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Abstract 

Background Hypotension following out‑of‑hospital cardiac arrest (OHCA) may cause secondary brain injury and 
increase mortality rates. Current guidelines recommend avoiding hypotension. However, the optimal blood pressure 
following OHCA is unknown. We hypothesised that exposure to hypotension and hypertension in the first 24 h in ICU 
would be associated with mortality following OHCA.

Methods We conducted a retrospective analysis of OHCA patients included in the Intensive Care National Audit 
and Research Centre Case Mix Programme from 1 January 2010 to 31 December 2019. Restricted cubic splines were 
created following adjustment for important prognostic variables. We report the adjusted odds ratio for associations 
between lowest and highest mean arterial pressure (MAP) and systolic blood pressure (SBP) in the first 24 h of ICU 
care and hospital mortality.

Results A total of 32,349 patients were included in the analysis. Hospital mortality was 56.2%. The median lowest and 
highest MAP and SBP were similar in survivors and non‑survivors. Both hypotension and hypertension were associ‑
ated with increased mortality. Patients who had a lowest recorded MAP in the range 60–63 mmHg had the lowest 
associated mortality. Patients who had a highest recorded MAP in the range 95–104 mmHg had the lowest associated 
mortality. The association between SBP and mortality followed a similar pattern to MAP.

Conclusions We found an association between hypotension and hypertension in the first 24 h in ICU and mortal‑
ity following OHCA. The inability to distinguish between the median blood pressure of survivors and non‑survivors 
indicates the need for research into individualised blood pressure targets for survivors following OHCA.
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Graphical Abstract

Introduction
Each year in the UK, 3800 patients require mechanical 
ventilation in ICU following an out-of-hospital cardiac 
arrest (OHCA) [1]. Unfortunately, ICU and hospital mor-
tality for these patients remains persistently high with 
hypoxic ischaemic encephalopathy responsible for the 
majority of deaths [2, 3]. Survivors have significant physi-
cal, cognitive, and emotional sequelae.4

Hypoxic ischaemic encephalopathy following OHCA 
may result in loss of or “rightward shift” in cerebral 
autoregulation, rendering cerebral blood flow dependent 
on cerebral perfusion pressure (CPP) [5]. Hypotension 
may exacerbate cerebral ischaemia, causing secondary 
brain injury and increase mortality [6, 7]. Blood pressure 
management strategies in ICU represent one deliver-
able therapeutic option which may improve mortality for 
patients following OHCA [8].

A number of observational studies have demonstrated 
an association between hypotension and mortality fol-
lowing OHCA [4, 9–20]. Current guidelines recommend 
avoiding hypotension (defined as a MAP < 65 mmHg or a 
systolic blood pressure (SBP) of < 90 mmHg) [4, 8]. How-
ever, the risk associated with exposure to hypertension is 
poorly described [21]. The optimal blood pressure target 
for patients following OHCA remains unclear [8]. The 

European Resuscitation Council has called for “research 
into identification of optimal MAP targets for individ-
ual cardiac arrest survivors receiving intensive care” [4]. 
Thus, an analysis of a large multicentre registry is needed 
to identify blood pressure targets that could be tested as 
an intervention in a randomised controlled trial.

We hypothesised that exposure to hypotension and 
hypertension in the first 24 h in ICU would be associated 
with mortality following OHCA.

Materials and methods
All intensive care units in England, Wales, and Northern 
Ireland contribute to the Intensive Care National Audit 
& Research Centre (ICNARC) Case Mix Programme 
(CMP), a national comparative audit of patient outcomes 
[22]. Trained data collectors collect data on physiologi-
cal parameters and non-physiological predictors of mor-
tality for consecutive admissions to ICU. Data undergo 
validation prior to pooling in the CMP. Support for the 
collection and use of CMP data has been obtained under 
section  251 of the National Health Service Act 2006 
(approval number: PIAG 2-10(f )/2005).

The physiological parameters recorded include the low-
est and highest SBP values, with their paired diastolic 
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blood pressure (DBP), during the first 24 h of ICU admis-
sion. Lowest and highest MAP is calculated by applying 
the formula [DBP + 1/3(SBP-DBP)] to paired lowest and 
highest blood pressure values [18]. The ICNARC CMP 
does not collect serial blood pressure values over time.

