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2020 International Consensus on First Aid
Science With Treatment Recommendations

ABSTRACT: This is the summary publication of the International
Liaison Committee on Resuscitation’s 2020 International Consensus
on First Aid Science With Treatment Recommendations. It addresses
the most recent published evidence reviewed by the First Aid Task
Force science experts. This summary addresses the topics of first aid
methods of glucose administration for hypoglycemia; techniques for
cooling of exertional hyperthermia and heatstroke; recognition of
acute stroke; the use of supplementary oxygen in acute stroke; early
or first aid use of aspirin for chest pain; control of life-threatening
bleeding through the use of tourniquets, hemostatic dressings, direct
pressure, or pressure devices; the use of a compression wrap for
closed extremity joint injuries; and temporary storage of an avulsed
tooth. Additional summaries of scoping reviews are presented for
the use of a recovery position, recognition of a concussion, and 6
other first aid topics. The First Aid Task Force has assessed, discussed,
and debated the certainty of evidence on the basis of Grading of
Recommendations, Assessment, Development, and Evaluation criteria
and present their consensus treatment recommendations with
evidence-to-decision highlights and identified priority knowledge gaps
for future research.
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pulmonary Resuscitation (CPR) and Emergency

Cardiovascular Care (ECC) Science With Treat-
ment Recommendations (CoSTR) is the fourth in a
series of annual summary publications from the Interna-
tional Liaison Committee on Resuscitation (ILCOR). This
2020 CoSTR for first aid includes new topics addressed
by systematic reviews performed within the past 12
months. It also includes updates of the first aid treat-
ment recommendations published from 2010 through
2019 that are based on additional evidence evaluations
and updates. As a result, this 2020 CoSTR for first aid
represents the most comprehensive update since 2010.

The 2020 International Consensus on Cardio-

EVIDENCE EVALUATION PROCESS AND
TYPES OF REVIEWS

The 3 major types of evidence evaluation supporting
this 2020 publication are the systematic review (SysRev),
the scoping review (ScopRev), and the evidence update
(EvUp). The SysRev is a rigorous process following strict
methodology to answer a specific question. Each SysRev
ultimately resulted in the generation of the task force
CoSTR included in this publication. The SysRevs were
performed by a knowledge synthesis unit, an expert
systematic reviewer, or by the First Aid Task Force, and
many have resulted in separately published SysRevs.

To begin the SysRev, the question to be answered
was phrased in terms of the population, interven-
tion, comparator, outcome, study design, time frame
(PICOST) format. The methodology used to identify the
evidence was based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.! The approach
used to evaluate the evidence was based on that pro-
posed by the Grading of Recommendations, Assess-
ment, Development, and Evaluation (GRADE) working
group.2 The outcomes to be searched were determined
through discussion with the task force and the system-
atic reviewer, and consensus was reached to rank each as
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critical, important, or less important. Using this approach
for each of the predefined outcomes, the task force
rated as high, moderate, low, or very low the certainty/
confidence in the estimates of effect of an intervention
or assessment across a body of evidence. Randomized
controlled trials (RCTs) generally began the analysis as
high-certainty evidence, and observational studies gen-
erally began the analysis as low-certainty evidence; ex-
amination of the evidence using the GRADE approach
could result in downgrading or upgrading the certain-
ty of evidence. For additional information, refer to the
CoSTR section titled Evidence Evaluation Process and
Management of Potential Conflicts of Interest.>3 Disclo-
sure information for writing group members is listed in
Appendix 1. Disclosure information for peer reviewers is
listed in Appendix 2.

Draft 2020 first aid CoSTRs were posted on the
ILCOR website* for public comment between October
19, 2018, and January 5, 2019, with comments
accepted through January 19, 2019. The 12 first
aid draft CoSTR statements were viewed a total of
39011 times, and readers provided 21 comments. All
comments were discussed by the task force and
resulted in elimination of a minor wording discrepancy
between the treatment recommendation in one draft
CoSTR and the evidence-to-decision table.

This summary statement contains the final wording
of the CoSTR statements as approved by the ILCOR task
forces and by the ILCOR member councils after review
and consideration of the evidence as well as the com-
ments posted online in response to the draft CoSTRs.
Within this publication, each topic includes the PICOST
as well as the CoSTR, an expanded section on justifica-
tion and evidence-to-decision framework highlights, and
a list of knowledge gaps suggesting future research stud-
ies. An evidence-to-decision table is included for each
CoSTR in Appendix A in the Supplemental Materials.

The second major type of evidence evaluation
performed to support this 2020 CoSTR for first aid is a
ScopRev. ScopRevs are designed to identify the extent,
range, and nature of evidence on a topic or a question,
and they were performed by topic experts in consulta-
tion with the First Aid Task Force. The task force ana-
lyzed the identified evidence and determined its value
and implications for first aid practice or research. The
rationale for the ScopRev, the summary of evidence,
and task force insights are all highlighted in the body
of this publication. If the ScopRev did not identify
evidence that justified consideration of a SysRev, the
most recent treatment recommendations are reiterated.
The task force noted whether the ScopRev identified
substantive evidence suggesting the need for a future
SysRev to support the development of an updated
CoSTR. All ScopRevs are included in their entirety in
Appendix B in the Supplemental Materials.
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The third type of evidence evaluation supporting this
2020 CoSTR for first aid is an EvUp. EvUps are generally
performed to identify new studies published after the
most recent First Aid Task Force evidence evaluation,
typically through the use of search terms and method-
ologies from previous reviews. These EvUps were per-
formed by task force members, collaborating experts,
or members of Council writing groups. The EvUps are
cited in the body of this publication with a note as to
whether the task force agreed that the identified evi-
dence suggested the need to consider a new SysRev. All
EvUps are reproduced in their entirety in Appendix C in
the Supplemental Materials.

In this publication, no change in treatment recom-
mendations resulted from a ScopRev or an EvUp; if
substantial new evidence was identified, the task force
recommended consideration of a SysRev.

DEFINITION OF FIRST AID

The evidence evaluation process for the First Aid Task
Force began with a review of the working definition of
first aid, including goals and key principles as viewed by
task force members from the international perspective.

First aid is the initial care provided for an acute ill-
ness or injury. The goals of first aid include preserving
life, alleviating suffering, preventing further iliness or
injury, and promoting recovery. First aid can be initiated
by anyone in any situation, including self-care. General
characteristics of the provision of first aid, at any level
of training include the following:

e Recognizing, assessing, and prioritizing the need

for first aid

e Providing care using appropriate competencies

and recognizing limitations

e Seeking additional care when needed, such as

activating the emergency medical services system
or other medical assistance
Key principles include the following:

e First aid should be medically sound and based on

the best available scientific evidence.

e First aid education should be universal; everyone

should learn first aid.

¢ Helping behaviors should be promoted; everyone

should act.
The scope of first aid and helping behaviors varies and
may be influenced by environmental, resource, training,
and regulatory factors.

Because the scope of first aid is not purely scientific,
the use of the GRADE evidence-to-decision framework
allowed consideration of literature not typically included
in SysRevs, including studies such as case series or basic
science studies, or consideration of issues related to im-
plementation and feasibility, resources required, health
equity, and cost, all with an international perspective.
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For SysRevs and ScopRevs, task force members consid-
ered and discussed these aspects with the consensus on
science to guide treatment recommendations.

SELECTION OF TOPICS

The Chair, Vice Chair, and 15 members of the First Aid
Task Force representing 5 ILCOR member councils met
in autumn 2017 to review the first aid topics and ques-
tions that were evaluated in 2005, 2010, and 2015
as well as past research questions formulated in the
PICOST style that were never reviewed. The task force
reviewed new questions submitted to the task force af-
ter publication of the 2015 first aid CoSTR. Topics were
considered based on any identified new evidence that
might affect previous ILCOR treatment recommendation
strength or direction, new topics identified as priorities
for ILCOR member organizations, and topics with areas
of controversy. The wording of all PICOST questions was
deliberated and, in some cases, updated to reflect rec-
ommended changes in the evidence evaluation process
after the 2015 CoSTR. An abbreviated literature search
was used to determine the volume of new evidence on
a topic that might signal a need to rereview a previously
evaluated PICOST question. A ranked scored priority list
of questions was then created.

SELECTION OF TYPE OF REVIEW

The general evidence evaluation process for first aid
started with 5 of the top-ranked first aid questions that
were related to the control of life-threatening bleed-
ing. These were combined and expanded to form a
complex PICOST, a collection of questions (ie, rather
than a single question) assigned to a knowledge syn-
thesis unit for a systematic review with assistance from
task force content experts. The size and complexity of
this review led to formation of 4 separate CoSTR top-
ics. Three additional PICOST question topics were pri-
oritized for review by expert systematic reviewers with
assistance from content experts within the First Aid
Task Force. Five topics underwent SysRevs by task force
teams with assistance from approved outside con-
tent experts and reviewers. Eight topics were known
to have limited new evidence and were selected for
ScopRevs. An additional 2 topics underwent EvUps
without a SysRev or a ScopRev. New topics are noted
in the list of topics.

TOPICS REVIEWED IN 2020

First Aid for Medical Emergencies
e Methods of glucose administration for hypoglyce-
mia (FA 1585: SysRev)

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897
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¢ Dietary sugars for treatment of hypoglycemia (FA
795: EvUp)

e Heatstroke cooling (FA 1548: SysRev)

¢ Recognition of anaphylaxis by first aid providers
(FA 513: ScopRev)

e Second dose of epinephrine for anaphylaxis (FA
500: ScopRev)

e Stroke recognition (FA 801: SysRev)

Supplementary oxygen in acute stroke (FA 1549:

SysRev)

Early/late aspirin for chest pain (FA 586: SysRev)

Presyncope (FA 798: SysRev)

Optimal position for shock (FA 520: EvUp)

e Recovery position (FA 517: ScopRev)

First Aid for Trauma Emergencies
e Control of life-threatening bleeding (combined

SysRev):

— Direct pressure, pressure dressings, pressure
points (FA 530)

— Tourniquet versus direct pressure, tourniquet
design, manufactured versus improvised tourni-
quets (FA 768, 1543, 1549)

— Hemostatic dressings versus direct pressure or
tourniquet, types of hemostatic dressings (FA
769)

— Hemostatic devices: junctional tourniquets,
wound clamp (FA 2019)

Pediatric tourniquets (FA 768 Peds: ScopRev)

Concussion recognition (FA 799: ScopRev)

Manual cervical spine stabilization (FA 1547: ScopRev)

Cervical spine motion restriction (FA 772: ScopRev)

Superficial thermal injury dressings (FA 1545:

ScopRev)

Compression wrap (FA 511: SysRev)

e Dental avulsion (FA 794: SysRev)

FIRST AID FOR MEDICAL
EMERGENCIES

Important medical first aid topics for 2020 included meth-
ods of glucose administration for hypoglycemia, dietary
sugars for treatment of hypoglycemia, cooling for heat-
stroke and exertional hyperthermia, recognition of ana-
phylaxis, second dose of epinephrine for anaphylaxis,
stroke recognition, use of supplementary oxygen for acute
stroke, early and late aspirin administration for chest pain,
immediate interventions for presyncope, and optimal po-
sition for shock and recovery position. The recommenda-
tions stemming from the review of cooling for heatstroke
are particularly relevant in light of increased risk of both
heatstroke and exertional hyperthermia worldwide.
ScopRevs included topics with known limited evi-
dence such as the recognition of anaphylaxis and cervical
spine motion restriction and manual stabilization. These
ScopRevs did not identify new literature to justify new
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SysRevs or consideration of a change in the corresponding
2015 first aid treatment recommendations. However, the
ScopRev on the use of a recovery position was unigue in
that the target population of interest was changed from
“persons who are unresponsive but breathing normally”
to “adults and children with decreased level of conscious-
ness caused by medical illness that do not meet criteria
for the initiation of rescue breathing or chest compres-
sions (CPR).” This change is intended to represent more
typical presentations that will be encountered by first aid
providers and may require the use of a recovery position.
The goal was to identify evidence that was missed when
the search was limited to only those who were unrespon-
sive and breathing normally.

Methods of Glucose Administration for
Mild Hypoglycemia (FA 1585: SysRev)

Rationale for Review

The most recent CoSTR on this topic was published
in 2015>¢ and was developed in conjunction with a
SysRev, published in 2017,” of dietary forms of glucose
compared with glucose tablets to treat symptomatic
hypoglycemia. For 2020, the task force prioritized a
SysRev, completed in 2019,% of methods of glucose
administration in first aid for suspected hypoglycemia.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with sus-
pected hypoglycemia (out-of-hospital setting)

(Note: Neonates are excluded because we believe

the identification of hypoglycemia in this age

group requires specialized diagnostic and treat-
ment processes well beyond first aid.)

e Intervention: Administration of glucose by any enteral
route appropriate for use by first aid providers

¢ Comparator: Administration of glucose by another
enteral route appropriate for use by first aid
providers

e Outcome:

— Resolution of symptoms (critical), defined as
the reversal of the initial symptoms as reported
by the person with suspected hypoglycemia
(dichotomous outcome; yes/no)

— Time to resolution of symptoms (critical), defined
as the time from the administration of the sugar
containing solution until the symptoms resolved
(continuous outcome)

— Blood or plasma glucose concentration at 20
minutes (critical), defined as the glucose con-
centration measured 20 minutes after the
administration of the sugar substrate (continu-
ous outcome) or as evidence of blood or plasma
glucose elevation at 20 minutes (dichotomous
outcome; yes/no)

$288 October 20, 2020
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— Resolution of hypoglycemia (important), defined
as elevation of the blood glucose concentration
above the authors’ threshold for determining
hypoglycemia (dichotomous outcome; yes/no)

— Time to resolution of hypoglycemia (important),
defined as the time from the administration of
the sugar containing solution until the blood
glucose concentration rose above the thresh-
old for the authors’ definition of hypoglycemia
(continuous outcome)

— Any adverse event (important); any event result-
ing from the administration of sugar, as defined
by the study authors (eg, aspiration)

— Administration delay (important), defined as the
delay in administering the sugar as a result of
the administration arm (dichotomous outcome;
yes/no)

e Study design: Randomized and nonrandomized
clinical trials; observational studies were included,;
unpublished studies (eg, conference abstracts, trial
protocols, methods papers) were excluded

e Time frame: All years and all languages were
included provided there was an English abstract to
December 22, 2017, with an update performed on
July 11, 2018.

Studies were included if glucose, table sugar
(sucrose), or liquid sugar (eg, corn syrup) was admin-
istered by any enteral route appropriate for use by first
aid providers (buccal [inserted on the mucosa inside the
cheek], sublingual [under the tongue], oral [on top of
the tongue]). Glucose and sugar formulations could
include spray, gel, liquid, paste, syrup, or tablet form.
Buccal administration was defined as application to the
cheek mucosa and sublingual administration as applica-
tion under the tongue, both without swallowing. Mild
hypoglycemia was defined as the typical early signs and
symptoms of hypoglycemia but with preserved ability
to swallow and follow commands.

International Prospective Register of Systematic
Reviews (PROSPERO) Registration: CRD42018088637

Consensus on Science
The SysRev identified 4 studies enrolling a total of 83
participants: 2 RCTs, studying children® and adults™
with hypoglycemia, and 2 nonrandomized crossover
studies with healthy volunteers.2

One RCT® compared sublingual sugar administration
(2.5 g of wet sugar under the tongue) with oral adminis-
tration (2.5 g of sugar on the tongue) in a specific group
of 42 children between 1 and 15 years of age with clinical
signs and symptoms of acute malaria or respiratory tract
infections and blood glucose concentrations between 50
and 80 mg/dL (2.8-4.4 mmol/L) after overnight fasting.
This study did not include children with severe clinical
signs and symptoms of hypoglycemia. Blood glucose was
measured every 20 minutes for up to 80 minutes after

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897
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treatment. The authors reported a significant increase in
blood glucose concentrations measured at 20 minutes
after sublingual sugar administration compared with
blood glucose concentrations measured at 20 minutes
after oral sugar administration. A significant decrease
in the time to resolution of hypoglycemia and a higher
likelihood of resolution of hypoglycemia (ie, reaching a
blood glucose concentration of 90 mg/dL [5.0 mmol/L]
or greater during the study period) at 80 minutes after
treatment was reported after sublingual sugar adminis-
tration, compared with oral sugar administration. No ad-
verse events were reported in either group. No evidence
was identified to address resolution of symptoms, time
to resolution of symptoms, or treatment delay.

Two nonrandomized crossover studies compared buc-
cal glucose administration with oral administration.' 2 The
first study looked at 16 healthy fasting adult volunteers
who received 10 glucose spray doses (5 doses to the buccal
mucosa of each cheek, totaling 0.84 g glucose) compared
with a 6 g dextrose tablet to be chewed and swallowed.™
In the second study of 7 adults, researchers provided 15 g
of instant glucose, placed between the teeth and the buc-
cal mucosa of the cheek of each subject, and compared
results with 15 g of instant glucose to be swallowed. The
subjects who received buccal glucose were encouraged
not to swallow.? Buccal spray glucose resulted in a lower
plasma glucose concentration at 20 minutes after admin-
istration compared with the chewed dextrose tablet,” and
buccal instant glucose (ie, placed against inside cheek) re-
sulted in fewer participants with an increased blood glu-
cose concentration at 20 minutes.’? Thus, both studies fa-
vored oral/swallowed glucose. No evidence was identified
to address resolution of symptoms, time to resolution of
symptoms, resolution of hypoglycemia, time to resolution
of hypoglycemia, or any adverse event or treatment delay.

Finally, 1 RCT with 18 adults with insulin-dependent
diabetes and insulin-induced hypoglycemia compared
the oral administration of 15 g of glucose supplied as
40 g of a 40% dextrose gel (6 adults), with the oral/swal-
lowed administration of glucose (either a 15 g glucose
tablet to be chewed and swallowed without water (6
adults), or a solution of 15 g glucose in 150 mL of water,
swallowed (6 adults).’ In this study, researchers noted
that the dextrose gel adhered to the mucosa and was
not completely swallowed; for this reason, this adminis-
tration form is labeled as combined oral and buccal mu-
cosal administration in this review. At 20 minutes or less
after the glucose administration, no improvement was
identified for either route in the resolution of symptoms
or in plasma glucose concentration. No evidence was
identified to address time to resolution of symptoms,
resolution of hypoglycemia, time to resolution of hypo-
glycemia, or any adverse event or treatment delay.

All evidence was of low to very low certainty. All
studies were downgraded for risk of bias and impreci-
sion. The nonrandomized trials were also downgraded
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for indirectness. Table 1 provides a summary of evi-
dence for the Consensus on Science for Methods of
Glucose Administration.

We did not identify any studies testing the rectal ad-
ministration of glucose.

Treatment Recommendations

We recommend the use of oral/swallowed glucose for
adults and children with suspected hypoglycemia who
are conscious and able to swallow (strong recommen-
dation, very low-certainty evidence).

We suggest against buccal glucose administration
compared with oral/swallowed glucose administration
for adults and children with suspected hypoglycemia
who are conscious and able to swallow (weak recom-
mendation, very low-certainty evidence).

If oral glucose (eg, tablet) is not immediately avail-
able, we suggest a combined oral and buccal glucose
(eg, glucose gel) administration for adults and children
with suspected hypoglycemia who are conscious and
able to swallow (weak recommendation, very low-cer-
tainty evidence).

We suggest the use of sublingual glucose adminis-
tration for suspected hypoglycemia for children who
may be uncooperative with the oral (swallowed) glu-
cose administration route (weak recommendation, very
low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The limited evidence available for this review was supple-
mented by task force discussions and summarized in 3
accompanying evidence-to-decision tables (Supplement
Appendix A-1, evidence-to-decision table for buccal glu-
cose compared with oral swallowed glucose; Supplement
Appendix A-2, evidence-to-decision table for oral-buccal
glucose compared with oral swallowed glucose; Supple-
ment Appendix A-3, evidence-to-decision table for sub-
lingual glucose compared with oral swallowed glucose).

The task force recommends the use of oral/swallowed
glucose for adults and children with suspected hypo-
glycemia who are conscious and able to swallow. This
does not imply that in a standard first aid setting, other
routes such as buccal or sublingual glucose administra-
tion cannot be used, but it does suggest that oral/swal-
lowed glucose be the initial choice in awake adults and
children who are able to swallow. No identified studies
compared sublingual with buccal administration.

The identified evidence for sublingual glucose admin-
istration comes from only 1 study in a group of children
with clinical signs of acute malaria or respiratory tract
infections. Sublingual administration is favored in this
specific population, but whether the results are appli-
cable in a wider population is uncertain. Therefore, the
task force suggests the use of sublingual administration
of glucose for resource-limited settings in populations
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Table 1. Summary of Studies of Methods of Glucose Administration
Participants
Intervention: (Number of Certainty of
Outcomes Comparison Studies) RR (95% Cl) Evidence (GRADE) | Risk With Control | Risk With Intervention
Resolution of Combined oral and 18 (1) 0.36(0.12t0 1.14) Very low 917 per 1000 330 per 1000 (110 to
symptoms within 20 buccal versus oral/ 1000)
min (critical) swallowed glucose
administration
Blood or plasma Sublingual 42 (1)° Very low The mean blood/ The MD was 17 mg/dL
glucose concentration versus oral/ plasma glucose (0.94 mmol/L) higher
at 20 min (critical) swallowed glucose concentration at 20 | (4.4 mg/dL [0.24 mmol/L]
administration min was 76 mg/dL higher to 29.6 mg/dL
(4.2 mmol/L) [1.64 mmol/L] higher)
Buccal versus oral/ 16 ()" Very low The mean blood/ The MD was 14.4 mg/dL
swallowed glucose plasma glucose (0.79 mmol/L) lower (17.5
administration concentration at 20 mg/dL [0.97 mmol/L]
min was 112 mg/dL lower to 11.4 mg/dL
(6.16 mmol/L) [0.63 mmol/L] lower)
Increased blood Buccal versus oral/ 7 (1) 0.07 (0.00 to 0.98) Very low 1000 per 1000 70 per 1000 (0 to 980)
glucose at 20 min swallowed glucose
(critical) administration
Resolution of Sublingual 42 (1 1.26 (0.91 to 1.74) Very low 467 per 1000 205 per 1000 (44 to 983)
hypoglycemia within versus oral/
20 min (important) swallowed glucose
Resolution of administration 2.10 (1.24 10 3.54) Very low 733 per 1000 14 per 1000 (0 to 252)
hypoglycemia within
80 min (important)
Time to resolution Sublingual 42 (17 Very low The mean time The MD was 51.5 min
of hypoglycemia versus oral/ to resolution of lower
(important) swallowed glucose hypoglycemia was | (58 min lower to 45 min
administration 80 min lower)
Adverse events Sublingual 42 (1)° Very low No adverse events were reported in either group
(important) versus oral/
swallowed glucose
administration

GRADE indicates Grading of Recommendations, Assessment, Development, and Evaluation; MD, mean difference; and RR, relative risk.

with suspected hypoglycemia where there is concern
for the ability to follow commands and swallow.

One study evaluated the use of glucose gel placed
on the buccal mucosa and then swallowed. It was ob-
served that the gel adhered to the oral mucosa; there-
fore, the task force elected to consider this as a com-
bined oral and buccal route. The task force recognizes
that the findings from this single study are likely unique
to glucose gel and may not be extrapolated to other
forms of glucose such as sprays or pastes administered
buccally and swallowed.

Knowledge Gaps
Research is needed to evaluate the benefits and risks
of different glucose administration routes in adults and
children with a diminished level of consciousness who
are not able to swallow, particularly when advanced
care is unavailable such as in rural or wilderness set-
tings. The use of different forms of sugar, such as
sprays, pastes, or gels, should be further investigated.
Additional high-certainty studies are needed to eval-
uate outcomes after enteral treatment, such as mortal-
ity, hospital discharge, or need for hospitalization.
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Dietary Sugars for Treatment of
Hypoglycemia (FA 795: EvUp)

This EvUp was performed to identify any relevant evi-
dence published after the most recent SysRev of di-
etary sugars for the treatment of hypoglycemia’ and
the 2015 First Aid Task Force findings.>® This EvUp (see
Supplement Appendix C-1) identified no evidence to
justify a new SysRev or consider a change in the 2015
treatment recommendation about dietary sugars for

treatment of hypoglycemia.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with symptomatic

hypoglycemia

e Intervention: Administration of dietary forms of

sugar

e Comparator: Standard dose (15-20 g) of glucose

tablets

e Outcome: Time to resolution of symptoms, com-
plications, blood glucose level after treatment,
hypoglycemia (defined as the persistence of
symptoms [yes/no] or recurrence of symptomatic
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hypoglycemia for more than15 minutes after treat-
ment), hospital length of stay

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion; unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded

e Time frame: All years and all languages were
included as long as there was an English abstract.

We reran the existing search strategy on June 25,

2019.

Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.56

We recommend that first aid providers administer
glucose tablets for treatment of symptomatic hypogly-
cemia in conscious adults and children (strong recom-
mendation, low-quality evidence).

We suggest that if glucose tablets are not available, vari-
ous forms of dietary sugars such as Skittles, Mentos®©, sug-
ar cubes, jelly beans, or orange juice can be used to treat
symptomatic hypoglycemia in conscious adults and chil-
dren (weak recommendation, very low-quality evidence).

There is insufficient evidence to make a recommen-
dation on the use of whole milk, cornstarch hydroly-
sate, and glucose solution, or glucose gels as compared
with glucose tablets for the treatment of symptomatic
hypoglycemia.>®

Cooling of Heatstroke and Exertional
Hyperthermia (FA 1548: SysRev)

Rationale for Review

This topic was prioritized for review by the First Aid Task
Force based on (a) the importance of the problem, (b)
increased number of extreme heat events (heat waves)
worldwide, (c) number of major sporting events held in
hot climates, and (d) the potential for increased survival
and morbidity associated with heatstroke with the use
of rapid cooling. The SysRev was completed in 2020."

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children (all ages) with
heatstroke or exertional hyperthermia; Heatstroke
included both exertional and nonexertional (clas-
sic) forms; exertional hyperthermia was defined
as a core body temperature above 40°C occurring
during athletic or recreational activity and influ-
enced by exercise intensity, environmental condi-
tions, clothing, equipment, and individual factors
e Intervention: Any cooling technique (or combina-
tion of techniques) appropriate for first aid (con-
duction, evaporation, convection, or radiation)
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e Comparator: Another cooling technique (or com-
bination of techniques) appropriate for first aid; for
case series, there will be no comparator or control
group; studies without a comparison group will be
described narratively

e Qutcome: Mortality and rate of body temperature
reduction (°C/min or °C/h) were ranked as critical
outcomes. Clinically important organ dysfunction,
adverse effects (eg, overcooling, hypothermia,
injury), and hospital length of stay were ranked as
important outcomes.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies), case
series of 5 or more were eligible for inclusion.
Case series cannot provide high-level evidence,
particularly without a comparator group; how-
ever, they provide direct evidence about hyper-
thermic patients in comparison with the indirect
evidence derived when using healthy volunteers.
Unpublished studies (eg, conference abstracts,
trial protocols) were excluded.

e Time frame: All years and all languages were
included; unpublished studies (eg, conference
abstracts, trial protocols) were excluded. Literature
search was updated July 11, 2019.

e PROSPERO Registration: CRD42019128445

Consensus on Science

The SysRev identified 12 different interventions for cool-
ing. Most of the included studies that compared cooling
techniques involved small groups of healthy adults with
exertional hyperthermia, providing indirect evidence to de-
termine the effectiveness of cooling techniques for heat-
stroke. The direct evidence about cooling for heatstroke
was based on both cohort studies and case series. The
included studies used core temperature measurements
(eg, rectal and esophageal). For all studies, passive cool-
ing was by conduction without a heat source or an active
cooling intervention. All other methods of cooling (see
Table 2) that actively remove heat from a patient’s body
were considered active cooling. Cooling by water immer-
sion was conducted in a variety of shallow inflatable, rigid
or semirigid tubs with the person’s whole body placed in
the tub with water covering the torso or up to the neck.

For the critical outcome of mortality (with the ex-
ception of ice-water immersion) and the important
outcomes of clinically important organ dysfunction, ad-
verse events, and hospital length of stay, there were no
comparator studies evaluating any cooling techniques.
A summary of the outcome mean weighted cooling
rate by method is found in Table 2.

Many studies of cooling techniques failed to show a
significant mean difference in (MD) rate of cooling; these
are summarized in Table 3. The following text summariz-
es the studies where comparison of cooling techniques
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Table 2. Mean Weighted Cooling Rate (°C/min) by Cooling Method

First Aid: 2020 CoSTR

Weighted
Cooling Method Average* Variance |Standard Deviation Min-Max References
|ce-water immersion (1°C-5°C water), n=111 0.20 0 0.07 0.14-0.35 a'4+20
Temperate water immersion (20°C-26°C water), n=47 0.16 0.02 0.13 0.06-0.41 p'7.20-23
Cold-water immersion (14°C-17°C water), n=110 0.14 0.03 0.18 0.04-0.62 142032
Colder-water immersion (9°C-12°C), n=59 0.14 0 0.07 0.04-0.25 §20.23.29-31,33
Commercial cold packs n=41 0.14 0.01 0.12 0.03-0.17 @336
Shower (20°C) n=171 0.07 0.03 - 37
Ice sheets (3°C) and towels n=47 0.06 0 0.01 0.05-0.06 g24333e
Hands and feet cold-water immersion (16°C-17°C), n=62 0.05 0 0.05 0.02-0.16 h24.29.39-42
Cooling vests and jackets n=81 0.04 0 0.01 0.02-0.05 j39.43-47
Cold intravenous fluids (4°C) n=17 0.04 0 0.01 0.06-0.07 o8
Passive cooling (20°C-39°C ambient) n=391 0.04 0 0.03 —0.01100.12 K14-16,18,19,22,24,25.27-
32,34,35,37-42,44-47,49-53
Fanning n=9* 0.04 0 - £
Hand-cooling devices n=29 0.03 0 0.01 0.02-0.04 m?46:49.53
Evaporative cooling n=50 0.03 0 0.03 -0.01t0 0.06 N24.34.3652

Note: All are active cooling techniques with the exception of passive cooling.

*Rounded to 2 decimal places.
tUnweighted.

demonstrated superiority of 1 technique compared with
another.

Cold-Water Immersion (14°C—15°C/57.2°F-59°F)

For the critical outcome of rate of core body tempera-
ture reduction, we identified low-certainty evidence
(downgraded for risk of inconsistency and indirectness)
from 7 non-RCTs comparing cold-water immersion
(14°C-15°C/57.2°F-59°F) of the torso with passive cool-
ing,'422242527.2832 recruiting 143 adults with exertional
hyperthermia. Researchers reported a faster rate of body
temperature reduction associated with cold-water im-
mersion of the torso compared with passive cooling (MD
range from 0.01°C/min-0.10°C/min). The substantial
heterogeneity across studies precluded pooled estimate
of the MD in rate of core body temperature reduction for
all studies evaluating cold-water immersion.

Cold-Water Immersion of Hands and Feet (10°C-17°C/
50.0°F-62.6°F)

For the critical outcome of rate of core body tem-
perature reduction, we identified moderate-certainty
evidence (downgraded for risk of indirectness) from
6 controlled trials?4293%42 recruiting 62 adults with ex-
ertional hyperthermia. These studies reported a faster
rate of core body temperature reduction with the use
of cold-water immersion of the hands and/or feet com-
pared with passive cooling (MD, 0.01°C/min; 95% Cl,
0.01-0.01).

