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Abstract

Background—Effects of clinical practice changes on ICU delirium are not well understood.

Objectives—Determine ICU delirium rates over time.

Methods—Data from a previously described screening cohort of the Pharmacological 

Management of Delirium trial was analyzed. Richmond Agitation-Sedation Scale (RASS) and 

Confusion Assessment Method for the ICU (CAM-ICU) were assessed twice daily. We defined: 

Any delirium (positive CAM-ICU at any time during ICU stay) and ICU-acquired delirium (1st 

CAM-ICU negative with a subsequent positive CAM-ICU). Mixed-effects logistic regression 

models were used to test for differences.

Results—2742 patient admissions were included. Delirium occurred in 16.5%, any delirium 

decreased [22.7% to 10.2% (p < 0.01)], and ICU-acquired delirium decreased [8.4% to 4.4% (p = 
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0.01)]. Coma decreased from 24% to 17.4% (p = 0.04). Later ICU years and higher mean RASS 

scores were associated with lower odds of delirium.

Conclusions—Delirium rates were not explained by the measured variables and further 

prospective research is needed.
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Introduction

Delirium is a form of acute brain failure associated with poor health outcomes, including 

increased mortality, longer duration of mechanical ventilation and hospital stay, increased 

risk of dementia, and post-discharge institutionalization.1–11 As the population continues to 

age and utilization of intensive care unit (ICU) services increase, delirium is likely to have a 

significant health impact in the United States. In prior studies, up to 80% of intensive care 

unit (ICU) patients experienced delirium.2 Given its association with poor outcomes in the 

critically ill, efforts to proactively screen for and mitigate precipitating delirium risk factors, 

such as use of benzodiazepines for sedation, have received increased attention.8,12–16 

Whether these efforts have led to changes in clinical practice, however, and what effect these 

changes have had on rates of delirium over time has not been well described. A better 

understanding of recent trends in delirium may permit further refinement of delirium 

management strategies. Therefore, we conducted this analysis to describe changes in 

delirium rates at our intensive care unit (ICU) and identify factors associated with the 

change. We hypothesized that our delirium rates have decreased over time mediated by 

reduced use of benzodiazepines, and increased level of consciousness due to reduced 

sedation.

Materials and methods

Selection and sample populations

Data from a previously described screening cohort of the Pharmacological Management of 

Delirium (PMD) clinical trial was used for this analysis.11,15 Consecutive patients admitted 

to the medical-surgical ICU at Eskenazi Health, a busy urban academic hospital in 

Indianapolis, Indiana, between July 1, 2010 and December 30, 2014 were included in this 

cohort if they met the following criteria.

Inclusion criteria

English-speaking adult patients aged 18 years or older, admitted to the ICU.

Exclusion criteria were

(1) non-English speaking, (2) hearing impaired, (3) legally blind, (4) admitted with alcohol 

intoxication, (5) currently incarcerated (as unable to give consent), (6) having an axis 1 

psychiatric disorder, (7) persistently comatose as defined by Richmond Agitation Sedation 

Scale of −4 or −5 throughout ICU stay, or (8) pregnant or nursing (due to parent trial 
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eligibility criteria). For the present analysis, we excluded admissions which occurred: a) 

before July 1, 2010 or after December 31, 2014 as delirium assessments occurred once daily 

during this time; b) when patients were admitted to a step-down/progressive-care unit rather 

than the ICU; or, c) when records from a particular admission event could not be matched 

with patient or hospital data through the Regenstrief Medical Record System. Beginning at 

ICU admission, patients were assessed for level of consciousness and delirium using the 

Richmond Agitation-Sedation Scale (RASS)17 and the Confusion Assessment Method for 

the ICU (CAM-ICU), respectively.18 Trained research assistants performed twice daily 

RASS and CAM-ICU assessments after ICU admission until the patients became delirious, 

died, or were discharged from the ICU. As the screening phase for the study ended once the 

patient developed delirium, subtypes of delirium were identified at the time of first positive 

CAM-ICU assessment, and mixed typed phenotypes could not be reported. Hyperactive 

delirium was defined as a positive CAM-ICU score along with a positive RASS score (+1 to 

+4), while hypoactive delirium was defined as a positive CAM-ICU score along with a 

negative RASS score (−3 to 0). The study received approval from the Institutional Review 

Board.

