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About BEEM
BEEM is the Best Evidence in Emergency Medicine.
BEEM’s mission is to optimize patient care by promoting and encouraging the wide-spread adoption of evidence-based
medicine (EBM) in clinical practice. BEEM identifies the highest quality research, applies it to clinical guidelines, and
shares it with EM practitioners through our CME courses and online journal. BEEM also helps physicians develop a
deeper understanding of how research data is interpreted by offering tutorials in Clinical Epidemiology.

Evidence Based Medicine (EBM)
EBM is a strategy for improving patient outcomes that promotes the deliberate and judicious use of modern, best
evidence in clinical decision making. It integrates clinical experiences with the best available medical research
information. Although research has always informed practice, EBM differs from traditional medicine in that it requires a
much higher quality of evidence than has previously been acceptable.
One of the basic principles of evidence-based medicine is that all evidence is not the same. Different types of clinical
evidence can be categorized and ranked according to their degree of freedom from the various biases that can distort
conclusions. A major achievement of EBM has been the development of systematic reviews and meta-analyses, methods
by which researchers identify multiple studies on a topic, separate the best ones and then critically analyze them to
come up with a summary of the best available evidence.

Strongest Evidence

Clinical Practice Guidelines / Health Technology Assessment

Study Level Data
Subject Level Data

Systematic Review Meta-Analysis
Randomized Controlled Trial
Controlled Clinical Study

The Evidence Pyramid
Evidence-based healthcare
practitioners should be
familiar with this pyramid
when reading the literature,
applying evidence or teaching
students.

Retrospective / Prospective Cohort
Case Report / Case Series
Expert Opinion

Weakest Evidence

Number Needed to Read (NNR)
Practicing evidence-based medicine means a career-long process of self-directed learning and updating of one’s
knowledge about diagnosis, prognosis, therapies, and other clinical issues. To do this effectively, practitioners need to be
able to:
1. efficiently search the current literature for relevant information and
2. properly evaluate the quality of the evidence
But, there is a vast body of literature, spread over many publications and many practitioners will have to read many
articles before finding something they can use.
To help provide direction, researchers and academics have developed a new index called Number Needed to Read or
NNR which is simply the number of papers from a particular publication that are needed to read before finding one that
is relevant and of sufficient quality to be incorporated into clinical practice.
The lower the number, the better the information source.
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BEEM and NNR = 1
BEEM’s primary activity involves knowledge translation where we search the literature and
evaluate it for relevance and quality so that Emergency Medicine practitioners don’t have to.
BEEM has developed a statistically valid method for assessing Relevance and it uses the tools
and techniques of Clinical Epidemiology to determine the quality of hundreds of studies.
BEEM publishes only the best of the evidence that we find. That means that you only have to
read one BEEM article because all BEEM articles are EM relevant and contain useful guidance
for clinical practice.

Identifying the Evidence - The BEEM Process
Gather

100+ journals
1000s of articles

Search
for EM related
literature

Criterion

BEEM Raters

Apply selection criteria
and sort by specialty

Critical Appraisal BEEM Experts

Assess
clinical relevance

Validity

Clinical Applicability

BEEM Community
Dissemination & Exchange
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BEST
EVIDEN

BEEM has developed a proprietary process to accurately identify the best evidence. Thousands of
research articles from over one hundred medical journals are constantly added to the database.
BEEM continuously searches for the latest articles related to Emergency Medicine. Found articles
meeting the inclusion criteria are sorted by discipline and study design.
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To assess relevance, BEEM uses its validated BEEM Raters program. Using only the study titles and conclusions,
articles are rated for their relevance to clinical practice by BEEM’s international network of Emergency Physicians. Articles
with a median score of 5 or better are selected for Critical Appraisal.
Our in-house team of clinical epidemiologists appraises each qualifying article to identify errors and sources of bias
and determine the validity of each study’s results. Articles and critical appraisals are then sent to select physicians with
relevant subspecialty expertise for consensus on clinical applicability.

Accessing BEEM Content
The articles that BEEM produces are currently available either through our CME courses or by subscribing to our online
journal. BEEM also offers a tutorial series on Clinical Epidemiology designed to help practitioners better understand
evidence-based medicine techniques and to evaluate research for themselves.

beem.ca/events

beem.ca/journal

Accredited CME events in fun and
exotic destinations

The Best Evidence available online now
in subscription form

beem.ca/clinepi-review
Over 2 hours of video tutorials on the
most commonly encountered terms
and concepts.
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Journal
Article# 181201
December 1, 2018

Do intravenous sodium bicarbonate or
sodium chloride with oral acetylcysteine
or placebo prevent acute kidney injury
and major adverse outcomes in high-risk
patients undergoing angiography?

Specialty
Radiology
Topic
Acute Kidney Injury
Keywords
Acetylcysteine; acute kidney
injury (AKI); angiography;
contrast-induced
nephropathy; sodium
bicarbonate; sodium chloride.

Peter Jones, MBChB, MSc (Oxon), FACEM
Associate Professor Emergency Medicine, Department of Surgery, University of Auckland, Auckland, New Zealand
Director of Emergency Medicine Research, Auckland City Hospital, Auckland, New Zealand

BEEM Bottom Line
Why is this study important?
Exposure to coronary angiography and iodinated contrast media specifically has been associated with acute kidney injury
(AKI) and subsequent worsening of chronic kidney disease resulting in the need for hemodialysis and even death.1,2 Trials
of pre-administration of different agents to minimize these outcomes have yielded conflicting results.
Which, if any, threats to validity are most likely to have an impact on the results and how?
The greatest threat to validity of this trial is that it was stopped early. Of the estimated 7,680 patients required to
demonstrate the pre-specified difference, the final (interim) analysis included data from only 5,177 (67.4%) minus those
(4.1 to 9.2%) with missing creatinine levels. Other threats include the difference in timing of initiation, duration, and rate
of fluid administration between sites. It is not clear which of the composite components of the primary outcome is most
responsible for the results in each group: persistent impairment in kidney function is not clinically equal to death or even
the need for hemodialysis. Finally, the generalizability of the results is somewhat limited because the population was
made up of patients with stage 3 or 4 chronic kidney disease, most of whom were military veterans, and > 93% were
male.
How do the key results compare with the current evidence?
If either sodium bicarbonate (NaHCO3) or N-acetylcysteine (NAC) provided a renal-protective effect against iodinated
contrast media, one would expect to see it in those patients at highest risk of renal insult such as the population of
this trial. This was not the case; therefore, it contradicts the findings from the small trial that reported a benefit when
NaHCO3 and NAC were combined.3 Furthermore, the results of this trial add to the evidence that exposure to iodinated
contrast media is not associated with an increased risk of AKI or other adverse outcome events.4
How should this study impact the care of emergency department (ED) patients?
This study provides indirect evidence that oral NAC and intravenous (IV) NaHCO3 are unlikely to prevent contrast
induced nephropathy over and above maintenance of hydration with saline (NaCl) solution. It is likely then that we do not
need to use oral NAC and intravenous (IV) NaHCO3 routinely for patients undergoing contrast scans.

