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Abstract 

Background:  Targeted temperature management at 33 °C (TTM33) has been employed in effort to mitigate brain 
injury in unconscious survivors of out-of-hospital cardiac arrest (OHCA). Current guidelines recommend prevention of 
fever, not excluding TTM33. The main objective of this study was to investigate if TTM33 is associated with mortality in 
patients with vasopressor support on admission after OHCA.

Methods:  We performed a post hoc analysis of patients included in the TTM-2 trial, an international, multicenter trial, 
investigating outcomes in unconscious adult OHCA patients randomized to TTM33 versus normothermia. Patients 
were grouped according to level of circulatory support on admission: (1) no-vasopressor support, mean arterial blood 
pressure (MAP) ≥ 70 mmHg; (2)  moderate-vasopressor support MAP < 70 mmHg or any dose of dopamine/dobu-
tamine or noradrenaline/adrenaline dose ≤ 0.25 µg/kg/min;  and (3) high-vasopressor support, noradrenaline/adrena-
line dose > 0.25 µg/kg/min. Hazard ratios with TTM33 were calculated for all-cause 180-day mortality in these groups.

Results:  The TTM-2 trial enrolled 1900 patients. Data on primary outcome were available for 1850 patients, with 
662, 896, and 292 patients in the, no-, moderate-, or high-vasopressor support groups, respectively. Hazard ratio for 
180-day mortality was 1.04 [98.3% CI 0.78–1.39] in the no-, 1.22 [98.3% CI 0.97–1.53] in the moderate-, and 0.97 [98.3% 
CI 0.68–1.38] in the high-vasopressor support groups with regard to TTM33. Results were consistent in an imputed, 
adjusted sensitivity analysis.

Conclusions:  In this exploratory analysis, temperature control at 33 °C after OHCA, compared to normothermia, was 
not associated with higher incidence of death in patients stratified according to vasopressor support on admission.

Trial registration Clinical trials identifier NCT02​908308, registered September 20, 2016.
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Background
Induced hypothermia for neurologic protection after car-
diac arrest has been established in experimental animal 
models [1]. Further, targeted temperature management 
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(TTM) at a core body temperature of 33  °C (TTM33) 
has been a key component in post-cardiac arrest care for 
unconscious survivors after out-of-hospital cardiac arrest 
(OHCA) since initial randomized trials [2, 3] suggested 
improved outcome. Later trials [4, 5], however, have been 
unable to reproduce the initial positive results. Current 
guidelines recommend avoidance of fever, defined as 
a core body temperature above 37.7  °C, not excluding 
TTM33 [6]. Using TTM33 might have clinically relevant 
cardiovascular effects, such as increased vasoconstric-
tion and reduced cardiac index, without a reduction 
in mixed venous saturation [7]. In the TTM-trial [4], in 
patients with shock on admission, the hemodynamic 
alterations caused by hypothermia/rewarming induced 
increased circulatory failure and were associated with a 
non-significant increase in ICU mortality [8]; however, 
the TTM-2 trial did not show any increased risk of mor-
tality in OHCA patients with shock on admission [5]. 
Our hypothesis is that potential deleterious cardiovascu-
lar effects, of targeted temperature management at 33 °C, 
have minimal impact in patients with no cardiovascular 
failure (resilience) or major cardiovascular failure (estab-
lished injuries to vital organ systems), but could influ-
ence circulatory outcomes for patients with marginal 
cardiovascular status without established injuries (at risk 
population). ILCOR states that it is unknown whether 
certain subpopulation might benefit from temperature 
management at a lower or higher target [9]. We therefore 
performed an exploratory post hoc analysis of patients 
included in the TTM-2 trial [5], with the primary objec-
tive to investigate any association of a temperature inter-
vention in patients with early vasopressor support on 
all-cause mortality after OHCA. Secondary objectives 
included exploration of the association between tempera-
ture intervention and modes of death in patients with dif-
ferent levels of cardiovascular support.

