S, Harrison PL, Shintani AK, Speroff T, Stiles RA, et al. Costs associated with
delirium in mechanically ventilated patients. Crit Care Med. 2004; 32(4):955-62. Epub 2004/04/09.
https://doi.org/10.1097/01.ccm.0000119429.16055.92 PMID: 15071384.

5. Salluh Jl, Wang H, Schneider EB, Nagaraja N, Yenokyan G, Damluiji A, et al. Outcome of delirium in crit-
ically ill patients: systematic review and meta-analysis. Bmj. 2015; 350:h2538. Epub 2015/06/05.
https://doi.org/10.1136/bmj.h2538 PMID: 26041151; PubMed Central PMCID: PMC4454920 www.
icmje.org/coi_disclosure.pdf and declare: no support from any organization for the submitted work; no
financial relationships with any organizations that might have an interest in the submitted work in the
previous three years; no other relationships or activities that could appear to have influenced the submit-
ted work.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255522 September 2, 2021 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255522.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255522.s002
https://doi.org/10.1055/s-2001-13826
https://doi.org/10.1055/s-2001-13826
http://www.ncbi.nlm.nih.gov/pubmed/16088667
https://doi.org/10.1001/jama.291.14.1753
http://www.ncbi.nlm.nih.gov/pubmed/15082703
https://doi.org/10.1097/CCM.0b013e31819ffe38
http://www.ncbi.nlm.nih.gov/pubmed/19384221
https://doi.org/10.1097/01.ccm.0000119429.16055.92
http://www.ncbi.nlm.nih.gov/pubmed/15071384
https://doi.org/10.1136/bmj.h2538
http://www.ncbi.nlm.nih.gov/pubmed/26041151
http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf
https://doi.org/10.1371/journal.pone.0255522

PLOS ONE

Delirium risk factors in ICU

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

Spronk PE, Riekerk B, Hofhuis J, Rommes JH. Occurrence of delirium is severely underestimated in
the ICU during daily care. Intensive Care Med. 2009; 35(7):1276—80. Epub 2009/04/08. https://doi.org/
10.1007/s00134-009-1466-8 PMID: 19350214; PubMed Central PMCID: PMC2698979.

Zaal |J, Devlin JW, Peelen LM, Slooter AJ. A systematic review of risk factors for delirium in the ICU.
Crit Care Med. 2015; 43(1):40—7. Epub 2014/09/25. https://doi.org/10.1097/CCM.0000000000000625
PMID: 25251759.

Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJC, Pandharipande PP, et al. Clinical Practice
Guidelines for the Prevention and Management of Pain, Agitation/Sedation, Delirium, Immobility, and
Sleep Disruption in Adult Patients in the ICU. Crit Care Med. 2018; 46(9):e825—e73. Epub 2018/08/17.
https://doi.org/10.1097/CCM.0000000000003299 PMID: 30113379.

Krewulak KD, Stelfox HT, Ely EW, Fiest KM. Risk factors and outcomes among delirium subtypes in
adult ICUs: A systematic review. J Crit Care. 2020; 56:257—-64. Epub 2020/01/28. https://doi.org/10.
1016/j.jcrc.2020.01.017 PMID: 31986369.

Celis-Rodriguez E, Diaz Cortés JC, Cardenas Bolivar YR, Carrizosa Gonzélez JA, Pinilla DI, Ferrer
ZAccaro LE, et al. Evidence-based clinical practice guidelines for the management of sedoanalgesia
and delirium in critically ill adult patients. Med Intensiva. 2020; 44(3):171-84. Epub 2019/09/08. https://
doi.org/10.1016/j.medin.2019.07.013 PMID: 31492476.

Garcia-Sanchez M, Caballero-Lépez J, Ceniceros-Rozalén |, Giménez-Esparza Vich C, Romera-
Ortega MA, Pardo-Rey C, et al. Management of analgesia, sedation and delirium in Spanish Intensive
Care Units: A national two-part survey. Med Intensiva. 2019; 43(4):225-33. Epub 2019/02/02. https://
doi.org/10.1016/j.medin.2018.12.003 PMID: 30704803.

