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Abstract

Background—Mild therapeutic hypothermia (TH) is a recommended treatment for comatose
patients resuscitated from cardiac arrest. To our knowledge, the prevalence of delirium and its
associated risk factors has not been assessed in survivors of cardiac arrest treated with TH.

Objective—To determine the prevalence and risk factors for delirium among survivors of cardiac
arrest who were treated with TH.

Methods—We conducted a retrospective observational study of 251 patients following cardiac
arrest treated with TH between 2007 and 2014. We obtained baseline demographic data and daily
delirium assessments throughout the ICU stay. We assessed for the association between the
duration of delirium and various risk factors.

Results—Of 251 patients, 107 (43%) awoke from coma. Of these 107 survivors, all of them had
at least one day of delirium during their ICU stay. Median number of delirium days was 4.0 (IQR
2.0 to 7.5). A multivariable analysis revealed that age (OR 1.72, 95% CI 1.01 — 2.95, p=0.05), time
from CPR to return of spontaneous circulation (ROSC) (OR 1.52, 95% CI 1.11-2.07 p =0.01), and
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total dose of pre-warming propofol (OR 0.02, 95% CI 0.00 — 0.48, p= 0.02) were associated with
delirium duration.

Conclusions—Among patients treated with TH, delirium lasts a median of 4 days. Duration of
delirium was best predicted by age and time from initiation of CPR to ROSC, while pre-warming
exposure to total dose of propofol was associated with a shorter duration. These findings are
limited to this unique cohort, and may not generalize to broader populations.
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Introduction

Methods

Survival to hospital discharge after sudden cardiac arrest ranges from 5%-40%, with post-
resuscitation mortality driven by neurologic injury [1, 2]. Despite recent data that mild
therapeutic hypothermia (33 degrees Celsius) is not superior to targeted-temperature
management (36 degrees Celsius), mild therapeutic hypothermia (TH) remains the standard
of care following post cardiac-arrest with evidence that TH improves neurologic outcomes
after ventricular fibrillation (VF) and ventricular tachycardic (VT) arrest [3-7]. However,
outcomes remain poor, and, identification of additional interventions and modifiable risk
factors may continue to improve neurologic outcomes.

Acute brain dysfunction (delirium) is the most common organ disorder in mechanically
ventilated ICU patients [8, 9]. Delirium independently predicts poor outcomes, including
long-term cognitive impairment and mortality[10-14]. Importantly, a variety of ICU care
processes influence delirium with implications for post cardiac-arrest patients. For example,
studies identified the use of benzodiazepines and physical restraints as common modifiable
risk factors for the development of delirium [15-17]. Currently, most TH protocols call for
high doses of sedatives due to the use of paralytics to prevent shivering, and the majority use
midazolam as a sedative agent [18].

This study primarily aims to determine the prevalence of delirium in survivors of cardiac
arrest following treatment with mild TH in the cardiovascular intensive care unit (CVICU).
In addition, we sought to understand the relationship between potentially modifiable
resuscitation and TH protocol exposures and duration of delirium among patients treated
with TH to inform the management of post-cardiac arrest patients.

Study design and population

We conducted a retrospective cohort study performed at the Vanderbilt CVICU, a tertiary
level critical care unit managed with twenty-seven beds and an annual volume of 2,800
patients. The study period began on May 15, 2007 and ended on January 1st, 2014. Eligible
patients for this study included all patients admitted following cardiac arrest. We included all
patients treated with TH in a prospective registry (INTCAR, International Cardiac Arrest
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Registry). We then collected data retrospectively and input into a Redcap database. We
excluded patients if they were persistently comatose or died prior to awakening from coma.

