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Abstract

Purpose—Previous observational studies have inconsistently associated early hyperoxia with
worse outcomes after cardiac arrest and have methodological limitations. We tested this
association using a high-resolution database controlling for multiple disease-specific markers of
severity of illness and care processes.

Methods—This was a retrospective analysis of a single-center, prospective registry of
consecutive cardiac arrest patients. We included patients who survived and were mechanically
ventilated =24h after arrest. Our main exposure was arterial oxygen tension (PaO,), which we
categorized hourly for 24 hours as severe hyperoxia (>300mmHg), moderate or probable
hyperoxia (101-299mmHg), normoxia (60-100mmHg) or hypoxia (<60mmHg). We controlled for
Utstein-style covariates, markers of disease severity and markers of care responsiveness. We
performed unadjusted and multiple logistic regression to test the association between oxygen
exposure and survival to discharge, and used ordered logistic regression to test the association of
oxygen exposure with neurological outcome and Sequential Organ Failure Assessment (SOFA)
score at 24h.

Results—Of 184 patients, 36% were exposed to severe hyperoxia and overall mortality was
54%. Severe hyperoxia, but not moderate or probable hyperoxia, was associated with decreased
survival in both unadjusted and adjusted analysis (adjusted odds ratio (OR) for survival 0.83 per
hour exposure, P=0.04). Moderate or probable hyperoxia was not associated with survival but was
associated with improved SOFA score 24h (OR 0.92, P<0.01).
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Conclusion—Severe hyperoxia was independently associated with decreased survival to
hospital discharge. Moderate or probable hyperoxia was not associated with decreased survival
and was associated with improved organ function at 24h.
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Introduction

Cardiac arrest (CA) is the leading cause of death in North America, with as many as 590,000
arrests annually [1]. Despite advances in care, patient outcomes after CA remain poor. Early
arterial hyperoxia has been associated with potentially avoidable mortality after CA,
presumably due to increased oxidative stress and ischemia-reperfusion injury [2-4].
However, previous studies testing this association have important methodological
limitations and have yielded conflicting results. Therefore, the true clinical significance of
hyperoxia in the early post-arrest period remains uncertain.

Animal models evaluating early hyperoxia and post-arrest neurological outcomes have
generated mixed results. Some studies report that ventilation with 100% oxygen versus less
oxygen increases oxidative stress and worsens neurological outcomes [5-9], but this has not
been consistently replicated [10-12]. The animals used in these models were previously
healthy with normal gas exchange. During hyperoxia, the observed partial pressure of
arterial oxygen (PaOy) was often >400mmHg—a finding exaggerated from most clinical
experience. Thus, the generalizability of these models to clinical practice has been
questioned [13].

Human studies are similarly heterogeneous and inconclusive [14]. The only randomized trial
of oxygen titration noted no difference in patient outcomes or biomarkers of neurological
injury, but was limited by its small size [15]. Large observational studies have demonstrated
an association between hyperoxia and mortality after CA [3, 16]. However, these studies
analyzed only a single PaO2 value, either initial or maximum, and the largest studies have
not controlled for post-arrest injury severity. Since hyperoxia may be more prevalent in
patients with longer arrest durations and delayed intensive care unit (ICU) admission [17],
failure to control for injury severity and care processes is a major limitation. Indeed,
analyses that have controlled these have not found an association between hyperoxia and
outcomes [18, 19]. Unfortunately, no studies have analyzed a dedicated disease-specific CA
database. Therefore, important prognostic factors and neurological outcomes were not
available for analysis. Furthermore, existing studies have relied on a single time point to
define hyperoxia, and could not evaluate the cumulative exposure to oxygen over time.

