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Atkinson P, et al. Does Point-of-Care Ultrasonography Improve Clinical Outcomes in 
Emergency Department Patients With Undifferentiated Hypotension? An International 
Randomized controlled Trial From the SHoC-ED Investigators. Ann Emerg Med. 2018 Oct;
72(4):478-489. 

Problem: Point of care ultrasound (POCUS) has become a fixture in the Emergency 
Department over the past few decades. One of the most important applications for ultrasound is 
the use during the assessment of patients in shock and during resuscitation. There have been 
many small and low quality evidence supporting the use of ultrasound. The authors of the 
current study performed the first randomized control trial to compare clinical outcomes when 
POCUS (versus no POCUS) was used for patients with non-traumatic patients with 
undifferentiated shock. 

Bottom-Line: The authors were not able to demonstrate that ultrasound resulted in a benefit for 
survival, reduced length of stay, reduction in rates of CT scanning, less inotrope use, or fluid 
administration. However, I still believe that ultrasound is still an invaluable tool to have at the 
bedside due to no patient harm and lots of data discovered when performing POCUS. 

Study Design: Multi-center, non-blinded, randomized-control trial trial of 6 international 
emergency departments. Patients were included if SBP <100 of Shock index (SI) > 1 and were 
19years-old or over. Patients who were excluded were: 1) in need of CPR, 2) obvious cause of 
hypotension/shock 3) non-pathologic BP, 4) vagal episode of hypotension 5) previous diagnosis 
known to clinicians, 6) ECG with diagnosis of AMI, and 7) pregnant. Patients were randomized 
to either POCUS plus standard care or standard of care without POCUS. Patients in the 
POCUS group received two ultrasound exams 1. RUSH (Rapid Ultrasound for Shock and 
Hypotension) and 2. ACES (Abdominal and Cardiac Evaluation with sonography in Shock); see 
text for full details on the protocols. All ultrasounds were done by physicians who demonstrated 
proficiency in bedside ultrasound.  
    
Primary outcome: Survival to hospital discharge or survival to 30 days if they remained 
admitted. 

Secondary outcome: Volume of intravenous fluid given while in the ED, rate of inotrope 
administration, rate of CT scanning, rate of hospital and ICU admission, and overall length of 
hospital stay.  

Results: 273 patients were enrolled and 3 lost to followup (138 to POCUS group) with 
demographic data similar between both groups. There was no significant difference in the 
primary outcome of survival to hospital discharge. There were also no significant difference in 
the secondary outcomes. The most common cause of shock was sepsis (52%).  

The Good: First study of its kind to address an important questions, randomized and controlled, 
multi-center study, baseline characteristics similar despite different centers internationally, well-
trained physicians using ultrasound, and they used standardized protocols that were previously 
well validated.  

The Bad: Small study and didn’t reach target enrollment, excluded pregnant patients with 
possible ruptured ectopic and ruptured AAA patients, where ultrasound is very helpful with 
diagnosis of undifferentiated shock, diagnostic tests can’t have mortality benefit (maybe the 
questions should have been asked differently), we do not know how clinicians integrated their 
ultrasound findings into a final diagnosis (is there a degree of subjectivity to interpretation?), 
study terminated early, and we don’t know the level of expertise in the person not using POCUS 
(perhaps this person was a person in EM for many decades with excellent clinical gestalt). 

https://www.ncbi.nlm.nih.gov/pubmed/29866583
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Medlej K et al. Complications from Administration of Vasopressors Through Peripheral 
Venous Catheters: An Observational Study. J Emerg Med. 2018 Jan;54(1):47-53. 

Problem: Vasopressors are the cornerstone of therapy for fluid patients with refractory 
circulatory shock. Delay of vasopressors has been associated with up to a 5% increase in 
mortality per hour. Part of the challenge to managing these patients in the Emergency 
Department is that vasopressors have traditionally required a central line for administration. 
Central lines are painful, time-consuming and can potentially cause patient harm. Administration 
of vasopressors thought a peripheral IV (i.e., peripheral vasopressors, PV) has been studied 
and determined to be safe when used for shorter intervals, but the data is largely retrospective 
and not robust. The authors of the current study sought to prospectively evaluate the use of PV 
for patients with circulatory shock in the emergency department.   

Bottom-Line:This is another study that demonstrates the safety of peripheral vasopressors. It 
appears that vasopressors in veins above the elbow (i.e., antecubital) are safe and associated 
with a low rate of complication  

Study Design: This was a prospective observational trial at a tertiary medical center in patients 
who required vasopressors. Vasopressors were administered through a peripheral IV. The IV 
sites were checked and the rates of complications were recorded. Complications were divided 
into major (tissue necrosis and limb ischemia) and minor (local cellulitis, thrombophlebitis, and 
drug extravasation). 

Primary outcome: Rate of major complication (tissue necrosis and limb ischemia) and minor 
(local cellulitis, thrombophlebitis, and drug extravasation). 

Results: 55 patients enrolled with the following breakdown of circulatory shock: septic (83.5%), 
cardiogenic (10.9%) Hypovolemic or hemorrhagic 3 (5.5%). Norepinephrine was the most 
common agent used (90.9%) and dopamine was used in 9.1%. Sites were IV were external 
jugular,  upper arm, antecubital fossa, forearm, and hand; the antecubital site was the most 
commonly used followed by the hand. IV gauge ranged from 16 to 22.  

Three of the 55 patient required the addition of a second vasopressor and all three patients had 
the second vasopressor running through the save peripheral IV. Overall, there were no major 
complications noted in all 55 patients. Total duration of vasopressors ranged from 6 to 113 hours 
total. Maximum rate of NE infusion was 30mcg/min (8mg in 250cc). Maximum rate of DA 
infusion was 15.  

There were 3 minor complications observed (local thrombophlebitis, skin pallor and non-
blanching skin erythema). All three complications occurred when the vasopressor ran for more 
than 11 hours. 

The Good: Study done in the Emergency Department, doses were typical doses that would be 
used in the ED, NE was used most commonly and is also the one that we use most commonly 
in the ED, no major complications and only a few minor with minor consequence.   

