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Objectives: To characterize the prevalence of withdrawal of life-
sustaining treatment, as well as the time to awakening, short-term 
neurologic outcomes, and cause of death in comatose survivors 

of out-of-hospital resuscitated cardiopulmonary arrests treated 
with therapeutic hypothermia.
Design: Single center, prospective observational cohort study of 
consecutive patients with out-of-hospital cardiopulmonary arrests.
Setting: Academic tertiary care hospital and level one trauma cen-
ter in Minneapolis, MN.
Patients: Adults with witnessed, nontraumatic, out-of-hospital 
cardiopulmonary arrests regardless of initial electrocardiographic 
rhythm with return of spontaneous circulation who were admitted 
to an ICU.
Interventions: None.
Measurements and Main Results: The study cohort included 154 
comatose survivors of witnessed out-of-hospital cardiopulmonary 
arrests who were admitted to an ICU during the 54-month study 
period. One hundred eighteen patients (77%) were treated with 
therapeutic hypothermia. The mean age was 59 years, 104 (68%) 
were men, and 83 (54%) had an initial rhythm of ventricular tachy-
cardia or fibrillation. Only eight of all 78 patients (10%) who died 
qualified as brain dead; and 81% of all patients (63 of 78) who 
died did so after withdrawal of life-sustaining treatment. Twenty 
of 56 comatose survivors (32%) treated with hypothermia who 
awoke (as defined by Glasgow Motor Score of 6) and had good 
neurologic outcomes (defined as Cerebral Performance Category 
1–2) did so after 72 hours.
Conclusions: Our study supports delaying prognostication and 
withdrawal of life-sustaining treatment to beyond 72 hours in 
cases treated with therapeutic hypothermia. Larger multicenter 
prospective studies are needed to better define the most appro-
priate time frame for prognostication in comatose cardiac arrest 
survivors treated with therapeutic hypothermia. These data 
are also consistent with the notion that a majority of out-of-
hospital cardiopulmonary arrest survivors die after a decision 
to withdrawal of life-sustaining treatment and that very few of 
these survivors progress to brain death. (Crit Care Med 2014; 
42:2493–2499)
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Out-of-hospital cardiopulmonary arrests (OHCA) pose 
a significant public health burden, with an estimated 
annual prevalence of over 380,000 arrests evaluated 

by emergency medical services in the United States alone (1–
4). In the decade following the 2002 landmark trials of thera-
peutic hypothermia (TH) to improve outcomes in comatose 
cardiac arrest survivors, little additional progress has been 
made in finding and implementing successful new neuropro-
tective interventions (5, 6). Therefore, TH remains the only 
proven neuroprotective strategy available and the focus of the 
resuscitation community. A number of factors explain this lack 
of progress: a lack of understanding of the mechanisms and 
circumstances leading to poor outcomes, lead time and selec-
tion biases, as well as funding and ethical considerations that 
make research in this field quite challenging (7–10). Finally, 
and most importantly, studies necessarily lack complete data 
on patients from whom they withdrew life-sustaining therapy 
before the effect of TH could be fully realized; this is the “self-
fulfilling prophesy”; if care is withdrawn too early, it is impos-
sible to know if further care would result in a higher rate of 
neurologically intact survival.

The existing American Academy of Neurology (AAN) 2006 
guidelines for the Prediction of Outcome in Comatose Survivors 
After Cardiopulmonary Resuscitation have only been studied in 
comatose survivors of cardiac arrest who have not been treated 
with TH (11). These guidelines recommend prognostication and 
decision making at 72 hours postarrest. However, the timing of 
clinical, electrophysiologic, and biomarker testing for neurologic 
prognostication during the first 72 hours postarrest have not 
been validated for patients who have undergone TH. The ideal 
paradigm for prognosticating neurologic outcomes in comatose 
cardiac arrest survivors treated with TH is unknown despite sev-
eral studies that have tried to shed light on this crucial question 
(12–18). These studies have several important flaws: a lack of 
blinding to the results of the prognostic markers being evaluated 
(13, 16, 19–22), the high proportion of patients who have with-
drawal of life-sustaining therapy (WLST) (12, 13, 19, 23), and 
a lack of understanding regarding the number of patients who 
die of a true neurologic cause defined brain death as opposed 
to WLST, cardiac, respiratory, infectious, or other causes. There 
are no adequate clinical data to prove or refute the notion that 
TH decreases the proportion of patients who progress to “brain 
death,” and as such, our understanding of how TH improves 
mortality and neurologic outcomes remains inadequate.