To overcome these limitations, we used a prospective, disease-specific CA database to
examine the association between PaO2 over the first 24 hours after CA and patient
outcomes. In addition to traditional covariates, we incorporated markers of organ injury
severity and critical care processes to adjust our analysis. We tested the null hypothesis that
there would be no association between arterial hyperoxia and outcomes.
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Methods

Patients and Setting

The University of Pittsburgh Medical Center’s Presbyterian Hospital is a 795-bed tertiary
care referral center. The Post-Cardiac Arrest Service (PCAS) cares for over 300 survivors of
CA annually (150-200 cases annually during the study period), and maintains a prospective
database including all post-arrest patients. In the present analysis, we included patients who
presented during an 18-month period between October 2008 (when electronic medical
records were implemented system-wide, permitting recording of blood gas data, vital signs
and ventilator data) and April 2010. We included patients that were successfully resuscitated
from CA and were both alive and mechanically ventilated for >24h after return of
spontaneous circulation (ROSC). We excluded patients if the time of arrest was unknown, if
no arterial blood gas (ABG) or ventilator data were unavailable within 4h after ROSC, or if
extracorporeal membrane oxygenation was used. The University of Pittsburgh Institutional
Review Board (IRB) approved all aspects of this study.

Exposure and covariates

Our primary exposure of interest was arterial oxygen tension. We categorized PaO, as
follows: “severe hyperoxia” (PaO,=300mmHg); “moderate hyperoxia” (PaO,
101-299mmHg); “normoxia” (PaO, 60-100mmHg); or, “hypoxia” (paO,<60mmHg). If
Pa02 was not measured during a given hour, we extended the classification for that hour to
adjacent hours for up to two hours before and after the result. If no data were available for a
longer period, we used oxygen saturation (SpO,) to classify patients as having “hypoxia”
(Sp02<90%); “normoxia” (SpO»=90-99% or 100% when FiO,=0.4); or “probable
hyperoxia” (SpO,=100% and FiO,>0.4) [20]. We defined “probable hyperoxia” this way
because we observed a mean PaO5:FiO» ratio of 240, which yields a PaO, of 96mmHg (i.e.
the upper limit of “normoxia”) in a patient with an SaO2 of 100% and FiO,=0.4. For each
category of oxygen exposure, we summed the total number of hours spent at that level in the
first 24 hours, to generate four continuous predictor variables that could range from 0 to 24
hours. We used these continuous predictors in our unadjusted models and adjusted models
that would include only a single oxygen exposure category predictor.

It is statistically inappropriate to control for multiple non-independent, mutually exclusive
predictors in traditional multivariable analysis (i.e. duration of arterial oxygen tension in
various categories). Thus, we also calculated a single composite score for each patient’s
cumulative exposure to hyperoxia. To do this, we assigned each hour of normoxia a value of
0, moderate or probable hyperoxia a value 1 and severe hyperoxia value of 2, and we
summed the result over 24h. , We used this composite score in the adjusted models that
would otherwise have included multiple oxygen category predictors. In the absence of an
established dose-response relationship between oxygen tension and organ function or
toxicity, the weights used to calculate this score were arbitrary. As a sensitivity analysis, we
repeated adjusted analyses that used this compaosite score with alternative scores generated
in a number of other manners (assighing normoxia values ranging from 0-1, moderate or
probable hyperoxia 1-2 and severe hyperoxia 2-4).
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We controlled for covariates including demographic data (age, sex), location of CA (in-
hospital or out-of-hospital), initial rhythm (ventricular tachycardia/fibrillation (VT/VF) or
pulseless electrical activity/asystole), arrest during a night or weekend [21], use of
therapeutic hypothermia, and Pittsburgh Cardiac Arrest Category (PCAC), which we treated
categorically [22]. We controlled for severity of initial cardiopulmonary failure, modeled as
initial cumulative vasopressor index [23] and dynamic pulmonary compliance.