Colder-Water Immersion (9°C—12°C/48.2°F-53.6°F)
For the critical outcome of rate of core body tem-
perature reduction, we identified moderate-certainty
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evidence (downgraded for risk of indirectness) from 3
non-RCTs?°3! recruiting 30 adults with exertional hy-
perthermia. The authors reported a faster rate of core
body temperature reduction associated with the use
of colder-water immersion of the torso compared with
passive cooling (MD, 0.11°C/min; 95% Cl, 0.07-0.15).
Moderate-certainty evidence (downgraded for risk of
indirectness) from 1 non-RCT? recruiting 4 adult sub-
jects with exertional hyperthermia also demonstrated a
faster rate of core body temperature reduction associ-
ated with the use of “colder” water immersion of the
torso, compared with temperate water (23.5°C/74.3°F)
immersion (MD, 0.08°C/min, 95% Cl, 0.02-0.14).

Ice-Water Immersion (1°C=5°C/33.8°F41.0°F)
For the critical outcome of mortality, we identified very
low-certainty evidence (downgraded for risk of impre-
cision) from 1 small observational cohort study** of 23
adults with exertional heatstroke, comparing the prehos-
pital use of ice-water immersion of the torso plus the
administration of intravenous 0.9% normal saline at am-
bient temperature compared with the use of ice bags ap-
plied to the axilla. There were no deaths in either group.
For the critical outcome of rate of core body temper-
ature reduction, we identified low-certainty evidence
(downgraded for risk of inconsistency and indirectness)
from 4 non-RCTs'4161819 recruiting 54 adults with ex-
ertional hyperthermia and low-certainty evidence from
1 prehospital observational cohort study'™ enrolling
21 adult distance runners with exertional heatstroke.
These studies reported a faster rate of core body tem-
perature reduction associated with the use of ice-water
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Table 3. Cooling Techniques With Comparisons Not Showing a
Significant Mean Difference in Cooling Rate

Cold-water immersion of the torso compared with temperate-water
immersion of the torso (20°C-26°C/68°F-78.8°F)?!22.26

Cold-water immersion (14°C/57.2°F) of the torso compared with the use
of colder-water immersion (8°C/46.4°F)%®

Cold-water immersion (14°C/57.2°F) of the torso compared with ice-water
immersion (2°C-5°C/35.6°F-41°F) of the torso'#2°

Colder-water immersion (9°C/48.2°F) up to the iliac crest compared with
passive cooling®®

Colder-water immersion (10°C—12°C/50.0°F-53.6°F) of the hands/feet
compared with the use of colder-water immersion of the torso?

Evaporative cooling compared with passive cooling®**

Evaporative cooling compared with use of ice packs applied to the neck,
axilla, and groin3*3¢

Evaporative cooling compared with the use of commercial ice packs
applied to the whole body**

Evaporative cooling combined with the use of commercial ice packs to the
neck, axilla, and groin compared with passive cooling* and evaporative
cooling alone

Evaporative cooling compared with the administration of intravenous
0.9% normal saline at 20°C/68.0°F*¢

Ice-sheet application (bed sheets soaked in ice water kept at 3°C/37.4°F)
and towels soaked in ice water kept at 14°C/57.2°F, respectively, to the
body compared with passive cooling?*3®

Ice-sheet application (sheets soaked in ice and water at 5°C-10°C/41.0°F-
50°F) to the body compared with colder-water immersion (5°C—
10°C/41.0°F-50°F)>

Commercial ice packs to the neck, groin, and axilla compared with passive
cooling®

Commercial ice packs to the whole body compared with passive cooling*

Fanning alone compared with passive cooling?3

Hand-cooling devices compared with passive cooling®®4%53

A commercial cooling jacket compared with passive cooling**4®

Various cooling vests compared with passive cooling?439444547

Reflective blankets compared with passive cooling®'

Administration of 2 L of intravenous 0.9% normal saline at 20°C/68°F over
20 minutes compared with the use of ice packs to the neck, axilla, and
groin®®

Administration of 2 L of cold (4°C/39.2°F) intravenous 0.9% normal
saline over 30 minutes compared with 2 L of intravenous normal saline at

22°C/71.6°F%

immersion of the torso (1°C-5°C/33.8°F-41.0°F) com-
pared with passive cooling (MD range from 0.06°C—
0.23°C/min). The high heterogeneity across studies
precluded calculation of a pooled estimate of the dif-
ference in mean rates of body temperature reduction.

We also identified moderate-certainty evidence
(downgraded for risk of indirectness) from 2 prehospi-
tal non-RCTs'72¢ recruiting 27 adults with exertional hy-
perthermia. These studies reported a faster rate of core
body temperature reduction associated with the use of
ice-water torso immersion (2°C/35.6°F) compared with
temperate-water torso immersion (20°C-26°C/68.0°F-
78.8°F) (MD, 0.14°C/min; 95% Cl, 0.09-0.18).
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Finally, we identified low-certainty evidence from 1
small observational cohort study>* of 23 adults with ex-
ertional heatstroke. This study reported a faster rate of
core body temperature reduction associated with the
use of ice-water torso immersion plus administration
of intravenous 0.9% normal saline compared with use
of ice packs to the axilla (MD, 0.06°C/min; 95% CI,
0.01-0.11).

Evaporative Cooling and Alternative Cooling Devices

We identified several studies evaluating evaporative
cooling (with use of mist and fan or fan alone), ice
sheets, hand-cooling devices, cooling vests and jack-
ets, and reflective blankets that identified no significant
MD in cooling rates compared with alternative cooling
methods. These studies are also included in Table 3.

Commercial Ice Packs

For the critical outcome of rate of core body tem-
perature reduction, we identified moderate-certainty
evidence (downgraded for risk of indirectness) from 1
non-RCT?> recruiting 10 adults with exertional hyper-
thermia. This small study reported a faster rate of core
body temperature reduction associated with the use of
commercial ice packs to the facial cheeks, palms, and
soles compared with passive cooling (MD, 0.18°C/min;
95% Cl, 0.12-0.24).

We identified moderate-certainty evidence (down-
graded for risk of indirectness) from 1 controlled trial®
recruiting 10 adults with exertional hyperthermia that
reported a faster rate of core body temperature reduc-
tion with the use of commercial ice packs to the fa-
cial cheeks, palms, and soles compared with the use of
commercial ice packs applied to the neck, groin, and
axilla (MD, 0.13°C/min; 95% Cl, 0.09-0.17).

Cold Shower (20.8°C/69.4°F)

For the critical outcome of rate of core body tempera-
ture reduction, we identified moderate-certainty evi-
dence (downgraded for risk of indirectness) from 1 non-
RCT?’ recruiting 17 adults with exertional hyperthermia
that reported a faster rate of core body temperature
reduction associated with the use of cold showers com-
pared with passive cooling (MD, 0.03°C/min; 95% Cl,
0.01-0.05).

Intravenous Fluids

With the exception of the single study of ice-water im-
mersion, for the critical outcome of mortality and the
important outcomes of clinically important organ dys-
function, adverse events, and hospital length of stay,
there were no comparator studies evaluating any of the
previously mentioned cooling techniques.

Treatment Recommendations
For adults with exertional hyperthermia or exertional
heatstroke:
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We recommend immediate active cooling using
whole-body (from the neck down) water-immersion
techniques (1°C-26°C/33.8°F-78.8°F) until a core
body temperature of less than 39°C/102.2°F is reached
(weak recommendation, very low-certainty evidence).

We recommend that where water immersion is not
available, any other active cooling technique be initi-
ated (weak recommendation, very low-certainty evi-
dence).

We recommend immediate cooling using any active
or passive technique available that provides the most
rapid rate of cooling (weak recommendation, very low-
certainty evidence)

For adults with nonexertional heatstroke, we can-
not make a recommendation for or against any specific
cooling technique compared with an alternative cool-
ing technique.

For children with exertional or nonexertional heat-
stroke, we cannot make a recommendation for or
against any specific cooling technique compared with
an alternative cooling technique.

Justification and Evidence-to-Decision
Framework Highlights

In making these recommendations, the First Aid Task
Force considered the following points (see Supplement
Appendix A-4 for the evidence-to-decision table):

Heat stroke is an emergent condition characterized
by severe hyperthermia (>40°C/104°F) and organ dys-
function, typically manifested by central nervous system
dysregulation. The target temperature of 39°C/102.2°F
was selected because it most closely matched the tar-
get temperature of the evaluated published research
on cooling for heat stroke and avoids overcooling to a
hypothermic state.?°

The most rapid cooling was achieved using whole-
body (from the neck down) immersion in water with
temperatures of 1°C-26°C/33.8°F-78.8°F. While there
was heterogeneity in cooling rates across different wa-
ter temperatures, colder water temperatures were asso-
ciated with faster cooling rates. Cooling rates achieved
with water-immersion techniques were faster than
other active cooling modalities such as commercial ice
packs, cold showers, evaporative cooling, ice sheets
and towels, fanning, evaporative cooling, cooling vests,
and jackets. However, because confidence intervals
overlap for most of the mean weighted cooling rates
for cooling techniques studied, we are unable to pro-
vide a rank order list. A graph in Supplement Appendix
A-4 displays trends in mean weighted cooling rates for
cooling techniques evaluated.

The evidence summary consistently reports core
body temperature as measured rectally. The unavailabil-
ity of core rectal temperature measurement should not
preclude initiation of whole-body cold-water immer-
sion if available.
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With the exception of case series, there were no
studies that evaluated cooling techniques for exertional
heatstroke. The high morbidity associated with heat-
stroke creates ethical restraints to using a nontreatment
or nonaggressive treatment comparison. In addition,
none of the included studies evaluated cooling tech-
niques in children.

We noted that there is wide variability in cooling
methods used across different regions and in different
settings. Some studies demonstrated feasibility of pro-
viding whole-body (from the neck down) cold-water
immersion using relatively inexpensive “fit for purpose”
equipment or improvised materials, such as inflatable
children’s pools or tubs in most settings.

The First Aid Task Force expert consensus opinion was
that passive cooling (eg, moving the person to a cooler
environment) is an essential part of the initial manage-
ment of exertional hyperthermia and heatstroke. How-
ever, it is a slower cooling method compared with most
other studied cooling modalities.

Given the clinical consequences of delayed cooling
for heatstroke, the task force discussed and agreed that
methods to measure core body temperature should
be available in first aid settings where there is a high
risk of encountering heatstroke, such as sports events,
particularly when high ambient temperatures with high
humidity are anticipated.3'>

The task force recognizes that the optimal im-
mersion time to reduce core temperature to below
39°C/102.2°F is unknown. We considered that even in
the absence of core temperature measurement, the use
of water immersion, if available, should be continued
until symptoms resolve or a reasonable amount of time,
such as 15 minutes, has passed, as benefit from wa-
ter immersion is more likely than harm. To arrive at the
15-minute duration, the task force created scenarios
with different initial temperatures and different rates
of cooling in an attempt to strike a balance between
likely benefits and potential harms. Included studies did
not report significant hypothermia or thermal injuries
during cold-water immersion across the recommended
temperature ranges.

Combinations of techniques associated with slower
cooling rates may result in an overall faster cooling rate
than any of the techniques used alone, although this
has not been studied.

The task force recognizes that the time required to
cool a person with heatstroke or exertional hyperther-
mia will vary with body size, age, and additional fac-
tors. A treatment recommendation for specific cooling
duration could not be made in the absence of further
evidence.

Knowledge Gaps
e There are no prospective comparative studies of
cooling techniques for adults and children with
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exertional or nonexertional (classic) heatstroke,
and only a few cohort studies were identified for
cooling of exertional stroke.

e There is an urgent need for studies investigating
the optimal duration of cooling by cold-water
immersion techniques when core body tempera-
ture measurement is unavailable.

e Specific pediatric intervention studies for heat-
related illness are lacking.

e There are no comparative studies of combined
active-plus-passive cooling technigues (eg, the use
of ice packs with evaporative and passive cooling)
on rate of cooling and clinical outcomes.

e Research is lacking about the ability of a first aid
provider to recognize heatstroke without a core
temperature measurement and the educational
requirements needed to bridge this gap.

Recognition of Anaphylaxis by First Aid
Providers (FA 513: ScopRev)

Rationale for Review

The most recent first aid CoSTR for this topic was pub-
lished in 2010 and identified very low-certainty evidence
from 8 studies highlighting the limited ability of first aid
providers to correctly identify anaphylaxis.>® The First
Aid Task Force conducted this ScopRev to identify ad-
ditional evidence published after 2010, or publications
in the gray literature that may require consideration of
a new SysRev and revisiting the 2010 treatment rec-
ommendations, with a focus on specific symptoms that
may improve first aid identification of anaphylaxis.

Population, Intervention, Comparison, Outcome,
Study Design, and Time Frame

e Population: Adults and children experiencing
anaphylaxis

e Intervention: Description of any specific symptoms
to the first aid provider

e Comparator: Absence of any specific description

e Qutcome: Anaphylaxis recognition (critical)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies), unpub-
lished studies (eg, conference abstracts, trial proto-
cols) and gray literature were eligible for inclusion.

e Time frame: The published literature was searched
through October 22, 2019, and the gray literature
search was completed on November 18, 2019.

Summary of Evidence

We did not identify any studies that directly addressed
our PICOST. However, we did identify data from 2 pro-
spective randomized trials that suggested the rate of
recognition of anaphylaxis may be improved with edu-
cational interventions.>®>” Neither study was performed
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in the first aid setting, but they did include adults (eg,
schoolteachers) who often function as first aid provid-
ers. See Supplement Appendix B-1 for the full ScopRev
and summary of studies identified.

Task Force Insights

Our primary outcome for this ScopRev was anaphylaxis
recognition. We did not examine other treatment out-
comes such as the time to epinephrine administration
that depend on identification of anaphylaxis. The previ-
ous version of this PICOST identified low rates of cor-
rect identification of anaphylaxis, even among health-
care providers. We did not identify any data to suggest
that the presence or absence of any specific symptom
may improve the accuracy of recognizing anaphylaxis
in the first aid setting. Two different educational inter-
ventions were identified that improved the knowledge
about anaphylaxis recognition and care, although their
use was not tested in a real-life scenario. The studies
highlight the key role that education can play in ana-
phylaxis recognition.

Given these discussion points, combined with
the limited additional information identified in this
review, the task force did not feel there was suffi-
cient information to pursue a SysRev or to warrant
reconsideration of the existing ILCOR treatment rec-
ommendations. While outside the scope of this re-
view, education about anaphylaxis recognition, man-
agement, and epinephrine administration, especially
when applied to clinical scenarios and in the first aid
setting, may be considered as the subject of a future
SysRev or ScopRev.

Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.%

First aid providers should not be expected to recog-
nize the signs and symptoms of anaphylaxis without
repeated episodes of training and encounters with vic-
tims of anaphylaxis.

Second Dose of Epinephrine for
Anaphylaxis (FA 500: ScopRev)

Rationale for Review

The 2015 ILCOR Consensus on Science for this topic
identified very low-certainty evidence from 9 observa-
tional studies evaluating the critical outcomes of resolu-
tion of symptoms, adverse effects, and complications of
a second dose of epinephrine for anaphylaxis.>® After
that review, the ILCOR continuous evidence evaluation
process included automated regular database search-
es for new studies, without identifying results that
would suggest the need for a new SysRev. The First Aid
Task Force sought to conduct a ScopRev to search for
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additional publications in the gray literature that would
support past recommendations or lead to a SysRev.

Population, Intervention, Comparison, Outcome,
Study Design, and Time Frame

e Population: Adults and children experiencing ana-
phylaxis requiring the use of epinephrine

e Intervention: Administration of a second dose of
epinephrine

e Comparator: Administration of only 1 dose

e Qutcome: Resolution of symptoms (critical),
adverse effects (critical), complications (critical)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies), unpub-
lished studies (eg, conference abstracts, trial proto-
cols) and gray literature were eligible for inclusion.

e Time frame: Scoping search strategy: all years and
all languages were included as long as there was
an English abstract. We reran the existing 2015
PICOST strategy, from January 1, 2014, to October
22, 2019. There were no date restrictions for the
gray literature search that was run on November
18, 2019.

Summary of Evidence

Two studies in the healthcare setting were identified
from our PubMed search comparing outcomes of pa-
tients who received a single dose of epinephrine and
those who received a second dose of epinephrine.>°
See Supplement Appendix B-2 for the full ScopRev and
summary of evidence.

Task Force Insights

We used the outcomes from the 2015 PICOST to per-
form the search. Alternative outcomes were identified
through this ScopRev (eg, hospital admission, time to
resolution of symptoms) that may need to be consid-
ered in future reviews. In reviewing the publications
identified, we noted several studies that sought to de-
termine predictors of the need for repeated doses of
epinephrine. While this issue was outside the scope
of this review, it is relevant to the field of anaphylaxis
management and epinephrine administration and may
be the topic of a future SysRev or ScopRev. We did not
identify any prospective randomized trials comparing
the efficacy of a second dose of epinephrine.

There remains uncertainty around epinephrine
dose and the need for a second dose. The task force
expressed concern that in some countries, the initial
recommended and administered dose of epinephrine
is lower than that recommended and administered in
other countries, which may be associated with a great-
er likelihood that a second dose will be needed.

Given these discussion points, combined with the
limited additional information identified in this re-
view, the task force did not feel there was sufficient
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information to alter the existing ILCOR treatment rec-
ommendations or to pursue a SysRev.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.56

We suggest a second dose of epinephrine be ad-
ministered by autoinjector to adults and children with
severe anaphylaxis whose symptoms are not relieved by
an initial dose (weak recommendation, very low-quality
evidence).

First Aid Stroke Recognition (FA 801:
SysRev)

Rationale for Review

The previous first aid CoSTR about recognition of stroke
was published in 2015,>6 but the evidence evaluation
did not include a SysRev. Because the prompt recogni-
tion of stroke is critical for effective treatment,® the First
Aid Task Force conducted a SysRev of stroke recognition
for first aid providers, and this was completed in 2020.°

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults with suspected acute stroke
¢ Intervention: Use of a rapid stroke scoring system,
scale, or test
e Comparator: First aid assessment without the use
of a rapid stroke scoring system, scale or test
e QOutcome:

— Change time to treatment (eg, symptom onset

to hospital/emergency department arrival or
hospital admission) (critical)
— Improved recognition of stroke (critical)
o High number considered beneficial for obser-
vational study
o High sensitivity and high specificity consid-
ered beneficial for diagnosis study
— Discharge with favorable neurological status
(increase considered beneficial) (important)

— Survival with favorable neurological outcome
(increase considered beneficial) (important)

— Increased public/layperson recognition of stroke
signs (important)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (for exam-
ple, conference abstracts, trial protocols, posters)
were excluded.

¢ Time frame and languages: All years and all lan-
guages were included provided there was an
English abstract. Literature search was updated to
September 28, 2019.

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897
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Table 4. Stroke Scales and Published Studies Evaluating Them

Stroke Scale Studies (First Author and Year)

FAST Bergs, 2010%; Fothergill 2013¢; Berglund 2014%;
Pickham 2019°%°; Harbison 2003%

FASTER O’'Brien 2012%7

LAPSS Asimos 2014°%; Bergs 2010%; Bray 2005%; Chen 2013,
Kidwell 2000”"; Wojner-Alexandrov 200572

OPSS Chenkin 200973

CPSS Asimos 2014¢%; Bergs 2010%; Bray 201074; Bray 2005¢;
Frendl 20097%; Kothari 201976, Ramanujam 2008"7;
English 20187¢; Kim 20177°; Vanni 2011%°; Greenberg
201781; Studnek 2013%2

KPSS Iguchi 201182

ROSIER Fothergill 2013%

MASS Bergs 2010°%; Bray 201074, Bray 2005%°

MedPACS Studnek 2013%

BEFAST Pickham 2019¢

PreHAST Andsberg 20178

BEFAST indicates Balance, Eyes, Face, Arm, Speech, Time to call; CPSS,
Cincinnati Prehospital Stroke Scale; FAST, Face, Arm, Speech, Time to call;
FASTER, Face, Arm, Speech, Time, Emergency Response Protocol; KPSS,
Kurashiki Prehospital Stroke Scale; LAPSS, Los Angeles Prehospital Stroke
Scale; MASS, Melbourne Ambulance Stroke Screen; MedPACS, Medic
Prehospital Assessment for Code Stroke; OPSS, Ontario Prehospital Stroke
Scale; PreHAST, Prehospital Ambulance Stroke Test; and ROSIER, Recognition
of Stroke in the Emergency Room.

Consensus on Science

The names and description of all evaluated stroke scales
and scoring tools are found in Table 4. All of the studies
used trained emergency medical services providers or
nurses to apply these scales in the prehospital setting,
and the level of certainty was therefore downgraded
for indirectness.

Time to Treatment
For the critical outcome of time to treatment, we iden-
tified 4 observational studies evaluating 4 different
stroke scales: KPSS,® LAPSS,”? OPSS,”® and FASTER.®’

For KPSS, very low-certainty evidence (downgraded
for risk of bias and indirectness) from 1 retrospective
observational study®® enrolling 430 adults with sus-
pected acute stroke, reported an association between
the use of the KPSS and an increase in the number of
patients with time from symptom onset to hospital ar-
rival within 3 hours. Among patients with emergency
medical services use of the KPSS, 62.9% arrived within
3 hours compared with 52.3% who did not have the
scale applied (RR, 1.2; 95% Cl, 1.01-1.43). This same
study reported an association between the prehospi-
tal use of the KPSS and a shorter elapsed time from
symptom onset to hospital admission (mean time 2.1
hours [1.0-6.2]), compared with no prehospital KPSS
use (mean time 2.7 hours [1.2-9.7]; P=0.024).

For LAPSS, very low-certainty evidence (downgraded
for indirectness) from 1 cohort study’? enrolling 1518
participants with a suspected acute stroke reported an
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association between the use of LAPSS and an increased
time (minutes) from symptom onset to emergency de-
partment arrival. The mean time was 358 minutes for
those who had a LAPSS screening tool applied (postint-
ervention phase) compared with 226 minutes for those
without the use of a LAPSS screening tool (preinterven-
tion phase) (MD, 132.00 minutes; [95% Cl, 14.68-
249.32]). This same study did not find a benefit associ-
ated with the use of LAPSS in a prehospital setting for
the rate of patients admitted within 120 minutes (RR,
1.07; [95% Cl, 0.96-1.19]).

For OPSS, very low-certainty evidence (downgraded
for risk of bias) from 1 observational study’® enrolling
861 participants suspected of acute stroke showed an
association between the use of OPSS and an increase in
the number of patients with time from symptom onset
to hospital arrival within 3 hours. Of patients who had
the OPSS applied, 32.1% arrived within 3 hours com-
pared with 22.5% who did not have the scale applied
(RR, 1.43;[95% Cl, 1.12-1.82]).

For FASTER, very low-certainty evidence (downgrad-
ed for risk of bias and imprecision) from 1 observational
study®” enrolling 115 participants showed an associa-
tion between the use of FASTER and a shortened time
from symptom onset to time of treatment with tissue
plasminogen activator (tPA) (MD, =32 minutes; [95% Cl,
—53to—-11]; P=0.005). This same study showed an asso-
ciation between the use of FASTER and shortened door-
to-computerized tomography time for patients receiving
tPA (MD, =30 minutes; [95% Cl, —49 to —11]; P=0.004).
Among patients receiving tPA, no differences were as-
sociated with or without the use of the stroke screening
tool and time from symptom onset to hospital.

We did not identify any comparative studies evaluat-
ing the other scales (FAST, ROSIER, MASS, CPSS, Med-
PACS and PreHAST) for the critical outcome of time to
treatment.

Recognition of Stroke: Intervention Studies
For the critical outcome of recognition of stroke (inter-
ventional studies, outcome defined as definitive stroke
diagnosis or administration of thrombolytic), we iden-
tified 5 observational studies evaluating 5 different
stroke scales: FAST,%¢ KPSS,# FASTER,5” OPSS,’® LAPSS.7?
For FAST, low-certainty evidence (downgraded for
serious risk of bias and imprecision) from 1 observa-
tional study®® enrolling 356 participants with suspected
stroke, showed an association between the use of FAST
and an increase in the number of patients with con-
firmed stroke or transient ischemic attack who were
admitted within 3 hours after symptom onset (48.2%
compared with 14.6%; RR, 3.3; [95% Cl, 2.29-4.75]).
For KPSS, low-certainty evidence (downgraded
for risk of bias and indirectness) from 1 observational
study® enrolling 430 participants with suspected stroke
showed no association between the use of KPSS and
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receipt of thrombolytic therapy for patients who were
ultimately diagnosed with stroke.

For LAPSS, moderate-certainty evidence (downgrad-
ed for indirectness) from 1 observational preimplemen-
tation and active implementation study’? enrolling 1518
adults showed an association between the bundle of
changes including the use of LAPSS by paramedics and
an increase in the number of correct initial diagnoses of
stroke confirmed by a neurologist (79.21% compared
with 61.3%; RR, 1.29; [95% Cl, 1.18-1.42]). The same
study showed no association between the rate of treat-
ment with intravenous tPA among patients with con-
firmed stroke and the bundle of changes including the
use of LAPSS.

For OPSS, low-certainty evidence (downgraded for risk
of bias) from 1 observational study’ enrolling 861 partici-
pants suspected of stroke showed no association between
the use of OPSS and the rate of recognition of ischemic
stroke. This same study did show an association between
the use of OPSS and an increase in the rate of thrombo-
lytic therapy of all patients with ischemic stroke (10.10%
compared with 5.86%; RR, 1.72; [95% Cl, 1.03-2.88)),
as well as an association between the use of OPSS and an
increased rate of thrombolytic therapy for patients with
ischemic stroke arriving within 3 hours (32.13% com-
pared with 22.46%; RR, 1.43; [95% Cl, 1.12-1.82)).

For FASTER, very low-certainty evidence (downgraded
for serious risk of bias) from 1 observational study®’ includ-
ing 181 participants with suspected acute stroke showed
an association between the use of FASTER and the num-
ber of patients who received thrombolytic therapy. Of pa-
tients who had the scale applied, 19.1% received throm-
bolytic therapy compared with 7.5% who did not have
the scale applied (RR, 2.56; 95% Cl, 1.02-6.45).

Recognition of Stroke: Diagnostic Studies

For the important outcome of recognition of stroke
(diagnostic studies, outcome defined as correct stroke
diagnosis), we identified 19 observational stud-
iesb276568-71.73-8284 including 8153 participants, studying
9 different screening tools (FAST, LAPSS, OPSS, CPSS,
ROSIER, MASS, BEFAST, MedPACS, PreHAST). All stud-
ies used the same positivity threshold for each scale (1
or greater). The reported prevalence, sensitivity, and
specificity of each scale is reported in Table 5.

Stroke Scales With Blood Glucose Measurement

The task force divided the evaluated studies into sub-
groups based on whether the stroke scales included
blood glucose measurement. For the stroke scales that
included blood glucose measurement (LAPSS, OPSS,
ROSIER, MASS, MedPACS), the estimated summary
sensitivity across all studies for each scale ranged from
a low of 0.74 to a high of 0.97. The estimated sum-
mary sensitivity for the stroke scales not including blood
glucose measurement ranged from the lowest reported
sensitivity of 0.80 to the highest reported sensitivity of
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1.00 (ie, FAST, CPSS, PreHAST, BEFAST). The estimated
summary specificity of stroke scales including blood
glucose measurement ranged between 0.18 to 0.86
compared with estimated summary specificity of 0.26
to 0.55 for those scales not including blood glucose
measurement (PreHAST, FAST, CPSS, BEFAST).

Increased Public/Layperson Recognition of Signs of
Stroke

For the important outcome of increased public/layper-
son recognition of the signs of stroke, we identified
very low-certainty evidence (downgraded for risk of
bias) from 1 observational study® enrolling 72 mem-
bers of the public. This study showed an association
between the use of training in the recognition of stroke
and an improved identification of signs of stroke, from
76.4% (55/72) recognition before training compared
with 94.4% (68/72) immediately after training (RR,
1.24;95% Cl, 1.07-1.42), with 96.9% (63/65) still able
to identify signs of stroke 3 months after training (RR,
1.27;95% Cl, 1.11-1.45).

No comparison studies were identified for the im-
portant outcomes of discharge with favorable neuro-
logical status and survival with favorable neurological
outcome.

Treatment Recommendations

We recommend that first aid providers use stroke as-
sessment scales/tools for adults with suspected acute
stroke (strong recommendation, low-certainty evi-
dence).

For first aid, we suggest the use of FAST, MASS,
CPSS or LAPSS scales/tools for stroke assessment (weak
recommendation, low-certainty evidence).

For first aid, we suggest the use of stroke assessment
scales/tools that include blood glucose measurement
when available, such as MASS or LAPSS, to increase
specificity of stroke recognition (weak recommenda-
tion, low-certainty evidence).

For first aid, we suggest the use of FAST or CPSS
stroke assessment scales/tools when blood glucose
measurement is unavailable (weak recommendation,
low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The search for this 2020 SysRev identified 8 stud-
ies64656878-8184 maeting inclusion criteria since the publi-
cation of the 2015 first aid CoSTR; these were incorpo-
rated into this 2020 consensus on science and GRADE
evaluations.

