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eMETHODS 
 
Informed consent 
 
    The current trial had the following 5 characteristics, which are very similar with the 
criteria issued by the United States Food and Drug Administration for exception to 
informed consent.1 Briefly, these characteristics comprise the 1) addressing of a life-
threatening condition (i.e. vasopressor-requiring cardiac arrest); 2) publication of 
evidence that current vasopressor treatments are not satisfactory,2 during the study’s 
period of conduct; 3) inability to otherwise carry out the research on a potentially 
promising, new treatment (see also Introduction of main manuscript); 4) inability to 
timely obtain informed consent (i.e. before study drug administration): patients were 
actually enrolled during cardiopulmonary resuscitation (CPR), and more specifically, at 
the time point at which vasopressor administration was recommended by the 
contemporary guidelines for resuscitation;3-6 and 5) the results of our preliminary study4 
suggested that the vasopressin-steroids-epinephrine (VSE) combination during CPR was 
not associated with any additional risk compared with those associated with the patient’s 
medical condition and standard, epinephrine-only treatment. 
    As in prior cardiac arrest trials, including our preliminary study,4-6 consent was not 
obtained for the CPR drug combination. However, after the CPR procedure, the trial was 
explained to the patients’ relatives verbally by the attending investigator, who also 
provided them with a detailed, study information sheet. This information sheet clearly 
specified that if there were any next-of-kin objections, the patient would be withdrawn 
from the study;4,5 however, as also reported by prior studies,4,5 there were no objections. 
Informed, written next-of-kin consent, and non-written patient consent (whenever 
feasible) were requested and obtained in the postresuscitation period for the use of stress-
dose hydrocortisone in postresuscitation shock. This consent process should be termed 
"deferred consent." The study was approved by the Institutional Review Boards of all 3 
participating centers.  
 
Definitions of organ/system failures 
    Circulatory failure was defined as inability to maintain mean arterial pressure >70 
mmHg (9.3 kPa) without using vasopressors after volume loading,4,7  respiratory failure as 
ratio of arterial oxygen partial pressure-to-inspired oxygen fraction of ≤200 mmHg, 4  
coagulation failure as platelet count of ≤50x103/μL (50x109/L),4 hepatic failure as serum 
bilirubin concentration of ≥6 mg/dL (102.6 μmol/L),4 renal failure as serum creatinine of 
≥3.5 mg/dL (309.4 μmol/L) and/or requirement of renal-replacement therapy,4  and 
neurologic failure as Glasgow Coma Score of ≤9.4  

    Any neurological evaluation comprising the determination of the Glasgow Coma Score 
was to be considered as consistent with a subsequent, poor neurological outcome [i.e. 
Cerebral Performance Category (CPC) score of 38 at hospital discharge], when the 
patient was unresponsive to simple commands (e.g. "open/close your eyes," or "take a 
deep breath", or "take/shake my hand") at 48 hours following the discontinuation of any 
sedative medication. 
 

Calculation of organ failure free days and ventilator free days. 
    The number of days without organ or system failure was calculated by subtracting the 
number of days with organ failure from the lesser of 60 days or the number of days to 
death.4 Accordingly, the number of ventilator free days was calculated by subtracting the 
number of days with any use of ventilatory assistance from the lesser of 60 days or the 
number of days to death.4 
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Determination of the CPC score 
     The CPC score8 was determined on the day of hospital discharge of survivors. Eleven 
blinded investigators (7 in Evaggelismos and 2 in each one of the other 2 study centers) 
collected the data by patient chart review and in-person interview. 
    Briefly, The CPC8 is a 5-point scale in which 1 = good cerebral performance: patient is 
conscious, alert, and able to lead a normal life, including working; 2 = moderate cerebral 
disability: patient is conscious and has sufficient cerebral function for independent 
activities of daily life; disorders such as hemiplegia, seizures, ataxia, dysphasia, cognitive 
changes, and/or noncerebral organ system dysfunction causing moderate disability may be 
present; 3 = severe cerebral disability: patient is conscious and ambulatory but dependent 
on others, because of severe memory disturbance or dementia, or patient is paralyzed and 
can communicate only with his/her eyes, as in the locked-in syndrome; severe disability 
from noncerebral organ / system dysfunction may coexist; 4 = coma or vegetative state: 
patient is unconscious and unable of any verbal and/or psychological interaction with the 
environment; and 5 = death: certified brain death. 
 
 
Statistical Analysis 
    Power analyses and study planning. According to preceding results,4 a total sample 
size of 244 patients was required for alpha=0.05 and power=0.80 (see also Statistical 
Analysis subsection of the main manuscript). A target enrolment of 300 patients (i.e. 
18.7% additional patients) would compensate for possible drop-outs or incomplete data. 
The trial was started on September 1, 2008 with a projected enrolment period of 25 
months (i.e. until October 1, 2010). This pre-specified time frame was due to the 
estimated time of publication of the advanced life support (ALS) guidelines 2010.9 These 
guidelines could include a specific recommendation on vasopressin use (e.g. an option of 
combined or consecutive vasopressin / epinephrine administration during CPR), which 
might impact subsequent control group results on study endpoints.  
    The necessary mean enrolment rate for timely trial completion was 12 patients / month. 
If instead a minimum mean rate of 8 patients / month were achieved, this would result in a 
trial population of 200 patients. In such a case, data on survival with favorable 
neurological recovery could be obtainable through a meta-analysis of the results of both 
the current and our preceding single-center trial.4 A single pre-planned interim analysis 
was conducted by the Data Monitoring Committee after the in-hospital follow-up 
completion of 80 patients, in order to establish the proper working of the randomization 
and confirm the total and the per group enrolment rate.  Stopping rules were P <.001 for 
efficacy and P >.1 for futility. Interim analysis results were not disclosed to any study 
personnel involved in the clinical application of the study protocol and the follow-up of 
the patients. 
    Heterogeneity testing. We performed these analyses with the use of Review Manager 
(RevMan version 5.0.1; Copenhagen: The Nordic Cochrane Center, Cochrane 
Collaboration, 2008).  We used the I2 statistic to test for heterogeneity among study 
centers with respect to return of spontaneous circulation (ROSC) and neurologically 
favorable survival. We set cut-off points of I2 ≤ 25%, I2 within 26-49%, and I2 ≥ 50% to 
define low, moderate, and statistically significant heterogeneity, respectively.10,11 We 
analyzed the data with both the DerSimonian-Laird random effects method,12 and the 
Mantel-Haenszel fixed effect method.13  
    Mixed model analysis. We used linear mixed-model analysis to determine the effects 
of group, time, grouptime interaction, study center, and insulin infusion rate, on the 
following responses (dependent variables): mean arterial pressure, ScvO2, arterial blood 
lactate, norepinephrine infusion rate, fluid balance, hemoglobin concentration, arterial 
oxygen saturation, blood glucose, and PaCO2. We also adjusted for blood glucose level, 
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while testing for factors with a previously documented association with blood glucose, 
namely, lactate, norepinephrine infusion rate, and PaCO2 (related references cited in the 
main manuscript). Furthermore, we adjusted for blood glucose while testing for daily 
fluid balance, because hyperglycemia can cause osmotic diuresis, which in turn can affect 
fluid balance.  
    The goodness-of-fit of the models was assessed using Akaike’s information criteria and 
the likelihood ratio test. The latter test enabled us to determine whether one model was 
significantly better compared to another. More specifically, we calculated the difference 
between the -2 restricted log likelihood of the two compared models. The resulting value 
was a chi-square with degrees of freedom equal to the between-model difference in the 
number of independent variables. Subsequently, we looked it up at a chi-square table and 
determined the corresponding level of statistical significance. 
   The significance of the fixed effects was determined by the F test. Pair-wise 
comparisons of estimated marginal means were adjusted for multiplicity using the 
Bonferroni’s correction. The proportion of variance explained by the fitted model was 
determined by linear regression between predicted and observed values. This enabled the 
determination of R2 as 1-(error sum of squares/total sum of squares). 
    Logistic regression. The initial and final models for ROSC and neurologically 
favorable survival in the whole study group and in patients with postresuscitation shock 
are summarized in the main manuscript; regarding initial, non-parsimonious models, we 
selected those with the greatest number of independent predictors of neurologically 
favorable survival. We did not test for interactions. We assessed collinearity by 
determining the variance inflation index and its reciprocal (i.e. tolerance), and the 
condition index.  
    In a pre-specified subgroup analysis (with respect to ROSC) of patients who required 
>5 mg of epinephrine during CPR (n=97), we used the following explanatory variables: 
group, cardiac rhythm, weekday, and time of day. In the subgroup of patients who 
received 5 mg of epinephrine (n=171), ROSC rates were very similar in VSE patients vs. 
controls (89/98, 90.8% vs. 66/73, 90.4%, P > .99 by Fisher’s exact test), and it was 
meaningless to test for the effect of group  
    We sought to prevent overfitting by maintaining >20 observations for each explanatory 
variable.14 Lastly, we performed a 75/25% cross-validation by using 75% of the study 
population or subgroup (training sample) to run the logistic regression, which was then 
tested for accuracy in the remaining 25% of the study population or subgroup (validation 
sample). The cross-validation of all the selected logistic regression models was 
successful, i.e. the proportion of correct case classification in the validation sample was 
from -1.2% to +4.3% of the correct classification in the training sample.  
    Cox regression. We used multivariate Cox regression to analyze survival data from the 
whole study group, the postresuscitation shock subgroups, 2 pre-specified subgroups of 
patients who required >5 mg or 5mg of epinephrine during CPR, and post hoc analyses 
subgroups. In all analyses, the proportional hazards assumption (i.e. hazard for any 
individual=fixed proportion of hazard for any other individual) was tested by constructing 
the log minus log plot and visually confirming that the curves were parallel.    
    For the whole study group, tested covariates were the same as those tested in the initial 
logistic regression model, namely, study center, group, cardiac rhythm or atropine use, 
cardiac arrest location, weekday (i.e. working day or holiday) and time of day, cardiac 
arrest cause, epinephrine and bicarbonate dose during resuscitation, and hypothermia. We 
excluded previously reported, time-dependent, predictors of inhospital death, such as peri-
arrest lactate,4,15 and completion of a full course of stress dose hydrocortisone according 
to study protocol.4 We selected the unrestricted model with the greater number of 
independent predictors of in-hospital mortality or unfavorable neurological outcome (i.e. 
CPC score 3 at hospital discharge). We then dropped from the model predictors with 
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non-significant effects, and obtained a final, restricted model of independent predictors. 
We initially used the same predictors in the pre-specified subgroup and post hoc analyses. 
In these analyses, predictors with non-significant effects were finally dropped as required 
to maintain the rule of >20 observations per independent variable.14    
    Regarding lactate, its arterial blood concentration may increase rapidly during CPR.4,15 
In the present study, an accurate determination of the actual, mean peri-arrest lactate level 
(accounting for its time-dependency) was probably not always feasible. For example, 
there were 34 control patients with unsuccessful resuscitation and a reported peri-arrest 
lactate level of 10.54.9 mmol/L (meanSD); in these patients, lactate was measured once 
during the first 10 min of ALS;  however, average ALS duration was 28.6 min, and the 
likely continuously increasing lactate level was not re-determined (e.g. just prior to ALS 
termination); consequently, the reported peri-arrest lactate level on the basis of the 
aforementioned, single, early ALS lactate measurement may have underestimated the 
actual mean peri-arrest lactate.      
    Regarding the post-ROSC steroid treament, we chose to use "at least 1 dose of 
hydrocortisone in postresuscitation shock,16" instead of "full course of hydrocortisone." 
The selected covariate is time-independent, and accounts for patients who did not survive 
long enough to complete a full course of steroids. We tested this covariate in a sensitivity 
analysis that did not include group; it would be meaningless to include group and "use of 
steroids" in the same Cox model, since these factors were associated by study protocol.    
   
 
 
 
 
 
 
 
 
 



6 

© 2013 American Medical Association. All rights reserved. 
 

 
eRESULTS 
 
1] BASELINE CHARACTERISTICS AND CAUSES OF CARDIAC ARREST 
Results are provided in eTable 1:  
 
eTable 1. Patient characteristics before cardiac arrest and causes of cardiac arrest. 
 
Characteristic Control Group (n = 138) VSE Group (n = 130) 
Age, mean (SD), y 62.8 (18.6) 63.2 (17.6) 
Male sex, No. (%) 88 (63.8) 95 (73.1) 
Body mass index, mean (SD)a 25.4 (3.8) 25.8 (4.6) 
Hospital stay before arrest, median (IQR), d 2 (1-6) 5 (1-11) 
Cardiovascular comorbidity, No. (%)   
  Hypertension 77 (55.8) 64 (49.2) 
  Coronary artery disease 44 (31.9) 44 (33.8) 
  Diabetes 30 (21.7) 34 (26.2) 
  Peripheral vascular disease 24 (17.4) 34 (26.2) 
  Cardiac arrhythmia 27 (19.6) 25 (19.2) 
  Valvular heart disease 18 (13.0) 21 (16.2) 
  Cardiac conduction disturbances 6 (4.3) 15 (11.5) 
Noncardiovascular comorbidity, No. (%)b 77 (55.8) 74 (56.9) 
Hospital admission cause, No. (%)c   
  Acute cardiovascular disease 36 (26.1) 39 (30.0) 
  Acute respiratory disease 39 (28.3) 26 (20.0) 
  Acute digestive disease 34 (24.6) 22 (16.9) 
  Acute neurologic disease 11 (8.0) 16 (12.3) 
  Trauma 13 (9.4) 13 (10.0) 
  Malignancy 11 (8.0) 11 (8.5) 
  Acute renal disease 9 (6.5) 8 (6.2) 
  Other 6 (4.4) 8 (6.2) 
Cause of cardiac arrest, No.(%)d   
  Hypotension 51 (37.0) 61 (46.9) 
  Respiratory depression or failuree 52 (37.7) 42 (32.3) 
  Myocardial ischemia/infarction 24 (17.4) 30 (23.1) 
  Metabolic 21 (15.2) 11 (8.5) 
  Life-threatening/lethal arrhythmiaf 11 (8.0) 8 (6.2) 
  Otherg 1 (0.7) 2 (1.5) 
Abbreviations: VSE, vasopressin-steroids-epinephrine; IQR, interquartile range. 
aCalculated as weight in kilograms divided by height in meters squared. 
bIncludes chronic respiratory, neurologic, digestive, renal, endocrine, autoimmune, and musculoskeletal 
disease, malignancy, and immunosuppression; 16 controls (11.6%) and 10 VSE group patients (7.7%) had 
prior treatment with inhaled corticosteroids. 
cSome patients had more than 1 cause of hospital admission; “other” causes included 2 cases each of 
urosepsis (ie, acute pyelonephritis causing septic shock), lower extremity gangrene, and scheduled resection 
of a benign tumor and 1 case each of thermal injury, portal vein thrombosis, visceral hemangiomatosis, 
diabetic ketoacidosis, cervical abscess, rheumatoid arthritis exacerbation, fistula formation between the 
small intestine and urinary bladder, and scheduled bone marrow transplantation. 
dSome patients had more than 1 major disturbance precipitating the cardiac arrest. 
eRespiratory depression occurring during spontaneous breathing; respiratory failure occurring after 
endotracheal intubation and initiation of mechanical ventilation.  
fCorresponds to the presence of prearrest, electrocardiographic evidence of (1) bradycardia <40/min and 
complete heart block with broad (>0.12 seconds) QRS complex3 (n = 14; control, n = 9), followed by 
asystole (n = 10; control, n = 8), or pulseless electrical activity (n = 4; control, n = 1); or (2) broad-complex 
tachycardia,3 followed by ventricular fibrillation (n = 5; control, n = 2). The occurrence of these arrhythmias 
might be associated with acute intracranial or concurrent thoracic traumatic pathology (n = 11; control, n = 
8) and/or myocardial ischemia (n = 10; control, n = 4). Seven of 14 patients (control, n = 3) who 
experienced the life-threatening bradycardia also had a history of cardiac conduction disturbances. 
fIncludes 2 cases of permanent pacemaker malfunction and 1 case of tracheal rupture during percutaneous 
dilatational tracheostomy. 
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2] HETEROGENEITY TESTING 
 
    Results of heterogeneity testing among centers with respect to ROSC and 
neurologically favoranle survival are presented in the below provided eFigures 1 and 2:.  
 