The aim of the study was to test the hypothesis that treat-
ment of comatose OHCA survivors with TH may result in 
awakening beyond 72 hours, with good neurologic outcomes 
assessed by Cerebral Performance Category (CPC) at hospital 
discharge. Additional objectives are to describe times to WLST, 
causes of death, and the proportion of patients who progressed 
to brain death.

MATERIALS AND METHODS
This study is a prospective observational cohort consisting of all 
adult patients brought to the Hennepin County Medical Cen-
ter (HCMC) emergency department (ED) after resuscitated, 

nontraumatic OHCA. HCMC is an academic tertiary care hospi-
tal and level one trauma center in Minneapolis, MN. All consecu-
tive adult survivors of nontraumatic OHCA treated at HCMC 
from July 2007 through December 2011 were considered for 
inclusion in this study. Approval for this study was obtained from 
the HCMC Institutional Review Board. Inclusion criteria for this 
study were age of 18 years and older, witnessed arrest and suc-
cessful resuscitation as defined by a return of spontaneous circu-
lation (ROSC), and an ongoing loss of consciousness as defined 
by a Glasgow Coma Scale motor score (mGCS) equal or less than 
5 in the ED after ROSC (24). Exclusion criteria were intracranial 
hemorrhage and baseline CPC equal to or greater than 3.

Although this study did not specify any of the therapeutic 
or diagnostic interventions to be performed due to its observa-
tional nature, all patients followed the standard institutional TH 
protocol. This protocol specified propofol as the sedative agent 
of choice and midazolam as the preferred alternative agent. For 
patients under neuromuscular blockade (NMB), the minimum 
dose of propofol was 40 μg/kg/min, and a minimum dose of 
20 μg/kg/min to be used in the absence of NMB. In the case of 
midazolam, the minimal dose to be used during NMB was 5 mg/
hr and a minimum infusion of 1 mg/hr to be used in the absence 
of NMB. Fentanyl at a starting dose of 50 μg/hr was used in all 
patients during TH, with down titration as able after rewarm-
ing to maintain patient comfort. Sedation was to be titrated to 
patient comfort, ventilator synchrony, and as an adjunct to avoid 
shivering during induction and rewarming of TH. Sedation was 
aggressively titrated down and stopped completely whenever 
possible until patients awoke, after which they were titrated to 
the minimum necessary until extubation, with daily interrup-
tions of sedation unless otherwise clinically contraindicated. 
After completion of rewarming, fentanyl was the preferred agent 
to maintain comfort during mechanical ventilation. Atracurium 
was the paralytic of choice when necessary and cisatracurium as 
the agent of choice in cases of renal dysfunction.

TH was initially not offered to patients presenting with ini-
tial rhythms of pulseless electrical activity (PEA)/asystole. The 
decision of initiating TH was left to the discretion of the ED 
and the intensive care teams; at the start of the study, TH was 
offered only to ventricular tachycardia (VT)/ventricular fibril-
lation (VF) arrests. However, the routine application of hypo-
thermia to all comatose OHCA survivors became standard in 
2009. Institutional criteria to exclude patients from receiv-
ing TH included sustained hypotension with a mean arterial 
pressure less than 60 mm Hg for greater than 30 minutes after 
ROSC while on high-dose vasopressors; uncontrolled bleed-
ing; pregnancy; refractory VF (electrical storm); preexisting 
multiple organ failure, septic shock; do not attempt resusci-
tation status, terminal illness, or baseline unresponsiveness. 
Furthermore, patients were excluded if technical issues pre-
cluded safe provision of TH (extremes of weight).

