
PREVALENCE AND RISK FACTORS FOR DEVELOPMENT OF
DELIRIUM IN BURN INTENSIVE CARE UNIT PATIENTS

Vivek Agarwal, MD±, Patrick J. O’Neill, PhD, MD≠, Bryan A. Cotton, MD, MPHII, Brenda T
Pun, RN, MSN, ACNP†, Starre Haney, RN, MS≠, Jennifer Thompson, MPH‡, Nicholas
Kassebaum, MD±, Ayumi Shintani, PhD, MPH‡, Jeffrey Guy, MD, FACSIII, E. Wesley Ely,
MD, MPH†,*, and Pratik Pandharipande, MD, MSCIǂ,*

±Vanderbilt School of Medicine, Maricopa Medical Center, Phoenix, AZ
≠Division of Burns, Trauma, & Surgical Critical Care, Department of Surgery, Arizona Burn
Center at Maricopa Medical Center, Phoenix, AZ
IIDepartment of Surgery and the Center for Translational Injury Research, University of Texas
Health Science Center, Houston, TX
†Department of Medicine, Division of Allergy/Pulmonary/Critical Care Medicine and Center for
Health Services Research
‡Department of Biostatistics, Vanderbilt University School of Medicine, Nashville
IIIDepartment of Surgery, Vanderbilt University School of Medicine, Nashville
ǂDepartment of Anesthesiology/Critical Care Medicine, Vanderbilt University School of Medicine,
Nashville
*TN Valley Health Care System GRECC

Abstract
Objective—Delirium affects 60– 80% of ventilated patients and is associated with worse clinical
outcomes including death. Unfortunately there are limited data regarding the prevalence and risk
factors of delirium in critically ill burn patients. The objectives of this study were to evaluate the
prevalence of delirium in ventilated burn patients, using validated instruments, and to identify its
risk factors.

Methods—Adult ventilated burn patients at 2 tertiary centers were prospectively evaluated for
delirium using the Confusion Assessment Method in the ICU for 30 days or until ICU discharge.
Patients with neurological injuries, severe dementia and those not expected to survive > 24 hours,
were excluded. Markov logistic regression was used to identify risk factors of delirium, adjusting
for clinically relevant covariates.

Results—The 82 ventilated burn patients had a median (interquartile range) age of 48 (38, 62),
APACHE II scores 27 (21, 30) and percent burns of 20 (7, 32). Prevalence of delirium was 77%
with a median duration of 3 (1, 6) days. Exposure to benzodiazepines was an independent risk
factor for the development of delirium [Odds Ratio 6.8, (confidence interval 3.1, 15), p <0.001)
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while exposure to intravenous opiates [0.5 (0.4, 0.6), p <0.001] and methadone [0.7 (0.5, 9),
p=0.02] were both associated with a lower risk of delirium.

Conclusion—Delirium occurred atleast once in approximately 80% of ventilated burn patients.
Exposure to benzodiazepines was an independent risk factor for delirium while opiates and
methadone reduced the risk of developing delirium, possibly through reduction of pain in these
patients.
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INTRODUCTION
Delirium is a form of acute brain organ dysfunction defined as a disturbance of
consciousness that is accompanied by inattention, perceptual disturbances, and a fluctuation
of mental status.1 With the recent validation of delirium monitoring instruments such as the
Confusion Assessment Method in the Intensive Care Unit (CAM-ICU)2,3 and the Intensive
Care Delirium Screening Checklist (ICDSC),4 it has become possible for non-psychiatrists
to evaluate patients in the ICU for delirium even if mechanically ventilated (MV).5 Cohort
studies using these instruments have shown that delirium occurs in up to 80% of MV
patients,3,6,7 is frequently under-diagnosed if monitoring instruments are not used,8 and is
independently associated with worse clinical outcomes, higher costs, and increased
mortality.7,9–13 Furthermore, delirium is associated with significant cognitive impairment
and increased disability after hospital discharge.14–16

