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The year 2020 was not easy for Emergency Medicine (EM) clinicians with the burden of tackling a pandemic. A
large focus, rightfully so, was placed on the evolving diagnosis and management of patients with COVID-19 and,
as such, the ability of clinicians to remain up to date on key EM pharmacotherapy literature may have been com-
promised. This article reviews the most important EM pharmacotherapy publications indexed in 2020. A modi-
fied Delphi approach was utilized for selected journals to identify the most impactful EM pharmacotherapy
studies. A total of fifteen articles, eleven trials and four meta-analyses, were identified. This review provides a
summary of each study, along with a commentary on the impact to the EM literature and EM clinician.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

Emergency medicine (EM) literature expands every year, and 2020
was no exception. EM clinicians must stay current with a wide variety
of disease states and treatments spanning the breadth of ambulatory
care to critical care. As such, the constant flow of new publications pre-
sents a significant challenge to EM clinicians to keep up with evidence-
based practices, which was likely compounded in 2020 by the novel co-
ronavirus (COVID-19) pandemic. In order to address this issue for EM
clinicians, the Emergency Medicine PHARMacotherapy research NET-
work (EMPHARM-NET), set to identify, summarize, and apply the
most impactful EM articles of 2020 pertaining to pharmacotherapy.

* Corresponding author.
E-mail address: Zimmerm6@dug.edu (D.E. Zimmerman).

https://doi.org/10.1016/j.ajem.2021.05.061
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EMPHARM-NET is a network of geographically and demographically di-
verse EM clinical pharmacist researchers that was formed in 2019 with
the goal of fostering and conducting high quality, transformative, multi-
disciplinary research pertaining pharmacotherapy in the emergently ill
population across the United States.

Using a modified Delphi approach, authors were divided into pairs to
review the 2020 table of contents for selected journals deemed relevant
to EM practice (Appendix A) with the purpose of evaluating adult, non-
COVID-19-related literature using the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) system [1]. The
GRADE system is a validated and objective tool used to evaluate the
quality of published articles into four levels: high, moderate, low, and
very low [1]. The Delphi approach was utilized as a way to systemati-
cally and objectively review the published literature and come to a con-
sensus as a group, as has been used previously [2]. The list of journals


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajem.2021.05.061&domain=pdf
https://doi.org/10.1016/j.ajem.2021.05.061
mailto:Zimmerm6@duq.edu
https://doi.org/10.1016/j.ajem.2021.05.061
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/ajem

D.E. Zimmerman, P. Sarangarm, C.S. Brown et al.

being reviewed was reviewed and agreed upon by the research team by
group consensus. Articles pertaining to COVID-19 were excluded from
this review due to high volume and the rapidly changing nature of per-
tinent literature. In reviewing non-EM specialty journals (e.g. critical
care, cardiology, and infectious disease), an emphasis was placed on lit-
erature where care was initiated and managed in the emergency de-
partment (ED). Articles deemed to be GRADE 1A or 1B were selected
for potential inclusion. In the event of discordance between two re-
viewers, adjudication was performed by the primary author (DEZ). A
total of 27 articles met GRADE 1A or 1B and were collectively reviewed
by the research team. A total of ten studies and four meta-analyses were
included in this review based upon the consensus of the group on their
impact on EM practice.

Effect of Ascorbic Acid, Corticosteroids, and Thiamine on Organ Injury in
Septic Shock: The ACTS Randomized Clinical Trial [3] [GRADE 1A].

Effect of Vitamin C, Hydrocortisone, and Thiamine vs. Hydrocortisone
Alone on Time Alive and Free of Vasopressor Support Among Patients
With Septic Shock: The VITAMINS Randomized Clinical Trial [4] [GRADE
1A].