Data Collection, Definitions, and Outcomes
Data collected were classified as prearrest, arrest, and postarrest 
data. Prearrest data included patient demographics and base-
line comorbid states including history of known hypertension, 
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coronary artery disease, congestive heart failure, diabetes mel-
litus, and end-stage renal dysfunction on hemodialysis. Arrest 
data collected included the following: initial rhythm, time to 
ROSC, and if the arrest was witnessed or not. Postarrest data 
collected were as follows: use of TH and ICU length of stay, 
awakening (defined as wakefulness and a consistent motor 
GCS score of 6 on serial assessments), information pertaining 
to discharge destination (home, nursing home, or subacute 
rehabilitation facility) or if the patient expired; and time from 
admission to one of these endpoints. Neurologic outcomes 
were classified according to the Glasgow-Pittsburgh CPC 
scores, with a “good” clinical outcome reflective of a CPC score 
of 1–2. CPC scores greater than or equal to 3 were consistent 
with a poor outcome (i.e., 3 = severe cerebral disability, 4 = 
coma or a vegetative state, 5 = brain death or death defined by 
traditional criteria) (24–26). Discharge outcomes were based 
on a combination of physical and occupational therapy, physi-
cal medicine and rehabilitation, and neurologic evaluations 
prior to discharge as documented in the electronic medical 
record. In the patients with OHCA who died, we examined 
the process by which they progressed to death. Patients who 
were declared brain dead were declared to be so after an ini-
tial examination and a second confirmatory examination per-
formed by the neurology or neurosurgery consult service in 
accordance to established national and institutional guidelines 
(27). Patients were considered unsupportable when they died 
as defined by traditional criteria (not brain death) while on full 
support and despite maximal medical interventions. Finally, 
patients were considered to have had WLST when limitation 
of medical interventions was agreed upon between the treating 
team and the patient’s legal decision maker or based on exist-
ing adequately supported advance directives from the patient.

Statistical Analysis
Statistical analyses were performed using the chi-square test 
for dichotomous variables, with use of the Fisher exact test 
reported as appropriate. Continuous variables were analyzed 
with the Student t test (two-tailed) if normally distributed and 
the Mann-Whitney U test if not normally distributed. Time to 
awakening was evaluated using the Cox proportional hazard 
model. Censoring events for this analysis included death by 
any mechanism, including withdrawal of care, as well as hos-
pital discharge prior to awakening. All statistical analyses were 
done using Stata IC 12 (StataCorp LP, College Station, TX).

RESULTS
During the 54-month study period, 423 consecutive, adult 
nontraumatic patients with OHCA were evaluated and treated 
in the ED. Of those, 154 were witnessed arrests that survived 
to ICU admission and met all inclusion criteria as well as hav-
ing complete datasets (Fig. 1). Of the 154 patients included, 76 
patients (49%) were discharged alive and 63 (41%) had good 
neurologic outcomes (CPC, 1–2). The demographic character-
istics and associated comorbidities of the patients included in 
the study are shown in Table 1. Patients treated with hypother-
mia were younger than patients not treated with hypothermia. 

Patients who did not undergo hypothermia were more likely to 
have had an initial rhythm of PEA/asystole. The mean hospi-
tal length of stay was 15.86 days (95% CI, 13.21–18.5 d). The 
time to awakening did not differ between TH and non-TH 
groups (p = 0.194). It is critical, however, to note that all of the 
patients who did not undergo TH and awoke did so before 72 
hours, whereas more than a third of those with good recovery 
in the TH group awoke beyond 72 hours. Of 56 patients treated 
with TH who had good neurologic outcomes, 20 (36%) awoke 
after 72 hours, whereas all seven of the seven patients who had 
good neurologic outcomes in the normothermic group awoke 
before 72 hours (Table 2). Seventy-six patients (49%) in total 
(treated with and without TH) survived to hospital discharge; 
however, it should also be noted that a patient with a VT/VF 
arrest who underwent TH and one who had a PEA/asystolic 
arrest with subsequent TH were discharged without recovering 
consciousness at 22 and 27 days postarrest, respectively.