While the prevalence and risk factors for delirium have previously been studied in the
medical, surgical, and trauma ICU populations,6,7,13,17 available data in the burn population
is lacking. According to the American Burn Association (www.ameriburn.org), there are
approximately 500,000 burn injuries per year that receive medical treatment, with 40,000
hospitalizations, 25,000 referrals to specialized burn centers, and 4,000 deaths. Burn patients
often experience longer periods of mechanical ventilation and ICU care, making this a
population at risk for developing delirium and its associated complications. Much of the
available literature on cognitive disturbances in burn patients is either in the form of case
reports18 or studies that focused on post-traumatic stress disorder (PTSD) and depression in
burn survivors.19 In a case series looking specifically at delirium, Andreasen et. al.20

reported that 31% of the 32 enrolled patients developed delirium. While the number of risk
factors assessed in this study was limited, the authors found that seven of the ten delirious
patients had a total body surface area burn of greater that 30%. In addition, pre-existing
psychological factors were found to be risk factors for delirium.20

The risk factors for delirium appear to be different, based on the severity of illness
(hospitalized versus critically-ill) and type of ICU,6,7,13,17,21 and as such may be different
for critically-ill burn patients. Additionally, while sedatives, and in particular
benzodiazepines,6,13,17 have been associated with delirium in the medical, surgical, and
trauma ICU patients, there are conflicting data on the risk of delirium with opiates used to
treat pain, depending on the patient population studied.6,22,23 Burn patients frequently
receive greater amounts of sedative and analgesic medications, given their profoundly
painful injuries, and the need for frequent operative and extensive non-operative burn care.
It is unknown if this practice puts these patients at additional risk for delirium, or if
appropriate analgesic management is actually protective.

The sparse available data in burn patients are with the use of standard psychiatric evaluation
techniques for evaluating delirium, which is impractical for routine monitoring of these
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patients, due to the nature of their injuries and the fact that the majority of the sickest
patients will be mechanically ventilated and non-verbal. In addition, the basic goals of these
studies were not to study prevalence and specific risk factors for delirium, which are
questions that must be answered before pharmacological or psychological interventions may
be considered. The objective of this prospective, observational trial was therefore to study
the prevalence of delirium in MV burn ICU patients, using the validated CAM-ICU delirium
monitoring instrument, and to identify potentially modifiable risk factors.

METHODS
Patients

The institutional review boards at Vanderbilt Medical Center and Maricopa Medical Center
approved this investigation with a waiver of consent due to the non-interventional/non-
invasive nature of the study and the use of a de-identified dataset. Enrollment criteria
included all patients 18 years or older, admitted to the Burn ICU at Vanderbilt Medical
Center or the Arizona Burn Center, and required mechanical ventilation (MV) for greater
than 24 hours. Patients were excluded who had (1) significant baseline neurological
diseases, anoxic brain injury or intracranial neurotrauma that would confound the evaluation
of delirium, (2) inability to understand English, (3) significant hearing loss, and (4)
moribund patients not expected to survive > 24 hours and (5) admitted to the Burn ICU due
to unavailability of other appropriate ICU beds.

Study procedures
Baseline demographics as well as information pertaining to known pre-morbid risk factors
for delirium were collected at time of enrollment.6,7,13,17,21 All aspects of patient
management with regards to treatment of burns, sepsis and sedation were per existing
treatment protocols at the respective ICUs. Sedation was prescribed based on the Society of
Critical Care Medicine practice guidelines, titrated to target Richmond Agitation-Sedation
Scale (RASS)24,25 scores deemed appropriate by the treating team; daily wake up trials were
not standard of care in these ICUs at the time of the study, but were performed per the
discretion of the treating team.

Level of arousal was measured using the RASS24,25 scale, a 10 point scale ranging from + 4
to −5 with a score of 0 denoting a calm and alert patient. Positive RASS scores denote
positive or aggressive symptomology ranging from +1 (mild restlessness) to + 4 (dangerous
agitation). The negative RASS scores apply to decreased levels of consciousness and
differentiate between response to verbal commands (RASS score −1 to −3) and physical
stimuli (RASS score −4 and −5).