 
 
eFigure 1. Results on heterogeneity among centers for the return of spontaneous 
circulation (ROSC). VSE, Vasopressin-Steroids-Epinephrine  group; CI, confidence 
interval; Event, failure to achieve ROSC 
 
 
 
 

 
 
eFigure 2. Results on heterogeneity among centers for survival with a Cerebral 
Performance Category (CPC) score of 1 or 2; VSE, Vasopressin-Steroids-Epinephrine 
group; CI, confidence interval; Event, inhospital death or survival to hospital discharge 
with a CPC score of 3 or more.  
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3] MULTIVARIATE LOGISTIC REGRESSION 
 
The parsimonious logistic regression models for ROSC and neurologically favorable survival are provided in the following eTables:  
 

95% CI for Exp(B) eTable 2. Logistic Regression Model: ROSC for 20 min in the 
Total Study Population  

(VSE, n=130; Control, n=138) 

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=OR Lower Upper 

Group (VSE vs. Control) 1.1 0.4 7.9 1 .005 2.98 1.39 6.40 

Rhythm (VF/VT vs. Asystole/PEA) 1.3 0.6 5.0 1 .03 3.52 1.17 10.63 

Holiday vs. Working Day -1.8 0.4 20.7 1 <.001 0.17 0.08 0.37 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) -1.6 0.4 16.3 1 <.001 0.21 0.10 0.45 

Epinephrine dose (mg) during CPR -0.3 0.0 30.5 1 <.001 0.77 0.71 0.85 

Constant 3.3 0.5 51.7 1 <.001 26.16     

 
ROSC, return of spontaneous circulation; VSE, vasopressin-steroids-epinephrine; VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical 
activity; CPR, cardiopulmonary resuscitation; CI, confidence interval; EXP, exponent; OR, odds ratio.  
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95% CI for Exp(B) eTable 3. Logistic Regression Model: ROSC for 20 min in the 
Additional Epinephrine Subgroup   

(VSE, n=32; Control, n=65) 

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=OR Lower Upper 

Group (VSE vs. Control) 0.87 0.52 2.84 1 .09 2.39 0.87 6.61 

Rhythm (VF/VT vs. Asystole/PEA) 1.35 0.70 3.71 1 .05 3.85 0.98 15.20 

Holiday vs. Working Day -1.63 0.53 9.60 1 .002 0.20 0.07 0.55 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) -1.86 0.62 8.95 1 .003 0.16 0.05 0.53 

Constant 0.45 0.37 1.45 1 .23 1.57     

 
    ROSC, return of spontaneous circulation; Additional Epinephrine Subgroup, patients who received >5 mg of epinephrine during CPR; VSE, vasopressin-steroids-
epinephrine; VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary resuscitation; CI, confidence interval; 
Exp, exponent; OR, odds ratio.  
    In the additional epinephrine subgroup, VSE patients vs. controls had no significant difference in the number of potentially reversible disorders during CPR (meanSD, 
2.20.8 vs. 2.50.9, P=.15); the same was true for the no additional epinephrine subgroup (meanSD, 2.11.1 vs. 1.81.0, P=.06). 
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95% CI for Exp(B) eTable 4. Logistic Regression Model: Neurologically 
Favorable Survival in the Total Study Population 

(VSE, n=130; Control, n=138) 

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=OR Lower Upper 

Group (VSE vs. Control) 1.19 0.53 5.08 1 .02 3.28 1.17 9.20 

Cause (Cardiac vs. Non-Cardiac) 1.30 0.49 7.09 1 .008 3.68 1.41 9.62 

Atropine (Use vs. No Use) -1.37 0.57 5.67 1 .02 0.26 0.08 0.79 

Epinephrine dose (mg) during CPR -0.32 0.12 7.37 1 .007 0.73 0.58 0.92 

Hypothermia (Use vs. No Use) 1.06 0.48 4.92 1 .03 2.90 1.13 7.41 

Constant -1.52 0.70 4.77 1 .03 0.22     
VSE, vasopressin-steroids-epinephrine; CPR, cardiopulmonary resuscitation; CI, confidence interval; EXP, exponent; OR, odds ratio.  
 
 
 

95% CI for Exp(B) eTable 5. Logistic Regression Model: 
Neurologically Favorable Survival in 

Postresuscitation Shock  
(VSE, n=76; Control, n=73)   

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=OR Lower Upper 

Group (VSE vs. Control) 1.32 0.58 5.19 1 .02 3.74 1.20 11.62 

Cause (Cardiac vs. Non-Cardiac) 1.65 0.56 8.84 1 .003 5.21 1.76 15.45 

Atropine (Use vs. No Use) -1.08 0.63 2.94 1 .09 0.34 0.10 1.17 

Epinephrine dose (mg) during CPR -0.27 0.13 4.59 1 .03 0.76 0.59 0.98 

Hypothermia (Use vs. No Use) 0.95 0.53 3.18 1 .08 2.58 0.91 7.34 

Constant -1.74 0.74 5.62 1 .02 0.18     
VSE, vasopressin-steroids-epinephrine; CPR, cardiopulmonary resuscitation; CI, confidence interval; EXP, exponent; OR, odds ratio. 
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95% CI for Exp(B) eTable 6. Post hoc Analysis,  
Logistic Regression Model: Neurologically Favorable Survival 

at One Year after the Cardiac Arrest 
 (VSE, n=130; Control, n=138)   

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=OR Lower Upper 

Group (VSE vs. Control) 0.90 0.60 2.26 1 0.13 2.46 0.76 7.99 

Cause (Cardiac vs. Non-Cardiac) 0.85 0.58 2.18 1 0.14 2.34 0.76 7.23 

Atropine (Use vs. No Use) -1.31 0.63 4.32 1 0.04 0.27 0.08 0.93 

Epinephrine dose (mg) during CPR -0.30 0.14 4.60 1 0.03 0.74 0.57 0.98 

Hypothermia (Use vs. No Use) 0.69 0.57 1.47 1 0.23 1.98 0.66 6.01 

Constant -1.63 0.79 4.27 1 0.04 0.20     

 
VSE, vasopressin-steroids-epinephrine; CPR, cardiopulmonary resuscitation; SE, standard error; CI, confidence interval; EXP, exponent; OR, odds ratio.   
One-year neurologically favorable survival (VSE group vs. Control group: 11/130 vs. 5/138, P = .12 by Fisher’s exact test) was determined by examining the survivors after 
contacting them and/or their families, according to a post-study completion suggestion of the Data Monitoring Committee. The last neurologically intact survivor (age: 20 
years; cardiac arrest cause: hypotension due to postoperative tension hydrothorax) was enrolled in the study on September 4, 2010 and discharged from the hospital 27 days 
thereafter. However, due to a temporary lack of cooperation,17,18 the patient’s post-discharge CPC score was actually evaluated on April 2012. Thus, there was a time lag of 
approximately 18-19 months between the in-hospital follow-up completion and the end of the collection of the 1-year postresuscitation data. However, the reporting of the 
neurological outcome at 1-year is considered as "essential",1 as it may also enable  an assessment of the maximum level of recovery from the original anoxic or ischemic 
event of the cardiac arrest.19 Results on one-year survival with CPC score of 1 or 2 are summarized in Table 3 of the main manuscript, and detailed above. 
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4] COX REGRESSION 
 
The final, restricted models of the Cox regression analysis for Poor Outcome (i.e. Death or Neurologically Unfavorable Survival with CPC score 
of 3 or 4) are tabulated below:  
 

95% CI for Exp(B) eTable 7. Restricted Cox Model for Poor Outcome (i.e. Death or 
Neurologically Unfavorable Survival) in the Total Study 

Population  (VSE, n=130; Control, n=138)   

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=HR Lower Upper 

Group (VSE vs. Control) -0.35 0.14 6.75 1 .009 0.70 0.54 0.92 

Rhythm (VF/VT vs. Asystole/PEA) -0.42 0.19 5.09 1 .02 0.65 0.45 0.95 

NaHCO3 dose in units of 45 mmol 0.09 0.04 6.80 1 .009 1.10 1.02 1.17 

Holiday vs. Working day  0.33 0.15 4.68 1 .03 1.39 1.03 1.86 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) 0.35 0.14 5.76 1 .02 1.41 1.07 1.87 

Epinephrine dose (mg) during CPR 0.09 0.02 28.28 1 <.001 1.09 1.06 1.13 

Hypothermia (Use vs. no Use) -0.77 0.16 23.62 1 <.001 0.46 0.34 0.63 

 
VSE, vasopressin-steroids-epinephrine; VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary 
resuscitation; CI, confidence interval; EXP, exponent; HR, hazard ratio. 
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95% CI for Exp(B) eTable 8. Cox Model for Poor Outcome (i.e. Death or 
Neurologically Unfavorable Survival) in Postresuscitation 

Shock (VSE, n=76; Control, n=73) 

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=HR Lower Upper 

Group (VSE vs. Control) -0.49 0.19 6.83 1 .009 0.61 0.43 0.89 

Rhythm (VF/VT vs. Asystole/PEA) -0.34 0.26 1.78 1 .18 0.71 0.43 1.18 

NaHCO3 dose in units of 45 mmol 0.18 0.06 9.27 1 .002 1.20 1.07 1.35 

Holiday vs. Working day  -0.41 0.27 2.28 1 .13 0.66 0.39 1.13 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) 0.11 0.22 0.28 1 .60 1.12 0.73 1.72 

Epinephrine dose (mg) during CPR 0.06 0.03 3.54 1 .06 1.06 1.00 1.12 

Hypothermia (Use vs. no Use) -0.56 0.20 7.79 1 .005 0.57 0.38 0.85 

 
VSE, vasopressin-steroids-epinephrine; VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary 
resuscitation; CI, confidence interval; EXP, exponent; HR, hazard ratio. 
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95% CI for Exp(B) eTable 9. Cox Model for Poor Outcome (i.e. Death or 
Neurologically Unfavorable Survival) in Postresuscitation Shock

Sensitivity Analysis for Use or no Use of Hydrocortisone 
(USE, n=90; NO USE, n=59) 

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=HR Lower Upper 

At least 1 post-arrest dose of Hydrocortisone  -0.60 0.19 10.04 1 .002 0.55 0.38 0.79 

Rhythm (VF/VT vs. Asystole/PEA) -0.33 0.25 1.70 1 .19 0.72 0.44 1.18 

NaHCO3 dose in untis of 45 mmol 0.20 0.06 10.81 1 .001 1.22 1.08 1.37 

Holiday vs. Working day  -0.44 0.27 2.56 1 .11 0.65 0.38 1.10 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) 0.10 0.22 0.22 1 .64 1.11 0.72 1.70 

Epinephrine dose (mg) during CPR 0.05 0.03 3.20 1 .07 1.06 1.00 1.12 

Hypothermia (Use vs. no Use) -0.49 0.20 5.95 1 .02 0.61 0.41 0.91 

 
VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary resuscitation; CI, confidence interval; EXP, 
exponent; HR, hazard ratio. 
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95% CI for Exp(B) eTable 10A. Cox Model for Poor Outcome (i.e. Death or Neurologically 
Unfavorable Survival) in the Additional Epinephrine Subgroup  

(VSE, n= 32; Control, n= 65) 
Beta 

Coefficient

SE of 

Beta 

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=HR Lower Upper 

Group (VSE vs. Control) 0.34 0.23 2.23 1 .14 0.71 0.45 1.11 

NaHCO3 dose in units of 45 mmol 0.04 0.05 0.76 1 .38 1.04 0.95 1.15 

Epinephrine dose (mg) during CPR 0.05 0.03 4.55 1 .03 1.06 1.00 1.11 

Hypothermia (Use vs. no Use) -1.06 0.30 12.14 1 <.001 0.35 0.19 0.63 

 
Additional Epinephrine Subgroup, patients who received >5 mg of epinephrine during CPR; VSE, vasopressin-steroids-epinephrine; CPR, cardiopulmonary resuscitation; CI, 
confidence interval; EXP, exponent; HR, hazard ratio. 
Analysis truncated to day 16, because less than 10% of the initial subgroup population was still in follow up.  
 