Herling SF, Greve IE, Vasilevskis EE, Egerod |, Bekker Mortensen C, Maller AM, et al. Interventions for
preventing intensive care unit delirium in adults. Cochrane Database Syst Rev. 2018; 11(11):
Cd009783. Epub 2018/11/30. https://doi.org/10.1002/14651858.CD009783.pub2 PMID: 30484283;
PubMed Central PMCID: PMC6373634

Trogrli¢ Z, van der Jagt M, Bakker J, Balas MC, Ely EW, van der Voort PH, et al. A systematic review of
implementation strategies for assessment, prevention, and management of ICU delirium and their effect
on clinical outcomes. Crit Care. 2015; 19(1):157. Epub 2015/04/19. https://doi.org/10.1186/s13054-
015-0886-9 PMID: 25888230; PubMed Central PMCID: PMC4428250.

Pun BT, Balas MC, Barnes-Daly MA, Thompson JL, Aldrich JM, Barr J, et al. Caring for Critically IIl
Patients with the ABCDEF Bundle: Results of the ICU Liberation Collaborative in Over 15,000 Adults.
Crit Care Med. 2019; 47(1):3—14. Epub 2018/10/20. https://doi.org/10.1097/CCM.0000000000003482
PMID: 30339549; PubMed Central PMCID: PMC6298815.

Zhang S, Han Y, Xiao Q, Li H, Wu Y. Effectiveness of Bundle Interventions on ICU Delirium: A Meta-
Analysis. Crit Care Med. 2020;Publish Ahead of Print. Epub 2020/12/18. https://doi.org/10.1097/CCM.
0000000000004773 PMID: 33332818.

Pandharipande PP, Pun BT, Herr DL, Maze M, Girard TD, Miller RR, et al. Effect of sedation with dex-
medetomidine vs. lorazepam on acute brain dysfunction in mechanically ventilated patients: the
MENDS randomized controlled trial. Jama. 2007; 298(22):2644—-53. Epub 2007/12/13. https://doi.org/
10.1001/jama.298.22.2644 PMID: 18073360.

Skrobik Y, Duprey MS, Hill NS, Devlin JW. Low-Dose Nocturnal Dexmedetomidine Prevents ICU Delir-
ium. A Randomized, Placebo-controlled Trial. Am J Respir Crit Care Med. 2018; 197(9):1147-56. Epub
2018/03/03. https://doi.org/10.1164/rccm.201710-19950C PMID: 29498534.

Morandi A, Hughes CG, Thompson JL, Pandharipande PP, Shintani AK, Vasilevskis EE, et al. Statins
and delirium during critical illness: a multicenter, prospective cohort study. Crit Care Med. 2014; 42
(8):1899-909. Epub 2014/05/09. https://doi.org/10.1097/CCM.0000000000000398 PMID: 24810528;
PubMed Central PMCID: PMC4103957.

Avidan MS, Maybrier HR, Abdallah AB, Jacobsohn E, Vlisides PE, Pryor KO, et al. Intraoperative keta-
mine for prevention of postoperative delirium or pain after major surgery in older adults: an international,
multicentre, double-blind, randomized clinical trial. Lancet. 2017; 390(10091):267—-75. Epub 2017/06/
04. https://doi.org/10.1016/S0140-6736(17)31467-8 PMID: 28576285; PubMed Central PMCID:
PMC5644286.

Muscedere J, Waters B, Varambally A, Bagshaw SM, Boyd JG, Maslove D, et al. The impact of frailty
on intensive care unit outcomes: a systematic review and meta-analysis. Intensive Care Med. 2017; 43
(8):1105—22. Epub 2017/07/06. https://doi.org/10.1007/s00134-017-4867-0 PMID: 28676896; PubMed
Central PMCID: PMC55019083.