Patients were evaluated once daily for delirium using the validated CAM-ICU 2,3 if they
were responsive to verbal commands (a RASS score of −3 or lighter level of sedation) for a
maximum of 30 days or until ICU discharge. The CAM-ICU comprises four features which
assess the following: acute change or fluctuation in mental status (Feature 1), inattention
(Feature 2), disorganized thinking (Feature 3), and an altered level of consciousness (Feature
4). Each day the patient was categorized as being either in a coma, normal, or delirious
based on previously published standardized definitions.2,3 Coma was defined as a RASS
score of −4 or −5 in which case the CAM-ICU is not assessed due to lack of any response to
any verbal stimulation. Normal was defined as RASS scores −3 and above and CAM-ICU
negative. To be diagnosed as delirious, one needed to have a RASS score of −3 or higher
(lighter level of sedation), and be CAM-ICU positive [i.e. with an acute change or
fluctuation in mental status (Feature 1), accompanied by inattention (Feature 2) and either
disorganized thinking (Feature 3) or an altered level of consciousness (Feature 4)] (Figure 1)
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We chose to evaluate and label our delirium assessment as prevalent delirium instead of
incident delirium (the first positive CAM-ICU assessment following a period of normal
mental status) because it was difficult to obtain a reliable assessment of a patients’ pre-
enrollment delirium status prior to ICU admission. Therefore prevalent delirium was defined
as a positive CAM-ICU assessment during the first non-comatose mental status evaluation.
We believe most of our patients were not delirious prior to their ICU admission, and that the
new or incident delirium rates would be the same as the prevalent delirium rates. We further
classified patients into the motoric subtypes of delirium, based on the criteria used by
Peterson et al.26: Hyperactive, indicating that the patient only had positive RASS scores (+1
to + 4) associated with every CAM-ICU positive assessment; hypoactive, indicating that the
patient only had RASS scores between 0 and −3 associated with every CAM-ICU positive
assessment; and mixed, indicating that the patient had both positive and negative RASS
scores associated with CAM-ICU positive assessments during the study.

Daily laboratory data, as ordered by the treating ICU team, were collected to gather
information related to metabolic disturbances that may contribute to delirium. Sedatives and
analgesic medications were prescribed by physicians according to institutional protocols
adapted from the guidelines of the Society of Critical Care Medicine.27 The medications
were titrated by the bedside nurses to achieve a target sedation level determined by the
treating team using the RASS score 24,25 and for pain using a modification of the behavioral
pain scale.28 Total 24-hour doses of sedative (lorazepam, midazolam, diazepam and
ketamine) and analgesic medications (fentanyl, morphine, and methadone), including those
administered for burn wound care, were collected while in the ICU.

Definitions of clinical injury severity and critical illness scoring systems
Several clinical injury severity and critical illness scoring systems were used. The Acute
Physiology and Chronic Health Evaluation (APACHE) II 29,30 is a severity of illness scoring
system, and these data were calculated using the most abnormal parameters within (before
or after) 24 hours of institution of mechanical ventilation. APACHE II scores range from 0
(best) to 71 (worst).29,30 The Sequential Organ Failure Assessment (SOFA)31 is an organ
failure scoring system that was calculated using the most abnormal parameters within
(before or after) 24 hours of institution of mechanical ventilation. SOFA scores range from 0
(best) to 24 (worst).31 In addition, given the unique nature of the injuries to patients in the
burn ICU, specific information with regards to percentage burn, depth of burn, and
mechanism of injury was obtained from the medical record.

Statistical Analysis
Patients’ baseline demographic and clinical variables are presented using medians and
interquartile range (IQRs) for continuous variables and proportions for categorical variables.
In order to identify temporal association between potential risk factors for delirium, a
Markov logistic regression model32 was used with an outcome of delirium (vs. normal
mental status) on a given day and predetermined covariates, including the previous day’s
mental status. In this study, our Markov models included the following 6 (3 by 2)
transitions: from normal, delirious, or comatose during the previous 24 hours to either
normal or delirious status presently. Generalized estimating equation (GEE) methods33 were
used to account for correlations within patients among multiple days in the ICU. Covariates
used in the model included the previous day’s mental status, doses of benzodiazepines
(midazolam, lorazepam and diazepam), intravenous opiates (fentanyl and morphine),
methadone, and a summary value for baseline variables. In order to avoid overfitting the
model, principal component analysis was used as a data reduction technique to calculate a
single value incorporating age, acute physiology component of the APACHE, history of
alcohol and substance abuse, burn percentage, and presence of an inhalation injury.
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Benzodiazepines exposure was expressed as midazolam equivalents, defined as follows: 0.4
mg lorazepam = 1 mg midazolam; 2 mg diazepam = 1 mg midazolam.34 Similarly, all
intravenous opiate exposure was expressed as fentanyl equivalents defined as follows: 10
mg morphine = 150 micrograms of fentanyl. For all analyses, R-software version 2.10
(www.r-project.org) was used. Two-sided 5% significance level was used for all statistical
inferences. Odds ratios are presented for continuous covariates using the 25th and 75th

percentiles as comparators; this approach is more clinically meaningful than the traditional
one-unit increase approach. All drug doses were originally allowed to have a nonlinear
relationship with the outcome, although drugs for which any association was clearly linear
(p for nonlinearity > 0.20) had this nonlinear term removed.