Methods
Trial design
This is an exploratory post hoc analysis of the “Hypother-
mia versus Normothermia after Out-of-Hospital Cardiac 
Arrest” trial (TTM-2 trial) [5], an international, inves-
tigator-initiated open-label superiority trial investigat-
ing the efficacy of targeted hypothermia versus targeted 
normothermia with early treatment of fever on mortal-
ity. The design [10] and statistical plan [11] of the TTM2 
trial have been previously published. The protocol was 
approved by the ethics committees in each participating 
country. Written informed consent was waived, deferred, 
or obtained from a legal surrogate, depending on the cir-
cumstances, and was obtained from each patient who 
regained mental capacity.

Participants
Adult (≥ 18  years of age), unconscious (not able to 
obey verbal commands and no verbal response to pain) 
survivors of OHCA of presumed cardiac or unknown 
cause were screened consecutively. Eligible patients 
had sustained return of spontaneous circulation 
(ROSC), defined as more than 20 consecutive minutes 
of palpable pulses, without the need for chest compres-
sions. The main exclusion criteria were an interval from 
return of spontaneous circulation to screening of more 
than 180 min, unwitnessed cardiac arrest with asystole 
as the initial rhythm, or limitations in care.

Randomization and blinding
Eligible patients were randomized in a 1:1 ratio to 
hypothermia or normothermia, stratified by site, using 
a web-based system with permutated blocks of vary-
ing sizes. Health care providers involved in patient 
care were aware of intervention allocation, whereas the 
physicians performing neurologic prognostication and 
study administrators were blinded.

Interventions
Patients assigned to hypothermia were immediately 
cooled and maintained at a core body temperature of 
33 °C, until 28 h after randomization, after which tem-
perature was increased by 0.33 °C per hour. Core body 
temperature was continuously monitored in patients 
randomized to normothermia, and no active cooling or 
warming was provided unless the patient developed a 
core body temperature ≥ 37.8  °C, at which time active 
cooling to 37.5  °C was started. Total duration of the 
intervention was 40 h in both intervention  groups, and 
sedation was mandatory during this period. Following 
the intervention, unconscious patients in both allo-
cation arms developing fever, temperature ≥ 37.8  °C, 
were actively kept at a body temperature of 37.5  °C 
until able to follow verbal command or up to 72 h after 
randomization.

Neurologic prognostication and withdrawal 
of life‑sustaining therapy
Neurologic prognosis was assessed by a physician blinded 
to trial intervention at 96  h according to a neurological 
prognostication protocol. Withdrawal of life-sustaining 
therapies was at the discretion of the treating physician, 
but was not to be initiated based on presumed poor neu-
rologic prognosis prior to neurological prognostication.

Definitions of vasopressor support on admission
We categorized patients according to circulatory char-
acteristics on admission (Additional file  1: Fig. S1), 
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into three subgroups: (1) no-vasopressor support (No-
VS), mean arterial blood pressure (MAP) ≥ 70 with 
no inotropic or vasopressor support; (2)  moderate-
vasopressor support (Moderate-VS), MAP < 70 or any 
dose dopamine, or dobutamine, or noradrenaline/
adrenaline dose ≤ 0.25  µg/kg/min;  and (3) high-vaso-
pressor support (High-VS), noradrenaline/adrenaline 
dose > 0.25 µg/kg/min.

Outcomes
The primary outcome in this study was all-cause mor-
tality at 180  days after randomization. Secondary out-
comes included: (1) cause of death, categorized as 
neurological or non-neurological for patients that died 
within 30  days. Death cause was based on the subjec-
tive assessment of the bedside healthcare team; (2) high-
vasopressor requirement, categorized as > 0.25  µg/kg/
min of noradrenaline/adrenaline or dead in the ICU Day 
1–4; (3–5) heart rate, mean arterial pressure, and lactate 
between baseline and 72  h; and (6) the occurrence of 
hemodynamically compromising arrhythmia.