A retrospective analysis of the ICNARC CMP was 
undertaken for the period 1 January 2010 to 31 Decem-
ber 2019. Cases beyond 31 December 2019 were not 
included as the COVID pandemic may have affected the 
provision of pre-hospital and intensive care services.

Adult patients aged ≥ 16  years who had suffered an 
OHCA were included. OHCA patients were identified 
in the ICNARC CMP as those admitted to ICU from 
“clinic or home” via the “emergency department”, a “spe-
cialist treatment area” or “imaging department” in the 
same hospital, and who had cardiopulmonary resuscita-
tion (CPR) in the community in the 24  h prior to ICU 
admission.

We applied the following exclusion criteria; in hospital 
cardiac arrest (IHCA), patients who remained unintu-
bated in the first 24 h, those admitted following trauma 
or surgery, readmissions to ICU within the same hospi-
talisation, those with missing blood pressure readings, 
and those with missing mortality outcomes. For the main 
analysis, and in keeping with previous studies [9, 10, 15, 
23, 24], we excluded those who died within the first 24 h. 
The majority of patients who die in the first 24 h in ICU 
following OHCA have withdrawal of life-sustaining ther-
apy. Perceived poor neurological outcome is the com-
monest reason for withdrawal of life-sustaining therapy 
followed by, medical instability, withdrawal for non-neu-
rological reasons, and brainstem death [25]. Therefore, 
these patients’ outcomes are unlikely to be influenced by 
blood pressure management strategies following OHCA.

We considered MAP in the first 24  h as the primary 
exposure. Hospital mortality was the primary outcome 
measure. We report the adjusted odds ratio for associa-
tions between lowest and highest MAP and hospital mor-
tality. The mean lowest and highest MAP values recorded 
were used as the reference point for mortality. The pro-
cess was repeated for SBP recordings. In a series of sen-
sitivity analyses, we repeated these analyses including 
those who died within the first 24 h of ICU admission.

In a regression model, restricted cubic splines were 
created after checking for nonlinearity to model the 
nonlinear relationship between blood pressure and mor-
tality. We adjusted for the following variables: age, sex, 
ethnicity, pre-admission dependency, presence of severe 
comorbidity as defined by APACHE II, APACHE II Acute 
Physiology Score (excluding the MAP component as 
this was tested in our primary exposure), primary diag-
nosis category, year of OHCA, highest central tempera-
ture, and lowest glucose [3]. Further detail is provided 

in Additional file  1: Table  S1. The adjusted analysis was 
conducted after multiple imputation via chained equa-
tions for missing variables. Restricted cubic splines are 
reported with ranges from 1st to 99th percentiles, and 
adjusted odds ratios for mortality are reported. In a 
post hoc analysis, we treated MAP and SBP as categori-
cal variables with blood pressure divided into 12 cat-
egories ranging from MAP < 45  mmHg to ≥ 145, and 
SBP < 60  mmHg to ≥ 160  mmHg and report unadjusted 
and adjusted OR for mortality. We conducted further 
post hoc analyses adjusting for the use of advanced car-
diovascular support. Finally, we conducted post hoc anal-
ysis using the outcome measure of mortality or failure to 
return to usual place of residence as a surrogate for poor 
neurological outcome (as neurological outcome is not 
recorded in the ICNARC CMP).

Baseline results are reported as mean (standard devia-
tion), median (interquartile range) or percentage. Pear-
son’s chi-squared and adjusted and unadjusted odds 
ratios are reported for the categorical variables. P values 
presented are two sided, with P < 0.05 considered statis-
tically significant. No adjustment was made for multiple 
comparisons [26]. In this retrospective cohort study, all 
findings were considered hypothesis generating. Analyses 
were performed in Stata 16.1 (StataCorp LP, College Sta-
tion, TX).