RESULTS
We screened 198 patients, of which we enrolled 82 patients. Of the 116 patients excluded,
majority (85) were because they were non-burn patients admitted due to lack of ICU beds
elsewhere, 25 were <18 years of age, 2 patients had severe anoxic injury precluding delirium
assessment and 4 patients were moribund and not expected to survive 24 hours.
Demographic data of the cohort are presented in Table 1. The enrolled patients were a
relatively younger ICU population compared to previous delirium studies with median
(interquartile) age of 48 (38, 62). Further, these patients exhibited a high severity of illness,
as reflected by their median APACHE II score of 27 (21, 30) and burn percentage of 20 (7,
32), both representative of the typical burn demographics seen in tertiary referral centers.
More than two thirds of the patients had thermal injuries, and about half of the population
had a concomitant inhalation injury. Of the co-morbid risk factors of delirium evaluated,
about a third of our patients (27/82) had a history of alcohol or substance abuse, but rates of
depression (12/82), previous cognitive impairment (2/82) and visual/hearing impairments
(3/82) were low.

Table 2 shows important clinical outcomes of our cohort. Approximately 80% of our
patients had at least one episode of delirium, with the majority (71%) experiencing pure
hypoactive delirium (negative symptomology such as lethargy and inattention), 22%
experiencing mixed delirium (i.e. showing symptoms consistent with hypoactive and
hyperactive delirium), and only 6% experiencing solely the pure hyperactive (positive or
aggressive symptomology) motoric subtype. The median duration of delirium was 3 (1, 6)
days.

In the multivariable analyses, adjusting for previous cognitive status and clinically relevant
covariates at baseline, benzodiazepine exposure (calculated as midazolam equivalents) was a
strong independent predictor of developing delirium [odds ratio (OR) 6.8 (CI 3.1, 15), p <
0.001] (Table 3 and Figure 2). Intravenous opiate exposure (fentanyl equivalents) [OR 0.5
(CI 0.4, 0.6), p < 0.001] (Figure 3) as well as exposure to methadone [OR 0.7 (CI 0.5, 0.9), p
= 0.02] (Figure 4) reduced the likelihood of development of delirium in this burn population.
The combined effect of age, percentage of body surface area with burn injury, inhalation
injury, history of substance abuse and severity of illness had no significant association with
development of delirium (p=0.19). As in all our previous studies, (6, 16) abnormal mental
status on a given day was a strong predictor of development of delirium the following day (p
for overall effect < 0.001). Patients who were delirious at the previous assessment had about
27 times the odds of being delirious the following day compared to those with a normal
assessment; those who were comatose at the previous assessment had 45 times the odds of
being delirious than those with a normal assessment.
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Organ and metabolic dysfunctions such as liver and renal dysfunction, hypoglycemia and
hyponatremia, as well as outcomes in patients with and without any episodes of delirium are
shown in Table 4.

DISCUSSION
Our study is the first prospective, observational trial that has elucidated the prevalence and
risk factors for delirium in MV burn ICU patients using monitoring instruments validated for
non-verbal patients. Several important findings need to be emphasized. First, we found that
nearly eight out of ten patients developed delirium and that this brain organ dysfunction
lasted for a median of three days. Second, and perhaps the most important finding, is that
higher doses of benzodiazepines were independently associated higher odds of development
of delirium. Conversely, higher doses of intravenous opiates used to treat pain reduced the
odds of delirium development by half. Additionally, patients transitioned from intravenous
opiates to methadone also had lower odds of development of delirium. Third, as seen in the
medical and surgical patients,26,35 hyperactive delirium was the least frequent motoric
subtype in burn ICU patients. Thus, unless routine monitoring is instituted with the CAM-
ICU or the ICDSC, majority of the cases of delirium will be missed. This is due to the fact
that healthcare teams are more attuned to noticing the patient with hyperactive delirium with
positive symptomology (i.e., agitation) than the hypoactive delirium that manifests negative
symptomology, such as inattention and depressed level of consciousness. This has important
clinical ramifications, given that hypoactive delirium has been shown to be associated with
worse outcomes than hyperactive delirium.36