The task force considers that an ideal stroke assess-
ment system for first aid use must have few steps; must
be easily understood, learned, and remembered; must
have high sensitivity for likely stroke; and must take a
minimal time to complete. These considerations influ-
enced the choice of tests that were evaluated. The task

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897
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Sensitivity
(95% ClI)

Specificity
(95% CI)

LR+ (95% ClI)

LR-(95% CI)

0.95 (0.74, 1.00)

0.33(0.10, 0.65)

1.42(0.94, 2.15)

0.16(0.02, 1.25)

0.97 (0.93, 0.99)

0.13(0.07, 0.20)

1.11(1.03, 1.19)

0.27(0.11, 0.67)

0.64 (0.59, 0.68)

0.75(0.71, 0.79)

2.55(2.14,3.05)

0.48(0.42, 0.55)

0.76 (0.69, 0.82)

0.46 (0.38, 0.53)

1.40(1.20, 1.63)

0.53(0.38,0.72)

0.80(0.77, 0.83)

0.48(0.44, 0.52)

1.55(1.42,1.70)

0.41(0.35, 0.48)

0.95 (0.74, 1.00)

0.33(0.10, 0.65)

1.42(0.94, 2.15)

0.16 (0.02, 1.25)

0.88(0.83, 0.93)

0.79(0.75, 0.82)

4.17 (3.57, 4.88)

0.15(0.10, 0.22)

0.95(0.87, 0.98)

0.56 (0.35, 0.75)

2.13(1.39, 3.25)

0.10(0.04, 0.27)

0.70(0.57, 0.81)

0.52 (0.41, 0.62)

1.46 (1.12, 1.90)

0.57 (0.37, 0.88)

0.59(0.52, 0.66)

0.88(0.85, 0.91)

4.88(3.74, 6.37)

0.47 (0.40, 0.55)

0.44(0.39, 0.49)

0.53(0.49,0.57)

0.93(0.82, 1.07)

1.06 (0.95, 1.18)

0.75(0.65, 0.83)

0.21(0.09, 0.38)

0.94(0.77,1.16)

1.21(0.58, 2.56)

0.93(0.88, 0.97)

0.73(0.64, 0.81)

3.50(2.58, 4.74)

0.09 (0.07, 0.17)

0.79(0.72, 0.85)

0.24(0.19, 0.30)

1.04 (0.94, 1.15)

0.88(0.61, 1.26)

Not estimated

Not estimated

Not estimated

Not estimated

Not estimated

Not estimated

Not estimated

Not estimated

0.74(0.71, 0.77)

0.48(0.43, 0.53)

1.42(1.28,1.57)

0.54(0.47,0.63)

0.74(0.49, 0.91)

0.83(0.52, 0.98)

4.42(1.21,16.12)

0.32(0.14, 0.70)

0.78(0.67, 0.87)

0.85(0.66, 0.96)

5.27 (2.12,13.13)

0.26 (0.16, 0.41)

0.78(0.76, 0.81)

0.90(0.84, 0.95)

8.02 (4.78, 13.46)

0.24(0.21,0.27)

0.91(0.76, 0.98)

0.97 (0.93, 0.99]

31.36(13.14, 74.87)

0.09(0.03, 0.27)

0.74(0.49, 0.91)

0.67 (0.35, 0.90)

2.21(0.95,5.14)

0.39(0.17,0.93)

0.83(0.78, 0.88)

0.86 (0.83, 0.88)

5.90 (4.84, 7.20)

0.19(0.14, 0.26)

0.90(0.81, 0.96)

0.74(0.54, 0.89)

3.49(1.84, 6.63)

0.13(0.06, 0.27)

0.74 (0.67, 0.80)

0.33(0.27,0.39)

1.10(0.97, 1.25)

0.79(0.58, 1.08)

0.87(0.82, 0.92)

0.59 (0.54, 0.65)

2.15(1.87, 2.47)

0.21(0.15,0.31)

0.97 (0.93, 0.99)

0.18(0.11, 0.26)

1.18(1.08, 1.28)

0.19(0.08, 0.46)

1.00 (0.87, 1.00)

0.40(0.25, 0.56)

1.65(1.30, 2.11)

0.00

Table 5. Sensitivities and Specificities of Prehospital Stroke Scales
Stroke Prevalence
Stroke Scale Study Sample Size Number/Total (%)
FAST Bergs 2010°2 31 19/31 (61%)
Fothergill 2013 295 177/295 (60%)
Berglund 2012% 900 472/900 (52%)
Pickham 2019¢% 359 159/359 (44%)
CPSS Asimos 20146 1217 663/1217 (54%)
Bergs 2010¢? 31 19/31 (61%)
Bray 201074 850 199/850 (23%)
Bray 2005% 100 73/100 (73%)
Frendl 20097 154 61/154 (40%)
Kothari 19997¢ 171 49/171 (29%)
Ramanujam 2008”7 1045 440/1045 (42%)
English 201878 130 96/130 (74%)
Kim 20177° 268 152/268 (57 %)
Studnek 201382 416 186/416 (45%)
Vanni 2011 155 87/155 (56%)
Greenberg 2017% 305 79 (26%)
LAPSS Asimos 20146 1225 805/1225 (66%)
Bergs 2010 31 19/31 (61%)
Bray 2005 100 73/100 (73%)
Chen 20137 1130 997/1130 (88%)
Kidwell 20007 206 34/206 (16%)
MASS Bergs 2010 31 19/31 (61%)
Bray 201074 850 199/850 (23.4%)
Bray 2005% 100 73/100 (73%)
MedPACS Studnek 201382 416 186/416 (45%)
OPSS Chenkin 200972 554 214/554 (39%)
ROSIER Fothergill 2013% 295 177/295 (60%)
PreHAST Andsberg 20178 69 26/69 (38%)
BEFAST Pickham 2019%° 359 159/359 (44%)

0.91(0.86, 0.95)

0.26(0.20, 0.33)

1.23(1.12,1.36)

0.34(0.19, 0.59)

BEFAST indicates Balance, Eyes, Face, Arm, Speech, Time to call; CPSS, Cincinnati Prehospital Stroke Scale; FAST, Face, Arm, Speech, Time to call; KPSS,
Kurashiki Prehospital Stroke Scale; LAPSS, Los Angeles Prehospital Stroke Scale; LR, likelihood ratio; LR+, positive likelihood ratio; LR-, negative likelihood
ratio; MASS, Melbourne Ambulance Stroke Screen; MedPACS, Medic Prehospital Assessment for Code Stroke; OPSS, Ontario Prehospital Stroke Scale; PreHAST,
Prehospital Ambulance Stroke Test; and ROSIER, Recognition of Stroke in the Emergency Room.

force recognized that in all studies evaluated for this
review, the stroke assessment was performed by para-
medics or nurses, so the recommendations are based on
extrapolation of benefit when these tools are used by
laypersons or first aid providers. The lack of data dem-
onstrating benefit of these tools when used by first aid
providers is a substantial weakness of the evidence base.

Early treatment of stroke can minimize a potentially
devastating neurological injury. In recommending the
first aid use of stroke scales or tools, the task force
agreed that such tools can assist in early stroke recogni-
tion, reduce time from symptom onset to arrival at a
hospital emergency department or hospital admission,
and ultimately enable more rapid initiation of treatment
for patients with confirmed stroke.

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897

The First Aid Task Force concluded that the anticipat-
ed benefit of training first aid providers in the correct
use of stroke assessment scales or tools outweighs the
risks, which are largely limited to false-positive identifi-
cation by first aid providers. The task force considered
that the lay public or first aid providers should use the
stroke scale assessment tool/scale/protocol that pro-
vides the highest sensitivity and the lowest number of
false negatives.

Four scales have been the subject of several studies
involving a large number of adults (FAST, CPSS, LAPSS,
MASS). Four scales (OPSS,”® ROSIER,® BEFAST,®> Med-
PACS®?) were each evaluated by a single published
study enrolling between 250 and 600 adults. The
PreHAST scale reportedly had high sensitivity but was
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only tested in a single study, with 26 adults with poten-
tial stroke.® For these reasons, the task force agreed to
limit its conclusions concerning stroke scales to those
studies with larger numbers of enrollees and to exclude
data from scales evaluated by single studies or studies
with few enrollees.

In this SysRev, the stroke assessment scales include
a variety of components, such as looking for specific
signs and evaluation of blood glucose. Our review
found that the LAPSS and MASS instruments, which
included blood glucose measurement, had similar sen-
sitivity but increased specificity to more accurately iden-
tify stroke compared with FAST and CPSS, which did
not include blood glucose measurement. We recognize
that first aid providers may not have access to or the
skill or authority to use a properly calibrated glucose
measurement device. Although use of blood glucose
measurement is not routinely included in first aid train-
ing, glucose measurement devices are commonly avail-
able and used by the public.

The cost of introducing the use of the stroke scales
in first aid can be limited to the training. However, the
task force considered the fact that assessment scales
including blood glucose measurement will require ad-
ditional training and the acquisition of measurement
devices that can be costly. Furthermore, for some coun-
tries, the use of glucose measurement devices by first
aid providers is not authorized by law.

Those developing local guidelines for first aid provid-
ers can use the results of this review to determine if the
benefit of increased specificity with stroke scales or tools
that include glucose measurement would be desirable in
their settings compared with using simpler stroke assess-
ment tools that do not include glucose measurement,
with similar sensitivity but lower specificity.

For further information, refer to the evidence-to-
decision table in Supplement Appendix A-5.

Knowledge Gaps

e Studies are needed to assess the ability of layper-
sons to correctly apply the recommended scales.

e Future studies should evaluate survival rates or
cerebral performance category with use of a rapid
stroke assessment scale or tool.

¢ We identified no RCTs comparing the use of stroke
assessment tools with standard first aid in any
patient population.

First Aid Supplementary Oxygen for
Acute Stroke (FA 1549: SysRev)

Rationale for Review

The most recent (2015) CoSTR about first aid use of
oxygen did not focus on oxygen administration for
stroke.>® As a result, the First Aid Task Force requested a
new SysRev on this topic that was completed in 2020.5

S300 October 20, 2020
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Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

e Population: Adults with suspected acute stroke

¢ Intervention: Use of supplementary oxygen

e Comparator: No use of supplementary oxygen

e Qutcome:

— Clinical outcomes: survival, neurological out-
comes (eg, National Institutes of Health Stroke
Scale [NIHSS] score, Scandinavian Stroke Scale
score, modified Rankin scale [mRS] score), and
neurological recovery in the acute phase (critical)

— Quality of life measures (eg, Barthel Index,
EuroQol, Nottingham ADL score*) and hospital
length of stay (important)

— Adverse effects and complications: Pneumonia,
pulmonary edema, necessity of noninvasive
positive pressure ventilation, intubation with
mechanical ventilation (important)

— Imaging outcomes: MRI indicators (eg, diffu-
sion-weighted imaging, lesion volume, diffu-
sion/perfusion mismatch, magnetic resonance
spectroscopic indicators) and reperfusion rate
(important)

— Laboratory outcomes: Oxygen saturation (eg,
highest, lowest, incidence or duration of oxy-
gen saturation less than 90% or 95%) (limited
importance)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, con-
trolled before-and-after studies, cohort studies)
were eligible for inclusion. Unpublished studies
(eg, conference abstracts, trial protocols) were
excluded.

e Time frame: All years and all languages were
included; unpublished studies (eg, conference
abstracts, trial protocols) were excluded. Literature
search was updated to December 16, 2019.

e PROSPERO Registration: CRD42020162958

Consensus on Science

For the critical outcome of survival at 1 week and 3
months, we identified moderate-certainty evidence
(downgraded for indirectness) from 1 RCT® recruiting
8003 adults with acute stroke showing no benefit from
the use of continuous supplementary oxygen at 2 to
3 L/min via nasal cannula for 72 hours (n=2668) com-
pared with the use of room air (oxygen delivered only if
clinically indicated; n=2668).

For the critical outcome of survival at 6 months and
at 1 year, we identified moderate-certainty evidence
(downgraded for indirectness) from 2 RCTs®#° recruit-
ing 289 and 550 adult patients, respectively, with

*Barthel Index: a scale that measures disability or dependence in activities

of daily living in stroke patients; EuroQol index: a standardized instrument
for measuring generic quality of life; Nottingham ADL score: a measure of
activities of daily living ability in stroke patients, including mobility, household
ability, and leisure activity

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897
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acute stroke that demonstrated no benefit with the
use of supplementary oxygen at 2 to 3 L/min via nasal
cannulae for 24 to 72 hours compared with the use of
room air.

For the critical neurological outcome of NIHSS at
1 week, we identified moderate-certainty evidence
(downgraded for indirectness) from 5 RCTs®78890-92 re-
cruiting 5969 adult patients with acute stroke showing
no benefit with the use of either supplementary oxygen
at 2 to 4 I/min via nasal cannula or the use of oxygen
by face mask for 8 to 72 hours compared with the use
of room air.

For the critical neurological outcome of NIHSS at
3 months, we identified very low-certainty evidence
(downgraded for risk of bias, indirectness and impreci-
sion) from 2 RCTs*9" recruiting 54 adult patients with
acute stroke showing no benefit with the use of supple-
mentary oxygen at 10 to 45 L/min via face mask for 8
to 12 hours compared with the use of room air (with
oxygen added only if clinically indicated).

For the critical neurological outcome of NIHSS
difference between baseline and 1 week, we identified
moderate-certainty evidence (downgraded for indirect-
ness) from 1 RCT®? recruiting 289 adults with acute
stroke showing no benefit with the use of continuous
supplementary oxygen via nasal cannula at 2 to 3 L/min
for 72 hours compared with the use of room air.

For the critical neurological outcome of improve-
ment of NIHSS score of more than 4 at 1 week, we
identified moderate-certainty evidence (downgraded
for indirectness) from 1 RCT®? recruiting 289 adults
with acute stroke showing that the patients receiving
supplementary oxygen at 2 to 3 L/min via nasal cannula
for 72 hours had higher chance of NIHSS improvement
of more than 4 at 1 week as compared to those breath-
ing room air (RR, 2.19; 95% Cl, 1.37-3.51).

For the critical neurological outcome of favorable
mRS score at hospital discharge, we identified very low-
certainty evidence (downgraded for risk of bias) from
1 retrospective observational study®® involving 1352
patients with acute stroke and without hypoxemia at
baseline showing no difference associated with prehos-
pital supplementary oxygen compared with breathing
room air. The dose of supplementary oxygen was not
provided in this study.

For the critical neurological outcome of mRS
score at 3 months, we identified moderate-certainty
evidence (downgraded for indirectness) from 3
RCTs.879091 The largest RCT®” of 8003 adults showed
no difference in mRS score in the group receiving
supplementary oxygen at 2 to 3 L/min via nasal can-
nula for 72 hours and the group receiving room air. A
small RCT®" of 16 patients with acute stroke found no
beneficial effect on the mRS score for those receiving
supplementary oxygen at 45 L/min by face mask for 8
hours compared with the group receiving room air. In
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this small study, oxygen was delivered to enrollees if
clinically indicated.®’

For the critical neurological outcome of mRS score at
6 months and mRS score less than 3 at 6 months, we
identified low-certainty evidence (downgraded for risk
of bias and indirectness) from 2 RCTs® recruiting 340
adults with acute stroke that demonstrated no benefit
in MRS score from the use of supplementary oxygen via
nasal cannula or venturi mask for 12 to 72 hours com-
pared with room air (oxygen delivered only if clinically
indicated).

For the critical neurological outcome of Scandi-
navian Stroke Scale at 3 months, we identified low-
certainty evidence (downgraded for indirectness and
imprecision) from 1 RCT®' recruiting 16 adults with
acute stroke showing no benefit with the use of supple-
mentary oxygen at 45 L/min via simple face mask for
8 hours compared with room air (oxygen delivered if
clinically indicated).

For the critical neurological outcome of Scandina-
vian Stroke Scale at 7 months, we identified low-cer-
tainty evidence (downgraded for risk of bias and indi-
rectness) from 1 RCT® recruiting 550 adults with acute
stroke showing benefit (ie, lower score) with use of
supplementary oxygen at 3 L/min via nasal cannula for
24 hours compared with room air (score at 7 months:
absolute difference, —0.50; 95% Cl, -0.98 to —0.02).

For the important quality of life outcome of Barthel
Index at 3 months, we identified moderate-certainty
evidence (downgraded for indirectness) from 1 RCT® re-
cruiting 8003 adults with acute stroke showing no bene-
fit with the use of supplementary oxygen at 2 to 3 L/min
via nasal cannula for 72 hours compared with room air.

For the important quality of life outcome of Barthel
Index at 6 months, we identified very low-certainty evi-
dence (downgraded for risk of bias, indirectness and
imprecision) from 1 RCT** recruiting 51 adults with
acute stroke showing no benefit with the use of sup-
plementary oxygen via venturi mask for 12 hours com-
pared with room air.

For the important quality of life outcome of Barthel
Index at 7 months, we identified low-certainty evi-
dence (downgraded for risk of bias and indirectness)
from 1 RCT®® recruiting 550 adults with acute stroke
showing that patients receiving supplementary oxygen
at 3 L/min via nasal cannula for 24 hours had a lower
Barthel Index compared with those breathing room air
(absolute difference, =5.00; 95% Cl, —6.24 to -3.76
points).

For the important quality of life outcome of Notting-
ham Extended ADL score at 3 months and the EuroQol
(EQ5D-3 L) quality of life outcome score at 3 months,
we identified moderate-certainty evidence (downgrad-
ed for indirectness) from 1 RCT® recruiting 8003 adults
with acute stroke showing no benefit with the use of
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supplementary oxygen at 2 to 3 L/min via nasal cannula
for 72 hours compared with room air.

For the important quality of life outcome of visual
analog scale at 3 months, we identified moderate-cer-
tainty evidence (downgraded for indirectness) from 1
RCT® recruiting 8003 adults with acute stroke showing
no benefit with the use of supplementary oxygen at
2 to 3 L/min via nasal cannula for 72 hours compared
with room air.

For the important imaging outcome of lesion vol-
ume change at 6 hours, at 24 hours, and at hospital
discharge, we identified low-certainty evidence (down-
graded for indirectness and imprecision) from 1 RCT*
recruiting 16 adults with acute stroke showing no differ-
ence with the use of high-flow supplementary oxygen
via face mask for 8 hours compared with room air.

For the important adverse effects and complications
outcome of hospital-acquired pneumonia, we identi-
fied very low-certainty evidence (downgraded for risk of
bias) from 1 retrospective observational study®* involv-
ing 1352 adults with acute stroke and without hypox-
emia at baseline showing the association of prehospital
supplementary oxygen with a lower rate of hospital-
acquired pneumonia than reported among those
breathing room air (RR, 0.50; 95% Cl, 0.26-0.98).

For the important adverse effects and complications
outcome of any documentation of pneumonia at hos-
pital discharge, this same study showed no association
between the administration of prehospital supplemen-
tary oxygen and documentation of pneumonia.

For the important adverse effects and complications
outcomes of pulmonary edema and the use of nonin-
vasive positive-pressure ventilation, this same study®
showed no association between the administration of
prehospital supplementary oxygen and need for nonin-
vasive positive-pressure ventilation.

For the important adverse effects and complications
outcome of tracheal intubation with mechanical venti-
lation and the outcome of any respiratory complications
during hospitalization, we identified very low-certainty
evidence (downgraded for risk of bias) from 1 retro-
spective observational study® involving 1352 adults
with acute stroke and without hypoxemia at baseline
showing an association between the administration of
prehospital supplementary oxygen and a higher rate of
tracheal intubation with mechanical ventilation than
among patients who breathed room air in the prehospi-
tal setting (RR, 2.80; 95% Cl, 2.1-3.70). This study also
documented an association between the administration
of prehospital supplementary oxygen and a higher rate
of respiratory complications in comparison with those
breathing room air (RR, 1.92; 95% Cl, 1.54-2.39).

Treatment Recommendations
For adults with suspected acute stroke, we suggest
against the routine use of supplementary oxygen in the
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first aid setting compared with no use of supplemen-
tary oxygen (weak recommendation, low- to moderate-
certainty evidence)

Justification and Evidence-to-Decision
Framework Highlights

A single observational study was identified and consid-
ered as direct evidence from the prehospital setting to
inform this review.?*> All RCTs identified were from the
in-hospital setting. All studies compared the use of sup-
plementary oxygen (using varying flow rates and deliv-
ery methods) with no use of supplementary oxygen (ie,
room air) in adults with acute stroke. With few excep-
tions, the results of these studies consistently failed to
find a benefit from oxygen administration for critical
outcomes such as survival and neurological outcomes,
including NIHSS score, and for important outcomes re-
lated to the quality of life. A limitation of some includ-
ed RCTs**°" was the inclusion in the comparison (ie, no
oxygen) group patients who received low-dose oxygen
when clinically indicated; the results would have been
more reflective of any benefit of oxygen administration
if those patients had been analyzed separately.

We also considered potential harm from use of
supplementary oxygen. A single retrospective observa-
tional stroke registry study reported on rates of respi-
ratory complications as well as neurological outcomes
(eg, NIHSS score). The largest retrospective observa-
tional study®® grouped patients by (1) oxygen needed
and received to treat hypoxemia, (2) oxygen delivery
despite normoxemia (so-called hyperoxia group), and
(3) no oxygen given (control group). They evaluated
mean prehospital and discharge NIHSS score and re-
spiratory complications for each of the 3 groups and
concluded that when controlling for confounders,
there was no significant increase in respiratory com-
plications or difference in neurological outcomes at
discharge associated with oxygen use, suggesting that
brief, early administration of supplementary oxygen
for stroke may be safe to evaluate prospectively.

In making this recommendation, the task force rec-
ognizes there is currently equipoise (balance) in the
currently available evidence related to the use of sup-
plementary oxygen for acute stroke, creating an oppor-
tunity for conducting definitive randomized trials. Task
force deliberations are summarized in the evidence-to-
decision table regarding oxygen for stroke in Supple-
ment Appendix A-6.

The resources required for oxygen delivery are con-
siderable, including oxygen equipment and supplies,
the need for a carrying container, and need for oxygen
storage. A specialized course and certification in first aid
oxygen use may be required, and some countries may
require a prescription or a license to use oxygen. The
expense associated with equipment, supplies, and train-
ing may be considerable when compared with no costs
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linked to the use of room air and may contribute to a
potential negative impact on health equity in resource-
limited countries. The stocking, storage, or transpor-
tation of equipment and supplies may not be feasible
or acceptable to first aid providers or first responders.
Occupational and other injuries and mishaps related to
the use of oxygen canisters were also considered in task
force discussion. Finally, the task force expressed con-
cern that first aid attention to the process of setting up
and administering oxygen may delay other critical im-
mediate care goals, such as calling a designated emer-
gency number or transporting a person to a hospital.

Knowledge Gaps

e There are no RCTs comparing the routine adminis-
tration of supplementary oxygen with room air in
acute stroke patients in first aid settings.

¢ The effect of short-term use of supplementary oxy-
gen only in the first aid settings remains unknown.

e There are no studies about optimal concentration
of administered supplementary oxygen or compar-
ing the delivery methods of oxygen for adults with
suspected acute stroke.

First Aid Administration of Aspirin for
Chest Pain: Early Compared With Late (FA
586: SysRev)

Rationale for Review

The previous (2015) evidence evaluation of aspirin ad-
ministration for chest pain included evaluation of early
compared with late aspirin administration but did not
include a formal SysRev. As a result, the First Aid Task
Force requested a SysRev on this topic that was com-
pleted in 2020.%

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults who experience nontraumatic

chest pain

e Intervention: Early or first aid administration of
aspirin

e Comparator: Late or in-hospital administration of
aspirin

e Qutcome: Survival, complications, and incidence
of cardiac arrest were ranked as critical outcomes.
Cardiac functional outcome, infarct size, and
chest pain resolution were ranked as important
outcomes.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies), case
series of 5 or more subjects were eligible for
inclusion. Unpublished studies (eg, conference
abstracts, trial protocols) were excluded.
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e Time frame: All years and all languages were
included; unpublished studies (eg, conference
abstracts, trial protocols) were excluded. Literature
search was updated to October 22, 2019.

e PROSPERO Registration: CRD42020153316

Consensus on Science

The new SysRev included all settings and doses for as-
pirin administration. Early administration was defined
as administration of aspirin in the prehospital phase
or within 2 hours from onset of chest pain, regardless
of the setting in which administration occurred. Late
administration was defined as administration of aspirin
more than 2 hours from the onset of chest pain or in-
hospital. The included studies assessed time to aspirin
administration in relation to outcome. However, since
it was expected that studies including first aid provid-
ers would be lacking, the search for studies involving
the administration of aspirin was not restricted to first
aid providers.

For the critical outcome of survival (at 7 days), we
identified very low-certainty evidence (downgraded
for risk of bias and indirectness) from 2 observational
studies®”®® of 2122 patients with acute myocardial in-
farction (M), using 160 mg aspirin®” and greater than
200 mg aspirin.®® These studies reported the associa-
tion of improved survival with the prehospital early
administration of aspirin (median 1.6 hours from pain
onset) compared with late administration of aspirin
(median 3.5 hours from pain onset, given at hospital
admission) (97.5% compared with 93.5%; P<0.001,
RR, 1.04; 95% Cl, 1.02-1.06; 37 more patients per
1000 treated survived to 7 days with early administra-
tion of aspirin; 95% Cl, from 18 more to 56 more).

For the critical outcome of survival (at 30 days), we
identified very low-certainty evidence (downgraded for
risk of bias and indirectness) from 2 observational stud-
ies®”%8 with a total of 2122 patients with acute Ml who
received either 160 mg aspirin® or greater than 200 mg
aspirin.® These studies showed an association of im-
proved survival with the early administration of aspirin
(median 1.6 hours from pain onset) compared with the
late administration of aspirin (median 3.5 hours from
pain onset, given at hospital admission) (95.2% com-
pared with 91.2%; RR, 1.05; 95% Cl, 1.01-1.09; 46
more patients per 1000 treated survived to 30 days
with early administration of aspirin; 95% Cl, from 9
more to 82 more).

For the critical outcome of survival (at 35 days), we
identified low-certainty evidence (downgraded for indi-
rectness) from subgroup analysis of 8587 patients from
1 RCT* enrolling 17 187 patients with acute Ml showing
no benefit from the administration of 162.5 mg enteric-
coated aspirin within 2 hours of the onset of symptoms,
compared with the administration of 162.5 mg enteric-
coated aspirin 3 to 24 hours after symptom onset.
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For the critical outcome of survival (at 1 year), we
identified very low-certainty evidence (downgraded
for indirectness) from 1 observational study®” of 1200
patients with acute Ml showing an association between
increased survival and the early administration of 160 mg
aspirin (median 1.6 hours from pain onset) compared
with late administration of 160 mg aspirin (median 3.5
hours from pain onset) (95.0% compared with 89.4%;
RR, 1.06; 95% Cl, 1.03-1.10; 54 more patients per
1000 treated survived to 30 days with early administra-
tion of aspirin; 95% Cl, from 26 more to 89 more).

For the critical outcome of complications, we identi-
fied very low-certainty evidence (downgraded for indi-
rectness) from 2 observational studies®”-?¢ with a total of
2122 patients with acute Ml showing no significant dif-
ference in incidence of complications whether 160 mg of
aspirin was delivered at a median of 1.6 hours or greater
when compared with 200 mg aspirin was delivered at a
median of 3.5 hours from pain onset.

For the critical outcome of incidence of cardiac ar-
rest, we identified very low-certainty evidence (down-
graded for risk of bias and indirectness) from 2 ob-
servational studies®”®® with conflicting results. In 1
observational study®® of 922 adults with acute M, there
was an association between reduction in the incidence
of asystole (2% compared with 7%, P<0.001), in the
need for resuscitation (RR, 0.38; 95% Cl, 0.20-0.69)
and early (compared with late) administration of great-
er than 200 mg of aspirin. By comparison, the second
observational study®” of 1200 patients with acute Ml
reported an association between a higher incidence of
ventricular tachycardia and fibrillation and early (me-
dian 1.6 hours from pain onset) compared with late
(median 3.5 hours from pain onset) administration of
160 mg aspirin. (RR, 1.53; 95% Cl, 1.12-2.08).

For the important outcomes of cardiac functional
outcome and infarct size as well as the important out-
come of chest pain resolution, there were no compara-
tor studies evaluating the time of aspirin administration.

Treatment Recommendations

For adults with nontraumatic chest pain, we suggest
the early administration of aspirin in the first aid setting
as compared with the late, in-hospital administration
of aspirin (weak recommendation, very low-certainty
evidence).

Justification and Evidence-to-Decision
Framework Highlights

The 2015 CoSTR on this topic>® assessed early com-
pared with late administration of aspirin for chest
pain and suspected MI. This current review differs in
that the population of interest in the first aid setting
includes adults with symptoms of nontraumatic chest
pain rather than limiting the search to only adults with
chest pain and suspected MI. This change in the search
to identify chest pain in general, not limited to first aid
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suspicion of an M, reflects the task force’s desire to
identify all relevant evidence associated with aspirin ad-
ministration for signs and symptoms alone (rather than
narrowing the search only to 1 potential cause). Studies
were included if the intervals from the onset of pain to
administration and outcomes were presented.

The only difference between the 2020 treatment
recommendation and the recommendation provided
in the 2015 CoSTR regarding early compared with
late administration of aspirin is the description of the
population as adults with symptoms of nontraumatic
chest pain. For additional information, refer to the
evidence-to-decision table for first aid administration
of aspirin for chest pain, early compared with late, in
Supplement Appendix A-7.

We recognize that although we identified the popu-
lation of interest for our evidence search to be adults
with symptoms of nontraumatic chest pain in the first
aid setting, the identified evidence is considered to be
indirect because it was limited to adults with suspected
Ml and not all causes of nontraumatic chest pain.

We place a higher value on the benefits of aspirin,
such as increased survival from an MI, which outweigh
the possible risks identified in 1 study, that is, an in-
creased risk of ventricular tachycardia or ventricular
fibrillation in-hospital not influencing survival, and the
adverse effect of minor bleeding identified in ISIS 2%
and described in a 2015 CoSTR.>®

We did not perform a meta-analysis of the 3 includ-
ed studies even though they report survival outcomes
at similar times (30 days and 35 days). The task force
discussed the possibility that these studies may have in-
cluded different populations (suspected M| compared
with ST-segment elevation MI) and different doses of
administered aspirin; they may have different study
designs (cohort compared with RCT); and the studies
were performed at different chronological times (1988
compared with 2002) and clinical practice, such as re-
perfusion therapy, has since changed both the manage-
ment and outcomes of M.

We recognize that all included studies were per-
formed about 2 to 3 decades ago and that even if the
population and exposure might be comparable to the
care offered today, the outcome of MI has improved.
The task force agreed that it is unlikely that any major
new studies will be performed on this topic.

First aid guideline groups will need to consider that
local national, regional, state, or provincial regulations
and prescribing practices (eg, in Europe and Asia) might
require self-administration for first aid rather than direct
administration of aspirin by a first aid provider.

The task force discussed concerns about first aid
providers’ ability to differentiate chest pain of cardi-
ac origin from other causes of chest discomfort. The
term nontraumatic was added to the descriptor to en-
hance and simplify the clinical signs and the differential
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diagnosis of chest pain possibly related to the onset of
a MI. However, with any treatment recommendation
using a symptoms-based approach to problems such as
chest pain, the task force agreed that first aid educa-
tional materials must teach the signs and symptoms a
first aid provider is able to learn, remember, and iden-
tify. Furthermore, it is important for educational ma-
terials to teach the absolute contraindications for the
administration of aspirin (ie, allergy or active bleeding).
Guideline organizations may also want to consider in-
cluding additional local first aid behaviors, such as acti-
vating emergency medical services.

Knowledge Gaps

e Additional studies are needed to determine if aspi-
rin is safe when given to patients with nontrau-
matic chest pain of all causes (ie, not limited to
suspected MI).

e Further research is needed to identify the critical
interval after the onset of chest pain and aspirin
administration that is beneficial for adult patients
with acute MI.

e Further research is needed to determine the mini-
mal effective dose and formulation for the oral
administration of aspirin for nontraumatic chest
pain in adults.

First Aid Interventions for Presyncope
(2019 CoSTR, FA 798: SysRev)

In 2019, the First Aid Task Force requested a SysRev'®
and published a CoSTR™"1%2 and on the topic of first aid
interventions for presyncope. This review resulted in the
recommendation for physical counterpressure maneu-
vers, including hand grip, squatting, leg crossing with
tensing, and abdominal core muscle tensing.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

e Population: Adults and children with signs and
symptoms of faintness or presyncope of suspected
vasovagal or orthostatic origin

¢ Intervention: Physical counterpressure maneuvers,
body positioning, hydration, or other

e Comparator: No intervention or each other

e Qutcome: Abortion of syncope, injuries or adverse
events (all critical), symptom improvement, change
in heart rate, systolic or diastolic blood pressure (all
important)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Case series and unpublished
studies (for example, conference abstracts, trial
protocols) were excluded.
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¢ Time frame and languages: All years and all lan-
guages were included, provided an English abstract
was available.

e PROSPERO Registration: CRD42018107726

Treatment Recommendations
This recommendation (below) is unchanged from
20']9.101,102

We recommend the use of any type of physical coun-
terpressure maneuver by individuals with acute symp-
toms of presyncope due to vasovagal or orthostatic
causes in the first aid setting (strong recommendation,
low- and very low-certainty evidence).

We suggest that lower body physical counterpres-
sure maneuvers are preferable to upper body and ab-
dominal physical counterpressure maneuvers (weak
recommendation, very low-certainty evidence).

Optimal Position for Shock (FA 520:
EvUp)

The First Aid Task Force most recently reviewed the
topic of optimal position for the person in shock in
2015.>% The task force requested an EvUp to identify
any relevant evidence published after 2015; the EvUp
did not identify evidence to justify a SysRev or a change
in the 2015 treatment recommendation (see the EvUp
in Supplement Appendix C-2).

Population, Intervention, Control, Outcome,
Study Design, and Time Frame
¢ Population: Adults and children who receive first
aid for shock
¢ Intervention: Positioning of the patient
e Comparator: Compared with not positioning the
patient
e Qutcome: Any clinical outcome
e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded.
e Time frame: All years and all languages were
included as long as there was an English abstract.
We reran the existing search strategy, from January 1,
2015, to November 29, 2019.

Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.56

We suggest first aid providers place persons with
shock in the supine position as opposed to the upright
position (weak recommendation, low-certainty evi-
dence).
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Recovery Position for Persons With
Decreased Level of Consciousness of
Nontraumatic Etiology Not Requiring
Rescue Breathing or Chest Compressions
(FA 517: ScopRev)

Rationale for Review

The benefit of lateral positioning of adults and children
with decreased level of consciousness has been widely
accepted despite limited supportive scientific evidence.
The most recent ILCOR evidence review on this topic
in 2015>¢ addressed use of the recovery position for
those with decreased level of consciousness but breath-
ing normally.

Opioid-associated deaths have increased interna-
tionally in recent years'®; death is typically preceded
by decreased level of consciousness and respiratory
depression or compromise. Recent studies suggest that
placing persons in the recovery position may hinder the
detection of cardiac arrest.’+"% As a result, the First
Aid Task Force sought a ScopRev on the recovery po-
sition, modifying the search strategy used in 2015 to
include persons who do not meet the criteria for car-
diopulmonary resuscitation but have diminished level
of consciousness/responsiveness (eg, from alcohol or
drug overdose, intracranial hemorrhage) coupled with
breathing abnormality (ie, they are not breathing nor-
mally). The outcomes included in the search were ex-
panded to include outcomes of hypoxic events.

The revised and updated search strategy identified
more indirect evidence, such as research examining the
role of patient positioning in obstructive sleep apnea
and cadaver models of cervical spine instability.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

e Population: Adults and children with decreased
level of consciousness due to medical illness who
do not meet criteria for the initiation of rescue
breathing or chest compressions (CPR)

e Intervention: Positioning in any specific position

e Comparator: Supine or other recovery position

e Qutcome: Any relevant clinical outcomes including
but not limited to survival, need for airway man-
agement, incidence of aspiration, hypoxia, inci-
dence of cardiac arrest (all critical); and likelihood
of cervical spine injury and complications (impor-
tant): venous occlusion, arterial insufficiency, left
arm discomfort/pain discomfort/pain, aspiration
pneumonia

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Case series and case reports,
unpublished studies and reports (eg, conference
abstracts, trial protocols, technical reports, incident
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reports, medical examiner and coroners’ reports)
were also considered for inclusion.

¢ Time frame: The scoping search strategy included
all years and all languages as long as there was
an English abstract. We reran the existing 2015
search strategy on November 4, 2019, with no
date/time restrictions.

Summary of Evidence

Thirty-one studies, 0419135 3 case report,’*® and 2 let-
ters to the editor'®'3” were identified from our data-
base and gray literature search. Nine studies involved
patients with a medical, medically induced, or toxico-
logical decreased level of consciousness.'05107-112.131,136
Eight studies enrolled healthy participants,!04106.113-117.137
15 studies assessed patient positioning for ventilation
during sleep, 8128132135 and 2 studies involved cadav-
eric models of cervical spine instability in recovery po-
sitions.’2139 The positions studied, airway maneuvers
used, and outcomes reported in the included studies
were highly variable. Seven distinct lateral recumbent
recovery positions were identified, ranging from lateral
to prone, and in many studies, the details of the posi-
tion used (eg, degree of torso rotation, arm and head
position) were not described in sufficient detail to allow
for reproducibility. The comparison positions studied,
when reported, were also highly variable, ranging from
prone to semirecumbent and supine with manual air-
way maneuvers such as the head tilt—chin lift.

The gray literature search revealed a near-universal
adoption of the recovery position for a decreased level
of consciousness with normal breathing from unknown
causes as well as known or presumed causes such as
seizure, stroke, poisoning, and opioid overdose. Treat-
ment guidelines for ski patrollers, lifequards, prison
guards, schoolteachers, and combat medics all recom-
mended a variation of the lateral recumbent recovery
position.

See Supplement Appendix B-3 for the full ScopRev
and summary of evidence identified.

Task Force Insights

Most studies of the recovery position were performed
in healthy volunteers (who have normal muscle tone
rather than the reduced tone that may be present in
an unresponsive person) and report outcomes such as
dependent arm perfusion and comfort associated with
positioning. For the focus area of opioid overdose, only
a single study was identified, suggesting that a semi-
recumbent position may be preferable to lateral posi-
tion."” The First Aid Task Force agreed that additional
studies are needed to confirm this finding. For other
medical causes of decreased mental status, such as
stroke, induced sedation, and decreased level of con-
sciousness, the lateral recumbent position was reported
to be associated with beneficial outcomes.
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As noted, despite a true paucity of research to sup-
port its use, the task force acknowledged that the re-
covery position in its many forms has become univer-
sally recommended in first aid settings for persons with
decreased level of consciousness from nontraumatic
cause, provided they do not require rescue breathing
or chest compressions. As a result, a change in practice
will likely require substantial evidence and education.

Studies of positional interventions for sleep-disor-
dered breathing help describe the effect of body po-
sitions on ventilation in persons with decreased level
of consciousness. Most studies reviewed report lateral
positioning improving outcomes of interest such as
apnea, hypopnea, and oxygen desaturation. However,
they may not be directly applicable to the use of the
recovery position for persons with decreased level of
consciousness from medical, toxicological, and non-
traumatic etiology.

The task force discussion focused on the optimal
position to promote adequate breathing while optimiz-
ing the detection of respiratory and/or cardiac arrest.
Although the included evidence favors the use of a lat-
eral recumbent position, the task force voiced concerns
about the use of a recovery position in scenarios such
as with opioid overdose when hypoxic respiratory arrest
or cardiopulmonary arrest may be imminent. It is the
consensus of the task force that this topic should be the
subject of a SysRev in the near future.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.5¢

We suggest that first aid providers position individu-
als who are unresponsive and breathing normally into a
lateral, side-lying recovery position (lateral recumbent)
as opposed to leaving them supine (weak recommen-
dation, very low-quality evidence).

FIRST AID FOR TRAUMA
EMERGENCIES

Important trauma topics for first aid pertained to con-
trol of life-threatening external bleeding, including use
of direct pressure and pressure dressings, tourniquets
(both manufactured and improvised), hemostatic dress-
ings, hemostatic devices, tourniquets in children, con-
cussion recognition, manual cervical spine stabilization,
cervical spine motion restriction, superficial thermal in-
jury dressings, compression wraps for closed extremity
joint injuries, and temporary storage of a tooth after
dental avulsion.

Control of life-threatening external bleeding was
subdivided into 4 topics for SysRevs, all with the same
PICOST. These 4 topics are pressure dressings, bandag-
es, devices, or proximal pressure; tourniquets; hemo-
static dressings; and hemostatic devices. We included
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all studies from the prehospital setting (direct evidence),
studies performed in combat (military) settings, and
simulations (ie, human volunteers, human cadaver, or
other models excluding animal models). In-hospital
studies (eg, arterial endovascular) were included only
if prehospital studies were lacking and if judged to be
informative. Evidence about the use of tourniquets
in children was sought in a separate ScopRev. This
combined SysRev did not explore the timing or order
of interventions to control life-threatening external
bleeding. This is an important consideration for future
reviews.

Control of Severe, Life-Threatening
External Bleeding: Pressure Dressings,
Bandages, Devices, or Proximal Manual
Pressure (FA New 2019: SysRev)

Rationale for Review

The most recent (2015) review of the evidence about
control of bleeding evaluated studies of direct pres-
sure, application of cold therapy, elevation of extremi-
ties, and use of pressure points (proximal manual
pressure).>® The First Aid Task Force requested a new
combined SysRev to apply a common search strategy
and evaluate and compare the outcomes of several in-
terventions to control severe external bleeding in adults
and children in the out-of-hospital setting. The SysRev
was completed in 2019.138

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

Note: These PICOST criteria were used to identify stud-
ies analyzed for all topics related to treatment of severe,
life-threatening bleeding.

e Population: Adults and children with severe, life-
threatening external bleeding in out-of-hospital
settings; bleeding from both compressible and
noncompressible external sites were included

¢ Intervention: All bleeding-control methods appli-
cable for use by trained or untrained first aid
providers, including manufactured or improvised
tourniquets, hemostatic dressings or agents, cryo-
therapy, direct (manual) pressure, pressure points,
pressure dressings or bandages, or elevation of the
injured area; manufactured tourniquets included
windlass-style or elastic, with single or double
application

e Comparator: Studies with comparators of bleed-
ing control methods were included, as well as
observational cohorts with a single bleeding-con-
trol technigue, which, in an observational meta-
analysis, may allow comparison of one technique
against another.

e QOutcome: Mortality due to bleeding, cessation of
bleeding/achieving hemostasis, time to achieving
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Table 6. Time to Hemostasis for Compression Devices and Manual Pressure
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Manual Pressure Mean
Mean Time to Mean Time to Time to Hemostasis

Study Type/Reference Device Hemostasis (min) Device Hemostasis (min) (min) P Value
RCT™0 Pneumatic 15.6+4.8 Clamp 14.5+4.5 13.9+3.5 0.006
RCT™! FemoStop™ 35.2£12.3 12.9+12.4 <0.001
RCT™® FemoStop™ 40.2+23.2 C-clamp 32.6+9.8 27.56.3 <0.0001
Cohort'® C-clamp 35[10-110]* 20 [10-45]t <0.001
Cohort'* Mechanical clamp 19.9 335 Not reported

*Median time [min-max].
tMedian time [min-max].
RCT indicates randomized controlled trial.

hemostasis (all critical); mortality from any cause,
decrease in bleeding, complications/adverse effects
(all important)

e Study design: RCTs and nonrandomized studies
(non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were
eligible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to November 22, 2019.

e PROSPERO Registration: CRD42018091326

Consensus on Science

Pressure Dressings/Bandages/Devices Compared With
Direct Manual Pressure

For the critical outcome of time to hemostasis, no direct
evidence was found from the prehospital setting. Howev-
er, we identified very low-certainty evidence (downgrad-
ed for very serious indirectness and serious imprecision)
from 3 RCTs'*'*" in the in-hospital setting with a total of
918 patients undergoing endovascular procedures. As a
result of significant heterogeneity, these studies could not
be combined for meta-analysis. In 1 study,’ the mean
time to hemostasis with the use of a pneumatic device
was 15.6+4.81 minutes compared with a mean time of
14.5+4.5 minutes with the use of a clamp and 13.9+£3.5
minutes in the manual compression group (overall
P=0.006). In another study,’' the mean time to hemo-
stasis in the FemoStop™ device group was 35.2+12.3
minutes compared with the manual compression time of
12.9+12.4 minutes (P<0.001). In the third study,'** mean
time to hemostasis by device was as follows: FemoStop™
40.2+23.2, C-clamp 32.6+9.8, and manual 27.5+6.3
minutes. All 3 RCTs demonstrated a significantly longer
time to hemostasis with use of mechanical pressure de-
vices compared with use of direct manual pressure.

We identified very low-certainty evidence (down-
graded for serious risk of bias, indirectness, and im-
precision) from 2 in-hospital cohort studies?'# of
3528 patients undergoing endovascular procedures.
Use of a C-clamp was associated with a longer time to
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hemostasis compared with manual pressure in the first
study'® whereas in the second study of 3255 patients,
a shorter time to hemostasis was associated with use of
a mechanical clamp compared with use of direct manu-
al pressure.’®? See Table 6 for time to hemostasis results.

For the critical outcome of cessation of bleeding, we
identified very low-certainty evidence (downgraded for
very serious indirectness and serious imprecision) from
1 in-hospital RCT'° of 400 patients undergoing endo-
vascular procedures. This study showed benefit in the
combined clamp compression and manual compres-
sion group compared with the pneumatic compres-
sion group (99% compared with 73%) in achieving
hemostasis (overall P<0.0001).

We identified very low-certainty evidence (down-
graded for serious risk of bias, indirectness, and impre-
cision) from 1 in-hospital cohort study'* of 64 patients
with arterio-venous fistula puncture for hemodialysis.
This study showed an association with higher rates of
bleeding cessation with the use of a commercial, elas-
ticized compression bandage (82%) compared with
manual pressure (47% and 44 %, first and third weeks
of the block study design, P<0.05).

For the important outcome of complications/ad-
verse effects, we identified very low-certainty evidence
(downgraded for very serious indirectness and serious
imprecision) from 3 in-hospital RCTs**'4" of 918 pa-
tients undergoing endovascular procedures and from 3
in-hospital observational studies'?'% of 3647 patients
undergoing either an arterio-venous fistula puncture
or endovascular procedure. The heterogeneity of these
studies prevented combination of results for meta-anal-
ysis. However, none of the studies reported a significant
difference in complications with use of either pressure
devices or with manual pressure.

We did not find evidence for the critical outcome
of mortality resulting from bleeding or the important
outcome of mortality from any cause.

Pressure Points Compared With Direct Manual
Pressure

We did not identify any human studies comparing pres-
sure points with direct manual pressure.

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897



0202 ‘TZ $800100 U0 Aq Hio'sfeuinofeye/:dny wouy papeojumoq

Singletary et al

Treatment Recommendations

We recommend that first aid providers use direct man-
ual compression compared with the use of external
compression devises or pressure dressings/bandages for
severe, life-threatening external bleeding (strong rec-
ommendation, very low-certainty evidence).

We recommend against the use of pressure points
compared with the use of direct manual pressure by first
aid providers for severe, life-threatening external bleeding
(strong recommendation, very low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

In making a strong recommendation, the First Aid Task
Force considered direct manual pressure as the fun-
damental first step in the initial management of any
life-threatening external bleeding. Two evidence-to-
decision tables present task force insights: Supplement
Appendix A-8, pressure points versus direct pressure,
and Supplement Appendix A-9, pressure dressings ver-
sus direct pressure.

The task force was strongly influenced by
3 RCTs'** " demonstrating that the use of manual
compression achieved hemostasis in a shorter aver-
age time than the use of pressure dressings/bandages/
devices.

Direct manual pressure is available to all first aid pro-
viders, has no cost, and can be provided equitably in all
countries. The use of pressure dressings or devices may
increase treatment and training costs and, therefore,
healthcare disparities.

The task force acknowledges that improved educa-
tion is likely to be needed to enhance the quality of direct
manual pressure for the cessation of life-threatening ex-
ternal bleeding. The task force agreed that this training
should be incorporated into all standard first aid train-
ing and also agreed that no additional resources would
be needed. However, the study results are inconsistent
and indirect, and external compression devices/bandages
may also be efficacious when applied appropriately.

The task force also placed considerable value on the
fact that there is no direct human evidence showing
that the use of pressure points is effective in the control
of life-threatening external bleeding.

The task force agreed that the use of in-hospital data
derived from arterial endovascular and arterio-venous
puncture may not be applicable to first aid control of
life-threatening bleeding. Of note, in-hospital subjects
in the studies often received anticoagulants that likely
complicated the control of bleeding.

Although we identified no studies performed exclu-
sively in children, the task force agreed that it is reason-
able to apply these recommendations to children.

Knowledge Gaps
e Experimental or observational studies are needed
comparing pressure dressings, bandages, devices,

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897

First Aid: 2020 CoSTR

or pressure points with direct manual pressure
in patients with severe, life-threatening external
bleeding in the prehospital or first aid setting.

e Research is needed to identify optimal techniques
to provide direct manual pressure while minimiz-
ing rescuer fatigue.

e Experimental or observational studies are needed
for control of life-threatening bleeding with use of
pressure dressings, bandages or devices in children.

e |t is unclear if first aid providers can appropriately
locate pressure points.

Control of Severe, Life-Threatening
External Extremity Bleeding: Tourniquets
(FA 768, 1543,1549: SysRev)

Rationale for Review

The most recent CoSTR about the use of tourniguets
was published in 2015.56 As noted, the First Aid Task
Force requested a new, combined SysRev to compare
evidence across multiple interventions for control of life-
threatening external bleeding. This CoSTR summarizes
data comparing use of tourniquets with direct pressure,
manufactured with improvised tourniquet designs, he-
mostatic dressings with direct pressure and tourniquets,
and hemostatic devices with direct pressure for control
of life-threatening external bleeding in extremities. A
separate ScopRev on the topic of pediatric tourniquet
designs was also completed.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

See PICOST for Control of Severe, Life-Threatening Ex-
ternal Bleeding: Pressure Dressings, Bandages, Devices,
or Proximal Manual Pressure.

Consensus on Science

Tourniquets Compared With Direct Manual Pressure
For the critical outcome of mortality from bleeding, we
identified very low-certainty evidence (downgraded
for serious risk of bias, inconsistency and imprecision)
from 4 prehospital civilian cohort studies'#>'4 of 527
participants. In these studies, there was no significant
reduction in mortality from bleeding with the use of
tourniquets compared with the use of direct manual
pressure alone.

For the critical outcome of cessation of bleeding, we
identified very low-certainty evidence (downgraded for
serious risk of bias and imprecision) from 2 prehospital
military cohort studies'®'>° of 76 participants. In the
largest cohort study'® of 70 participants, a higher rate
of bleeding cessation on hospital arrival was associated
with the use of tourniquets (35/42 [83.3%] compared
with the use of direct manual pressure alone 17/28
[60.7%]; P=0.033). A very small cohort study'™® of 6
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participants noted that bleeding cessation occurred in
6/6 participants with or without the use of a tourniquet.

For the important outcome of mortality from all
causes, we identified 6 civilian prehospital cohort stud-
ies!4>-148.151.152 of 1811 participants. Study heterogene-
ity prevented combining results for meta-analysis. The
overall certainty of evidence was rated as very low
resulting from serious risk of bias, inconsistency, and
imprecision. In unadjusted analyses, 5 of the 6 studies
failed to demonstrate a statistically significant reduc-
tion in all-cause mortality associated with the use of
a tourniquet compared with the use of direct manual
pressure alone.’>-148151 |n 3 sixth large cohort study'>?
of 1026 total participants, the use of direct manual
pressure alone was associated with a higher risk for all-
cause mortality compared with the use of a tourniquet
when evaluated by multivariable analysis (adjusted OR,
5.86; 95% Cl, 1.41-24.47; P=0.015).

We identified very low-certainty evidence (down-
graded for serious risk of bias and inconsistency) from
6 prehospital military cohort studies'?0.153-15 of 6163
participants. None showed a reduction in all-cause mor-
tality associated with the use of a tourniquet compared
with use of direct manual pressure alone.

For the important outcome of complications/adverse
effects (including compartment syndrome nerve palsy,
fasciotomy, thromboembolic episodes), we identified
very low-certainty evidence (downgraded for serious
risk of bias and imprecision) from 3 prehospital civilian
cohort studies'®1>11%2 of 1420 participants. Study het-
erogeneity prevented combining results for meta-anal-
ysis. These studies reported inconsistent results when
comparing a tourniquet with the use of direct manual
pressure alone, with no significant increase in adverse
events with use of one modality or the other.

We identified very low-certainty evidence (down-
graded for serious risk of bias) from 5 prehospital ci-
vilian cohort studies'*148151.152157 of 1686 participants
reporting the complication of amputation. Study het-
erogeneity prevented combining the results for meta-
analysis, and all reported similar amputation rates with
the use of tourniquets compared with the use of direct
manual pressure alone.

We identified very low-certainty evidence (down-
graded for risk of bias and imprecision) from 1 prehos-
pital military cohort study'® of 165 participants. This
study reported similar amputation rates with the use
of tourniquets compared with the use of direct manual
pressure alone.

For the critical outcome of time to hemostasis, no
comparative studies were identified.

Tourniquets Compared With Hemostatic Dressings

For the critical outcome of mortality caused by bleed-
ing, we identified very low-certainty evidence (down-
graded for serious risk of bias and imprecision) from
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1 prehospital military cohort study'® of 96 adults with
external extremity bleeding, which showed no signifi-
cant difference in mortality among those with the use
of a tourniquet compared with the use of a hemostatic
dressing.

For the important outcome of all-cause mortality, we
identified very low-certainty evidence (downgraded for
serious risk of bias and imprecision) from 1 prehospital
military cohort study'® of 96 adults. Tourniquet use was
associated with a significant all-cause mortality risk reduc-
tion; 6% (4/66) mortality was associated with the use of
a tourniquet compared with 30% (9/30) mortality associ-
ated with the use of hemostatic dressings (RR, 0.20; 95%
Cl, 0.07-0.60; adjusted RR, 24 fewer per 1000 partici-
pants; 95% Cl, from 12 fewer to 28 fewer). However, in
this study, the types and locations of wounds weren't re-
ported, and it is unknown if the injuries were comparable.

For the important outcome of complications/adverse
effects, no comparative studies were identified.

For the critical outcome of time to hemostasis, we
identified no direct evidence from comparative studies.

Manufactured Tourniquets Compared With Improvised
Tourniquets

We did not identify any human studies comparing
manufactured tourniquets with improvised tourni-
quets for the management of severe, life-threatening
external extremity bleeding. However, 4 observational
simulation studies''®2 provided information about
the ability of first aid providers to stop bleeding with
the use of manufactured compared with improvised
tourniquets. The first study’° reported the association
of higher pulse cessation in lower extremities (85%
compared with 10%) and upper extremities (100%
compared with 75%) with manufactured compared
with improvised tourniquets. One observational
study'®’ reported 100%, 40%, and 10% simulated
bleeding cessation with the application of a manufac-
tured tourniquet compared with an improvised cravat
tourniquet compared with a bandana tourniquet, re-
spectively.

Windlass-Style Manufactured Tourniquets Compared
With Other Types of Manufactured Tourniquets

We did not identify any human studies comparing
windlass-style manufactured tourniquets (ie, one with
a rod to tighten the tourniquet) with other types of
manufactured tourniquets for the management of se-
vere, life-threatening external extremity bleeding. Ten
simulation studies'®*-'7? provided information about the
feasibility of the use of windlass-style manufactured
tourniquets compared with other designs of manufac-
tured tourniquets.

Treatment Recommendations
We suggest that first aid providers use a tourniquet
in comparison with direct manual pressure alone for
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severe, life-threatening external extremity bleed-
ing that is amenable to the application of a tour-
niquet (weak recommendation, very low-certainty
evidence).

We suggest that first aid providers use a tourniquet
compared with a hemostatic dressing for severe, life-
threatening external bleeding that is amenable to the
use of a tourniquet (weak recommendation, very low-
certainty evidence).

If a tourniquet is not immediately available, we sug-
gest direct manual pressure to control life-threatening
external bleeding from an extremity until a tourniquet
can be applied (good practice statement).

We suggest direct manual pressure with or without
use of a hemostatic dressing if the site of bleeding is
not amenable to use of a tourniquet (good practice
statement).

We suggest that first aid providers use a manu-
factured tourniquet compared with an improvised
tourniquet for severe, life-threatening external
bleeding (weak recommendation, very low-certainty
evidence).

For the treatment of severe, life-threatening external
bleeding by first aid providers, we are unable to rec-
ommend any one particular design of tourniquet com-
pared with another.

Justification and Evidence-to-Decision
Framework Highlights

The application of pressure stops bleeding. Tourniquets
apply circumferential pressure remote from the bleed-
ing point. There are few comparative studies of tourni-
quet use and direct pressure alone; a more robust body
of lower-certainty evidence suggests that tourniquets,
when applied appropriately, stop bleeding in most cas-
es, and this was considered by the task force when for-
mulating treatment recommendations (see Supplement
Appendix A-10, evidence-to-decision table for tourni-
quets compared with direct pressure).

In addition, although this review did not evaluate
the timing or order of interventions to control life-
threatening bleeding, the task force considered results
of 1 observational study'* demonstrating the associa-
tion of greater risk of hemorrhagic death with hospital
compared with prehospital tourniquet placement (14%
compared with 3.0%, P=0.01). The study did not de-
scribe bleeding control techniques in lieu of tourniquets
but may suggest that early prehospital tourniquet use
may reduce mortality, although effectiveness may be
time sensitive.

Although the task force recognizes that there is lim-
ited data comparing use of tourniquets with hemostat-
ic dressings for similar wounds, the consensus of the
task force is that use of a tourniquet is preferable. See
Supplement Appendix A-11, evidence-to-decision table
for tourniquets compared with hemostatic dressings.
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Not every area of the body is amenable to the use
of a tourniquet, and a tourniquet may not always be
immediately available. Direct manual pressure can be
effective until a tourniquet can be applied. In multiple
casualty situations, the use of a tourniquet may free
resources to attend to other life-threatening injuries.
Because some comparative studies suggested a lack
of superiority for outcomes of cessation of bleeding
or mortality from bleeding with the use of a tourni-
guet, the task force agreed to include a good practice
statement for situations when a tourniquet is not avail-
able, or when a wound is not amenable to the use of
a tourniquet (ie, proximal extremity wounds, wounds
on limbs of a size that will not permit successful place-
ment of a tourniquet). This statement also integrates
the use of direct pressure with evidence from the sys-
tematic review of control of severe, life-threatening
external bleeding: hemostatic dressings. A good prac-
tice statement is one for which there is a high level of
certainty that the recommendation will do more good
than harm, but there is little direct evidence. Likewise,
a good practice statement recommending against a
treatment is one for which there is a high level of cer-
tainty that the treatment will do more harm than good,
but there is little direct evidence.

In recommending the use of manufactured tourni-
quets, the task force was influenced by 2 observational
studies'*®" that demonstrated an improvement in sim-
ulated bleeding cessation rates associated with the use
of manufactured tourniquets compared with the use
of improvised tourniquets. The task force interpreted
the results as examples of practical information about
ability of providers to use manufactured compared with
improvised tourniquets to stop simulated bleeding.
Task force members noted that when faced with life-
threatening bleeding from a limb and a manufactured
tourniquet is unavailable and bleeding cannot be con-
trolled by direct pressure with or without hemostatic
dressings, first aid providers could consider the use of
an improvised tourniquet, made to appropriate specifi-
cations (eg, wide and tight). See Supplement Appendix
A-12, the evidence-to-decision table for manufactured
tourniquets compared with improvised tourniquet.

Simulation data about the use of a windlass tourni-
guet compared with other tourniquet designs did not
show superiority of any one type of tourniquet. See
Supplement Appendix A-13, windlass tourniquets com-
pared with other tourniquet designs.

Knowledge Gaps
o Sufficiently powered experimental or observational
studies are needed that compare the use of manu-
factured tourniquets with hemostatic dressings
or improvised tourniquets and studies that com-
pare windlass tourniquets with other tourniquet
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designs for severe, life-threatening prehospital
bleeding.

e There is an urgent need for comparative studies
involving children (see FA New 2019: ScopRev
below).

e Studies are needed to determine if first aid pro-
viders can recognize injuries that are amenable to
tourniquet placement.

e Studies are needed to determine the educational
requirements necessary to teach first aid provid-
ers to appropriately deploy tourniquets on a mass
scale (eg, just-in-time training).

Control of Severe, Life-Threatening
External Bleeding: Hemostatic Dressings
(FA 769: SysRev)

Rationale for Review
The most recent CoSTR about the use of hemostatic
dressings was published in 2015.58

The First Aid Task Force requested a new SysRev
evaluating multiple interventions for control of exter-
nal bleeding that yielded a large evidence base to an-
swer several questions about control of life-threaten-
ing bleeding. This CoSTR compares use of hemostatic
dressings with direct pressure and summarizes evidence
comparing several hemostatic dressing types for control
of life-threatening external bleeding.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

See PICOST for Control of Severe, Life-Threatening Ex-
ternal Bleeding: Pressure Dressings, Bandages, Devices,
or Proximal Manual Pressure.

Consensus on Science

Hemostatic Dressings Plus Direct Pressure Compared
With Direct Pressure Alone

For the critical outcome of cessation of bleeding, we
identified very low-certainty evidence (downgraded for
serious risk of bias, indirectness, and imprecision) from
1 in-hospital civilian RCT'"’® comparing the use of chi-
tosan-coated gauze dressings plus direct pressure with
simple pressure dressings in 160 patients. Complete
cessation of bleeding was achieved in all patients in
both groups whether hemostatic dressings plus direct
pressure with simple pressure dressings or direct pres-
sure alone were used.

We identified very low-certainty evidence (down-
graded for serious risk of bias, very serious indirectness,
and serious imprecision) from 2 in-hospital RCTs'7417> of
141 participants treated with a hemostatic dressing or
manual compression after an endovascular procedure.
Heterogeneity of these studies precluded meta-analy-
sis. In the first RCT,"”* the use of a hemostatic dressing
plus direct pressure was not beneficial compared with
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the use of manual compression for cessation of bleed-
ing. In the second RCT'> cessation of arterial site bleed-
ing was achieved in all 21 children, whether hemostatic
dressings plus direct pressure or direct pressure alone
were used.

We identified very low-certainty evidence (down-
graded for serious risk of bias, very serious indirect-
ness, and serious imprecision) from 1 in-hospital cohort
study'’® of 88 patients treated with a hemostatic dress-
ing plus direct pressure or direct pressure alone after an
endovascular procedure. The use of hemostatic dress-
ings were associated with no benefit compared with
direct pressure alone because cessation of bleeding was
achieved in all participants.

For the critical outcome of time to hemostasis, we
identified low-certainty evidence (downgraded for se-
rious risk of bias and indirectness) from 1 in-hospital
civilian RCT'3 with 160 patients. Hemostatic dressings
with direct pressure were beneficial because cessation
of bleeding was achieved within 5 minutes with the use
of chitosan-coated gauze plus direct pressure (41/80
[51.2%] compared with pressure dressings 26/80
[32.5%]; RR, 1.58; 95% Cl, 1.08-2.31).

We identified low-certainty evidence (downgraded
for very serious indirectness) from fourteen in-hospital
RCTs74175.177-188 \jith 2419 civilian adults and children (1
study) undergoing endovascular procedures. Heteroge-
neity precluded combining these studies, but they dem-
onstrated more rapid hemostasis (range 4.6-17.8 min-
utes) with the use of hemostatic dressings plus manual
pressure compared with direct manual pressure alone
(12.4-43.5 minutes). MDs across studies ranged from
2 minutes (95% Cl, 0.46-3.54) to 32 minutes (95% ClI,
28.03-35.97).

For the important outcome of all-cause mortality, we
identified very low-certainty evidence (downgraded for
serious risk of bias and imprecision) from 1 prehospi-
tal military cohort study'® with 190 participants. Use
of hemostatic dressings was not associated with lower
mortality compared with direct manual pressure alone.

We identified very low-certainty evidence (down-
graded for very serious indirectness and serious impre-
cision) from 2 in-hospital civilian RCTs'®1%° with 1028
adults undergoing endovascular procedures. These
studies showed no reduction in all-cause mortality
with the use of hemostatic dressings plus direct pres-
sure compared with direct manual pressure alone. One
RCT'™° reported no deaths in 100 patients randomized
to either the hemostatic dressing with pressure or direct
pressure alone. However, in this study, the duration of
compression was much longer in the manual compres-
sion-only group compared with the use of a hemostatic
dressing plus direct pressure (2 hours compared with 15
minutes). A second RCT' compared 908 patients ran-
domized to receive treatment with 1 of 2 possible he-
mostatic dressings plus direct pressure or a pneumatic
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compression device and also reported no deaths in any
of the groups.

For the important outcome of decrease in bleeding,
we identified low-certainty evidence (downgraded for
serious risk of bias and indirectness) from 1 in-hospital
civilian RCT'® with 160 patients. This study showed
benefit as measured by the mean number of blood-
soaked gauzes associated with the use of hemostatic
dressings (chitosan-coated gauze) plus direct pressure
compared with use of direct pressure alone (MD, 0.43
fewer gauzes; 95% Cl, 0.85-0.01 fewer).