Greater exposure to hyperoxia may be a marker of less responsive care. To control for this
possibility, we recorded the time (in hours) from ROSC to the first FiO2 wean, as well as the
total number of times FiO2 was titrated in the first 24h for each patient. As an additional
possible marker of less responsive care previously associated with outcome after cardiac
arrest [24], we controlled for the mean of three highest blood glucose levels in the 24h post-
arrest. During the study period, all patients received moderate glucose control targeting
values of 110-180mg/dL with blood sugar checks at least every 6h, so higher mean glucose
might indicate less responsive care by the ICU team.

Our primary outcome was survival to hospital discharge. Secondary outcomes were
Pittsburgh Cerebral Performance Category (CPC) at hospital discharge and organ failure 24
hours after ROSC, which we modeled using a modified sequential organ failure (SOFA)
score [25]. We treated both as ordinal variables. In calculating SOFA scores, we used the
laboratory value obtained closest to 24h after ROSC (range 18-30h). Bilirubin values were
missing in a majority of patients, so to avoid ascertainment bias we excluded the liver
component of the SOFA. Since all patients included in this study were intubated and
sedated, GCS was of limited value and therefore the final CPC score minus 1 was used as
the neurologic failure component. The result was a SOFA score of 0 to 20. Since a patient’s
respiratory SOFA subscale score could affect the likelihood of exposure to arterial
hyperoxia, all tests on the total modified SOFA score were repeated on a score that excluded
the respiratory subscale.

Statistical methods

We summarized baseline characteristics and report means with standard deviations for
normally distributed data and medians with interquartile ranges for skewed data. In our main
analysis, we tested the association between arterial oxygen tension and survival to hospital
discharge. Our primary exposure variables were the number of hours spent at each arterial
oxygen category, as defined above. First, we used unadjusted logistic regression to test the
association between each predictor and survival to discharge. Next, we constructed a
multivariable model to determine the independent predictors of outcome. To avoid over
fitting, we only included unadjusted predictors significant at a level of P<0.2 in the adjusted
model. Since ABGs are only intermittently obtained, we report the number obtained each
hour and tested the nature of the missingness using Little’s Missing Completely at Random
(MCAR) test. We also repeated all test procedures excluding any interpolated data and
report the results.
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To better determine the average treatment effect of severe hyperoxia and strengthen our
ability to make a causal inference between exposure to severe hyperoxia and survival, we
performed a propensity score-adjusted analysis. We used unadjusted logistic regression to
determine the association between exposure (i.e. >0 hours of severe hyperoxia vs no hours
of severe hyperoxia) and survival, and then constructed a propensity score to model the
probability of exposure given the baseline covariates (listed in Supplemental Appendix 1).
We repeated the logistic regression adjusting for inverse probability of treatment weight
(IPTW), and stabilized IPTW to avoid biasing the treatment effect [26, 27].

To evaluate a potential interaction between exposure to severe hyperoxia and prespecified
markers of care responsiveness, we used linear regression to test the association between
severe hyperoxia and time to first FiO2 wean, number of FiO2 weans in 24h, and mean
highest glucose. To test our secondary outcomes, we repeated unadjusted and multivariable
test procedures using unadjusted and multiple ordered logistic regression. We used Stata
13.1 (StataCorp, College Station, TX) for all analyses.

Overall, 232 patients were identified from our registry, of which 48 were excluded, leaving
184 for our analysis. Exclusions were for death <24h (n=13), no mechanical ventilation
(n=8) or extubation <24h (n=8), unclear time of arrest or transfer from an outside hospital
>4h after ROSC (n=13), unconfirmed arrest (n=5) and use of ECMO (n=1). Mean age was
60 years and 54% were male (Table 1). Overall, 36% of patients were exposed to severe
hyperoxia with a mean exposure of 1.4+2.2h (Figure 1, Table 2). Timing of ABG testing and
missing data were MCAR (Little’s P = 0.78). There was no association between exposure to
severe hyperoxia and markers of less responsiveness to lab values including time to first
FiO2 wean (P=0.09), number of FiO2 weans in 24 hours (P=0.98) or higher mean glucose
values (P=0.83). Overall survival to hospital discharge was 46% (Supplemental Table 1).