Treating physicians made determinations of the suitability of TH; patients considered for
inclusion experienced a cardiac arrest with a primary cardiac etiology, could initiate TH
within 12 hours of experiencing ROSC, were 18 years or older, remained unresponsive after
experiencing ROSC and had a time to ROSC less than 60 minutes [19]. Physicians cooled
patients eligible for TH using an active surface cooling device to maintain a core body
temperature of 32—-34 degrees Celsius for a total of 24 hours following return of spontaneous
circulation (ROSC), after which physicians rewarmed the patients at a rate of 0.25 degrees
Celsius per hour. Physicians also administered neuromuscular blockade to all patients, using
cisatracurium and a sedative (midazolam or propofol) during active cooling. Vanderbilt’s
institutional review board reviewed and approved of the study.

Covariates and Post-Cardiac Arrest Processes of Care

Outcomes

In addition to non-modifiable baseline patient characteristics, we investigated potentially
modifiable factors that we a priori hypothesized would have the potential to affect the
prevalence and duration of delirium in post-cardiac arrest patients. We included factors
related to a.) severity of illness, b.) initial resuscitation, and c.) medication dose prior to a
patient reaching a temperature of 36 Celsius. Patient characteristics included age and
comorbid illnesses. We obtained all baseline characteristics via retrospective chart review.
We characterized severity of illness using the acute physiology score [20]. Initial
resuscitation factors included: occurrence of bystander cardiopulmonary resuscitation
(CPR), initial rhythm (ventricular fibrillation/tachycardia, pulseless electrical activity/
asystole), time in minutes from arrest to CPR by medical personnel, and, time in minutes
from CPR by medical personnel to ROSC (determined by review of EMS records).
Medication dose exposures during the TH protocol from ICU admission to patient arousal
(RASS greater than negative 4) included: Total doses of fentanyl (mcg), midazolam (mg),
propofol (mg), and cisatracurium (mcg).

We defined delirium duration as the total number of days of delirium following initial
arousal from coma. We assessed delirium status for each 24-hour interval, beginning at the
time that the patient first reached an internal core temperature of 36 degrees Celsius until
CCU discharge or death.

We assessed for coma and delirium daily using the Richmond Agitation Sedation Scale
(RASS) and the Confusion Assessment Method for the ICU (CAM-ICU), respectively [9,
21-23]. The RASS and CAM-ICU are both previously validated tools with excellent
interrater-reliability suitable for broad populations of ICU patients to identify the presence
and type of delirium [9]. Bedside nurses performed RASS and CAM-ICU measurements at a
minimum of twice daily for > 90% of patient days. For those days that we had no usable
assessments (6.7%, 52 out of 772 days), we used the patient’s status on the day before, and
the day after that missing day to impute for the missing day status. The bedside nurse can

Am J Crit Care. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Pollock et al.

Page 4

reliably use RASS and the CAM-ICU to identify delirious patients, and these mechanisms
have been previously validated in the ICUs at Vanderbilt, including the CCU [24].

Our team considered patients with RASS scores of =5 (unresponsive to physical and verbal
stimulus) or -4 (responsive only to physical stimulus) for each 24 hours as comatose and
therefore not eligible for delirium evaluation. The study classified each such day as “coma”.
During a 24-hour period, if a patient’s RASS level reached or exceeded -3, we considered
that day delirious (CAM-ICU positive at any time during a 24-hour period) or normal
(CAM-ICU negative during all assessments during a 24-hour period). We further categorized
delirium, as assessed by the CAM-ICU, into hyper (RASS score +1 to +4) or hypo-active
(RASS score 0 to —3). We classified a day as “hypoactive” if all CAM-positive assessments
during a 24-hour period ranged from RASS 0 to —3. We used “hyperactive” to classify a 24-
hour period of all CAM-positive assessments with RASS +1 to +4. “Mixed” indicated any
CAM-positive 24-hour period with both hyperactive and hypoactive RASS scores.

Statistical analysis

We first describe the patient characteristics of the overall population. Mean and standard
deviations, medians, and interquartile ranges (IQRs) were reported as appropriate. The
primary objective was to characterize the prevalence of delirium among cardiac-arrest
patients that were exposed to a TH protocol and successfully warmed and aroused from
coma. We report the proportion of patients with at least one day with positive CAM-ICU
over the total included cohort.