The Bad: Small study, single-center, most patients were in septic shock so limits 
generalizability, and most of the patients received NE so hard to make firm conclusions about 
DA (although we shouldn’t be using much anyway). 

https://www.ncbi.nlm.nih.gov/pubmed/29110979
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Kress, J. et al. Kress, J. Comparison of Two Lidocaine Administration Techniques on 
Perceived Pain from Bedside Procedures: A Randomized Clincal Trial. CHEST 2018 
October:154(4):773-780. 

Problem: Procedures are painful and patients don’t like pain. Lidocaine is a commonly used 
anesthetic to help alleviate the pain of procedures. Ironically injecting lidocaine itself causes 
pain to the patient. Warming lidocaine, adding bicarbonate, injecting slowly have all been tried to 
reduce the pain. The gate theory of pain states that touch and temperature can module pain 
sensation locally. This study evaluated a novel technique for reducing pain during the injection 
of intra-dermal lidocaine.  

Bottom-Line: Adding a few drops of room temperature lidocaine to the skin surface prior to 
intradermal lidocaine can significantly reduce the perception of pain during procedures through 
modulating pain signaling pathways (i.e., lidocaine is water soluble and does not get absorbed). 
This was only demonstrated convincingly for PICC lines in the study but this intervention is so 
cheap and easy, so why not just do it? 

Study Design: 481 patients were enrolled in this single-center, randomized control trial; patient 
and investigators were blinded to treatment (operators were unblinded). Various invasive 
procedures were studied including central catheters, thoracentesis, lumbar puncture and 
paracentesis. Patients were randomized to receive either 1% lidocaine without epinephrine 
intra-dermally or have 1-2mL of lidocaine dripped to skin surface immediately prior to intra-
dermal injection. Pain scores were then assessed afterwards with a visual analog scale (VAS). 

Primary outcome: Perception of pain of procedures as assessed with a visual analogue scale 

Results: There was significantly less pain for all procedures when lidocaine was dripped to the 
skin surface prior to the procedure. This resulted in a 26% relative reduction in pain. Of note, 
when individual procedures were analyzed separately only PICC lines had a statistically 
significant difference. 

The Good: Easy to do because you already have lidocaine in your hand while doing procedures 
and it resulted in reduction of pain for procedures. Doesn’t cost extra or expose patient to more 
harm  

The Bad: Single center study,  when procedures analyzed individually only benefitted patients 
receiving PICC lines, other procedures might have been underpowered to demonstrate an 
effect. 
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De Jong A et al. Cardiac Arrest and Mortality Related to Intubation Procedure in Critically 
Ill adult Patients: A Multi-center Cohort Study. Critical Care Medicine. 2018 Apr;46(4):
532-539 

Problem: The anatomically difficult airway is something that many EM physicians identify and 
prepare for prior to intubation. In recent years, an increased awareness of the “physiologic” 
airway has occurred. Patients with a physiologically difficult airway are at increased risk for post-
intubation hypotension and cardiac arrest. The rates of cardiac arrest vary depending on the 
study reviewed but can range as high at 4% of all intubations. Identifying which patients are at 
increased risk for cardiac arrest would allow clinicians to identify and address reversible 
problems. This study sought to identify the most common risk factors for post-intubation cardiac 
arrest.   

Bottom-Line: The following risk factors are associated with cardiac arrest post-intubation in the 
ICU: 1) hypotension (SBP <90) 2) hypoxemia (<90%) 3) lack of pre-oxygenation 4) Obesity 
(BMI >25) and 5) Advanced age (>75). Although you can’t change someone’s age or obesity, 
resuscitation prior to RSI and good pre-oxygenation may reduce the risk of peri-intubation 
cardiac arrest.  

Study Design: Retrospective analysis of prospectively collected data taken from six 
prospective randomized and observational studies. All data originated from 5 databases 
covering 64 French ICUs. The authors sought to determine the incidence of and risk factors 
associated with cardiac arrest during intubation in the ICU and the effect on immediate and 28 
day mortality. 

Primary outcome: Intubation related cardiac arrest within 5 minutes of intubation (e.g., 
asystole, bradycardia, or ventricular dysrhythmia without blood pressure) 

Secondary outcome: cardiac arrest without ROSC, 28-day mortality and moderate to severe 
complications (sats <80%, decrease sats >10%, severe CV collapse (SBP <65 or decrease 
SPB >20) associated with intubations. 

Results: 1,847 patients were analyzed and common reasons for intubation were acute 
respiratory failure and altered mental status. Anesthesiologists performed the intubation in 68% 
of cases.  49 patients had cardiac arrest (2.7% of study population) and 70.4% of these patients 
achieved ROSC and of those patient with ROSC 62.8% of patients died at 28 days. Overall, 
when a patient experienced a cardiac arrest, the 28-day mortality is 73.5%. This is significant 
when compared to patients who did not experience cardiac arrest whose 28-day mortality was 
30%. The authors also performed a multivariate analysis and concluded that intubation-related 
cardiac arrest was in fact an independent risk factor for 28-day mortality. 

The main risk factors for cardiac arrest were identified as arterial hypotension, hypoxemia prior 
to intubation, lack of pre-oxygenation, overweight/obesity and age more than 75 years old 

The Good: Large number of patients, multiple hospitals, and patients were critically ill (or 
physiologically difficult)   

The Bad: Retrospective, data from multiple studies, anesthesiologists did intubations, not all 
patients were paralyzed, and finally not an ED study so perhaps we shouldn’t extrapolate. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=De+Jong+A+et+al.+Cardiac+Arrest+and+Mortality+Related+to
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April M, et al. Emergency Department Intubation Success with Succinylcholine Versus 
Rocuronium: A National Emergency Airway Registry Study 

Problem: Rocuronium (ROC) vs. Succinylcholine (SUX) is one of those debates that continues 
to persist in medicine. There have been lots of expert opinions and studies looking at the 
difference with no clear winner. The authors of the current study sought to determine which 
agent was superior by evaluating first pass success and adverse events following administration 
of either of these agents.   

Bottom-Line: Pick whichever agent you lie, there’s no difference between first-pass success 
with regard to ROC or SUX  

Study Design: Data was reviewed from the National Emergency Airway Registry (NEAR), 
which is prospective registry of ED intubations. Data included in the study was from 2016 and all 
patients were 14 years-old or greater. 

Primary outcome: The rate of first pass success  

Secondary outcome: Incidence of adverse event such as hypoxia, hypotension, esophageal 
intubation, dental trauma, cardiac arrest, main stem intubation, vomiting, etc.) 