Statistics
Descriptive statistics are presented as medians with inter-
quartile range and frequencies, respectively. Differences 
in baseline variables were assessed using Chi-square 
test or Mann–Whitney test as appropriate. Unadjusted 
Cox regression was used to estimate survival probability 
censored at 180  days, and cumulative risk of neurologi-
cal/non-neurological death censored at 30 days between 
intervention groups. A Cox regression model with mul-
tiple imputations was used as sensitivity analysis for both 
all-cause mortality and cause of death (Additional file 1: 
Figs. S2, S3). Results from Cox regression models are pre-
sented as hazard ratios (HR) with Bonferroni-adjusted 
confidence intervals (CI), as were confidence intervals for 
repeated measurements. The odds ratio (OR) for highest 
daily vasopressor dose was estimated using unadjusted 
logistic regression. Model fit was assessed using the Hos-
mer–Lemeshow test. Heart rate, mean arterial pressure, 
and lactate are presented as medians with interquartile 
range, and differences between intervention groups are 
presented as difference between medians using the per-
centile bootstrap method.

Results
The TTM2 trial enrolled 1900 patients between Novem-
ber 2017 and January 2020. Consent could not be 
obtained or was withdrawn in 37 patients, 2 patients were 
randomized twice, leading to a study population of 1861 
subjects, 931 in the hypothermia group and 930 patients 
in the normothermia group. In the study population, 
666 patients (36%) had No-VS, 902 (48%) Moderate-VS, 

and 293 (16%) High-VS on admission. Minor imbalances 
were detected between study groups regarding previous 
cerebrovascular disease, previous cardiac disease, admin-
istered bystander CPR and admission pH (Table 1).

Mortality
Data on 180-day survival were missing in 11 subjects, 4 
(0.6%) in the subgroup with No-VS at ICU admission, 
6 (0.7%) in the Moderate-VS group, and 1 (0.3%) in the 
High-VS group. In a pooled population analysis, the inci-
dence of death was higher in patients with Moderate-VS, 
HR 1.30 [95% CI 1.12–1.51], and High-VS 2.12 [95% CI 
1.76–2.55] when compared to the No-VS group (Addi-
tional file 1: Fig. S1). At 180 days, mortality in the Mod-
erate-VS group was 53% for TTM33 and 46% for patients 
treated with normothermia. The hazard ratio (HR) for 
180-day all-cause mortality in patients randomized to 
TTM33 when compared to normothermia was: HR 1.04 
[98.3% CI 0.78–1.39] in the No-VS group; HR 1.22 [98.3% 
CI 0.97–1.53] in the Moderate-VS group; and HR 0.97 
[98.3% CI 0.68–1.38] in the High-VS group (Fig. 1). The 
interaction of Moderate-VS on admission with TTM33 
was associated with a tendency toward higher incidence 
of death, HR 1.47 [98.3% CI 1.00–2.17] in the sensitivity 
analysis (Additional file 1: Fig. S2).

Cause of death
The cause of death was available for 1784 patients (96%). 
In the Moderate-VS group (n = 860), 115 (27%) patients 
treated with TTM33 and 77 (18%) patients treated with 
normothermia died within 30  days from a non-neuro-
logical cause, HR 1.61 [99.2% CI 1.09–2.39] (Fig. 2), and 
results were similar in sensitivity analysis (Additional 
file  1: Fig. S3). No significant differences were detected 
for death modality in the No-VS and High-VS groups.

High‑vasopressor requirement day 1–4
TTM33 was associated with a higher odds for high-vaso-
pressor requirement in the Moderate-VS group: OR 1.60 
[99% CI 1.11–2.32]; 1.92 [99% CI 1.32–2.80]; and 1.66 
[99% CI 1.13–2.45] on day two, three, and four, respec-
tively. Similar findings were found for the High-VS group 
on day three and four, while no association with interven-
tion was found in the No-VS group (Fig. 3).