Of 118 patients who received TH, 45 (38%) had WLST and of 
those five (4%) had WLST during the first 72 hours postarrest. 
In the group of 36 patients who did not receive TH, 18 (50%) 
had WLST and 14 of the 18 (39% of the total of 36) had WLST 
in the initial 72 hours postarrest. For those who underwent TH, 
the mean time to WLST was 7.62 days (95% CI, 5.72–9.53 d), 
and for those who did not undergo TH, it was a mean of 1.61 
days (95% CI, 0.42–2.81 d). Patients who did not undergo TH 
were significantly more likely to have WLST in the first 72 hours 
than patients treated with TH (two-tailed Fisher exact test; p = 
0.0001). Of 63 patients who underwent WLST, 19 (30%) did so 
during the first 72 hours postarrest, including five patients who 
had undergone TH. Three of the 19 patients who had care with-
drawn in the first 72 hours had preexisting “do-not-resuscitate” 
directives that had been unknown to prehospital and ED per-
sonnel. The remaining 16 patients had care withdrawn based on 
family input, and specific reasons were clearly cited in five cases 
(two due to underlying terminal illness, two due to other comor-
bidities, and one due to age of 92). Ten percent of patients (8 of 
78) resuscitated from OHCA progressed to brain death (Fig. 2). 
Only 9% (7 of 78) died despite ongoing aggressive therapy, and 
the remaining 81% of patients (63 of 78) who died in this cohort 
did so after withdrawal of life-sustaining treatment.

DISCUSSION
In this study, 36% of all patients treated with TH who had good 
neurologic outcomes (CPC, 1–2) awoke after the first 72 hours. 
This suggests that an observation period of only 72 hours 
might not be adequate in the post-TH era. This study supports 
existing opinions that delayed neurologic recovery after TH is 
possible due to a variety of factors including sedation, altera-
tions in pharmacokinetics, pharmacodynamics, as well as the 
effects of hypothermia itself despite a lack of solid evidence 
as to the exact mechanism of the delay (13, 19, 28–30). These 
findings are important because current practice favors neuro-
logic prognostication at 72 hours often leading to subsequent 
and potentially premature WLST (7). This in turn could nega-
tively impact a significant number of patients who could oth-
erwise have gone on to have a good neurologic recovery.
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New advances in neuroprotection are hindered by a lack of 
understanding of how TH alters the natural history of the post–
cardiac arrest syndrome. Understanding the time to awakening 
in comatose survivors post-TH is crucial to knowing when 
prognostication efforts and plans for WLST become appropri-
ate. These findings as well as those of other recent small studies 
serve as a base for future controlled studies to determine when 
prognostic testing is to be performed as well as when to start 
considering WLST (31, 32). Although not controlling for seda-
tion regimens, duration, cumulative doses, and renal function 
is a shortcoming in this study, it does reflect clinical practice. 
No patients in the study received pharmacologic agents such 
as amantadine, modafenil, or methylphenidate to stimulate 
arousal (33).

Our data highlight the high number of comatose cardiac 
arrest survivors who die following WLST decisions (34). Many 
clinical trials of prognostic strategies in comatose cardiac arrest 
survivors treated with TH have equally high rates of WLST, 
and furthermore, the majority of those studies are unblinded 
and subject to “self-fulfilling prophecies” of poor outcomes (7, 
35–38). Equally concerning is the observation that patients are 
having life-sustaining therapies withdrawn while still undergo-
ing TH; this finding in our study mirrors many other studies 
as well as clinical practice where this is not a rare event (39). 
The high percentage of patients who undergo WLST without 
a good understanding of when and how to prognosticate neu-
rologic outcomes in patients treated with TH may well be an 
important factor contributing to the large number of negative 
trials in the field. To put this in perspective, the largest trial 