The second aim was to evaluate the potentially modifiable resuscitation or TH protocol-
related risk factors for delirium. In order to achieve this, we constructed a proportional odds
logistic regression model that assessed baseline risk factors for delirium duration. A
proportional logistic model was used to analyze delirium duration due to the highly skewed
distribution. The measure of association between predictors and outcomes in this model type
is an odds ratio. We could not include all factors collected in order to avoid model over
fitting given the sample size. In addition to non-modifiable baseline patient characteristics,
we decided a priorito investigate potentially modifiable factors that were hypothesized to
have the potential to affect the prevalence and duration of delirium in post-cardiac arrest
patients. We included factors related to a.) severity of illness, b.) initial resuscitation, and c.)
medication dose prior to a patient reaching a temperature of 36 Celsius. Specific model
variables included: a.) age b.) severity of illness, ¢.) VT/VF vs. PEA/Asystole, time to CPR,
and time from CPR to ROSC, and d.) total dose of each of the following medicines during
TH: fentanyl, midazolam, and propofol. All statistical analyses were performed using R
statistical software. (R Core Team (2014). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-
project.org).

Sensitivity Analysis

In order to address whether post-warming delirium was driven by sedation alone or not, we
divided the population across days between patients who received sedation (propofol,
midazolam, or fentanyl) and those who did not. In addition, we analyzed patients on and off
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sedation excluding fentanyl as a sedative. Finally, we then assessed for the prevalence of and
sub-types for each of these subgroups.

We administered TH to 251 consecutive post-cardiac patients. The analysis includes 107
(43%) from the cohort that survived and awoke from coma, and the analysis excluded the
other one-hundred forty-four (57%) that died prior to ICU discharge or never had a RASS
greater than —3 that allowed for assessment of delirium (Figure 1). Table 1 displays the
demographic and baseline characteristics of the study cohort. The median age of survivors to
first awakening was 57 (interquartile range 48 to 64) years old with a median APACHE II
score of 21.0 (IQR 18.0, 23.5), reflecting a high illness severity. The majority of arrests had
shockable rhythms (79%) and were out-of-hospital (77%). We administered fentanyl for
pain during TH and midazolam (67%, n=72) for sedation to the majority of patients (84%,
N=90).

Delirium existed in 100% of survivors from the initiation of rewarming until the end of the
ICU stay, for a median number of 4.0 (2.0 — 7.5 IQR) delirium days. Figure 2 shows the
distribution of cognitive status each day following patient warming (coma, hypoactive
delirium, mixed delirium, hyperactive delirium, and normal). Since the number of patients
decreases over time, we display the relative percentage of patients for each patient day. The
majority of delirium was hypoactive, with 90% of patients having at least one hypoactive
delirium day, 21% of patients having at least one or more hyperactive delirium days, and
64% of patients having at least one mixed delirium day. Normal mental status and coma
were less common. In sensitivity analyses, the presence of sedation following warming did
not affect the prevalence of delirium (supplemental figure E1).

Figure 3 shows the effect of modifiable resuscitation or TH protocol-related risk factors on
the duration of delirium. In evaluation of baseline risk factors and number of delirium days,
multivariable analysis showed that age (OR 1.72, 95% CI 1.01 — 2.95, p=0.05), and time
from initiation of CPR to return of spontaneous circulation (ROSC) (OR 1.52, 95% ClI 1.11-
2.07, p =0.01) correlated to more days of delirium. In contrast, use of propofol (OR 0.02,
95% CI 0.00 — 0.48, p= 0.02) correlated to shorter duration of delirium.

Discussion

This study primarily demonstrates that all survivors of cardiac arrest treated with TH who
awoke from coma experienced at least one day of delirium between rewarming and then
subsequent discharge from the ICU. Although the high prevalence of delirium may seem
surprising, this cohort is uniquely different from typical ICU populations; the degree of
insult that cardiac arrest induces, the tremendous swings in metabolism from TH, as well as
the large doses of psychoactive medications, all likely contribute to the higher prevalence.
Independent risk factors for longer duration of delirium inlcuded increased age and longer
times from CPR to ROSC. Total propofol dose during TH and prior to warming correlated
with shorter days of delirium, whereas total dose of fentanyl and midazolam did not
correlate with delirium duration. The high prevalence of delirium in this population calls for
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a need to understand the relationship between delirium and long-term outcomes in these
patients and then, if warranted, interventions that will decrease the prevalence of delirium in
the post-resuscitation period.