In unadjusted analysis, each hour exposure to severe hyperoxia was associated with an OR
of 0.84 (95%CI 0.72-0.98) for survival to discharge (Table 3). This remained true in logistic
regression (unadjusted OR 0.50 (95%CI 0.27-0.93)), and if we excluded imputed values of
the predictor (unadjusted OR 0.51 (95%CI 0.28-0.95)). Other unadjusted predictors with
P<0.2 were arrest location, initial rhythm, use of therapeutic hypothermia, PCAC, initial
cardiovascular index and mean glucose. Severe hyperoxia remained associated with
decreased survival to discharge in adjusted analysis (OR 0.83 (0.69-0.99)) (Table 3), an
estimate that did not change when we excluded any imputed data from the model (adjusted
OR 0.41 (95%CIl 0.19-0.87)). Our propensity score (IPTW)-adjusted analysis yielded very
similar results (adjusted OR 0.41 (95%CI 0.28-0.79)) (Supplemental Appendix 1). Results
were similar using CPC at hospital discharge as the outcome (data not shown). However,
this effect was driven by increased mortality (CPC=5) and when we restricted our analysis
to survivors, we found no association between any level of oxygen exposure and CPC.

When we tested the unadjusted association between oxygen exposure and SOFA score at 24
hours, we found that moderate or probable hyperoxia was associated with lower SOFA score
at 24h while exposure to hypoxia was associated with higher SOFA score (Table 4). Based
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on our a priori statistical analysis plan, since multiple, mutually exclusive levels of oxygen
exposure were significant in unadjusted analysis, we built our multivariable model using the
composite oxygen exposure score rather than multiple oxygen exposure categories. Doing
this, we found that higher composite oxygen score was associated with 24h SOFA score in
both unadjusted and adjusted analysis (both P <0.01), an effect driven by the association
between moderate or probable hyperoxia and lower SOFA score. The results did not change
in sensitivity analyses using alternative constructions of cumulative oxygen exposure score
or when we excluded the respiratory subscale of the SOFA score (data not shown).

Discussion

We analyzed a high resolution, prospective disease-specific CA database to test the
association between PaO» and patient outcomes. A key finding of our work is that exposure
to severe hyperoxia was associated with decreased survival to discharge. This finding was
significant regardless of whether we treated the exposure as a binary variable as in previous
studies [3, 4, 16, 19], or modeled exposure as continuous variable, which may better reflect
its biological effects. This association remained significant after adjusting for disease-
specific markers of severity. Further, since we controlled for time from ROSC to the first
FiO2 wean and the number of adjustments in FiO2 made in 24h, our findings suggest that
the deleterious effects of severe hyperoxia are not confounded by increased exposure among
patients who may have received less responsive care.

Interestingly, we also observed an association between moderate or probable hyperoxia and
improved organ function at 24h. Because multiple levels of oxygen exposure were
significant unadjusted predictors of SOFA, we constructed a multivariable model using a
composite score that modeled cumulative exposure. We acknowledge that, in the absence of
an established dose-response relationship between oxygen tension and organ function or
toxicity, our operationalization of this composite score was somewhat arbitrary. However,
given that the results of our analysis did not change after sensitivity analysis, we believe the
findings are robust. Since higher SOFA score at 72h has been associated with worsened
survival after CA [28], this effect may be clinically important and warrants further
investigation.