Interest in hydrocortisone, ascorbic acid, and thiamine (“HAT” ther-
apy) continues to grow following a single center interventional study
that found a significant in-hospital mortality benefit, mortality rate of
8.5% in the treatment vs. 40.4% in the control group, amongst patients
with severe sepsis or septic shock [5]. The study yielded impressive
findings but had significant limitations warranting further exploration
through randomized, controlled trials (RCTs). Two RCTs were published
in 2020 in response to these initial findings. The first was the effect of
ascorbic acid, corticosteroids, and thiamine on organ injury in septic
shock (ACTS) trial, a multicenter, blinded, placebo-controlled study
that randomized 205 patients to 1500 mg intravenous (IV) ascorbic
acid, 50 mg IV hydrocortisone, and 100 mg IV thiamine every 6 h for
four days or until intensive care unit (ICU) discharge or placebo [3].
The primary outcome of change in Sequential Organ Failure Assessment
(SOFA) score between enrollment and 72-h follow-up was similar be-
tween groups (—4.7 intervention vs. -4.1 in placebo) (adjusted mean
difference of —0.8; 95% CI -1.7 to 0.2). No differences were observed
in mortality or other exploratory secondary outcomes except for
shock-free days (five in intervention group vs. four in placebo group;
median difference of 1 day; 95% C1 0.2 to 1.8).

The VITAMINS Trial was a multicenter, open-label, RCT in 211 pa-
tients presenting with Sepsis-3 defined septic shock throughout 10
ICUs in Australia, New Zealand, and Brazil [4]. The primary endpoint of
total time patients were alive and vasopressor-free seven days post-
randomization was similar between the intervention group and the hy-
drocortisone alone group (122.1 h intervention group [IQR 76.3-145.5
h] vs. 124.6 h placebo group [IQR 82.1-147.0 h]). There was no differ-
ence in secondary outcomes between groups with respect to 28-day,
90-day, or ICU mortality.

Multiple limitations exist with both studies. In the ACTS trial, a very
small number of patients were included, 205 out of 4569 screened due
to the receipt of corticosteroids. While this exclusion allowed for effec-
tive placebo control, it limits the applicability of these results to a pa-
tient population that may be more critically ill. The ACTS trial only
evaluated patients with septic shock in contrast to prior studies which
included patients with severe sepsis and may not be applicable to pa-
tients with sepsis without shock. In both studies, there were time to
HAT therapy initiation delays suggesting earlier pharmacologic inter-
vention may be beneficial. In the VITAMINS study, the effect of thiamine
and vitamin C were not evaluated independently including safety and
efficacy endpoints. Lastly, the authors did not report common septic
shock standard of care confounders such as antibiotic administration
and initial fluid requirements between groups. At this time, the use of
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HAT therapy cannot be rountinely recommended in patients with sepsis
and/or shock. Future studies are needed to address the impact of early
HAT therapy administered in the ED on patient outcomes.

Tranexamic acid: Effect of Out-of-Hospital Tranexamic Acid vs. Placebo
on 6-Month Functional Neurologic Outcomes in Patients with Moderate
or Severe Traumatic Brain Injury [6] [GRADE 1A].

In 2010, the CRASH-2 trial showed an all cause mortality benefit
(Relative Risk (RR) 0.91 [95% CI 0.85 to 0.97]) for traumatic hemorrhage
patients who received tranexamic acid (TXA) [7].In 2019, the CRASH-3
trial investigated patients with traumatic brain injury (TBI) (originally
excluded from the CRASH-2 trial) and found no statistical difference in
head injury-related death between TXA and placebo [8]. However, the
risk was reduced in a sub-group of patients with mild-to-moderate
head injury (RR 0.78 [95% CI 0-64-0-95]).