 

95% CI for Exp(B) eTable 10B. Cox Model for Poor Outcome (i.e. Death or 
Neurologically Unfavorable Survival) in the  

No Additional Epinephrine Subgroup  
(VSE, n= 98; Control, n= 73) 

Beta 

Coefficient

SE of 

Beta 

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=HR Lower Upper 

Group (VSE vs. Control) 0.21 0.17 1.57 1 .21 0.81 0.58 1.13 

Rhythm (VF/VT vs. Asystole/PEA) -0.13 0.24 0.30 1 .59 0.88 0.54 1.41 

NaHCO3 dose in units of 45 mmol 0.11 0.06 3.75 1 .05 1.12 1.00 1.26 

Holiday vs. Working day  -0.07 0.23 0.10 1 .76 0.93 0.60 1.45 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) 0.29 0.19 2.34 1 .13 1.34 0.92 1.93 

Epinephrine dose (mg) during CPR 0.24 0.06 13.75 1 <.001 1.27 1.12 1.44 

Hypothermia (Use vs. no Use) -0.49 0.19 6.56 1 .01 0.61 0.42 0.89 

 
No Additional Epinephrine Subgroup, patients who received 5 mg of epinephrine during CPR; VSE, vasopressin-steroids-epinephrine; VF/VT, ventricular 
fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary resuscitation; CI, confidence interval; EXP, exponent; HR, hazard 
ratio. 
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95% CI for Exp(B) eTable 11. Cox Model for Poor Outcome (i.e. Death or 
Neurologically Unfavorable Survival) in Patients without Crossovera

(VSE, n=130; Control, n=123) 

Beta 

Coefficient

SE of 

Beta 

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=HR Lower Upper 

Group (VSE vs. Control) -0.45 0.14 10.15 1 .001 0.64 0.49 0.84 

Rhythm (VF/VT vs. Asystole/PEA) -0.43 0.19 4.98 1 .03 0.65 0.45 0.95 

NaHCO3 dose in units of 45 mmol 0.10 0.04 7.47 1 .006 1.10 1.03 1.18 

Holiday vs. Working day  0.33 0.15 4.81 1 .03 1.40 1.04 1.88 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) 0.34 0.15 5.21 1 .02 1.40 1.05 1.86 

Epinephrine dose (mg) during CPR 0.08 0.02 23.08 1 <.001 1.08 1.05 1.12 

Hypothermia (Use vs. no Use) -0.66 0.16 16.44 1 <.001 0.52 0.37 0.71 

 
VSE, vasopressin-steroids-epinephrine; VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary 
resuscitation; CI, confidence interval; EXP, exponent; HR, hazard ratio. 
a, Crossover refers to 15 controls, who received open label hydrocortisone for postresuscitation shock: thus, in the postresuscitation period of days 1-10, these patients were 
not treated as randomized.  
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95% CI for Exp(B) eTable 12. Cox Model for Poor Outcome (i.e. Death or 
Neurologically Unfavorable Survival) in the  

EPI/Steroid (n=15) vs. EPI/No Steroid (n=58) Subgroups 
 of the Control group 

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=HR Lower Upper 

Group (Epi/Steroid vs. Epi/No Steroid) -0.69 0.35 3.84 1 .05 0.50 0.25 1.00 

NaHCO3 dose in untis of 45 mmol 0.21 0.10 4.80 1 .03 1.24 1.02 1.50 

Epinephrine dose (mg) during CPR 0.06 0.04 2.50 1 .11 1.06 0.99 1.13 

Hypothermia (Use vs. no Use) -0.34 0.27 1.53 1 .22 0.71 0.42 1.22 

 
EPI/Steroid, subgroup of controls with postresuscitation shock, who received open label hydrocorticone during days 1-10 post-randomization; EPI/No Steroid, subgroup of 
controls with postresuscitation shock, who received saline placebo during days 1-10, in accordance with the study protocol; VSE, vasopressin-steroids-epinephrine; CPR, 
cardiopulmonary resuscitation; CI, confidence interval; EXP, exponent; HR, hazard ratio. 
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5] THE NON-PARSIMONIOUS LOGISTIC REGRESSION MODELS FOR ROSC AND NEUROLOGICALLY FAVORABLE 
SURVIVAL SHOWING THE EFFECT OF CENTER 
 

95% CI for Exp(B) eTable 13. Logistic Regression Model: ROSC for 20 min in 
the Total Study Population  

(VSE, n=130; Control, n=138) 

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=OR Lower Upper 

Study Center  (overall)     4.76 2 .09       

Evaggelismos vs. Larissa  -1.01 0.51 3.99 1 .046 0.36 0.14 0.98 

Evaggelismos vs. 401 Military hospital  -0.69 0.53 1.67 1 .20 0.50 0.18 1.43 

Group (VSE vs. Control) 1.00 0.40 6.16 1 .01 2.72 1.23 5.98 

Cause (Cardiac vs. Non-Cardiac) 0.01 0.44 0.00 1 .99 1.01 0.42 2.39 

Area (Monitored vs. non-Monitored) 0.31 0.40 0.62 1 .43 1.36 0.63 2.96 

Rhythm (VF/VT vs. Asystole/PEA) 1.44 0.59 6.04 1 .01 4.21 1.34 13.24 

NaHCO3 dose in units of 45 mmol 0.16 0.11 2.31 1 .13 1.17 0.96 1.44 

Holiday vs. Working Day -1.88 0.41 21.41 1 <.001 0.15 0.07 0.34 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) -1.67 0.40 17.13 1 <.001 0.19 0.09 0.42 

Epinephrine dose (mg) during CPR -0.29 0.05 31.54 1 <.001 0.75 0.67 0.83 

Constant 3.45 0.56 38.75 1 <.001 31.58     
ROSC, return of spontaneous circulation; VSE, vasopressin-steroids-epinephrine; VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical 
activity; CPR, cardiopulmonary resuscitation; CI, confidence interval; EXP, exponent; OR, odds ratio.  
Comment: The significant effect of the Larissa hospital vs, Evaggelismos was not observed in the subsequently presented, non-parsimonious model for neurologically 
favorable survival; also, the overall effect of center on ROSC was non-significant. 
 



19 

© 2013 American Medical Association. All rights reserved. 
 

 

95% CI for Exp(B) eTable 14. Logistic Regression Model: Neurologically Favorable 
Survival in the Total Study Population 

(VSE, n=130; Control, n=138) 

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=OR Lower Upper 

Study Center  (overall)     0.31 2 .86       

Larissa vs. Evaggelismos -0.10 0.64 0.03 1 .87 0.90 0.26 3.18 

Evaggelismos vs. 401 Military hospital  -0.47 0.86 0.30 1 .59 0.63 0.12 3.35 

Group (VSE vs. Control) 1.13 0.55 4.15 1 .04 3.09 1.04 9.16 

Cause (Cardiac vs. Non-Cardiac) 1.49 0.53 8.01 1 .005 4.42 1.58 12.35 

Atropine (Use vs. No Use) -1.24 0.63 3.89 1 .049 0.29 0.09 0.99 

Area (Monitored vs. non-Monitored) -0.94 0.53 3.13 1 .08 0.39 0.14 1.11 

Holiday vs. Working Day 0.92 0.59 2.41 1 .12 2.50 0.79 7.98 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) -0.31 0.58 0.29 1 .59 0.73 0.24 2.27 

Epinephrine dose (mg) during CPR -0.29 0.13 5.32 1 .02 0.75 0.59 0.96 

NaHCO3 dose in units of 45 mmol -0.28 0.19 2.19 1 .14 0.76 0.52 1.09 

Hypothermia (Use vs. No Use) 1.13 0.51 4.87 1 .03 3.09 1.14 8.42 

Constant -1.20 0.78 2.35 1 .13 0.30     

 
VSE, vasopressin-steroids-epinephrine; CPR, cardiopulmonary resuscitation; CI, confidence interval; EXP, exponent; OR, odds ratio. 
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6] THE UNRESTRICTED COX REGRESSION MODEL SHOWING THE EFFECT OF CENTER 
 

95% CI for Exp(B) eTable 15. Unrestricted Cox Model for Poor Outcome (i.e. 
Death or Neurologically Unfavorable Survival)  

in the Total Study Population 
 (VSE, n=130; Control, n=138)   

Beta 

Coefficient SE of Beta

Wald 

Statistic 

Degrees of 

Freedom P-value Exp(B)=HR Lower Upper 

Study Center  (overall)     2.96 2 .23       

Larissa vs. Evaggelismos 0.25 0.19 1.84 1 .18 1.28 0.89 1.84 

Evaggelismos vs. 401 Military hospital  0.25 0.19 1.67 1 .20 1.28 0.88 1.87 

Group (VSE vs. Control) -0.34 0.14 6.43 1 .01 0.71 0.54 0.93 

Cause (Cardiac vs. Non-Cardiac) -0.28 0.15 3.28 1 .07 0.76 0.56 1.02 

Area (Monitored vs. non-Monitored) 0.15 0.14 1.17 1 .28 1.16 0.89 1.51 

Rhythm (VF/VT vs. Asystole/PEA) -0.42 0.19 4.85 1 .03 0.66 0.46 0.96 

NaHCO3 dose in units of 45 mmol 0.11 0.04 9.01 1 .003 1.12 1.04 1.20 

Holiday vs. Working Day 0.36 0.15 5.43 1 .02 1.43 1.06 1.92 

Night (23:00-07:00) vs. Morning-to-Late Evening (07:00-23:00) 0.37 0.15 6.63 1 .01 1.45 1.09 1.93 

Epinephrine dose (mg) during CPR 0.09 0.02 27.94 1 <.001 1.09 1.06 1.12 

Hypothermia (Use vs. No Use) -0.75 0.16 22.10 1 <.001 0.47 0.35 0.65 

 
VSE, vasopressin-steroids-epinephrine; VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary 
resuscitation; CI, confidence interval; EXP, exponent; HR, hazard ratio. 
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7] SURVIVAL CURVES IN TWO POST HOC AND TWO PRE-SPECIFIED 
SUBGROUPS AND SENSITIVITY ANALYSIS 

 
eFigure 3. Survival curves in the subgroup of patients with no crossover (i.e. treatment 
with hydrocortisone or placebo as randomized) during follow up. (A); the control 
subgroups arising from the treatment (Epi / Steroid) or no treatment (Epi / No Steroid) 
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with open label hydrocortisone for postresuscitation shock; the subgroup of patients who 
required 5 mg of epinephrine during resuscitation (C); the subgroup of patients who 
required >5 mg of epinephrine during resuscitation (D); and the subgroups of patients 
who did or did not receive 1 dose of hydrocortisone for postresuscitation shock (E). 
A, C, D: Black curves correspond to the vasopressin-epinephrine-steroids group (VSE), 
and grey curves correspond to the control group; B: The black curve corresponds to the 
(Epi / Steroid) subgroup, and the grey curve corresponds to the (Epi / No Steroid) 
subgroup; E: The black curve corresponds to patients treated with 1 dose of 
hydrocortisone for postresuscitation shock and the gray curve corresponds to patients not 
treated with hydrocortisone (i.e. the total of the Epi / No Steroid subgroup) plus 1 VSE 
group patient, who did not receive post-arrest hydrocortisone due to pharmacist error (see 
also below, subsection 14). A, B: Post hoc analyses; C, D, Pre-specified subgroup 
analyses; B, D: Analyses truncated to day 42 and 16 (respectively), because <10% of the 
initial sample was still in follow up; E: Sensitivity analysis i.e. "1 dose of steroids" 
included instead of "group" in the Cox regression model for postresuscitation shock; see 
also Statistical Analysis. 
*; Numbers within diagrams are numbers of patients, who were still alive at the 
corresponding time points of follow up.  
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8] MAIN FOLLOW UP RESULTS IN POSTRESUSCITATION SHOCK (DAYS 1-
10 POSTRANDOMIZATION) 
 

 
eFigure 4. Main Results on organ failure free days.  
Results on neurologic failure free days (A), and renal failure free days (B). Results are 
from 76 vasopressin-steroids-epinephrine (VSE) patients and 73 controls with 
postesuscitation shock. Neurologic failure was defined as Glasgow Coma Score of 9 or 
less; VSE vs. control [median (interquartile range, IQR); maximum value] 0 (0-18); 58 vs. 
0 (0-0); 58; P=.005. Renal failure was defined as serum creatinine of ≥3.5 mg/dL (309.4 
μmol/L) and/or requirement of renal-replacement therapy. VSE vs. control [median 
(IQR); maximum value] 2 (0-40); 60 vs. 0 (0-2); 60; P=.009. Thick black lines, median; 
Height of rectangular grey boxes, interquartile range (in A, interquartile range is 0-0 in the 
control group); Dots, individual patient data of the fourth (upper) quartile. 
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eFigure 5. Mean arterial pressure (A and B) and central-venous oxygen saturation (C and 
D) in postresuscitation shock. Grey lines represent control group data, whereas black lines 
represent VSE (vasopressin-epinephrine-steroids) group data; Dots represent mean, and 
error-bars 95% confidence interval of the mean. Insets display results of mixed model 
analyses; F, shows the value of the F statistic for the effects of the fixed factors. Numbers 
just above and along the horizontal axes correspond to numbers of patients with available 
data. In A: inset shows results of mixed model analysis (see also Statistical analysis 
subsection of Methods of the main manuscript and of eMethods); Model information: 
Akaike’s criterion: 6344.2; R2=0.386; (%) variance explained: 38.6%. In A and B: 
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Observed values of mean arterial pressure are significantly higher (P <.05) in the VSE 
group vs. control on days 1, 2, 4, 5, and 10 by independent samples t-test subjected to the 
Bonferroni correction for 11 consecutive comparisons. In C: inset shows results of mixed 
model analysis (see also the above-mentioned Statistical Analysis Subsections); Model 
information: Akaike’s criterion: 4886.4; R2=0.787; (%) variance explained: 78.7%. In C 
and D: Observed values of central venous oxygen saturation are significantly higher (P 
<.05) in the VSE group vs. control at 4 hours postresuscitation and on days 1, 2, and 4-10 
by independent samples t-test subjected to the Bonferroni correction for 11 consecutive 
comparisons. Results reflect a better VSE group response to similar vasopressor support 
titrated to a relatively wide mean arterial pressure target range of 70-100 mmHg (see also 
Appendix). 
1 mm Hg = 0.133 kPa. 
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9] ADDITIONAL EARLY FOLLOW-UP DATA (DAYS 1-10 
POSTRANDOMIZATION) IN POSTRESUSCITATION SHOCK 
    eFigure 6 (in the next page) displays data on norepinephrine infusion rates, daily fluid 
balance and hydrocortisone dose, and average daily blood glucose. eFigure 7 displays data 
on hemoglobin concentration and arterial oxygen saturation, arterial blood lactate, and 
PaCO2. Information on mixed model goodness of fit and percent variance explained is 
appended to the aforementioned Figures, followed by interpretation comments on the 
results as necessary. 
There was no significant effect of group, or study center on any of the aforementioned 
physiological variables. However, there was a significant effect of insulin infusion rate on 
PaCO2.  
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eFigure 6. Results on follow-up variables in patients with postresuscitation shock. Data 
was recorded at 09:00 a.m. of days 1-10; A, B, and D:  Insets display results of mixed 
model analyses; F, shows the value of the F statistic for the effects of the fixed factors; 
Numbers just above and along horizontal axes are numbers of patients with available data.  
A: Norepinephrine infusion rate; B: Cumulative fkuid balance of the preceding 24 hours; 
C: Dose (mg) of hydrocortisone; D: Blood glucose.  
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Additional data for the models in A, B, and D are shown in the following Table:  
 

eTable 17. Mixed Model information for eFigure 6 

Dependent  Variable Goodness of Fit, AIC (%) Variance Explained 

Norepinephrine 228.0   R2 = .469; 46.9%  

Fluid Balance 11480.8   R2 = .432; 43.2% 

Glucose 7229.8   R2 = .726; 72.6% 
 
AIC, Akaike’s Information Criterion; R2 corresponds to a linear regression between 
observed and model-predicted values. 
Comment: Regarding results in eFigure 6D, higher insulin infusion rates were associated 
with higher blood glucose levels, probably reflecting the response of the intensive care 
unit personnel to episodes of hyperglycemia. As an example, as insulin infusion rate 
increased from 0 to 3 U/h, the mixed-model estimated marginal means (ESMs) [95% 
confidence intervals (CIs)] for glucose rose from 127.5 (122.7-132.3) mg/dL to 262.1 
(252.4- 271.7) mg/dL (P < .001 after Bonferroni adjustment).  
 