Taken together, our results generate several important hypotheses. First, there does not
appear to be a linear dose-response relationship between the degree of hyperoxia and worse
outcomes. Rather, poor outcomes may occur only when the oxygen tension exceeds a certain
threshold. This is biologically plausible since at low levels oxidative stress is countered by
endogenous antioxidants. CA and ROSC generate reactive oxygen species and deplete
plasma antioxidant potential [29], which may lower the threshold for subsequent oxidative
injury. In animal models resuscitation with 100% oxygen has been shown to increase this
oxidative stress and decrease cerebral antioxidant reserves [30]. Since moderate hyperoxia
may be associated with improved extracerebral organ function without worsening
neurologic injury or patient outcomes, quantifying cerebral oxidative stress in response to
moderate hyperoxia merits further evaluation. Notably, neurological injury is the major
driver of morbidity and mortality after out-of-hospital CA while multiple organ dysfunction
is a major cause of death after in-hospital CA [31, 32]. Therefore, future work evaluating
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post-arrest oxygen exposure may need to be targeted to specific patient subpopulations or
even individual patient characteristics.

Our results are consistent with those of Janz, et al. [4], who report equivalent neurological
outcomes in patients exposed to moderate hyperoxia, but differ from Kilgannon, et al. [3,
16], who suggest that even moderate hyperoxia is associated with increased mortality. It
should be noted that both of these reports used the highest PaO, in 24h whereas we
examined cumulative effects over time. Since oxygen delivery and utilization may be
impaired in critical illness [33], and hypoxemia almost certainly exacerbates neurological
injury [34, 35], it is reasonable to postulate that moderate levels of hyperoxia that do not
overwhelm antioxidant reserves may be beneficial after CA. Our results are consistent with
this overall pattern. We submit that our findings support clinical equipoise for a randomized
trial comparing a normoxia to moderate hyperoxia for management of early post-arrest
patients.

Our study has several strengths. First, we controlled for both disease-specific factors and
general physiological markers of severity. We included proxy markers for responsiveness of
care, which were not associated with exposure to hyperoxia. Assuming that our markers
were valid, this is supportive of the hypothesis that exposure to hyperoxia is not simply a
surrogate for less attentive care. Marginal structural models such as our propensity score
(IPWT)-adjusted analysis further support this causal influence, and provide a robust measure
of the average treatment effect of exposure to severe hyperoxia on survival [26, 27].
Additionally, a core group of experienced physicians on the PCAS cared all the patients in
our study. The PCAS is the result of our effort to improve and standardize post-arrest care,
and we have implemented multiple hospital-wide care protocols [36]. In this regard, our
single-center design is advantageous insofar as it minimizes confounding by practice
variation. Another strength is our use of high-resolution patient-level data. In addition to
controlling for multiple baseline factors, we abstracted hourly oxygen data for each patient,
allowing us to examine the cumulative effects of PaO2. This is in contrast to previous
studies that have evaluated only a single PaO2 value [3, 4, 16], and helps explain our
statistically significant results despite a comparatively small sample size. Although this
method required imputation of missing oxygen data, our analysis of missingness indicated
that data were MCAR and our results did not change when we restricted our analysis to only
measured values, supporting the validity of our method.

We acknowledge several important limitations of our study. First, although our single center
database has benefits, it limits the generalizability of our findings compared to previous
multicenter studies [3, 16, 19]. However, both the incidence of severe hyperoxia and patient
outcomes are similar to those reported previously, suggesting that our cohort and care
practices are similar [3, 4, 16]. Second, the relatively small number of patients in certain
sub-populations (e.g. shockable initial rhythm) increases the probability of making type 2
errors when analyzing these predictors. This likely explains why we did not find a
significant association between these well-validated predictors and patient outcomes. Also,
although we controlled for biologically plausible confounders, we cannot assert causality in
the observed associations. Furthermore, our findings may have been biased by excluding
patients who died in <24h and those who were not mechanically ventilated for >24h.

Intensive Care Med. Author manuscript; available in PMC 2016 January 01.
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Patients who recover quickly after ROSC with little or no requirement for mechanical
ventilation are likely physiologically different from the patients included in our analysis,
with different potential to benefit from hyperoxia or normoxia. The same may be true of
those who do not survive >24h. Our findings cannot be reliably generalized to these
subpopulations. Additionally, a majority of our patients were managed with mild therapeutic
hypothermia, which has been demonstrated to reduce oxidative stress after CA [29,36]. Our
local practice during this study period was to target a temperature of 33°C for 24h regardless
of arrest rhythm. Given the recent findings of Nielsen, et al. [37], targeting a core
temperature of 33°C may become less common, and we advocate caution in generalizing our
findings to patients treated with different management strategies.

