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      Abstract 1 

Background 2 

Mortality among patients admitted to the intensive care unit (ICU) after cardiac arrest (CA) is high. 3 

Hemodynamic management in the phase of post-resuscitation is recommended by international guidelines, 4 

but the optimal mean arterial pressure (MAP) range is still unclear. The main objective of this study is to 5 

investigate the association between time spent in different MAP and ICU mortality in PCA patients 6 

admitted to ICU with vasopressor support.  7 

Methods 8 

It was a retrospective, observational study in cardiac arrest patients admitted to the ICU with vasopressor 9 

support during the first 24 hours. The main exposure was time spent in MAP. The primary outcome was 10 

ICU mortality. Associations between time spent in MAP and ICU mortality were evaluated using ten MAP 11 

thresholds: 100, 95, 90, 85, 80, 75, 70, 65, 60, and 55 mmHg. Multivariable logistic regression analyses 12 

were used to test the association between time spent in different MAP categories and ICU mortality. 13 

Results 14 

The study included 1018 eligible subjects in ICUs from 156 hospitals, of which 453 (44%) patients died 15 

during hospitalization and 208 (37%) patients discharged home. A significant association was found 16 

between time spent in MAP and the ICU mortality when MAP thresholds of ≤55mmHg (OR 1.25, 95% CI 17 

1.09-1. 45, p = 0.002) and ≤60 mmHg (OR 1.13, 95% CI 1.02-1.24, p = 0.014) were used. Thresholds of 18 

MAP ≥ 65 mmHg were not associated with mortality. The percentage of time spent in MAP of ≤90mmHg 19 

(OR 1.09, 95% CI 1.01-1.18), ≤ 95mmHg (OR 1.12, 95% CI 1.01-1.24,) and ≤100mmHg (OR 1.19, 95% 20 

CI 1.04-1.38) were associated with a higher odds ratio for discharged home outcome, suggesting that MAP 21 



 

4 

 

of ≥90mmHg, ≥95mmHg and ≥100mmHg were associated with lower probability of discharged home. 1 

Conclusions 2 

These results imply that for post-cardiac arrest patients with vasopressor support, time spent in MAP of 3 

≤60mmHg or less was associated with higher ICU mortality and MAP of ≥90 mmHg or more was 4 

associated with a lower probability for discharged home.  5 

Keywords: Cardiac arrest, Mean arterial pressure, Vasopressor support, Prognosis. 6 

1.Introduction 7 

Patients admitted to the intensive care unit (ICU) after cardiac arrest (CA) have a high risk for death, with 8 

estimated survival 30-50%(1-4). Despite science based guidelines for cardiopulmonary resuscitation (CPR), 9 

a large number of patients who achieve a return of spontaneous circulation (ROSC) often develop poor 10 

neurologic outcomes(5, 6).  11 

After ROSC, hemodynamic dysfunction is the major injury associated with in-hospital mortality(7). Due 12 

to the tendency to hemodynamic lability and brain sensitivity to ischemia, cerebrovascular autoregulation 13 

may become “right-shifted”, thus higher MAP may be beneficial to maintain sufficient cerebral perfusion(8, 14 

9). Current guidelines recognized that the evidence for targeted blood pressure is weak and it is not clear 15 

whether the use of vasopressor to achieve an ideal blood pressure is associated with optimal clinical 16 

outcomes(10).  17 

To test the optimal MAP range in patients who achieved ROSC, we studied patients admitted to 18 

multicenter ICUs. The purpose of this study is to investigate the association between time spent in different 19 

MAP thresholds during the first 24h of ICU admission and survival in post-CA patients with vasopressor 20 

support. 21 
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2.Methods 1 

2.1. Setting 2 

We performed a study analysis based on the eICU database (eicu-crd.mit.edu), which is a multicenter 3 

intensive care unit (ICU) database with high granularity data for 200,859 admissions admitted between 4 

2014 and 2015 to one of 335 units at 208 hospitals located across the United States. A stratified random 5 

sample of patients was used to select patients for inclusion in the public dataset. The database contains 6 

baseline characteristics of patients with cardiac arrest, hospital admission parameters, vital status, relevant 7 

treatment, and clinical outcome data. A detailed description of the eICU has been previously published(11).   8 

The eICU database was exempt from institutional review board approval and certified as meeting safe 9 

harbor standards by Privacert Cambridge, MA Health Insurance Portability and Accountability Act 10 