We defined any delirium as a positive CAM-ICU result at any time during the ICU stay. We 

defined ICU-acquired delirium as the subset of patients who had a negative 1st delirium 

screening in ICU (CAM-ICU negative), with subsequent positive CAM-ICU.

Other data collection

Data not collected from in-person assessments was retrieved using the Regenstrief Medical 

Record System (RMRS), a local electronic medical record system.19 RMRS was used to 

identify patients’ age, gender, race, insurance status, smoking and alcohol use, length of 

hospital stay and mortality. International Classification of Diseases, 9th Edition (ICD-9) 

codes in the RMRS were used to determine chronic comorbidities and admission diagnoses. 

Drug exposure was assessed by active orders identified in RMRS. Diagnoses, including 

acute respiratory failure, acute renal failure, trauma, and hypoalbuminemia (albumin <3) 

were identified through RMRS.

Statistical analysis

ICU admissions were grouped into five calendar years by date of ICU admission (2010–

2014). Rates of any delirium, hyperactive or hypoactive delirium, and other binary clinical 

variables were compared among the five years using mixed effect logistic models in the 

complete study sample and in the sub-set of patients who were initially delirium free. The 

mixed effects logistic regression models included a random effect to account for within-

patient variation for those patients who had multiple ICU stays and fixed effects for patient 

characteristics including admission diagnoses. Similarly, mixed effects models were used to 

determine if continuous patient characteristics changed over time. To determine whether 

delirium rates change over the five study years, mixed effects logistic models for any 

delirium and ICU-acquired delirium were used with delirium as the binary outcome variable 

and ICU admission time as a categorical variable (with five levels representing the calendar 

years of ICU admission) and as a continuous variable as the number of years from the start 
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of the study (i.e. number of years from 2010) while adjusting for other covariates. A 

significant ICU admission time effect in the mixed effects logistic models indicates changes 

in delirium rates over time. As the results were similar, we chose to present our analysis with 

time as a continuous variable. All analyses were conducted using SAS v9.4 (SAS Institute, 

Cary, NC).

Results

After exclusion criteria were applied, 2742 unique ICU patient admissions were included in 

the screening cohort, as detailed in Fig. 1. All 2742 patient admissions had at least one 

CAM-ICU evaluation and were included in the screening for any delirium. Only those with 

an initial negative CAM-ICU result and one or more subsequent CAM-ICU assessments 

were included in the subset screened for ICU-acquired delirium (n = 2117). Delirium 

occurred in 452/2742 (16.5%) patients, 308/2742 (11.2%) had a positive CAM-ICU on the 

first assessment, and 144/2117 (7%) had ICU-acquired delirium (Fig. 1). The mean age of 

participants in the analysis was 57.7 years (SD: 16 years), 46% of patients were African 

American, and 37% received mechanical ventilation. Delirium occurred in 17.2% of patients 

age 50 years and older, and 17.1% of female patients experienced delirium. Supplementary 

Tables 1 and 2 provide characteristics of the study sample. As shown in Supplementary 

Table 1, 37% (n = 1011) of all patients experienced mechanical ventilation, 37% were 

diagnosed with respiratory failure (n = 1026), 31% (n = 845) experienced acute renal failure, 

and 19% were admitted due to trauma (n = 511). Patients in the study also had various 

comorbidities; hypertension (77%, n = 2100), dementia (12%, n = 322), smoking/tobacco 

use (44%, n = 1215), and sleep disorders (24%, n = 670).

Table 1 presents rates of any delirium, ICU-acquired delirium, and clinical outcomes by year 

of ICU admission. Rates of any delirium (Fig. 2) significantly decreased over time in the 

study sample: 23% (year 2010), 18% (2011), 15% (2012), 18 (2013) and 10% (2014), p < 

0.001. There was also a decrease in coma; 24% (2010), 22% (2011), 21% (2012), 25% 

(2013) and 17% (2014), p = 0.035. Consistent with this decrease in coma, mean RASS 

scores at ICU admission increased over time, from −0.3 IQR: −2,0 (2010) to 0 IQR: −0.4, 0 

(2014), p < 0.01. Table 1 provides additional outcomes including length of stay, respiratory 

failure, trauma, hypoalbuminemia, and opioid orders. There were no significant differences 

in benzodiazepine orders over time, while opioid orders increased: 66% (2010), 72% (2011), 

74% (2014), p = 0.046.