to date in the field, that is, the 
TTM trial by Nielsen et al (40), 
cites WLST as the cause of death 
in 247 patients (26%) of the 
939 patients recruited; however, 
this includes patients who were 
declared brain dead and those 
who were “unsupportable” due 
to multiple organ failure and 
hemodynamic failure (online 
supplement in [40]). If, as in 
the case of our study, these two 
groups are excluded and only 
patients who had WLST due to 
comorbidities and neurologic 
or ethical concerns are consid-
ered, then WLST was effectively 
only undertaken in 94 of 939 
patients (10%). Until evidence-
based recommendations on 
when and how to prognosti-
cate neurologic outcomes in 
patients treated with TH are 
available, a more conserva-
tive approach to WLST may be 
indicated. It is also worth men-
tioning that in a recent study by 

Howell et al (41) carried out at a German neurorehabilitation 
center, of 113 patients admitted with disorders of conscious-
ness following anoxic-ischemic encephalopathy, as many as 
6.2% of patients achieved good functional outcomes (Glasgow 
Outcome Scale, 4–5) with improvements being noted begin-
ning at 8–12 weeks postanoxic event despite having had ini-
tial poor prognostic markers such as somatosensory evoked 
potentials. Both of these studies highlight our lack of ability to 
predict functional recovery, the potential for delayed recovery, 
and the need for further research in this area as indiscriminant 
delays in WLST will have a significant impact on survivors, 
their families, and the healthcare system.

Our study reflects current practice where the vast major-
ity of comatose cardiac arrest survivors ultimately die after a 
WLST decision, and only 9% of patients die despite ongoing 
care and 10% progress to brain death. Gaining an understand-
ing of how, when, and why patients die after initial resuscita-
tion regardless of the use of TH is critical to enable the design 
and execution of therapeutic trials and also for delivery of 
care systems in patients with the recently recognized “post–
cardiac arrest syndrome” (2). The results of our observational 
study differ significantly from the existing literature (42, 43) 
in that our use of a stringent definition for brain injury lead-
ing to death (declaration of brain death) eliminated potential 
confounders, biases, and ambiguity. This is crucial, as without 
a clear understanding of the mechanisms and circumstances 
leading to death and poor outcomes, we cannot conceive new 
therapeutic interventions and processes to intervene in appro-
priate steps of the pathophysiologic process.

Figure 1. Patient enrollment into therapeutic hypothermia use or no therapeutic hypothermia use. Data are (n). 
CPC = Cerebral Performance Category, ROSC = return of spontaneous circulation.
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The present study’s main limitations are that it is a sin-
gle-center observational study focused mainly on end-of-
life issues, withdrawal of care, and causes of death in OHCA 
survivors. Despite being conducted at a single center, we feel 
the practices are representative of a significant proportion of 
hospitals that serve as reference centers for the care of resusci-
tated OHCA survivors. The study does not focus on or include 
details of management, particularly sedative medications. We 
also acknowledge that the sample size is a limitation, but the 
data have generated important observations that may have 
impact on future studies. The observational nature of this 
study provides a realistic representation of day-to-day clini-
cal practice. The high rate and early timing of WLST in the 
TH group render comparisons between the two groups very 
difficult; however, the aim of the present study is not to com-
pare these groups but rather to highlight the inadequacies of 
prognostication at 72 hours after TH. This study is also one of 
the few to describe the time to awakening of patients treated 

with and without TH, as well as the proportion of patients who 
progress to brain death, and one of the first to describe time to 
withdrawal of care (28, 31, 32, 40, 42, 43).

This study and the majority of clinical trials and studies 
on the subject have been unable to accurately account for the 
multiple effects of TH in postcardiac arrest—be it the mech-
anisms of neuroprotection or the delay in awakening. It is 
important for the resuscitation community to consider that 
without a solid physiopathologic understanding of the effects 
of the intervention on our patients, many of these questions 
are unlikely to be answered satisfactorily. We believe that addi-
tional breakthroughs in basic and translational science are 
required to answer the many unanswered questions posed by 
TH and targeted temperature management.