Certification no.1031219-2. The author (certification number: 28795067) was granted access to the database 11 

for research purposes, after completing a National Institutes of Health web-based training course (Protecting 12 

Human Research Participants). 13 

2.2. Study population 14 

All patients in the eICU database were eligible to be included in our study. As for those who admitted to 15 

ICU for more than once, only the first ICU stay was taken into account. All adult patients diagnosed with 16 

cardiac arrest were selected. Exclusion criteria were: (1) ICU stay <24 hours, (2) Missing mortality data, (3) 17 

No use of vasopressors, (4) Number of MAP measurements ≤144 during the first 24 hours. 18 

2.3. Clinical variables 19 



 

6 

 

We extracted the following data: demographics, comorbidities, ICU types, hospital characteristics, Acute 1 

Physiology and Chronic Health Evaluation (APACHE) IV score, life support interventions, locations at 2 

hospital discharge, and length of stay in hospital and ICU. 3 

The early-stage may be the most important after ROSC for cardiac arrest patients(12). MAP during the 4 

first 24h in ICU was extracted, which was interfaced from bedside vital signs monitors into eCareManager 5 

as 5-min averages and archived as 5-min median values into the ‘vitalPeriodic’ table. For each patient, we 6 

calculated the mean MAP, median MAP, maximum MAP, minimum MAP, and time-weighted average 7 

MAP (TWA-MAP). Based on MAP values, 10 thresholds were used for evaluating, which were 8 

MAP≤55mmHg, 60mmHg, 65mmHg, 70mmHg, 75mmHg, 80mmHg, 85mmHg, 90mmHg, 95mmHg 9 

and100mmHg.  10 

2.4. Definitions  11 

2.4.1. Time-weighted average mean arterial pressure (TWA-MAP) 12 

The time-weighted index in the 24h post-ROSC was defined as follows. For each patient, the multiplicative 13 

product of the MAP and the duration of exposure to that MAP were obtained. The products were summed up 14 

and divided by the total duration of post-resuscitation observation time to obtain the TWA-MAP. The TWA-15 

MAP equation for was. 16 

TWA-MAP=
 (𝑀𝐴𝑃𝑎×𝑇𝑖𝑚𝑒𝑎)+(𝑀𝐴𝑃𝑏×𝑇𝑖𝑚𝑒𝑏)+⋯+（𝑀𝐴𝑃𝑧×𝑇𝑖𝑚𝑒𝑧）𝑇𝑖𝑚𝑒𝑎+𝑇𝑖𝑚𝑒𝑏+⋯+𝑇𝑖𝑚𝑒𝑧 . 17 

TWA-MAP is a weighted measure of MAP, and a lower value implies more exposure to hypotension(13). 18 

2.4.2. The time spent in mean arterial pressure (MAP) threshold 19 

The time for each patient spent in different MAP thresholds during the first 24 h was defined as the time in 20 

each different MAP threshold divided by total time (1440 min). Figure1 displayed MAP every 5 minutes for 21 
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one patient during the first 24 hours (1440 min) after admitting to ICU. For the missing data of time-1 

stamped MAP, we used last observation carried forward method to replace. A similar method was used to 2 

calculate the duration of MAP in other studies (14). The value of the analysis lies in exploring which MAP 3 

threshold leads to the loss of the association between MAP and ICU mortality, as this threshold may 4 

represent the appropriate MAP target in post-CA patients. 5 

2.5 Outcomes 6 

The primary outcome measure was ICU mortality. Secondary outcomes were hospital mortality and the 7 

proportion of discharged home. The discharged home outcome was used for representing a good 8 

neurological outcome since the eICU database lacks evaluation of a neurological function at the time of 9 

discharging from the hospital. 10 

2.6. Statistical analysis 11 

The normality of the data was initially assessed. Continuous variables were reported using their means 12 

with the 95% confidence interval. Categorical variables were shown in the form of numbers and 13 

percentages. The chi-squared test or Fisher's exact test and Student’s t-test or Kruskal-Wallis tests were 14 

used for group comparisons when appropriate. 15 

Due to the results of dichotomy, we used multivariable Logistic regression models for analysis. 16 