Heart rate
Patients with No-VS randomized to TTM33 had a lower 
heart rate at 4–32 h, with a maximum median difference 
of − 16 [99.7% CI − 21 to − 9] beats per minute (BPM) 
at 12  h, and higher heart rate at 40–56  h, with a max 
difference of 8 [99.7% CI 1–13] BPM at 56  h. The sub-
group with Moderate-VS randomized to TTM33 had 
lower heart rate at 4–32 h, with a maximum difference at 
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28 h − 15 [99.7% CI − 18 to − 9] BPM. No significant dif-
ference in heart rate was detected during the 0–72 h in 
the group with High-VS (Fig. 4, Additional file 1: Fig. S4).

Mean arterial pressure
In the subgroup with No-VS on admission, TTM33 
compared to normothermia was associated with higher 
mean arterial blood pressure at 4–12  h with a maxi-
mum median difference between intervention groups 
of 5 mmHg [99.7% CI 0–9] at 4 h. In the subgroup with 
Moderate-VS, TTM33 was associated with increased 
MAP at 4  h, 3  mmHg [99.7% CI 0–6] and lower MAP 

at 32–64 h, with maximum at difference between inter-
vention groups at 64  h, MAP − 5 [99.7% CI − 8 to − 1] 
mmHg. Patients treated with TTM33 in the subgroup 
with High-VS had lower MAP at 56 h, MAP − 7 mmHg 
[99.7% CI − 11 to − 2] (Fig. 4, Additional file 1: Fig. S5).

Lactate
TTM33 was associated with higher level of lactate; 
No-VS at 16–48 h, maximum difference of 0.3 [99.7% CI 
0.1–0.5] mmol/l at 24  h, Moderate-VS at 8–40  h, max 
0.6 [99.7% CI 0.1–1.1] mmol/l at 8 h, High-VS at 8–40 h, 

Table 1  Baseline characteristics of the study population

Baseline characteristics for the TTM2 intention-to-treat population divided in subgroups of circulatory support on admission and stratified according to intervention

Adr, Adrenaline; ALS, Advanced life support; AMI, Acute myocardial infarction, defined as ST-elevation or new onset left bundle branch block on admission 
electrocardiogram; COPD, Chronic obstructive pulmonary disease; CPR, Cardiopulmonary resuscitation; ROSC, Return of spontaneous circulation; MAP, Mean arterial 
pressure; Noradr, Noradrenaline; and TTM33, Targeted temperature management at 33 °C

No-vasopressor support Moderate-vasopressor support High-vasopressor support

TTM33 Normothermia TTM33 Normothermia TTM33 Normothermia

n 346 320 448 454 136 157

Age (median [IQR]) 63 [54, 72] 62 [52, 71] 67 [59, 75] 65 [57, 74] 66 [58, 74] 68 [58, 75]

Male sex (%) 286 (83) 264 (83) 353 (79) 353 (78) 103 (76) 118 (75)

Comorbidity

Cardiac disease (%) 177 (53) 135 (44) 256 (61) 248 (58) 67 (51) 80 (54)

Coronary artery disease (%) 69 (21) 60 (20) 112 (27) 115 (27) 29 (22) 35 (24)

Diabetes (%) 59 (17) 45 (14) 87 (19) 94 (21) 27 (20) 28 (18)

Renal disease (%) 13 (4) 14 (4) 21 (5) 19 (4) 9 (7) 16 (10)

COPD (%) 30 (9) 23 (7) 53 (12) 47 (10) 23 (17) 23 (15)

Cerebrovascular disease (%) 19 (6) 15 (5) 42 (9) 23 (5) 8 (6) 13 (8)

Liver disease (%) 3 (1) 0 (0) 5 (1) 2 (0.4) 3 (2) 1 (0.6)

Frailty score ≥ 4 (%) 69 (20) 58 (18) 104 (23) 117 (26) 37 (27) 46 (29)

Peri-arrest characteristics

Cardiac cause of arrest (%) 308 (89) 289 (90) 406 (91) 395 (87) 110 (81) 130 (83)

AMI (%) 160 (47) 152 (48) 215 (49) 207 (46) 63 (47) 78 (50)

Witnessed arrest (%) 317 (92) 293 (92) 407 (91) 409 (90) 126 (93) 150 (96)