Conversion factor for Glucose: 1 mg/dL=0.0555 mmol/L. 
 
 



30 

© 2013 American Medical Association. All rights reserved. 
 

 



31 

© 2013 American Medical Association. All rights reserved. 
 

eFigure 7. Results on follow up variables in patients with postresuscitation shock. A-D: 
Data was recorded at 4 hours postresuscitation, and at 09:00 a.m. of days 1-10; Insets 
display results of mixed model analyses; F, shows the value of the F statistic for the 
effects of the fixed factors; Numbers just above and along the horizontal axes indicate 
numbers of patients with available data;  A: Hemoglobin concentration; B: Arterial 
oxygen saturation; C: Arterial blood lactate; D: PaCO2.  
 
Additional data for the models in A-D are shown in the following Table:  
 

eTable 18. Mixed Model information for eFigure 7 

Dependent  Variable Goodness of Fit, AIC (%) Variance Explained 

Hemoglobin Concentration 2783.0   R2 =.751 (75.1%) 

Arterial Oxygen Saturation 3657.2   R2 =.703; 70.0 (%) 

Arterial Blood Lactate 3843.0   R2 =.785 (78.5%) 

PaCO2 5460.0   R2 =.510; (51.0%) 
 
AIC, Akaike’s Information Criterion; R2 corresponds to a linear regression between 
observed and model-predicted values. 
 
Comment: In the model for PaCO2, the adjustment for blood glucose level (see also 
Statistical Analysis) did not affect the significance level of the effect of insulin on PaCO2; 
also, glucose level did not have any significant effect on PaCO2 (P = .38), and was finally 
dropped from the model. The insulin-induced increase in CO2 production (by 
approximately 15%), and consequently, in PaCO2 has been previously documented 
(reference 17 of the main manuscript). Accordingly, as insulin infusion rate increased 
from 0 to 3 U/min, the mixed model-ESMs (95% CIs) for PaCO2 increased from 39.9 
(37.8-41.2) mmHg to 44.1 (41.2-46.9) mmHg (P = .005 after Bonferroni adjustment). 
 
Conversion factors: for hemoglobin: 1 g/dL=10 g/L; 1 mmHg = 0.133 kPa 
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10] EARLY FOLLOW-UP DATA (DAYS 1-10 POSTRANDOMIZATION) IN  
1) THE TOTAL OF SURVIVORS FOR 4 HOURS;  
2) THE SUBGROUPS OF PATIENTS WITH POSTRESUSCITATION SHOCK 
AND NO CROSSOVER; AND  
3) THE CONTROL GROUP SUBGROUPS ACCORDING TO TREATMENT OR 
NO TREATMENT WITH STRESS DOSE HYDROCORTISONE FOR 
POSTRESUSCITATION SHOCK 
     
    For patients with postresuscitation shock, crossover was defined as receiving treatment 
that was opposite to the assigned. This refers to control group patients who received open 
label hydrocortisone for postresuscitation shock, according to the decision of their 
attending physicians.  
    Detailed results on study endpoints (i.e. mean arterial pressure and central venous 
oxygen saturation) are presented in eFigures 8 and 9. Information on mixed model 
goodness of fit and percent variance explained is appended to the aforementioned Figures. 
    Summary mixed model analyses results for norepinephrine infusion rate, daily fluid 
balance, blood glucose, hemoglobin concentration, arterial oxygen saturation, arterial 
blood lactate, and PaCO2 are presented in eTables 21, 22, and 23. 
    Presented results are followed by interpretation comments as necessary. 
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eFigure 8. Main, early follow-up results in 3 subgroups. Results on mean arterial pressure 
in the total of the survivors for 4 hours or more (A), the patients with postresuscitation 
shock and no crossover (B), and the non-crossover subgroup of controls with 
postresuscitation shock (Epi / No Steroid) vs. those who received hydrocortisone for 
postresuscitation shock (Epi / Steroid) (C). Data was recorded at 4 hours 
postresuscitation, and at 09:00 a.m. of days 1-10; Insets display results of mixed model 
analyses; F, shows the value of the F statistic for the effects of the factors; Numbers along 
horizontal axes indicate numbers of patients with available data. 
 
Additional data for the models in A-C are shown in the following Table:  
 

eTable 19. Mixed Model information for eFigure 8 

Dependent  Variable Goodness of Fit, AIC % Variance Explained 

MAP in the Total of Survivors for 4 h 7192.0    R2 = .400; (40.0%) 

MAP in Patients with Postresuscitation shock  

and no crossover 

 

5582.9   R2 = .377; (37.7%) 

MAP in EPI / Steroid vs. EPI/No. Steroid  2568.1   R2 = .402; (40.2%) 

 
MAP, mean arterial pressure; AIC, Akaike’s Information Criterion. R2 corresponds to a 
linear regression between observed and model-predicted values. 
 
Comments: In eFigure 8A, the significant effect of center was due to a significant 
difference between the ESMs of Evaggelismos vs. Larissa [ESM (95% CI): 81.7 (76.8-
86.6) vs. 87.9 (81.7-94.0) mmHg; Bonferroni-adjusted P = .03). However, this difference 
was not present in the results of the analysis for postresuscitation shock (eFigure 5A and 
5B): Evaggelismos vs. Larissa 80.7 (74.7-86.6) vs. 86.3 (79.0-93.5) mmHg; P = .09. This 
indicates that the MAP results on the total of the survivors for 4 h (eFigure 8A) were 
affected by the model-predicted values for patients, who did not require norepinephrine at 
4 hours post-ROSC (Evaggelismos, n=9; Larissa, n=3).         
    In the non-crossover subgroup, the results on mean arterial pressure were similar as in 
the total of the survivors for 4 hours, i.e. the effect of group was statistically significant 
(P < .001). In contrast, there was no significant effect of group in the analysis of the 
controls who did (Epi / Steroid subgroup) vs. those who did not receive (Epi / No Steroid 
subgroup) open label hydrocortisone (eFigure 8C). This might imply a post-arrest 
hemodynamic status associated with the CPR combination treatment, which was given to 
the VSE patients, but not to the Epi / Steroid controls. Nevertheless, it should be noted 
that the Epi / Steroid subgroup received a higher norepinephrine infusion rate at 4 hours 
postresuscitation, as compared to the Epi / No Steroid subgroup (meanSD, 1.040.83 vs. 
0.620.50 μg/kg/min; P = .01 by independent samples t-test). 
 
1 mmHg=0.133 kPa. 
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eFigure 9. Main, early follow-up results in 3 subgroups. Results on central venous 
oxygen saturation in the total of the survivors for 4 hours or more (A), the patients with 
postresuscitation shock and no crossover (B), and the non-crossover subgroup of controls 
with postresuscitation shock (Epi / No Steroid) vs. those who received hydrocortisone for 
postresuscitation shock (Epi / Steroid) (C). Data was recorded at 4 hours 
postresuscitation, and at 09:00 a.m. of days 1-10; Insets display results of mixed model 
analyses; F, shows the value of the F statistic for the effects of the factors; Numbers just 
above and along horizontal axes indicate numbers of patients with available data. 
 
Additional data for the models in A-C are shown in the following Table:  
 

eTable 20. Mixed Model information for eFigure 9 

Dependent  Variable Goodness of Fit, AIC  % Variance Explained 

ScvO2 in the total of Survivors for 4 h 5704.8   R2 =.735 (73.5%) 

ScvO2 in Patients with  Postresuscitation Shock 

 and no crossover 

 

4326.9   R2 =.791 (79.1%) 

ScvO2 in EPI / Steroid vs. EPI/No. Steroid  1945.9   R2 =.790 (79.0%) 

 
ScvO2, Central venous oxygen saturation; AIC, Akaike’s Information Criterion. R2 

corresponds to a linear regression between observed and model-predicted values 
 
Comment: In concordance with the results presented in the preceding eFigure 8, there 
was no significant effect of group on central venous oxygen saturation in the analysis of 
the controls who did (Epi / Steroid) vs. those who did not receive (Epi / No Steroid) open 
label hydrocortisone (eFigure 9C). 
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eTable 21. Summary Mixed Model Analysis Results on the Total of the Survivors for 4 h 
(VSE group, n=86; Control group, n=76) 
 

  

P-value for Fixed Factor  Effect 

Goodness of 

Fit, AIC 

(%) Variance 

Explained 

Dependent  Variable Center Group Time Insulin (U/h) Group*Time   

Norepinephrine .13 .54 <.001 .22 .17 134.9 R2 = .473; (47.3%) 

Fluid Balance .049 .60 <.001 .12 .94 13123.0 R2 = .443; (44.3%) 

Blood Glucose  .12 .81 .02 <.001 .07 8263.8 R2 = .734; (73.4%) 

Hemoglobin Concentration .004 .30 <.001 .50 .66 3069.8 R2 = .759; (75.9%) 

Arterial Oxygen Saturation .59 .33 .05 .19 .79 4271.2 R2 = .691; (69.1%) 

Arterial Blood Lactate .20 .67 <.001 .35 .02 4382.3 R2 = .772; (77.2%) 

PaCO2 .54 .54 <.001 .004 .36 6170.6 R2 = .517; (51.7%) 

 
VSE, vasopressin-steroids-epinephrine; R2 corresponds to a linear regression between observed and model-predicted values. 
Comment: The significant effect of center on fluid balance was due to a higher ESM for fluid balance in Larissa vs. 401 Military hospital [ESM (95% CI), 1310 (700-1919) 
vs. 429 (-219-1078) mL/day; Bonferroni-adjusted P=.049]. However, in the postresuscitation shock subgroup, the ESMs (95% CIs) for fluid balance in Larissa vs. 401 
Military hospital were 1400 (899-1644) vs. 820 (138-1500); adjusted P = .61. This indicates that the results on fluid balance presented in eTable 21 were affected by data 
from patients without postresuscitation shock. 
    The significant effect of center on hemoglobin concentration, was due to a higher ESM for hemoglobin concentration in Larissa vs. Evaggelismos [ESM (95% CI) 10.9 
(9.9-12.0) vs. 9.2 (8.6-9.9) (g/dL); adjusted P = .005]. However, in the postresuscitation shock subgroup, the ESMs (95% CIs) for hemoglobin concentration (g/dL) in Larissa 
vs. Evaggelismos were 9.2 (8.6-9.9) vs. 10.9 (9.9-12.0) (g/dL); adjusted P = .07. Consequently, the results were again likely affected by data from patients without 
postresuscitation shock. Of note, among the patients who survived for 4 hours at Larissa hospital, there was 1 patient with a baseline hemoglobin level of 26.2 g/dL.  
    The results on the effect of center are consistent with a similar management of patients with postresuscitation shock in the 3 study centers.  
     Insulin effects on blood glucose and PaCO2 are interpreted in the preceding subsection. 
 
Conversion factor for Hemoglobin: 1 g/dL=10 g/L.  
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eTable 22. Summary Mixed Model Analysis Results on patients with Postresuscitation Shock and no crossover 
(VSE group, n=76; Control group, n=58) 
 

  

P-value for Fixed Factor  Effect 

Goodness of 

Fit, AIC 

(%) Variance 

Explained 

Dependent  Variable Center Group Time Insulin (U/h) Group*Time   

Norepinephrine .17 .54 <.001 .24 .58 202.7 R2 = .542; (54.2%) 

Fluid Balance .45 .74 <.001 .26 .56 8850.9 R2 = .482; (48.2%) 

Blood Glucose  .43 .88 .04 <.001 .21 6253.3 R2 = .685; (68.5%) 

Hemoglobin Concentration .08 .32 .001 .55 .12 2420.5 R2 =.782 (78.2%) 

Arterial Oxygen Saturation .59 .09 .03 .22 .72 3177.5 R2 = .621; (62.1%) 

Arterial Blood Lactate .10 .65 <.001 .21 .31 3351.6 R2 =.792 (79.2%) 

PaCO2 .35 .84 <.001 .001 .37 4788.4 R2 =.533 (53.3%) 

 
VSE, vasopressin-steroids-epinephrine; AIC, Akaike’s information criterion; R2 corresponds to a linear regression between observed and model-predicted values. 
Comment: Insulin effects on blood glucose and PaCO2 are interpreted in the preceding subsection. 
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eTable 23. Summary Mixed Model Analysis Results in the Epi / No Stroid  (n=58) vs. the Epi / Steroid (n=15)  
subgroups of the control group 
 

  

P-value for Fixed Factor  Effect 

Goodness of 

Fit, AIC 

(%) Variance 

Explained 

Dependent  Variable Center Group Time Insulin (U/h) Group*Time   

Norepinephrine .39 .98 <.001 .051 .004 73.4 R2 = .559; (55.9%) 

Fluid Balance .97 .98 <.001 .72 .19 4577.2 R2 = .456; (45.6%) 

Blood Glucose .38 .32 .25 <.001 .91 3371.6 R2 = .858; (85.8%) 

Hemoglobin Concentration .012 .83 <.001 .84 .004 1337.4 R2 = .794; (79.4%) 

Arterial Oxygen Saturation .53 .24 .046 .47 .54 1535.1 R2 = .235; (23.5%) 

Arterial Blood Lactate .44 .14 <.001 .04 .32 1557.5 R2 = .755; (75.5%) 

PaCO2 .81 .38 <.001 .07 .71 2516.6 R2 = .381; (38.1%) 

 
Epi/ No steroid subgroup, controls who did not receive open label hydrocortisone for postresuscitation shock; Epi/ Steroid subgroup, controls who received open label 
hydrocortisone for postresuscitation shock; AIC, Akaike’s information criterion;  R2 corresponds to a linear regression between observed and model-predicted values 
Comment: As insulin requirements increased from 1 U/h [corresponding blood glucose, ESM (95% CI), 176.0 (168.7-184.4) mg/dL] to 4 U/h [corresponding blood glucose, 
ESM (95% CI), 334.9 (319.2-350.6) mg/dL], the mixed model ESM (95% CI) for lactate increased from 3.5 (1.8-5.2) to 4.5 (2.8-6.3) mmol/L (Bonferroni-adjusted P = .046 
for the change in lactate).  A relationship between hyperglycemia (with increased insulin requirements) and elevated blood lactate level has been previously documented 
(reference 15 of the main manuscript).   
    The significant effect of center on hemoglobin was due to a higher ESM for Larissa vs. Evaggelismos [ESM (95% CI), 12.3 (10.3-14.4) vs. 9.2 (8.2-10.2) mg/dL; adjusted 
P=.009]. Of note, there was a patient at Larissa hospital with a baseline hemoglobin level of 26.2 g/dL.  
 