Study Summary
PubMed ID:

29130810

Article:

Weisbord SD, Gallagher M, Jneid H, et al. Outcomes after Angiography with Sodium Bicarbonate and
Acetylcysteine. N Engl J Med. 2017 Nov 12.

Design:

Multi-center, 2-by-2 factorial design, double-blind, placebo and comparator-controlled, randomized trial.

Population:

Included: Patients with an estimated glomerular filtration rate (eGFR) of 15–44.9 ml/minute (min.) or 45–
59.9 ml/min. if diabetic and scheduled to undergo nonemergency coronary or noncoronary angiography.
Excluded: Patients whose creatinine levels changed ≥ 25% within 3 days before angiography.

Intervention: NaHCO3 1.26% (150 mmol/L) or NaCl 0.9% (154 mmol/L) IV at 1–3 ml/kg/hour for 1–12 hours for a total
volume of 3–12 ml/kg before angiography, 1–1.5 ml/kg/hour during angiography, and 1–3 ml/kg/hour for
2–12 hours for a total of 6–12 ml/kg.
Comparison: Acetylcysteine (NAC) 1,200 mg orally (PO) or matched placebo 1 hour before and 1 hour after angiography
and twice daily for the following 4 days.
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Outcomes:

Primary: Composite of death; need for dialysis; persistent impairment in kidney function (i.e., serum
creatinine increase ≥ 50% at 90–104 days post angiography).
Secondary: Contrast-associated AKI (≥ 25% or 44 μmol/L) from baseline at 3–5 days after angiography;
confirmed persistent kidney impairment at 90–104 days; death; dialysis; admission to hospital within 90
days.

Key Results: N = 4,993 patients (NaHCO3 = 2,511; NaCl = 2,482; Acetycysteine = 2,495; Placebo = 2,498).
Sig.

Outcome

NaHCO3 vs. NaCl

OR (95% CI)

NAC vs. Placebo

OR (95% CI)

NSS

Primary

110 vs. 116

0.93 (0.72 to 1.22)

114 vs. 112

1.02 (0.78 to 1.33)

NSS

AKI

239 vs. 206

1.16 (90.96 to 1.41)

228 vs. 217

1.06 (0.87 to 1.28)

CI = confidence interval; N = number of patients; NSS = not statistically significant; OR = odds ratio (because this is a ratio, if the value of
the range includes 1, there is no difference); Sig. = significance.

BEEM Critique
Risk of Bias Assessment
A1

A2

A3

1.

The patients were recruited consecutively.







2.

The patients were adequately randomized (allocation sequence adequately generated).







3.

The allocation sequence was adequately concealed.







4.

The patients in all groups were similar with respect to prognostic factors.







5.

All clinicians, patients, and outcome assessors were unaware of group allocation.







6.

All groups were treated equally except for the intervention.



?



7.

The follow-up was complete given the study duration (100% if in-hospital follow-up).

X

X

?

8.

The patients were analyzed in the groups to which they were randomized (ITT).







9.

All patient-important outcomes were considered.

?





10.

The effect size of the primary outcome is clinically significant.







A = appraiser; ITT = intention to treat.

Funding & Conflicts of Interest
Funding:

United States Department of Veterans Affairs Cooperative Studies Program and the George Institute
for Global Health.

Conflicts of
Interest:

Some authors, including the corresponding author, declared financial relationships, such as grants or
personal fees, with entities in the bio-medical arena that could be perceived to influence the submitted
work.

Potential Threats to Validity
Chance:

The sample size was not met because of the interim analysis and early stopping.

Selection Bias:

The population was made up of military veterans with stage 3 or 4 chronic kidney disease of whom >
93% were male.

Measurement
Bias:

The validity of AKI as determined by fluctuations in serum creatinine is questionable. Also, the
fluctuations can occur at varying times after exposure so that a specifically-timed measurement (i.e., 90
days) might have missed some AKI cases.

Analysis Bias:

Data 90-day creatinine levels were missing in 4.1–4.7% and missing in 8.4–9.2% on days 3–5 across
all groups. Analyses of the primary composite outcome do not include comparisons of individual
components.

Confounding:

The timing of initiation, duration, and rate of fluid administration was not the same for all arms at
all sites. Similarly, many patients received relatively small volumes of contrast material and without
percutaneous interventions. The primary endpoint was assessed at 90 days; therefore, the effect of
the intervention may be confounded by other treatments in this time.

© 2018 Best Evidence in Emergency Medicine (BEEM) Inc. All Rights Reserved.
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Article# 181201 Do intravenous sodium bicarbonate or sodium chloride with oral acetylcysteine or placebo prevent
acute kidney injury and major adverse outcomes in high-risk patients undergoing angiography?

CME Notes
Author Conclusions
“Among patients at high risk for renal complications who were undergoing angiography, there was no benefit of
intravenous sodium bicarbonate over intravenous sodium chloride or of oral acetylcysteine over placebo for the
prevention of death, need for dialysis, or persistent decline in kidney function at 90 days or for the prevention of
contrast-associated acute kidney injury.”

Clinical Teaching Points
1. The risk of renal insult from contrast exposure is not as great as it was thought to be, and it might not even exist.
2. The risk of missed or delayed diagnosis in a patient who requires contrast imaging likely outweighs any form the
exposure.

EBM Teaching Points
1. Factorial Design: Factorial clinical trials are used to test the effect of 2 or more treatments simultaneously using
various treatment combinations with each other and the control. The simplest and most common factorial design is
the 2x2 in which patients are randomly allocated to 1 of 4 combinations of 2 interventions or a treatment and control.
This allows for the comparison of the experimental treatments each with the control or as a combination therapy.

Footnotes
Appraisers
Kanters D; Worster A; Jones P.

Competing Interest Disclosure
Peter Jones - No conflict of interest (ICMJE)

References
1. James MT, Ghali WA, Tonelli M, et al. Acute kidney injury following coronary angiography is associated with a longterm
decline in kidney function. Kidney Int 2010; 78: 803–9.
2. Subramanian S, Tumlin J, Bapat B, et al. Economic burden of contrast-induced nephropathy: implications for
prevention strategies. J Med Econ 2007; 10: 119–34.
3. Aycock RD, Westafer LM, Boxen JL, et al. Acute Kidney Injury After Computed Tomography: A Meta-analysis. Ann
Emerg Med. 2018 Jan;71(1):44–53.e4.
4. Hinson JS, Ehmann MR, Fine DM, et al. Risk of Acute Kidney Injury After Intravenous Contrast Media Administration.
Ann Emerg Med. 2017 Jan 19. pii: S0196-0644(16)31388–9.
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Journal
Article# 181202
December 1, 2018

Is epinephrine a safe and effective
treatment for cardiac arrest?

Specialty
Cardiovascular
Topic
Cardiac Arrest
Keywords
Adrenalin; adrenergic agonist;
epinephrine; cardiac arrest;
survival.