Bystander CPR performed (%) 270 (78) 267 (83) 380 (85) 352 (78) 109 (80) 109 (69)

Shockable rhythm (%) 264 (78) 262 (83) 327 (75) 333 (75) 80 (60) 105 (70)

Minutes to ALS (median [IQR]) 10 [5, 15] 9 [6, 13] 10 [6, 15] 10 [6, 14] 10 [5, 16] 10 [5, 16]

Defibrillations (median [IQR]) 2 [1, 4] 2 [1, 4] 2 [1, 4] 2 [1, 4] 2 [0, 5] 2 [1, 5]

Adrenaline, mg (median [IQR]) 1 [0, 2] 1 [0, 2] 2 [0, 3] 2 [0, 3] 3 [1, 5] 2 [1, 4]

Minutes to ROSC (median [IQR]) 23 [15, 35] 22 [15, 34] 26 [17, 40] 25 [17, 40] 34 [20, 53] 32 [20, 49]

Circulatory status on admission (%)

MAP ≥ 70 mmHg 346 (100) 320 (100) NA NA NA NA

MAP < 70 mmHg 0 (0) 0 (0) 96 (21) 101 (22) NA NA

Dopamine or dobutamine 0 (0) 0 (0) 12 (3) 20 (4) NA NA

Adr/noradr ≤ 0.1 µg/kg/min 0 (0) 0 (0) 199 (44) 181 (40) 0 (0) 0 (0)

Adr/noradr 0.10–0.25 µg/kg/min 0 (0) 0 (0) 141 (32) 152 (34) 0 (0) 0 (0)

Adr/noradr > 0.25 µg/kg/min 0 (0) 0 (0) 0 (0) 0 (0) 136 (100) 157 (100)

Lactate, mmol/l (median [IQR]) 4.2 [2.3, 6.6] 4.2 [2.2, 7.1] 4.9 [2.6, 8.0] 4.7 [2.4, 8.0] 7.9 [4.7, 10.5] 6.8 [3.7, 10.4]

pH (median [IQR]) 7.24 [7.16, 7.30] 7.24 [7.15, 7.30] 7.22 [7.11, 7.30] 7.21 [7.10, 7.28] 7.11 [6.98, 7.22] 7.16 [7.02, 7.26]
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Fig. 1  Probability of survival. Kaplan–Meier graph censored at 180 days indicating probability of survival in subgroups of vasopressor support on 
admission, stratified according to temperature intervention. No-vasopressor support, mean arterial blood pressure (MAP) ≥ 70 with no inotropic or 
vasopressor support; moderate-vasopressor support, MAP < 70 or any dose dopamine, or dobutamine, or noradrenaline/adrenaline dose ≤ 0.25 µg/
kg/min;  and high-vasopressor support, noradrenaline/adrenaline dose > 0.25 µg/kg/min. Colored numbers at bottom of plot illustrate number of 
patients at risk in respective strata at specified timepoint. The vertical tick-marks correspond to censored data. Hazard ratios (HR) are presented with 
95% confidence intervals; TTM33, targeted temperature management at 33 °C
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Fig. 2  Cause of death. Kaplan–Meier graph censored at 30 days indicating cumulative risk of non-neurological versus neurological mortality in 
subgroups of vasopressor support on admission, stratified according to temperature intervention. No-vasopressor support, mean arterial blood 
pressure (MAP) ≥ 70 with no inotropic or vasopressor  support; moderate-vasopressor support, MAP < 70 or any dose dopamine, or dobutamine, 
or noradrenaline/adrenaline dose ≤ 0.25 µg/kg/min;  and high-vasopressor support, noradrenaline/adrenaline dose > 0.25 µg/kg/min. Colored 
numbers at bottom of plot illustrate number of patients at risk in respective strata at specified timepoint. The vertical tick-marks correspond to 
censored data. Hazard ratios (HR) are presented with 95% confidence intervals; TTM33, targeted temperature management at 33 °C
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maximum difference of 0.6 [99.7% CI 0.0–1.0] mmol/l at 
8 h (Fig. 4, Additional file 1: Fig. S6).