Results
Population characteristics
Over the 10-year study period, a total of 1.9 million 
patients were included in the ICNARC CMP; after 
exclusions 32,349 were eligible for inclusion (Fig. 1). No 
patients had missing blood pressure values. For patients 
included in the final cohort, 10.3% of variables were miss-
ing. Baseline patient demographics are shown in Table 1. 
The overall hospital mortality was 56.2%. Of those who 
survived, 87.1% returned to their usual residence.

Histograms depicting the frequency of lowest and high-
est blood pressure recordings are presented in Additional 
file 1: Fig. S1. The relationship between MAP and mortal-
ity modelled best using restricted cubic spines with three 
knots, shown in Fig. 2. Both hypotension and hyperten-
sion were associated with mortality.

The median (IQR) lowest recorded MAP for survivors 
and non-survivors was 63 (57–69) mmHg and 62 (55–
69) mmHg, respectively. Lowest MAP demonstrated a 
U-shaped relationship with mortality. Patients who had a 
lowest recorded MAP in the range 60–63 mmHg had the 
lowest associated mortality.

The median (IQR) highest recorded MAP for survivors 
and non-survivors was 100 (91–112) mmHg and 100 (90–
113) mmHg, respectively. Highest MAP demonstrated a 
J-shaped relationship with mortality. Patients who had a 
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highest recorded MAP in the range 95–104 mmHg had 
the lowest associated mortality. Adjusted OR for mortal-
ity, derived from the restricted cubic splines, for a series 
of lowest and highest MAP values ranging from the 1st to 
99th percentiles is presented in Table 2.

The relationship between lowest and highest recorded 
SBP and mortality followed a similar pattern to MAP, 
shown in Fig. 2. The median lowest recorded SBP of sur-
vivors and non-survivors was 87 (80–95) mmHg and 86 
(77–95) mmHg, respectively. Patients who had a lowest 
recorded SBP in the range 85–89 mmHg had the lowest 
associated mortality.

The median (IQR) highest recorded SBP of survivors 
and non-survivors was 150 (135–166) mmHg and 150 
(135–169) mmHg, respectively. Patients who had a high-
est recorded SBP in the range 145–156  mmHg had the 
lowest associated mortality. Adjusted OR for mortality, 
derived from the restricted cubic splines, for a series of 
lowest and highest SBP values ranging from the 1st to 
99th percentiles is presented in Table 3.

Sensitivity and post hoc analyses
Sensitivity analyses including those who died within the 
first 24  h produced results similar to that of the main 
analysis, Additional file  1: Fig. S2. Missing blood pres-
sure values resulted in the exclusion of 17 patients. 
Patients who had a lowest recorded MAP in the 
range 61–64  mmHg had the lowest observed mortal-
ity. Patients who had a highest recorded MAP in the 
range 90–93  mmHg had the lowest observed mortality. 

Patients who had a lowest recorded SBP in the range 
86–90 mmHg had the lowest observed mortality. Patients 
who had a highest recorded SBP in the range 135–
138 mmHg had the lowest observed mortality.

The results of the post hoc analysis with blood pressure 
treated as a categorical variable are shown in Additional 
file  1: Tables S2–S9. The blood pressure–mortality rela-
tionships typically followed a U-shaped pattern. How-
ever, adjusted odds ratios for mortality at the extremes 
of blood pressure were imprecise. For the lowest 
recorded MAP, the lowest mortality was observed in the 
55–64  mmHg category. For the highest recorded MAP, 
the lowest mortality was observed in the 105–114 mmHg 
category. For the lowest recorded SBP, the lowest mortal-
ity was observed in the 80–89  mmHg category. Finally, 
for the highest recorded SBP, the lowest observed mor-
tality encompassed three categories ranging from 130 to 
159 mmHg. Two post hoc analyses adjusting for the use 
of advanced cardiovascular support and using a com-
bined outcome of mortality or failure to return to usual 
place of residence produced similar results to the pri-
mary analysis (Additional file 1: Figs. S3–S4).

Discussion
In this large retrospective observational study, we found 
an association between lowest and highest MAP and SBP 
recorded in the first 24 h of ICU stay and mortality. Hos-
pital mortality was high at 56.2% with nearly one in six 
survivors unable to return to their usual residence sug-
gesting a high burden of physical or cognitive disability.