Results: 5,244 were included in this analysis (5,071 from the NEAR database) over 22 
participating centers. SUX was used in 2,275 and ROC in 1,800 patient intubations. Mean dose 
of SUX was 1.8 mg/kg and the mean dose of ROC was 1.2 mg/kg. There was no significant 
difference between the two agents with respect to the primary outcome. No difference between 
either agent with respect to first-pass success for difficult airways. Higer first pass success 
without difficult airway when the higher dose rage on ROC was used as compared to the lower 
dose range. No difference in adverse event rate between ROC or SUX.  

The Good: Multi-center data, prospective data collection ,good methodology, ED patients,   and 
similar baseline characteristics. 

The Bad: Observational trial design, database study so difficult to determine why one agent 
was chosen over another, data missing (time from onset of paralysis, why one agent was 
chosen over another, and continuous vital signs), and differences in SUX group (more VL, more 
experienced incubators, younger patients and less obesity). 

https://www.ncbi.nlm.nih.gov/pubmed/29747958
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Driver BE et al. Effect of Use of a Bougie vs Endotracheal Tube and Stylet on First-
Attempt Intubation Success Among Patients With Difficult Airways Undergoing 
Emergency Intubation: A Randomized Clinical Trial. JAMA 2018. 

Problem: Registry data shows that up to 12% of emergent intubations lead to adverse patient 
outcomes. Bougie-assisted intubation is a great airway adjunct during rapid sequence intubation 
(RSI). Despite its benefits during RSI it is often perceived as a rescue device (My personal view 
is that using the bougie this way doesn’t allow trainees the comfort and expertise with using this 
device as it is only used for “difficult” airways). The current study evaluated the use of a bougie 
for first-pass success for any patient who exhibited at least one characteristic of a difficult airway 
to improve first-pass success.  

Bottom-Line: The use of a bougie significantly improved first-pass success in anticipated 
difficult airways and also in all-comers. Clinicians should consider using the device on the first 
look if the airway is predicted to be difficult. The bougie should not be considered as simply a 
rescue device. 

Study Design: Randomized control trial at a single academic center. Patients were enrolled in 
the study consecutively. All patients were intubated by an Emergency medicine physician (at 
least a 3rd year resident using either a macintosh blade or C-MAC. Indications for intubation 
included airway protection, difficulty breathing, or respiratory arrest. 

Primary outcome: First-attempt success in patients with at least one difficult airway 
characteristic (e.g., obesity, short neck, airway obstruction, small mandible, large tongue, need 
for cervical spine immobilization, etc.)  

Secondary outcome: First-attempt success in all patients, first-attempt intubation success 
without hypoxemia, first-attempt duration, esophageal intubation, and hypoxemia. 

Results: 757 patients were randomized to bougie facilitated (n=381) versus endotracheal tube 
plus stylet (n=376) intubations. 380 patients (i.e., more than 1/2) were found to have at least 
one characteristic of a difficult airway. With respect to the primary outcome, first-pass success 
rate was significantly higher in patients where bougie (96% vs. 82%) was used initially. When 
looking at secondary outcomes, first-pass success was significantly higher in all patients. There 
was no difference in the duration of first attempt or hypoxia between either group. 

The Good: Large number of well-balanced subjects and randomized patients, asked an 
important clinical question, and interim analysis performed to determine futility mid-study. 

The Bad: Single center, “difficult” airway characteristics is a subjective assessment, only used 
one type of bougie, difficult to do a blinded study here. 
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Birenbaum, A. et al. Effect of Cricoid Pressure Compared With a Sham Procedure in the 
Rapid Sequence Induction of Anesthesia: The IRIS Randomized Clinical Trial. JAMA 
Surg. 2018 Oct 17. 

Problem: Cricoid pressure (CP) has been described since the 1700’s as a method to reduce 
aspiration during intubation. The thought is that pressure on the cricoid cartilage can occlude 
the esophagus and prevent the reflux of gastric contents into the airway and reduce aspiration. 
Although the initial studies were of poor quality this technique has been passed along through 
generations of anesthesiologists. More recent studies have refuted this technique by 
demonstrating on ultrasound and MRI. Data has shown that CP only displaces, but does not 
occlude the esophagus. CP may also worsen an operator’s view during endotracheal intubation.  

Bottom-Line: There was no significant difference between the sham procedure or CP or a 
sham technique in the incidence of pulmonary aspiration. However, the application of CP 
resulted in longer times to intubation, creating less optimal airway views (Cormack-Lehane 
grade III and IV), and had two or more intubation attempts. In fact, this study demonstrated that 
removing CP improved airway views for intubation.   

Study Design: This was a multi-center (10 sites), randomized, double-blind, non-inferiority trial 
with patients > 18 years old with <6 hours of fasting time who had at least one risk factor for 
aspiration. 3,472 were enrolled in this study. The intervention group had a hand over cricoid 
without pressure and an opaque sheet covered the hand. Control group had cricoid pressure 
with 30N of force to the cricoid. 

Primary outcome: The reported incidence pulmonary aspiration visualized either during 
intubation at the glottis or by tracheal suctioning post-intubation.  

Secondary outcome: Rates of suspected aspiration pneumonia within 24 hours of intuition, 
need for mask ventilation, rates of traumatic complications, higher Cormack + Lehane grades, 
difficult intubations (>2 attempts or use of alternative intubation techniques) 

Results: There was no significant difference in the primary outcome of pulmonary aspiration 
between the sham and CP groups (both <1%). There were also no significant difference in the 
rates of aspiration PNA, suspected pneumonia with 24 hours, and severe pneumonia.There 
were significant differences when CP was used, however, with higher Cormack-Lehane views, 
longer times to intubation and required more than 2 attempts at intubation. Airway viewed were 
significantly improved in CP patients when CP was removed.  

The Good: Large, multi-center, randomized trial with blinding, trained all users so everyone 
applied the “same” CP, asked very good questions with important clinical end-points. Also 
demonstrated that pulmonary aspiration and PNA is a rare event overall. 