Hemodynamically compromising arrhythmia
The risk ratio for hemodynamically compromising 
arrhythmia in patients treated with TTM33 was: 1.05 
[98.3% CI 0.77–1.44] in the Moderate-VS group and 1.31 
[98.3% CI 0.88–1.96] in the High-VS group, compared to 
No-VS group.

Discussion
The major findings in this exploratory post hoc analysis 
of the TTM-2 trial are that unconscious OHCA patients 
with moderate-vasopressor support on admission, 
receiving TTM at 33  °C, had an increased incidence of 
non-neurological death, while no significant difference 
in 180-day all-cause mortality rate was detected in any of 
the vasopressor support groups.

The effect of temperature management in the context 
of severity of the post-cardiac arrest syndrome (PCAS) 
has not been investigated in any randomized trial, but 
observational reports suggest that there may be a dif-
ferential impact on outcome according to level of PCAS 
[12–14]. Four previous trials have randomized uncon-
scious OHCA patients to a temperature intervention 
below 34 °C versus normothermia [2, 3, 5, 15], of which 
only one reported outcomes for patients stratified by 
hemodynamic status on admission. In the predefined 
subgroup analysis of the TTM-2 trial [5], the relative 
risk of death with an intervention of TTM33 among 
patients in shock on admission (n = 534) was reported to 
be non-statistically significant. Shock on admission was 
defined as a systolic blood pressure of less than 90 mmHg 
for more than 30 min or the need for supportive meas-
ure to maintain a systolic ≥ 90  mmHg and end‐organ 

hypoperfusion (cool arms and legs, urine output < 30 ml 
per hour, and heart rate < 60 beats per minute). Similar 
to the results of the predefined subgroup analysis of the 
TTM-2 trial, a post hoc subgroup analysis consisting of 
139 patients in shock on admission in the TTM-trial [4], 
comparing TTM33 versus TTM at 36 °C (TTM36), found 
no association between the temperature interventions 
and incidence of death, censored at 180  days [8]. Vaso-
pressor support on admission was more frequent in our 
analysis than the frequency of shock on admission in the 
TTM and TTM-2 trial, which can be explained by slightly 
different definitions. In a study of 435 OHCA patients 
stratified according to serum lactate on admission in 
three strata, the subgroup with the most severe hyperlac-
tatemia, ≥ 12  mmol/l, a temperature intervention below 
35  °C was associated with more favorable neurologic 
outcome in an adjusted analysis [13]. In a similar study 
[14] of 1111 patients, stratified into three subgroups 
according to the revised post-Cardiac Arrest Syndrome 
for Therapeutic hypothermia scoring system (rCAST), 
grading the severity of PCAS (including initial rhythm, 
lactate, pH, neurologic status and time to ROSC), a tem-
perature intervention below 35  °C was associated with 
higher survival at 30  days in adjusted analysis in the 
group with moderate-level rCAST, but not in the other 
groups. The results of these two Japanese registry stud-
ies of a highly selected patient population are in contrast 
to our findings. The design and stratification of these 
studies make comparisons with our analyses difficult. In 
a single-center observational study of 911 cardiac arrest 
patients without signs of severe brain injury, TTM36 was 
associated with improved hospital survival in a subgroup 
of patients with noradrenaline/adrenaline dose < 0.1  µg/
kg/min, while TTM33 was associated with higher hospi-
tal survival in patents with vasopressor doses ≥ 0.1 µg/kg/
min [12]. These results are not in line with our primary 
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analysis; however, subgroup stratification and interven-
tions were different.

In our study, TTM33 was associated with higher dose 
vasopressor therapy during the ICU stay in the groups 
with vasopressor support on admission, indicating 
increased hemodynamic compromise with TTM33. The 

TTM2 trial reported an increased incidence of hemody-
namically compromising arrhythmia with TTM33 [5], 
but this does not seem to explain the increased incidence 
of non-neurological death, as the relative risk is similar 
in the subgroups of our analysis. Previously, temperature 
management at 33 °C has been associated with increased 
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systemic vascular resistance, lactate levels, and decreased 
cardiac output due to decreased heart rate and stroke 
volume [7]. It has been suggested that cardiovascular 
frail patients fare better without TTM33 [8], presumably 
due to hypothermia induced increased systemic vascular 
resistance in combination with vasopressor therapy lead-
ing to decompensated congestive heart failure, reduced 
cardiac output, and end-organ hypoperfusion.