Andrew Travers, MD, MSc FRCPC, CCPE
Provincial Medical Director, Emergency Health Services Nova Scotia
Professor and Attending Medical Staff, Department of Emergency Medicine (cross-appointments in Community Health & Epidemiology),
Dalhousie University, Halifax, NS, Canada

BEEM Bottom Line
Why is this study important?
In 2015, the International Liaison Committee on Resuscitation (ILCOR) treatment recommendation suggested standard
dose epinephrine (1.0 mg) be administered to adult patients in cardiac arrest (weak recommendation, very low quality
evidence).1 Subsequently, the absence of an adequately powered high-quality placebo controlled prospective trial to
assess the effect of epinephrine (as well as dosing and timing) on long-term outcome after cardiac arrest was identified
by ILCOR as a significant knowledge gap. This study is the first placebo-controlled trial to detect a long-term survival
benefit during cardiac arrest, so it is an important contribution to the field.
Which, if any, threats to validity are most likely to have an impact on the results and how?
The major limitation of this study is that the protocol did not control nor measure in-hospital treatments. The study
states that “hospital-based care was informed by national guidelines,” but it is insufficient to address the treatment
variations while in hospital.
How do the key results compare with the current evidence?
This study shows improved return of spontaneous circulation (ROSC) rates but poor neurologic outcome as do previous
out of hospital cardiac arrest (OHCA) trials.2,3 However, the study findings of in-hospital cardiac arrests show a a higher
probability of ROSC, as well as improved survival in hospital and neurologically intact survival. 4 This difference might be
explained by the median time to epinephrine administration of 21 minutes for OHCA patients versus 3 minutes along
with the proximity of multiple trained and well-equipped emergency responders for in-hospital patients.
How should this study impact the care of emergency department (ED) patients?
It is critical for the ED physician to consider the dosage and dosing interval of epinephrine while ensuring appropriate
CPR and contemporary hospital-based therapies to treat reversible conditions and/or bridge them to definitive care (i.e.,
extracorporeal membrane oxygenation [ECMO]).

Study Summary
PubMed ID:

30021076

Article:

Perkins GD, Ji C, Deakin CD, et al. A Randomized Trial of Epinephrine in Out-of-Hospital Cardiac Arrest. N
Engl J Med. 2018 Jul 18. doi: 10.1056/NEJMoa1806842.

Design:

Multicenter (5 paramedic services [United Kingdom]), randomized, double-blind, placebo-controlled trial.

Population:

Included: Adults (≥ 16 years) treated by trial-trained paramedics for OHCA.
Excluded: Pregnancy; cardiac arrest from anaphylaxis, asthma, or trauma according to local protocol;
epinephrine before arrival of trial-trained paramedic.

Intervention: Epinephrine 1 mg in 10 ml syringe via intravenous (IV) or intraosseous (IO) route every 3–5 minutes (min.)
following failed CPR and defibrillation.
Comparison: Saline 0.9% (placebo) in 10 ml syringe via intravenous (IV) or intraosseous (IO) route every 3–5 min.
following failed CPR and defibrillation.
Outcomes:

Primary: Survival at 30 days.
Secondary: Survival until hospital admission; hospital and intensive care unit lengths of stay; survival at
hospital discharge and at 3 months; favorable neurologic outcome at hospital discharge and at 3 months
defined by modified Rankin scale (mRS) score ≤ 3 (mRS ranges from 0 [no symptoms] to 6 [death]).

© 2018 Best Evidence in Emergency Medicine (BEEM) Inc. All Rights Reserved.
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Key Results: N = 8,014 patients.
Sig.

Survival

Epinephrine

Placebo

OR (95% CI)

NNT* (95% CI)

SS

At 30 days

130/4,012

94/3,995

1.39 (1.06 to 1.82)

113 (62 to 609)

SS

At discharge

128/4,009

91/3,995

1.41 (1.08 to 1.86)

24 (19 to 34)

NSS

mRS ≤ 3 at discharge

87/4,007

74/3,994

1.18 (0.86 to 1.61)

Not estimable

SS

At 3 months

121/4,009

86/3,991

1.41 (1.07 to 1.87)

116 (64 to 599)

NSS

mRS ≤ 3 at 3 months

82/3,986

63/3,979

1.31 (0.94 to 1.82)

Not estimable

CI = confidence interval; N = number of patients; NNT = number needed to treat; NSS = not statistically significant; OR = odds ratio (because this is a ratio, if the value of the range includes 1, there is no difference); Sig. = significance; SS = statistically significant.
*Because NNT (and NNH) refer to people the estimates have been rounded off to the next highest whole number. If the value ‘∞’ is
included in the CI, then there is no difference in outcomes between the intervention and control groups.

BEEM Critique
Risk of Bias Assessment
A1

A2

A3

1.

The patients were recruited consecutively.







2.

The patients were adequately randomized (allocation sequence adequately generated).







3.

The allocation sequence was adequately concealed.







4.

The patients in all groups were similar with respect to prognostic factors.

?

?

?

5.

All clinicians, patients, and outcome assessors were unaware of group allocation.







6.

All groups were treated equally except for the intervention.

?

?

?

7.

The follow-up was complete given the study duration (100% if in-hospital follow-up).

X

X

X

8.

The patients were analyzed in the groups to which they were randomized (ITT).

X

X

X

9.

All patient-important outcomes were considered.







10.

The effect size of the primary outcome is clinically significant.

X

X



A = appraiser; ITT = intention to treat.

Funding & Conflicts of Interest
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Conflicts of
Interest:

None declared.

Potential Threats to Validity
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Chance:

The survival rates in both groups were lower than expected. Sample size calculations were based on
an incidence that is nearly double of that observed. The benefits of epinephrine in survival were small
(NNT 113, 95% CI: 62 to 609) and less than the minimally clinically important difference (MCID) as
defined in previous studies.

Selection Bias:

The low event rate is inconsistent with previous studies and national registry data, which suggests that
there may be practice differences in this study and participants were not representative of the general
population.

Measurement
Bias:

It is unclear whether assessors utilizing the modified Rankin scale were calibrated across the
participating centers. The association of tachycardia with epinephrine could have identified patients in
that arm.

Analysis Bias:

Some patients were loss to follow-up before or during the analysis stage. Deviations from a true ITT
analysis that seeks to preserve balance between the groups could introduce bias, but this would also
likely favour the epinephrine group.

Confounding:

Early delivery of interventions including epinephrine as well as the quality of cardiopulmonary
resuscitation (CPR) all impact survival. Additionally, variability in the in-hospital treatments were not
controlled or regimented, which likely affected survival.

© 2018 Best Evidence in Emergency Medicine (BEEM) Inc. All Rights Reserved.
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CME Notes
Author Conclusions
“In conclusion, in this randomized trial involving patients with out-of-hospital cardiac arrest, the use of epinephrine
resulted in a significantly higher rate of survival at 30 days than the use of placebo, but there was no significant
between group difference in the rate of a favorable neurologic outcome because more survivors had severe neurologic
impairment in the epinephrine group.”