The Bad: Non-inferiority trial which might not have been the best way to answer this question, 
done by anesthesiologists in the OR (i.e., this isn’t us in Emergency Medicine), and excluded 
pregnant patients where pulmonary aspiration is of particular concern.   

https://www.ncbi.nlm.nih.gov/pubmed/30347104
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Simonis, F. et al. Effect of a Low vs Intermediate Tidal Volume Strategy on 
Ventilator-Free Days in Intensive Care Unit Patients Without ARDS. The PReVENT 
Trial. JAMA. 2018 Nov 13;320(18):1872-1880 

Problem: The ARDSnet trial established that a tidal volume of 6-8cc/kg IBW should be sought 
for patients in ARDS. Since then there have been numerous publications that have established 
this “dose” of tidal volume for patients is also effective and safe. Lower-tidal volumes in all 
patients is not without its risks as these tidal volumes require more sedation from patient-
ventilator dyssynchrony. The current trial sought to determine whether a low-tidal volume 
strategy compares to an intermediate tidal volume strategy (10cc/Kg).    

Bottom-Line: A low-tidal volume strategy was not more effective than an intermediate strategy 
with respect to mortality and ventilator free days at 28 days. 

Study Design: This was a prospective, multi-center (6 ICUs in the Netherlands) randomized 
clinical control trial. Inclusion criteria were patients ≥18year-old with mechanical ventilation and 
were not expected to be extubated within 24 hours of randomization. Patients were excluded if 
they had ARDS or COPD. The initial tidal volume for the low-TV strategy was 6cc/Kg (patients 
could have Tv decreased to a minimum of 4cc/Kg). The intermediate Tv group had a tidal 
volume of 10cc/Kg   

Primary outcome: Ventilator free days and alive at 28 days post-post-randomization  

Secondary outcome: Median length of ICU and hospital stay, ICU and hospital mortality, 
mortality at 28 and 90 days, no difference in safety (ARDS, PNA, severe atelectasis, PTX, need 
for more sedatives/analgesia/NMB, delirium, fluid balance, blood transfusions or recruitment 
maneuvers). 

Results: 961 patient were enrolled in the study with similar baseline characteristics. Most 
patients were intubated for cardiac arrest, then post-operative ventilation, then PNA, then 
sepsis. No significant difference in the primary outcome of number of ventilator free days and 
alive at 28 days. No significant difference in the secondary outcomes or in the safety measures.  

The Good: Large, multi-center, and randomized trial, asked an important clinical question, well-
well-developed protocol and good methodology, and 10cc/Kg is close to “real world” practice in 
the ED and ICU.  

The Bad: After 1 day of randomization not enough separation in Tv between groups and likely 
underpowered, missed a large number of eligible patients into the trial, excluded patients with 
COPD (a significant portion of patients who we manage), composite end-point for the primary 
outcome, and a lack of clinician blinding. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonis,+F.+et+al.+Effect+of+a+Low+vs+Intermediate+Tidal+Volume+Strategy+on+Ventilator-Free+Days+in+Intensive+Care+Unit+Patients+Without+ARDS
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonis,+F.+et+al.+Effect+of+a+Low+vs+Intermediate+Tidal+Volume+Strategy+on+Ventilator-Free+Days+in+Intensive+Care+Unit+Patients+Without+ARDS
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonis,+F.+et+al.+Effect+of+a+Low+vs+Intermediate+Tidal+Volume+Strategy+on+Ventilator-Free+Days+in+Intensive+Care+Unit+Patients+Without+ARDS


AAEM19 
Year in Review
Mortality and morbidity in acutely ill adults treated with liberal versus conservative 
oxygen therapy (IOTA): a systematic review and meta-analysis 

Problem: Oxygen is everywhere in the hospital, especially when patients are critically ill. There 
is emerging data, however, that suggests that excessive oxygen can be harmful for patients, 
especially when critically ill. This meta-analysis looks through a number of previously performed 
trial to determine if there’s harm in excessive oxygen administration in patients who are critically 
ill (sepsis, critical illness, stroke, trauma, myocardial infarctions, and cardiac arrest) 

Bottom-Line: This meta-analysis is concordant with other trials that demonstrate that liberal 
oxygen administration is associated with an increased mortality so use the lowest necessary 
oxygen to your patients. 

Study Design: Systematic review and meta-analysis with an intention to treat analysis. Several 
populations of patients were included and a conservative and liberal oxygen strategy were 
compared as measured by FiO2, PaO2, SaO2 or SpO2.   

Primary outcome: In-hospital mortality, 30 day mortality,  and longest available follow-up 

Secondary outcome: Disability after stroke of TBI, hospital acquired infections, and length of 
hospital stay. 

Results: 25 trials were included with 16,037 patients total (stroke - 7,795, myocardial infarction / 
cardiac arrest - 6,306, critically ill - 582, Emergency surgery patients - 338, and sepsis - 50).  
Median FiO2 for liberal was 0.52 and for conservative was 0.21.  

Morality was significantly increased when a liberal strategy of oxygenation was used (this was 
the case amongst any follow-up). As SpO2 increased in the liberal group there was a higher RR 
of mortality (for every 1% in SpO2 the relative risk of hospital mortality increased by 25% and at 
longest follow-up increased by 17%). Number needed to harm with liberal oxygen was 71. With 
regard top secondary end-points: 1) no difference in disability from strokes / TBI 2) no difference 
in hospital acquired infections, except in emergency surgery patients with decreased infections 
3) no difference in mean length of hospital stay 4) no difference in outcomes whether intubated 
or not or if in ICU or non-ICU (sub-group analysis) 

The Good: Large meta-analysis with methods and included good quality studies, and a 
clinically important outcome 

The Bad: Meta-analysis, not all patients were ICU patients although critically ill, control and 
intervention FiO2 varied widely, secondary outcomes very heterogeneous and might be difficult 
to form a solid conclusion. 
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Jaber, S. et al. Sodium bicarbonate therapy for patients with severe metabolic acidaemia 
in the intensive care unit (BICAR-ICU): a multi-centre, open-label, randomised controlled, 
phase 3 trial. Lancet. 2018 Jul 7;392(10141):31-40.  

Problem: Patients with metabolic acidosis are commonly seen in the ED, especially in critically-
ill patients. Treatment with bicarbonate drips have long been used in this patient population but 
its use is controversial and there are no studies that demonstrate the clinical outcomes when 
used. The authors of this trial sought to determine whether continuous sodium bicarbonate 
infusion could improve mortality and clinical outcomes.  