Fig. 1 Consort diagram
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Table 1 Patient demographics

Characteristic Total, n = 32,349 Missing data

Age (years), mean (SD) 60.22 (16.60) 0

Sex, n (%) 0

 Female 9901 (30.6%)

 Male 22,448 (69.4%)

Self‑reported ethnicity, n (%) 1,541 (4.8%)

 White 28,132 (91.3%)

 Mixed 205 (0.7%)

 Asian 1371 (4.5%)

 Black 587 (1.9%)

 Other 513 (1.7%)

Dependency prior to admission to acute hospital, n (%) 369 (1.1%)

 Able to live without assistance 25,867 (80.9%)

 Minor assistance 4571 (14.3%)

 Major assistance 1294 (4.0%)

 Total assistance 248 (0.8%)

Severe comorbidity, n (%) 367(1.1%)

 No 29,356 (91.8%)

 Yes 2626 (8.2%)

APACHE II Acute Physiology Score (excluding the MAP component), mean (SD) 11.99 (6.11) 284 (0.9%)

Primary diagnosis category, n (%) 0

 Sepsis 1279 (4.0%)

 Acute coronary syndrome 13,003 (40.2%)

 Cardiac arrhythmia 12,130 (37.5%)

 Other 5937 (18.4%)

Year, n (%) 0

 2010 1846 (5.7%)

 2011 2243 (6.9%)

 2012 2568 (7.9%)

 2013 2834 (8.8%)

 2014 3113 (9.6%)

 2015 3405 (10.5%)

 2016 3616 (11.2%)

 2017 3820 (11.8%)

 2018 4326 (13.4%)

 2019 4578 (14.2%)

Highest serum glucose, mean (SD) 11.72 (5.32) 1210 (3.7%)

Lowest serum glucose, mean (SD) 6.49 (2.51) 1210 (3.7%)

Highest central temperature, mean (SD) 36.74 (1.30) 19 (0.1%)

Lowest central temperature, mean (SD) 34.14 (1.61) 19 (0.1%)

Received advanced cardiovascular support* 0

 No 11,995 (37.1%)

 Yes 20,354 (62.9%)

Treatment withheld/withdrawn, n (%) 0

 Neither 20,350 (62.9%)

 Withdrawn 9162 (28.3%)

 Withheld 806 (2.5%)

 Both withdrawn and withheld 2031 (6.3%)

ICU mortality, n (%) 0

 Alive 17,608 (54.4%)
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Our findings are consistent with evidence showing an 
association between hypotension and increased mortal-
ity [4, 9–20, 27]. In the first 24 h following OHCA, over 
half of all OHCA patients in the UK experience hypoten-
sion below the currently guideline thresholds of MAP 
65  mmHg and SBP 90  mmHg [4, 8]. A lowest recorded 
MAP of 60–63  mmHg and lowest recorded SBP of 
85–89  mmHg were associated with the lowest mortal-
ity. The blood pressures associated with lowest mortal-
ity were below current guideline thresholds of MAP 
65  mmHg and SBP 90  mmHg [4, 8]. Previous observa-
tional studies have shown worse outcomes in patients 
exposed to blood pressures below MAP 65  mmHg and 
SBP 90 mmHg [13, 16–19].

In light of the repeated association between hypoten-
sion and mortality following OHCA, three phase II tri-
als have compared higher blood pressure targets with 
usual care. In the NEUROPROTECT trial, patients were 
randomised to an early goal directed haemodynamic 
optimisation strategy (targeting a MAP 85–100 and 
 SVO2 65–75% for 36 h) or usual care. There was no dif-
ference between groups in the primary outcome meas-
ure of percentage of ischaemic voxels with an apparent 
diffusion coefficient < 650.10−6   mm2/s on MRI (a fea-
ture of hypoxic brain injury) [28]. The COMACARE 

trial compared a MAP target of 65–75  mmHg with 
80–100  mmHg in patients who had suffered a wit-
nessed, shockable OHCA and were mechanically 
ventilated in ICU. They found no difference in the pri-
mary outcome measure of neurone specific enolase at 
48  h [29]. The ENDO-RCA trial compared a MAP of 
65 mmHg with 72 mmHg using a blood pressure mod-
ule which was offset to allow MAP targets to be deliv-
ered in a blinded manner. They found no difference in 
soluble thrombomodulin (a biomarker of endothelial 
integrity), a series of biomarkers or clinical outcomes 
[30]. The BOX trial is the only phase III trial comparing 
blood pressure targets in OHCA patients; it compared 
a MAP target of 77  mmHg with 63  mmHg delivered 
in a blinded manner. There was no difference between 
the groups in the primary outcome measure of death or 
poor neurological outcome at 90 days [31].