Clinical Teaching Points
1. ILCOR has moved from an evidence evaluation process that produced updates every 5 years to one of a continuous
evidence review process and periodic updates. The Advanced Life Support (ALS) taskforce will be reviewing this
important study and will determine if the current ILCOR recommendations for epidenphrine during cardiac arrest
should be modified or revised. The BEEM reader can see and comment on these new updates at www.ilcor.org.
2. Evaluating the effect of a simple single intervention (i.e., epinephrine administration) on a cardiac arrest patient that
traverses a complex path across the community, the out-of-hospital (i.e., emergency medical services [EMS] and
ED) and the hospital (ED and inpatient unit) systems of care require optimal and measured performance of each of
the systems. Specifically, optimal outcomes require ideal performance of each chain of survival: [1] Recognition and
activation of the emergency response system; [2] immediate high quality CPR (rate, depth, recoil, minimal pauses,
adequate ventilation); (3) rapid defibrillation; [4] basic and advanced emergency medical services; and (5) advanced
life support and post-arrest care (basic: hemodynamic, neurological, ventilatory, metabolic, cardiovascular; and
advanced: targeted temperature control and PCI where indicated).
3. The ED physician is reminded of their unique role with influence in each of these systems of care to achieve optimal
performance in each (ranging from bystander CPR and automatic external defibrillator [AED] application to ED based
ECMO).

EBM Teaching Point
1. Modified intention-to-treat: True intention-to-treat (ITT) analysis includes all participants who are randomized
regardless if they received the intervention. This approach has been criticized as being too conservative as the
data from subjects who did not receive any intervention are still analyzed in the intervention group. Modified ITT is
intended to resolve this issue by including only those subjects who have at least received partial intervention.

Footnotes
Appraisers:
Yeung C; Worster A; Travers, A.

Competing Interest Disclosure
Andrew Travers - No conflicts of interest (ICMJE).

Reference(s):
1. Soar J, Callaway CW, Aibiki M, et al. Advanced life support: 2015 international consensus on cardiopulmonary
resuscitation and emergency cardiovascular care science with treatment recommendations. Resuscitation
2015;95:e71–e120 .
2. Loomba RS, Nijhawan K, Aggarwal S, et al. Increased return of spontaneous spontaneous circulation at the expense of
neurologic outcomes: is prehospital epinephrine for out-of-hospital cardiac arrest really worth it? J Crit Care 2015; 30:
1376–81.
3. Lin S, Callaway CW, Shah PS, et al. Adrenaline for out-of-hospital cardiac arrest resuscitation: a systematic review and
meta-analysis of randomized controlled trials. Resuscitation 2014; 85: 732–40.
4. Donnino MW, Salciccioli JD, Howell MD, et al. Time to administration of epinephrine and outcome after inhospital cardiac arrest with non-shockable rhythms: retrospective analysis of large in-hospital data registry. BMJ
2014;348:g3028
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Article# 181203
December 1, 2018

Do systemic methicillin-resistant
Staphylococcus aureus-active antibiotics
improve cure rates following abscess
incision and drainage?

Specialty
Infections
Topic
Skin & Soft Tissue Abscesses
Keywords
Abscess; antibiotic (Abx);
infection; skin; soft tissue.

Marilyn E Innes, MD, MSc, FRCPC, FACEP
Clinical Assistant Professor, College of Human Medicine, Michigan State University, Grand Rapids, MI, United States
Clinical Assistant Professor, Department of Emergency Medicine, University of Saskatchewan, Saskatoon, SK, Canada

BEEM Bottom Line
Why is this study important?
Incision and drainage (I&D) is the treatment for skin and soft tissue abscesses. Traditional teaching maintains that well
drained abscesses do not require antibiotic (Abx) therapy as part of the treatment plan, but the increasing prevalence
of methicillin-resistant Staphylococcus aureus (MRSA) is resulting in reconsideration of this stance. MRSA is commonly
cultured from these abscesses, and recent randomized controlled trials (RCTs) have shown benefit from treatment with
a course of MRSA-active Abx therapy. This meta-analysis includes 4 RCTs that compare systematic MRSA-active Abx
therapy after I&D to standard therapy of I&D alone to determine the difference in treatment failure between these 2
strategies.
Which, if any, threats to validity are most likely to have an impact on the results and how?
This review is of 4 trials performed in the United States with multiple sources of heterogeneity between them: 2
used ultrasound findings as part of their inclusion criteria; 1 included pediatric patients with abscess characteristics
that were different from the characteristics of the primarily adult patients of the other 3; also, 3 used Trimethoprim/
sulfamethoxazole (TMP-SMX), and the other used both TMP-SMX and clindamycin. A fixed effect model was
inappropriately used to calculate the summary results when the inconsistency index (I2) for heterogeneity was > 0% and
at least 75% of the data was from only 2 trials. This method of analysis might have overestimated the treatment effect.
Finally, 49% of the Abx isolates of the patients included in this review were positive for MRSA, a prevalence that may not
mirror the MRSA prevalence of many communities, which may limit generalizability to other practice locations.
How do the key results compare with the current evidence?
The results of this study are congruent with those of a much larger meta-analysis of 14 RCTs with 4,198 patients showing
some benefit with Abx (i.e., TMP-SMX and clindamycin).1 The population described in this study had a high prevalence of
MRSA.
How should this study impact the care of emergency department (ED) patients?
In populations with high prevalence of MRSA, there is benefit to MRSA-active Abx therapy for patients undergoing I&D
treatment of abscesses in the ED, with a number needed to treat (NNT) of 14 to prevent 1 case of treatment failure. Abx
therapy also decreases the risk of new abscesses (NNT = 10), likely by decreasing MRSA colonization or by decreasing
the risk of self-inoculation of other sites. However, these benefits need to be balanced by considering the risks of Abx
therapy both to the patient, (number needed to harm [NNH] = 23) and to society in general in the form on increasing
Abx resistance.

Study Summary
PubMed ID:

29530658

Article:

Gottlieb M, DeMott JM, Hallock M, et al. Systemic Antibiotics for the Treatment of Skin and Soft
Tissue Abscesses: A Systematic Review and Meta-Analysis. Ann Emerg Med. 2018 Mar 9. pii: S01960644(18)30142–2. doi: 10.1016/j.annemergmed.2018.02.011.

Design:

Systematic review and meta-analysis of randomized controlled trials.

Population:

Included: Patients (no age limits) attending outpatient and emergency departments with abscesses.
Excluded: None provided.

Intervention: Systemic Abx with activity against MRSA.
Comparison: Placebo.
Outcomes:

10

Primary: Clinical cure rate as determined by the original study.
Secondary: Rate of new abscess development; adverse event rates.
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Key Results: N = 2,406 patients.
Sig.

Outcome

N/Studies

NNT/NNH* (95% CI)

I2

SS

Clinical cure

2,086/4

NNT = 14 (9 to 36)

55%

SS

New lesions (10–30 days)

1,980/4

NNT = 10 (8 to 14)

47%

SS

Adverse events

2,367/4

NNH = 23 (13 to 100)

10%

CI = confidence interval; I2 = inconsistency index (measure of statistical heterogeneity); N = number of patients; Sig. = significance; SS =
statistically significant.
*Because NNT (and NNH) refer to people, the estimates have been rounded off to the next highest whole number. If the value ‘∞’ is
included in the CI, there is no difference in outcomes between the intervention and control groups.

BEEM Critique
Risk of Bias Assessment
A1 A2 A3
1.

The research question is sensible and answerable.







2.

