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Abstract 

Purpose: We explored whether severe or critical hypotension can be predicted, based on 

patient and resuscitation characteristics in out-of-hospital cardiac arrest (OHCA) patients.  

We also explored the association of hypotension with mortality and neurological outcome.  

Materials and methods: We conducted a post hoc analysis of the TTH48 study 

(NCT01689077), where 355 out-of-hospital cardiac arrest (OHCA) patients were 

randomized to targeted temperature management (TTM) treatment at 33°C for either 24 

or 48 hours. We recorded hypotension, according to four severity categories [mild= MAP 

(mean arterial pressure) >60mmHg; moderate= MAP >60mmHg with full treatment; severe= MAP 

50-60mmHg despite full treatment; critical= MAP<50mmHg for >10 minutes despite full 

treatment], within four days from admission. We used multivariable logistic regression 

analysis to test association of admission data with severe or critical hypotension.  

Results: Diabetes mellitus (OR 3.715, 95% CI 1.180-11.692), longer ROSC delay (OR 1.064, 

95% CI 1.022-1.108), admission MAP (OR 0.960, 95% CI 0.929-0.991) and non-shockable 

rhythm (OR 5.307, 95% CI 1.604-17.557) were associated with severe or critical 

hypotension. Severe or critical hypotension was associated with increased mortality and 

poor neurological outcome at 6 months.  

Conclusions: Diabetes, non-shockable rhythm, longer delay to ROSC and lower admission 

MAP were predictors of severe or critical hypotension. Severe or critical hypotension was 

associated with poor outcome.  

 

Keywords: Out-of-hospital cardiac arrest, Hemodynamics, Hypotension, Targeted 
Temperature Management, Predicting, Outcome 

 

 

 



 
 

List of abbreviations 

BLS= Basic life support 

CA= Cardiac arrest 

CHF= Chronic heart failure 

COPD= Chronic obstructive pulmonary disease 

CPC =Cerebral Performance category 

CPR= cardio-pulmonary resuscitation 

CV-SOFA= Cardio-vascular Sequential Organ Failure Assessment 

ICU= Intensive Care Unit 

IQR=Inter-quartile range 

MAP=Mean arterial pressure 

OHCA= Out-of-hospital cardiac arrest 

PCI=Percutaneous coronary intervention 

ROSC= Return of spontaneous circulation 

SD= standard deviation 

TTM=Targeted temperature management 

 

 

 

 



 
 

Background 

Targeted temperature management (TTM) after out-of-hospital cardiac arrest (OHCA) is an 

effective treatment option during post-cardiac arrest care, but it may be associated with side 

effects, such as severe hemodynamic instability. [1-3] Although most studies on TTM have 

excluded patients with cardiogenic shock [1-3], some initially stable patients experienced 

hypotension or hemodynamic instability [1, 3], required vasopressors [2] and presented 

arrhythmias [1] during TTM treatment. These are also the most common reasons for preterm 

rewarming [1-3] or for slightly raising the target temperature during the hypothermia phase.  

In a recent randomized controlled trial comparing 24 and 48 hours duration of TTM, 

no difference was found in the neurological outcome or mortality between the treatment groups, 

but the patients assigned to receive 48 hours of TTM experienced more often mild hypotensive 

complications than the patients in the 24 hour treatment group. [3] Although the optimal 

hemodynamic targets for the post-OHCA treatment in the ICU are not well established, worse 

outcomes have been associated with lower mean arterial pressure levels in the early phase after 

arrest [4, 5], which makes avoiding hypotension a reasonable therapeutic strategy. 

 A better understanding of the risk factors responsible for developing severe or 

critical hypotension during TTM would facilitate recognizing patients who may need advanced 

hemodynamic monitoring. The purpose of this study was therefore to explore which factors, 

available on ICU admission, could predict the development of severe or critical hypotension during 

the first four days of post-cardiac arrest treatment. Also, we investigated whether duration of 

cooling would influence the occurrence of severe or critical hypotension during the post cardiac 

arrest care and how occurrence of hypotension would affect patients’ outcomes.   