Conversion factors: for Glucose: 1 mg/dL=0.0555 mmol/L; for Hemoglobin: 1 g/dL=10 g/L.  
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11] ORGAN FAILURE FREE DAYS AND VENTILATOR FREE DAYS 
 
  Survivors for ≥4 hours (total patients, and patients with postresuscitation shock)     
    In the total of survivors for ≥4 hours, vasopressin-steroids-epinephrine (VSE) group 
(n=86) vs. control group (n=76) had significantly more neurologic [median (interquartile 
range); maximum value 0 (0-17); 58 vs. 0 (0-0); 58,  P =.012] and renal [2 (0-39); 60 vs. 0 
(0-2); 60, P =.014] failure free days, and more ventilator free days [0 (0-11); 59 vs. 0 (0-
0); 58, P =.04].There was no significant between-group difference in the circulatory  [0 
(0-38); 60 vs. 0 (0-7); 60, P=.10], hepatic [6 (1-59); 60 vs. 3 (0-20); 60, P=.06], 
coagulation [4 (0-55); 60 vs. 4 (0-20); 60, P=.31], and respiratory [3 (0-47); 59 vs. 2 (0-
12); 60, P=.33] failure free days.   
     Regarding the postresuscitation shock subgroup, VSE patients vs. controls had 
significantly more neurologic [median (interquartile range); maximum value] 0 (0-18); 58 
vs. 0 (0-0); 58; P=.005. and renal failure-free days (2 (0-40); 60 vs. 0 (0-2); 60; P=.009), 
and more ventilator-free days [0 (0-11); 60 vs. 0 (0-0); 58 P=.03]; there was no significant 
between-group difference in circulatory [0 (0-41); 60 vs. 0 (0-6); 58, P=.14], coagulation 
[3 (0-56); 60 vs. 3 (0-18); 60, P=.27], hepatic [4 (0-59); 60 vs. 2 (0-18); 60, P=.09]  and 
respiratory [2 (0-48); 60 vs. 2 (0-12); 60 P=.38] failure-free days.     
 
Epi / Steroid vs. Epi / No Steroid subgroup 
    We analyzed the control group data according to the presence (n=15; EPI/Steroid) or 
absence (n=58; EPI/No Steroid) of hydrocortisone treatment for postresuscitation shock. 
EPI/Steroid vs. EPI/No Steroid subgroup had significantly more circulatory, renal, 
hepatic, coagulation, and respiratory failure free days (P=.007-.048; eTable 24A). Lastly, 
during days 1-10, there was no significant subgroup effect on mean arterial pressure, and 
hemodynamic support (see preceding subsection). Notably, EPI/Steroid subgroup patients 
received steroid treatment from their attending physicians, because they were among the 
most severely shocked controls at 4 hours postresuscitation (see preceding subsection). 
Indeed, at the aforementioned time point EPI/Steroid vs. EPI/No Steroid subgroup 
received norepinephrine infusion rates of (meanSD) 1.040.83 vs. 0.620.50 μg/kg/min; 
P =.01 by independent samples t-test.  
 
eTable 24A. Organ failure free days and ventilator free days in controls with 
postresuscitation shock, who were started on stress dose hydrocortisone at 4 hours post-
resuscitation (EPI/Steroid subgroup) vs. those treated with normal saline placebo 
according to study protocol (EPI No/Steroid subgroup).  
 

 EPI/No Steroid 
(n=58) 

EPI/Steroid 
(n=15) 

P-value 

Neurologic failure free days 0 (0-0); 58 0 (0-12); 57 .17 
Circulatory failure free days 0 (0-5); 58 3 (0-37); 56 .03 
Renal failure free days 0 (0-2); 60 3 (0-38); 60 .048 
Hepatic failure free days 1 (0-10); 60 14 (1-60); 60 .007 
Coagulation failure free days 2 (0-13); 60 15 (1-60); 60 .04 
Respiratory failure free days 1 (0-11); 60 7 (2-21); 59 .02 
Ventilator free days 0 (0-0); 58 0 (0-15); 56 .11 

 
Data are median (interquartile range); maximum value. 
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VSE patients vs. Controls without crossover   
    For the purpose of analysis, crossover was defined as receiving the opposite to the 
assigned treatment, with respect to post-ROSC hydrocortisone or saline-placebo. Results 
on survival and postresuscitation shock follow up are presented in the preceding 
subsections, whereas the comparisons of the organ failure and ventilator free days are 
presented below (eTable 24B). As shown, VSE patients vs. controls had significantly, 
more neurologic, circulatory, hepatic, and ventilator free days. Consequently, the 
differences between the postresuscitation subgroups of patients, who were treated as 
randomized were wider (i.e. circulatory and hepatic failure free days added) relative to 
those reported for the postresuscitation subgroups in the main text and current 
supplement. This is consistent with the results of the Cox regression (eTables 7, 8, and 
11), and also implies a hydrocortisone-associated benefit.     
 
eTable 24B. Organ failure free days and ventilator free days in patients with 
postresuscitation shock and no crossover, i.e., treated in the postresuscitation period as 
randomized with respect to hydrocortisone or placebo; control group patients are the same 
as those in the Epi / No steroid subgroup presented above. Vasopressn-epinephrine-
steroids (VSE) patients are the same as those of the postresuscitation shock subgroup of 
the whole study population. 
 

 Control (n=58) VSE group (n=76) P-value 
Neurologic failure free days 0 (0-0); 58 0 (0-18); 58 .002 
Circulatory failure free days 0 (0-1); 58 0 (0-41); 60 .046 
Renal failure free days 1 (0-2); 60 4 (0-59); 60 .013 
Hepatic failure free days 1 (0-10); 60 2 (0-40); 60 .002 
Coagulation failure free days 2 (0-13); 60 3 (0-56); 60 .08 
Respiratory failure free days 1 (0-11); 60 2 (0-48); 60 .13 
Ventilator free days 0 (0-0); 58 0 (0-11); 59 .01 

 
Data are median (interquartile range); maximum value. 
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12] COMPLICATIONS AND CAUSES OF DEATH 
   Data are presented in the subsequent eTables 25 and 26. As in the total of survivors for 
≥4 hours, in patients with postresusciation shock, post-arrest morbidity and complications 
throughout hospital stay and death causes were similar in VSE group (n=76) vs. control 
(n=73). 
   Regarding potential steroid-associated complications, in VSE group vs. control 
(postresuscitation shock subgroup; see also eTable 26), ICU/CCU infectious 
complications (including ventilator-associated pneumonia, catheter-related infection, 
peritonitis, and bacteremia causing lethal septic shock) occurred in 31/76 (40.9%) vs. 
30/73 (41.1%) patients (P>.99), paresis was confirmed in 6/76 (7.9%) vs. 7/73 (9.6%) 
patients (P=.78), brisk hemorrhage from peptic ulcer(s) causing death occurred in 1/76 
(1.4%) vs. 1/73 (1.3%) patients (P>.99), and hyperglycemic episodes (days 1-10) were 
confirmed in 94/1269 (7.4%) vs. 91/1200 (7.6%) blood glucose determinations (P = .88). 
Nevertheless, during days 1-10, the number of recorded patient-days of continuous 
intravenous insulin infusion titrated to blood glucose not exceeding 180 mg/dL (10.0 
mmol/L) was higher in VSE group vs. control [249/494 (50.4%) vs. 130/361 (36.0%); 
P<.001]; hypoglycaemia [i.e. blood glucose <50 mg/dL (2.8 mmol/L)] was confirmed in 
14/1269 (1.1%) vs. 7/1200 (0.6%) blood glucose determinations (P = .19). 
    
eTable 25. Post-arrest complications, and causes of death in survivors for ≥4 hours. 
  

Complications a- no. (%) Control group (n = 76) VSE group (n = 86) P value 
Cardiac arrest-associated MOF b – no. (%) 35 (46.1)  35 (40.7) .53 
Ventilator-associated pneumonia c – no. (%) 27 (35.5) 33 (38.5) .75 
Renal failure – no. (%) 27 (35.5) 28 (32.6) .74 
Drug-associated thrombocytopenia d– no. (%) 16 (21.1) 15 (17.4) .69 
ARDS – no. (%) 13 (17.1) 15 (17.4) >.99 
Hepatic Failure – no. (%) 14 (18.4) 10 (11.6) .27 
Peritonitis – no. (%) 4 (5.3) 4 (4.7) >.99 
Catheter-related infection – no. (%) 5 (6.6) 2 (2.3) .26 
Recurrent myocardial ischemia – no. (%) 4 (5.3) 3 (3.5) .71 
Weaning / extubation failure – no. (%) 7 (9.2) 9 (10.5) >.99 
Paresis – no. (%) 7 (9.2) 8 (9.3) >.99 
Other – no. (%) e 9 (11.8) 8 (9.3) .62 
Causes of death - no. (%) Control group (n = 76) VSE group (n = 86) P value 
Cardiac arrest-associated MOF b 35 (46.1) 35 (40.7) .53 
Bacteremia / lethal septic shock 20 (26.3) 19 (22.1) .58 
Lethal arrhythmia  5 (6.6) 5 (5.8) >.99 
Recurrent myocardial ischemia  4 (5.3) 4 (4.7) >.99 
ARDS-induced MOF  2 (2.6) 4 (4.7) .69 
ARDS-induced hypoxemia 1 (1.3) 1 (1.2) >.99 
Other – no. (%) f 3 (3.9) 3 (3.5) >.99 
 
ARDS, acute respiratory distress syndrome; MOF, multiple organ failure.  
ARDS was defined as acute onset, PaO2/inspired O2 fraction <200 mmHg, bilateral pulmonary infiltrates on 
frontal chest radiograph, and absence of any clinical evidence of left atrial hypertension. Hepatic failure was 
defined as serum bilirubin concentration of ≥6 mg/dL (102.6 μmol/L).4 Renal failure was defined as serum 
creatinine of ≥3.5 mg/dL (309.4 μmol/L) and/or requirement of renal-replacement therapy.4  
a, Recorded until day 60 after randomization; some patients experienced more than one complications. 
b, Defined as postresuscitation shock culminating into treatment-refractory shock (see also subsection 
"Definitions" of main text) and at least 1 new post-arrest organ failure sustained for >24 hours or until death 
after the initial return of spontaneous circulation; all patients with this complication died within 72 hours 
after the initial return of spontaneous circulation. 
c, Reflects intensive care unit (ICU) environment colonization by multidrug resistant baceteria, 
understaffing of Greek ICUs, and shortcomings of infection control policies. 
d, Includes cases of heparin-induced or antibiotic therapy-associated thrombocytopenia, which improved 
(i.e. sustained platelet count increase of ≥10 x 109/L) within 3 days after the cessation of the suspected, 
causative agent.  
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e, Includes 6 cases of Klebsiella Pneumoniae sepsis-associated thrombocytopenia, 2 cases of endocarditis, 
and 1 case of new recurrent atrial fibrillation, new cardiac conduction disturbances, recurrent hemorrhagic 
cystitis, posttraumatic intracranial hemorrhage, subarachnoid hemorrhage, transfusion-related 
Cytomegalovirus infection, mechanical ventilation-associated barotrauma, soft tissue infection, and 
intensive care unit psychosis. 
f, Includes 3 cases of acute intraabdominal hemorrhage (with 1 case of bleeding peptic ulcers from each 
group), and 1 case of myocardial ischemia during aortic valve replacement surgery, tracheal rupture during 
percutaneous tracheostomy, and hypoxemia secondary to endotracheal tube obstruction. 
 
eTable 26. Post-arrest complications, and causes of death in patients with 
postresuscitation shock.  
 

Complications a- no. (%) Control group (n = 73) VSE group (n = 76) P value 
Cardiac arrest-associated MOF b – no. (%) 35 (47.9) 35 (44.7)   .74 
Ventilator-associated pneumonia – no. (%) c 25 (34.2) 29 (38.2)   .73 
Renal failure – no. (%) 26 (35.6) 19 (25.0)   .21 
Drug-associated thrombocytopenia d – no. (%) 14 (19.2) 10 (13.2)   .38 
ARDS – no. (%) 12 (16.4) 14 (18.4)   .83 
Hepatic Failure – no. (%) 13 (17.8) 9 (11.8)   .36 
Peritonitis – no. (%) 4 (5.5) 1 (1.3)   .20 
Catheter-related infection – no. (%) 3 (4.1) 1 (2.3)   .36 
Recurrent myocardial ischemia – no. (%) 3 (4.1) 2 (2.6)   .68 
Weaning / extubation failure – no. (%) 6 (8.2) 8 (10.5)   .78 
Paresis – no. (%) 7 (9.6) 6 (7.9)   .78 
Other – no. (%) e 9 (12.3) 8 (10.5)   .80 
Causes of death - no. (%) Control group (n = 73) VSE group (n = 76) P value 
Cardiac arrest-associated MOF b 35 (48.0) 35 (46.1)   .74 
Bacteremia / lethal septic shock 18 (24.7) 15 (19.7)   .56 
Lethal arrhythmia  5 (6.8) 4 (5.3)   .74 
Recurrent myocardial ischemia  3 (4.1) 3 (3.9)  >.99 
ARDS-induced MOF  2 (2.7) 3 (3.9)  >.99 
ARDS-induced hypoxemia 1 (1.4) 1 (1.3)  >.99 
Other – no. (%) f 3 (4.1) 3 (3.9)  >.99 
 
ARDS, acute respiratory distress syndrome; MOF, multiple organ failure.  
ARDS was defined as acute onset, PaO2/inspired O2 fraction <200 mmHg, bilateral pulmonary infiltrates on 
frontal chest radiograph, and absence of any clinical evidence of left atrial hypertension. Hepatic failure was 
defined as serum bilirubin concentration of ≥6 mg/dL (102.6 μmol/L).4 Renal failure was defined as serum 
creatinine of ≥3.5 mg/dL (309.4 μmol/L) and/or requirement of renal-replacement therapy.4  
a, Recorded until day 60 following randomization. Some patients experienced more than one complications. 
b, Defined as postresuscitation shock culminating into treatment-refractory shock (see also subsection 
"Definitions" of main text) and at least 1 new post-arrest organ failure sustained for >24 h or until death 
after the initial return of spontaneous circulation; all patients with this complication died within 72 hours 
after the initial return of spontaneous circulation. 
c, Reflects intensive care unit (ICU) environment colonization by multidrug resistant bacteria, understaffing 
of Greek ICUs, and shortcomings of infection control policies. 
d, Includes cases of heparin or antibiotic-induced thrombocytopenia, which improved (i.e. sustained platelet 
count increase of ≥10 x 109/L) within 3 days after the cessation of the suspected, causative agent.  
e, Includes 6 cases of Klebsiella Pneumoniae sepsis-associated thrombocytopenia, 2 cases of endocarditis, 
and 1 case of new recurrent atrial fibrillation, new cardiac conduction disturbances, recurrent hemorrhagic 
cystitis, posttraumatic intracranial hemorrhage, subarachnoid hemorrhage, transfusion-related 
Cytomegalovirus infection, mechanical ventilation-associated barotrauma, soft tissue infection, and 
intensive care unit psychosis. 
f, Includes 3 cases of acute intraabdominal hemorrhage (with 1 case of bleeding peptic ulcers from each 
group), and 1 case of myocardial ischemia during aortic valve replacement surgery, tracheal rupture during 
percutaneous tracheostomy, and hypoxemia secondary to endotracheal tube obstruction. 
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13] USE OF VARIOUS CLASSES OF DRUGS DURING DAYS 1-10   
    Data are presented in eTables 27 and 28. In survivors for ≥24 hours with 
postresuscitation shock, there was no significant difference in the various classes of 
attending physician-prescribed drugs (except insulin - see "Results" of the main 
manuscript) between the VSE group (n=59) and the control group (n=50) (eTable 27). 
The same was true for the total of the survivors for ≥24 hours (i.e. those with and those 
without postresuscitation shock); these data are presented in eTable 28)  
 
 
eTable 27. Results on the use of various classes of drugs (patient-days) in patients with 
postresuscitation shock who survived for ≥24 hours after randomization. 
 