The evidence base demonstrating an association 
between exposure to hypertension and mortality follow-
ing OHCA is limited. In 2008, the International Liaison 
Committee on Resuscitation (ILCOR) suggested tar-
geting a MAP of 65–100  mmHg [21]. In our study, the 
median highest recorded MAP was 100  mmHg sug-
gesting half of all patients had a MAP above the ILCOR 
target range. We found that patients who had a highest 

*Advanced cardiovascular, indicated by one or more of the following: admissions receiving multiple intravenous and/or rhythm controlling drugs (e.g. inotropes, 
amiodarone, nitrates, etc.) (of which, at least one must be vasoactive) when used simultaneously to support or control arterial pressure, cardiac output or organ/tissue 
perfusion. Admissions receiving continuous observation of cardiac output and derived indices (e.g. with a pulmonary artery catheter, lithium dilution, pulse contour 
analyses, oesophageal Doppler, impedance, and conductance methods.). Admissions with an intra-aortic balloon pump in place and other assist devices. Admissions 
with a temporary cardiac pacemaker (valid each day whilst connected for therapeutic reasons to a functioning external pacemaker unit)
# Excluding those with missing residence status either before admission or after discharge

Table 1 (continued)

Characteristic Total, n = 32,349 Missing data

 Dead 14,741 (45.6%)

ICU length of stay (days), median (IQR) 3.83 (2.15–6.93) 0

Hospital mortality, n (%) 106 (0.3%)

 Alive 14,123 (43.8%)

 Dead 18,120 (56.2%)

Hospital length of stay (days), median (IQR) 7.00 (3.00–17.00) 149 (0.5%)

Residence after discharge, n (%) 2974 (9.2%)

 Home or residential place 9,584 (32.6%)

 Nursing home 282 (1.0%)

 Health‑related institution 1131 (3.9%)

 Non‑health‑related institution 103 (0.4%)

 Hospice 82 (0.3%)

 No fixed address 73 (0.2%)

 Dead 18,120 (61.7%)

Composite of survival and return to usual residence, n (%)# 2997 (9.3%)

 Survived and returned to usual residence 9806 (34.4%)

 Survived and did not return to usual residence 1446 (4.9%)

 Dead 18,120 (61.7%)
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recorded MAP in the range 95–104 mmHg had the low-
est mortality.

Whilst both lowest MAP and SBP demonstrated a 
U-shaped relationship with mortality, highest recorded 
MAP and SBP demonstrated a J-shaped relationship with 
mortality with high mortality seen at the extremes of 
highest recorded blood pressure. Cerebral oxygen satura-
tions measured by near infrared spectroscopy have been 
shown to fall with a MAP above 101 mmHg. It is postu-
lated that higher blood pressures may activate cardio-
depressive feedback loops due to excessive afterload [9]. 
Alternatively, extremes of hypertension may represent 
patients demonstrating a Cushing’s reflex as part of a cer-
ebral herniation syndrome. Our findings are in contrast 
to Bro-Jeppesen and colleagues who found mortality 
continued to fall beyond a MAP 110 mmHg when exam-
ining the effect of mean MAP averaged over the first 36 h 
in ICU following OHCA [12, 17]. Haung and colleagues 
found a MAP of 84–110  mmHg to be associated with 
favourable neurological outcome [14].