A recent double-blind, three-group, phase II RCT included 966 pre-
hospital patients with moderate or severe blunt or penetrating TBI
across the US and Canada [6]. The impact of TXA administered within
two hours of injury on six-month neurologic outcomes in patients
with moderate or severe TBI who were not in shock, defined as a systolic
blood pressure of at least 90 mmHg, was evaluated. Patients were ran-
domized to either a bolus maintenance group (TXA 1 g IV bolus,
followed by TXA 1 g IV infusion over eight hours), bolus only group
(TXA 2 g IV bolus, followed by placebo IV infusion), or a placebo group
(IV bolus and infusion of placebo). All boluses were given in the pre-
hospital setting and infusions were administered in-hospital.There
was no difference in the primary outcome of favorable neurologic out-
come (Glasgow Outcome Scale-Extended score > 4) at six months be-
tween the combined TXA groups versus placebo. Of the patients
included in the final analysis, 545 (56%) showed intracranial hemor-
rhage (ICH) on baseline head CT, while 221 (23%) had no injury. The au-
thors completed an adjusted analysis by combining the two TXA
regimens compared with placebo. A combined analysis comparing
both TXA groups to placebo demonstrated 65% of those patients who re-
ceived TXA had a favorable neurologic outcome, as compared with 62%
in the placebo group but this was not statistically signficiant. Mortality
at 28 days was 14% in the TXA group and 17% in the placebo group (ad-
justed difference — 2.9%; 95% CI -7.9% to 2.1%). Thrombotic events oc-
curred in 10% of the placebo group, 9% in the bolus only group, and 4%
in the bolus maintenance group. Seizures were seen in 5% of the bolus
only group, while only 2% in both bolus maintenance group and the pla-
cebo group. None of these values were statistically significant. TXA
given within two hours of moderate or severe TBI did not improve the
likelihood of favorable neurologic outcome or 28-day mortality. Regard-
less of the dosing regimen used, this study does not support the admin-
istration of pre-hospital TXA to improve mortality in patients with TBL

Effects of High-Dose 24-h Infusion of Tranexamic Acid on Death and
Thromboembolic Events in Patients with Acute Gastrointestinal Bleed-
ing (HALT-IT) [9] [GRADE 1A].

The HALT-IT trial was a large, international, RCT evaluating the role
of TXA in gastrointestinal bleeds (GIB) [9]. Patients presenting with sig-
nificant upper or lower GIB were randomized to either TXA 1 g IV bolus
followed by TXA 3 g IV infusion over 24 h (n = 5956) or identical pla-
cebo, 0.9% sodium chloride, regimen (n = 5981). The classification of
significant GIB was based on clinical discretion of the prescriber and in-
cluded risk of bleeding to death, signs of shock, likely requirement for
transfusion, or urgent endoscopic or surgical intervention. The primary
outcome was death due to bleeding within five days of randomization.
Of note, this was changed from the primary endpoint of all-cause mor-
tality at 28 days five years into the study as a majority of deaths were
due to non-bleeding causes. Death due to bleeding within five days oc-
curred in 3.7% of patients in the TXA group and 3.8% of patients in the
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placebo group (RR 0.99; 95% CI 0.82 to 1.18). There was no difference in
the secondary outcomes including the original primary outcome, except
patients in the TXA group had a significantly higher number of venous
thromboembolic events compared to placebo (RR 1.85; 95% CI 1.15 to
2.9) and seizures (RR 1.73; 95% CI 1.03 to 2.93), perhaps owing to the
larger dose of TXA administered over a longer period. The major limita-
tion to this study was the average time of onset to randomization being
21.4 and 22.5 h for TXA and placebo, respectively. Additionally, the
timing of the onset of GIB is difficult to determine with most patients
presenting >3 h after bleeding onset, likely limiting the impact of TXA
on inhibiting fibrinolysis. Current evidence does not support the use of
TXA in patients presenting with a GIB.

Ketamine Versus Etomidate and Peri-intubation Hypotension: A Na-
tional Emergency Airway Registry Study [10] [GRADE 1B].

Etomidate Use Is Associated With Less Hypotension Than Ketamine for
Emergency Department Sepsis Intubations: A NEAR Cohort Study [11]
|GRADE 1B].