Drug class  Control group 
(n=50) 

VSE group 
(n=59) 

P-value Missing no./total no. (%) 

Vasopressors/Inotropes, no./total no. (%) 224/361 (62.0) 322/494 (65.2) .35 235/1090 (21.6) 
 Anticoagulants, no./total no. (%) 213/361 (58.0) 311/494 (63.0) .26 235/1090 (21.6) 
Antiplatelet drugs, no./total no. (%) 24/361 (6.6) 30/491 (6.5) .26 238/1090 (21.8) 
Antiarrhythmics, no./total no. (%) 92/361 (25.5) 142/493 (28.8) .31 236/1090 (21.7) 
ACEIs, no./total no. (%) 9/361 (2.5) 8/492 (1.6) .46 236/1090 (21.7) 
Beta Blockers, no./total no. (%) 31/361 (8.6) 58/493 (11.8) .14 236/1090 (21.7) 
At least 2 broad-spectrumAntibiotics, 
no./total no. (%) 

 
315/361 (87.3) 

 
441/494 (89.3) 

 
.38 

 
235/1090 (21.6) 

Sedatives, no./total no. (%) 234/361 (64.8) 312/494 (63.2) .67 235/1090 (21.6) 
Diuretics, no./total no. (%) 175/361 (48.5) 211/493 (42.8) .11 236/1090 (21.7) 
Antiepileptics, no./total no. (%) 31/361 (8.6) 30/494 (6.1) .18 235/1090 (21.6) 
Vasodilators, no./total no. (%) 3/361 (0.8) 10/398 (2.5) .10 331/1090 (30.4) 
Proton Pump Inhibitors, no./total no. (%) 352/361 (97.5) 470/492 (95.5) .14 237/1090 (21.7) 
Other, no./total no. (%) 351/360 (97.5) 472/492 (95.9) .26 238/1090 (21.8) 

 
VSE, vasopressin-steroids-epinephrine; ACEI, angiotensin converting enzyme inhibitor. 
Data are expressed as number of patient-days of use of a specific drug class / total number of patient-days 
(%); the proportion of missing data relative to the maximum possible number of patient-days during days 1-
10 postrandomization (i.e., 1090 = number of follow-up patient-days corresponding to the theoretical case 
of all survivors for 24 hours or more having a post-arrest survival of at least 10 days) is also reported in the 
last column of the current Table; data were missing primarily due to patient death before day 10, resulting in 
an actual total of 855 (control group, n=361) patient-days, and secondarily due to recordings missing by 
error(s) of the investigators conducting the patient follow-up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



45 

© 2013 American Medical Association. All rights reserved. 
 

eTable 28. Results on the use of various classes of drugs (patient-days) in the total of 
survivors for ≥24 hours after randomization. 
 

Drug class  Control group 
(n=53) 

VSE group 
(n=69) 

P-value Missing no./total no. (%) 

Insulin, no./total no. (%)  141/394 (35.8) 283/581 (48.7) .<001 367/1342 (27.3) 
Vasopressors/Inotropes, no./total no. (%) 241/394 (61.2) 361/579 (62.3) .74 369/1342  (27,5) 
 Anticoagulants, no./total no. (%) 242/394 (61.4) 378/576 (65.6) .20 372/1342  (27.7) 
Antiplatelet drugs, no./total no. (%) 24/394 (6.1) 44/576 (7.6) .37 372/1342  (27.7) 
Antiarrhythmics, no./total no. (%) 105/394 (26.6) 182/576 (31.8) .10 372/1342  (27.7) 
ACEIs, no./total no. (%) 9/394 (2.3) 8/576 (1.4) .33 372/1342  (27.7) 
Beta Blockers, no./total no. (%) 36/394 (9.1) 59/574 (10.3) .58 374/1342  (27.9) 
At least 2 broad-spectrumAntibiotics, 
no./total no. (%) 

 
341/394 (86.5) 

 
502/579 (86.7) 

 
>.99 

 
369/1342  (27.5) 

Sedatives, no./total no. (%) 255/394 (64.7) 353/589 (62.0) .42 379/1342  (28.2) 
Diuretics, no./total no. (%) 193/394 (49.0) 257/577 (44.5) .19 371/1342  (27.6) 
Antiepileptics, no./total no. (%) 31/394 (7.9) 39/577 (6.8) .53 371/1342  (27.6) 
Vasodilators, no./total no. (%) 3/394 (0.8) 10/482 (2.1) .16 466/1342  (34.7) 
Proton Pump Inhibitors, no./total no. (%) 382/394 (97.0) 540/565 (95.6) .31  383/1342  (28.5) 
Other, no./total no. (%) 382/394 (97.0) 547/570 (96.0) .49 378/1342  (28.2) 
 
 
VSE, vasopressin-steroids-epinephrine; ACEI, angiotensin converting enzyme inhibitor. 
Data are expressed as number of patient-days of use of a specific drug class / total number of patient-days 
(%); the proportion of missing data relative to the maximum possible number of patient-days during days 1-
10 postrandomization (i.e. 1342 = number of follow-up patient-days corresponding to the theoretical case of 
all survivors for 24 hours or more having a post-arrest survival of at least 10 days) is also reported in the last 
column of the current Table; data were missing primarily due to patient death before day 10, resulting in an 
actual total of 983 (control group, n=394) patient-days, and secondarily due to recordings missing by 
error(s) of the investigators conducting the patient follow-up. 
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14] ADHERENCE TO PROTOCOL 
 
  Adherence to the stress-dose hydrocortisone protocol 
. In 13 VSE patients and 15 controls (EPI/Steroid subgroup of the control group) with 
postresuscitation shock, attending physicians prescribed open label, stress-dose 
hydrocortisone during days 1-9 postrandomization. These patients did not receive the 
pharmacy-prepared normal-saline solutions (see Methods of main manuscript). In all the 
aforementioned cases, first-day postresuscitation requirements in norepinephrine infusion 
rate exceeded 0.4 μg/kg/min (target mean arterial pressure: ≥70 mmHg). In 12 of the 13 
VSE patients and 12 of the 15 controls, hydrocortisone daily dose and 
tapering/discontinuation times were in full concordance with the study protocol. The 
remaining 1 VSE patient received an additional dose of 100 mg of hydrocortisone on day 
10 (followed by discontinuation on day 11) because of persistent shock. In 2 of the 
remaining 3 controls, hydrocortisone was initially discontinued on day 6 according to 
protocol but was restarted within days 9-10 due to new-onset circulatory failure (1 patient 
died on day 9 and 1 patient received hydrocortisone until day 12); lastly, in 1 of the 
aforementioned 3 controls, day 8 hydrocortisone dose tapering was avoided due to a 
persistent and severe circulatory failure (the patient died early on day 9). 
    One VSE patient with postresuscitation shock did not receive stress-dose 
hydrocortisone due to pharmacist error. Within days 7-11, attending physicians 
administered 100-300 mg of open-label hydrocortisone to another 6 VSE patients and 
another 2 controls, because they had either persistent or new-onset circulatory failure. One 
of the 6 VSE patients died on day 11. Hydrocortisone was discontinued on day 11 in 2 of 
the 6 VSE patients, on day 12 in 1 VSE patient, and on day 13 in the remaining 2 VSE 
patients and both controls. The time course of hydrocortisone supplementation in VSE 
group and EPI/Steroid subgroup during the protocol-designated intervention period of 
days 1-10 is presented in eFigure 6C of subsection 9.  
    All the aforementioned 37 patients were ultimately included in the intention-to-treat 
analysis.  
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15] ADDITIONAL POST HOC ANALYSES 
 
CPR quality 
   During CPR, there is a time lag of approximately 2 min between administration and 
circulation of vasopressors.9,20 This time lag is maximized when a peripheral venous line 
is used. In the present study, patients who required ALS for 4 min received the first 
vasopressor dose within 2 min before ROSC. Thus, there was insufficient time for 
vasopressor action, and ROSC should be primarily attributed to effective CPR. VSE 
group vs. control had similar proportions of patients with ALS duration of 4 min [18/130 
(13.8%) vs. 15/138 (10.9%); P = .47]. In the same subgroup, there were 4 VSE group 
patients and 6 controls with an arterial line in place and a peripheral venous line. During 
CPR, VSE group patients vs. controls had a (meanSD) diastolic intra-arterial pressure of 
45.012.5 vs. 38.34.4 mmHg (P=.37); furthermore in all patients, diastolic pressure was 
30 mmHg.9 These results are consistent with similar and good CPR quality in the 2 
subgroups.    
 
Peri-arrest intracranial and cerebral perfusion pressure 
    Pre-arrest intracranial pathology requiring continuous monitoring of intracranial 
pressure (ICP; Codman® ICP monitoring system, Codman & Shurtleff Inc, Raynham, 
MA) was present in 7 VSE patients (brain contusions/edema, n=3; hemorrhagic or 
extensive ischemic stroke, n=3; hydrocephalus, n=1) and 7 controls (brain 
contusions/edema, n=4; hemorrhagic or extensive ischemic stroke, n=3).  Regarding 
cardiac arrest causes, among VSE patients, 4/7 had severe hypoxemia, 1/7 experienced a 
lethal arrhythmia secondary to myocardial ischemia, 1/7 had hemorrhagic shock, and 1/7 
had hyperkalemia, whereas among controls, 4/7 experienced a lethal arrhtyhtnia and 3/7 
had severe hypoxemia.  
    In all patients, the cardiac arrest occurred either in the intensive or coronary care unit 
(ICU or CCU), or a patient monitoring-equipped, in-hospital area. Initial cardiac arrest 
rhythm was asystole in 4/7 VSE patients and 6/7 controls. The time to ALS initiation was 
≤3 min in all patients. ALS duration (mean±SD) was 15.1±17.4 min in VSE patients and 
22.1±12.2 min in controls. ROSC was achieved in 6/7 VSE patients and 4/7 controls; we 
did not determine any statistically significant difference in any of the aforementioned 
peri-arrest variable-values (P≥.40 for all between-subgroup comparisons). The results on 
the comparisons of mean arterial pressure, and ICP and cerebral perfusion pressure (CPP) 
data are presented in eTable 29. CPP was determined as the difference between mean 
arterial pressure and ICP. 
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eTable 29. Summary of all additional analyses and corresponding main results 
 
Analysis Endpoint and Data Sourcea 

 
Main Resulta 

 
Neurologically favorable survival at 1 yb: VSE group vs 
Control group, No. (%); MA result 

11/130 (8.5%) vs 5/138 (3.6%); OR = 2.46, 95% 
CI = 0.76-7.99; P = .13 

Poor Outcome during Follow-up in Patients without 
Crossoverc: VSE group vs Control group; No. (%); MA 
result; Additional, notable, follow-up result 

112/130 (86.2%) vs 119/123 (96.7%); HR = 0.64, 
95% CI = 0.49-0.84; P = .001; More favorable 
results on organ failure free daysd 

Poor Outcome during Follow-up in Patients with PRSe: 
Treated with ≥1 dose of Hydrocortisone vs Not treated, 
No. (%); MA result 

71/90 (78.9%) vs 56/59 (94.9%); HR = 0.55, 95% 
CI = 0.38-0.79; P = .002 

Poor Outcome during Follow-up in Control Patients 
with PRSf: Open Label Hydrocortisone vs Normal-saline 
placebo, No. (%); MA result 

12/15 (80.0%) vs 55/58 (94.8%); HR = 0.50, 95% 
CI = 0.25-1.00; P = .50 

Poor Outcome during Follow-up and Requirement for 
>5mg of Epinephrine during CPRg: VSE group vs 
Control group No. (%); MA result 

29/32 (90.6%) vs 63/65 (96.9%); HR = 0.71, 95% 
CI = 0.45-1.11; P = .14 

Poor Outcome during Follow-up and Requirement for 
≤5mg of Epinephrine during CPRh VSE group vs 
Control group, No. (%); MA result 

83/98 (84.7%) vs 68/73 (93.2%); HR = 0.81, 95% 
CI = 0.58-1.13; P = .21 

 
Peri-arrest Systemic / Cerebral Hemodynamics in Patients with ICP Monitoring in-placei 

 
Physiological Variable VSE Group 

(n = 7) 
Control Group 
(n = 7) 

P Value 

Mean arterial pressure, mean 
(SD), mmHg 

83.0 (33.0) 48.6 (21.3) .02 

ICP, mean (SD), mmHg 32.3 (10.8) 28.0 (5.1) .29 
CPP, mean (SD), mmHg 50.6 (29.4) 20.6 (20.9) .02 
 