 
 

Methods 

This is a post hoc sub-study of the TTH48 study (NCT01689077), including 355 OHCA patients. The 

study protocol and the results of the study are described in detail elsewhere [1, 6]. Briefly, after 

informed consent of next of kin, unconscious (GCS<8) OHCA patients, aged 18-80, with a 

presumed cardiac origin of cardiac arrest were randomized to receive mild therapeutic 

hypothermia (33±1⁰C) for either 24 (N=179) or 48 hours (N=175). Exclusion criteria are reported in 

the study protocol and included persistent cardiogenic shock and systolic blood pressure 

<80mmHg despite vasoactive treatment and/or aortic balloon pump intervention. Patients with 

acute neurological insults such as acute intra-cerebral bleeding or stroke were excluded as were 

patients needing acute coronary bypass surgery. The primary outcome of the trial was Cerebral 

Performance Category (CPC) score at six-months following the event, secondary outcome was 6-

month mortality. The ethical approval for the original study was obtained at each participating 

center.  

Patient data used for this sub-study were retrieved from the electronic CRF database. 

Occurrence of hypotension was recorded daily. We focused on data from admission through the 

fourth day in the ICU care in this study. Hypotension was defined as in the TTH48 study protocol 

as “mild” if MAP (mean arterial pressure) was >60mmHg with one vasopressor, “moderate” if MAP 

was >60mmHg with full treatment (more than one vasopressor and/or inotropes) and “severe” 

when MAP was 50-60mmHg with full treatment. [3 (Supplement), 6] Hypotension was defined 

“critical” when MAP was <50mmHg more than 10 minutes despite full treatment (more than one 

vasopressor and/or inotropes).  

 

Statistical analysis 



 
 

Frequencies of categorical variables are expressed as numbers and percentages and compared 

using Chi-square test or Fisher´s exact test, when appropriate. Continuous variables are expressed 

as means with standard deviation (±SD) when normally distributed and medians with inter-

quartile ranges (IQR) when non-normally distributed. Non-normally distributed continuous 

variables were compared using the Wilcoxon Mann-Whitney U-test for two, and Kruskall-Wallis 

test for several groups. We used univariate logistic regression analysis to assess the associations of 

individual variables with outcome. These variables were chosen to the univariable analyses from 

data available on admission or soon after. They were included in the univariable analyses only if 

the potential association was perceived physiologically plausible or was based on literature. 

Redundancy was avoided by choosing the most robust variables if related (diabetes over glucose 

value or body mass index, etc). We then performed stepwise backward multivariable logistic 

regression analysis including the variables with p<0.2 in the univariate analyses. We created 

Kaplan-Meier curves for examining the differences in survival between groups. Statistical analyses 

were performed using SPSS statistics version 22.0 (IBM Corp, Armonk, NY, USA). Statistical 

significance was considered at the level of p<0.05.  

 

Results 

Three patients of the 355 originally randomised were not included in the analyses 

(two withdrew consent and one did not receive intervention). A total of 352 patients were 

included in this sub-study.  One hundred and ninety-four (55.1%) patients experienced 

hypotension of any severity. The severity of hypotension in all patients and according to length of 

cooling are presented in Table 1.  

 

 



 
 

  



 
 

Table 1. Incidence and severity of hypotension during the first four days after OHCA in the ICU 

 

 All, N=352 (%) 24-hour TTM, 
N=177 (%) 

48-hour TTM 
N=175 (%) 

Hypotension 
No hypotension 
Mild 
Moderate 
Severe 
Critical 

 
158 (44.9) 
113 (32.1) 
53 (15.1) 
15 (4.3) 
13 (3.7) 

 
91 (51.4) 
54 (30.5) 
21 (11.3) 
5 (2.8) 
6 (3.4) 

 
67 (38.3) 
59 (33.7) 
32 (18.3) 
10 (5.7) 
7 (4.0) 

OHCA= Out-of-hospital cardiac arrest; ICU= Intensive care unit; TTM= Targeted temperature 

management. The data are given as numbers and percentages. 

 

Characteristics of patients, cardiac arrest (CA) and early treatment, according to the occurrence of 

severe or critical hypotension during the post CA care, are shown in Table 2.  

  



 
 

Table 2. Baseline and treatment characteristics according to occurrence of severe or critical 

hypotension  

 Severe or critical hypotension 

No                                           Yes 

p 

Median age, years (IQR) 61 (53-69) 69 (55-72) 0.066 

Gender male, N (%) 273 (84.3) 20 (71.4) 0.081 

Chronic heart failure, N (%) 15 (4.6) 3 (10.7) 0.165 

COPD, N (%) 22 (6.8) 2 (7.1) 1.00 

Previous myocardial infarction, 
N (%) 

48 (14.9) 6 (21.4) 0.364 

Previous cardiac arrest, N (%) 3 (0.9) 0 (0) 1.000 

Diabetes mellitus, N (%) 51 (15.8) 12 (42.9) <0.001* 

Bystander CPR, N (%) 273 (84.3) 20 (71.4) 0.08 

Non-shockable rhythm, N (%) 33 (10.2) 7 (25) 0.018* 

Time to ROSC, min, median 
(IQR) 