Etomidate and ketamine are two induction agents commonly used
in the ED that have inspired controversary surrounding safety of use
in critically ill patients requiring rapid sequence intubation (RSI) [12].
Etomidate is considered hemodynamically neutral, but is associated
with adrenal insufficiency and potential risk of increased mortality
amongst sepsis patients [13-15]. Ketamine lacks adrenal suppression
and may augment blood pressure given its sympathomimetic effects,
making it a frequently used alternative to etomidate [16,17]. However,
studies have reported hypotension and cardiac arrest with ketamine,
likely from catecholamine depletion as a result of a septic state
[18,19]. Two cohort studies used the National Emergency Airway Regis-
try (NEAR) database to determine the hemodynamic impact of keta-
mine versus etomidate in all ED patients requiring endotracheal
intubation and compared adverse event rates in patients with sepsis
[10,11]. Although they have a GRADE of 1B, these two studies evaluated
a large real world database and bring new information to a vital EM
topic where there are many unanswered questions.

The first NEAR database cohort study including normotensive pa-
tients greater than 14 years of age who underwent RSI in the ED and re-
ceived either ketamine (n = 738) or etomidate (n = 6068) [10]. Peri-
intubation hypotension occurred in 18.3% of ketamine versus 12.4% of
etomidate encounters (absolute difference — 5.9%; 95% CI 2.9 to 8.8%).
Peri-intubation hypotensive events required treatment in 15.4% of the
ketamine versus 8.9% of etomidate encounters (absolute difference
6.5%; 95% CI 3.9 to 9.3%). A dose-dependent response in peri-
intubation hypotension events was not found in either group.

The second cohort study evaluated the current use of induction
agents in septic patients (n = 531) requiring RSI in the ED [11]. Keta-
mine was utilized more frequently in sepsis compared to non-sepsis
cases (27.3% vs. 11.7%, OR = 2.8; 95% CI 2.3 to 3.5) and etomidate
was used less in sepsis versus non-sepsis cases (70.8% vs. 84.6%, OR
= 0.4; 95% CI 0.4 to 0.5). Rates of post-intubation hypotension were
more common in the ketamine vs. etomidate group 74.1 vs. 49.5%
(OR = 2.9; 95% CI 1.9 to 4.5). Interestingly, there was significant var-
iability (0-92%) in septic patients intubated with ketamine when
stratified by study site.

To date, only one RCT has compared etomidate versus ketamine in
critically ill patients requiring RSI. Unfortunately, rates of post-
intubation hypotensive events were not evaluated so a direct compari-
son with the findings from the NEAR studies cannot be made [20]. Find-
ings from the NEAR studies should be considered preliminary but
should cause pause for ED providers who recommend ketamine as an
alternative to etomidate in the setting of hypotensive septic patients.
A multi-center RCT is necessary to determine the safest induction
agent for sepsis patients requiring emergency intubation.
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Resuscitation Fluids in Septic Shock: A Network Meta-Analysis of Ran-
domized Controlled Trials [21] [GRADE 1A).

Surviving Sepsis guidelines recommend 30 mL/kg of IV crystalloid
fluid within three hours of presentation for septic shock [22]. While in-
creasing evidence suggests that balanced crystalloids may represent the
safest option for fluid resuscitation, current guidelines do not differenti-
ate between type of crystalloid fluid; however, guidelines recommend
against use of hydroxyethyl starches (HES) or gelatin (GEL) [22]. A net-
work meta-analysis (NMA) assessed resuscitation fluids in septic shock
[21].

The NMA included 13 RCTs in adults with severe sepsis or septic
shock and compared the effect of resuscitation fluids [21]. The primary
outcomes were 28 and 90-day mortality. Secondary outcomes included
acute kidney injury (AKI) and need for renal replacement therapy
(RRT). The resuscitation fluids were classified as 0.9% NaCl (NS), hyper-
tonic saline-dextran (HS), balanced solutions (BS), hypertonic sodium
chloride/hydroxyethyl starch 40 solution (HSH40), high-molecular-
weight (MW) HES (H-HES), low-MW HES (L-HES), GEL, and albumin
(ALB). Surface under cumulative ranking (SUCRA) were performed to
identify the best treatment.