Pugh RJ, Ellison A, Pye K, Subbe CP, Thorpe CM, Lone NI, et al. Feasibility and reliability of frailty
assessment in the critically ill: a systematic review. Crit Care. 2018; 22(1):49. Epub 2018/02/27. https:/
doi.org/10.1186/s13054-018-1953-9 PMID: 29478414; PubMed Central PMCID: PMC6389132.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255522 September 2, 2021 10/12


https://doi.org/10.1007/s00134-009-1466-8
https://doi.org/10.1007/s00134-009-1466-8
http://www.ncbi.nlm.nih.gov/pubmed/19350214
https://doi.org/10.1097/CCM.0000000000000625
http://www.ncbi.nlm.nih.gov/pubmed/25251759
https://doi.org/10.1097/CCM.0000000000003299
http://www.ncbi.nlm.nih.gov/pubmed/30113379
https://doi.org/10.1016/j.jcrc.2020.01.017
https://doi.org/10.1016/j.jcrc.2020.01.017
http://www.ncbi.nlm.nih.gov/pubmed/31986369
https://doi.org/10.1016/j.medin.2019.07.013
https://doi.org/10.1016/j.medin.2019.07.013
http://www.ncbi.nlm.nih.gov/pubmed/31492476
https://doi.org/10.1016/j.medin.2018.12.003
https://doi.org/10.1016/j.medin.2018.12.003
http://www.ncbi.nlm.nih.gov/pubmed/30704803
https://doi.org/10.1002/14651858.CD009783.pub2
http://www.ncbi.nlm.nih.gov/pubmed/30484283
https://doi.org/10.1186/s13054-015-0886-9
https://doi.org/10.1186/s13054-015-0886-9
http://www.ncbi.nlm.nih.gov/pubmed/25888230
https://doi.org/10.1097/CCM.0000000000003482
http://www.ncbi.nlm.nih.gov/pubmed/30339549
https://doi.org/10.1097/CCM.0000000000004773
https://doi.org/10.1097/CCM.0000000000004773
http://www.ncbi.nlm.nih.gov/pubmed/33332818
https://doi.org/10.1001/jama.298.22.2644
https://doi.org/10.1001/jama.298.22.2644
http://www.ncbi.nlm.nih.gov/pubmed/18073360
https://doi.org/10.1164/rccm.201710-1995OC
http://www.ncbi.nlm.nih.gov/pubmed/29498534
https://doi.org/10.1097/CCM.0000000000000398
http://www.ncbi.nlm.nih.gov/pubmed/24810528
https://doi.org/10.1016/S0140-6736%2817%2931467-8
http://www.ncbi.nlm.nih.gov/pubmed/28576285
https://doi.org/10.1007/s00134-017-4867-0
http://www.ncbi.nlm.nih.gov/pubmed/28676896
https://doi.org/10.1186/s13054-018-1953-9
https://doi.org/10.1186/s13054-018-1953-9
http://www.ncbi.nlm.nih.gov/pubmed/29478414
https://doi.org/10.1371/journal.pone.0255522

PLOS ONE

Delirium risk factors in ICU

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et al. A global clinical measure
of fitness and frailty in elderly people. Cmaj. 2005; 173(5):489-95. Epub 2005/09/01. https://doi.org/10.
1503/cmaj.050051 PMID: 16129869; PubMed Central PMCID: PMC1188185.

Minne L, Abu-Hanna A, de Jonge E. Evaluation of SOFA-based models for predicting mortality in the
ICU: A systematic review. Crit Care. 2008; 12(6): R161. Epub 2008/12/19. https://doi.org/10.1186/
cc7160 PMID: 19091120; PubMed Central PMCID: PMC2646326.

Moreno RP, Metnitz PG, Aimeida E, Jordan B, Bauer P, Campos RA, et al. SAPS 3—From evaluation
of the patient to evaluation of the intensive care unit. Part 2: Development of a prognostic model for hos-
pital mortality at ICU admission. Intensive Care Med. 2005; 31(10):1345-55. Epub 2005/09/01. https://
doi.org/10.1007/s00134-005-2763-5 PMID: 16132892; PubMed Central PMCID: PMC1315315.