20 (15-27) 28.5 (17-42.3) 0.007* 

Mechanical chest compressions 
device used, N (%) 

80 (25) 10 (37) 0.171 

Immediate coronary 
angiography, N (%) 

272 (84) 19 (67.9) 0.031* 

Percutaneous coronary 
intervention, N (%) 

134 (41.5) 11 (40.7)  0.94 

Median MAP on ICU admission, 
mmHg (IQR) 

79 (67.3-92) 69.5 (59-83.8) 0.025* 

Intervention group 
24h hypothermia, N (%) 
48h hypothermia, N (%) 

 
166 (51.2) 
158 (48.8) 
 

 
11 (39.3) 
17 (60.7) 

 
0.225 

Median lactate on ICU 
admission, mmol/L (IQR) 

2.6 (1.4-4.7) 4.0 (1.53-9.2) 0.088 

SD= standard deviation; COPD= Chronic obstructive pulmonary disease; CPR=cardiopulmonary 
resuscitation; ROSC= Return of spontaneous circulation; IQR= inter-quartile range; MAP= Mean 
arterial blood pressure; ICU= Intensive Care Unit; *=statistically significant, p<0.05 

 

 

 

 

  



 
 

Factors predicting severe or critical hypotension 

Univariable and multivariable analysis of factors that were associated with increased risk for 

severe or critical hypotension on days 1-4 are shown in Table 3. Diabetes as a comorbidity was 

strongly predictive of severe or critical hypotension, increasing the risk up to four-fold compared 

to non-diabetics. Twelve (19%) of the 63 patients with diabetes experienced severe or critical 

hypotension, whereas 16 (5.6%) of the 288 non-diabetic patients had severe or critical 

hypotensive complications (p<0.001). Other factors independently and significantly associated 

with the risk of severe or critical hypotension were non-shockable rhythm, ROSC delay and MAP 

on admission.  

 

 

 

 

 

  



 
 

Table 3. Patient and treatment-related factors present on admission or early ICU stay and their 

association with occurrence of a severe or critical hypotension during ICU days 1-4.  

 

 

 

Variables marked with * achieved a significance level of p< 0.2 on univariate analysis and were 

included in the stepwise backward logistic regression analysis with the exception of ICU admission 

glucose concentration which was not included due to its relationship with diabetes. The variables 

significantly (p<0.05 was considered significant in the multivariate analysis) and independently 

associated with severe hypotension in the multivariate analysis are reported and marked with #. 

CHF= Chronic heart failure (New York heart Association class 4); COPD= Chronic obstructive 

pulmonary disease; CPR= cardio-pulmonary resuscitation; BLS= Basic life support; ROSC= Return of 

 Univariate analysis       Multivariable analysis 

Variable Odds ratio 95% CI p Odds ratio 95%CI p 

Age 1.033 0.994-1.074 0.095*   n.s. 

Gender 0.467 0.195-1.118 0.087*   n.s. 

CHF 2.464 0.668-9.085 0.176*   n.s. 

COPD 0.947 0.211-4.252 0.943    

Previous myocardial infarction 1.551 0.598-4.024 0.367 - - - 

Previous cardiac arrest 0.000 0.000-. 0.999 - - - 

Diabetes mellitus 4.000 1.787-8.956 0.017* 3.715 1.180-11.692 0.025# 

Bystander CPR  0.467 0.195-1.118 0.087*   n.s. 

Non-shockable rhythm  2.939 1.162-7.436 0.023* 5.307 1.604-17.557 0.006# 

Time to BLS 1.186 0.936-1.502 0.158*   n.s. 

ROSC delay 1.043 1.015-1.071 0.002* 1.064 1.022-1.108 0.003# 

Adrenaline during CPR 0.538 0.222-1.302 0.169*   n.s. 

Amiodarone during CPR 0.928 0.425-2.026 0.852 - - - 

Coronary angiography  0.404 0.173-0.941 0.036*   n.s. 

PCI  0.970 0.436-2.156 0.940 - - - 

Admission MAP 0.973 0.950-0.996 0.022* 0.960 0.929-0.991 0.013# 

Mechanical compressions 1.765 0.776-4.011 0.175*   n.s. 

Potassium on ICU admission 1.478 0.888-2.460 0.133*   n.s. 