Bottom-Line: A continuous infusion of bicarbonate for patents with metabolic acidosis did not 
reduce the composite end-point of death from any cause and the presence of at least one organ 
failure 7 days after randomization. It did improve the composite end-point for patents with 
concurrent acute kidney injury. Bicarbonate infusion did seem to reduce the use of renal 
replacement therapy (RRT), median number of days off RRT, and delayed initiation of RRT.  

Study Design: Multi-center, open-label randomized-control trial (nurses and doctors were not 
blinded), performed in 26 French ICUs. Patients were included if they were 18 year-old or older 
and admitted to the ICU within 48 hours with severe acidemia (pH <7.2, PaCO2 ≤45 and 
bicarbonate ≤20) and SOFA score ≥4 or lactate ≥2. 4.2% bicarbonate was used in the study to 
achieve a pH ≥ 7.3. ABGs would be sent within 1-4 hours of the end of each infusion.  

Primary outcome: A composite measure of death from any cause by 28 days after 
randomization and the presence of at least one organ failure at 7 days. 

Secondary outcome: Length of ICU stay, the use, duration, and number of days alive free of 
life-support interventions (mechanical ventiation, RRT, and vasopressors), SOFA score at 
enrollment (and days 1,2 and 7), total fluid intake between enrollment and day 2, adverse 
events of electrolytes that occurred during the ICU stay, and the occurrence of ICU-acquired 
infections. 

Results: 389 patients enrolled in the study (194 in the control group and 195 in bicarbonate 
group) and patient characteristics were balanced between groups. There was no statistically 
significant difference in the primary outcome (death from any cause at 28 days and the 
presence of at least one organ failure at 7 days). For patients with acute kidney injury there was 
a significant difference in the primary outcome.  With respect to the secondary outcomes, the 
use of RRT was reduced when using bicarbonate, there were more days free from RRT when 
using bicarbonate, and the initiation of RRT was delayed when bicarbonate was used. No 
difference in length of ICU stay, dependance of dialysis on ICU discharge, and median 
vasopressor free days. The adverse events noted were metabolic alkalosis, hypernatremia, and 
hypocalcemia which were all observed more frequently in the bicarbonate group (none life-
threatening). 

The Good: Multi-center and randomized with good balance between groups.  

The Bad: Composite end-point as the primary outcome which is difficult to pick apart, 24% of 
control received bicarbonate, no physician blinding, infusions were all one “dose” and not 
tailored to base deficit, and mechanical ventilation data  not released and obviously affects the 
acid-base status of patients.  

https://www.ncbi.nlm.nih.gov/pubmed/29910040
https://www.ncbi.nlm.nih.gov/pubmed/29910040
https://www.ncbi.nlm.nih.gov/pubmed/29910040
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Kawano T, et al. Intraosseous vascular access is associated with lower survival and 
neurologic recovery among patients with out-of-hospital cardiac arrest. Ann Emerg Med 
2018. Ann Emerg Med. 2018 May;71(5):588-596 

Problem: Every second counts for patients in cardiac arrest. Peripheral IVs (PIV) are the most 
common method of intravenous access for emergency providers however there are populations 
of patients where PIV cannot be placed quickly or easily. Intra-osseous (IOs) lines have been 
growing in popularity because they can be placed easily and rapidly and are non-collapsable 
access sites.  

Bottom-Line: The authors of this study claim that IO was access resulted in worse neurologic 
outcomes for patients in pre-hospital arrest, but this is only an association and as you’ll see in 
this review there are lots of issues with this study. Furthermore, there’s no pre-hospital 
medication that improves outcome, so it seems odd that venous access site should make any 
difference at all. 

Study Design: This was a secondary analysis of data from another pre-hospital trial previously 
performed. Patients in that trial were ≥18 year-old and prospectively collected by EMS 
providers. All patients were treated for non-traumatic cardiac arrest. 

Primary outcome: A modified Rankin score of ≤3 at discharge from the hospital 

Results: 13,155 patients were included in this analysis (IO - 660 and IV 12,495). 1.5% of 
patients achieved a favorable neurologic outcome as compared to 7.6% of patients in the IV 
group. ROSC was achieved in 23.9% of patients with an IO and 38.3% of patent with an IV. Of 
note, there were differences in baseline characteristics (e.g., shockable rhythm, bystander CPR, 
etc) and these factors actually favored the IV group. 

The Good: Patient centered primary outcome, and prospectively collected data, and 
investigates an important question that is current and important to ask. 

The Bad: Primary data not from this study, patients were not randomized, there was a HUGE 
difference in sample size between groups because this data was taken from another study.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawano+T,+et+al.+Intraosseous+vascular+access+is+associated+with+lower+survival+and
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawano+T,+et+al.+Intraosseous+vascular+access+is+associated+with+lower+survival+and
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawano+T,+et+al.+Intraosseous+vascular+access+is+associated+with+lower+survival+and
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Perkins, G. et al. A Randomized Trial of Epinephrine in Out-of-Hospital Cardiac Arrest. N 
Engl J Med. 2018 Aug 23;379(8):711-721. 

Problem: Epinephrine (EPI) has long been a part of the Advanced Cardiac Life Support 
algorithm despite the lack of evidence with this intervention. Epinephrine is thought to have 
benefits such as improved coronary perfusion but there are also potential harms such as 
cerebral ischemia and increased myocardial demand. Despite the conflicting data, there has not 
been a large prospective trial to support the use of epinephrine in cardiac arrest. The authors of 
this large trial sought to clarify whether the use of EPI in out-of-hospital cardiac arrest would 
improve survival. 

Bottom-Line: The administration of EPI for out of hospital cardiac arrest improves 30 day 
mortality but there was no difference in favorable neurologic outcomes between the two groups 
and there were more survivors in the EPI group with severe neurologic outcomes. These results 
are similar to another underpowered trial from 2011. Moving forward we’ll have to see if it’s the 
dose of EPI that should be questioned, when should we give, should we use other parameters 
to determine if EPI should be given at all (e.g., ETCO2, diastolic BP, etc.), should we use a 
different vasopressor, etc. 