CONCLUSIONS
Guidelines currently used in many centers to determine progno-
sis after cardiac arrest are still based on the 2006 AAN Practice 

TAbLE 1. Demographic and baseline Characteristics of Study Cohort

Study Characteristic
All Patients  

(n = 154) TH (n = 118)
No TH  

(n = 36) p

Demographics

    Age, yr; mean ± sd 59 ± 16 57 ± 15 64 ± 17 0.03a

    Female, n (%) 50 (32) 40 (34) 10 (28) 0.49

Comorbid conditions, n (%)

    History of hypertension 74 (48) 58 (49) 16 (44) 0.62

    History of coronary artery disease 29 (19) 23 (19) 6 (17) 0.70

    History of congestive heart failure 22 (14) 15 (13) 7 (19) 0.31

    History of diabetes mellitus 36 (23) 30 (25) 6 (17) 0.28

    History of end-stage renal disease on hemodialysis 7 (5) 5 (4) 2 (6) 0.74

Characteristics of arrest

    Initial rhythm ventricular tachycardia/ventricular fibrillation, n (%) 83 (54) 74 (62) 9 (25) 0.0001a

    Initial rhythm pulseless electrical activity/asystole, n (%) 71 (46) 44 (38) 27 (75) 0.0001a

    Time to return of spontaneous circulation; min; mean ± sd 23 ± 17 23 ± 17 26 ± 21 0.25

TH = therapeutic hypothermia.
aDenotes statistical significance.

TAbLE 2. Awakening According to Therapeutic Hypothermia and Neurologic Outcomes

Discharge 
Cerebral 
Performance 
Category, n 
(%) 

Awakening 
Within  
72 Hr

Awakening  
After  
72 Hr

Total p

Awakening 
Within  
72 Hr

Awakening 
After  
72 Hr

Total p

Awakening 
Within  
72 Hr

TotalTH + No TH TH No TH

1 27 (55.1) 9 (36) 36 (48.65) 23 (57.5) 9 (36) 32 (49.23) 4 (44.44) 4 (44.44)

2 16 (32.65) 11 (44) 27 (36.49) 13 (32.5) 11 (44) 24 (36.92) 3 (33.33) 3 (33.33)

3 6 (12.24) 5 (20) 11 (14.86) 4 (10) 5 (20) 9 (13.85) 2 (22.22) 2 (22.22)

Total 49 (100) 25 (100) 74 (100) 0.298 40 (100) 25 (100) 65 (100) 0.245 9 (100) 9 (100)

TH = therapeutic hypothermia.
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Parameters intended for patients not treated with TH despite 
recent evidence and new guidelines that advocate for delay-
ing prognostication beyond 72 hours (31, 32, 39, 44, 45). Our 
results indicate that making WLST decisions at 72 hours postar-
rest could deprive as many as 36% of comatose survivors treated 
with TH of the opportunity to potentially achieve good neuro-
logical outcomes. Although we acknowledge that many of these 
patients will have a poor outcome, the possibility of a good out-
come, no matter how small from this group, carries significant 
ethical concerns. Given the widespread practice of WLST at 72 
hours, the number of those with potentially good outcomes may 
still be considerable. The magnitude of the potential number of 
patients who could achieve good functional status is unclear at 
this time, but our results indicate that there is room for improve-
ment (41).This study is not designed to determine the optimal 
time to perform prognostication and WLST post-TH; however, 
it does suggest that 72 hours is an insufficient amount of time. 
Additionally, our findings are consistent with many other stud-
ies reporting a disproportionately high (> 80%) rate of death 
following WLST despite unclear data regarding appropriate 
timing and methods for prognostication. Our data also demon-
strate that only a small proportion of OHCA survivors progress 
to brain death. The current uncertainties in the management of 
comatose-resuscitated cardiac arrest patients with TH or tar-
geted temperature management are due, in good part, to our lack 
of understanding of the effects of the intervention; we feel that it 
is necessary for basic and translational science to help answer the 
many life-or-death questions we still face in this matter.
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