Our data are consistent with recent studies of medical, surgical and trauma cohorts in which
lorazepam and midazolam were found to be independent risk factors for delirium.6,7,13,17

Similarly, the prevalence rates and subtypes of delirium were in line with those reported
earlier in non-burn patients.7,26,35 A unique finding in this study was that intravenous opiate
administration (fentanyl and morphine) reduced the odds of development of delirium by
half. Similarly, patients on methadone also experienced a lower risk of delirium. This
supports the hypothesis that adequate pain control, so vital in caring for critically-ill burn
ICU patients, reduces the risk of development of brain organ dysfunction. This is in line
with a previous investigation in hip surgical patients, where adequate pain control with
morphine reduced the likelihood of developing delirium,23 and with our previous work6 in
trauma patients where morphine appeared to have a protective effect in the development of
delirium. However, this contradicts many other studies in which opiates administered
intravenously or via an epidural catheter were associated with increased risk of
delirium.6,7,21,23,37 It is possible that the risk of delirium could be opioid specific and also
dependent on the indication of use. Meperidine has almost universally been shown to be
associated with delirium,21,23,37 while data on fentanyl and morphine have been
mixed.6,7,21,23,37 Additionally, sedative and analgesic practices vary in ICUs around the
world,38 with some physicians opting to use opiates for the “double effect” of analgesia and
sedation thereby reducing the need for benzodiazepines or propofol. It is likely that when
fentanyl or morphine are used for achieving deeper levels of sedation and are administered
at high doses continuously, they are risk factors for delirium.6,7 On the other hand, if these
analgesics are utilized judiciously for pain control23 or in cases where likelihood of pain is
high (trauma and burn patients), they are less likely to be risk factors for delirium or may
even be protective6 as was demonstrated in this study.

The mechanism or prognostic implications of delirium caused by the different psychoactive
medications remains unknown and are not answered by the current study. Benzodiazepines
and propofol have high affinity for the gamma-amino butyric acid (GABA)-receptor in the
central nervous system,39 potentially leading to alterations in the levels of numerous
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neurotransmitters believed to be deliriogenic.40 Altering sedation paradigms with the alpha2
agonist, dexmedetomidine, has been shown in two randomized controlled trials41,42 to
improve delirium outcomes when compared to benzodiazepines, though it is not known if
the properties of dexmedetomidine per se or the ability to reduce benzodiazepine burden,
contributed to the improved outcomes.41,42 While it should be emphasized that sedative and
analgesic medications have a very important role in patient comfort, healthcare professionals
must also strive to achieve the right balance of sedative and analgesic administration through
greater focus on reducing unnecessary use. Instituting daily interruption of sedatives and
analgesics and protocolizing their delivery with sedation and analgesic goals have both been
shown to improve patients’ outcomes and need to be implemented to avoid overzealous use
of these medications.43–45

Several limitations of this investigation warrant consideration. First, we evaluated for
delirium once daily and measured sedative and analgesic exposure in the intervening 24
hours to study the effect of these medications in any change in cognitive status. However, it
is possible that the sedative and analgesic medications were given as a consequence of
delirium experienced during these 24 hours. In order to completely remove this bias, one
would need to assess patient’s cognitive status more frequently (every 2–4 hours) and
measure sedative and analgesic exposure between these periods. Given that this is extremely
difficult task to accomplish in a research setting due to resource and time constraints, our
next best alternative was to use Markov transitions in our modeling, which at least allowed
examination of possible temporal associations within 24 hour periods. Despite their
limitations, these methods are still much more rigorous than previously published non-ICU
databases or burn ICU studies addressing this topic. Second, this study was not designed or
powered to determine the role of delirium in leading to adverse outcomes such as length of
stay, cost, or mortality. This remains unknown in the burn patient population, though the
strong relationship between delirium and these outcomes has been repeatedly demonstrated
in many other studies of critically-ill patients in medical, surgical, geriatric, orthopedic, and
other patient populations.7,10–12,14,46,47 Third, our sample size, though larger than any
previous cohort that has evaluated delirium in burn patients, limited our ability to study
individual benzodiazepines, opiates, propofol and antipsycotics. Though our model
incorporated numerous covariates that were deemed relevant a priori, we had to use
principal component analysis as a data reduction technique to calculate a single value
incorporating age, acute physiology component of the APACHE, alcohol and substance
abuse, burn percentage, and presence of an inhalation injury. Additionally, we were unable
to investigate the role of hypoxemia as risk factors for delirium, though 90% of our patient
days were spent at oxygen saturations of 90% or higher, and half of them were at 95% or
higher, making it unlikely that these would have contributed significantly towards the
delirium. Additionally hypoxemia has yet to be shown to be associated with delirium in
critically ill patients.