For the important outcome of complications/ad-
verse effects, we identified very low-certainty evidence
(downgraded for very serious indirectness and serious
imprecision) from 4 in-hospital civilian RCTs!74187.190,191
of 1040 patients undergoing endovascular procedures.
None of the studies demonstrated a benefit (ie, reduced
complications) with the use of hemostatic dressings
plus direct pressure compared with the use of direct
pressure alone. Three of the RCTs'741%0191 reported no
complications including major bleeding in either group.
One RCT'™ reported no benefit (reduction in major
bleeding complications) from hemostatic dressings.

For the outcome of adverse effects (as reported by pain
scores), we identified very low-certainty evidence (down-
graded for serious risk of bias, indirectness, and impreci-
sion) from 2 in-hospital civilian cohort studies'’®'” of 224
patients undergoing endovascular procedures. There was
no benefit associated with the use of hemostatic dress-
ings plus direct pressure compared with direct pressure
alone. One study'’® reported no significant differences in
pain scores between the use of hemostatic dressing plus
pressure and the use of direct pressure alone.

We identified no evidence for the critical outcome of
mortality caused by bleeding.

One Hemostatic Dressing Type Compared With Other
Hemostatic Dressings

For the critical outcome of time to hemostasis, we identi-
fied moderate-certainty evidence (downgraded for seri-
ous indirectness) from 3 in-hospital civilian RCTs'8".184186
with 750 patients undergoing endovascular procedures.
Heterogeneity precluded meta-analysis. However, all 3
studies found no superiority in time to hemostasis after
the use of a calcium ion releasing dressing pad (a poly-N-
acetylglucosamine hemostatic pad) or a chitosan-based
hemostasis pad compared with a hemostatic thrombin
bandage or a biopolymer-based hemostatic pad.

For the important outcome of all-cause mortality, we
identified very low-certainty evidence (downgraded for
serious indirectness and imprecision) from 1 in-hospital
civilian RCT™* with 90 patients undergoing endovas-
cular procedures. There was no reduction in all-cause
mortality after use of chitosan-based Chito-Seal (Ab-
bott Vascular, Redwood City, California) compared with
a biopolymer-based Clo-Sur PA.D. (Scion Biomedical,
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Miami, Florida) hemostatic dressing; no deaths were re-
ported in either of the 2 study arms.

For the important outcome of adverse effects, we
identified very low-certainty evidence (downgraded for
serious risk of bias, indirectness, and imprecision) from
2 in-hospital civilian RCTs™®+18 of 696 patients under-
going endovascular procedures that reported rebleed-
ing. These studies reported inconsistent results when
comparing different types of hemostatic dressings. One
RCT'®® with 606 participants demonstrated a lower rate
of minor bleeding after the use of a calcium ion releas-
ing wound dressing pad (Neptune Pad [TZ Medical, Port-
land, Oregon]; 6.6% [20/303]) compared with using a
hemostatic thrombin-covered bandage (D-Stat Dry [Tele-
flex, Morrisville, North Carolina]; 12.2% [37/303)]) (RR,
0.54; 95% Cl, 0.32-0.91; P=0.02). The second RCT'*
with 90 participants reported a similar rate of rebleeding
after the use of a chitosan-based hemostasis pad (Chito-
Seal; 21.2% [10/47]) compared with using a biopolymer-
based hemostatic pad (Clo-Sur PA.D.; 23.2% [10/43]).

We did not find evidence reporting the critical out-
comes of mortality due to bleeding and cessation of
bleeding, or the important outcomes of any complica-
tion/adverse events.

Treatment Recommendations
We suggest that first aid providers use a hemostatic
dressing with direct pressure as opposed to direct pres-
sure alone for severe, life-threatening external bleeding
(weak recommendation, very low-certainty evidence).
As the result of the very low confidence in effect es-
timates, we are unable to recommend the use of any
one specific type of hemostatic dressing for severe, life-
threatening external bleeding.

Justification and Evidence-to-Decision
Framework Highlights

See Supplement Appendix A-14 for the evidence-to-
decision table regarding hemostatic dressings com-
pared with direct pressure alone; see Supplement
Appendix A-15 for comparison across hemostatic
dressing types. In making this recommendation, the
task force was strongly influenced by 1 civilian in-hos-
pital RCT'”® demonstrating higher frequency (51.2%
compared with 32.5%) of cessation of bleeding within
5 minutes with the use of a hemostatic dressing plus
direct pressure compared with direct pressure alone.

Direct manual pressure stops bleeding and, when
used appropriately, hemostatic dressings in conjunction
with direct pressure may stop life-threatening external
bleeding in more cases.

Some studies included children. However, these
numbers were limited and data specifically pertaining
to children were sparse. Despite the lack of pediatric-
specific evidence, the First Aid Task Force agreed that
it would be reasonable for these recommendations to
apply to control of life-threatening bleeding in children.
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The task force recognizes that the use of hemostatic
dressings requires additional equipment and training
expense that may increase healthcare disparity in some
cases. In addition, in some areas, hemostatic dressings
may not be available to lay providers.

The task force recognizes the lack of prehospital stud-
ies and therefore downgraded certainty of evidence of
all in-hospital studies. Many of these in-hospital studies
may include confounders such as simultaneous use of
anticoagulants.

Knowledge Gaps
e Additional research is needed to determine if first
aid providers are able to use hemostatic dressings
properly and whether any one type of hemostatic
dressing or agent is superior.
e Research is needed to assess risks and benefits of
hemostatic dressings in children.

Control of Severe, Life-Threatening
External Bleeding: Hemostatic Devices
(2020 New FA: SysRev)

Rationale for Review

The most recent CoSTR about the use of control of bleed-
ing was published in 2015,>¢ but it did not include the
use of hemostatic devices. The First Aid Task Force re-
quested a new, combined SysRev to compare evidence
of multiple interventions for control of life-threatening
external bleeding, including hemostatic devices.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

See PICOST for Control of Severe, Life-Threatening Ex-
ternal Bleeding: Pressure Dressings, Bandages, Devices,
or Proximal Manual Pressure.

Consensus on Science

This consensus on science focuses on the published evi-
dence about the effectiveness of medical devices designed
for control of bleeding, including junctional tourniquets
(a tourniquet designed to control hemorrhage and bleed-
ing in inguinal or axilla areas) and wound clamps (a device
for the temporary control of severe bleeding that works
by sealing the edges of a wound closed).

Junctional Tourniquets Compared With Direct Pressure
We did not identify any human studies comparing junc-
tional tourniquets with direct pressure for the man-
agement of severe, life-threatening external bleeding.
Although 12 simulation studies'?2% were identified,
they were excluded from review because the task force
agreed that the evidence was too indirect for inclusion.

Wound Clamps Compared With Direct Pressure

We did not identify any human studies comparing
wound clamps with direct pressure for the manage-
ment of severe, life-threatening external bleeding.
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However, we identified 2 prehospital case series?0420>
involving application of an invasive medical device by
healthcare professionals in 10 participants. Although
outcomes in this study were positive, they provide only
indirect evidence for first aid use.

Treatment Recommendations

In the absence of comparative evidence, we are unable
to recommend for or against the use of a junctional
tourniquet by first aid providers in comparison with di-
rect manual pressure alone for severe, life-threatening
external bleeding.

In the absence of comparative evidence, we are un-
able to recommend for or against the use of wound
clamps by first aid providers in comparison with other
hemostatic techniques for severe, life-threatening ex-
ternal bleeding.

Justification and Evidence-to-Decision
Framework Highlights

The task force agreed that there was inadequate evi-
dence to compare the use of junctional tourniquets or
wound clamps to direct pressure. See the evidence-to-
decision tables for junctional pressure devices compared
with direct pressure in Supplement Appendix A-16, and
wound clamps compared with other hemostatic tech-
niques in Supplement Appendix A-17.

Data about the use of junctional tourniguets and
wound clamps by first aid providers comes primarily
from simulation studies or case series, without compari-
son with direct pressure. The task force has concerns
about the ability of first aid providers to learn and prop-
erly apply junctional tourniquets or wound clamps in a
prehospital setting. In addition, regulatory restrictions,
cost, and risks may prohibit the use of these devices by
unlicensed care providers. Finally, the use of direct man-
ual pressure by first aid providers is a traditional gold
standard technique for control of bleeding that can be
quickly applied with minimal training.

The task force recognizes that benefits of junctional
tourniquets may justify their use in specific populations
(eg, military organizations) that require hands-free control
of life-threatening external bleeding in locations not ame-
nable to alternative methods for the control of bleeding.

Knowledge Gaps

e There are no experimental or observational studies
comparing use of junctional tourniquets or wound
clamps with use of direct manual pressure in adults
or children with severe, life-threatening bleeding
in the prehospital setting.

e |t is unclear if first aid providers are able to recog-
nize wounds that would be amenable to junctional
tourniquets and if they are able to apply them

properly.
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Pediatric Tourniquet Designs for Life-
Threatening Extremity Hemorrhage (FA
New 2019: ScopRev)

Rationale for Review

In 2017 ILCOR commissioned a combined SysRev on the
topic of control of life-threatening bleeding in adults and
children, including use of tourniquets. Although studies
were found for the use of tourniquets in adults, there
was very little literature found pertaining to children.
While the evidence in support of direct manual pressure
and hemostatic gauze may be extrapolated to children,
the First Aid Task Force was concerned that the smaller
limb circumferences in children may limit the successful
use of tourniquets that are designed for use in adults.
This ScopRev is intended to evaluate all available litera-
ture on tourniquet use in the pediatric population.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Children (younger than 19 years) with
severe, life-threatening bleeding from an extremity
wound
¢ Intervention: Commercial elastic wrap tourniquet
or commercial ratcheting tourniquet
e Comparator: Commercial windlass-type tourniquet
e Qutcome: Any clinical outcome
e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) and case
series were eligible for inclusion. Unpublished
studies (eg, conference abstracts, trial protocols)
were included.
e Time frame: All years and all languages were
included as long as there was an English abstract.

Summary of Evidence

The ScopRev identified 2 position statements from na-
tional pediatric trauma organizations,?%6207 2 retrospec-
tive reviews of tourniguet use in pediatric casualties in
US military hospitals or war zones,?%2% 2 models of
pediatric limb circumferences to test the application of
multiple different tourniquet models,?'*?"" 2 observa-
tional trials using healthy pediatric volunteers,2'2213 1
case report of tourniquet use in a child,?" and 3 web-
sites. Of the 3 websites included,?'>?" all summarized
preexisting data or expert opinion on pediatric tourni-
quet use and did not add any significant information to
the studies already identified. The position statements
from the Pediatric Trauma Society?°® and the Committee
for Tactical Emergency Casualty Care Pediatric Working
Group?”” both recommend use of tourniquets for life-
threatening extremity hemorrhage in the children.

In 2 observational studies, the use of a windlass de-
sign of tourniquet (specifically the C-A-T GEN 7 [North
American Rescue, Greer, South Carolina]) abolished dis-
tal pulses in both the upper and lower extremities in
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children as young as 2 years of age with a minimum
limb circumference of 13 cm.?'22"3 The first study?'? en-
rolled 7 healthy outpatient volunteers, 6 to 16 years of
age. The success rate in eliminating distal pulses with
the tourniquet was 100% (60/60) in the upper extremi-
ties and 93% (56/60) in the lower extremities. A second
study?'3 enrolled children 2 to 7 years of age undergoing
elective orthopedic surgery, reporting successful appli-
cation of the C-A-T GEN 7 in all 24 children (11 upper
extremities and 13 lower extremities) with a 100% suc-
cess rate in occluding distal pulses down to a minimal
limb circumference of 13 cm. Two studies using models
or manikins?'%2"" reported that elastic type tourniquets
(SWAT-T [H&H Medical Corporation, Williamsburg, Vir-
ginia] and R.A.T.S. [RATS Medical, Salt Lake City, Utah])
and pediatric-specific ratcheting tourniquets were the
designs capable of tightening on the smallest models
(to a circumference of 11.9 cm for the CRMT [M2 Inc,
Colchester, Vermont] and R.A.T.S. and of 10.8 cm for
the SWAT-T). See Supplement Appendix B-4 for the full
ScopRev with summary of evidence identified.

Task Force Insights

The task force recognized the importance of the early
control of severe life-threatening bleeding in children
younger than 2 years of age, especially in light of their
small blood volume. In the absence of evidence for the ef-
fective use of tourniquets in this age group, the task force
discussed using direct pressure to control life-threatening
bleeding. It agreed that more research is needed into the
design and use of tourniquets, particularly for children
younger than 2 years of age. The topic of tourniquet de-
sign and their use in children warrants a potential future
SysRev. Until a new SysRev is completed and analyzed,
the new 2020 treatment recommendations for tourni-
quet use apply to children as well as adults.

Treatment Recommendations

We suggest that first aid providers use a tourniquet in
comparison with direct manual pressure alone for se-
vere, life-threatening external extremity bleeding in a
child that is amenable to the application of a tourniquet
(weak recommendation, very low-certainty evidence).

If a tourniquet is not immediately available, we sug-
gest direct manual pressure to control life-threatening
external bleeding from an extremity until a tourniguet
can be applied (Good Practice Statement).

We suggest direct manual pressure with or without
use of a hemostatic dressing if the site of bleeding is
not amenable to use of a tourniquet (good practice
statement).

Note: These recommendations follow from the 2020
SysRev on the topic of Control of Severe, Life-Threaten-
ing External Extremity Bleeding: Tourniguets Compared
With Direct Manual Pressure.
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Simple Single-Stage Concussion Scoring
System(s) in the First Aid Setting (FA 799:
ScopRev)

Rationale for Review

The topic of a simple single-stage concussion scoring
system in the first aid setting was reviewed in 2015,>¢
but we identified no evidence to support the use of any
scoring system relevant to the first aid setting. The First
Aid Task Force prioritized this topic for review because
there remains a need to identify a simple, validated sin-
gle-stage concussion scoring system for use by first aid
providers in the first aid environment.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

e Population: Adults and children with suspected
head injury without loss of consciousness

e Intervention: Use of a simple single-stage concus-
sion scoring system

e Comparator: Standard first aid assessment with-
out a scoring system

e Qutcome: Any clinical outcome

e Study design: RCTs, controlled clinical trial, clini-
cal trial, comparative study, nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies, case-con-
trol, cross-sectional, epidemiological), case series
(n>5), survey and unpublished studies (eg, confer-
ence abstracts, trial protocols), editorials, commen-
tary, and case reports were eligible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract.
We reran the existing 2015 search strategy, from
January 1, 2014, to December 6, 2019.

Summary of Evidence

Our extensive search strategy yielded many publications;
unfortunately, subsequent review resulted in the iden-
tification of no publications reporting on a single-stage
concussion scoring system in the first aid environment by
nonmedical providers. We did identify concussion assess-
ment tools (such as the Sport Concussion Assessment Tool
52'8) currently recommended for use in sports, but these
require a 2-stage assessment, including baseline testing
plus evaluation after a head injury; preincident/baseline
testing is impractical for use in the typical first aid setting.
The Concussion Recognition Tool is a recently introduced
tool designed for nonhealthcare providers that has not yet
been validated.?'® See Supplement Appendix B-5 for the
full ScopRev and summary of evidence identified.

Task Force Insights

The First Aid Task Force is aware of potential consequenc-
es of failure to recognize a concussion in the first aid
setting, and the need for a simple, single stage assess-
ment system for first aid use. Alternative scoring systems

S316  October 20, 2020

First Aid: 2020 CoSTR

and scales (eg, Glasgow Coma Scale, adult and pediatric;
the Alert, Responds to Verbal Stimuli, Responds to Pain,
Unresponsive [AVPU] Scale) used to assess level of con-
sciousness were considered and are described in the full
ScopRev in Supplement Appendix B-5.

However, given the limited additional evidence iden-
tified in this review, the task force did not feel there
was sufficient information to prompt consideration of a
new SysRev or the reconsideration of current treatment
recommendations. As a result, the 2015 treatment rec-
ommendation (ie, a nonrecommendation—see imme-
diately below) remains in effect.>®

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.56

No recommendation; we acknowledge the role that a
simple, validated, single-stage concussion scoring system
could play in first aid providers’ recognition and referral of
victims suspected of head injury. However, review of the
available literature shows no evidence about the applica-
tion of such scoring systems by first aid providers.

Manual Cervical Spine Stabilization (FA
1547: ScopRev)

Rationale for Review

The topic of manual cervical spine stabilization/motion
restriction was reviewed in 2005,22° 2010, and 2015.56
The reviews included use of devices as well as use of
manual motion restriction but did not identify studies
specific to manual stabilization; in addition, no SysRev
was performed. In 2015, the First Aid Task Force recom-
mended against the use of cervical collars by first aid
providers but made no recommendation about manual
stabilization.>® This led to questions from experts who
were writing council guidelines. The First Aid Task Force
requested a ScopRev using a newly developed PICOST
question to search for published evidence that would
support the consideration of a SysRev on the topic of
first aid for adults with a suspected cervical spinal injury,
with a focus on manual stabilization techniques.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Injured adults with identified high-risk
for cervical spinal injury
¢ Intervention: Use of any manual cervical stabiliza-
tion technique (ie, trap-squeeze or head-squeeze
techniques) by first aid/lay providers
e Comparator: Another technique or no manual
stabilization
e Qutcome: Any clinical or biomechanical outcomes
e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies), case
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reports or series, unpublished studies (eg, confer-
ence abstracts, trial protocols), and all gray litera-
ture were eligible for inclusion.

e Time frame: All languages were included as long
as there was an English abstract. Final searches
were run with a date limit of 1999 to 2019 and
were last run in November 2019.

Summary of Evidence

No studies were identified that evaluated manual sta-
bilization as applied in a first aid or first responder set-
ting for adults identified at high risk for a cervical spine
injury. The ScopRev included 2 studies involving trained
paramedics??' or experienced athletic trainers??? apply-
ing cervical spine stabilization techniques to healthy
adult volunteers during lift and transfer.

The ScopRev also identified a narrative review of
cervical spine motion during vehicle extrication.??This
review included 1 small series using high-speed infra-
red motion-detection cameras??* that measured less
cervical spine motion in conscious injured adults who
self-extricated without a cervical collar compared with
cervical spine motion during extrication with traditional
equipment, including a cervical collar (mean movement
13.33°+2.67° from the neutral in-line position com-
pared with 18.84°+3.46°).

In a review of the gray literature in Google Scholar, the
ScopRev identified multiple webpages with blog-style ar-
ticles discussing the pros and cons of cervical collar use in
blunt trauma casualties but no articles describing manual
stabilization or support of the cervical spine. Database
searches also provided some information related to in-
hospital manual in-line stabilization of the injured cervi-
cal spine during airway management. These in-hospital
studies were excluded from our review as the result of
extreme indirectness. See Supplement Appendix B-6 for
the full ScopRev on manual cervical spine stabilization.

Task Force Insights

The First Aid Task Force discussed many issues relating
to evaluating manual stabilization of the cervical spine.
Our paraphrased question was, “When caring for a per-
son who is considered at high risk for a cervical spine in-
jury, should a first aid provider use manual stabilization
techniques to support the person’s head, with the goal
of preventing further movement (and potential injury)
prior to arrival of emergency medical services and ap-
plication of spinal motion restriction?” The techniques
for manual stabilization are skills requiring education
and potential spaced training and practice to perform
correctly. In addition, they require teamwork and are
likely beyond the scope of first aid.

The First Aid Task Force reported that first aid guide-
lines in several countries (eg, Japan, Australia, New Zea-
land, the United Kingdom) recommend manual support
of the head for adults with a suspected cervical spine
injury. The Royal College of Surgeons of Edinburgh
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published a consensus statement that states, “Manual
in-line stabilization is a suitable alternative to a cervical
collar.”??> Other countries such as Norway have national
guidelines for prehospital spinal stabilization that use a
strategy of minimal handling.?%®

The task force consensus opinion is that injured
adults who are not alert or awake may benefit from
gentle support of the head, similar to the head squeeze
stabilization technique, to prevent inadvertent move-
ment whereas injured adults who are awake may not
require manual stabilization.

Given these discussion points, combined with the
limited additional information identified in this review,
the task force agreed that there is insufficient informa-
tion to pursue a SysRev, so the most recent (2010) rec-
ommendation about manual cervical spine stabilization
remains in effect.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2010.%

There is insufficient evidence for or against manual
cervical spine restriction of motion (current terminology
is manual stabilization).

Cervical Spinal Motion Restriction (FA
772: ScopRev)

Rationale for Review

The 2015 (most recent) first aid CoSTR for this topic
identified very low-certainty evidence from 8 observa-
tional studies evaluating outcomes related to cervical
spine motion restriction.>® That review was limited to
mechanical cervical immobilization devices, including
cervical collars and sandbags with tape, that are accessi-
ble to first aid providers; it did not include spine boards.
No evidence was identified to address the critical out-
comes of neurological injury and complications or other
important outcomes. The First Aid Task Force sought to
conduct a ScopRev to search for additional publications
that would support past recommendations or suggest
the need for a new SysRev.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
¢ Population: Adults and children with possible trau-
matic cervical spinal injury
¢ Intervention: Spinal motion restriction
e Comparator: No spinal motion restriction or
another type of spinal motion restriction
e Qutcome: Any clinical or biomechanical outcome
e Study design: All study designs and gray literature
were eligible for inclusion.
¢ Time frame: All languages were included as long
as there was an English abstract. Final searches
were run with a date limit of 1999 to 2019 and
were last run in November 2019.
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Summary of Evidence

Six studies??3227-23" were identified for inclusion for this
ScopRev. Similar to the 2015 CoSTR on cervical spinal
motion restriction,>® we identified biomechanical and
cohort studies??623° that report the ability to restrict
varying amounts of cervical motion with the use of
cervical collars. We also identified 1 case report?*' that
described a complication of worsening neurological
status, and a small prospective cohort study in healthy
volunteers??” demonstrating a false-positive tenderness
with midline vertebral palpation after use of a cervical
collar in combination with spinal motion restriction us-
ing a long backboard.

No studies were identified that directly addressed
other outcomes such as neurological injury, survival,
hospital length of stay, or additional outcomes such as
the ability to correctly apply a cervical collar. The full
ScopRev with summary of evidence is found in Supple-
ment Appendix B-7.

Task Force Insights

The task force noted that the ability to properly apply
a cervical collar is not a skill typically taught in first aid
courses, although some large groups of first aid provid-
ers or first responders may receive specialized training
and regular practice to allow them to use cervical col-
lars, such as those who might respond to sports-asso-
ciated injuries. First Aid Task Force members represent-
ing multiple different countries and continents noted
that cervical collars are no longer used routinely for
trauma; they are reserved for injuries consistent with
a high risk of cervical spinal injury. Additional concerns
were expressed over the ability of a first aid provider to
discriminate between those at high or low risk for spine
injury. The First Aid Task Force presented criteria for de-
termining high risk for cervical spine injury in 2010°
but noted that other criteria have been developed by
various organizations after that publication. The task
force agreed that the topic of first aid recognition of
high risk for cervical spine injury may require a future
SysRev or ScopRev. Given these discussion points, com-
bined with the limited additional evidence identified
in this review, the task force did not feel there was
sufficient information to prompt new SysRevs or the
reconsideration of current first aid guidelines or treat-
ment recommendations. As a result, the 2015 recom-
mendation remains in effect.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.56

We suggest against the use of cervical collars by first
aid providers (weak recommendation, very low-quality
evidence.
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First Aid Dressings for Superficial
Thermal Burns (FA New 2019: ScopRev)

Rationale for Review

First aid providers must often determine the appropri-
ate advice to offer for a thermal burn. In the most re-
cent (2015) CoSTR, the evidence focused on compar-
ing wet to dry dressings for thermal burns in the first
aid setting.>® This topic was revised and prioritized for
2020 because thermal injuries occur frequently and the
task force sought to identify the dressing type that is
most effective and available in the first aid setting, with
a new focus on dressings for superficial thermal burns.
Thus, this is a new question.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with superficial
thermal injuries
¢ Intervention: Any specific type of dressing applied
in the first aid setting
e Comparator: Another type of dressing
e Qutcome: Any clinical outcome
e Study design: All study designs and gray literature
were eligible for inclusion.
e Time frame: All years and all languages were
included as long as there was an English abstract.

Summary of Evidence

An extensive search strategy identified many poten-
tial publications but resulted in the identification of no
publications that compared the unique effects or dem-
onstrated effectiveness of burn dressings applied in the
first aid setting by first aid providers for superficial ther-
mal burns. We did identify other types of interventions
applied to thermal burns, but these did not meet the
inclusion criteria and did not involve a direct compari-
son of dressings. Many of the studies involved dressings
that were applied to partial thickness or full thickness
burns after admission to the emergency department or
on transfer to a burn unit. There were studies that re-
ported the risks and management of continued burning
and heat entrapment with the use of hydrogel dress-
ings. Finally, there were a significant number of articles
about the benefits of honey in the use of acute wound
management, including burns.

The gray literature search yielded information about
basic care (as opposed to research studies) for ther-
mal, chemical, and electric injuries; 15 guidelines and
position statements; and 8 additional publications.
All 44 documents addressed burns from superficial to
full-thickness and therapeutic interventions used in
the first aid setting. Full results of the summary of evi-
dence can be found with the ScopRev in Supplement
Appendix B-8.
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Task Force Insights
The task force expressed concern for the consequenc-
es of failure to properly treat a superficial burn in the
first aid setting and the need for an effective treatment
strategy. The task force agreed that immediate and ef-
fective cooling of the burn is still the primary interven-
tion with proven efficacy and should be performed first,
once the patient is removed from the thermal source.
The ScopRev did not identify evaluation of any dress-
ing in the first aid setting for superficial thermal burns
but instead identified studies focused on dressings as
part of ongoing medical care, particularly for partial and
full thickness rather than superficial burns. Further task
force discussions focused on the effectiveness, accessibil-
ity, and feasibility of the application of cling film or use of
honey in the first aid setting after immediate cooling of
the burn. A SysRev may be beneficial to identify the risks
of the use of hydrogel dressings in the first aid setting.
Although not directly part of this ScopRey, the task force
agreed that identified evidence could support consider-
ation of a SysRev of alternative therapies after active cool-
ing for superficial thermal burns. Until a future SysRev is
completed and analyzed, there is no recommendation
about the optimal dressing type to use for thermal burns.

Treatment Recommendation
No treatment recommendation is made at this time.

Compression Wrap for Closed Extremity
Joint Injuries (FA 511: SysRev)

Rationale for Review

This topic was last reviewed in 2010.>> However, it did
not lead to a treatment recommendation because the
task force agreed that the evidence was too limited.
Because musculoskeletal injuries are so common, the
First Aid Task Force requested a SysRev of compression
bandages or wraps for closed extremity joint injuries
that was completed in 2020.%32

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

e Population: Adults in the prehospital setting with a
closed extremity joint injury

e Intervention: Compression wrap, elastic wrap

e Comparator: No compression wrap or elastic wrap

¢ Outcome: Reduction of pain, reduction of swelling/
edema (critical outcomes); recovery time, range of
motion, adverse effects (important outcomes)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
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protocols) were excluded. Literature search was
updated to November 3, 2019.
e PROSPERO Registration: CRD42020153123

Consensus on Science

For the critical outcome of reduction of pain, we identi-
fied low-certainty evidence (downgraded for indirect-
ness and imprecision) from 2 randomized trials?3323*
and 3 nonrandomized trials.?*>-?3” None reported reduc-
tion of pain with use of a compression bandage com-
pared with no compressive bandage, a noncompressive
bandage, or a splint or brace.

For the critical outcome reduction of swelling/ede-
ma, we identified very low-certainty evidence (down-
graded for risk of bias, indirectness, and imprecision)
from 3 randomized trials?3*237.238 and 1 nonrandomized
trial*>: no study showed that the use of a compression
bandage reduced swelling. One RCT found significantly
less reduction of swelling with the use of an elastic ban-
dage compared with no compression (SMD 2.02; 95%
CI[0.90; 3.15], P=0.0004). However, this finding disap-
peared in meta-analysis of all 4 studies.

For the important outcomes of range of motion and
recovery time, we identified low- to very low-certainty
evidence (downgraded for indirectness, imprecision
or risk of bias) from 5 randomized trials?33234237.239.240
enrolling adult patients with ankle sprains; none dem-
onstrated benefit from the use of a compression ban-
dage compared with an ankle brace. Recovery time
and range of motion were measured by the Karlsson
score of function,?*'* percent of uninjured ankle range
of motion, and time to return to work or to normal
walking, stair climbing and full weight bearing.

For the important outcome of recovery time (mea-
sured by return to sports), we identified very low-cer-
tainty evidence (downgraded for risk of bias, indirectness
and imprecision) from 1 randomized trial**” enrolling 117
adults with ankle sprains, showing benefit from the use
of a compression bandage when compared with the use
of noncompressive stockings (only median number of
days reported; 95% Cl could not be calculated; P<0.02).

Full results of findings for the consensus on science
for use of a compression wrap are found in Table 7.

Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.%°

There is insufficient evidence to recommend for or
against the application of a compression bandage for
an acute closed extremity joint injury.

*The Karlsson score ranks ankle joint injuries based on evaluation of pain,
swelling, instability, stiffness, stair climbing, running, work activities
performed, and the need for/use of ankle support, with higher scores for
no impairment and lower scores for significant pain or impairment. Scores
can range from a high of 100 for no pain, swelling, or instability and normal
function to a low of 0 for constant severe pain, swelling, and instability with
inability to complete normal tasks/substantial compromise in function.

October 20,2020 S319



0202 ‘TZ $800100 U0 Aq Hio'sfeuinofeye/:dny wouy papeojumoq

Singletary et al

Table 7. Overview of Outcomes and Effect Sizes for Compression Bandage Compared With No Compression Bandage

First Aid: 2020 CoSTR

Number of
Study Type/ Studies/ Number of
Outcome Certainty Reference Comparison Effect Size Patients P Value Benefit
Pain
Reduction of pain RCT/very low 2233234 Elastic bandage versus SMD, 0.34; 95% Cl, 122 0.12 No
(visual analog scale) Aircast ankle brace; -0.10t0 0.79
elastic bandage versus
no support
Non-RCT/very low 123 Elastic bandage versus
splint
Free from pain on Non-RCT/very low 1236 Compression bandage RR, 1.28; 95% Cl, 100 0.33 No
walking after 4 d versus no treatment 0.78t0 2.11
Free from pain on RR, 1.39; 95% Cl, 0.06 No
walking after 8 d 0.98t0 1.95
Pain at rest RCT/low 1237 Compression bandage SMD, 0.32; 95% Cl, 17 0.09 No
versus noncompressive —-0.68 to 0.05
Pain at walking stocking SMD, ~0.14; 95% C|, 0.45 No
-0.50 t0 0.22
Swelling
Reduction of RCT/very low 3233.237.238 Elastic bandage versus SMD, 0.54; 95% Cl, 172 0.12 No
swelling noncompressive -0.14t0 1.22
stocking; Aircast ankle
brace; no compression
Non-RCT/very low 123 Elastic bandage versus 51
splint
Ankle Joint Function
Ankle joint function RCT/very low 2233234 Elastic bandage versus SMD, -0.34; 95% Cl, 71 0.42 No
after 10d Aircast ankle brace; no -1.16 t0 0.49
. . support
Ankle joint function RCT/very low SMD, -0.29; 95% Cl, 0.49 No
after 1 mo -1.11t0 0.53
Range of Motion
Active ROM after RCT/very low 1239 Compression bandage MD, -7%; 95% Cl 73 >0.05 No
3-5d versus Air-Stirrup ankle could not be
brace calculated
Active ROM after MD, 0%; 95% ClI
2 wk could not be
calculated
Active ROM after MD, 2%; 95% ClI
4 wk could not be
calculated
Recovery Time
Time to return to RCT/very low 1240 Elastic bandage versus MD, 0.83; 95% ClI 142 >0.05 No
normal walking Air-Stirrup ankle brace could not be
calculated
Time to return to MD, 0.62 (Grade | No
stair climbing sprains) or
MD, 3.00 (Grade Il
sprains); 95% Cl
could not be
calculated
Time to return to MD, 0.83 (Grade | No
walking with full sprains) or
weight-bearing MD, -2.83 (Grade Il
sprains); 95% Cl
could not be
calculated
(Continued)
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Table 7. Continued

First Aid: 2020 CoSTR

Number of
Study Type/ Studies/ Number of
Outcome Certainty Reference Comparison Effect Size Patients P Value Benefit
Return to work RCT/low 1237 Compression bandage MD, -1 117 0.20 No
Vversus noncompressive
stockings
RCT/very low 1230 Compression bandage MD, 3.8 73 <0.05 Less benefit
versus Aircast ankle
brace
RCT/very low 1234 Elastic bandage versus SMD, -0.50; 95% Cl, 36 0.14 No
no compression -1.171t00.16
Return to sports RCT/very low 1237 Compression bandage MD, -22 58 <0.02 Yes
versus noncompressive
stockings

MD indicates mean difference; non-RCT, nonrandomized controlled trial; RCT, randomized controlled trial; ROM, range of motion; RR, relative risk; and SMD,
standardized mean difference.