Independent predictors for ICU mortality were shown as odds ratios (ORs). Crude and adjusted ORs of 17 

time spent in different MAP thresholds for outcomes were calculated. The multivariate logistic regression 18 

models were constructed with variables of a P-value < 0.20 identified by the univariate analysis or 19 

considered clinically important. The percentage of time spent in ten MAP thresholds, as a continuous 20 

variable, were separately entered the multivariable model with confounders. The stepwise backward 21 
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elimination method was used to remove variables with P-value > 0.1. Potential multicollinearity was tested 1 

using the variance inflation factor and goodness of fit was tested for all logistic regression models.  2 

All analysis was performed using R version 3.5.1(www.r-project.org). PostgreSQL (version 10, www. 3 

postgresql.org) was used for data extraction. A two-sided P value of less than 0.05 was considered 4 

statistically significant. 5 

3. Results  6 

200,859 patients were recorded in the eICU database. After exclusion, 1018 subjects were analyzed 7 

(Fig.2). Among them, 453 patients died, giving hospital mortality 44.5%. 208 (37%) patients discharged 8 

home in survivors, with a median length of stay in hospital and ICU were respectively 6 days (IQR, 4–12) 9 

versus 4 days (IQR, 2–6.75). The main characteristics of the included subjects were reported in Table 1. 10 

Non-survivors had significantly greater severity of illness as represented by APACHE IV. No other 11 

differences were found between non-survivors and survivors.  12 

Table 2 showed MAP and treatments during the first 24 h for all patients. There were no differences in 13 

using mechanical ventilation, dialysis, dopamine and dobutamine between survivors and non-survivors. 14 

The survivors had higher minimum MAP (51 vs 49 mmHg, P = 0.003), and a higher proportion of using 15 

percutaneous coronary intervention (PCI) (14% vs 8%, P =0.006). The non-survivors had a higher 16 

percentage of time spent in MAP of ≤55 mmHg and ≤60 mmHg categories, using hypothermia (38 vs 29, P 17 

= 0.004),vasopressin(26% vs 17%, P < 0.001), phenylephrine(17% vs 11%, P = 0.016), norepinephrine 18 

(88% vs 82%, P = 0.004), and epinephrine (92 vs 84, P < 0.001).  19 

Fig.3 showed unadjusted ICU mortality of four time-categories (0-25%, 25-50%, 50-75%, and 75-20 

100%) spent in ten MAP thresholds (55mmHg, 60mmHg, 65mmHg, 70mmHg, 75mmHg, 80mmHg, 21 
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85mmHg, 90mmHg, 95mmHg, and100mmHg). Of note, when the percentage of time spent in MAP below 1 

60mmHg or 55mmHg was more than three quarters, the ICU mortality were as high as 80% and 82%, 2 

respectively. Obviously, a high percentage of time spent in MAP of ≤55 mmHg, ≤60mmHg and ≤3 

65mmHg had higher ICU mortality, while among other 8 quantiles had no obvious difference.  4 

Table 3 displayed the results of multivariable logistic regression models. We calculated unadjusted 5 

and adjusted odds ratios for ICU mortality with different MAP thresholds. In the adjusted analysis, a high 6 

percentage of time spent in MAP of ≤55 mmHg and ≤60 mmHg was associated with higher hospital 7 

mortality, and the adjusted odds ratios are 1.25[1.09,1.45] and 1.13 [1.02,1.24] respectively. 8 

Supplemental Fig.1 displayed adjusted ORs for ICU mortality and discharged home outcomes for 9 

different MAP thresholds. A high percentage of time spent in MAP ≤55 mmHg had higher hospital 10 

mortality (OR, 1.20[1.05,1.41]), but was not associated with discharging home. A high percentage of time 11 

spent in MAP of ≤90 mmHg, ≤95 mmHg and ≤100 mmHg had a higher proportion of discharging home, 12 

and the adjusted OR is 1.09[1.01,1.18], 1.12[1.01,1.24], and 1.19[1.04,1.38] respectively, but not with 13 

hospital mortality. 14 

4.Discussion 15 

In this retrospective observational study, we found the time spent in MAP of ≤55 mmHg and ≤60 mmHg 16 

was associated with higher ICU mortality, while MAP of ≤65 mmHg or more was not associated with ICU 17 

mortality, which implied MAP of ≥60 mmHg may be appropriate. The time spent in MAP of ≤90 mmHg, 18 