The search for studies included all languages, databases, abstracts, bibliographies, and expert
contact.







3.

The search for studies was unbiased and reproducible.







4.

The selection of studies was unbiased and reproducible.







5.

The data abstraction was unbiased (e.g., conducted independently by 2 researchers).







6.

The assessment of the quality of the primary studies was unbiased and reproducible.







7.

The quality of the primary studies is high.

?

?

?

8.

The methods used to combine the included primary studies were reported and valid.

X

X

X

9.

The outcomes are clinically relevant.





X

X

10. The statistical heterogeneity of the primary outcome is low (< 25%).

X

A = appraiser.

Funding & Conflicts of Interest
Funding:

None stated.

Conflicts of Interest: None stated.

Potential Threats to Validity
Chance:

None detected.

Selection Bias:

None detected.

Measurement
Bias:

The included studies varied in their definition of clinical cure. The largest trial contributing the most
data had broader criteria for clinical cure as compared to the remaining 3 studies. More importantly,
the authors used the Cochrane Risk of Bias tool, to assess study quality, but did not perform
assessments on an outcome level (e.g., Grading of Recommendations Assessment, Development and
Evaluation [GRADE]).

Analysis Bias:

Due to the heterogeneity in the Abx that were used in the studies, definition of clinical cure, patient
inclusion criteria, and variations in clinical procedures (i.e., I&D procedure), it would be advised to
apply a random-effects model despite low I2 statistics. A random-effects model was applied for the
risk difference in the clinical cure primary outcome (I2 = 55%). One of the 4 primary studies included
pediatric patients only, whose patient and abscess characteristics may have been distinct from the
patient and abscess characteristics of the patients of the other 3 included studies. The results of such
an analysis could have explained the high heterogeneity in the primary outcome. Lastly, there were
concerns that the results of the meta-analysis rely heavily on data from only 2 trials (75% of the data).

Confounding:

The I&D procedure was not standardized, so there may have been some variability both within and
between studies in terms of the effectiveness of the procedure. This variability could have influenced
the need for subsequent Abx therapy or subsequent I&D procedures.

© 2018 Best Evidence in Emergency Medicine (BEEM) Inc. All Rights Reserved.
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Article# 181203 Do systemic methicillin-resistant Staphylococcus aureus-active antibiotics improve cure rates following
abscess incision and drainage?

CME Notes
Author Conclusions
“The use of systemic antibiotics for skin and soft tissue abscesses after incision and drainage resulted in an increased
rate of clinical cure. Providers should consider the use of antibiotics while balancing the risk of adverse events.”

Clinical Teaching Points
1. The prevalence of MRSA varies amongst communities. The use of MRSA-active Abx decreases the risk of subsequent
abscess formation.
2. With benefit comes risk: with Abx use, comes risk of diarrhea, allergic reaction, and increasing Abx resistance.

EBM Teaching Points
1. Fixed-effect Model: An objective of meta-analysis is to compute an overall estimate of effect, which is achieved by
calculating a weighted mean, such that more precise studies (i.e., those with a greater outcome event to patient ratio),
will have greater influence in the summary result. The fixed-effect model makes assumptions about the similarity
between trials including that the only source of error in the estimation of the combined effect is the random error
within studies. This allows for far greater influence from larger studies than does the random effects model, and in
the presence of heterogeneity between trials, may be inaccurate.

Footnotes
Appraisers:
Yeung C; Worster A; Innes M.

Competing Interest Disclosure
Marilyn E Innes - No conflicts of interest (ICMJE).

Reference(s):
1. Wang W, Chen W, Liu Y, et al. Antibiotics for uncomplicated skin abscesses: systematic review and network metaanalysis. BMJ Open. 2018 Feb 6;8(2):e020991.
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In patients presenting to the emergency
department with syncope, what is the
prevalence of pulmonary embolism and
venous thromboembolism at first
evaluation and within 90 days?

Specialty
Neurology
Topic
Syncope
Keywords
Prevalence; pulmonary
embolism (PE); syncope;
venous thromboembolism
(VTE).

Kerstin de Wit, MBChB, BSc, MSc, MD, FRCEM, FRCPC
Assistant Professor, Division of Emergency Medicine, Department of Medicine, McMaster University
Emergency Medicine and Thrombosis Physician, Hamilton Health Sciences, Hamilton, ON, Canada

BEEM Bottom Line
Why is this study important?
Syncope is a common presenting complaint among patients to the emergency department (ED), and pulmonary embolism
(PE) is recognized as a cause of syncope, albeit an uncommon one. However, a study of syncope patients admitted to
hospital reported that 97/560 (17%) had PE; thereby, suggesting that all syncope patients be investigated for PE as the
cause.1 These results have been viewed with skepticism, and this database study was designed to estimate the actual PE
prevalence in unselected patients with syncope presenting to the ED.
Which, if any, threats to validity are most likely to have an impact on the results and how?
This is an administrative database study performed across 4 countries. Administrative data is always open to bias since the
data is collected for clinical reasons and not for research purposes. Therefore, both the quality and the quantity of the data
is less than would be recorded in a prospective study. The study searched for International Classification of Diseases (ICD)
codes for syncope, PE, and venous thrombotic embolus (VTE). Prior research has shown that ICD coding is neither 100%
sensitive nor specific for syncope or acute PE, mostly because of coding errors. Patients who were diagnosed with a cause
of syncope (e.g., PE, gastrointestinal bleed, or arrhythmia) would not have been included in the cohort as they may not
have had an ICD code for syncope. In addition, it is possible that patients with acute PE were not tested for the condition
within 3 months of presenting with syncope, so the results could be an underestimation of the prevalence of PE in this
population.
How do the key results compare with the current evidence?
The results of this study showing PE in < 1% of all patients with syncope and in < 3% of hospitalized patients with syncope
were comparable with multiple other retrospective and prospective studies.2-5
How should this study impact the care of ED patients?
Acute, proximal PE is an important but uncommon cause of syncope. Physicians should continue to evaluate for risk
factors and clinical signs of PE in patients with syncope, however, investigations should be based on clinical judgement.

Study Summary
PubMed ID:

29379959

Article:

Costantino G, Ruwald MH, Quinn J, et al. Prevalence of Pulmonary Embolism in Patients With Syncope. JAMA
Intern Med. 2018 Mar 1;178(3):356–362.

Design:

Retrospective, multi-center (Canada, Denmark, Italy, and the United States) database review.

Population:

Included: Adults (≥ 18 years) presenting to an ED with syncope for whom discharge codes of any diagnosis
field from the ICD, Ninth Revision (ICD-9) (code 780.2) or the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision (ICD-10) (code R55) were available.
Excluded: None stated.

Exposure:

ED visit for syncope.