Justification and Evidence-to-Decision
Framework Highlights

We did not identify any evidence about the use of com-
pression bandages for closed extremity joint injuries in
the prehospital setting. All evidence is from an in-hospi-
tal setting and therefore downgraded for indirectness.

Studies applying standard first aid for acute joint in-
juries to the comparator group, such as elevation of the
injured extremity or application of cold packs, splints,
braces, or stockings, were included in this review, pro-
vided that no compression was applied. The results may
therefore suffer from confounding.

Most studies do not explain how much pressure was
applied with the compression bandages, what the di-
rection of application was (ie, proximal to distal or distal
to proximal), whether they were applied with circum-
ferential or sequential pressure, or for how many hours
or days the compression bandages were applied.

For additional information, refer to the evidence-
to-decision table regarding compression wrap for
closed extremity joint injuries (FA 511) in Supplement
Appendix A-18.

Knowledge Gaps

e Additional research is needed to determine
whether compression wraps may be beneficial
for other acute closed joint injuries, such as to the
wrist, and to confirm findings of the included stud-
ies in the prehospital setting.

e Future research should include additional out-
comes, such as stakeholder satisfaction, and the
first aid provider’s ability to properly apply a com-
pression wrap without training or with use of sim-
ple video instructions available online.

e |t is unclear how much pressure may be effective
for important outcomes and if compression ban-
dages may augment the effect of other adjunct
therapies administered in the first aid setting.

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897

Storage of an Avulsed Permanent Tooth
Before Replantation (FA 794: SysRev)

Rationale for Review

The evidence supporting use of various media in which
to store an avulsed tooth before replantation was last re-
viewed in 2015, but it did not include a SysRev.>® A new
SysRev of storage techniques for an avulsed permanent
tooth before replantation was completed in 2020.24

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame

e Population: Adults and children in any setting (in-
hospital or out-of-hospital) with an avulsed perma-
nent tooth

e Intervention: Any storage media, container, or
technique

e Comparator: Storage in whole milk or the patient’s
saliva

e Qutcome: Success of replantation and tooth sur-
vival or viability (critical outcomes); color of the
tooth, infection rate, malfunction (eating, speech),
and pain (important outcomes)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. Literature search was
updated to September 2, 2019.

e PROSPERO Registration: CRD42020152903

Consensus on Science
The critical outcome of viability was measured in most
studies as cell viability by harvesting periodontal liga-
ment (PDL) cells, staining them with 0.4% (wt/vol) try-
pan blue, and counting them under a light microscope
with a hemocytometer.
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Table 8. Media Showing Greater Tooth Cell Viability (Number or Percentage of Periodontal Ligament Cells) Compared With Milk (Any Form, Any

Percentage) During Storage

Study Type/Certainty | Number of Studies/ Body of Evidence in
Storage Medium Time Assessment Reference Effect Size (95% Cl) P Value Favor of
HBSS 15 min-24 h RCT/low 122437254 SMD, 2.47 (1.59; 3.34) <0.00001 HBSS
Non-RCT/very low
Saliva and 30 min Non-RCT/very low MD, =1% (Cl not >0.05 Saliva and thereafter
thereafter HBSS calculable [standard errors HBSS
(versus saliva and are not reported])
thereafter milk) .
60 min MD, 2.4% (Cl not <0.05
calculable)
Propolis 45-180 min RCT/very low 3244:249.250 SMD, 1.73(1.12; 2.33) <0.00001 Propolis
Oral rehydration 45-90 min RCT/very low 2251252 SMD, 4.16 (2.10; 6.23) <0.0001 Oral rehydration salt
salt solution solution
Rice water 30 min RCT/very low MD, 11 (5.29; 16.71) <0.00001 Rice water
Cling film 120 min RCT/very low Rate of cell growth at 7 0.033 Cling film
days: MD, 0.45 (Cl not
calculable);
14 days: MD, 0.41 (Cl not
calculable)

HBSS indicates Hanks' Balanced Salt Solution; MD, mean difference; non-RCT, nonrandomized controlled trial; RCT, randomized controlled trial; and SMD,

standardized mean difference.

Media Demonstrating Benefit Compared With Milk

For the critical outcome of viability, as measured by
number or percentage of viable PDL cells, we iden-
tified low-certainty evidence (downgraded for risk
of bias and indirectness) from 12 RCTs?43-2>* show-
ing benefit from immersion in Hanks’ Balanced Salt
Solution (HBSS) when compared with milk. No ben-
efit from immersion in HBSS was demonstrated in 1

RCT,?** and no benefit was associated with HBSS in 3
other non-RCTs.26-2%8

For the critical outcome of viability, as measured
by the number or percentage of PDL cells or the rate
of cell growth, we identified very low-certainty evi-
dence in 7 RCTs (downgraded for risk of bias, indi-
rectness and imprecision) demonstrating a benefit
from immersion in propolis (a resinous compound

Table 9. Media Associated With Reduced Success of Replantation or Preservation of Cell Viability (Number or Percentage of Cells) During Storage
Compared With Milk (Any Form, Any Fat Percentage)

Study Type/Certainty | Number of Studies/ Effect size Body of Evidence
Storage Medium Time Assessment Reference (95% CI) P Value in Favor of
0.9% saline 30-120 min RCT/very low 3249.253,265 SMD, -4.35 (-7.55; -1.14) 0.008 Milk
solution Non-RCT/very low Q206257
45 min Non-RCT/very low 2257258 Not calculable* >0.05
Non-RCT/very low 1256 MD, =12.79 (Cl not calculable)
N/A Observational study/ 3268-270 RR, 1.20 (0.74; 1.95)* 0.47
very low
Tap water 45 min Non-RCT/very low 126 MD, —45.42 (Cl not calculable) <0.05 Milk
60 min RCT/very low 1254 MD, —18.53% (-23.53; -13.53) <0.00001
180 min MD, -16.47% (-22.56; —10.38)
6h MD, -15.20% (-18.52; -18.22)
24 h MD, -7.33% (-9.26; -5.40)
Castor oil 45 min RCT/very low 125 Not calculable* <0.05 Milk
Buttermilk 45 min RCT/very low 1263 MD, -12646 <0.00001 Milk
(-14084.66; -11208.48)
Turmeric extract 30 min RCT/very low 1264 MD, -8.35% (=11.29; =5.41) <0.00001 Milk
GC Tooth Mousse 30 min Non-RCT/very low 1266 MD, -2% (-3.39; -0.61) 0.005 Milk
60 min MD, -2.3% (-3.91; -0.69)

*Success of replantation.

MD indicates mean difference; non-RCT, nonrandomized controlled trial; RCT, randomized controlled trial; RR, relative risk; and SMD, standardized mean

difference.
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produced by bees and available commercially as an
extract),?44249.250 oral rehydration salt solution (includ-
ing Ricetral),?>"?% rice water,?° or storage in cling
film.2%° One non-RCT reported greater PDL cell viabil-
ity associated with initial storage in the person’s own
saliva followed by immersion in HBSS compared with
storage in milk.25!
See full results in Table 8.

Media Demonstrating Harm When Compared With
Milk

For the critical outcome of viability, as measured by the
number or percentage of viable PDL cells, we identified
very low-certainty evidence (downgraded for risk of bias,
indirectness, and imprecision) from 3 RCTs demonstrating
harm from immersion in buttermilk,?®* castor oil,*> and
turmeric extract.?® In addition, we identified very low-
certainty evidence (downgraded for risk of bias, indirect-
ness, inconsistency between trials, and imprecision) from
4 RCTSZ49,253,254,265 and 5 non_RCTSZSG—258,266,267 reporting a
decreased number or percentage of viable PDL cells (ie,
harm) from immersion in tap water, 0.9% saline solution,
or GC Tooth Mousse when compared with storage in milk.

See Table 9 for full results.

Media With No Association of Benefit Compared

With Milk or With Saliva for Cell Viability or Success of
Replantation

For the critical outcome of viability, as measured by the
number or percentage of viable PDL cells, we identified
very low-certainty evidence (downgraded for risk of bias,
inconsistency between trials, indirectness, and imprecision)
from 6 RCTs243:247:253,263.265.271 showing inconsistent evidence
of benefit of coconut water and aloe vera when com-
pared with milk. Furthermore, very low-certainty evidence
(downgraded for risk of bias, indirectness, and imprecision)
from 6 RCTs that did not demonstrate a benefit for viability
from immersion in egg white, 244248259271 epigallocatechin-
3-gallate,?* or neem extract (an evergreen tree extract)?s
compared with milk. We also identified 2 non-RCTs dem-
onstrating no association of improved benefit and the use
of probiotic media?>’?* compared with milk.

For the critical outcome of success of replantation
(as measured by periodontal or functional healing) we
identified very low-certainty evidence (downgraded for
risk of bias, and imprecision) from 3 observational stud-
ies?%8-270 that found no association of improved peri-
odontal or functional healing and immersion in 0.9%
saline solution when compared with milk.

For the critical outcome of success of replantation,
as measured by periodontal or functional healing, we
have identified very low-certainty evidence (down-
graded for risk of bias and imprecision) from 5 obser-
vational studies,?68-270272.273 \which did not demonstrate
an increased periodontal or functional healing associ-
ated with storage in saliva and Dentosafe box when
compared with milk.
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Media With No Association of Benefit Compared With
Saliva for Success of Replantation or Preservation of
Cell Viability

For the critical outcome of success of replantation, as
measured by periodontal or functional healing, we
identified very low-certainty evidence (downgraded for
risk of bias and imprecision) from 4 observational stud-
ies, 268272274275 demonstrating no association between
increased periodontal or functional healing and storage
in another person’s mouth/saliva, 0.9% saline or Den-
tosafe box compared with their own saliva.

Treatment Recommendations

We suggest the use of HBSS; propolis (from 0.04 mg to 2.5
mg per mL of 0.4% ethanol); oral rehydration salt solutions
including Ricetral (@ commercial form of oral rehydration
salt); solutions containing sodium chloride, glucose, potas-
sium chloride, citrate, or extruded rice; or cling film com-
pared with any form of cow’s milk for temporary storage
of an avulsed tooth that cannot be immediately replanted
(weak recommendation, very low-certainty evidence).

If none of these choices are available, we suggest the
use of cow’s milk (with any percent fat or form) com-
pared with tap water, buttermilk, castor oil, turmeric
extract, or saline (0.9% sodium chloride) for temporary
storage of an avulsed tooth (weak recommendation,
very low-certainty evidence).

There is insufficient evidence to recommend for or
against temporary storage of an avulsed tooth in the
person’s own saliva compared with alternative solutions.

There is insufficient evidence to recommend for or
against temporary storage of an avulsed tooth in probi-
otic media, epigallocatechin-3-gallate, Dentosafe box,
or egg white compared with cow’s milk.

Justification and Evidence-to-Decision
Framework Highlights

We identified many studies evaluating different storage
solutions or techniques for avulsed teeth. Table 10 pro-
vides an overview of all solutions evaluated, including the
number and certainty of studies for each comparison and
the direction of the results. This table provides a summary
of the different comparisons evaluated by the task force.

In making these recommendations, we recognize
that survival of an avulsed tooth requires replantation
as soon as possible, but this procedure may not be pos-
sible in the first aid setting. The use of a suitable tempo-
rary storage solution or technique for an avulsed tooth
should not delay efforts at replantation, but it may aid
in the survival of the tooth until replantation.

The original wording of the 2020 PICOST question
specified the use of whole milk as a comparison. How-
ever, the studies identified used cow’s milk with varying
fat percentages as the comparators, and some milk was
pasteurized or homogenized; that is a limitation of the
review. We therefore only recommend that cow’s milk
be used, without a specific fat percentage.
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Table 10. Summary of Evidence of Different Media to Use to Store Avulsed Tooth

First Aid: 2020 CoSTR

Intervention Comparison Number of Studies Certainty of Evidence Evidence in Favor of
HBSS Cow’s milk 17243-258,262 Low HBSS

Propolis (10%, 50%, or Cow’s milk 3244.:249,250 Very low Propolis
100%)

Oral rehydration salts Cow's milk 2251252 Very low Oral rehydration salts/Ricetral
(including Ricetral)

Cling film Cow’s milk 1260 Very low Cling film

Tap water Cow's milk 2254256 Very low Cow's milk
Buttermilk Cow's milk 1263 Very low Cow's milk
Castor oil Cow's milk 125 Very low Cow’s milk
Turmeric extract Cow's milk 1264 Very low Cow's milk
Saline solution Cow's milk 11249,253,256-258,265-270 Very low Cow's milk
Saline solution Saliva 3208.274.275 Very low Both
Probiotic media (eg, probiotic Cow’s milk 225728 Very low Both
yoghurt, lactobacillus reuteri

solution)

Rice water Cow's milk 1250 Very low Rice water
Saliva Cow's milk 3268.272,273 Very low Both

Alpha modification of Eagle’s |Saliva and thereafter cow’s milk 1261 Very low Inconclusive
Medium

Epigallocatechin-3-gallate Cow's milk 124 Very low Both
Another person’s mouth Patient’s mouth (saliva) 2274275 Very low Both
Dentosafe box Cow's milk 3269270272 Very low Both
Dentosafe box Saliva 1272 Very low Both

GC Tooth Mousse Cow's milk 1266 Very low Cow's milk
Saliva and thereafter HBSS Saliva and thereafter cow’s milk 1201 Very low Saliva and thereafter HBSS
Aloe vera gel Cow's milk 224327 Very low Inconsistent evidence
Coconut water Cow’s milk 4247.253,263.265 Very low Inconsistent evidence
Egg white Cow's milk 4244.248.259.271 Very low Both

HBSS indicates Hanks' Balanced Salt Solution.

This updated treatment recommendation varies from
the previous treatment recommendations in 2015%¢ in
the following ways:

e \We no longer recommend coconut water as a
storage solution because recent studies provide
inconsistent evidence of benefit; we no longer
recommend egg white because a beneficial effect
was not confirmed by new studies.

e Oral rehydration solution, rice water, and cling
film are added as recommended solutions or tech-
niques for temporary storage of an avulsed tooth
when compared with milk.

e The recommendation to store an avulsed tooth in
milk in comparison with saline is retained, but we
now also recommend storage in milk rather than tap
water, buttermilk, castor oil, and turmeric extract.

Cling film is easily applicable since it is found in
most households and widely available. It has a very
limited cost.

Oral rehydration salts are available in most first aid
kits and, therefore, easily used in most settings.
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Although evidence from 1 study shows benefit for
immersion in rice water when compared with milk, the
task force decided not to recommend it. If rice water
must be made (ie, boiling rice in water and allowing
to cool), this could create a delay; it may, therefore, be
preferable to use an alternative storage technique that
is readily available.

A recommendation was not made for Eagle’s Me-
dium, aloe vera, or coconut water because evidence of
their benefit was inconclusive or inconsistent.

The evidence-to-decision tables provide further in-
sight into task force discussions that assisted in devel-
oping these treatment recommendations (see Supple-
ment Appendix A-19 for the evidence-to-decision table
on oral rehydration solution compared with milk; Sup-
plement Appendix A-20, evidence-to-decision table on
rice water compared with milk; Supplement Appendix
A-21, evidence-to-decision table on cling film com-
pared with milk; Supplement Appendix A-22, evidence-
to-decision table on tap water, butter milk, castor oil,
and turmeric compared with milk).
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Knowledge Gaps

e Thereis alack of studies with traumatic avulsed teeth
(instead of extracted teeth), measuring tooth viabil-
ity (not cell viability), and success of replantation.

e There are no studies that evaluate replanting the
tooth in the dental socket compared with storage
in a temporary storage medium for outcomes of
viability.

e |t is unclear if training in dental replantation for
first aid providers feasible and effective.

TOPICS NOT REVIEWED IN 2020

The following topics were not reviewed in 2020:
Cooling of Burns (FA 770)
Among adults and children with thermal injuries (P),
does active cooling of burns by a specific technique or
for any particular duration (I), compared with passive
cooling (C), change (0)?
Exertion-Related Dehydration and Rehydration
Therapy (FA 584)
Among adults and children with exertion-related dehy-
dration (P), does drinking oral carbohydrate-electrolyte
liquids (I), compared with drinking water (C), change (0)?
First Aid Treatment for Open Chest Wound (FA
586)
Among adults and children who are being treated for
an open chest wound outside of a hospital (P), does oc-
clusive bandage application or occlusive device (1), com-
pared with a nonocclusive dressing (C), change (O)?
Jellyfish Stings: Topical Applications to Prevent
Nematocyst Discharge (FA 516)
Among adults and children with a suspected jellyfish
sting, does any intervention (ie, vinegar, heat, cold,
commercial jellyfish products) compared with any other
intervention or no treatment, change clinical outcomes?
Snake Bite: Pressure Immobilization (FA 531)
Among adults and children who are victims of a ven-
omous snakebite in any setting (P), does pressure im-
mobilization of the injured extremity (I), compared with
no therapy (C), change (0)?
Bronchodilator Administration (FA 534)
Among adults and children in the prehospital setting
who suffer from asthma and are experiencing difficulty
in breathing (P), does bronchodilator administration (J),
compared with no bronchodilator administration (C),
change (0)?
Oxygen Administration for First Aid (FA 519)
Among adults and children who exhibit symptoms or
signs of shortness of breath, difficulty breathing or hy-
poxia outside of a hospital (P), does administration of
oxygen (I), compared with no administration of oxygen
(Q), change (O)?
Eye Injuries

e Irrigation (FA 540)
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Among adults and children who are exposed to a
chemical agent (ie, cleaning solutions, known acidic or
alkaline substance) in the eye (P), does irrigation with
saline, tap water, or commercial eye irrigation solution
(1) compared with each other (C), change (0)?

e Foreign Body (FA 1544)
Among adults and children who develop a sensation
of dirt (foreign body) in the eye (P), does irrigation with
isotonic saline (ie, contact lens solution) compared with
tap water (C) change (O)?
Poisoning: Dilution With Milk or Water (FA 537)
Among adults and children who are being treated for
ingestion of a caustic substance outside of a hospital
(P), does milk or water administration (), compared
with no use of milk or water (C), change (0)?
Preservation of Amputated Body Part (FA 539)
Among adults and children who are being treated for
amputated body parts outside of a hospital (P), does
cooling the amputated part (l), compared with not
cooling the amputated part (C), change (0)?
Cold Injury: Anti-inflammatory Drugs (FA 502)
Among adults and children who are being treated for
frostbite outside of a hospital (P), does NSAID administra-
tion (1), compared with no use of NSAID (C), change (O)?
Irrigation of Skin for Toxic Substance Exposure (FA
522)
Among adults and children who are exposed outside
of a hospital to a toxin on the skin (P), does irrigation
with water (I), compared with irrigation with other flu-
ids (C), change (O)?
Medical Examination Gloves
Among first aid providers in the setting of potential ex-
posure to blood or body fluids (P), does use of nitrile
medical examination gloves (I), compared with vinyl
medical examination gloves (C), change (O)?

ARTICLE INFORMATION

The American Heart Association requests that this document be cited as fol-
lows: Singletary EM, Zideman DA, Bendall JC, Berry DC, Borra V, Carlson JN,
Cassan P, Chang W-T, Charlton NP, Djarv T, Douma MJ, Epstein JL, Hood NA,
Markenson DS, Meyran D, Orkin AM, Sakamoto T, Swain JM, Woodin JA; on
behalf of the First Aid Science Collaborators. 2020 International Consensus
on First Aid Science With Treatment Recommendations. Circulation. 2020;142
(suppl 1):5284-S334. doi: 10.1161/CIR.0000000000000897

Supplemental materials are available with this article at https:/www.
ahajournals.org/doi/suppl/10.1161/CIR.0000000000000897

This article has been copublished in Resuscitation. Published by Elsevier Ire-
land Ltd. All rights reserved.

Acknowledgments

The authors thank the following individuals (the First Aid Science Collaborators)
for their contributions: Emmy De Buck, PhD; Niels De Brier, PhD; Dorien O,
PhD; Christopher Picard, CD, BSN, RN; Craig Goolsby, MD, MEd;
Emily Oliver, BSc, MPH; Barry Klaassen, BSc; Kurtis Poole, MSc; The-
resa Aves, MSc; Steve Lin, MD, MSc, Anthony J. Handley, MD;
Jan Jensen, ACP, MAHSR; Katherine S. Allan, MASc, PhD; Chien-Chang
Lee, MD, ScD; Georg M. Schmolzer, MD, PhD; Peter T. Morley, MBBS; Robby
Nieuwlaat, PhD, MSc; and Eddy Lang, MD.

October 20,2020 S325



0202 ‘TZ $800100 U0 Aq Hio'sfeuinofeye/:dny wouy papeojumoq

Singletary et al

First Aid: 2020 CoSTR

Disclosures
Appendix 1. Writing Group Disclosures
Writing Other Speakers’
Group Research Bureau/ Expert | Ownership Consultant/
Member Employment Research Grant Support Honoraria | Witness Interest Advisory Board Other
Eunice M. University of Virginia None None None None None American Red Cross|  None
Singletary Scientific Advisory
Council (Volunteer
Chairperson)*
David A. Thames Valley Air None None None None None None None
Zideman Ambulance (United
Kingdom)
Jason C. University of Newcastle None None None None None None None
Bendall (Australia)
David C. Berry Pharm3r None None None None None None None
Vere Borra Belgian Red Cross (Belgium) None None None None None None None
Jestin N. Allegheny Health Network | RQIPartners (Receive None None None None None None
Carlson research funding for
airway research)t
Pascal Cassan | International Federation of None None None None None None None
Red Cross and Red Crescent
Natiola Societies (France)
Wei-Tien National Taiwan University None None None None None None None
Chang Hospital and College of
Medicine (Taiwan)
Nathan P. University of Virginia None None None None None None None
Charlton
Therese Djarv Karolinska Institutet None None None None None None None
(Sweden)
Matthew J. None None None None None None None None
Douma
Jonathan L. Ascend Learning None None None None None None None
Epstein
Natalie A. Monash Medical Center None None None None None None None
Hood (Australia)
David S. American Red Cross None None None None None None None
Markenson
Daniel Meyran | French Red Cross (France) None None None None None None None
Aaron M. University of Toronto Canadian Institutes None None None None None None
Orkin (Canada) of Health Research
(research on naloxone
distribution)*; Adapt
Pharma (Donation of
intranasal naloxone
device for research
on opioid overdose
education)*
Tetsuya Teikyo University School of None None None None None None None
Sakamoto Medicine (Japan)
Janel M. Swain | Emergency Health Services None None None None None None None
Nova Scotia (Canada)
Jeff A. Woodin |Tualatin Valley Fire & Rescue None None None None None None None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on
the Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if
(a) the person receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the
voting stock or share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than
“significant” under the preceding definition.

*Modest.
tSignificant.

S326 October 20, 2020

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897




0202 ‘TZ $800100 U0 Aq Hio'sfeuinofeye/:dny wouy papeojumoq

Singletary et al

Appendix 2. Reviewer Disclosures

First Aid: 2020 CoSTR

Speakers’ Consultant/
Research |Other Research Bureau/ Ownership Advisory
Reviewer Employment Grant Support Honoraria | Expert Witness Interest Board Other
Jason E. Buick University of None None None None None None None
Toronto (Canada)

Mohamud Oregon Health & None None None None None None None
Daya Science University
Jeffrey Virginia None None None None None None None
Ferguson Commonwealth

University
Rita Indiana University None None None None None None None
Herrington
Adam J. Stony Brook None None None None None None None
Singer University
Will Smith Wilderness and None None None None None None None

Emergency

Medicine

Consulting

(WEMC)

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more
during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

REFERENCES

1.

3a.

. De Buck E,

PRISMA. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) website. http://Awww.prisma-statement.org/. Accessed
August 7, 2020.

. Schiinemann H, Brozek J, Guyatt G, Oxman A, eds. GRADE Handbook;

2013. https://gdt.gradepro.org/app/handbook/handbook.html. Accessed
August 7, 2020.

. Morley PT, Atkins DL, Finn JC, Maconochie |, Nolan JP, Rabi Y, Singletary EM,

Wang TL, Welsford M, Olasveengen TM, et al. Evidence evaluation pro-
cess and management of potential conflicts of interest: 2020 International
Consensus on Cardiopulmonary Resuscitation and Emergency Cardio-
vascular Care Science With Treatment Recommendations. Circulation.
2020;142(suppl 1):528-540. doi: 10.1161/CIR.0000000000000891
Morley PT, Atkins DL, Finn JC, Maconochie I, Nolan JP, Rabi Y, Singletary
EM, Wang TL, Welsford M, Olasveengen TM, et al. Evidence evaluation
process and management of potential conflicts of interest: 2020 Inter-
national Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations. Resusci-
tation. In press.

. International Liaison Committee on Resuscitation website. https:/Avww.

ilcor.org. Accessed August 7, 2020.

. Singletary EM, Zideman DA, De Buck ED, Chang WT, Jensen JL, Swain JM,

Woodin JA, Blanchard IE, Herrington RA, Pellegrino JL, et al; on behalf of
the First Aid Chapter Collaborators. Part 9: firstaid: 2015 International Con-
sensus on First Aid Science With Treatment Recommendations. Circulation.
2015;132(suppl 1):5269-S311. doi: 10.1161/CIR.0000000000000278

. Zideman DA, Singletary EM, De Buck ED, Chang WT, Jensen L,

Swain JM, Woodin JA, Blanchard IE, Herrington RA, Pellegrino JL, et al.
Part 9: first aid: 2015 International Consensus on First Aid Science With
Treatment Recommendations. Resuscitation. 2015;95:e225-261. doi:
10.1016/j.resuscitation.2015.07.047

. Carlson JN, Schunder-Tatzber S, Neilson CJ, Hood N. Dietary sug-

ars versus glucose tablets for first-aid treatment of symptomatic
hypoglycaemia in awake patients with diabetes: a systematic re-
view and meta-analysis. Emerg Med J. 2017;34:100-106. doi:
10.1136/emermed-2015-205637

Borra V, Carlson IN, Zideman DA, Singletary EM,
Djarv T. First aid glucose administration routes for symptomatic hy-
poglycaemia. Cochrane Database Syst Rev. 2019;4:CD013283. doi:
10.1002/14651858.CD013283.pub2

. Barennes H, Valea |, Nagot N, Van de Perre P, Pussard E. Sublingual sugar

administration as an alternative to intravenous dextrose administration

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897

20.

21.

to correct hypoglycemia among children in the tropics. Pediatrics.
2005;116:e648-e653. doi: 10.1542/peds.2004-2218

. Slama G, Traynard PY, Desplanque N, Pudar H, Dhunputh I, Letanoux M,

Bornet FR, Tchobroutsky G. The search for an optimized treatment of hy-
poglycemia. Carbohydrates in tablets, solutin, or gel for the correction of
insulin reactions. Arch Intern Med. 1990;150:589-593.

. Chlup R, Zapletalova J, Peterson K, Poljakova |, Lenhartova E, Tancred A,

Perera R, Smital J. Impact of buccal glucose spray, liquid sugars and dex-
trose tablets on the evolution of plasma glucose concentration in healthy
persons. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub.
2009;153:205-209. doi: 10.5507/bp.2009.034

. Gunning RR, Garber AJ. Bioactivity of instant glucose. Failure of absorp-

tion through oral mucosa. JAMA. 1978;240:1611-1612.

. Douma MJ, Aves T, Allan KS, Bendall JC, Berry DC, Chang WT,

Epstein J, Hood N, Singletary EM, Zideman D, Lin S; First Aid Task Force
of the International Liaison Committee on Resuscitation. First aid cool-
ing techniques for heat stroke and exertional hyperthermia: A system-
atic review and meta-analysis. Resuscitation. 2020;148:173-190. doi:
10.1016/j.resuscitation.2020.01.007

. Clements JM, Casa DJ, Knight J, McClung JM, Blake AS, Meenen PM,

Gilmer AM, Caldwell KA. Ice-water immersion and cold-water immersion
provide similar cooling rates in runners with exercise-induced hyperther-
mia. J Athl Train. 2002;37:146-150.