≤95 mmHg and ≤ 100mmHg was associated with a higher odds ratio for a discharged home outcome, 19 

which implied MAP of ≥90 mmHg or more might be associated with lower probability of discharged home 20 
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outcome, which implied MAP of≤90mmHg seemed to be appropriate. We concluded that the MAP 1 

between 60-90mmHg range may be appropriate for post-cardiac arrest patients with vasopressor support. 2 

Patients after cardiac arrest often developed to post-cardiac arrest syndrome (PCAS), which includes 3 

systemic inflammatory response and reperfusion-related damage(15). Hemodynamic instability is common 4 

for post cardiac arrest patients, which can lead to vascular paralysis in the stage of ischemia-reperfusion 5 

injury(16). In addition, the cerebrovascular autoregulation is often right-shifted among some PCA patients, 6 

mainly for those who have been treated with antihypertensive drugs for a long time(9), which suggest that 7 

hemodynamics should be optimized in the early phase(17). 8 

American Heart Association (AHA) guideline statements recommend a MAP threshold of≥65mmHg(18) 9 

and current guidelines recognized that the evidence for targeted blood pressure is weak(10). Previous 10 

studies found the hypotension, particularly below the lower limit of autoregulation, among post-CA 11 

patients is associated with higher hospital mortality(13, 19-22). In order to optimize post-resuscitation care, 12 

the management of blood pressure is very essential. Russo et al. retrospectively found that during the first 13 

96h, the higher ABT (ABT=area below blood pressure threshold, mmHg*hours) was associated with 14 

increased rates of severe neurological dysfunction when MAP thresholds<75 mmHg is used(19). 15 

Kilgannon et al. prospectively found the time-weighted average mean arterial pressure(TMA-MAP) was 16 

associated with the good neurologic outcome when the MAP threshold was greater than 70mmHg in the 17 

first 6h after ROSC(21). Laurikkala et al. prospectively found an association between unfavorable 18 

neurological outcome and time spent below a MAP of 70 mmHg in the first 48 h after ROSC, but did not 19 

find an association between high vasopressor load and poor outcome(23). In 2019, the Neuro-protect post-20 

CA trial, compared the current standard of care (MAP 65mmHg) with a goal-directed hemodynamic 21 
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optimization strategy (MAP 85–100mmHg, SVO2 65–75%) found targeting a higher MAP improved brain 1 

oxygenation but did not improve the neurological outcome(24).  2 

The current analysis found the proportion of using vasopressors is higher among non-survivors, which  3 

is consistent with the findings of previous observational studies(20, 22, 25). Although previous studies 4 

have shown an association between higher MAP goals achieved with vasopressors and improved 5 

outcomes(21, 24), a high dosage of vasopressors could cause complications, such as arrhythmia and 6 

decreased peripheral perfusion(26). We also found the proportion of using hypothermia is higher among 7 

non-survivors, which might not have clinical significance. Targeted temperature management (TTM) is a 8 

cornerstone of resuscitation care after cardiac arrest(27). However, the optimal goal temperature, duration 9 

of TTM, and optimal method or device for targeted temperature management (TTM) after cardiac arrest 10 

has not yet been defined(16).  11 

We acknowledge that our study has some important limitations to consider. First, the value of our 12 

study is limited by its observational design, and analysis based on data collected retrospectively, thus the 13 

causal relationship between MAP and outcomes cannot be verified. Second, despite adjusted analyses 14 

were performed, many potential confounders might not have been recognized, which would influence our 15 

statistical results. We did not have the data to know at the type and etiology of cardiac arrest, rhythm of 16 

cardiac arrest, prehospital use of epinephrine and its dosage, time from collapse to CPR and time from 17 

CPR to ROSC. High-quality CPR is of crucial importance in post-cardiac arrest care(28) and could be an 18 

undeniable confounding factor. Third, we included both in-hospital and out-of-hospital cardiac arrest 19 

patients according to this database. Patients hospitalized in the emergency department are usually 20 

classified as out-of-hospital cardiac arrest patients with higher mortality. Fourth, due to lack of relevant 21 
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data, we used discharged home outcome as an index of neurological function, as studies have used the 1 

same method before. Additional cerebral perfusion measurements would be informative, because 2 

discharged home outcome could not provide an accurate representation of the neurologic function. In 3 

addition, MBP measurement may be too crude to target in PCA patients, and it may be more clinically 4 

significant to examine the relationship between increasing or decreasing MAP and other tissue perfusion 5 

variables including cardiac index, regional blood flow, and microcirculatory flow(29).  6 