In the subset of patients who were initially delirium free, rates of ICU-acquired delirium 

decreased over time (as shown in Table 1), from 8% (2010), 9.5% (2011), 5.3% (2012), 6% 

(2013) to 4% (2014), p = 0.014. In contrast to those with any delirium, rates of coma in the 

patients with ICU-acquired delirium did not change; 13% (2010) to 16% (2014), p = 0.211. 

Level of consciousness by RASS and other outcomes are shown in Table 1; benzodiazepine 

orders were unchanged over time, while opioid orders increased [68% (2010), 79% (2014), p 
= 0.009). Multivariate Analysis
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Any delirium

In mixed effects logistic regression models (Table 2), younger age defined as age 49 or less 

was associated with decreased odds of delirium (OR 0.27 95% CI: 0.17–0.44). Increased 

level of consciousness measured by mean RASS was associated with lower odds of delirium 

(OR 0.43 95% CI: 0.38–0.49). Exposures associated with higher odds of delirium were: 

mechanical ventilation (OR 6.74 95% CI: 4.21–10.77); acute renal failure (OR 1.64 95% CI: 

1.21–2.22); hypoalbuminemia (OR 1.89 95% CI: 1.4–2.54); alcohol abuse (OR 1.55 95% 

CI: 1.05–2.28) and benzodiazepine exposure (OR 1.60 95%CI: 1.15–2.22). Later years of 

ICU stay, defined as number of years from 2010, were associated with decreased odds of 

delirium (OR 0.82 95%CI: 0.73–0.92).

ICU-acquired delirium

In the subset of patients who were initially delirium-free, younger age (OR 0.25 95% CI: 

0.12–0.54) and increased level of consciousness (OR 0.38 95% CI: 0.30–0.47) were 

associated with decreased odds of delirium (Table 2). Mechanical ventilation (OR 4.46 95% 

CI: 2.19–9.07), acute renal failure (OR 1.84 95% CI: 1.15–2.96), hypoalbuminemia (OR 

2.42 95% CI 1.53–3.84) and benzodiazepine exposure (OR 1.66 95% CI: 1.03–2.69) were 

associated with higher odds of ICU-acquired delirium. Later years of ICU stay (number of 

years from 2010) were associated with decreased odds of ICU-acquired delirium (OR 0.82 

95%CI: 0.66–0.97).

Discussion

In our study, we found a decrease in yearly rates of any delirium and coma in critically ill 

patients. While there was a decrease in delirium over time in the subset of patients with 

ICU-acquired delirium, rates of coma in that subset remained unchanged. Surprisingly, 

despite efforts in recent years to limit benzodiazepine use, orders for benzodiazepines did 

not change, while there was an increase in opioid orders. We also found that younger age, 

increased level of consciousness (higher mean RASS score), and later years of ICU stay 

were associated with decreased odds of delirium. Consistent with prior studies, mechanical 

ventilation, acute renal failure, low serum albumin, and benzodiazepines were associated 

with increased odds of developing ICU-acquired delirium. We believe this scientific work 

provides a valuable update to previously quoted literature (where delirium rates can be as 

high as 40–80%), improves our understanding of which factors have changed over time, and 

points to additional areas needing study in order to appropriately address the challenging 

syndrome of delirium from a clinical practice perspective.

In contrast to early studies in ICU delirium which found delirium rates as high as 80%, we 

found lower delirium rates in our study.3,8,20 Recent multi-center studies of ICU delirium 

have also found lower rates.21 In the REDUCE trial which selectively enrolled patients at 

high risk for delirium, incidence of delirium was approximately 33%.13 Delirium rates in 

our study may be lower than some high-risk ICU populations for the following reasons: a) 

our analysis is limited to patients in a screening cohort rather than all patients admitted to 

the ICU; b) delirium rates presented in our analysis did not include patients with persistent 

coma throughout the ICU stay who could not be assessed for delirium; and c) 
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implementation of a spontaneous awakening and breathing protocol at our center occurred 

during our study.22 The protocol was implemented in 2009 and mandated a daily safety 

screen with subsequent discontinuation of sedatives, a spontaneous breathing trial on the 

ventilator, and resumption of sedatives at half their previous dose if ventilator liberation was 

not performed. Implementation of this protocol also incorporated judicious use of sedatives 

and screening for delirium. As previously published, implementation of this program was 

associated with increased level of consciousness for patients admitted to the ICU.22 The 

effects of this protocol, which implemented ABCD components of the ABCDEF bundle, 

may at least partially explain the trend of decreasing yearly delirium and coma rates, as well 

as the increasing level of consciousness.