In conclusion, we found that severe hyperoxia is independently associated with decreased
survival to hospital discharge. By contrast, moderate or probable hyperoxia was not
associated with decreased survival and was associated with improved organ function at 24h.
Our findings suggest that a PaO2>300mmHyg is potentially dangerous after CA, but that
exposure to moderate hyperoxia may improve organ function and survival.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Hourly oxygen exposure and arterial blood gas data after cardiac arrest. A) Median (IQR)

fraction of inspired oxygen by hour after return of spontaneous circulation (ROSC); B)
Mean partial pressure of arterial oxygen by hour after ROSC; C) Proportion of patients with
PaO2 measured each hour.

Intensive Care Med. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Elmer et al.

Baseline population characteristics

Overall cohort

Characteristic (n=184)
Demographics

Age (years) 60 + 16
Male sex 99 (54%)

Arrest characteristics
Time of arrest
Daytime
Night or weekend
Arrest location
In-hospital
Out-of-hospital
Initial rhythm
VTIVF
PEA/asystole
Therapeutic hypothermia
Pittsburgh Cardiac Arrest Category
1
2
3
4
Physiologic and ventilator data
Initial PaO2:FiO2 ratio
Cumulative vasopressor index
Dynamic compliance (mL/cm H,0)

Initial PaO, (MmHg)

Mean three highest glucoses (mg/dL)

Time to first ventilator wean (h)

N vent weans in first 24h

102 (55%)
82 (45%)

79 (43%)
105 (57%)

70 (38%)
114 (62%)
121 (66%)

31 (17%)
69 (38%)
32 (17%)
52 (28%)

239 £ 137

18+54

29+123

212 +£118.0
235+ 146
6.4+6.3
2515

Table 1

Page 12

Results are presented as mean +/- standard deviation or number (%). Abbreviations: \VF — ventricular fibrillation; VT — ventricular tachycardia;

PEA - pulseless electrical activity; PaO2 — partial pressure of arterial oxygen; FiO2 — fraction of inspired oxygen
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Table 2

Duration of arterial oxygen exposure in the first 24 hours after return of spontaneous circulation in a cohort of
cardiac arrest survivors

Overall Survivors  Non-survivors
Oxygen exposure category Mean+SD Range Mean +SD Mean + SD
Severe hyperoxia 14+£22 0-125 093+17 1.7+£25
Moderate or probable hyperoxia 9.5+6.6 0-24 9.7+6.9 9.4+6.3
Normoxia 129+6.9 0-24 13.3+6.9 12.6 £6.9
Hypoxia 02+0.7 0-5.0 0.1+0.6 0.3+0.9

Results are presented in hours.
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Unadjusted odds of survival to hospital discharge for candidate predictor variables and multivariable model

Unadjusted model
Unadjusted OR (95% CI)

Predictor

P value

Arterial oxygen (per hour)
Severe hyperoxia
Moderate or probable hyperoxia
Normoxia
Hypoxia
Age
Male sex
Out-of hospital arrest location
Initial shockable rhythm
Therapeutic hypothermia used
Night or weekend arrest
Pittsburgh Cardiac Arrest Category
1
2
3
4
Initial cardiovascular index
Initial pulmonary compliance
Glucose (per 25mg/dL change)
Time to first ventilator wean

N vent weans in first 24h

0.84 (0.72 - 0.98)
1.01 (0.96 — 1.05)
1.01 (0.97 - 1.06)
0.74 (0.47 - 1.16)
1.01 (0.99 - 1.03)
0.69 (0.39 — 1.24)
0.64 (0.36 — 1.16)
1.76 (0.96 — 3.20)
0.24 (0.12 - 0.46)
1.15 (0.64 — 2.06)