Fig. 2 Relationship between blood pressure and mortality. The association between blood pressure and adjusted OR (with 95% CI) for hospital 
mortality. Lowest MAP. The reference point used for calculating mortality odds ratios was patients with a lowest recorded MAP of 62 mmHg. 
Highest MAP. The reference point used for calculating mortality odds ratios was patients with a highest recorded MAP of 102 mmHg. Lowest SBP. 
The reference point used for calculating mortality odds ratios was patients with a lowest recorded SBP of 87 mmHg. Highest SBP. The reference 
point used for calculating mortality odds ratios was patients with a highest recorded SBP of 153 mmHg

Table 2 Relationship between MAP and mortality

Adjusted OR with 95% CI for the relationship between lowest and highest MAP 
and hospital mortality (excluding those who died within the first 24 h). Fields 
where no values are presented are those beyond the 1st and 99th centiles

MAP (mmHg) Lowest MAP
Adjusted OR (95% CI)

Highest MAP
Adjusted OR (95% CI)

35 1.68 (1.51, 1.88) –

45 1.33 (1.25, 1.42) –

55 1.07 (1.05, 1.09) –

62 1 (reference category) –

65 1.02 (1.02, 1.03) –

75 1.31 (1.26, 1.37) 1.11 (1.03, 1.20)

85 1.78 (1.63, 1.95) 1.05 (1.00, 1.10)

95 – 1.00 (0.99, 1.02)

102 – 1 (reference category)

105 – 1.01 (1.00, 1.01)

115 – 1.06 (1.04, 1.09)

125 – 1.16 (1.10, 1.21)

135 – 1.26 (1.17, 1.35)

145 – 1.37 (1.25, 1.51)
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The relationship between blood pressure and mortality 
following OHCA is complex; we observed an association 
between exposure to both hypotension and hypertension 
and increased mortality. Indeed, we observed an increase 
in mortality in those with a lowest MAP of 85  mmHg, 
within the target range used in previous phase II trials 
[28, 29]. We demonstrated the median blood pressure 
of survivors and non-survivors to be clinically indistin-
guishable suggesting a heterogeneity of response follow-
ing exposure to hypotension or hypertension.

Hypoxic ischaemic brain injury after cardiac arrest may 
result in loss or “rightward shift” of cerebral autoregula-
tion [5, 27]. Loss of cerebral autoregulation may render 
cerebral blood flow dependent on blood pressure with 
hypotension resulting in further cerebral ischaemia and 
hypertension risking cerebral oedema [6, 32]. Following 
OHCA, individual patients demonstrate a wide range in 
cerebral autoregulatory thresholds [33], with preserved 
autoregulation an independent predictor of survival [34]. 
Targeting a higher blood pressure without knowledge 
of an individual patient’s autoregulatory thresholds may 
expose them to either hypoperfusion or hyperperfusion. 
This may explain why the BOX trial [31] and previous 
phase II trials [28–30] did not demonstrate a difference 
in mortality or neurological outcomes when comparing 

different blood pressure targets. An individualised blood 
pressure management strategy, guided by neuromonitor-
ing to demonstrate limits of cerebral autoregulation, may 
be more appropriate than a “one-size-fits-all” blood pres-
sure strategy [34]. The European Resuscitation Coun-
cil has called for “research into identification of optimal 
MAP targets for individual cardiac arrest survivors 
receiving intensive care” [4]. Individual blood pressure 
targets have successfully been derived in observational 
studies in OHCA [35, 36]. The COGiTATE trial has dem-
onstrated that targeting optimal blood pressure is safe 
and feasible in patients with traumatic brain injury [37]. 
Our planned phase II randomised controlled trial will 
look at individualised blood pressure targets following 
OHCA.

Our study had a number of strengths and limitations. 
The ICNARC CMP data are collected from across a large 
number of ICUs in the UK and therefore represents a 
generalisable population of patients following OHCA. 
Data undergo validation prior to entry in the data-
base. We included a homogenous population of OHCA 
patients unlike other studies which included a mixed 
cohort of IHCA and OHCA [9, 11, 32]. We examined the 
effect of exposure to hypotension, as evidenced by lowest 
recorded MAP and SBP, reflecting international guide-
lines [4, 8]. Other studies have examined blood pressure 
in the first 6 hours [10, 13, 38], at fixed time points in the 
first 24 h [11, 14, 27] or during periods of haemodynamic 
stability [20]. Therefore, previous studies may have risked 
missing episodes of hypotension. The findings of the 
MAP and SBP analysis are concordant and are supported 
by sensitivity and post hoc analyses.