Twenty-eight-day mortality was evaluated in 11 studies (6610 pa-
tients) with eight eligible comparisons. There was a significant differ-
ence between BS and NS. SUCRAs demonstrated that HSH40 ranked
the highest (93.8%), BS ranked second (69.6%), and NS last (25.1%).
For 90-day mortality, five studies with five eligible comparisons (4177
patients) were evaluated with no significant differences between the
groups. AKI incidence was reported in five studies with five compari-
sons (1733 patients). There were significantly lower rates of AKI with
GEL, BS, and L-HES when compared to H-HES. SUCRAs demonstrated
GEL was the best (74.4%), NS was second (64.9%), and BS was third
(58.3%). The need for RRT was evaluated in five studies and included
five eligible comparisons (1696 patients). There was a statistically sig-
nificant difference between BS and H-HES, NS and H-HES, and L-HES
and BS. SUCRAs for the need for RRT revealed that NS ranked the first
(91.6%), followed by BS (74.4%); however, this endpoint is difficult to in-
terpret as only a subset of the studies included this datapoint. Evidence
continues to support the use of BS as the preferred resuscitation fluid for
septic shock based on safety and mortality outcomes. Further confirma-
tory studies are needed to improve overall fluid resuscitation strategies
in sepsis patients.

Effect of Reduced Exposure to Vasopressors on 90-Day Mortality in
Older Critically 1l Patients with Vasodilatory Hypotension: A Random-
ized Clinical Trial [23] [GRADE 1A].

A previous meta-analysis suggested targeting increased mean arte-
rial pressure (MAP) in a subgroup of elderly patients on vasopressors
may increase mortality [24]. Based on this finding, a pragmatic, un-
blinded, multicenter, randomized trial evaluated the utilization of vaso-
pressors guided by permissive hypotension (MAP 60-65 mmHg) or
usual care in 65 ICUs in the United Kingdom [23]. Elderly patients (>
65 years old) presenting with vasodilatory shock within six hours of va-
sopressor initiation were included. Choice of vasopressor was deter-
mined by the treating clinician and doses were reported in
norepinephrine equivalents. Norepinephrine, vasopressin, terlipressin,
phenylephrine, epinephrine, dopamine, and metaraminol were consid-
ered as vasopressors. Overall, 2463 patients with similar baseline demo-
graphics who primarily received norepinephrine were included. There
was no difference in 90-day mortality between the permissive hypoten-
sion vs. usual care groups (41.0% vs. 43.8%). ICU and hospital mortality
were similar. However, after adjusting for pre-specified baseline charac-
teristics, the 90-day mortality OR was 0.82 (95% C10.68 to 0.98) favoring
permissive hypotension. Patients in the permissive hypotension group
also had reduced median exposure to vasopressors of 33 h vs. 38 h, re-
spectively (absolute difference — 5.0; 95% CI -7.8 to —2.2) and a
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reduced median total dose of vasopressors (absolute difference — 8.7
mg; 95% Cl -12.8 to —4.6). Other outcomes, including length of stay
and adverse events, were similar between groups. Overall, this well-
designed trial demonstrated a reduction in mortality after adjustment
in elderly patients on vasopressors. In elderly patients with vasodilatory
shock requiring vasopressors, targeting a lower MAP may be considered
to improve clinical outcomes.

Survival After Intravenous Versus Intraosseous Amiodarone, Lidocaine,
or Placebo in Out-of-Hospital Shock-Refractory Cardiac Arrest [25]
[GRADE 1A].

The intraosseous (I0) route is used as alternative access when IV ac-
cess cannot be obtained. Recently, trials have demonstrated worse out-
comes with IO drug administration compared to IV in out-of-hospital
cardiac arrest (OHCA), due to concerns with drug absorption and a
low-flow state limiting circulation of medications [26-29]. While these
studies are not without bias, this led to an update in the 2020
American Heart Association Basic and Advanced Cardiac Life Support
guidelines to list IV as the favorable initial approach, but lists 10 as an
option when IV access is not available [30].