. Armstrong LE, Crago AE, Adams R, Roberts WO, Maresh CM. Whole-body

cooling of hyperthermic runners: comparison of two field therapies. Am J
Emerg Med. 1996;14:355-358. doi: 10.1016/50735-6757(96)90048-0

. Flouris AD, Wright-Beatty HE, Friesen BJ, Casa DJ, Kenny GP. Treatment of

exertional heat stress developed during low or moderate physical work. Eur
J Appl Physiol. 2014;114:2551-2560. doi: 10.1007/500421-014-2971-1

. Friesen BJ, Carter MR, Poirier MP, Kenny GP. Water immersion in the treat-

ment of exertional hyperthermia: physical determinants. Med Sci Sports
Exerc. 2014;46:1727-1735. doi: 10.1249/MSS.0000000000000292

. Gagnon D, Lemire BB, Jay O, Kenny GP. Aural canal, esophageal, and rectal

temperatures during exertional heat stress and the subsequent recovery
period. J Athl Train. 2010;45:157-163. doi: 10.4085/1062-6050-45.2.157

. Luhring KE, Butts CL, Smith CR, Bonacci JA, Ylanan RC, Ganio MS,

McDermott BP. Cooling effectiveness of a modified cold-water immersion
method after exercise-induced hyperthermia. J Athl Train. 2016;51:946—
951. doi: 10.4085/1062-6050-51.12.07

Proulx Cl, Ducharme MB, Kenny GP. Safe cooling limits from exercise-
induced hyperthermia. Eur J Appl Physiol. 2006;96:434-445. doi:
10.1007/500421-005-0063-y

Caldwell JN, van den Heuvel AMJ, Kerry P, Clark MJ, Peoples GE,
Taylor NAS. A vascular mechanism to explain thermally mediated variations

October 20,2020 S327



0202 ‘Tz $2q0100 uo Agq Blo'sfeulnofeyes:dny woly pepeojumod

Singletary et al

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

in deep-body cooling rates during the immersion of profoundly hyperther-
mic individuals. Exp Physiol. 2018;103:512-522. doi: 10.1113/EP086760
Taylor NA, Caldwell JN, Van den Heuvel AM, Patterson MJ. To cool, but not
too cool: that is the question-immersion cooling for hyperthermia. Med Sci
Sports Exerc. 2008;40:1962—1969. doi: 10.1249/MSS.0b013e31817eee9d
Lee EC, Watson G, Casa D, Armstrong LE, Kraemer W, Vingren JL,
Spiering BA, Maresh CM. Interleukin-6 responses to water immersion
therapy after acute exercise heat stress: a pilot investigation. J Ath/ Train.
2012;47:655-663. doi: 10.4085/1062-6050-47.5.09

DeMartini JK, Ranalli GF, Casa DJ, Lopez RM, Ganio MS, Stearns RL,
McDermott BP, Armstrong LE, Maresh CM. Comparison of body cool-
ing methods on physiological and perceptual measures of mildly hy-
perthermic athletes. J Strength Cond Res. 2011;25:2065-2074. doi:
10.1519/JSC.0b013e3182259b1d

Peiffer JJ, Abbiss CR, Watson G, Nosaka K, Laursen PB. Effect of a 5-min
cold-water immersion recovery on exercise performance in the heat. Br J
Sports Med. 2010;44:461-465. doi: 10.1136/bjsm.2008.048173

Proulx Cl, Ducharme MB, Kenny GP. Effect of water temperature on
cooling efficiency during hyperthermia in humans. J Appl Physiol (1985).
2003;94:1317-1323. doi: 10.1152/japplphysiol.00541.2002

Walker A, Driller M, Brearley M, Argus C, Rattray B. Cold-water immersion
and iced-slush ingestion are effective at cooling firefighters following a
simulated search and rescue task in a hot environment. Appl Physiol Nutr
Metab. 2014;39:1159-1166. doi: 10.1139/apnm-2014-0038

Weiner JS, Khogali M. A physiological body-cooling unit for treatment
of heat stroke. Lancet. 1980;1:507-509. doi: 10.1016/s0140-
6736(80)92764-6

Clapp AJ, Bishop PA, Muir I, Walker JL. Rapid cooling techniques in jog-
gers experiencing heat strain. J Sci Med Sport. 2001;4:160-167. doi:
10.1016/51440-2440(01)80026-8

Halson SL, Quod MJ, Martin DT, Gardner AS, Ebert TR, Laursen PB. Physi-
ological responses to cold water immersion following cycling in the heat.
Int J Sports Physiol Perform. 2008;3:331-346. doi: 10.1123/ijspp.3.3.331
Hosokawa Y, Adams WM, Belval LN, Vandermark LW, Casa DJ. Tarp-assisted
cooling asamethod of whole-body cooling in hyperthermicindividuals. Ann
EmergMed.2017;69:347-352.doi: 10.1016/j.annemergmed.2016.08.428
Peiffer JJ, Abbiss CR, Watson G, Nosaka K, Laursen PB. Effect of cold-
water immersion duration on body temperature and muscle function. J
Sports Sci. 2009;27:987-993. doi: 10.1080/02640410903207424

Nye EA, Eberman LE, Games KE, Carriker C. Comparison of Whole-Body
Cooling Techniques for Athletes and Military Personnel. Int J Exerc Sci.
2017;10:294-300.

Kielblock AJ, Van Rensburg JP, Franz RM. Body cooling as a method
for reducing hyperthermia. An evaluation of techniques. S Afr Med J.
1986,69:378-380.

Lissoway JB, Lipman GS, Grahn DA, Cao VH, Shaheen M, Phan S, Weiss EA,
Heller HC. Novel application of chemical cold packs for treatment of ex-
ercise-induced hyperthermia: a randomized controlled trial. Wilderness
Environ Med. 2015;26:173-179. doi: 10.1016/j.wem.2014.11.006
Sinclair ' WH, Rudzki SJ, Leicht AS, Fogarty AL, Winter SK,
Patterson MJ. Efficacy of field treatments to reduce body core tempera-
ture in hyperthermic subjects. Med Sci Sports Exerc. 2009;41:1984-1990.
doi: 10.1249/MSS.0b013e3181a7ae82

Butts CL, McDermott BP, Buening BJ, Bonacci JA, Ganio MS,
Adams JD, Tucker MA, Kavouras SA. Physiologic and perceptual responses
to cold-shower cooling after exercise-induced hyperthermia. J Athl Train.
2016;51:252-257. doi: 10.4085/1062-6050-51.4.01

Butts CL, Spisla DL, Adams JD, Smith CR, Paulsen KM,
Caldwell AR, Ganio MS, McDermott BP. Effectiveness of ice-sheet cool-
ing following exertional hyperthermia. Mil Med. 2017;182:e1951-e1957.
doi: 10.7205/MILMED-D-17-00057

Barwood MJ, Davey S, House JR, Tipton MJ. Post-exercise cooling tech-
niques in hot, humid conditions. Eur J Appl Physiol. 2009;107:385-396.
doi: 10.1007/s00421-009-1135-1

Selkirk GA, McLellan TM, Wong J. Active versus passive cooling during work
in warm environments while wearing firefighting protective clothing. J Oc-
cup Environ Hyg. 2004;1:521-531. doi: 10.1080/15459620490475216
Carter JM, Rayson MP, Wilkinson DM, Richmond V, Blacker S. Strate-
gies to combat heat strain during and after firefighting. J Therm Biol.
2007;32:109-116. doi: 10.1016/j.jtherbio.2006.12.001

Zhang Y, Nepocatych S, Katica CP, Collins AB, Casaru C, Balilionis G,
Sjokvist J, Bishop PA. Effect of half time cooling on thermoregulatory re-
sponses and soccer-specific performance tests. Monten J Sports Sci Med
3.2014,3:17-22.

S$328 October 20, 2020

43.
44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

First Aid: 2020 CoSTR

Deleted in proof.

Brade C, Dawson B, Wallman K, Polglaze T. Postexercise cool-
ing rates in 2 cooling jackets. J Athl Train. 2010;45:164-169. doi:
10.4085/1062-6050-45.2.164

Lopez RM, Cleary MA, Jones LC, Zuri RE. Thermoregulatory influence of
a cooling vest on hyperthermic athletes. J Athl Train. 2008;43:55-61. doi:
10.4085/1062-6050-43.1.55

Maroni T, Dawson B, Barnett K, Guelfi K, Brade C, Naylor L, Brydges C,
Wallman K. Effectiveness of hand cooling and a cooling jacket on post-ex-
ercise cooling rates in hyperthermic athletes. Eur J Sport Sci. 2018;18:441—
449. doi: 10.1080/17461391.2018.1425484

Smith CR, Butts CL, Adams JD, Tucker MA, Moyen NE, Ganio MS,
McDermott BP. Effect of a cooling kit on physiology and performance
following exercise in the heat. J Sport Rehabil. 2018;27:413-418. doi:
10.1123/jsr.2016-0116

Morrison KE, Desai N, McGuigan C, Lennon M, Godek SF. Effects of intra-
venous cold saline on hyperthermic athletes representative of large foot-
ball players and small endurance runners. Clin J Sport Med. 2018;28:493-
499. doi: 10.1097/JSM.0000000000000505

Adams WM, Hosokawa Y, Adams EL, Belval LN, Huggins RA,
Casa DJ. Reduction in body temperature using hand cooling versus pas-
sive rest after exercise in the heat. J Sci Med Sport. 2016;19:936-940. doi:
10.1016/).jsams.2016.02.006

Pointon M, Duffield R, Cannon J, Marino FE. Cold water immersion recov-
ery following intermittent-sprint exercise in the heat. Eur J Appl Physiol.
2012;112:2483-2494. doi: 10.1007/500421-011-2218-3

Reynolds KA, Evanich JJ, Eberman LE. Reflective blankets do not effect
cooling rates after running in hot, humid conditions. Int J Exerc Sci.
2015;8:97-103.

Sefton JM, McAdam JS, Pascoe DD, Lohse KR, Banda RL, Henault CB,
Cherrington AR, Adams NE. Evaluation of 2 heat-mitigation methodsinarmy
trainees. JAthlTrain.2016;51:936-945. doi: 10.4085/1062-6050-51.10.13
Zhang Y, Bishop PA, Casaru C, Davis JK. A new hand-cooling device to en-
hance firefighter heat strain recovery. J Occup Environ Hyg. 2009;6:283—
288. doi: 10.1080/15459620902790277

Hostler D, Franco V, Martin-Gill C, Roth RN. Recognition and treat-
ment of exertional heat illness at a marathon race. Prehosp Emerg Care.
2014;18:456-459. doi: 10.3109/10903127.2013.864357

Markenson D, Ferguson JD, Chameides L, Cassan P, Chung KL, Epstein JL,
Gonzales L, Hazinski MF, Herrington RA, Pellegrino JL, et al; on behalf of
the First Aid Chapter Collaborators,. Part 13: first aid: 2010 American Heart
Association and American Red Cross International Consensus on First Aid
Science With Treatment Recommendations. Circulation. 2010;122(suppl
2):5582-S605. doi: 10.1161/CIRCULATIONAHA.110.971168

Brockow K, Schallmayer S, Beyer K, Biedermann T, Fischer J, Gebert N,
Grosber M, Jakob T, Klimek L, Kugler C, Lange L, Pfaar O, Przybilla B,
Rietschel E, Rueff F, Schnadt S, Szczepanski R, Worm M, Kupfer J, Gieler U,
Ring J; working group on anaphylaxis training and education (AGATE).
Effects of a structured educational intervention on knowledge and
emergency management in patients at risk for anaphylaxis. Allergy.
2015;70:227-235. doi: 10.1111/all.12548

Litarowsky JA, Murphy SO, Canham DL. Evaluation of an anaphylaxis train-
ing program for unlicensed assistive personnel. J Sch Nurs. 2004;20:279-
284. doi: 10.1177/10598405040200050601

Araki M, Hamahata Y, Usui M, Akashi M. [USE OF MULTIPLE DOS-
ES OF ADRENALINE FOR FOOD-INDUCED ANAPHYLAXIS]. Arerugi.
2018;67:751-758. doi: 10.15036/arerugi.67.751

Campbell RL, Bashore CJ, Lee S, Bellamkonda VR, Li JT, Hagan JB,
Lohse CM, Bellolio MF. Predictors of Repeat Epinephrine Administration
for Emergency Department Patients with Anaphylaxis. J Allergy Clin Im-
munol Pract. 2015;3:576-584. doi: 10.1016/j.jaip.2015.04.009

Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,
Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, Jauch EC, Kidwell CS,
Leslie-Mazwi TM, Ovbiagele B, Scott PA, Sheth KN, Southerland AM,
Summers DV, Tirschwell DL; American Heart Association Stroke Council.
2018 Guidelines for the Early Management of Patients With Acute Isch-
emic Stroke: A Guideline for Healthcare Professionals From the American
Heart Association/American Stroke Association. Stroke. 2018;49:e46—
e110. doi: 10.1161/STR.0000000000000158

Meyran D, Cassan P, Avau P, Singletary EM, Zideman DA. Stroke recogni-
tion for first aid providers: a systematic review with meta-analysis. Cureus.
In press.

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897



0202 ‘Tz $2q0100 uo Agq Blo'sfeulnofeyes:dny woly pepeojumod

Singletary et al

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897

Bergs J, Sabbe M, Moons P. Prehospital stroke scales in a Belgian pre-
hospital setting: a pilot study. Eur J Emerg Med. 2010;17:2-6. doi:
10.1097/MEJ.0b013e32831040ec

Fothergill RT, Williams J, Edwards MJ, Russell IT, Gompertz P. Does
use of the recognition of stroke in the emergency room stroke assess-
ment tool enhance stroke recognition by ambulance clinicians? Stroke.
2013;44:3007-3012. doi: 10.1161/STROKEAHA.13.000851

Berglund A, Svensson L, Wahlgren N, von Euler M; HASTA collaborators.
Face Arm Speech Time Test use in the prehospital setting, better in the
ambulance than in the emergency medical communication center. Cere-
brovasc Dis. 2014;37:212-216. doi: 10.1159/000358116

Pickham D, Valdez A, Demeestere J, Lemmens R, Diaz L, Hopper S,
de la Cuesta K, Rackover F, Miller K, Lansberg MG. Prognostic value of
BEFAST vs. FAST to identify stroke in a prehospital setting. Prehosp Emerg
Care. 2019;23:195-200. doi: 10.1080/10903127.2018.1490837
Harbison J, Hossain O, Jenkinson D, Davis J, Louw SJ, Ford GA. Diag-
nostic accuracy of stroke referrals from primary care, emergency room
physicians, and ambulance staff using the face arm speech test. Stroke.
2003;34:71-76. doi: 10.1161/01.5tr.0000044170.46643.5¢

O'Brien W, Crimmins D, Donaldson W, Risti R, Clarke TA, Whyte S,
Sturm J. FASTER (Face, Arm, Speech, Time, Emergency Response): experi-
ence of Central Coast Stroke Services implementation of a pre-hospital
notification system for expedient management of acute stroke. J Clin Neu-
rosci. 2012;19:241-245. doi: 10.1016/}.jocn.2011.06.009

Asimos AW, Ward S, Brice JH, Rosamond WD, Goldstein LB, Studnek J. Out-
of-hospital stroke screen accuracy in a state with an emergency medical
services protocol for routing patients to acute stroke centers. Ann Emerg
Med. 2014,64:509-515. doi: 10.1016/j.annemergmed.2014.03.024
Bray JE, Martin J, Cooper G, Barger B, Bernard S, Bladin C. Paramed-
ic identification of stroke: community validation of the melbourne
ambulance stroke screen. Cerebrovasc Dis. 2005;20:28-33. doi:
10.1159/000086201

Chen'S, Sun H, Lei Y, Gao D, Wang Y, Wang Y, Zhou Y, Wang A, Wang W,
Zhao X. Validation of the Los Angeles Pre-hospital Stroke Screen (LAPSS)
in a Chinese urban emergency medical service population. PLoS One.
2013;8:€70742. doi: 10.1371/journal.pone.0070742

Kidwell CS, Starkman S, Eckstein M, Weems K, Saver JL. Identifying stroke
in the field. Prospective validation of the Los Angeles prehospital stroke
screen (LAPSS). Stroke. 2000;31:71-76. doi: 10.1161/01.5tr.31.1.71
Wojner-Alexandrov AW, Alexandrov AV, Rodriguez D,
Persse D, Grotta JC. Houston paramedic and emergency stroke treat-
ment and outcomes study (HoPSTO). Stroke. 2005;36:1512-1518. doi:
10.1161/01.STR.0000170700.45340.39

Chenkin J, Gladstone DJ, Verbeek PR, Lindsay P, Fang J, Black SE,
Morrison L. Predictive value of the Ontario prehospital stroke screening
tool for the identification of patients with acute stroke. Prehosp Emerg
Care. 2009;13:153-159. doi: 10.1080/10903120802706146

Bray JE, Coughlan K, Barger B, Bladin C. Paramedic diagnosis of
stroke: examining long-term use of the Melbourne Ambulance
Stroke Screen (MASS) in the field. Stroke. 2010;41:1363-1366. doi:
10.1161/STROKEAHA.109.571836

Frendl DM, Strauss DG, Underhill BK, Goldstein LB. Lack of impact of
paramedic training and use of the cincinnati prehospital stroke scale on
stroke patient identification and on-scene time. Stroke. 2009;40:754—
756. doi: 10.1161/STROKEAHA.108.531285

Kothari RU, Pancioli A, Liu T, Brott T, Broderick J. Cincinnati Prehospital
Stroke Scale: reproducibility and validity. Ann Emerg Med. 1999;33:373—
378. doi: 10.1016/50196-0644(99)70299-4

Ramanujam P, Guluma KZ, Castillo EM, Chacon M, Jensen MB, Patel E,
Linnick W, Dunford JV. Accuracy of stroke recognition by emergency med-
ical dispatchers and paramedics—San Diego experience. Prehosp Emerg
Care. 2008;12:307-313. doi: 10.1080/10903120802099526

English SW, Rabinstein AA, Mandrekar J, Klaas JP. Rethinking Prehospital
Stroke Notification: Assessing Utility of Emergency Medical Services Im-
pression and Cincinnati Prehospital Stroke Scale. J Stroke.Cerebrovasc Dis.
2018;27:919-925. doi: 10.1016/j.jstrokecerebrovasdis.2017.10.036

Kim DH, Kim SW, Jun SM, Kim JK. Accuracy of prehospital stroke recogni-
tion by paramedics and TPA therapy rate after transportation. J Neurol Sci.
2017;381:867. doi: 10.1016/}.jns.2017.08.2444

Vanni S, Polidori G, Pepe G, Chiarlone M, Albani A, Pagnanelli A, Grifoni S.
Use of biomarkers in triage of patients with suspected stroke. J Emerg
Med. 2011;40:499-505. doi: 10.1016/j.jemermed.2008.09.028

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

First Aid: 2020 CoSTR

Greenberg K, Lesenskyj A, Eichorn D, Maxwell CR, D'’Ambrosio M,
Veznedaroglu E, Binning MJ. Change takes time: EMS as the spark plug
for faster acute ischemic stroke care. Matthews J Emerg Med. 2017;2:025.
Studnek JR, Asimos A, Dodds J, Swanson D. Assessing the validity of the
Cincinnati prehospital stroke scale and the medic prehospital assessment
for code stroke in an urban emergency medical services agency. Prehosp
Emerg Care. 2013;17:348-353. doi: 10.3109/10903127.2013.773113
Iguchi Y, Kimura K, Watanabe M, Shibazaki K, Aoki J. Utility of the Kura-
shiki Prehospital Stroke Scale for hyperacute stroke. Cerebrovasc Dis.
2011;31:51-56. doi: 10.1159/000320854

Andsberg G, Esbjornsson M, Olofsson A, Lindgren A,
Norrving B, von Euler M. PreHospital Ambulance Stroke Test - pilot study
of a novel stroke test. Scand J Trauma Resusc Emerg Med. 2017;25:37.
doi: 10.1186/513049-017-0377-x

Wall HK, Beagan BM, O’Neill J, Foell KM, Boddie-Willis CL. Addressing
stroke signs and symptoms through public education: the Stroke Heroes
Act FAST campaign. Prev Chronic Dis. 2008;5:A49.

Chang WT, Sakamoto T, Lee CC, Singletary EM, Zideman D, Schmélzer G,
Bendall J, Berry DC, Borra V, Carlson JN, et al. First aid supplementary oxygen
for acute stroke: Consensus on Science With Treatment Recommendations:
International Liaison Committee on Resuscitation (ILCOR) First Aid Task Force.
2020.  httpsi/costr.ilcor.org/document/first-aid-supplementary-oxygen-for-
acute-stroke-tfsr. Updated January 24, 2020. Accessed August 7, 2020.
Roffe C, Nevatte T, Sim J, Bishop J, Ives N, Ferdinand P, Gray R; Stroke Oxy-
gen Study Investigators and the Stroke OxygenStudy Collaborative Group.
Effect of routine low-dose oxygen supplementation on death and disabil-
ity in adults with acute stroke: the stroke oxygen study randomized clinical
trial. JAMA. 2017;318:1125-1135. doi: 10.1001/jama.2017.11463

Ali K, Warusevitane A, Lally F, Sim J, Sills S, Pountain S, Nevatte T, Allen M,
Roffe C. The stroke oxygen pilot study: a randomized controlled trial of
the effects of routine oxygen supplementation early after acute stroke—
effect on key outcomes at six months. PLoS One. 2014;8:e59274. doi:
10.1371/journal.pone.0059274

Renning OM, Guldvog B. Should stroke victims routinely receive
supplemental oxygen? A quasi-randomized controlled trial. Stroke.
1999;30:2033-2037. doi: 10.1161/01.5tr.30.10.2033

Padma MV, Bhasin A, Bhatia R, Garg A, Singh MB, Tripathi M,
Prasad K. Normobaric oxygen therapy in acute ischemic stroke: A pilot
study in Indian patients. Ann Indian Acad Neurol. 2010;13:284-288. doi:
10.4103/0972-2327.74203

Singhal AB, Benner T, Roccatagliata L, Koroshetz WJ, Schaefer PW, Lo EH,
Buonanno FS, Gonzalez RG, Sorensen AG. A pilot study of normobaric
oxygen therapy in acute ischemic stroke. Stroke. 2005;36:797-802. doi:
10.1161/01.STR.0000158914.66827.2¢

Roffe C, Ali K, Warusevitane A, Sills S, Pountain S, Allen M,
Hodsoll J, Lally F, Jones P, Crome P. The SOS pilot study: a RCT of rou-
tine oxygen supplementation early after acute stroke—effect on recovery
of neurological function at one week. PLoS One. 2011;6:e19113. doi:
10.1371/journal.pone.0019113

Dylla L, Adler DH, Abar B, Benesch C, Jones CMC,
Kerry O'Banion M, Cushman JT. Prehospital supplemental oxygen for
acute stroke: a retrospective analysis. Am J Emerg Med. 2019:30741-
30747. doi: 10.1016/j.ajem.2019.11.002

Mazdeh M, Taher A, Torabian S, Seifirad S. Effects of normobaric hyper-
oxia in severe acute stroke: a randomized controlled clinical trial study.
Acta Med Iran. 2015;53:676-680.

Wu O, Benner T, Roccatagliata L, Zhu M, Schaefer PW, Sorensen AG,
Singhal AB. Evaluating effects of normobaric oxygen therapy in acute
stroke with MRI-based predictive models. Med Gas Res. 2012;2:5. doi:
10.1186/2045-9912-2-5

Djarv T, Swain JM, Chang WT, Zideman DA, Singletary E. Early or first aid
administration versus late or in-hospital administration of aspirin for non-
traumatic adult chest pain: a systematic review. Cureus. 2020;12:¢6862.
doi: 10.7759/cureus.6862

Freimark D, Matetzky S, Leor J, Boyko V, Barbash IM, Behar S, Hod H.
Timing of aspirin administration as a determinant of survival of patients
with acute myocardial infarction treated with thrombolysis. Am J Cardiol.
2002;89:381-385. doi: 10.1016/50002-9149(01)02256-1

Barbash 1, Freimark D, Gottlieb S, Hod H, Hasin Y, Battler A, Crystal E,
Matetzky S, Boyko V, Mandelzweig L, Behar S, Leor J; Israeli working
group on intensive cardiac care, Israel heart society. Outcome of myocar-
dial infarction in patients treated with aspirin is enhanced by pre-hospital
administration. Cardiology. 2002;98:141-147. doi: 10.1159/000066324

October 20,2020 S329



0202 ‘Tz $2q0100 uo Agq Blo'sfeulnofeyes:dny woly pepeojumod

Singletary et al

99.

100.

101.

102.

103.

104.

105.

106.

ISIS-2 (Second International Study of Infarct Survival) Collaborative
Group. Randomised trial of intravenous streptokinase, oral aspirin, both,
or neither among 17,187 cases of suspected acute myocardial infarction:
ISIS-2. Lancet. 1988;2:349-360.

Jensen JL, Ohshimo S, Cassan P, Meyran D, Greene J, Ng KC, Singletary E,
Zideman D; First Aid and Pediatric Task Forces of the International Liaison
Committee on Resuscitation. Immediate interventions for presyncope of
vasovagal or orthostatic origin: a systematic review. Prehosp Emerg Care.
2020;24:64-76. doi: 10.1080/10903127.2019.1605431

Soar J, Maconochie I, Wyckoff MH, Olasveengen TM, Singletary EM,
Greif R, Aickin R, Bhanji F Donnino MW, Mancini ME,
Wyllie JP, Zideman D, Andersen LW, Atkins DL, Aziz K, Bendall J, Berg KM,
Berry DC, Bigham BL, Bingham R, Couto TB, Bottiger BW, Borra V,
Bray JE, Breckwoldt J, Brooks SC, Buick J, Callaway CW, Carlson JN,
Cassan P, Castrén M, Chang WT, Charlton NP, Cheng A, Chung SP,
Considine J, Couper K, Dainty KN, Dawson JA, de Almeida MF, de Caen AR,
Deakin CD, Drennan IR, Duff JP, Epstein JL, Escalante R, Gazmuri RJ,
Gilfoyle E, Granfeldt A, Guerguerian AM, Guinsburg R, Hatanaka T,
Holmberg MJ, Hood N, Hosono S, Hsieh MJ, Isayama T, Iwami T, Jensen JL,
Kapadia V, Kim HS, Kleinman ME, Kudenchuk PJ, Lang E, Lavonas E,
Liley H, Lim SH, Lockey A, Lofgren B, Ma MH, Markenson D, Meaney PA,
Meyran D, Mildenhall L, Monsieurs KG, Montgomery W, Morley PT,
Morrison LJ, Nadkarni VM, Nation K, Neumar RW, Ng KC, Nicholson T,
Nikolaou N, Nishiyama C, Nuthall G, Ohshimo S, Okamoto D, O'Neil B,
Ong GY, Paiva EF, Parr M, Pellegrino JL, Perkins GD, Perlman J, Rabi Y,
Reis A, Reynolds JC, Ristagno G, Roehr CC, Sakamoto T, Sandroni C,
Schexnayder SM, Scholefield BR, Shimizu N, Skrifvars MB, Smyth MA,
StantonD, SwainJ, Szyld E, TijssenJ, Travers A, Trevisanuto D, Vaillancourt C,
Van de Voorde P, Velaphi S, Wang TL, Weiner G, Welsford M, Woodin JA,
Yeung J, Nolan JP, Hazinski MF. 2019 International Consensus on Car-
diopulmonary Resuscitation and Emergency Cardiovascular Care Science
With Treatment Recommendations. Resuscitation. 2019;145:95-150.
doi: 10.1016/j.resuscitation.2019.10.016

Soar J, Maconochie I, Wyckoff MH, Olasveengen TM, Singletary EM,
Greif R, Aickin R, Bhanji F Donnino MW, Mancini ME,
Wyllie JP, Zideman D, Andersen LW, Atkins DL, Aziz K, Bendall J, Berg KM,
Berry DC, Bigham BL, Bingham R, Couto TB, Bottiger BW, Borra V,
Bray JE, Breckwoldt J, Brooks SC, Buick J, Callaway CW, Carlson JN,
Cassan P, Castrén M, Chang WT, Charlton NP, Cheng A, Chung SP,
Considine J, Couper K, Dainty KN, Dawson JA, de Almeida MF, de Caen AR,
Deakin CD, Drennan IR, Duff JP, Epstein JL, Escalante R, Gazmuri RJ,
Gilfoyle E, Granfeldt A, Guerguerian AM, Guinsburg R, Hatanaka T,
Holmberg MJ, Hood N, Hosono S, Hsieh MJ, Isayama T, Iwami T, Jensen JL,
Kapadia V, Kim HS, Kleinman ME, Kudenchuk PJ, Lang E, Lavonas E,
Liley H, Lim SH, Lockey A, Lofgren B, Ma MH, Markenson D, Meaney PA,
Meyran D, Mildenhall L, Monsieurs KG, Montgomery W, Morley PT,
Morrison LJ, Nadkarni VM, Nation K, Neumar RW, Ng KC, Nicholson T,
Nikolaou N, Nishiyama C, Nuthall G, Ohshimo S, Okamoto D, O’Neil B,
Yong-Kwang Ong G, Paiva EF, Parr M, Pellegrino JL, Perkins GD, Perlman J,
Rabi Y, Reis A, Reynolds JC, Ristagno G, Roehr CC, Sakamoto T, Sandroni C,
Schexnayder SM, Scholefield BR, Shimizu N, Skrifvars MB, Smyth MA,
Stanton D, SwainJ, Szyld E, TijssenJ, Travers A, Trevisanuto D, Vaillancourt C,
Van de Voorde P, Velaphi S, Wang TL, Weiner G, Welsford M, Woodin JA,
Yeung J, Nolan JP, Hazinski MF. 2019 International Consensus on Car-
diopulmonary Resuscitation and Emergency Cardiovascular Care Science
With Treatment Recommendations: Summary from the basic life support;
advanced life support; pediatric life support; neonatal life support; edu-
cation, implementation, and teams; and first aid task forces. Circulation.
2019;140:826—e880. doi: 10.1161/CIR.0000000000000734

United Nations Office on Drugs and Crime. World Drug Report 2018.
New York, NY; 2018.

Freire-Tellado M, Navarro-Paton R, Pavon-Prieto MDP, Fernandez-Lépez M,
Mateos-Lorenzo J, Lopez-Férneas |. Does lying in the recovery position
increase the likelihood of not delivering cardiopulmonary resuscita-
tion? Resuscitation. 2017;115:173-177. doi: 10.1016/j.resuscitation.
2017.03.008

Freire-Tellado M, Pavén-Prieto Mdel P, Fernandez-Lopez M, Navarro-
Paton R. Does the recovery position threaten cardiac arrest victim's
safety assessment? Resuscitation. 2016;105:e1. doi: 10.1016/.
resuscitation.2016.01.040

Navarro-Paton R, Freire-Tellado M, Fernandez-Gonzélez N, Basanta-
Camifio S, Mateos-Lorenzo J, Lago-Ballesteros J. What is the best position
to place and re-evaluate an unconscious but normally breathing victim?
A randomised controlled human simulation trial on children. Resuscita-
tion. 2019;134:104-109. doi: 10.1016/j.resuscitation.2018.10.030

S330 October 20, 2020

107.

108.

1009.

110.

112.

113.

114.

115.

116.

17.

118.

119.

120.

122.

123.

124.

125.

126.

127.