Bergeron N, Dubois MJ, Dumont M, Dial S, Skrobik Y. Intensive Care Delirium Screening Checklist:
evaluation of a new screening tool. Intensive Care Med. 2001; 27(5):859-64. Epub 2001/06/30. https://
doi.org/10.1007/s001340100909 PMID: 11430542.

Ely EW, Truman B, Shintani A, Thomason JW, Wheeler AP, Gordon S, et al. Monitoring sedation status
over time in ICU patients: reliability and validity of the Richmond Agitation-Sedation Scale (RASS).
Jama. 2003; 289(22):2983-91. Epub 2003/06/12. https://doi.org/10.1001/jama.289.22.2983 PMID:
12799407.

Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L, et al. Delirium in mechanically ventilated
patients: validity and reliability of the confusion assessment method for the intensive care unit (CAM-
ICU). Jama. 2001; 286(21):2703-10. Epub 2001/12/26. https://doi.org/10.1001/jama.286.21.2703
PMID: 11730446.

Ely EW, Margolin R, Francis J, May L, Truman B, Dittus R, et al. Evaluation of delirium in critically ill
patients: validation of the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU). Crit
Care Med. 2001; 29(7):1370-9. Epub 2001/07/11. https://doi.org/10.1097/00003246-200107000-
00012 PMID: 11445689.

Wassenaar A, Schoonhoven L, Devlin JW, van Haren FMP, Slooter AJC, Jorens PG, et al. External Val-
idation of Two Models to Predict Delirium in Critically Il Adults Using Either the Confusion Assessment
Method-ICU or the Intensive Care Delirium Screening Checklist for Delirium Assessment. Crit Care
Med. 2019; 47(10):e827—e35. Epub 2019/07/16. https://doi.org/10.1097/CCM.0000000000003911
PMID: 31306177.

Marra A, Ely EW, Pandharipande PP, Patel MB. The ABCDEF Bundle in Critical Care. Crit Care Clin.
2017; 33(2):225—43. Epub 2017/03/13. https://doi.org/10.1016/j.ccc.2016.12.005 PMID: 28284292;
PubMed Central PMCID: PMC5351776.

Hermans G, Van Aerde N, Meersseman P, Van Mechelen H, Debaveye Y, Wilmer A, et al. Five-year
mortality and morbidity impact of prolonged versus brief ICU stay: a propensity score matched cohort
study. Thorax. 2019; 74(11):1037—45. Epub 2019/09/05. https://doi.org/10.1136/thoraxjnl-2018-213020
PMID: 314816383.

Estrup S, Kjer CKW, Vilhelmsen F, Poulsen LM, Gagenur |, Mathiesen O. Cognitive Function 3 and 12
Months After ICU Discharge-A Prospective Cohort Study. Crit Care Med. 2018; 46(12):e1121—e7. Epub
2018/09/07. https://doi.org/10.1097/CCM.0000000000003391 PMID: 30188383.

Girard TD, Jackson JC, Pandharipande PP, Pun BT, Thompson JL, Shintani AK, et al. Delirium as a
predictor of long-term cognitive impairment in survivors of critical illness. Crit Care Med. 2010; 38
(7):1513-20. Epub 2010/05/18. https://doi.org/10.1097/CCM.0b013e3181e47be1 PMID: 20473145;
PubMed Central PMCID: PMC3638813.

Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thompson JL, Pun BT, et al. Long-term cogni-
tive impairment after critical illness. N Engl J Med. 2013; 369(14):1306—16. Epub 2013/10/04. https://
doi.org/10.1056/NEJMoa1301372 PMID: 24088092; PubMed Central PMCID: PMC3922401.

Brummel NE, Jackson JC, Pandharipande PP, Thompson JL, Shintani AK, Dittus RS, et al. Delirium in
the ICU and subsequent long-term disability among survivors of mechanical ventilation. Crit Care Med.
2014; 42(2):369-77. Epub 2013/10/26. https://doi.org/10.1097/CCM.0b013e3182a645bd PMID:
24158172; PubMed Central PMCID: PMC3947028.