This study was a priori secondary analysis of a previously published
randomized, double-blinded study of 55 Emergency Medicial Service
(EMS) agencies from ten study sites in North America including 3026
patients randomized to amiodarone, lidocaine or placebo (0.9% sodium
chloride) in shock-refractory ventricular fibrillation or ventricular
tachycardia non-traumatic OHCA [31]. The primary outcome was sur-
vival difference between IV and 10 administration of amiodarone and li-
docaine versus placebo. Route of administration was at the discretion of
EMS providers.

Approximately 78% of patients received the study medication intra-
venously. When amiodarone was compared to placebo, a survival ben-
efit at hospital discharge was found when administered IV (absolute
risk reduction (ARR) 1.23; 95% CI 1.11 to 1.37) but not when given 10
(ARR 0.95; 95% CI 0.75 to 1.21). Lidocaine showed similar survival to
discharge benefit when administered IV (ARR 1.21; 95% CI 1.02 to
1.45) but not IO (ARR 1.03; 95% CI 0.74 to 1.44) when compared to pla-
cebo. There were no differences in outcomes between IV and 10 placebo.

As this study was a secondary analysis, it was not adequately
powered to detect a survival difference between IV and 10 administra-
tion routes, nor were patients randomized to route of administration.
Given IV access is routinely attempted prior to 10 administration there
is likely selection bias for the patients in the 10 group, including patients
who are volume depleted and potentially have increased comorbidities.
This limits the ability to impart a practice change to recommend against
the use of I0 administration. However, this does show the need for fur-
ther research regarding optimal administration routes in OHCA.

Reappraisal of the treatment duration of antibiotic regimens for acute
uncomplicated cystitis in adult women: a systematic review and net-
work meta-analysis of 61 randomised clinical trials [32] [GRADE 1A].

Acute uncomplicated cystitis is a common pathology resulting in ap-
proximately two million female ED visits annually [33]. The 2010 Infec-
tious Diseases Society of America and European Society for Clinical
Microbiology and Infectious Diseases International Clinical Practice
guidelines  recommend  nitrofurantoin,  sulfamethoxazole-
trimethoprim, and fosfomycin as five-day, three-day, and single-day
regimens, respectively, despite evidence suggesting shorter treatment
durations [34].

Kim et al. conducted a meta-analysis including trials evaluating fe-
male patients with acute uncomplicated cystitis, assessment of recom-
mended antibiotic therapies, clinical or microbial response outcomes,
and of RCT design [32]. Quality of evidence was determined by the
GRADE approach [1].
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Sixty-one prospective RCTs were analyzed (n = 20,780). A three-
day sulfamethoxazole-trimethoprim regimen was more effective than
a single-dose regarding clinical response (RR 1.15; 95% CI 1.01 to
1.31), but showed no difference in microbial response (RR 1.02; 95%
C1 0.95 to 1.10). Three-day second-generation fluoroquinolone regi-
mens (e.g., ciprofloxacin) were more effective than a single-dose of
the same antibiotic in clinical response (RR 1.04; 95% CI 1.01 to 1.08)
and microbial response (RR 1.04; 95% CI 1.003 to 1.08). There were no
significant differences between three-day third-generation fluoroquin-
olone (e.g., levofloxacin) regimens versus a single-dose (RR 0.99; 95%
C1 0.94 to 1.05 and microbial response (RR 1.03; 95% CI 0.96 to 1.11).
There were no differences in clinical response between three-day
third-generation cephalosporin regimens versus single-doses (RR
1.04; 95% C10.85 to 1.34) and seven-day third generation cephalosporin
regimens versus single-doses (RR 1.02; 95% CI 0.75 to 1.39). There were
no differences in microbial response for three-day first and third gener-
ation cephalosporin regimens versus single doses (RR 1.33; 95% CI 0.80
to 2.46 and RR 1.06; 95% CI 0.88 to 1.34, respectively). Lastly, there was
no difference between three-day amoxicillin-clavulanate regimens ver-
sus single-doses (clinical response RR 0.98; 95% CI 0.88 to 1.10) and mi-
crobial response (RR 0.99; 95% CI1 0.85 to 1.14).