 
Abbreviations: CI, confidence interval; CPP, cerebral perfusion pressure; CPR, cardiopulmonary 
resuscitation; HR, hazard ratio; ICP, intracranial pressure; MA, multivariate analysis; OR, odds ratio; PRS, 
postresuscitaiton shock; SD, standard deviation; VSE, vasopressin-steroids-epinephrine. 
aFor additional / detailed results from each one of the presented analyses, see online supplement. 
bPost hoc logistic regression analysis; full results are presented in eTable 6 of the online supplement; the 
collection of the 1-y survival data was associated with manuscript submission delay (for details, see online 
supplement, subsection 3 of eResults, legend of eTable 6). 
cPost hoc Cox regression analysis; full results are presented in eTable 11 of the online supplement; 
dRelative to those reported for VSE patients with postresuscitation shock (see Results and subsection 11 of 
the online supplement); current subgroup results on organ failure free days included hepatic and circulatory 
failure free days, in addition to neurologic and renal failure free days (eTable 24B of the online supplement) 
ePost hoc Cox regression, sensitivity analysis (“Group” replaced by “≥1 dose of Hydrocortisone for PRS”; 
full results are presented in eTable 9 of the online supplement. 
fPost hoc Cox regression analysis; No. (%) corresponds to the total of the duration of the in-hospital follow-
up; the multivariate survival analysis was truncated to day 42 post-randomization, because <10% of initial 
sample was still in follow-up; full results are presented in eTable 12 of the online supplement. 
gPre-specified subgroup analysis, main result of Cox regression; No. (%) corresponds to the total of the 
duration of the in-hospital follow-up; the multivariate survival analysis was truncated to day 16 post-
randomization, because <10% of initial sample was still in follow-up; full results are presented in eTable 
10A of the online supplement. 
hPre-specified subgroup analysis, main result of Cox regression; full results are presented in eTable 10B of 
the online supplement. 
iAnalysis of 18 peri-arrest data sets of mean arterial pressure, ICP, and CPP recordings originating from 7 
VSE patients and 7 controls; in each subgroup, 5 and 4 data sets were obtained during CPR and within 5 
min after the return of spontaneous circulation, respectively; for additional details, see online supplement, 
subsection 15 of eResults. 
Conversion factor to Système International units: To convert mmHg to kPa, multiply by 0.133. 
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Data on peri-arrest percutaneous coronary interventions (PCI) 
    Facilities for cardiac catheterization and PCI were available in all participating centers. 
Peri-arrest PCI was defined as PCI undertaken within 2 hours post-ROSC. Cardiac arrest 
was associated with ST segment elevation myocardial infarction (STEMI) or non STEMI 
in 54 patients (controls, n=24). Four VSE patients (2 with STEMI) and 8 controls (6 with 
STEMI) did not achieve ROSC. Twenty six VSE patients and 16 controls achieved ROSC 
for 20 min.   
    Within the first 12 hours post-ROSC, 12 non-STEMI patients (controls, n=5) were not 
transferred to the cardiac catheterization suite for revascularization, because they had 
treatment-refractory shock [i.e. mean arterial pressure (MAP): <70 mmHg, despite 
norepinephrine and dobutamine infusions of >0.53 μg/kg/min and >15 μg/kg/min, 
respectively]. Six patients (controls, n=3) experienced a second cardiac arrest and died 
within 2 hours post-ROSC. In the remaining 6 patients (controls, n=2), an attempt at 
hemodynamic stabilization with intra-aortic balloon pump (IABP) counterpulsation was 
considered before transfer for revascularization. However, within 2-5 hours post-ROSC, 4 
patients (controls, n=2) died before the placement of an available IABP could be 
attempted. Furthermore, in the remaining 2 VSE patients, an IABP could not be inserted, 
because they had severe peripheral vascular disease;21 both patients died within <12 hours 
of ROSC.   
    Among the remaining 30 patients, 11 controls (1 with STEMI), and 7 VSE patients (5 
with STEMI) were subjected to coronary angioplasty and drug eluting stent implantation 
within 2 hours post-ROSC. Among the remaining 12 VSE patients (all with non-
STEMI), 5 (of whom 4 had insulin-dependent diabetes) were subjected to coronary 
angiography within 3 hours post-ROSC, but coronary lesions were not amenable to 
angioplasty; these patients were referred for emergency evaluation for surgical 
revascularization. Another 3 VSE patients were subjected to cardiac catheterization within 
3 hours post-ROSC; there was no angiographic evidence of acute plaque rupture and the 
ventriculogram showed regional wall motion abnormalities involving the mid and apical 
segments.22 In these cases, no further intervention was undertaken, and a diagnosis of 
apical ballooning syndrome was suggested. 
    Four VSE patients were hemodynamically stable (i.e. MAP >70 mmHg, without 
vasopressors or inotropes) within 30 min of ROSC. Furthermore, their electrocardiogram 
displayed normal sinus rhythm without ST segment depression or conduction 
disturbances; these patients were subjected to cardiac catheterization within 4-6 hours 
post-ROSC, according to attending, interventional cardiologist decision. Consequently, 
these patients did not fulfill our definition for peri-arrest PCI.     

 
Data on the use of therapeutic hypothermia 
    Cooling in the context of therapeutic hypothermia was initiated in 66 patients (controls, 
n=34). Patients were either already in the ICU/CCU (n=22), or scheduled for ICU/CCU 
admission; in 1 patient, topical head cooling was started during CPR, and in another 
patient, at 20 min post-ROSC.     
    Initial cardiac rhythm was ventricular fibrillation/pulseless ventricular tachycardia 
(VF/VT) in 16 patients (controls, n=8), asystole in 42 patients (controls, n=22), and 
pulseless electrical activity in 8 patients (controls, n=4). In Evaggelismos, 1 patient 
received a heat exchange catheter (Cool Line, Zoll Medical Corporation, Chelmsford, 
MA). Among the other 65 patients, in 25/48 (Evaggelismos), 6/9 (Larissa), and 4/8 (401 
Military hospital), hypothermia was induced with surface cooling (i.e. ice packs). The 
remaining 30 patients received 20-30 mL/kg ice cold saline (4C) within approximately 
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30 min (see also Appendix). As shown in the following Forest plot, heterogeneity among 
study centers was low (I2=0%), with respect to the selected hypothermia technique.  
 
 

Study or Subgroup

401 Army Hospital
Evaggelismos
Larissa

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 1.38, df = 2 (P = 0.50); I² = 0%
Test for overall effect: Z = 0.84 (P = 0.40)

Events

4
23

3

30

Total

8
48

9

65

Events

4
25

6

35

Total

8
48

9

65

Weight

12.5%
75.0%
12.5%

100.0%

M-H, Random, 95% CI

1.00 [0.14, 7.10]
0.85 [0.38, 1.89]
0.25 [0.04, 1.77]

0.74 [0.37, 1.48]

Ice Cold Normal Saline Ice Packs Odds Ratio Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control  

 Forest plot for hypothermia technique across centers. 
 
 
    Seventeen patients (controls, n=9) died of cardiac arrest-associated, multiple organ 
failure (definition provided in footnotes of eTables 25 and 26),4 within 3 hours of the 
initiation of the cooling measures. Among the remaining 49 patients (controls, n=25), 
21(controls, n=12), were treated with ice packs, followed by a cooling blanket and 27 
(controls, n=12) with ice cold saline, followed by a cooling blanket. In the ice pack 
subgroup, VSE patients vs. controls had a (meanSD) baseline temperature of 36.20.7 
vs. 36.01.1 C (P = .24 by independent samples t-test), and reached the target bladder 
temperature of 33.5 C at 187.347.8 vs. 157.465.4 min (P = .26) after ice pack 
application. In the saline subgroup, VSE patients vs. controls had a baseline temperature 
of 36.51.0 vs. 37.11.0 C (P = .10), and reached 33.5 C at 117.487.1 vs. 158.369.8 
min (P = .20) after the initiation of the saline infusion. The remaining 1 control patient 
(baseline temperature: 35.2 C) reached the target temperature after 73 min of catheter 
cooling. Baseline (i.e. pre-cooling) temperatures and times to target temperature were 
determined from nurses’ recordings on patients’ charts.    
    Hypothermia was maintained with either a cooling blanket (n=48), or a cooling catheter 
(n=1). During hypothermia, patients were anesthetized with midazolam (0.2-0.25 
mg/kg/h) and propofol (1-2 mg/kg/h) and paralyzed with cisatracurium 0.1-0.15 mg/kg/h). 
VSE patients vs. controls, had a higher (meanSD) blood glucose: 177.851.1 vs. 
129.959.1 mg/dL (P <.001). Eight patients (controls, n=7) died during hypothermia, all 
of multiple organ failure attributable to the cardiac arrest.4  
    At 24 hours following the achievement of the target temperature, cooling measures 
were discontinued and patients were allowed to rewarm passively.23, 24   
We did not determine the rate of rewarming. However, passive rewarming has been 
associated with temperature rise rates of <0.2 C/h.24 

 
Non-compliance with the recommendation for therapeutic hypothermia in VF/VT 
    There were 29 patients (Evaggelismos, n=20; Larissa, n=6; 401 Military hospital, n=3) 
with VF/VT not treated with therapeutic hypothermia; among these patients, there were 
13 patients with either no ROSC or death before ICU/CCU admission, 1 ICU patient who 
survived for <1 hour, 2 ICU patients who survived for <3 hours and were already 
hypothermic due to sepsis (urinary bladder temperature 34 C), and 13 patients 
[Evaggelismos, n=8 (controls, n=4); Larissa, n=4 (controls, n=2); 401 Military hospital, 
n=1 control], who survived for 24 hours. The latter patients were either admitted to the 
ICU or were already in the ICU/CCU, and did not receive hypothermia due to non-
compliance with center-endorsed Recommendations (see Appendix). Two of the 6 VSE 
patients and 2 of the 7 controls survived to hospital discharge with favorable neurological 
recovery. One VSE patient was comatose on hospital discharge to a rehabilitation facility. 

          0.01         0.1           1           10         100  

        Favors Ice Packs   Favors Saline  
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In a total of 29 potentially treatable patients with VF/VT, there was an overall compliance 
of 16/29 (55.2%) with the recommendation for therapeutic hypothermia.    
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eAPPENDIX 

 
 
 
 
 
 
 
BUNDLES OF CLINICAL RECOMMENDATIONS AND SUGGESTIONS ENDORSED 

BY THE DEPARTMENTS OF INTENSIVE CARE MEDICINE OF THE 
PARTICIPATING STUDY CENTERS 

 
 

 
 
 
 
 
 
 

GENERAL MEASURES 
 

• Patients should be nursed at a head-up position (20-30  relative to horizontal) to reduce 
the risk of ventilator associated pneumonia 

• Patients should receive prophylaxis for DVT/PE with low-molecular weight heparin, 
unless contraindicated 

• If anticoagulants are contraindicated (e.g. patient with intracranial hemorrhage), a 
mechanical compression/decompression device should be used   

• Patients should receive a proton pump inhibitor or an H2 blocker for stress ulcer 
prophylaxis   

• Hand disinfection before and after patient contact, and glove removal immediately after 
patient contact are imperative 

 
DVT; deep venous thrombosis; PE, pulmonary embolism 
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MANAGEMENT OF ACUTE HYPOTENSION 1 

DEFINITION: MAP<60 mmHg AND/OR 40% REDUCTION IN BASELINE MAP LEVEL 

OBSTRUCTIVE SHOCK DUE TO 
 Pneumothorx / Hemothorax 
 Pulmonary Embolism 

 
 Pericardial Tamponade 
 Mediastinal Tamponade    

TREATMENT 
Chest tube drainage 
Anticoagulants; Thrombolysis; Percutaneous catheter 
embolus fragmentation and/or thrombectomy a 
Chest tube drainage; Pericardiectomy 
Chest tube drainage; Surgical re-exploration  

CARDIOGENIC SHOCK   
 Suggested by ECG; cardiac ultrasound; enzymes, 

including cardiac Troponin; Cardiac Index monitoring 
 Consult with cardiologist to determine indication for 

Coronary Angiography or PCI b 
 

TREATMENT 
Consider Dobutamine  norepinephrine; IABP; PAC-guided 
management of hemodynamic support 
Thrombolysis and anti-thrombins vs. PCI vs. CABG 
Antiplatelet drugs c  

HEMORRHAGIC SHOCK 
 Determine Hgb concentration through ABG analysis 
 Emergency full blood count, coagulation studies, and 

cross-match 
 Determine source; exclude GI bleeding and contact 

surgeon / interventional radiologist 
  

TREATMENT  
Transfuse red blood cells (or whole blood in case of brisk 
hemorrhage) to target Hgb of 7 g/dL 
Consider Platelet transfusion if Platelet count <3x109/Ld  
Fresh frozen plasma if INR>1.5 

ANAPHYLACTIC SHOCK 
 History of drug-specific hypersensitivity  

TREATMENT  
Epinephrine; Fluid bolus;  Corticosteroids; Antihistamines   

VASODILATORY SHOCK 
 Temperature >38 C or <36C? 
 Heart rate >90 beats/min? 
 Respiratory rate >20 breaths/min or PaCO2 <32 mmHg? 
 WBC >12 x 109/L or <4 x 109/L or 10% band cells? 
 Source of infection? 
 Organ dysfunction – Determine the SOFA score 
 ABG analysis to determine gas-exchange, and electrolyte 

and lactate  levels  
 Blood cultures and suspected infection site-specific 

cultures 
 

TREATMENT  
ON SUSPECTED DIAGNOSIS OF INFECTION: start 
treatment with 2 broad spectrum antibiotics RATIONALE: 
early and effective antibiotic treatment reduces mortality; in 
suspicion of gram negative sepsis, consider an 
aminoglycoside and/or colistin e   
Fluid therapy: achieve CVP of 12 mmHgf [Crystalloids bolus: 
10-20 mL/kg or colloid 5 mL/kg within 30 min]; if CVP>12 
mmHg without increase in MAP, reduce rate of fluid 
administration 
Vasopressors, first choice: Norepinephrine 0.01-0.50 
μg/kg/min – consider combination with dobutamine 5-20 
μg/kg/min 
Consider hydrocortisone 300 mg/day if norepinephrine 
requirement exceeds 0.2 μg/kg/min 
Patient unresponsive (Norepinephrine >0.5 μg/kg/min and 
MAP<70 mmHg): Consider epinephrine 0.1 μg/kg/min or 
vasopressin 0.1-0.3 U/min; if MAP still <70 mmHg 
Consider transfusion of red blood cells to maintain an Hgb of 
7-9 g/dL 
Maintain blood glucose level at 180 mg/dLg 

Treat sepsis-induced ARDS according to the below-provided 
lung-protective ventilation protocol   
Use Renal Replacement therapy according to the below-
provided indications 

HEMODYNAMIC SUPPORT GOALS 
Mean arterial pressure  (MAP) 70-100 mmHg h 

Central venous oxygen saturation  70% i 
Arterial Blood Lactate 3 mmol/L 

Urine output >0.5 mL/kg/hour 
Capillary refilling time <2 s 

Cardiac index 2.5 L/min/m2 body surface area 
 

NOTE: SUGGESTED PROTOCOL DOES NOT COVER ALL POSSIBLE CAUSES OF 
HYPOTENSION 
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MAP, mean arterial pressure; ECG, electrocardiogram; IABP, intra-aortic balloon pump; PAC, pulmonary artery 
catheter; PCI, percutaneous coronary intervention; Hgb, hemoglobin; ABG, arterial blood gas; GI, gastro-intestinal; 
INR, international normalized ratio; SOFA, sequential organ failure assessment; ARDS, acute respiratory distress 
syndrome. 
 
a, Consider extracorporeal life support, if available. 
b,  Should be based on the determination of the Thrombolysis in Acute Myocardial Infarction (TIMI) Risk Scores.  
c, E.g. aspirin, clopidrogel, abciximab. 
d, Or Platelet count <5x109/L in cases of postoperative hemorrhage. 
e, Inhospital septic shock is frequently caused by multidrug-resistant, gram negative bacteria. 
f, Target applies to mechanically ventilated patients. 
g, Suggested insulin infusion rates per blood glucose level: 0-1 U/h for glucose = 150-200 mg/dL (re-determine. 
glucose and re-titrate every 8 h); 2-3 U/h for blood glucose = 200-300 mg/dL (re-determine glucose re-titrate every 4 
h); 3-5 U/h for blood glucose >300 mg/dL (re-determine glucose re-titrate every 2 h). 
h, Wide range suggested to allow for individualized management of patients with chronic hypertension. 
i, Target applies to patients with vasodilatory shock. 
 
1 mmHg=1.36 cmH2O=0.133 kPa; Blood glucose: 1mg/dL=0.0555 mmol/L; Hemoglobin 1g/dL=10 g/L. 
 