Wolters AE, van Dijk D, Pasma W, Cremer OL, Looije MF, de Lange DW, et al. Long-term outcome of
delirium during intensive care unit stay in survivors of critical illness: a prospective cohort study. Crit
Care. 2014; 18(3): R125. Epub 2014/06/20. https://doi.org/10.1186/cc13929 PMID: 24942154; PubMed
Central PMCID: PMC4095683.

Al-Jaghbeer MJ, Tekwani SS, Gunn SR, Kahn JM. Incidence and Etiology of Potentially Preventable
ICU Readmissions. Crit Care Med. 2016; 44(9):1704—-9. Epub 2016/04/14. https://doi.org/10.1097/
CCM.0000000000001746 PMID: 27071066.

van Sluisveld N, Bakhshi-Raiez F, de Keizer N, Holman R, Wester G, Wollersheim H, et al. Variation in
rates of ICU readmissions and post-ICU in-hospital mortality and their association with ICU discharge

PLOS ONE | https://doi.org/10.1371/journal.pone.0255522 September 2, 2021 11/12


https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1503/cmaj.050051
http://www.ncbi.nlm.nih.gov/pubmed/16129869
https://doi.org/10.1186/cc7160
https://doi.org/10.1186/cc7160
http://www.ncbi.nlm.nih.gov/pubmed/19091120
https://doi.org/10.1007/s00134-005-2763-5
https://doi.org/10.1007/s00134-005-2763-5
http://www.ncbi.nlm.nih.gov/pubmed/16132892
https://doi.org/10.1007/s001340100909
https://doi.org/10.1007/s001340100909
http://www.ncbi.nlm.nih.gov/pubmed/11430542
https://doi.org/10.1001/jama.289.22.2983
http://www.ncbi.nlm.nih.gov/pubmed/12799407
https://doi.org/10.1001/jama.286.21.2703
http://www.ncbi.nlm.nih.gov/pubmed/11730446
https://doi.org/10.1097/00003246-200107000-00012
https://doi.org/10.1097/00003246-200107000-00012
http://www.ncbi.nlm.nih.gov/pubmed/11445689
https://doi.org/10.1097/CCM.0000000000003911
http://www.ncbi.nlm.nih.gov/pubmed/31306177
https://doi.org/10.1016/j.ccc.2016.12.005
http://www.ncbi.nlm.nih.gov/pubmed/28284292
https://doi.org/10.1136/thoraxjnl-2018-213020
http://www.ncbi.nlm.nih.gov/pubmed/31481633
https://doi.org/10.1097/CCM.0000000000003391
http://www.ncbi.nlm.nih.gov/pubmed/30188383
https://doi.org/10.1097/CCM.0b013e3181e47be1
http://www.ncbi.nlm.nih.gov/pubmed/20473145
https://doi.org/10.1056/NEJMoa1301372
https://doi.org/10.1056/NEJMoa1301372
http://www.ncbi.nlm.nih.gov/pubmed/24088092
https://doi.org/10.1097/CCM.0b013e3182a645bd
http://www.ncbi.nlm.nih.gov/pubmed/24158172
https://doi.org/10.1186/cc13929
http://www.ncbi.nlm.nih.gov/pubmed/24942154
https://doi.org/10.1097/CCM.0000000000001746
https://doi.org/10.1097/CCM.0000000000001746
http://www.ncbi.nlm.nih.gov/pubmed/27071066
https://doi.org/10.1371/journal.pone.0255522

PLOS ONE

Delirium risk factors in ICU

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

practices. BMC Health Serv Res. 2017; 17(1):281. Epub 2017/04/19. https://doi.org/10.1186/s12913-
017-2234-z PMID: 28416016; PubMed Central PMCID: PMC5393034.

Garland A, Olafson K, Ramsey CD, Yogendran M, Fransoo R. Epidemiology of critically ill patients in
intensive care units: a population-based observational study. Crit Care. 2013; 17(5): R212. Epub 2013/
10/02. https://doi.org/10.1186/cc13026 PMID: 24079640; PubMed Central PMCID: PMC4056438.