Ref
0.60 (0.24 — 1.49)
0.32 (0.11 - 0.90)
0.06 (0.02 — 0.19)
0.83 (0.70 - 0.98)
1.00 (0.98 — 1.02)
0.83 (0.74 - 0.92)
0.98 (0.93 - 1.03)
0.97 (0.80 - 1.17)

0.02
0.79
0.54
0.20
0.25
0.21
0.14
0.07
<0.001
0.64

Ref
0.27
0.03

<0.001
0.03
0.96
0.001

0.38

0.74

Multivariable model

Predictor

Adijusted OR (95% CI)

P value

Severe hyperoxia (per hour)
Out-of hospital arrest location
Initial shockable rhythm
Therapeutic hypothermia used
Pittsburgh Cardiac Arrest Category

1

2

3

4
Initial cardiovascular index

Glucose (per 25mg/dL change)

0.83 (0.69 — 0.99)
1.76 (0.68 — 4.58)
1.31 (0.59 - 2.92)
0.18 (0.07 - 0.48)

Ref
1.79 (0.54 — 5.89)
1.00 (0.28 - 3.57)
0.18 (0.05 - 0.76)
0.85 (0.68 — 1.06)
0.88 (0.78 — 0.99)

0.04

0.25

0.51
0.001

Ref
0.34
0.99
0.02
0.14
0.04
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Unadjusted associations between candidate predictors and modified SOFA score at 24 hours and multivariable

Table 4
model
Unadjusted model

Predictor Unadjusted OR (95% c1)* P value
Arterial oxygen (per hour)

Severe hyperoxia 1.00 (0.89 - 1.12) 0.97

Moderate or probable hyperoxia 0.94 (0.90-0.97) 0.001

Normoxia 1.06 (1.02 - 1.10) 0.003

Hypoxia 1.49 (1.06 — 2.10) 0.02
Age 1.00 (0.98 - 1.01) 0.53
Male sex 1.74 (1.05 - 2.89) 0.03
Out-of hospital arrest location 0.88 (0.52 — 1.49) 0.64
Initial shockable rhythm 1.08 (0.64 — 1.82) 0.77
Therapeutic hypothermia used 1.92 (1.11-3.33) 0.02
Night or weekend arrest 0.71(0.43-1.18) 0.18
Pittsburgh Cardiac Arrest Category

1 Ref Ref

2 1.37 (0.62 — 2.99) 0.44

3 2.20 (0.85-5.71) 0.10

4 3.03 (1.33-6.90) 0.008
Initial cardiovascular index 1.28 (1.12 - 1.47) <0.001
Initial pulmonary compliance 0.99 (0.97 - 1.01) 0.29
Glucose (per 25mg/dL change) 1.10 (1.05-1.14) <0.001
Time to first ventilator wean 1.12 (1.07-1.17) <0.001
N vent weans in first 24h 0.93(0.78 - 1.10) 0.40

Multivariable model

Predictor Adjusted OR (95% cI)* P value
Composite oxygen exposure score 0.92 (0.87 - 0.98) <0.01
Male sex 1.59 (0.91-2.78) 0.11
Therapeutic hypothermia used 2.87 (1.35-6.10) <0.01
Night or weekend arrest 0.69 (0.39-1.12) 0.21
Pittsburgh CA Category

1 Ref Ref

2 0.80 (0.30-2.13) 0.66

3 0.67 (0.24 — 1.90) 0.45

4 1.25 (0.44 — 3.55) 0.67
Initial cardiovascular index 1.20 (1.03 - 1.40) 0.02
Glucose (per 25mg/dL change) 1.07 (1.02 -1.11) <0.01
Time to first ventilator wean 1.06 (1.00 - 1.12) 0.04
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*
Odds ratios are presented per 1 unit increase in SOFA score.
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