Ionized calcium on ICU 
admission 

0.048 0.000-7.758 0.242    

1st lactate in ICU 1.013 0.979-1.047 0.458    



 
 

spontaneous circulation; PCI=Percutaneous coronary intervention; MAP= Mean arterial pressure; 

ICU= Intensive Care Unit 

The association of severe or critical hypotension with outcome 

Occurrence of any hypotension was associated with outcome. Patients without any hypotension 

had lower ICU- (8.9% vs 21.6%, p=0.001) and 6-month mortality (22.2% vs 37.6%, p=0.002) as 

compared to patients with any hypotensive episode during the ICU stay, respectively. Favorable 

neurological outcome at six months was also more frequent, 77.2% vs 56.7% (p<0.001), in patients 

without any hypotension. Severe or critical hypotension was significantly associated with 

increased ICU (60.7% vs 12%, p<0.001) and 6-month mortality (71.4% vs 27.2%, p<0.001) as well as 

unfavorable neurological outcome (CPC 3-5 71.4% vs 30.7%, p<0.001).  The Kaplan-Meier graph 

demonstrating mortality in patients with and without severe or critical hypotension on days 1-4 is 

shown in Figure 1. A total of 316 patients survived the first four days. The association of any 

hypotension with poor neurological outcome, but not with 6-month mortality, remained 

significant (CPC 3-5 23.3% with no hypotension vs 30.8% with hypotension, p=0.014) when the 

patients who died during the observation period (Days 1-4) were excluded from analysis. 

However, severe or critical hypotension was significantly associated with increased 6-month 

mortality (4.4% vs 26.7%, p<0.001) in day four survivors. 

 

Comparison between 24 and 48-hour TTM-groups 

We found no difference in the incidence of severe or critical hypotension (6.2% vs 9.7% in 24-hour 

vs 48-hour treatment groups, respectively, p=0.225).  

 

  



 
 

Discussion 

In this post-hoc analysis of the hemodynamic data from the TTH48 study, we identified patient 

and resuscitation-associated factors that can be useful in predicting severe or critical hypotension 

from the data available on admission. This is of importance, because severe hypotension was 

associated with poor outcome and anticipating hemodynamic problems may provide guidance in 

selecting treatment modalities, i.e. hemodynamic support as well as intensified hemodynamic 

monitoring. Length of cooling was not associated with severe or critical hypotension in our study. 

We found that diabetes mellitus was strongly and independently associated with hypotensive 

complications. To our knowledge, our result of the strong association of hypotension and diabetes 

as a comorbidity is novel and has not been reported before. Previously, diabetes has been 

associated with decreased survival from OHCA by others [7, 8], but the role of hypotension was 

not reported. Contrary to our result, two recent studies found no difference in the frequency of 

diabetes in OHCA patients with high and low vasopressor dose during the post-resuscitation 

care, but their inclusion criteria and treatment protocols were different from that in our study. 

They included patients with non-shockable rhythms and the treatment protocol did not include 

prolonged TTM. [9, 10] Concerning ROSC, an association between ROSC delay and subsequent 

hypotension is pathophysiologically plausible due to prolonged global ischemia and our results 

are in concordance with results from a previous study [9]. Hemodynamic instability is a common 

feature of the post-cardiac arrest syndrome, the severity of which is tightly associated with time 

to ROSC. The pathophysiological background includes both the underlying cardiac pathology, 

hypoxic-ischaemic and reperfusion injury to the organ systems as well as a systemic 

inflammatory response, clinically manifesting as myocardial dysfunction and impaired 

vasoregulation and tissue oxygen delivery. [11]We also found that increasing values of MAP on 

admission were associated with decreasing risk for hypotension. Older patients have also been 



 
 

reported to need higher doses of vasopressors [9], but in our study age was not independently 

associated with severe hypotension. However, the median age of the patients with severe or 

critical hypotension trended to be higher [61 (53-69) vs 69 (55-72), p=0.066] and it is possible 

that age would have become significantly different had the groups been larger. Indeed, in a 

study by Bro-Jeppesen including 920 patients, the patients with higher need for vasopressors 

were older than those with lower need for vasopressors and age was an independent predictor 

for high need for vasopressors. Their study was slightly different from ours, because they 

included patients also from non-shockable rhythms. They had no upper age limit in their 

inclusion criteria, whereas our study had an upper age limit of 80 years, excluding the extremes 

of ages. The mean age in our study population was somewhat lower than in their study. [9]In 

the study by Russo et al, hypotension was also associated with female gender, whereas we did not 

detect a gender-associated risk. [5] We also found that non-shockable rhythm increased the risk of 

subsequent severe hypotensive complications. This is likely explained with previous findings that 

compared to shockable rhythms, non-shockable rhythms are often associated with severe 

underlying illness with high Acute Physiology and Chronic Health Evaluation score 2 and more 

often non-cardiac causes for the arrest [12]. 