Hua M, Gong MN, Brady J, Wunsch H. Early and late unplanned rehospitalizations for survivors of criti-
calillness*. Crit Care Med. 2015; 43(2):430-8. Epub 2015/01/20. https://doi.org/10.1097/CCM.
0000000000000717 PMID: 25599467; PubMed Central PMCID: PMC4452376.

Ohnuma T, Shinjo D, Brookhart AM, Fushimi K. Predictors associated with unplanned hospital readmis-
sion of medical and surgical intensive care unit survivors within 30 days of discharge. J Intensive Care.
2018; 6:14. Epub 2018/03/07. https://doi.org/10.1186/s40560-018-0284-x PMID: 29507728; PubMed
Central PMCID: PMC5831844.

Lone NI, Lee R, Salisbury L, Donaghy E, Ramsay P, Rattray J, et al. Predicting risk of unplanned hospi-
tal readmission in survivors of critical illness: a population-level cohort study. Thorax. 2019; 74
(11):1046-54. Epub 2018/04/07. https://doi.org/10.1136/thoraxjnl-2017-210822 PMID: 29622692.

Ponzoni CR, Corréa TD, Filho RR, Serpa Neto A, Assun¢do MSC, Pardini A, et al. Readmission to the
Intensive Care Unit: Incidence, Risk Factors, Resource Use, and Outcomes. A Retrospective Cohort
Study. Ann Am Thorac Soc. 2017; 14(8):1312-9. Epub 2017/05/23. https://doi.org/10.1513/
AnnalsATS.201611-8510C PMID: 28530118.

Needham DM, Davidson J, Cohen H, Hopkins RO, Weinert C, Wunsch H, et al. Improving long-term
outcomes after discharge from intensive care unit: report from a stakeholders’ conference. Crit Care
Med. 2012; 40(2):502-9. Epub 2011/09/29. https://doi.org/10.1097/CCM.0b013e318232da75 PMID:
21946660.

Van Der Schaaf M, Bakhshi-Raiez F, Van Der Steen M, Dongelmans DA, De Keizer NF. Recommenda-
tions for intensive care follow-up clinics; report from a survey and conference of Dutch intensive cares.
Minerva Anestesiol. 2015; 81(2):135—44. Epub 2014/05/16. PMID: 24824957.

van Walraven C, Bennett C, Jennings A, Austin PC, Forster AJ. Proportion of hospital readmissions
deemed avoidable: a systematic review. Cmaj. 2011; 183(7): E391-402. Epub 2011/03/30. https://doi.
org/10.1503/cmaj. 101860 PMID: 21444623; PubMed Central PMCID: PMC3080556.

Busico M, das Neves A, Carini F, Pedace M, Villalba D, Foster C, et al. Follow-up program after inten-
sive care unit discharge. Med Intensiva. 2019; 43(4):243-54. Epub 2019/03/06. https://doi.org/10.1016/
j.medin.2018.12.005 PMID: 30833016.

Maldonado JR. Acute Brain Failure: Pathophysiology, Diagnosis, Management, and Sequelae of Delir-
ium. Crit Care Clin. 2017; 33(3):461-519. Epub 2017/06/12. https://doi.org/10.1016/j.ccc.2017.03.013
PMID: 28601132.

Salluh JI, Soares M, Teles JM, Ceraso D, Raimondi N, Nava VS, et al. Delirium epidemiology in critical
care (DECCA): an international study. Crit Care. 2010; 14(6): R210. Epub 2010/11/26. https://doi.org/
10.1186/cc9333 PMID: 21092264; PubMed Central PMCID: PMC3220001.