This study has delineated the magnitude of brain dysfunction in burn patients and has
provided insight into risk factors that can potentially be modified. The high percentage of
hypoactive delirium seen in our study will hopefully provide an impetus for routine delirium
monitoring in burn patients, since delirium diagnosis in these patients would be missed
without use of validated instruments. Future studies would need to assess if incorporating
sedation and delirium protocols, including daily wake up trials, or using non-
pharmacological and pharmacological interventions (antipsychotic medications, alpha2
agonists, analgesia based sedation etc) impact delirium rates and improve patient outcomes.
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CONCLUSIONS
In the current study, we found delirium to be present in 77% of mechanically ventilated burn
ICU patients. We used Markov logistic regression modeling to show that there was an
independent association between higher doses of benzodiazepines and developing delirium
the next day, while higher doses of opiates appeared to be strongly protective. Thus, the
sedative and analgesic medications that are routinely employed have both therapeutic and
hazardous ramifications for our patients and must be dosed very carefully with a specific
aim to treat patient activity and pain adequately. Considering that delirium is a predictor of
death, prolonged cognitive impairment, and higher cost of care, interventional studies should
be conducted to determine whether alternative management strategies (or specific choices of
sedative/analgesic agents) are associated with reductions in delirium and other short and
long-term clinical outcomes in the burn population.
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Figure 1. Richmond Agitation- Sedation Scale (RASS) and the Confusion Assessment Method of
the ICU (CAM-ICU)
This sedation scale and delirium instrument can be used together as a two-step approach to
assess consciousness and diagnose delirium. Patients are considered to have delirium, if they
have RASS scores of −3 and above and are CAM-ICU positive by having Features 1 and 2,
and either 3 or 4 positive. With permission from Dr. E. Wesley Ely from
www.icudelirium.org
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Figure 2. Benzodiazepines (midazolam equivalents) and the probability of developing delirium
The probability of developing delirium increased with the dose of benzodiazepines
administered in the previous 24 h. For the purpose of this study, all benzodiazepines were
converted to midazolam equivalents, such that 1 mg of midazolam was equal to 0.4 mg of
lorazepam and 2 mg of diazepam. This incremental risk of developing delirium was large at
low doses and plateaued at around 50 mg/day of midazolam equivalent benzodiazepine
exposure.
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Figure 3. Opioid exposure (fentanyl equivalents) and the probability of developing delirium
The probability of developing delirium decreased with the dose of opiates administered in
the previous 24 h. For the purpose of this study, all intravenous opioids administered were
converted to fentanyl equivalents, such that 10 mg of morphine was equal to 150
micrograms of fentanyl.
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Figure 4. Methadone and the probability of developing delirium
The probability of developing delirium decreased with increasing dose of methadone
administered in the previous 24 h.
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Table 1

Patient Characteristics

Variable* N=82

Age in years 48 (38, 62)

Men, n (%) 54 (66%)

Race, n (%)

White 71(87%)

Black 7 (8 %)

Native American 3 (4%)

Asian 1 (1%)

APACHE II score † 27 (21, 30)

SOFA score ‡ 6 (5, 7)

Alcohol or substance abuse, n (%) 27 (30%)

Depression 12 (15%)

Burn injury description

 Burn percentage 20 (7, 32)

 Burn Depth, n (%)

  Full thickness 31 (38%)

  Partial thickness 41 (50%)

  Superficial 10 (12%)

 Burn type, n (%)

  Flame/Flash 63 (77%)

  Electrical 6 (7%)

  Scald 3 (4%)

  Chemical 10 (12%)

  Inhalation injury, n (%) 45 (55%)

Sedative and antipsychotic use

Benzodiazepine, (%) 100%

Benzodiazepine, days 15 (5, 24)

Intravenous opiates, % 100%

Intravenous opiates, days 13 (6, 22)

Propofol, % 33%

Propofol, days 3 (1, 5)

Dexmedetomidine, % 11%

Dexmedetomidine, days 3 (2, 7)