It may be reasonable for patients with a potentially self-limiting pa-
thology to be treated with shorter antibiotic durations. However, given
the quality of evidence evaluated over a large time frame, and the vari-
ation in antibiotics and dosing utilized across the included trials, dura-
tions supported by current practice guidelines should still be
considered standard practice.

Effect of Oral Oseltamivir on Virological Outcomes in Low-risk Adults
with Influenza: A Randomized Clinical Trial [35] [GRADE 1A].

Duration of viral shedding is thought to be a determinant of infectiv-
ity and transmissibility [36]. While the clinical efficacy of oseltamivir
has previously been established in patients with influenza, data are lim-
ited on the virologic efficacy of oseltamivir. This study was a random-
ized, double-blind study conducted in Thailand, the United States, and
Argentina including patients with influenza A or B without risk factors
for complications of influenza [35]. Males and non-pregnant females
aged 18-64 years with at least one respiratory symptom (cough, sore
throat, or nasal symptoms) starting within 48 h before screening be-
tween 2012 and 2017 were randomized to receive oseltamivir 75 mg
or placebo twice daily for five days. The primary endpoint was the per-
centage of participants with virus detectable by polymerase chain reac-
tion in nasopharyngeal swab at day three. The first 50 patients
randomized were part of a pilot study with frequent study visits to de-
termine the optimal day to assess the primary endpoint. Of the 716
screened, 558 were randomized, of which 501 had confirmed influenza
(n = 246 oseltamivir; n = 255 placebo). Baseline demographics were
similar between groups and a majority of study patients were Asian
(69%). Out of 449 patients included in the primary endpoint, the
oseltamivir group had virus detected on day three in 45% of patients
compared to 57.2% of the placebo arm (absolute difference — 12.2%;
95% Cl —21.4% to —3.0%). This difference was larger in those enrolled
within 24 h of symptom onset. There was no difference in median
time to alleviation of symptoms between groups (79 h oseltamivir
group vs. 84 h placebo). While this study's aim was to evaluate virologic
efficacy and it was not powered to detect a difference in symptom dura-
tion, it found no difference despite a decrease in viral load. This study
has important implications for EM clinicians because it adds to the argu-
ment against initiation of oseltamivir in patients without high risk of
complication. Previous studies have demonstrated a reduction in symp-
toms by approximately 24 h, secondary infections (e.g. bacterial pneu-
monia) and hospitalizations, with the most benefit observed early
after symptom onset [37]. However, this benefit is offset by adverse ef-
fects like nausea, vomiting, and diarrhea [38]. Based on these findings in
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conjunction with previous studies, we advocate for having an informed
discussion with low-risk patients in favor of not initiating treatment for
influenza.

Alteplase for Acute Ischemic Stroke in Patients Aged > 80 Years: Pooled
Analyses of Individual Patient Data [39] [GRADE 1A].

Intravenous alteplase for stroke with unknown time of onset guided by
advanced imaging: systematic review and meta-analysis of individual
patient data [40] [GRADE 1A].

Thrombolysis for acute ischemic stroke in the unwitnessed or extended
therapeutic time window [41] [GRADE 1A].

IV alteplase is the guideline-endorsed IV reperfusion treatment of
acute ischemic stroke (AIS) in patients meeting administration criteria
[42]. However, the optimum population and time window for adminis-
tration continues to be evaluated with recent meta-analyses assessing
the use of alteplase in patients >80 years of age and two additional
meta-analysis evaluating the use of alteplase in an extended or un-
known symptom onset.