Delirium in critical-care units varies depending on the specific populations. Reported
prevalences vary from 25% in our mixed-population CVICU [25] to 80% in medical-
intensive care units [9]. Previous reports have stated that survivors of cardiac arrest who
experienced a myocardial infarction have a higher prevalence of delirium [27]. Survivors of
cardiac arrest treated with TH have unique characterisitcs; they are older, have multiple
comorbidities, a high prevalence of coronary artery disease [26], and experience an acute
anoxic insult that typically results in multi-organ failure and a high in-hospital mortality.
Although the percentage of subtypes of delirium in our cohort of patients was similar to that
reported in prior studies, the overall prevalence of delirium of 100% in this cohort (higher
than that reported in other specific ICU populations) may reflect the unique nature of this
population. Consistent with prior studies in a general CVICU population [25], the majority
of patients experienced hypoactive delirium. Physicians caring for post-resuscitation patients
should keep these data in mind, since it may help focus care on decreasing the length of
delirium by developing and implementing evidence-based interventions [28].

We examined both pre-and-post resuscitation risk factors that we hypothesized could
influence the duration of delirium. Among pre-hospital risk factors we found that age and
longer times from initiation of CPR to ROSC correlate with increased number of delirium
days. Previous reports include age has as a known risk factor for delirium [16]. Longer times
from initiation to CPR to ROSC might reflect the detrimental effect that hypoxia has on
brain function after TH. This finding supports the need for continued training of medical
personnel in high-quality CPR that includes timely administration of direct cardioversion to
re-establish a perfusing rhythm.

Our TH protocol, similar to many other institutions, utilizes high doses of sedatives prior to
warming in response to the need for the use of paralytics to prevent shivering. We
hypothesized that the use of post-resuscitation sedation prior to rewarming (i.e., sedation
used during TH and prior to rewarming) could represent a modifiable risk factor that might
raise the prevalence of delirium in this population of patients. Surprisingly, in our
investigation of post-resuscitation modifiable risk factors, higher dose exposure to propofol
during TH protected patients and correlated with decreasing days of delirium, and total dose
of midazolam during TH did not correlate with increasing days of delirium. To our
knowledge, no previous study shows an association between total propofol dose and a
reduced number of days of delirium. Although previous reports associate benzodiazepines
with delirium in multiple different ICU populations [8, 16], this post-resuscitation cohort
clearly represents a unique group of patients that responded differently to sedatives than
previously reported in other critically ill groups. Type | error may explain these findings
related to propofol. Alternatively, our benzodiazepine data may be underpowered to
determine truth in this “first look” study. It is worthwhile to consider some additonal
hypotheses of why pre-warming total propofol dose and not midazolam correlated with
delirium duration. First, we only evaluated the total dose of sedatives used during TH and
did not analyze the effect of sedative use after rewarming, therefore, we limited our ability to
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assess their effect following warming. Second, we provided propofol more frequently to
patients in the more recent years of the cohort, and therefore the results may reflect
altnerative practice changes that may have occurred in later years. Alternatively, the use of
propofol may represent confounding by indication, since we preferentially provided
propofol during TH to patients that were at lower risk of delirium.

In order to address whether post-warming sedation drove our high prevalence of delirium,
we split the population into patients on and off sedation. Supplemental figure E1 shows that
by day 4, the percentage of patients receiving sedation, not receiving sedation, and
prevalence of delirium were approximately equivalent. In addition, in the smaller group that
received no sedation in the first few days following warming, the prevalence of delirium
remained high. This indicates that the high prevalence of delirium, especially at later time
points, is not all driven by sedation. Importantly, to our knowledge, there is no data to
suggest differences between “sedative-delirium” and “non-sedative delirium” in this
population. Further study is needed to understand whether there are any differential effects
on outcomes depending if delirium occurs with our without sedation.