 

INDICATIONS FOR RENAL REPLACEMENT THERAPY2 
 Anuria or Oliguria (Urine output <200 mL during past 12 h) 
 Severe metabolic acidosis (pHa<7.10) 
 Serum urea > 200mg/dL (66.7 mmol/L) 
 Serum potassium > 6.5 mEq/L 
 Serum sodium <115 mEq/L or >160 mEq/L  
 Severe Fluid overload (positive fluid balance  >10 L during the past 72 

h or > 5 L during the past 24 h, peripheral edema, and CVP >15 
mmHg) 

 Septic shock and/or multiple organ failure including renal failurea 

 
 

CVP, central venous pressure. 
a, Renal failure: serum creatinine of ≥3.5 mg/dL (309.4 μmol/L) 
For Potassium and Sodium: 1 mEq/L=1 mmol/L 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



56 

© 2013 American Medical Association. All rights reserved. 
 

 

ANALGESIA AND SEDATION3 
General 

 Analgesia should result in adequate control of pain. 
 Sedation should eliminate anxiety and any patient discomfort, facilitate mechanical 

ventilation, and cause amnesia    
 

Goals for Analgesia 
 Awake and oriented patient: Visual Analogue Scale Scorea 3 
 Awake and disoriented patient: No restlessness, or grimacing, or tense muscles, or loud 

moaning/groaning or crying 
 Mechanically ventilated patients: No restlessness, or grimacing, or tense muscles 

 
Suggested analgesics b 

 Awake patient: Tramadol, morphine  
 Mechanically ventilated patient: Remifentanil, or fentanyl  

 
Goals for Sedation during Mechanical Ventilation 

 Ramsay Sedation Scale Score: 2-3, unless deep sedation is needed (see below) 
 

Suggested sedatives 
              Mechanically ventilated patient:  Propofol and/or midazolam 
 
Consider daily interruption of sedation 

 Restart sedation in case of patient ventilator dyssynchrony and/or patient discomfort 
(grimacing/restlessness); attempt to reduce sedative drug infusion rates by 30% relative to pre-
interruption rates; if patient on combination treatment with midazolam and propofol, restart 
sedation solely with propofol.   

 
Detection of patient ventilator dyssynchrony  

 Over a period of 5-10 min observe patient for: spontaneous breathing efforts resulting in 
periodic increases of ≥5 cmH2O in ventilator-displayed peak pressures; or spontaneous 
breathing efforts that are ineffective in triggering the ventilator.    

 
Discontinuation of long-term (i.e. >3 days) analgesia / sedation 

 Should be gradual for the prevention of the withdrawal syndrome,c less potent and longer 
lasting agonists such as morphine and lorazepam may contribute to an uneventful 
discontinuation of corresponding, more potent agonists such as fentanyl and midazolam  

 
Delirium  

 On clinical suspicion,d request psychiatric evaluation; CAM-ICU assessment is suggested; 
patient treatment may include haloperidol or risperidone 

 
CAM- ICU, Confusion Assessment Method for the Intensive Care Unit 
a, Score from 0 to 10, according to 0=no pain and 10=worst possible pain. 
b, Nonstroidal anti-inflammatory agents or paracetamol can be used as adjuncts.  
c Suggested by restlessness, anxiety, agitation, diaphoresis, tremor, seizures, mydriasis, dilated pupils, 
hypertension, tachypnea, and diarrhea or vomiting. 
d, Suggested by a fluctuating Glasgow Coma Score, disorientation, restlessness, combative behavior, wandering 
attention, nonsense speech, and inability to follow simple commands. 
1 cmH2O=0.098 kPa. 
 

Ramsay Sedation Scale Score 
Anxious or restless or both 1 
Cooperative, orientated and tranquil 2 
Responding to commands 3 
Brisk response to stimulus 
(e.g. light glabellar tap and loud voice)  

4 

Sluggish response to stimulus 5 
No response to stimulus 6 
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ANALGESIA AND SEDATION IN SPECIFIC CONDITIONS3 
ARDS 

 Midazolam 0.10-0.25 mg/kg/h and/or propofol 1-3 mg/kg/h, and remifentanil 5-7 μg/kg/h   

 Target Ramsey score  5-6 

 Cis-atracurium (0.15-0.20 mg/kg/h) for 48 h may be considered to facilitate mechanical 
ventilation; Confirm a Ramsay sedation score of 6 before administering the 
neuromuscular blocker  

 At  PaO2/FiO2 >200 mmHg: Discontinue cisatracurium; Consider daily interruption of 
midazolam and propofol. If required (i.e. in case of patient discomfort and/or patient ventilator 
dyssynchrony), restart sedation without using midazolam. 

 Discontinue propofol over the next 24-48 h  
 

 Discontinue remifentanil during weaning from mechanical ventilation 
 
Severe hemodynamic instabilitya: Mechanically ventilated patients with CVP~12 mmHg, 
requiring norepinephrine infusions of >0.25 μg/kg/min for MAP ≥70 mmHg   

 Target Ramsey score:  4-5 

 If creatinine <3.5 mg/dL (309.4 μmol/L): Remifentanil 5-7 μg/kg/h and midazolam 0.1-0.2 
mg/kg/h 

 If creatinine >3.5 mg/dL (309.4 μmol/L): Remifentanil 5-10 μg/kg/h and midazolam 
0.1mg/kg/h 

 Consider daily interruption of midazolam; if required (see above) restart midazolam at 30% 
lower infusion rate, relative to its pre-interruption rate  

Mild-to-moderate hemodynamic instabilitya: Mechanically ventilated patients with CVP~12 
mmHg, requiring norepinephrine infusions of 0.25 μg/kg/min for MAP ≥70 mmHg   

 Target Ramsey score: 3-4 

 If creatinine <3.5 mg/dL (309.4 μmol/L): Remifentanil 3-5 μg/kg/h or propofol 0.5-1 mg/kg/h 

 If creatinine >3.5 mg/dL (309.4 μmol/L): Remifentanil 3-5 μg/kg/h and propofol 0.5-1 
mg/kg/h 

 Consider daily interruption of propofol; if required (see above) restart propofol at 30% lower 
infusion rate, relative to its pre-interruption rate 

Hemodynamically stable patientsa not receiving vasopressors; MAP>60 mmHg 
 

 Target Ramsey score: 2-3 

 Remifentanil 3-5 μg/kg/h; consider weaning from mechanical ventilation (see below) 
 

ARDS, acute respiratory distress syndrome, definition: acute onset, PaO2/inspired O2 
fraction <200 mmHg, bilateral pulmonary infiltrates on frontal chest radiograph, and absence 
of any clinical evidence of left atrial hypertension. 
a, without ARDS. 

       1 mmHg=0.133 kPa. 
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MANAGEMENT OF INTRACRANIAL HYPERTENSION (ICP >20 mmHg) 
IN TRAUMATIC BRAIN INJURY4 

TARGETS: CPP>60 mmHg and ICP <20 mmHg 
STEP I  

• Deep Sedation (Ramsay score: 5-6): Propofol 3-4 mg/kg/h and Remifentanil 5-10 μg/kg/h; 
consider cisatracurium 0.1-0.15 mg/kg/h (achieve a Ramsay score of 6 before giving the 
neuromuscular blocker) 

• 30 head up positioning; CVP within 10-12 mmHg; Temperature <37 C; Blood glucose 
within 80-150 mg/dL SpO2 >95%; PaO2 >90 mmHg; PaCO2 within 35-40 mmHg; Vasopressor 
of choice to maintain MAP >70 mmHg: norepinephrine 

• If targets not achieved proceed to STEP II 
 
Traumatic brain injury and  conventional treatment-refractory intracranial hypertension 
STEP II 

• Exclude space-occupying lesion (e.g. expanding subdural hematoma), requiring surgical 
treatment 

• Consult with neurosurgeon for CSF drainage <120 mL/day  

• Consider EEG to exclude epileptic activity and phenytoin 

• Deep Sedation (Ramsay score: 6): Propofol 4-5 mg/kg/h and Midazolam 0.1-0.2 mg/kg/h, and 
Remifentanil 5-10 μg/kg/h; start cisatracurium 0.1-0.15 mg/kg/h  

• 20% Mannitol 2 g/kg/day and/or  3% of hypertonic saline 0.3 g/kg/day  

• If targets of STEP I not achieved proceed to STEP III 

 

STEP III 

• Consult with neurosurgeon for CSF drainage >120 mL/day  

• Deep Sedation (Ramsay score: 6): Propofol 4-5 mg/kg/h and Midazolam 0.1-0.2 mg/kg/h, and 
Remifentanil 5-10 μg/kg/h; cisatracurium 0.1-0.15 mg/kg/h; PaCO2 within 30-35 mmHg 

• 20% Mannitol >2 g/kg/day and/or  3% of hypertonic saline >0.3 g/kg/day; consider CVVDHF 
if Sodium >155 mEq/L 

• Consider hypothermia to 33-34 C 

• If targets of STEP I not achieved proceed to STEP IV 

 
STEP IV 

• Consider hypothermia to 33-34 C;  

• Consider PaCO2 within 25-30 mmHg 

• Consider Decompressive craniectomy – consult with neurosurgeon 

• Start thiopental and titrate to ICP <20 mmHg; consider EEG to confirm burst suppressiona 

 

ICP, intracranial pressure; CPP, cerebral perfusion pressure; CVP, central venous pressure; CSF, cerebrospinal 
fluid; EEG, electroencephalogram. 1 mmHg=0.133 kPa; For Sodium: 1mEq/L=1 mmol/L. 
 a, Defined as bursts of high amplitude theta/delta activity with intervening periods of electrical quiescence. 
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USE OF THERAPEUTIC HYPOTHERMIA5-7 
Therapeutic hypothermia may be considered as a treatment option for all patients resuscitated 
from cardiac arrest; hypothermia has been associated with improved outcomes in patients with 
VF/VT as presenting cardiac arrest rhythm 
 
Therapeutic hypothermia for 48 hours may be considered as a treatment option for patients with 
traumatic brain injury and treatment-refractory ICP 
 
COOLING TECHNIQUESa 

Target urinary bladder temperature: 33-34C  
Surface cooling: Application of ice packs around the head, neck, torso, and limbs, until the target 
temperature is reached, followed by the use of a cooling blanket 
Ice cold normal saline: Infusion of 20-30 mL/kg of cold (4 C) normal saline solution within 
approximately 30 min, followed by the use of a cooling blanket  
Heat Exchange Cooling Catheter: if available    
  
During hypothermia: shivering should be avoided; patients should be deeply sedated; use of 
neuromuscular blockade should also be considered; attending staff should be vigilant for hypotension 
associated with bradycardia, hyperglycemia, and thermal injuries 
 
Rewarming: a passive, slow rewarming is suggested (e.g. 0.2-0.3 C/h)   
  

 
VF/VT, ventricular fibrillation/pulseless ventricular tachycardia; ICP, intracranial pressure. 
a, The same techniques can be used in the conservative management of treatment-refractory hyperthermia. 
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VENTILATORY MANAGEMENT OF SPECIFIC CONDITIONS8 
ARDS  
Ventilator mode 
Target tidal volume (mL/kg predicted body weight) a 
Target end-inspiratory plateau airway pressure (cmH2O)  
Ventilator rate (breaths/min) / Target pHa 
Inspiratory-to-expiratory time ratio  
Combinations of FiO2 (%) / PEEPe (cmH2O)  
 
Target SpO2 (%) 
Target PaO2 (mmHg) 
Recruitment maneuvers: consider in early-onset ARDS  
(i.e. duration < 5 days)  

 
Volume assist-control 
6.0  (with allowances from 5.5 to 7.5) 
≤30 (with allowance of up to 35) 
16-35 / 7.20  
1:2 
40 / 5-8; 50 / 8-10; 60 / 10-14; 70 / 10-14;  
80 / 14-16;   90 / 14-16; 100 / 16-20  
90-95 
60-80 
CPAP of 40-45 cmH2O for 40 s 

COPD AND ASTHMA 
Target tidal volume (mL/kg predicted body weight) a 

Target end-inspiratory plateau airway pressure (cmH2O)  
Ventilator rate (breaths/min) / Target pHa 
Inspiratory-to-expiratory time ratio  
Suggested initial PEEPe level (cmH2O) b, c 

 
8.0    
<30 
10-15 / 7.20 
1:3 
5 cmH2O   

WEANING FROM MECHANICAL VENTILATION 
Eligibility Criteria for Weaning Trial (Patient on volume 
assist-control conventional ventilation) 
  
 
 
STEP I: Change ventilator mode to PSV; Initial PSV level = 
20-25 cmH2O; PEEPe level = 5 cmH2O c  
STEP II: Reduce PSV level by 10-15 cmH2O within 2-6 h 
STEP III: PSV level = 10 cmH2O above PEEPe for 60 min  
STEP IV: SBT for 60 min e 
STEP V: Orotracheally intubated patient: Extubate;  
Tracheostomized patient: Maintain unassisted breathing – 
consider tracheostomy closure after 48 h of sustained, 
unassisted breathing 

 
PaO2>60 mmHg at FiO2<0.50 and PEEP<8 cmH2O; pHa 
>7.30 and no electrolyte imbalance; No vasopressors or 
evidence of new infection; Hemoglobin level>6.5 g/dL; 
No sedation or Ramsay score of 2-3 
 
No evidence of patient distress;d  proceed to STEP II 
 
No evidence of patient distress d  proceed to STEP III 
No evidence of patient distress; d   proceed to STEP IV 
No evidence of patient distress; d   proceed to STEP V 
 

 
ARDS, acute respiratory distress syndrome (defined as acute onset, PaO2/inspired O2 fraction <200 mmHg, bilateral 
pulmonary infiltrates on frontal chest radiograph, and absence of any clinical evidence of left atrial hypertension); 
FiO2, fractional inspired oxygen; PEEPe, external positive end-expiratory pressure; SpO2, peripheral oxygen 
saturation; COPD, chronic obstructive pulmonary disease; PSV, pressure-supported ventilation; SBT, spontaneous 
breathing trial. 
a, Calculate as " = 50 + [Height (cm) – 152.4] x 0.91" and as " = 45.5 + [Height (cm) – 152.4] x 0.91" for males and 
females, respectively. 
b, Consider titration to a difference between total PEEP (at current PEEPe level) and intrinsic PEEP (at PEEPe=0 
cmH2O) of less than 2 cmH2O.  
c, In asthma, PEEPe can be set at 0 cmH2O.   
d, Respiratory rate of >35 breaths/min and/or use of accessory respiratory muscles and chest retractions during 
inspiration; heart rate >140 beats/min; systolic arterial pressure within <90 mmHg or >180 mmHg; and SpO2 <90%.   
e, At the end of a successful SBT confirm that PaO2>60 mmHg and pHa>7.30 by arterial blood gas analysis. 
1 mmHg=1.36 cmH2O=0.133 kPa; Hemoglobin: 1 g/dL=10 g/L. 
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