Krewulak KD, Stelfox HT, Leigh JP, Ely EW, Fiest KM. Incidence and Prevalence of Delirium Subtypes
in an Adult ICU: A Systematic Review and Meta-Analysis. Crit Care Med. 2018; 46(12):2029-35. Epub
2018/09/21. https://doi.org/10.1097/CCM.0000000000003402 PMID: 30234569.

van Eijk MM, van den Boogaard M, van Marum RJ, Benner P, Eikelenboom P, Honing ML, et al. Routine
use of the confusion assessment method for the intensive care unit: a multicenter study. Am J Respir
Crit Care Med. 2011; 184(3):340—4. Epub 2011/05/13. https://doi.org/10.1164/rccm.201101-00650C
PMID: 21562131.

Patel SB, Poston JT, Pohiman A, Hall JB, Kress JP. Rapidly reversible, sedation-related delirium versus
persistent delirium in the intensive care unit. Am J Respir Crit Care Med. 2014; 189(6):658—65. Epub
2014/01/16. https://doi.org/10.1164/rccm.201310-18150C PMID: 24423152.

Lobo-Valbuena B, Sanchez Roca MD, Regalén Martin MP, Torres Morales J, Varillas Delgado D,
Gordo F. Post-Intensive Care syndrome: ample room for improvement. Data analysis after one year of
implementation of a protocol for prevention and management in a second level hospital. Med Intensiva
(Engl Ed). 2020. Epub 2020/07/29. https://doi.org/10.1016/j.medin.2020.06.009 PMID: 32718741.

Lobo-Valbuena B, Molina R, Gordo F. Post-intensive care syndrome. ICU management & practice.
2020; 20(4):271-4. https://doi.org/10.1016/j.medin.2020.06.009 PMID: 32718741

PLOS ONE | https://doi.org/10.1371/journal.pone.0255522 September 2, 2021 12/12


https://doi.org/10.1186/s12913-017-2234-z
https://doi.org/10.1186/s12913-017-2234-z
http://www.ncbi.nlm.nih.gov/pubmed/28416016
https://doi.org/10.1186/cc13026
http://www.ncbi.nlm.nih.gov/pubmed/24079640
https://doi.org/10.1097/CCM.0000000000000717
https://doi.org/10.1097/CCM.0000000000000717
http://www.ncbi.nlm.nih.gov/pubmed/25599467
https://doi.org/10.1186/s40560-018-0284-x
http://www.ncbi.nlm.nih.gov/pubmed/29507728
https://doi.org/10.1136/thoraxjnl-2017-210822
http://www.ncbi.nlm.nih.gov/pubmed/29622692
https://doi.org/10.1513/AnnalsATS.201611-851OC
https://doi.org/10.1513/AnnalsATS.201611-851OC
http://www.ncbi.nlm.nih.gov/pubmed/28530118
https://doi.org/10.1097/CCM.0b013e318232da75
http://www.ncbi.nlm.nih.gov/pubmed/21946660
http://www.ncbi.nlm.nih.gov/pubmed/24824957
https://doi.org/10.1503/cmaj.101860
https://doi.org/10.1503/cmaj.101860
http://www.ncbi.nlm.nih.gov/pubmed/21444623
https://doi.org/10.1016/j.medin.2018.12.005
https://doi.org/10.1016/j.medin.2018.12.005
http://www.ncbi.nlm.nih.gov/pubmed/30833016
https://doi.org/10.1016/j.ccc.2017.03.013
http://www.ncbi.nlm.nih.gov/pubmed/28601132
https://doi.org/10.1186/cc9333
https://doi.org/10.1186/cc9333
http://www.ncbi.nlm.nih.gov/pubmed/21092264
https://doi.org/10.1097/CCM.0000000000003402
http://www.ncbi.nlm.nih.gov/pubmed/30234569
https://doi.org/10.1164/rccm.201101-0065OC
http://www.ncbi.nlm.nih.gov/pubmed/21562131
https://doi.org/10.1164/rccm.201310-1815OC
http://www.ncbi.nlm.nih.gov/pubmed/24423152
https://doi.org/10.1016/j.medin.2020.06.009
http://www.ncbi.nlm.nih.gov/pubmed/32718741
https://doi.org/10.1016/j.medin.2020.06.009
http://www.ncbi.nlm.nih.gov/pubmed/32718741
https://doi.org/10.1371/journal.pone.0255522