Despite the above-mentioned factors, we believe our study findings reiterate the important 

clinical connection between respiratory failure, receipt of mechanical ventilation, and risk of 

developing delirium. While rates of delirium in our study cohort differed from recent 

studies, the odds of delirium in mechanically ventilated patients remained consistent with 

other literature.23 This association of respiratory failure and delirium occurred despite the 

study ICU’s academic environment where clinical trials focused on delirium are conducted, 

and where protocolized spontaneous awakening and breathing protocols were in place. 

Therefore, we believe the study’s statistical description of risk factors and clinical 

management trends (including orders for medications) remain generalizable to critically ill 

patient populations in a variety of healthcare settings and general clinical practice. 

Consistent with previous studies and despite recent advances in ventilator and sedation 

practices, our study found mechanical ventilation, benzodiazepines, older age, renal failure 

and low albumin levels remain associated with higher odds of delirium.24–25 Time in years 

from 2010 was associated with decreased odds of delirium, likely representative of recent 

changes in practice including implementation of ABCDEF at our center. Another 

contributing factor may be the increased use of non-invasive ventilation for acute respiratory 

failure; endo-tracheal intubation procedures often require deep sedation.26 In contrast to 

findings in patients with any delirium, the subset of patients with ICU-acquired delirium had 

increasing trends of mechanical ventilation and unchanged rates of coma. This re-

emphasizes the important connection between respiratory failure, coma and delirium in this 

population. Our study has important clinical and research implications. Despite advances in 

delirium management over time including increased delirium awareness, improved 

respiratory technology including non-invasive ventilation, and revised society guidelines 

emphasizing assessment and management of pain and titration of sedation (which may 

explain increased orders for opioids), educational efforts to improve sedation practices, 

mechanical ventilation remains a powerful risk factor for delirium in the intensive care 

setting.27 This emphasizes the need to further study respiratory failure and delirium 

pathophysiology in order to develop effective pharmacological and non-pharmacological 

interventions. The identification of mechanically ventilated patients as high-risk for delirium 

despite recent efforts to reduce the delirium burden highlights a priority subgroup to receive 

bundled delirium management strategies in the critical care setting.

Our study has important limitations. First, as previously mentioned, our study sample was 

limited to patients eligible for a larger delirium study rather than all critically ill patients, 

which may have resulted in underestimation of the true delirium rate. Second, while results 
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of spontaneous awakening and breathing protocols at our center have been previously 

published, we did not collect patient-level data on ABCDEF adherence for this study thus 

we were not able to account for the influence from the ABCDEF program. Third, as CAM-

ICU assessments were stopped once a patient screened positive for delirium, we were unable 

to report mixed subtype delirium. Fourth, while comorbidities and rates of organ failure are 

provided in this analysis and have been shown to predict mortality in respiratory failure, our 

analysis did not adjust for severity of illness or sepsis. Fifth, our analysis included 

medication orders as doses of medications administered (including benzodiazepines and 

opioids) were not available; therefore, our analysis does not answer whether doses of 

medications changed over time. Finally, the study was performed at an academic hospital 

with ongoing clinical research in delirium; clinical practices may have been affected limiting 

the generalizability of our findings.

Strengths of our study include use of a large prospective screening cohort representative of 

medical and surgical ICU populations with high rates of mechanical ventilation and 

advanced comorbidities, robust sedation and delirium assessments, and collection of a 

comprehensive set of clinical outcomes.

Conclusion

Our study found a decrease in delirium rates in ICU stays from 2010 to 2014. This finding 

was not entirely explained by the measuredvariables, including time in years. Further 

investigation isneeded to understand reasons for this decrease.
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Fig. 1. 
Patients assessed for eligibility for the screening cohort. n: Unique patient admissions. Any 

delirium: 1st delirium screening in ICU positive, or positive on subsequent CAM-ICU. ICU-

acquired delirium: 1st delirium screening in ICU negative, with subsequent positive CAM-

ICU.
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Fig. 2. 
Rates of delirium in all patients screened and the subset with ICU-acquired delirium. Graph 
showing the trends of any delirium and ICU-acquired delirium between 2010 and 2014. The 
bar graph also shows the percentage of each subtype of delirium (hypo vs. hyperactive). 
*Rates for any delirium. ICUAD: rates for ICU-acquired delirium. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web version of this 

article.)
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