A pooled analysis of seven randomized trials investigated alteplase
0.9 mg/kg (n = 3026) compared to placebo or open control (n =
3009) for AIS in elderly patients [39]. Patients were divided in sub-
groups as follows: <80 years (alteplase n = 1182, placebo = 1123),
>80 years (alteplase n = 518, placebo n = 510). Outcomes evaluated
included good stroke outcome (modified Rankin Scale [mRS] of 0-1 at
90 and 180 days), mortality at <7 and < 90 days, and adverse events in-
cluding symptomatic ICH and fatal ICH within seven days. For patients
>80 years, good stroke outcomes were seen more frequently in the
alteplase group (19.1% vs. 13.1%; p = 0.01) with higher rates of symp-
tomatic ICH (3.7% vs. 0.4%; p < 0.0002) and fatal ICH in seven days
(3.5% vs. 0.4%; p = 0.0004). There was no difference in seven-day
(10.6% vs. 7.8%, p = 0.13) or 90-day mortality (29.5% vs. 30.2%, p =
0.84). Overall, when comparing AIS patients <80 years of age vs. > 80
years of age, mortality is higher in the older population irrespective of
intervention (10.2% vs. 29.9%, p < 0.0001). Of note, several authors
were employees and/or consultants for Boehringer who provided
funding for this study. The findings suggest that alteplase for AIS in pa-
tients >80 years of age may improve clinical outcomes and that age
alone should not be a barrier to alteplase administration, but rather
therapy should be evaluated based on individual risk-benefit.

Two recent meta-analyses evaluated the use of alteplase for AIS with
unknown symptom onset or extended therapeutic time window (e.g.
>4.5 h) with guidance by advanced imaging. The first used a random ef-
fects model and included 4 trials (n = 859) that utilized CT or MRI to
identify patients with evidence of substantial viable hypoperfused tis-
sue [41]. Advanced neuroimaging techniques included perfusion-
diffusion MRI, perfusion CT, or fluid attenuated inversion recovery
(FLAIR)-diffusion-weighted imaging (DWI mismatch). The median
time for last seen well to symptom recognition ranged from 5.1 to 7.7
h; time from last seen well to alteplase bolus ranging from 7.2 to 10.3
h. The unadjusted analysis found alteplase to be associated with higher
three-month favorable functional outcome (OR 1.48; 95% CI 1.12 to
1.96), three-month functional independence (OR 1.42; 95% CI 1.07 to
1.90), symptomatic ICH (OR 5.28; 95% CI 1.35 to 20.68), and complete
recanalization (OR 3.29; 95% CI 1.90 to 5.69). Only three-month favor-
able functional outcome (OR 1.62; 95% CI 1.2 to 2.2), functional im-
provement (OR 1.42; 95% CI 1.11 to 1.81) and symptomiatic ICH (OR
6.22; 95% CI 1.37 to 28.26) remained significant after adjusting for age
and baseline stroke severity. There was no difference in all-cause mor-
tality at three months (OR 1.75; 95% CI 0.93 to 3.29).

The second meta-analysis included four studies with 429 patients
receiving alteplase and 414 receiving placebo or standard of care [40].
Of note, one trial evaluated 0.6 mg/kg of alteplase compared to standard
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of care [43]. Administration of alteplase was associated with a favorable
functional outcome at 90 days (OR 1.49; 95% CI 1.10 to 2.03), better
functional improvement at 90 days (OR 1.38; 95% CI 1.05 to 1.80), and
functional independence at 90 days (OR 1.50; 95% CI 1.06 to 2.12).
There was no difference in mortality at 7 days (OR 2.54; 95% C1 0.78 to
8.32), although mortality was higher in the alteplase group at 90 days
(OR 2.06; 95% CI 1.03 to 4.09). Symptomatic intracranial hemorrhage
occurred more frequently in the alteplase group (OR 5.58; 95% 1.22 to
25.50). Image guided therapy for patients with AIS of unknown onset
resulted in better functional outcomes at 90 days compared to placebo
or standard of care despite an increased risk of symptomatic ICH and
90-day mortality. The two meta-analyses highlight the ever evolving
evidence for alteplase administration [40,41]. Regardless, alteplase for
AIS should continue to be individualized for each patient weighing
both the benefits and risks of therapy.

2. Conclusion

This review summarizes key EM pharmacotherapy articles that were
indexed in 2020 for the practicing EM clinician. A total of 14 articles
were included and their impact on practice was detailed.
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