Comparison: Not applicable.
Outcomes:

14

Primary: Prevalence of PE at the first ED visit; hospital discharge following syncope as defined by ICD-9 and
ICD-10.
Secondary: All PE and VTE identified within 90 days of follow-up.
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Article# 181204 In patients presenting to the emergency department with syncope, what is the prevalence of
pulmonary embolism and venous thromboembolism at first evaluation and within 90 days?
Key Results: N = 1,671,944 patients.
Country

% (95% CI) PE at 1st evaluation

% (95% CI) PE ≤ 90 days

% (95% CI) VTE PE ≤ 90 days

Canada

0.55 (0.50 to 0.61)

0.80 (0.73 to 0.87)

1.24 (1.15 to 1.32)

Denmark

0.25 (0.21 to 0.29)

0.37 (0.32 to 0.42)

0.55 (0.49 to 0.61)

Italy

0.19 (0.14 to 0.24)

0.28 (0.23 to 0.35)

0.34 (0.28 to 0.41)

USA (HCUP)

0.06 (0.05 to 0.06)

0.14 (0.13 to 0.14)

0.30 (0.29 to 0.31)

USA (NIP)

0.55 (0.52 to 0.58)

0.83 (0.80 to 0.86)

1.37 (1.33 to 1.41)

Results are presented as prevalence % (95% confidence intervals); CI = confidence interval; HCUP = Healthcare Cost and Utilization
Project; N=number of patients; NIP = National Insurance Program; USA = United States of America.

BEEM Critique
Risk of Bias Assessment
A1

A2

A3

1.

The patients were selected consecutively or randomly (i.e., without bias).







2.

The patients were representative of those with the problem.







3.

The patients were sufficiently homogeneous with respect to prognostic risk.



?

?

4.

The outcome criteria were clinically appropriate for the research question.







5.

The outcome criteria were explicit.

?

?



6.

The outcome criteria were applied without bias.

?

X

X

7.

The follow-up was complete.







8.

The effect size of the primary outcome is clinically significant.







A = appraiser.

Funding & Conflicts of Interest
Funding:

The National Institutes of Health, as well as internal funding from Stanford University.

Conflicts of Interest: One author reported serving as a consultant for Medtronic.

Potential Threats to Validity
Chance:

None detected.

Selection Bias:

Since patients who were diagnosed with acute PE at presentation to the ED were not included in this
study, the study cohort likely consisted of undifferentiated syncope patients with a lower prevalence of
PE.

Measurement
Bias:

Since administrative databases were used for this study, misclassification bias for both syncope and PE
is possible. ICD-9 and ICD-10 classification of syncope has low sensitivity.

Analysis Bias:

Cases of syncope that were missed were likely patients with other established conditions in whom
syncope was a consequence of the primary condition. This would have led to an overrepresentation of
patients with indeterminate syncope; thereby, inflating the PE prevalence estimates. Also, it is possible
that patients with syncope in whom PE was immediately confirmed in the ED were also missed since
these patients would have been admitted for PE rather than for syncope.

Confounding:

Prevalence estimates may have been inflated or deflated depending on whether the patient had
other established diagnoses in addition to syncope. If the established diagnosis is unrelated to PE, the
prevalence estimate is inflated. If the established diagnosis is related to PE, the prevalence estimate is
deflated.

© 2018 Best Evidence in Emergency Medicine (BEEM) Inc. All Rights Reserved.
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pulmonary embolism and venous thromboembolism at first evaluation and within 90 days?

CME Notes
Authors’ Conclusion(s)
“The results of the present study confirm that PE is rarely identified in patients presenting to the ED with syncope.
Although PE should be considered as a differential diagnosis in every patient, not all patients warrant an evaluation for
it. Otherwise, evaluation could lead to false-positive results and over treatment, thereby increasing adverse events and
health care costs.”

Clinical Teaching Points
1. The prevalence of pulmonary embolism among ED patients who are diagnosed with syncope lies somewhere
between 1 in 300 and 1 in 75.
2. This study suggests that among patients who are admitted with a diagnosis of syncope, a higher proportion in
Canada (Alberta) are diagnosed with PE or VTE than in some US, Italian, or Danish centres.

EBM Teaching Points
1. Databases: - Be wary of studies that analyze large databases since the data was not collected for the purposes of the
research question and may include hidden biases. Also, the large sample can show statistically significant differences
that aren’t necessarily clinically significant.

Footnotes
Appraisers:
Zeraatkar D; Worster A; de Wit K.

Competing Interest Disclosure
Kerstin de Wit - No conflicts of interest (ICMJE)

Reference(s):
1. Prandoni P, Lensing AW, Prins MH, et al. Prevalence of Pulmonary Embolism among Patients Hospitalized for
Syncope. N Engl J Med. 2016 Oct 20;375(16):1524–1531.
2. Epstein D, Berger G, Barda N, et al. The incidence of acute pulmonary embolism following syncope in anticoagulantnaïve patients: A retrospective cohort study. PLoS One. 2018 Mar 7;13(3):e0193725.
3. Verma AA, Masoom H, Rawal S, et al. Pulmonary Embolism and Deep Venous Thrombosis in Patients Hospitalized
With Syncope: A Multicenter Cross-sectional Study in Toronto, Ontario, Canada. JAMA Intern Med. 2017 Jul
1;177(7):1046–1048.
4. Oqab Z, Ganshorn H, Sheldon R. Prevalence of pulmonary embolism in patients presenting with syncope. A
systematic review and meta-analysis. Am J Emerg Med. 2018 Apr;36(4):551–555.
5. Frizell A, Fogel N, Steenblik J, et al. Prevalence of pulmonary embolism in patients presenting to the emergency
department with syncope. Am J Emerg Med. 2018 Feb;36(2):253256.
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Is there an association between fasting
before procedural sedation and adverse
events in children?
Jabeen Fayyaz, MD, DCH Pediatrics, MCPS, FCPS, MHPE
Staff Physician / Simulation Staff, The Hospital for Sick Children, Toronto, ON, Canada

Specialty
Pediatrics
Topic
Procedural Sedation
Keywords
Apnea; aspiration; fasting;
procedural sedation.

BEEM Bottom Line
Why is this study important?
Procedural sedation is often performed in the emergency department (ED) to facilitate various painful procedures such
as fracture reduction and lacerations repair. Sedation guidelines recommend 2 hours of preprocedural fasting for clear
liquids and 8 hours for fatty solids. Such delays are often not feasible and would result in patient discomfort, prolonged
ED length-of-stay (LOS) and overcrowding.1 This study attempts to determine the association between the duration of
fasting before procedural sedation and adverse events in children.
Which, if any, threats to validity are most likely to have an impact on the results and how?
This is a planned secondary analysis of a well-designed and executed observational study by the same authors.2
Causation cannot be proven in observational studies; one can only calculate the risk of an outcome event with exposure.
In this case, the authors appropriately reported the odds ratios (OR) of outcome events (i.e., the odds that an outcome
would occur with liquid or solid fasting), compared to the odds of the outcome occurring in the absence or shorter
duration of fasting. However, the original study was not powered for this analysis: only 1.8% of study participants had
ingested solid food within 2 hours of sedation (i.e., < 2% were at highest risk), and no patients experienced the primary
outcome, pulmonary aspiration.
How do the key results compare with the current evidence?
A systematic review of 41 studies reported on adverse events (e.g., vomiting, agitation, hypoxia, and apnea) during
13,883 procedural sedations in 13,876 children.3 The most common adverse events were vomiting (< 6 %), agitation (<
2 %), hypoxia (< 2 %), and apnea (0.7%). Bag valve mask, oral airway or positive pressure ventilation occurred in 0.05 %
and there were no reported cases of aspiration among 3326 sedations. In an observational study of procedural sedation
with ketamine in 22,645 children, the rate of severe adverse events was < 2% and only 3 suffered aspiration.4 From these
findings, it is clear that to determine the true risk of serious adverse advents associated with prior drinking and eating,
and with different covariates such as patient factors, sedation factors, and procedural factors, a much larger study is
needed.
How should this study impact the care of ED patients?
The results of this study confirm that sedation-related complications are rare. While the duration of fasting does not
appear to be related to adverse events, it is still possible that children who have ingested solids < 2 hours might be at
higher risk.