Heart rate decreased during hypothermia in No-/
Moderate-VS, but increased after hypothermia only in 
the No-VS group. Differences in lactate levels between 
intervention groups, however, were minor in vasopres-
sor support groups, making decreased cardiac output less 
plausible to account for the additional mortality. Findings 
in this study suggesting that patients with Moderate-VS/
High-VS were more vulnerable to the additional TTM33 
were: (1) less increase in blood pressure in response to 
induction of hypothermia in subgroups with Moderate-
VS/High-VS; (2) patients with Moderate-VS/High-VS 
treated with TTM33 had lower blood pressure after 
rewarming, while no such association was detected in the 
group with No-VS; (3) rewarming was associated with 
an increase in heart rate for patients with TTM33, only 
in the No-VS group; and (4) the association of high dose 
vasopressor requirement, with TTM33 coincided with 
rewarming in the Moderate-VS group, and persisted after 
normalization of body temperature. The higher vasopres-
sor doses did not correspond to a higher MAP among 
patients in the Moderate-VS/High-VS groups, and 
blood pressure was lower with induced hypothermia/
rewarming in these groups. These findings may suggest 
excess rate of non-neurological death attributed to rela-
tive hypotension in the Moderate-VS group, caused by a 
hypothermia acquired inability to increase heart rate in 
combination with vasodilatation triggered by rewarming, 
and augmented by a cytokine response [16]. Incidence 
of non-neurological death in the High-VS group, how-
ever, did not increase. This could be due to low statisti-
cal power or support our hypothesis that these patients, 
to a higher degree, have already sustained injuries to 
vital organ systems that are not further aggravated by the 
circulatory deterioration of induced hypothermia with 
subsequent rewarming. The increased rate of short term 
non-neurological mortality in our study did not influence 
all-cause mortality at 6  months at a statistically signifi-
cant level, possibly due to competing risk of severe cer-
ebral injuries in this population.

Our results are the first to suggest potential circulatory 
harm in a subgroup of unconscious survivors of cardiac 
arrest from a temperature intervention at 33  °C. We pro-
pose that future temperature intervention studies, in the 
context of cardiac arrest, should include predefined sub-
group analyses for patients with different circulatory states.

Limitations
Our exploratory results should be interpreted cautiously 
in the context of a post hoc subgroup analysis, as we risk 
introducing bias. Hemodynamic data used for categori-
zation of patients, based on the severity of cardiovascu-
lar failure, were only available in the form of extended 
cardiovascular SOFA score (ordinal data), introducing 
risk of spurious findings. Also, the data available did not 
allow us to adjust for multiple vasopressors. The primary 
analysis was carried out on three subgroups, on the basis 
that the deleterious hemodynamic effects had a thresh-
old and a ceiling effect. Our subsequent analyses show 
patients with No-VS to be resilient to potential deleteri-
ous effects of TTM33 on circulatory status, and patients 
with Moderate-VS/High-VS to be vulnerable to the 
impact of TTM33 on hemodynamics. Whether a ceiling 
effect exists cannot be definitively concluded from our 
data. Cause of death was based on subjective assessments 
of clinical data. Interrater agreement has, however, been 
reported as substantial in a study including five different 
death modalities [17]. These results stem from a large 
randomized trial in well-sourced health care systems, 
which vouch for the external validity in similar systems, 
but not necessarily in a resource challenged environment.

Conclusion
In this exploratory analysis, temperature control at 33 °C 
after OHCA, compared to normothermia and early treat-
ment of fever, was not associated with higher mortality 
ratio in patients stratified according to vasopressor sup-
port at admission.
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