Our data do not elucidate whether TTM temperature would be associated with risk of severe or 

critical hypotension. Bro-Jeppesen et al. found that the prevalence of the highest score (4) in the 

cardiovascular component of the Sequential Organ Failure Assessment score (CV-SOFA) 4 was 

more prevalent in patients receiving TTM at 33⁰C compared to TTM at 36⁰C, suggesting more 

severe hypotension in the patients receiving TTM at 33⁰C. [9] They also found that more patients 

in the TTM at 33⁰C needed vasopressors compared to the TTM at 36⁰C group. [9] A smaller, non-

randomised observational study by Roberts et al., found no major difference in vasopressor 

index or MAP between patients receiving therapeutic hypothermia and normothermia [13]. In our 



 
 

population, with no difference in temperature, but a different length of TTM at 33⁰C, more 

patients had some degree of hypotension in the 48-hour TTM-group [3]. There was, however, no 

statistically significant difference in the incidence of severe or critical hypotension, but the number 

of patients was too small for detecting significance. Interestingly, mild therapeutic hypothermia 

has been reported to reduce the circulatory instability and need of vasopressors in patients with 

cardiogenic shock [14] as well as the need for inotropes in post-cardiac arrest myocardial 

dysfunction [15]. On the other hand, a sub-study of a randomized controlled study, including 

OHCA patients with mild shock on admission observed a trend to higher mortality in the 

patients treated at 33°C compared to those treated at 36°C. [16] 

The incidence of hypotension in our study was comparable to other studies [1] that have also 

excluded patients with cardiogenic shock and severe hypotension on admission. Although present 

in more than 50% of patients, hypotension was mostly mild and was often controlled with single 

vasopressor treatment. Despite simple to treat, occurrence of even mild hypotension was 

associated with impaired long-term survival and poor neurological recovery. The association with 

post-cardiac arrest hypotension and lower survival and impaired neurologic recovery have been 

observed by others [4, 5, 17, 18]. However, the definition of hypotension is highly variable in the 

literature and in many studies the role of vasopressors is not fully accounted for. [18] The protocol 

of the TTH-48 study defined only a lower limit of target MAP range and the choice of 

vasopressor use was left to the clinicians. It follows, that there may have been some differences 

between sites in the level of MAP that has triggered vasopressor use and a more liberal 

approach allowing MAP 60-65 mmHg may have been used in some centers. In our study, 

randomization was possible up to 24 hours from admission, which may have allowed exclusion 

of patients proceeding to shock within 24 hours and selected a population of OHCA patients less 



 
 

prone to develop hypotensive complications. This may partly explain the relatively low 

proportion of hypotension in our study.  

Hypotension can be detrimental because of the loss of autoregulation in the cerebral blood flow, 

but the optimal blood pressure for preserving adequate blood flow is currently not known. [19, 

20] Recent evidence, however, suggests that higher MAP may reduce the myocardial damage 

after acute ST-elevation infarction as well as neurological damage. [21, 22] 

 

Strengths of this study include a relatively large, well characterized patient population and a 

prospective multi-center data collection.  

There are limitations in our study that need to be addressed. First, the occurrence of hypotension 

was recorded on a daily basis. Second, we did not measure the total daily duration of hypotension, 

which could have an association with outcome measures. Third, we did not characterize in detail 

the cardiac pathology according to the etiology of cardiac arrest. It is possible that myocardial 

dysfunction was an unaccounted confounder. Fourth, we did not use the cardiovascular SOFA 

score in defining hypotension, which may slightly complicate comparison of our results with 

other recent studies.  Last, the fact that hypotension often precedes death in the ICU will 

inevitably confound the results.  

 

Conclusions 

We found that 8% of unconscious OHCA patients undergoing TTM and post cardiac arrest care 

experienced severe or critical hypotension, irrespective of the duration of cooling. Diabetes, non-

shockable rhythm, prolonged time to ROSC and low admission MAP were predictors of severe or 



 
 

critical hypotension. Severe or critical hypotension was associated with increased mortality and 

poor neurological outcome.  
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Figure legends 

 

Figure 1 Kaplan-Meier curve demonstrating different mortality after OHCA in patients with and 

without severe or critical hypotension during the first four post-arrest days. 



 
 

 