Study Summary
PubMed ID:

29800944

Article:

Bhatt M, Johnson DW, Taljaard M, et al. Association of Preprocedural Fasting With Outcomes of Emergency
Department Sedation in Children. JAMA Pediatr. 2018 May 7. doi: 10.1001/jamapediatrics.2018.0830.

Design:

A priori secondary analysis of a prospective observational cohort study (6 Canadian pediatric EDs).

Population:

Included: Children (0–18 years) undergoing parenteral procedural sedation for painful procedures in the
ED.
Excluded: Children treated for anxiety or pain without planned sedation; with missing pre-sedation oral
intake data, or; caregivers unable to provide informed consent.

Exposure:

Fasting ≥ 6 hours for solids and ≥ 2 hours for liquids prior to procedural sedation.

Comparison: Not fasting prior to procedural sedation.
Outcomes:

Primary: Pulmonary aspiration.
Secondary: Any adverse event; serious adverse events; vomiting.

© 2018 Best Evidence in Emergency Medicine (BEEM) Inc. All Rights Reserved.
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Key Results: N = 6,183 patients.
Sig.

Outcome

Association (OR* & 95% CI) with each additional hour of fasting

NSS

Pulmonary aspiration

N/A (no events)

NSS

Any adverse event

Solids: 1.00 (0.98 to 1.02)
Liquids: 1.00 (0.98 to 1.02)

NSS

Serious adverse events

Solids: 1.01 (0.95 to 1.07)
Liquids: 1.01 (0.95 to 1.07)

NSS

Vomiting

Solids: 1.00 (0.97 to 1.03)
Liquids: 1.00 (0.96 to 1.03)

CI = confidence interval; N = number of patients; N/A = not applicable; NSS = not statistically significant; Sig. = significance.
*Because this is a ratio, if the value of the range includes 1, there is no difference.

BEEM Critique
Risk of Bias Assessment
A1

A2

A3

1.

The patients were selected consecutively or randomly (i.e., without bias).

X

X

X

2.

The patients were representative of those with the problem.







3.

The patients were sufficiently homogeneous with respect to prognostic risk.







4.

The outcome criteria were clinically appropriate for the research question.







5.

The outcome criteria were explicit.







6.

The outcome criteria were applied without bias.

?

?

?

7.

The follow-up was complete.

?

?

?

8.

The effect size of the primary outcome is clinically significant.

X

X

X

A = appraiser.

Funding & Conflicts of Interest
Funding:

Canadian Institutes of Health Research.

Conflicts of Interest: None declared.

Potential Threats to Validity
Chance:

Underpowered analyses such as this are more susceptible to chance findings. There were very few
patients with certain procedures, medication types, and outcomes. Therefore, the effect of food and
liquid consumption within short durations of sedation is still uncertain.

Selection Bias:

None detected.

Measurement
Bias:

Risk factors included as covariates in statistical models were measured using patient or parental
report, review of the medical record, and physical examination findings. Measurement error may have
led to inadequate control for confounding. Also, if clinicians identifying adverse events were unblinded
to fasting duration, measurement bias may have influenced the results.

Analysis Bias:

In observational studies, the investigators cannot adjust for all prognostic variables as some might be
unknown. Hence, there is a risk of residual confounding (i.e., existence of variables related to both the
risk factors and outcomes that have not been accounted for in the analysis).

Confounding:

Residual confounding as above.

CME Notes
Authors’ Conclusion(s)
“To our knowledge, our study is the largest prospective ED procedural sedation cohort, with the most complete
documentation of fasting status and outcome ascertainment and most robust statistical analyses conducted to date. In
this study population, we failed to identify an association between fasting duration and any type of adverse event. These
results indicate that delaying sedation to meet established fasting guidelines does not improve sedation outcomes for
children in the ED and is not warranted.”
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Clinical Teaching Points
1. Adverse events during procedural sedation are rare.
2. Ingestion of solids within 2 hours of sedation might be a higher risk for adverse events.
3. Ketamine is associated with significantly fewer serious adverse events and interventions than ketamine combined
with propofol or fentanyl.
4. Ketamine also has been associated with the rare event laryngospasm.

EBM Teaching Points
1. Odds Ratio: The odds ratio (abbreviated as OR), is the ratio of the probability of occurrence of an event to that
of nonoccurrence. The OR is a useful measure of exposure effect in observational studies on etiology. In logistic
regression models, the OR quantifies the predictive relationship between the independent (exposure) and dependent
(outcome) variables. However, the OR is not an accurate measure of risk, and it tends to slightly overestimate relative
risk (RR), especially when the event rates are high. Because the OR and the RR are very similar, except for a minor
difference in the size of the denominator, we interpret them the same way. Specifically, an OR of 1 means that the
numerator and the denominator are the same; therefore, there is no difference between the treatment or exposure
group and the control group. Again, assuming a negative outcome such as death, an OR > 1 favours the unexposed
group whereas an OR < 1 favours the exposed group. The further the OR is from 1, the greater the effect.

Footnotes
Appraisers:
Zeraatkar D; Worster A; Fayyaz J.

Competing Interest Disclosure
Jabeen Fayyaz - No conflicts of interest (ICMJE)