Study Design: This was a randomized, double blinded trial including 5 NHS ambulance 
services in the United Kingdom. All patients ≥16 years-old were included and exclusion criteria 
can be found in the paper. The intervention group received EPI 1mg every three minutes versus 
placebo. Interestingly, before they started the trial, they asked potential patients which outcome 
mattered most to them, and most patients said survival with overall neurologic function was 
important.  

Primary outcome: 30 day survival 

Secondary outcome: 1) Rate of survival at various points in time until admitted to the hospital 
2) length of stay in ICU 3) length of stay in the hospital, 4) rate of survival at 3 months and 5) 
neurologic outcomes at 3 months 

Results: 10,623 patients were screened and a total of 8,014 were randomized to the trial (4,015 
in the EPI group and 3,999 in the control group). Baseline characteristics did not differ 
significantly between the two groups. The initial rhythms was about 19% between groups and 
non-shockable in about 79%.  

With respect to the primary outcome, patients in the EPI group had a small but statistically 
significant increase in survival 3.2% vs. 2.4%). In other words, an absolute risk reduction (i.e., 
more survival) with a number needed to treat of 112. With respect to the secondary outcomes, 
survival at various points of time was greater in the EPI group and more patients were admitted 
to the hospital who received EPI. The length of stay in the ICU and hospital, however, did not 
significantly differ between groups. Neurologic survival was binomial as favorable versus non-
favorable there was no statistically significant difference (i.e., modified Rankin score of 3 or less) 
but when looking at survivors who had worse neurological deficits, the outcome was worse in 
the EPI group. 

The Good: Large study that was randomized and pragmatic in design, good methodology to the 
study, multiple ambulance services, outcome was clinical and patient centered.  

The Bad: There are two important patient centered outcomes here with different results (overall 
survival and survival with good neurologic outcome), overall survival rate was lower than 
expected, and cannot generalize to inpatient setting. 

https://www.ncbi.nlm.nih.gov/pubmed/30021076
https://www.ncbi.nlm.nih.gov/pubmed/30021076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobs+IG,+Finn+JC,+Jelinek+GA,+Oxer+HF,+Thompson+PL.+Effect+of+adrenaline+on+survival+in+out-of-hospital+cardiac+arrest:+A+randomised+double-blind+placebo-controlled+trial.+Resuscitation.+2011;+82(9):1138-43
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Benger JR et al. Effect of a Strategy of a Supraglottic Airway Device vs Tracheal 
Intubation During Out-of-Hospital Cardiac Arrest on Functional Outcome: The AIRWAYS-2 
Randomized Clinical Trial. JAMA 2018 

Problem: There is much controversy regarding when a definitive airway should be placed for 
patients in cardiac arrest. Studies have evaluated the difference with BVM, supraglottic airways 
(SGA) and endotracheal intubation (ETI). Much of the controversy regarding ETI is the time 
required to place and the concern that this could detract from other therapies during cardiac 
arrest. For this reason, SGA devices are an attractive adjust for airway management due to their 
ease of use and effectiveness in ventilation   

Bottom-Line: There was no difference with respect to survival with good neurologic outcomes 
whether SGA or ETI was used, but the SGA was easier to place without an increase in 
regurgitation or aspiration. The authors’ conclusion is that we should reconsider ETI as the 
primary airway strategy when managing patients with OOHCA.    

Study Design: International (UK), pre-hospital, multi-center (4 paramedic services) and cluster 
randomized, clinical trial. SGA was an “i-gel” device. Patients ≥18 years old were included if in 
non-traumatic cardiac arrest.    

Primary outcome: Favorable modified rankin score (0-3) at hospital discharge or 30 days post 
arrest. 

Secondary outcome: 1) initial ventilation success, 2) observation of regurgitation, 3) aspiration 
events, 4) loss of an established airway, 5) ROSC, 6) sequence of airways interventions that 
were delivered, 7) chest compression fraction and 8) time to death 

Results: 9,296 patients included (SGA = 4,886 and ETI = 4,410). There was no significant 
difference in the primary outcome of good neurologic outcome at hospital discharge and at 30 
days. There was better success on first try with the SGA. There was no difference between 
aspiration or regurgitation in either group. When paramedics were polled’, they preferred using 
SGA over ETI.  

The Good: Large, randomized, multi-center study with important patient centered outcome, and 
well-balanced characteristics between groups.   

The Bad: The study could not be blinded, rates of ETI were lower than other similar studies, 
and there was a difference in the rate of cross-overs between the groups. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+a+Strategy+of+a+Supraglottic+Airway+Device+vs+Tracheal+Intubation+During+Out-of-Hospital+Cardiac+Arrest
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+a+Strategy+of+a+Supraglottic+Airway+Device+vs+Tracheal+Intubation+During+Out-of-Hospital+Cardiac+Arrest
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+a+Strategy+of+a+Supraglottic+Airway+Device+vs+Tracheal+Intubation+During+Out-of-Hospital+Cardiac+Arrest
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Wang, H. et al. Effect of a Strategy of Initial Laryngeal Tube Insertion vs Endotracheal 
Intubation on 72-Hour Survival in Adults With Out-of-Hospital Cardiac Arrest: A 
Randomized Clinical Trial. JAMA 2018 Aug 28;320(8):769-778 

Problem: The optimal method of airway management is unclear for patients with OOHCA. With 
over 350,000 patients per year presenting with cardiac arrest in the USA (with less than 10% 
survival), there is much room for improvement. Use of BVM, SGA, and other devices have been 
investigated. The authors of this study sought to determine the effectiveness of a laryngeal tube 
(LT) as an airway strategy as compared to endotracheal intubation (ETI); this was also known 
as the PART study (Pragmatic Airway Resuscitation Trial)  

Bottom-Line: The use of an LT was associated with a significantly greater survival to 72 hours 
as compared to ETI in this trial.  

Study Design: Multi-centered (27 EMS agencies in the US) cluster-crossover randomized trial. 
Patient were randomized to initial LT or initial ETI. If initial attempts were unsuccessful, then 
paramedics could use their discretion about which secondary approach to take.  

Primary outcome: Survival up to 72 hours after first OOHCA 

Secondary outcome: 1) ROSC, 2) survival to hospital discharge, 3) favorable neurologic status 
when discharged modified rankin scale ≤3), 4) adverse events in hospital and 5) EMS airway 
management course. 