Haloperidol, % 30%

Haloperidol, days 3 (2, 6)

Atypical antipsychotics, % 11%

Atypical antipsychotics, days 1 (1, 7)

*
Median (Interquartile range) unless specified otherwise

†
APACHE II - Acute Physiology and Chronic Health Evaluation II
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‡
SOFA - Sequential Organ Failure Assessment
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Table 2

Patient brain dysfunction outcomes

Variable* N=82

Ever had delirium, n (%) 63 (77%)

 Hyperactive delirium only, n (%) 4 (6%)

 Hypoactive delirium only, n (%) 45 (71%)

 Mixed delirium 14 (22%)

Comatose during entire 30-days follow up, n (%) 12 (15%)

Days of delirium 3 (1, 6)

Days of coma 8 (2, 15)

Days on mechanical ventilation 14.5 (5.5, 25)

Died during 30-day study follow up, n (%) 10 (13%)

*
Median (Interquartile range) unless specified otherwise
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Table 3

Risk Factors for Delirium

Variable* Odds Ratio P Value**

Mental status on previous day 0.001

 Delirious vs. normal 26.5 (11.9, 58.9)

 Comatose vs. normal 44.9 (19, 105.8)

Benzodiazepine dose (midazolam equivalents) in previous 24 hours † 6.8 (3.1, 15) <0.001

Opiate dose (fentanyl equivalents) in previous 24 hours ‡ 0.5 (0.4, 0.6) <0.001

Methadone dose in previous 24 hours 0.7 (0.5, 0.9) 0.02

Baseline variable component*** 0.6 (0.3, 1.0) 0.19

*
Odds ratios are presented using the 25th and 75th percentile values as comparators. For example, patients receiving 60 mg of benzodiazepines

(expressed as midazolam equivalents) in the previous 24 hours had 6.8 times higher odds of delirium the following day (vs. a normal assessment)
than those receiving 5 mg of benzodiazepines.

**
P-values are calculated using group added last tests for the overall effect of each variable, including all related terms. For example, the p-value

for mental status on the previous day includes model terms for delirium vs. normal status as well as for coma vs. normal status; the p-value for
benzodiazepines includes both the linear and nonlinear terms.

†
For the purpose of this study, all benzodiazepines were converted to midazolam equivalents, such that 1 mg of midazolam was equal to 0.4 mg of

lorazepam and 2 mg of diazepam.

‡
For the purpose of this study, all intravenous opioids administered were converted to fentanyl equivalents, such that 10 mg of morphine was equal

to 150 micrograms of fentanyl.

***
In order to conserve power, principal component analysis was used as a data reduction technique to calculate a single value incorporating age,

acute physiology component of the APACHE, history of alcohol/substance abuse, burn percentage, and presence of an inhalation injury.
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Table 4

Outcomes Based on Ever vs. Never Delirium*

Variable** Never Delirium*** N=7 Ever Delirium N=63

Liver dysfunction (bilirubin ≥2), n (%) 0 (0%) 12 (19%)

Liver dysfunction (bilirubin ≥2), days 0 (0, 0) 1 (1, 4)

Renal dysfunction (creatinine ≥2), n (%) 0 (0%) 8 (13%)

Renal dysfunction (creatinine ≥2), days 0 (0, 0) 2 (1, 3)

Hyponatremia (sodium <130 meq/l), n (%) 0 (0%) 10 (16%)

Hyponatremia (sodium <130 meq/l), days 0 (0, 0) 1 (1, 3)

Hypoglycemia (glucose <40 g/dl), n (%) 0 (0%) 2 (3%)

Hypoglycemia (glucose <40 g/dl), days 0 (0, 0) 1 (1,1)

ICU length of stay, days 2 (2, 4) 19 (14, 30)

Mechanical ventilator days 1 (1, 1) 16 (10, 26)

Died during 30-day study follow up, n (%) 0 (0%) 3 (5%)

*
This table displays descriptive statistics according to whether delirium was diagnosed at any time during the study. Univariate comparisons were

not performed because such comparisons can be significantly biased by confounders and immortal time bias. Multivariable analyses were not
performed due to limited sample size (i.e., only seven patients were never delirious).

**
Median (Interquartile ranges) unless specified otherwise

***
Twelve patients were persistently comatose before dying; these patients are excluded since they were not eligible for delirium assessment, nor

did they have any days of “normal mental status.”
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