5. Conclusion 7 

In the present study, higher MAP supported with vasopressors is associated with lower ICU mortality. 8 

Time spent in MAP of ≤60 mmHg or less was associated with higher ICU mortality and MAP of ≥90 9 

mmHg or more was associated with a lower probability for discharged home. These results imply that the 10 

MAP between 60 and 90 may be appropriate for post-cardiac arrest patients with vasopressor support. 11 

Due to the study design a cause-and-effect relationship cannot be firmly established, but the results are 12 

encouraging. 13 
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 23 

Figure legend 24 

   Fig.1. Method to calculate the percentage of time spent in mean arterial pressure (MAP) threshold. This figure 25 

displayed MAP every 5 minutes for one patient during the first 24 hours (1440 min) after admitting to ICU. 26 

There were two points below the MAP threshold of 60 mmHg, meaning time spent in MAP ≤60 mmHg was 10 27 

min (2*5=10). Then, the percentage of time spent in MAP ≤60 mmHg was 10/1440*100% = 0.7%. Similarly, 28 

percentage of time spent in MAP ≤55 mmHg was 0%, MAP ≤65 mmHg was 1.7%, MAP ≤70 mmHg was 19.1%, 29 

MAP ≤75 mmHg was 53.5%, MAP ≤80 mmHg was 82.9%, MAP ≤85 mmHg was 92.2%, MAP ≤90 mmHg was 30 

97%, MAP ≤95 mmHg was 98.6%, MAP ≤100 mmHg was 99%, respectively. 31 

Fig. 2. Flow chart of patient selection. 32 
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Fig. 3. Unadjusted ICU mortality of four time-categories (0-25%, 25-50%, 50-75%, and 75-100%) spent in ten 1 

MAP thresholds (55mmHg, 60mmHg, 65mmHg, 70mmHg, 75mmHg, 80mmHg, 85mmHg, 90mmHg, 95mmHg, 2 

and100mmHg). Of note, when the percentage of time spent in MAP below 60mmHg or 55mmHg was more than 3 

three quarters, the ICU mortality were as high as 80% and 82%, respectively. ICU intensive care unit, MAP mean 4 

arterial pressure.  5 

Supplemental Fig. 1. Adjusted odds ratio for hospital mortality and discharged home outcomes for different MAP 6 

thresholds. A is adjusted odds ratio for hospital mortality, and B for discharged home according to different MAP 7 

categories. The adjusted odds ratio for each MAP category and 95% confidence intervals (error bars) were 8 

calculated after multivariable adjustment for age, gender, comorbidities of hypertension, diabetes mellitus, 9 

chronic heart failure, renal insufficiency, chronic obstructive pulmonary disease, acute physiology score, use of 10 

hypothermia, percutaneous coronary intervention. An odds ratio is calculated per 5% increase in time in each 11 

given category. 12 



Figures

Figure 1

Method to calculate the percentage of time spent in mean arterial pressure (MAP) threshold. This �gure
displayed MAP every 5 minutes for one patient during the �rst 24 hours (1440 min) after admitting to ICU.
There were two points below the MAP threshold of 60 mmHg, meaning time spent in MAP ≤60 mmHg
was 10 min (2*5=10). Then, the percentage of time spent in MAP ≤60 mmHg was 10/1440*100% = 0.7%.
Similarly, percentage of time spent in MAP ≤55 mmHg was 0%, MAP ≤65 mmHg was 1.7%, MAP ≤70
mmHg was 19.1%, MAP ≤75 mmHg was 53.5%, MAP ≤80 mmHg was 82.9%, MAP ≤85 mmHg was
92.2%, MAP ≤90 mmHg was 97%, MAP ≤95 mmHg was 98.6%, MAP ≤100 mmHg was 99%, respectively.



Figure 2

Flow chart of patient selection.



Figure 3

Unadjusted ICU mortality of fourtime-categories (0-25%, 25-50%, 50-75%, and 75-100%) spent in ten MAP
thresholds (55mmHg, 60mmHg, 65mmHg, 70mmHg, 75mmHg, 80mmHg, 85mmHg, 90mmHg, 95mmHg,
and100mmHg).Of note, when the percentage of time spent in MAP below 60mmHg or 55mmHg was
more than three quarters, the ICU mortality were as high as 80% and 82%, respectively.ICU intensive care
unit, MAP mean arterial pressure.
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