As a retrospective study, we cannot infer causality. 
The association between blood pressure and mortality 
may reflect residual confounding factors including pro-
longed duration of cardiac arrest, more severe post car-
diac arrest syndrome, or loss of cerebral autoregulation. 
Unfortunately, the ICNARC CMP data do not record 
intra-arrest characteristics. Therefore, we were unable 
to adjust for important prognostic features including 
presenting rhythm, bystander intervention, or duration 
of OHCA [39]. However, we adjusted for illness sever-
ity using a modified acute physiology component of the 
APACHE II score, an approach that is well established [3, 
40, 41] and validated in an OHCA population [42]. The 
ability of APACHE II score to predict mortality follow-
ing OHCA is similar to that of the disease specific OHCA 
score [43].

In clinical practice, prolonged periods of hypotension 
may be more deleterious than brief periods of hypoten-
sion. Exposure to hypotension measured as an integral 
of blood pressure and time below a threshold has pre-
viously been associated with both mortality and poor 

Table 3 Relationship between SBP and mortality

Adjusted OR with 95% CI for the relationship between lowest and highest SBP 
and hospital mortality (excluding those who died within the first 24 h). Fields 
where no values are presented are those beyond the 1st and 99th centiles

SBP (mmHg) Lowest SBP
Adjusted OR (95% CI)

Highest SBP
Adjusted OR (95% CI)

50 1.71 (1.53, 1.91) –

60 1.44 (1.33, 1.55) –

70 1.21 (1.16, 1.26) –

80 1.04 (1.03, 1.06) –

87 1 (reference category) –

90 1.01 (1.00, 1.01) –

100 1.13 (1.10, 1.16) –

110 1.34 (1.26, 1.42) 1.16 (1.07, 1.27)

120 1.59 (1.45, 1.74) 1.11 (1.04, 1.18)

130 – 1.06 (1.02, 1.10)

140 – 1.02 (1.00, 1.03)

150 – 1.00 (1.00, 1.00)

153 – 1 (reference category)

160 – 1.01 (1.01, 1.02)

170 – 1.06 (1.04–1.08)

180 – 1.12 (1.09–1.16)

190 – 1.20 (1.14–1.26)

200 – 1.28 (1.19–1.37)

210 – 1.37 (1.25–1.50)

220 – 1.46 (1.31–1.63)
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neurological outcome [13, 18]. We were unable to quan-
tify the duration of hypotension as this is not recorded 
the ICNARC CMP data and thus were unable to test this 
hypothesis. The ICNARC CMP does not record serial 
blood pressure values; therefore, we are unable to describe 
the temporal changes in blood pressure in our cohort. 
Nor, can we determine whether exposure to hypotension 
in the first 6 h in ICU, as investigated by others, is of more 
prognostic significance than blood pressure as recorded 
in our study [38]. We were unable to differentiate between 
those with intact or lost cerebral autoregulation. We were 
also unable to examine the interaction between hypo-
tension and vasoactive exposure as the ICNARC CMP 
did not collect detailed information on vasopressor use. 
To address this, we presented a post hoc analysis adjust-
ing for advanced cardiovascular support. However, even 
after adjustment for vasopressor exposure an association 
between MAP and mortality has been demonstrated [12]. 
Previous studies have demonstrated that patients cooled 
to 33  °C have greater vasopressor requirements than 
those cooled to 36 °C. [12] Whilst we corrected for high-
est recorded temperature, we were unable to adjust for 
target temperature. We could not adjust for pre-existing 
hypertension as this is not recorded in the ICNARC CMP. 
Finally, we were unable to report on neurological out-
come and therefore presented analysis using a combined 
outcome of mortality or failure to return to usual place of 
residence as a surrogate for poor neurological outcome.

In conclusion, we found an association between expo-
sure to hypotension and hypertension in the first 24 h of 
ICU care and increased mortality following OHCA. The 
inability to distinguish between the median blood pres-
sure of survivors and non-survivors reinforces the need 
for research into individualised blood pressure targets for 
survivors following OHCA.
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