Results: A total of 3,004 patients were included in the trial (LT = 1,505 and ETI = 1,499). With 
respect to the primary outcome of 72 hour survival there was a statistically significant difference 
in neurologic outcomes at 72 hours favoring the LT group. There was more ROSC with the LT 
group as well as a more favorable neurologic status at discharge. There were no difference in 
subgroup analyses between the group (e.g., oropharyngeal injury or pneumonia)  

The Good: Large, multi-centered, randomized trial, can be extrapolated to a US practice, and 
important patient centered outcome.  

The Bad: Trial design did not allow to investigators to assess the adequacy of chest 
compressions, this trial was only limited to the LT and not other SGA devices, not a blinded trial, 
and this only applied to an out of hospital population of patients. 

https://www.ncbi.nlm.nih.gov/pubmed/30167699?dopt=AbstractPlus
https://www.ncbi.nlm.nih.gov/pubmed/30167699?dopt=AbstractPlus
https://www.ncbi.nlm.nih.gov/pubmed/30167699?dopt=AbstractPlus
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Jabre, P. Et al. Effect of Bag-Mask Ventilation vs Endotracheal Intubation During 
Cardiopulmonary Resuscitation on Neurological Outcome After Out-of-Hospital 
Cardiorespiratory Arrest: A Randomized Clinical Trial. JAMA. 2018 Feb 27;319(8):779-787 

Problem: There have been a number of studies that have concluded worse outcomes for 
endotracheal intubation (ETI) for patients with CPR and out of hospital cardiac arrest (OOHCA); 
this has also been associated with in hospital cardiac arrest as well. Despite this data, there is 
still conflicting evidence regarding the proper airway management for patients in cardiac arrest. 
The authors of this study sought to investigate the association.   

Bottom-Line: There was no difference in neurological outcome between ETI and BVM 

Study Design: Multi-center (20 hospital services in France and Belgium) randomized, parallel-
group, non-inferiority clinical control trial. All patients were ≥18 years-old. Emergency physicians 
supervised all airways and could intervene at any time. The intervention group was BVM and 
control was ETI. Ventilation was in a 30:2 ratio prior to intubation.  

Primary outcome: Favorable neurologic outcome at 28 days (CPC 1-2) 

Secondary outcome: 1) rate of survival to hospital admission, 2) rate of hospital survival at 28-
days, 3)rate of ROSC, and 4) rate of ETI and BVM failure 

Results: There were 2,043 patients randomized after enrollment (BVM = 1,020 and ETI = 
1,023). There was no significant difference between groups with respect to the primary outcome 
of favorable neurologic survival (the authors state that non-inferiority was not achieved). ROSC 
was significantly greater in the the ETI group but survival to hospital admission and 28-day 
mortality was not significantly different.    

The Good: Randomized control trial and multi-center by design, good study design, and patient 
centered primary outcome 

The Bad: Physicians were in ambulance so makes generalizability difficult and the trial didn’t 
include a comparison of inpatient management after cardiac arrest. 

https://www.ncbi.nlm.nih.gov/pubmed/29486039
https://www.ncbi.nlm.nih.gov/pubmed/29486039
https://www.ncbi.nlm.nih.gov/pubmed/29486039
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Ahn, S et al. Sodium bicarbonate on severe metabolic acidosis during prolonged 
cardiopulmonary resuscitation: a double-blind, randomized, placebo-controlled pilot 
study. J Thorac Dis 2018; 104(4): 2295-2302 

Problem: Bicarbonate is a controversial medication when used for critically ill patients. ACLS 
guidelines state that the routine use of bicarbonate should only be used in cardiac arrest patiens 
with suspected metabolic acidosis, hyperkalemia, or TCA overdose. Proponents of bicarb state 
that it helps with the metabolic acidosis to reduce vasoplegia and arrhythmias. Opponents state 
that administering bicarb increases the amount of CO2 that must be ventilated off in order to 
achieve a therapeutic effect. Additionally, bicarbonate may increase intracellular acidosis and 
worsen cellular function. Due to the presence of conflicting studies the authors designed this 
pilot study.    

Bottom-Line: This study does not demonstrate a higher rate of ROSC for patients with 
prolonged cardiac arrest who have concurrent metabolic acidosis, although patients had better 
pH’s. This was a pilot trial but helps confirm what many before have already postulated.  

Study Design: Prospective, double-blind, randomized, placebo controlled trial. Patient were 
included if ROSC could not be achieved after 10 minutes of resuscitation using ACLS. Patients 
were randomized to receive 50mEq/l of sodium bicarbonate or 50mL of normal saline. All 
patients were OHCA. At 10 minutes patients had an ABG drawn and if pH was <7.1 or 
bicarbonate was <10, then patients were enrolled in the study. After the injection was given, the 
respiratory rate was increased from 10 to 20 breaths per minute for 2 minutes after drug 
administration. Another ABG was drawn after 10 minutes (i.e., at 20 minutes of CPR).  

Primary outcome: Change in pH and bicarbonate levels 

Secondary outcome: 1) sustained ROSC 2) survival to hospital admission and 3) good 
neurologic survival at 1 month and 6 months (CPC score of 1-2)  

Results: 50 patients were randomized in this study (25 in each group) and demographics were 
well balanced between the groups. At 20 minutes there was a significant increase in the pH and 
bicarbonate level in the bicarbonate group without a significant change in pCO2 level in either 
group. There was no difference in ROSC (of any duration) or sustained ROSC for either group.  
There was no difference to survival at 1 month and no patient survived for more than 6 months. 

The Good: A randomized, double-blinded placebo controlled study and good study methods in 
line with ACLS. 

The Bad: Small, single center study, small dose of bicarbonate (normal dose ~0.1mEq/kg), 
hyperventilation might have negated the benefits of bicarbonate and actually harmed the control 
group, and would have been better if primary end-point was patient centered 

https://www.ncbi.nlm.nih.gov/pubmed/?term=sodium+bicarbonate+on+severe+metabolic+acidosis+during+prolonged+cardiopulmonary+resuscitation:+a+double-blind,+randomized,+placebo-controlled+pilot+study.+j+thorac+dis+2018
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Roberts, B. et al Association Between Elevated Mean Arterial Blood Pressure and 
Neurologic Outcome After Resuscitation From Cardiac Arrest: Results From a 
Multicenter Prospective Cohort Study. Crit Care Med. 2019 Jan;47(1):93-100 

Problem: A low-flow state is often associated with patients post-cardiac arrest. Low blood 
pressure could possibly reduce perfusion to vital organs such as the brain, heart, kidneys and 
this low MAP adversely affects the patient in the short to long term. For example, there is loss of 
the normal auto-regulation of brain perfusion post-ROSC such that cerebral perfusion pressure 
is directly proportional to MAP. There have been laboratory studies demonstrating that elevated 
MAP post cardiac arrest may have a protective effect; high-quality human studies are lacking. 
The authors of this trial sought to determine whether an elevated MAP post-arrest could be 
associated with improved neurologic function.  