Reference(s):
1. American Society of Anesthesiologists Committee. Practice guidelines for preoperative fasting and the use of
pharmacologic agents to reduce the risk of pulmonary aspiration: application to healthy patients undergoing elective
procedures: an updated report by the American Society of Anesthesiologists Committee on Standards and Practice
Parameters. Anesthesiology. 2011;114(3): 495–511.
2. Bhatt M, Johnson DW, Chan J, et al. Risk Factors for Adverse Events in Emergency Department Procedural Sedation for
Children. JAMA Pediatr. 2017 Oct 1;171(10):957–964.
3. Bellolio MF, Puls HA, Anderson JL, et al. Incidence of adverse events in paediatric procedural sedation in the
emergency department: a systematic review and meta-analysis. BMJ Open. 2016 Jun 15;6(6):e011384.
4. Grunwell JR, Travers C, McCracken CE, et al. Procedural Sedation Outside of the Operating Room Using Ketamine
in 22,645 Children: A Report From the Pediatric Sedation Research Consortium.Pediatr Crit Care Med. 2016
Dec;17(12):1109–1116.
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BEEM Bottom Line
Why is this study important?
Normal saline (NS: 0.9% sodium chloride) is the most commonly used intravenous fluid, however, it contains a supraphysiologic concentration of chloride and has been associated with adverse renal and other events. Balanced fluids,
containing a lower concentration of chloride, such as Ringer’s Lactate, have been reported to reduce this risk, but the
evidence has not been consistent and mostly based on observational studies. The objective of this trial was to determine
if administering balanced crystalloids as compared to normal saline to critically ill patients reduced their risk of adverse
outcomes.
Which, if any, threats to validity are most likely to have an impact on the results and how?
In this trial, as in the trial by the same authors on non-critically ill adults, no patient was randomized (cluster RCT) and
none of the patients were blinded.1 The lack of blinding may have led to differential measurement and treatment bias
(via use of co-interventions). Specifically, either consciously or subconsciously bedside clinicians may have treated
patients receiving NS differently than those receiving balanced crystalloid (e.g., higher utilization of bicarbonate, earlier
administration of renal replacement). Second, the median amount of study fluid administered was only 1 litre (L), and;
therefore, unlikely to have had any clinically significant effect on any of the outcomes. Third, the sensitivity analyses
suggest that the results are not fully robust to the authors’ design and analytic choices. Finally, the marginally statistically
significant findings of the composite outcome, which was primarily driven by creatinine, should be interpreted with
caution. Further to that, we did not calculate the number needed to treat (NNT) for this outcome because a simple
analysis of proportions (unadjusted) was not statistically significant; only the authors’ adjusted analysis was statistically
significant.
How do the key results compare with the current evidence?
A potential increase in acute kidney injury (AKI) with NS compared to balanced crystalloid has been reported from
observational data.2 A network meta-analysis on sepsis suggested NS may worsen survival but with low certainty of
evidence.3 To date, the largest randomized controlled trial (RCT) in critically ill patients did not show any difference
between balanced crystalloid and NS; but, like this study, it included relatively low risk patients who received only a small
volume (1–2 L) of study fluid.4
How should this study impact the care of emergency department (ED) patients?
Clinicians should consider the limitations, as well as the overall inconsistent evidence favouring balanced crystalloid
solutions over NS. To that end, administering NS remains a reasonable option. Ongoing large-scale individual patient
RCTs will further inform clinical practice in the near future.

Study Summary
PubMed ID:

29485925

Article:

Semler MW, Self WH, Wanderer JP, et al. Balanced Crystalloids versus Saline in Critically Ill Adults. N Engl J
Med. 2018 Mar 1;378(9):829–839.

Design:

Multicenter (USA), pragmatic, unblinded, cluster randomized, multiple-crossover, superiority trial.

Population:

Included: All adult (≥ 18 years) patients in a participating intensive care unit (ICU), operating room, or ED.
Excluded: Patients with hyperkalemia or brain injury were assessed by the treating clinician to determine if
they were enrolled.

Intervention: Balanced crystalloid solution of either Ringer’s Lactate solution or Plasma-Lyte A.
Comparison: Normal saline (0.9% saline) solution.
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Outcomes:

Primary: A composite of death, new renal-replacement therapy (RRT), or creatinine (Cr) ≥ 200% of the
baseline (the year before hospitalization) at hospital discharge or 30 days after enrollment, whichever
came first.
Secondary: In-hospital death before ICU discharge or at 30 days or 60 days; ICU-free days; ventilator-free
days; vasopressor-free days; days alive and free of renal-replacement therapy during the 28 days after
enrolment.

Key Results: N = 15,802 patients.
Sig.

Outcome

Balanced Crystalloid

Normal Saline

OR* (95% CI)

N (95% CI)

SS

Composite

1,139/7,942

1,211/7,860

0.90 (0.82 to 0.99)

Not estimable

NSS

Death

818/7,942

875/7,860

0.90 (0.80 to 1.01)

Not estimable

NSS

RRT

189/7,558

220/7,458

0.84 (0.68 to 1.02)

Not estimable

NSS

Cr increase

487/7,558

494/7,458

0.96 (0.74 to 1.11)

Not estimable

CI = confidence interval; N = number of patients; NSS = not statistically significant; OR = odds ratio; Sig. = significance; SS = statistically
significant. *Because this is a ratio, if the value of the range includes 1, there is no difference.

BEEM Critique
Risk of Bias Assessment
a1

a2

a3

1.

The patients were recruited consecutively.







2.

The patients were adequately randomized (allocation sequence adequately generated).

X

X

X

3.

The allocation sequence was adequately concealed.

X

X

X

4.

The patients in all groups were similar with respect to prognostic factors.

?

?

?

5.

All clinicians, patients, and outcome assessors were unaware of group allocation.

X

X

X

6.

All groups were treated equally except for the intervention.

?

?

?

7.

The follow-up was complete given the study duration (100% if in-hospital follow-up).







8.

The patients were analyzed in the groups to which they were randomized (ITT).







9.

All patient-important outcomes were considered.







?

X

?

10. The effect size of the primary outcome is clinically significant.
A = appraiser; ITT = intention to treat.

Funding & Conflicts of Interest
Funding:

Vanderbilt Institute for Clinical and Translational Research.

Conflicts of Interest: None declared.

Potential Threats to Validity
Chance:

None identified.

Selection Bias:

Although the initial month was randomized, subsequent enrollment into the trial followed a predictable
pattern based on the odd/even months, which may have led to differential recruitment patterns and
potential selection bias.

Measurement
Bias:

Random measurement error is possible given routinely collected data was used. Lack of blinding may
have led to differential measurement bias. Not all components of the primary composite outcome
are equally patient-important, and the composite is driven by creatinine, which is the least patientimportant component of the composite. Results may be attenuated because patients may have
received both treatments at the end of each calendar month.

Analysis Bias:

None of the sensitivity analyses were statistically significant, suggesting that the data is not robust
against many design and analytic choices in the trial.

Confounding:

Lack of blinding may have led to differential treatment bias.

© 2018 Best Evidence in Emergency Medicine (BEEM) Inc. All Rights Reserved.
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CME Notes
Author Conclusions
“In conclusion, in this trial involving critically ill adults, intravenous administration of balanced crystalloids rather than saline
had a favorable effect on the composite outcome of death, new renal-replacement therapy, or persistent renal dysfunction.”

Clinical Teaching Points
1. Despite containing potassium, limited trial data suggests Ringer’s Lactate may be safer than NS in the setting of
hyperkalemia due to the latter causing acidosis and subsequent shift of potassium into the bloodstream.
2. There is no RCT data examining patient-important outcomes to suggest the new designer balanced crystalloids (e.g.,
Plasmalyte) are any more beneficial as compared to less costly Ringer’s Lactate.
3. Most theoretical drug incompatibility issues with certain IV fluids is historical and no longer relevant.
4. The price of NS and Ringer’s lactate is essentially equivalent.

EBM Teaching Points
1. Crossover Trials: In a typical crossover trial, 2 or more treatments are consecutively administered to each patient as
they are enrolled. The patients are randomly assigned to the order in which the treatments are given. The benefits to
this design are that each patient serves as his or her own control and so, the sample size is reduced by half. Some of the
challenges include determining whether any difference in outcomes between the groups is due to differences between
the treatments or in the sequence in which they were administered, i.e. the period effect, or whether it was due to a
change in the severity of disease over time.
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