This study has several limitations. First, in 2013, Nielsen et al published results that showed
that mild therapeutic hypothermia is not superior to targeted temperature management for
post-resuscitation care [7]. The overseeing group of that study used a different design and
therefore, we cannot directly compare it to the landmark trials from 2002 that established
mild TH as the standard of care. Ongoing trials that examine the effect of different doses of
TH may better guide the field in the future. Despite the results from the TTM trial, the
results of this study still apply to current practice, due to the fact that mild TH remains
guideline based therapy for post-resuscitation care. Second, we aimed to examine factors
exclusive to patients exposed to TH, and we do not have any data to examine factors among
patients not exposed to TH. Third, our institutuion limits us to a specific TH protocol, which
may limit the generalizability of these data. Fourth, our model included variables that were
determined a priori. In order to prevent over-fitting of our models, the list of confounders did
not include all options, and unmeasured variables may exist that could alter our results.
Fifth, the prevalence and duration of delirium in our results may exceed those in prior
reports because we don’t have differential measurements of CAM-ICU before and after a
spontaneous awakening trial, and our results may include patients with rapidly reversible
delirium due to sedation [29]. This effect is likely small given the high prevalence of
delirium found among patients without exposure to sedation in sensitivity analyses. Finally,
we did not structure this study to design nor to assess the role of delirium in adverse
outcomes such as, mortality or long-term cognitive impairment; this remains unknown in
this specific population of patients and warrants future study.

Conclusion

This retrospective observational study demonstrates that there is a remarkably high
prevalence of delirium during the ICU stay in our sample of patients treated with TH
following cardiac arrest. Increasing age and longer times from initiation of CPR to ROSC
were associated with increasing days of delirium, and higher total propofol dose used during
TH was associated with decreasing days of delirium. Given the significant impact of
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delirium on outcomes shown in numerous other investigations, further prospective research
is needed to understand the relationship between sedative and paralytic choice during TH
and it’s relation to prevalence and duration of delirium as well as the relationship between
delirium and long-term outcomes in this very unique group of patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Baseline characteristics of cardiac-arrest survivors that were successfully warmed and awoke from coma.

There were 251 patients included in the study.

Characteristic | Overall
Age, median (IQR) | 57(47, 64)
Male gender N (%) | 72 (67)
Previously healthy N (%) | 21 (20)
APACHE 11 Score median (IQR) | 21(18,23)
CPCZprior to arrest

1N (%) 101 (95)

2N (%) 6 (5)
Cardiac Arrest Site

Out-of-hospital N (%) 82 (77)
Witnessed Arrest N (%) | 92 (86)
Bystander CPRIN (%) | 73 (63)
Initial Rhythm

VT4HVFS, N(%) ‘ 85 (79)
STEMIS, N(%) | 32 (30)
Intra-Aortic Balloon Pump N(%) | 17 (16)
Shock N (%) | 46 (44)
Coronary angiography performed N (%) | 83 (78)
Percutaneous Coronary Intervention N (%) | (36)
Temporary Pacemaker | 5(6)

Fentanyl, Median total dose in mg during ICU stay( IQR) N7=90 | 2700 (1569, 4444)

Midazolam, Median total dose in mg during ICU stay (IQR) N7=72 | 64 (40, 108)

Propofol, Median total dose in mcg during ICU stay (IQR) N’=26 | 1198 (295, 1663)

1 . . .
Acute Physiology and Chronic Health Evaluation
2
Cerebral Performance Score
3. . o
Cardiopulmonary resuscitation

4 . .
Ventricular tachycardia
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5Ventricu|ar fibrillation
6, . L .
ST segment elevation myocardial infarction

7o . ’ .
Median for drug doses is only for those patients that received actual drug
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