Bottom-Line: This trial demonstrated that an MAP >90, 6-hours post-arrest was independently 
associated with good neurologic function as well as survival to hospital discharge. This benefit 
was best observed in patients with chronic hypertension. 

Study Design: Prospective multi-center (six centers) cohort study, all patens were adults and 
both in-hospital and out-of hospital cardiac arrest were included. Of note patients were excluded 
if the arrest was secondary to trauma, hemorrhage, or sepsis. Patients were also excluded if the 
MAP was ≤70 (associated with worse outcomes in previous studies). Patients MAP was 
recorded immediately after ROSC and then every hour thereafter using a non-invasive BP cuff. 

Primary outcome: Good neurologic outcome (modified rankin scale of three or less) at the time 
of discharge 

Secondary outcome: 1) survival to hospital discharge and 2) good neurologic response 
definite by the FOUR score (Full Outline off UnResponsiveness) 

Results: There were initially 280 patients included until 11 were exulted for MAP ≤70 leaving 
269 in the final analysis. 30% (82 patients) of the study population had good neurologic 
outcome at discharge. 15% of patients with a MAP of 70-90 had good neurologic outcomes 
when compared to 42% in patients with a MAP>90 (the difference was significant). Patient with 
a MAP of >90 were associated with a greater survival to hospital discharge compared to a MAP 
70-90. Additionally, there was more withdrawal of care when patients had a MAP 70-90 as 
compared to >90. After adjusting for potential confounders a MAP >90 was an independent 
predictor for good neurologic function at hospital discharge. With respect to total vasopressors, 
50% of the entire cohort were on vasopressors; 72% of patens with a MAP of 70-90 and 37% of 
patents with a MAP > 90 were on vasopressors. 

The best neurologic outcomes were associated with a post-resuscitation MAP of >110. Looking 
at all patients in the cohort, patient with chronic hypertension benefited the most from a MAP of 
> 90 when compared to patients without chronic hypertension. 

The Good: Prospective, multi-center trial, medium sized trial, and patient centered outcomes.   

The Bad: Observational so only associations can be made, patients surviving with a MAP > 90 
might indicate less sick patients, patients with MAP 70-90 had longer duration of CPR (although 
no difference after adjusting for all variables), invasive BP monitoring was not required so there 
is the potential for measurement error. 

https://www.ncbi.nlm.nih.gov/pubmed/30303836
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Kilgannon, J. Et al. Partial pressure of arterial carbon dioxide after resuscitation from 
cardiac arrest and neurological outcome: A prospective multi-center protocol-directed 
cohort study. Resuscitation. 2018 Nov 16.  

Problem: Post-cardiac arrest syndrome has a high morbidity including neurologic devastation 
and a mortality of over 50%. The arterial partial pressure of CO2 regulates cerebral blood flow 
post-brain injury like in the post-cardiac arrest period; hypocapnia causes vasoconstriction and 
reduced perfusion and hypercapnia produces vasodilation and increased intracranial pressure. 
Although resuscitation guidelines state that the optimal PaCO2 is 35-45 mmHg, little is known as 
the exact target of PaCO2 should be post-arrest. The authors of this prospective and 
observational study sought to determine if there was a correlation with CO2 and neurologic 
outcomes.  

Bottom-Line: Mild to moderate hypercapnia was associated with good neurologic outcome, 
and worse outcomes in patients with a low and elevated PaCO2. The presence of metabolic 
acidosis mitigated this effect slightly. This effect looks like an inverted “U” shape. 

Study Design: Prospective protocol-directed cohort, multi-center (six academic US sites) 
observational trial to test the association of early PaCO2 and neurologic outcome post-post-
cardiac arrest. Adults ≥18 were included post-ROSC and mechanically ventilated. Patients with 
both in and out of hospital cardiac arrest were included. ABGs were drawn at the first hour post-
ROSC and then 6 hours after (all ABGs were analyzed if collected as well).  

Primary outcome: Good neurological function at discharge which was defined as a modified 
Rankin scale of ≤3 

Results: 280 patients were included in the study. The median PaCO2 in the entire study was 44 
mmHG (37-52). Out of hospital cardiac arrest was the most common type of arrest in this study. 
The overall hospital mortality for the cohort was 55%. With respect to the primary outcome, 30% 
of patients has a good neurologic outcome on discharge. PaCO2 was found to have a quadratic 
association with good neurologic outcome with a relative risk of 1.5 for every rise of 5 mmHg in 
PaCO2; this translates to a 50% increase in the probability of a good neurologic outcome for for 
every 5mmHg increase in PaCO2. A patient’s probability of good neurological outcome was 
found to increase until the mean PaCO2 of 68mmHg; after this level, the probability of a good 
neurological was found to decrease. After analysis, the addition of co-variables, such as 
hyperoxia and exposure to tidal volume > 8 cc/kg IBW did not significantly their results. A 
subgroup was performed and discovered that the presence of metabolic acidosis decreased the 
optimal PaCO2  from 68 to 51mmHg. This could possibly be due to the fact that the benefits of 
hypercarbia are mitigated by acidosis. The authors found that this cut off might be a pH of 7.19 
  

The Good: First prospective study to observe these effects of CO2 and neurologic outcome, 
CO2 was assessed as a continuous variable, took into account metabolic acidosis, and good 
study methodology. 

The Bad: This was an observational study so can only conclude associations and not 
causations, the population of patients was mixed with on and out of hospital cardiac arrest, and 
hypocapnia and hypercapnia could simply reflect that patients were sicker and there was no 
direct effect of PaCO2 on cerebral perfusion and auto-regulation. 

https://www.ncbi.nlm.nih.gov/pubmed/30452939
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