First Aid: 2020 CoSTR

Adnet F, Borron SW, Finot MA, Minadeo J, Baud FJ. Relation of body
position at the time of discovery with suspected aspiration pneumonia
in poisoned comatose patients. Crit Care Med. 1999;27:745-748. doi:
10.1097/00003246-199904000-00028

Arai  YC, Fukunaga K, Ueda W, Hamada M, Ikenaga H,
Fukushima K. The endoscopically measured effects of airway maneu-
vers and the lateral position on airway patency in anesthetized children
with adenotonsillar hypertrophy. Anesth Analg. 2005;100:949-952. doi:
10.1213/01.ANE.0000148126.53015.F9

Arai YC, Fukunaga K, Hirota S, Fujimoto S. The effects of chin lift and jaw
thrust while in the lateral position on stridor score in anesthetized chil-
dren with adenotonsillar hypertrophy. Anesth Analg. 2004;99:1638-41,
table of contents. doi: 10.1213/01.ANE.0000135637.95853.1C

Litman RS, Wake N, Chan LM, McDonough JM, Sin S, Mahboubi S,
Arens R. Effect of lateral positioning on upper airway size and mor-
phology in sedated children. Anesthesiology. 2005;103:484-488. doi:
10.1097/00000542-200509000-00009

. Svatikova A, Chervin RD, Wing JJ, Sanchez BN, Migda EM, Brown DL. Po-

sitional therapy in ischemic stroke patients with obstructive sleep apnea.
Sleep Med. 2011;12:262-266. doi: 10.1016/j.sleep.2010.12.008
Turkington PM, Bamford J, Wanklyn P, Elliott MW. Prevalence and predic-
tors of upper airway obstruction in the first 24 hours after acute stroke.
Stroke. 2002;33:2037-2042. doi: 10.1161/01.5tr.0000023576.94311.27
Blake WE, Stillman BC, Eizenberg N, Briggs C, McMeeken JM. The posi-
tion of the spine in the recovery position—an experimental comparison
between the lateral recovery position and the modified HAINES position.
Resuscitation. 2002;53:289-297. doi: 10.1016/s0300-9572(02)00037-0
Doxey J. Comparing 1997 Resuscitation Council (UK) recovery posi-
tion with recovery position of 1992 European Resuscitation Council
guidelines: a user's perspective. Resuscitation. 1998;39:161-169. doi:
10.1016/s0300-9572(98)00142-7

Fulstow R, Smith GB. The new recovery position, a cautionary tale. Resus-
citation. 1993;26:89-91. doi: 10.1016/0300-9572(93)90167-0

Turner S, Turner I, Chapman D, Howard P, Champion P, Hatfield J,
James A, Marshall S, Barber S. A comparative study of the 1992 and
1997 recovery positions for use in the UK. Resuscitation. 1998;39:153—
160. doi: 10.1016/50300-9572(98)00144-0

Rathgeber J, Panzer W, Ginther U, Scholz M, Hoeft A, Bahr J,
Kettler D. Influence of different types of recovery positions on per-
fusion indices of the forearm. Resuscitation. 1996;32:13-17. doi:
10.1016/0300-9572(96)00952-5

Barnes H, Edwards BA, Joosten SA, Naughton MT, Hamilton GS,
Dabscheck E. Positional modification techniques for supine obstructive
sleep apnea: A systematic review and meta-analysis. Sleep Med Rev.
2017;36:107-115. doi: 10.1016/j.smrv.2016.11.004

Browaldh N, Nerfeldt P, Lysdahl M, Bring J, Friberg D. SKUP3 randomised
controlled trial: polysomnographic results after uvulopalatopharyn-
goplasty in selected patients with obstructive sleep apnoea. Thorax.
2013;68:846-853. doi: 10.1136/thoraxjnl-2012-202610

Isono S, Tanaka A, Nishino T. Lateral position decreases collapsibility of
the passive pharynx in patients with obstructive sleep apnea. Anesthesi-
ology. 2002;97:780-785. doi: 10.1097/00000542-200210000-00006

. Jordan AS, Eckert DJ, Catcheside PG, McEvoy RD. Ventilatory response

to brief arousal from non-rapid eye movement sleep is greater in men
than in women. Am J Respir Crit Care Med. 2003;168:1512-1519. doi:
10.1164/rccm.200302-1500C

Nisbet LC, Phillips NN, Hoban TF, O'Brien LM. Effect of body position and
sleep state on obstructive sleep apnea severity in children with Down
syndrome. J Clin Sleep Med. 2014;10:81-88. doi: 10.5664/jcsm.3368
Oksenberg A, Khamaysi |, Silverberg DS, Tarasiuk A. Association of body
position with severity of apneic events in patients with severe nonpo-
sitional obstructive sleep apnea. Chest. 2000;118:1018-1024. doi:
10.1378/chest.118.4.1018

Penzel T, Moller M, Becker HF, Knaack L, Peter JH. Effect of sleep position
and sleep stage on the collapsibility of the upper airways in patients with
sleep apnea. Sleep. 2001;24:90-95. doi: 10.1093/sleep/24.1.90

Pereira KD, Roebuck JC, Howell L. The effect of body position on sleep
apnea in children younger than 3 years. Arch Otolaryngol Head Neck
Surg. 2005;131:1014-1016. doi: 10.1001/archotol.131.11.1014
Rosenberg-Adamsen S, Stausholm K, Edvardsen L, Zwarts M,
Kehlet H, Rosenberg J. Body position and late postoperative nocturnal
hypoxaemia. Anaesthesia. 1997;52:589-592. doi: 10.1111/j.1365-2222.
1997.128-az0124.x

Sasai T, Inoue Y, Matsuo A, Matsuura M, Matsushima E. Chang-
es in respiratory disorder parameters during the night in patients

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897



0202 ‘Tz $2q0100 uo Agq Blo'sfeulnofeyes:dny woly pepeojumod

Singletary et al

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897

with obstructive sleep apnoea. Respirology. 2011;16:116-123. doi:
10.1111/.1440-1843.2010.01873.x

Zhang XW, Li Y, Zhou F, Guo CK, Huang ZT. Association of body posi-
tion with sleep architecture and respiratory disturbances in children with
obstructive sleep apnea. Acta Otolaryngol. 2007;127:1321-1326. doi:
10.1080/00016480701242451

Del Rossi G, Dubose D, Scott N, Conrad BP, Hyldmo PK, Rechtine GR,
Horodsyki M. Motion produced in the unstable cervical spine by the
HAINES and lateral recovery positions. Prehosp Emerg Care. 2014;18:539-
543. doi: 10.3109/10903127.2014.916019

Hyldmo PK, Horodyski MB, Conrad BP, Dubose DN, Raislien J, Prasarn M,
Rechtine GR I, Sgreide E. Safety of the lateral trauma position in cer-
vical spine injuries: a cadaver model study. Acta Anaesthesiol Scand.
2016;60:1003-1011. doi: 10.1111/aas.12714

Julliand S, Desmarest M, Gonzalez L, Ballestero Y, Martinez A, Moretti R,
Rivas A, Lacroix L, Biver A, Lejay E, Kanagarajah L, Portillo N, Crichiutti G,
Stefani C, Da Dalt L, Spiri D, Van De Voorde P, Titomanlio L. Recovery
position significantly associated with a reduced admission rate of chil-
dren with loss of consciousness. Arch Dis Child. 2016;101:521-526. doi:
10.1136/archdischild-2015-308857

Fernandes do Prado LB, Li X, Thompson R, Marcus CL. Body position
and obstructive sleep apnea in children. Sleep. 2002;25:66-71. doi:
10.1093/sleep/25.1.66

Cao E, Shi'Y, Zhang W, Tong M, Song Y, Zhao B, Xiao X. Influence of
sleep position on respiratory function of patients with sleep apnoea/hy-
popnea syndrome. Chin J Tissue Eng Res. 2005;9:215-217.

Kim TW, Yoo B, Choi J, Lim HK, Lee SP, Hong SC. The role of sleep posi-
tion in obstructive sleep apnea syndrome in Korean people. Sleep Biol
Rhythms. 2011;9:276.

Li YR, Han DM, Ye JY, Zhang YH, Yin GP, Wang XY, Ding X. [Sites of
obstruction in obstructive sleep apnea patients and their influencing fac-
tors: an overnight studyl. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za
Zhi. 2006,41:437-442.

Kumar P, Touquet R. Perils of the recovery position: neurapraxia of radial
and common peroneal nerve. J Accid Emerg Med. 1996;13:69-70. doi:
10.1136/emj.13.1.69-c

Leaves S, Donnelly P, Lester C, Assar D. Resuscitation. Trainees’ adverse
experiences of the new recovery position. BMJ. 1998;316:1748-1749.
doi: 10.1136/bmj.316.7146.1748a

Charlton NP, Swain JM, Brozek JL, Ludwikowska M, Singletary E, ZidemanD,
Epstein J, Darzi A, Bak A, Karam S, et al. Control of severe, life-threatening
external bleeding in the out-of-hospital setting: a systematic review Pre-
hosp Emerg Care. 2020:1-33. doi: 10.1080/10903127.2020.1743801
Chlan LL, Sabo J, Savik K. Effects of three groin compression methods
on patient discomfort, distress, and vascular complications following a
percutaneous coronary intervention procedure. Nurs Res. 2005;54:391-
398. doi: 10.1097/00006199-200511000-00005

Lehmann KG, Heath-Lange SJ, Ferris ST. Randomized comparison of he-
mostasis techniques after invasive cardiovascular procedures. Am Heart
J.1999;138(6 Pt 1):1118-1125. doi: 10.1016/s0002-8703(99)70078-5
Walker SB, Cleary S, Higgins M. Comparison of the FemoStop device and
manual pressure in reducing groin puncture site complications follow-
ing coronary angioplasty and coronary stent placement. Int J Nurs Pract.
2001;7:366-375. doi: 10.1046/).1440-172x.2001.00291.x

Semler HJ. Transfemoral catheterization: mechanical versus man-
ual control of bleeding. Radiology. 1985;154:234-235. doi:
10.1148/radiology.154.1.3880610

Sulzbach-Hoke LM, Ratcliffe SJ,  Kimmel SE, Kolansky DM,
Polomano R. Predictors of complications following sheath removal with
percutaneous coronary intervention. J Cardiovasc Nurs. 2010;25:E1-E8.
doi: 10.1097/JCN.Ob013e3181c83f4b

Boulanger H, Ahriz-Saksi S, Flamant M, Vigeral P. Evaluation of post-
puncture bleeding time of arteriovenous fistulas with IRIS® bandage. J
Vasc Access. 2014;15:102-107. doi: 10.5301/jva.5000176

Scerbo MH, Holcomb JB, Taub E, Gates K, Love JD, Wade CE, Cotton BA.
The trauma center is too late: Major limb trauma without a pre-hospital
tourniquet has increased death from hemorrhagic shock. J Trauma Acute
Care Surg. 2017;83:1165-1172. doi: 10.1097/TA.0000000000001666
King DR, Larentzakis A, Ramly EP; Boston Trauma Collaborative. Tourniquet
use at the Boston Marathon bombing: Lost in translation. J Trauma Acute
Care Surg. 2015;78:594-599. doi: 10.1097/TA.0000000000000561
Ode G, Studnek J, Seymour R, Bosse MJ, Hsu JR. Emergency tour-
niquets for civilians: Can military lessons in extremity hemorrhage
be translated? J Trauma Acute Care Surg. 2015;79:586-591. doi:
10.1097/TA.0000000000000815

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

First Aid: 2020 CoSTR

Passos E, Dingley B, Smith A, Engels PT, Ball CG, Faidi S, Nathens A,
Tien H; Canadian Trauma Trials Collaborative. Tourniquet use for periph-
eral vascular injuries in the civilian setting. Injury. 2014,;45:573-577. doi:
10.1016/).injury.2013.11.031

Beekley AC, Sebesta JA, Blackbourne LH, Herbert GS, Kauvar DS,
Baer DG, Walters TJ, Mullenix PS, Holcomb JB; 315t Combat Support Hos-
pital Research Group. Prehospital tourniquet use in Operation Iragi Free-
dom: effect on hemorrhage control and outcomes. J Trauma. 2008;64(2
Suppl):S28-37; discussion S37. doi: 10.1097/TA.0b013e318160937e
Mucciarone JJ, Llewellyn CH, Wightman JM. Tactical combat casualty
care in the assault on Punta Paitilla Airfield. Mil Med. 2006;171:687—
690. doi: 10.7205/milmed.171.8.687

Smith  AA, Ochoa JE, Wong S, Beatty S, Elder J, Guidry C,
McGrew P, McGinness C, Duchesne J, Schroll R. Prehospital tourniquet
use in penetrating extremity trauma: Decreased blood transfusions and
limb complications. J Trauma Acute Care Surg. 2019;86:43-51. doi:
10.1097/TA.0000000000002095

TeixeiraPGR, Brown CVR, Emigh B, Long M, Foreman M, Eastridge B, Gale S,
Truitt MS, Dissanaike S, Duane T, Holcomb J, Eastman A, Regner J; Texas
Tourniquet Study Group. Civilian prehospital tourniquet use is associated
with improved survival in patients with peripheral vascular injury. J Am Coll
Surg. 2018;226:769-776.e1. doi: 10.1016/j.jamcollsurg.2018.01.047
Gerhardt RT, Berry JA, Blackbourne LH. Analysis of life-saving interven-
tions performed by out-of-hospital combat medical personnel. J Trauma.
2011;71(1 Suppl):S109-S113. doi: 10.1097/TA.0b013e31822190a7
Kragh JF Jr, Dubick MA, Aden JK, McKeague AL, Rasmussen TE,
Baer DG, Blackbourne LH. U.S. military use of tourniquets from
2001 to 2010. Prehosp Emerg Care. 2015;19:184-190. doi:
10.3109/10903127.2014.964892

Kragh JF Jr, Littrel ML, Jones JA, Walters TJ, Baer DG,
Wade CE, Holcomb JB. Battle casualty survival with emergency tourni-
quet use to stop limb bleeding. J Emerg Med. 2011;41:590-597. doi:
10.1016/j.jemermed.2009.07.022

Kragh JF Jr, Nam JJ, Berry KA, Mase VJ Jr, Aden JK Ill, Walters TJ,
Dubick MA, Baer DG, Wade CE, Blackbourne LH. Transfusion for shock in
US military war casualties with and without tourniquet use. Ann Emerg
Med. 2015;65:290-296. doi: 10.1016/j.annemergmed.2014.10.021
Romanoff H, Goldberger S. Prognostic factors in peripheral vascular inju-
ries. J Cardiovasc Surg (Torino). 1977;18:485-491.

Kotwal RS, Montgomery HR, Kotwal BM, Champion HR, Butler FK Jr,
Mabry RL, Cain JS, Blackbourne LH, Mechler KK, Holcomb JB. Eliminating
preventable death on the battlefield. Arch Surg. 2011;146:1350-1358.
doi: 10.1001/archsurg.2011.213

Guo JY, Liu' Y, Ma YL, Pi HY, Wang JR. Evaluation of emergency tourni-
quets for prehospital use in China. Chin J Traumatol. 2011;14:151-155.
Heldenberg E, Aharony S, Wolf T, Vishne T. Evaluating new types of
tourniquets by the Israeli Naval special warfare unit. Disaster Mil Med.
2015;1:1. doi: 10.1186/2054-314X-1-1

Lyles WE I, Kragh JF Jr, Aden JK Ill, Dubick MA. Testing tourniquet
use in a manikin model: two improvised techniques. J Spec Oper Med.
2015;15:21-26.

King RB, Filips D, Blitz S, Logsetty S. Evaluation of possible tourniquet
systems for use in the Canadian Forces. J Trauma. 2006;60:1061-1071.
doi: 10.1097/01.ta.0000215429.94483.a7

Beaven A, Briard R, Ballard M, Parker P. Two new rffective tourniquets
for potential use in the military environment: a serving soldier study. Mil
Med. 2017;182:€1929-e1932. doi: 10.7205/MILMED-D-16-00298
Bequette BW, Kragh JF Jr, Aden JK Rd, Dubick MA. Belts evaluated as
limb tourniquets: BELT study comparing trouser supporters used as medi-
cal devices in a manikin model of wound bleeding. Wilderness Environ
Med. 2017;28:84-93. doi: 10.1016/j.wem.2017.01.030

Gibson R, Aden JK Ill, Dubick MA, Kragh JF Jr. Preliminary comparison of
pneumatic models of tourniquet for prehospital control of limb bleeding
in a manikin model. J Spec Oper Med. 2016;16:21-27.

Gibson R, Housler GJ, Rush SC, Aden JK Ill, Kragh JF Jr, Dubick MA.
Preliminary comparison of new and established tactical tourniquets in a
manikin hemorrhage model. J Spec Oper Med. 2016;16:29-35.

Glick CPTY, Furer MAJA, Glassberg COLE, Sharon R, Ankory MAJR. Com-
parison of two tourniquets on a mid-thigh model: the israeli silicone
stretch and wrap tourniquet vs. the combat application tourniquet. Mil
Med. 2018;183(suppl_1):157-161. doi: 10.1093/milmed/usx169
O’Conor DK, Kragh JF Jr, Aden JK 3rd, Dubick MA. Cat on a hot tin roof:
mechanical testing of models of tourniquets after environmental expo-
sure. J Spec Oper Med. 2017;17:27-35.

October 20,2020 S331



0202 ‘Tz $2q0100 uo Agq Blo'sfeulnofeyes:dny woly pepeojumod

Singl

169

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

etary et al

. Taylor DM, Vater GM, Parker PJ. An evaluation of two tourniquet sys-
tems for the control of prehospital lower limb hemorrhage. J Trauma.
2011;71:591-595. doi: 10.1097/TA.0b013e31820e0e41

Walters TJ, Wenke JC, Kauvar DS, McManus JG, Holcomb JB, Baer DG.
Effectiveness of self-applied tourniquets in human volunteers. Prehosp
Emerg Care. 2005;9:416-422. doi: 10.1080/10903120500255123

Wall PL, Duevel DC, Hassan MB, Welander JD, Sahr SM, Buising CM. Tour-
niquets and occlusion: the pressure of design. Mil Med. 2013;178:578~
587. doi: 10.7205/MILMED-D-12-00490

Peponis T, Ramly E, Roth KA, King DR. Tourniquet effectiveness when
placed over the joint service lightweight integrated suit technology. J
Spec Oper Med. 2016;16:17-19.

Hatamabadi HR, Asayesh Zarchi F, Kariman H, Arhami Dolatabadi A,
Tabatabaey A, Amini A. Celox-coated gauze for the treatment of ci-
vilian penetrating trauma: a randomized clinical trial. Trauma Mon.
2015;20:e23862. doi: 10.5812/traumamon.23862

Balzer JO, Schwarz W, Thalhammer A, Eichler K, Schmitz-Rixen T, Vogl TJ.
Postinterventional percutaneous closure of femoral artery access sites us-
ing the Clo-Sur PAD device: initial findings. Eur Radiol. 2007;17:693—
700. doi: 10.1007/500330-006-0279-1

Waragai T, Morgan G, Ralston T, Chaturvedi R, Lee KJ, Benson L. Vas-
cular hemostasis bandage compared to standard manual compression
after cardiac catheterization in children. Catheter Cardiovasc Interv.
2011,78:262-266. doi: 10.1002/ccd.23057

TjiongL, CyrA, FoxJ. Comparison of manual compression alone versus with
hemostatic patch in achieving hemostasis after femoral catheter removal.
J Perianesth Nurs. 2012;27:88-93. doi: 10.1016/j.jopan.2012.01.006
Arbel J, Rozenbaum E, Reges O, Neuman Y, Levi A, Erel J, Haskia AR,
Caneti M, Sherf M, Mosseri M. USage of chitosan for Femoral (USF) hae-
mostasis after percutaneous procedures: a comparative open label study.
Eurointervention. 2011;6:1104-1109. doi: 10.4244/EIJ)V6I9A192

Behler RH, Scola MR, Nichols TC, Caughey MC, Fisher MW, Zhu H,
Gallippi CM. ARFI ultrasound for in vivo hemostasis assessment post-
cardiac catheterization, part II: pilot clinical results. Ultrason Imaging.
2009;31:159-171. doi: 10.1177/016173460903100302

Kang SH, Han D, Kim S, Yoon CH, Park JJ, Suh JW, Cho YS, Youn TJ,
Chae IH. Hemostasis pad combined with compression device after tran-
sradial coronary procedures: A randomized controlled trial. PLoS One.
2017;12:e0181099. doi: 10.1371/journal.pone.0181099

Kordestani SS, Noohi F, Azarnik H, Basiri H, Hashemi MJ, Abdi S,
Mohebi A, Madani M, Nayebhabib F. A randomized controlled trial on the
hemostasis of femoral artery using topical hemostatic agent. Clin App/
Thromb Hemost. 2012;18:501-505. doi: 10.1177/1076029611432745
McConnell MK, McDilda K, Bridges R, Marsh N, Jenkins G, Dowdy J,
Prasnikar M. Comparison of different methods for achieving hemosta-
sis after arterial sheath removal. J Cardiovasc Nurs. 2012;27:E1-E5. doi:
10.1097/JCN.0Ob013e318223881b

Mlekusch W, Dick P, Haumer M, Sabeti S, Minar E, Schillinger M. Arterial
puncture site management after percutaneous transluminal procedures
using a hemostatic wound dressing (Clo-Sur PA.D.) versus conventional
manual compression: a randomized controlled trial. J Endovasc Ther.
2006;13:23-31. doi: 10.1583/05-1679.1

Narins CR, Zareba W, Rocco V, McNitt S. A prospective, randomized trial
of topical hemostasis patch use following percutaneous coronary and
peripheral intervention. J Invasive Cardiol. 2008;20:579-584.

Nguyen N, Hasan S, Caufield L, Ling FS, Narins CR. Randomized con-
trolled trial of topical hemostasis pad use for achieving vascular hemo-
stasis following percutaneous coronary intervention. Catheter Cardiovasc
Interv. 2007;69:801-807. doi: 10.1002/ccd.21024

Sairaku A, Nakano Y, Oda N, Makita Y, Kajihara K, Tokuyama T, Kihara Y.
Rapid hemostasis at the femoral venous access site using a novel hemo-
static pad containing kaolin after atrial fibrillation ablation. J Interv Card
Electrophysiol. 2011;31:157-164. doi: 10.1007/s10840-011-9552-6
Schwarz T, Rastan A, Pochert V, Sixt S, Schwarzwalder U, Burgelin KH,
Buttner HJ, Muller C, Neumann FJ, Zeller T. Mechanical compression
versus haemostatic wound dressing after femoral artery sheath re-
moval: a prospective, randomized study. Vasa. 2009;38:53-59. doi:
10.1024/0301-1526.38.1.53

Trabattoni D, Gatto P, Bartorelli AL. A new kaolin-based hemostatic ban-
dage use after coronary diagnostic and interventional procedures. Int J
Cardiol. 2012;156:53-54. doi: 10.1016/j.ijcard.2010.10.030

Zhu Z, Chen S, Ye F, Zhou J, Tian N, Lin S, Xiao P, Qu H. Clinical applica-
tion of V+PAD hemostasis sticking of femoral artery. J Chin Clin Med.
2010,5:582-584.

S$332  October 20, 2020

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

First Aid: 2020 CoSTR

Schauer SG, April MD, Naylor JF, Fisher AD, Cunningham CW, Ryan KL,
Thomas KC, Brillhart DB, Fernandez JRD, Antonacci MA. QuikClot®
Combat Gauze® use by ground forces in afghanistan the prehospital
trauma registry experience. J Spec Oper Med. 2017;17:101-106.

Politi L, Aprile A, Paganelli C, Amato A, Zoccai GB, Sgura F,
Monopoli D, Rossi R, Modena MG, Sangiorgi GM. Randomized clinical
trial on short-time compression with Kaolin-filled pad: a new strategy
to avoid early bleeding and subacute radial artery occlusion after per-
cutaneous coronary intervention. J Interv Cardiol. 2011;24:65-72. doi:
10.1111/.1540-8183.2010.00584.x

DaiN, XuDC, Hou L, Peng WH, Wei YD, Xu YW. A comparison of 2 devices
for radial artery hemostasis after transradial coronary intervention. J Car-
diovasc Nurs. 2015;30:192-196. doi: 10.1097/JCN.0000000000000115
Chen J, Benov A, Nadler R, Landau G, Sorkin A, Aden JK Ill, Kragh JF Jr,
Glassberg E. Testing of junctional tourniquets by medics of the israeli de-
fense force in control of simulated groin hemorrhage. J Spec Oper Med.
2016;16:36-42.

Cotte J, Cungi PJ, Montcriol A. Experimental evaluation of the Com-
bat Ready Clamp. J Trauma Acute Care Surg. 2013;75:747-748. doi:
10.1097/TA.0b013e31829cbf48

Gates KS, Baer L, Holcomb JB. Prehospital emergency care: evaluation
of the junctional emergency tourniquet tool with a perfused cadaver
model. J Spec Oper Med. 2014;14:40-44.

Kragh JF Jr, Mann-Salinas EA, Kotwal RS, Gross KR, Gerhardt RT,
Kheirabadi B, Wallum TE, Dubick MA. Laboratory assessment of out-
of-hospital interventions to control junctional bleeding from the groin
in a manikin model. Am J Emerg Med. 2013;31:1276-1278. doi:
10.1016/j.ajem.2013.03.021

Kragh JF Jr, Parsons DL, Kotwal RS, Kheirabadi BS, Aden JK II,
Gerhardt RT, Baer DG, Dubick MA. Testing of junctional tourniquets by
military medics to control simulated groin hemorrhage. J Spec Oper Med.
2014;14:58-63.

Kragh JF, Kotwal RS, Cap AP, Aden JK, Walters TJ, Kheirabadi BS,
Gerhardt RT, DeLorenzo RA, Pidcoke HF, Cancio LC. Performance of Junc-
tional Tourniquets in Normal Human Volunteers. Prehosp Emerg Care.
2015;19:391-398. doi: 10.3109/10903127.2014.980478

Kragh JF, Lunati MP, Kharod CU, Cunningham CW, Bailey JA,
Stockinger ZT, Cap AP, Chen J, Aden JK, Cancio LC. Assessment of groin
application of junctional tourniquets in a manikin model. Prehosp Disas-
ter Med. 2016;31:358-363. doi: 10.1017/51049023X16000443

Lyon M, Johnson D, Gordon R. Use of a novel abdominal aortic and junc-
tional tourniquet to reduce or eliminate flow in the brachial and popliteal
arteries in human subjects. Prehosp Emerg Care. 2015;19:405-408. doi:
10.3109/10903127.2014.980479

Meusnier J DC, Mavrovi E, Caremil F, Wey P, Martinez J. Evaluation of two
junctional tourniquets used on the battlefield: Combat Ready Clamp®
versus SAM® junctional tourniquet. J Spec Oper Med. 2016;16:41-46.
Taylor DM, Coleman M, Parker PJ. The evaluation of an abdominal aor-
tic tourniquet for the control of pelvic and lower limb hemorrhage. Mil
Med. 2013;178:1196-1201. doi: 10.7205/MILMED-D-13-00223
Gaspary MJ, Zarow GJ, Barry MJ, Walchak AC, Conley SP,
Roszko PJD. Comparison of three junctional tourniquets using a ran-
domized trial design. Prehosp Emerg Care. 2019;23:187-194. doi:
10.1080/10903127.2018.1484968

Theodoridis CA, Kafka KE, Perez AM, Curlee JB, Yperman PC,
Oppermann N, Holmstroem E, Niegsch DD, Mannino A, Ramundo N.
Evaluation and testing of junctional tourniquets by special operation
forces personnel: a comparison of the combat ready clamp and the junc-
tional emergency treatment tool. J Spec Oper Med. 2016;16:44-50.
McKee JL, Kirkpatrick AW, Bennett BL, Jenkins DA, Logsetty S,
Holcomb JB. Worldwide Case Reports Using the iTClamp for External
Hemorrhage Control. J Spec Oper Med. 2018;18:39-44.

Tan EC, Peters JH, Mckee JL, Edwards MJ. The iTClamp in the manage-
ment of prehospital haemorrhage. Injury. 2016;47:1012-1015. doi:
10.1016/.injury.2015.12.017

Cunningham A, Auerbach M, Cicero M, Jafri M. Tourniquet usage in
prehospital care and resuscitation of pediatric trauma patients-Pe-
diatric Trauma Society position statement. J Trauma Acute Care Surg.
2018;85:665-667. doi: 10.1097/TA.0000000000001839

Bobko J, Lai TT, Smith ER, Shapiro GL, Baldridge RT, Callaway DW. Tacti-
cal emergency casualty care?pediatric appendix: novel guidelines for the
care of the pediatric casualty in the high-threat, prehospital environment.
J Spec Oper Med. 2013;13:94-107.

Kragh JF Jr, Cooper A, Aden JK, Dubick MA, Baer DG, Wade CE,
Blackbourne LH. Survey of trauma registry data on tourniquet use in

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897



0202 ‘Tz $2q0100 uo Agq Blo'sfeulnofeyes:dny woly pepeojumod

Singletary et al

209.

211.

212.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897

pediatric war casualties. Pediatr Emerg Care. 2012;28:1361-1365. doi:
10.1097/PEC.0b013e318276c260
Sokol KK, Black GE, Azarow KS, Long W, Martin MJ, Eckert MJ. Prehos-
pital interventions in severely injured pediatric patients: Rethinking the
ABCs. J Trauma Acute Care Surg. 2015;79:983-9; discussion 989. doi:
10.1097/TA.0000000000000706

. EI-Sherif N, Lowndes B, Franz W, Hallbeck MS, Belau S, Sztajnkrycer MD.

Sweating the little things: tourniquet application efficacy in two models
of pediatric limb circumference. Mil Med. 2019;184(Suppl 1):361-366.
doi: 10.1093/milmed/usy283

Vretis J. Comparison of commercial tourniquets in a pediatric trauma pa-
tient model [NAEMSP Scientific Assembly abstract]. Prehosp Emerg Care.
2018;22:101-150. doi: 10.1080/10903127.2017.1377791

Harcke HT, Lawrence LL, Gripp EW, Kecskemethy HH, Kruse RW,
Murphy SG. Adult tourniquet for use in school-age emergencies. Pediat-
rics. 2019;143:e20183447. doi: 10.1542/peds.2018-3447

. Kelly JR, Levy MJ, Reyes J, Anders J. Effectiveness of the combat ap-

plication tourniquet for arterial occlusion in young children [pub-
lished online January 25, 2020]. J Trauma Acute Care Surg. 2020; doi:
10.1097/ta.0000000000002594

Callaway DW, Puciaty A, Robertson J, Hannon T, Fabiano SE. Case re-
port: life saving application of commercial tourniquet in pediatric ex-
tremity hemorrhage. Prehosp Emerg Care. 2017;21:786-788. doi:
10.1080/10903127.2017.1332126

Howe S. Tourniquets go from combat to kids. 2013. https://vector.chil-
drenshospital.org/2013/05/tourniquets-go-from-combat-to-kids/. ~ Ac-
cessed August 7, 2020.

Ross EM, Bolleter S, Simon E, Kharod CU. Pediatric extremity and hem-
orrhage and tourniquet use. 2018. https:/Awww.jems.com/2018/11/01/
pediatric-extremity-hemorrhage-and-tourniquet-use/. Accessed August
7,2020.

Tourniquets for kids. 2017. https://www.stopthebleed.com.au/2017/08/
16/tourniquets-for-kids/. Accessed August 7, 2020.

EchemendiaRJ, Meeuwisse W, McCrory P, Davis GA, Putukian M, Leddy J,
Makdissi M, Sullivan SJ, Broglio SP, Raftery M, et al. The Sport Concus-
sion Assessment Tool 5th Edition (SCAT5): background and rationale. Br
J Sports Med. 2017;51:848-850. doi: 10.1136/bjsports-2017-097506
Concussion recognition tool 5(c). Br J Sports Med. 2017;51:872. doi:
10.1136/bjsports-2017-097508CRT5

2005 First Aid Science Advisory Board. Part 10: first aid. Circulation.
2005;112(supph):l-115-11-125. doi:  10.1161/CIRCULATIONAHA.105.
166480

Shrier 1, Boissy P, Lebel K, Boulay J, Segal E, Delaney JS, Vacon LC,
Steele RJ. Cervical spine motion during transfer and stabilization
techniques. Prehosp Emerg Care. 2015;19:116-125. doi: 10.3109/
10903127.2014.936634

Boissy P, Shrier I, Briere S, Mellete J, Fecteau L, Matheson GO, Garza D,
Meeuwisse WH, Segal E, Boulay J, Steele RJ. Effectiveness of cervical
spine stabilization techniques. Clin J Sport Med. 2011;21:80-88. doi:
10.1097/JSM.0b013e31820f8ad5

Cowley A, Hague A, Durge N. Cervical spine immobilization during
extrication of the awake patient: a narrative review. Eur J Emerg Med.
2017;24:158-161. doi: 10.1097/MEJ.0000000000000424

Dixon M, O’Halloran J, Hannigan A, Keenan S, Cummins NM. Confir-
mation of suboptimal protocols in spinal immobilisation? Emerg Med J.
2015;32:939-945. doi: 10.1136/emermed-2014-204553

Connor D, Greaves |, Porter K, Bloch M; consensus group, Fac-
ulty of Pre-Hospital Care. Pre-hospital spinal immobilisation: an ini-
tial consensus statement. Emerg Med J. 2013;30:1067-1069. doi:
10.1136/emermed-2013-203207

Kornhall DK, Jergensen JJ, Brommeland T, Hyldmo PK, Asbjgrnsen H,
Dolven T, Hansen T, Jeppesen E. The Norwegian guidelines for the
prehospital management of adult trauma patients with potential
spinal injury. Scand J Trauma Resusc Emerg Med. 2017;25:2. doi:
10.1186/513049-016-0345-x

March JA, Ausband SC, Brown LH. Changes in physical examina-
tion caused by use of spinal immobilization. Prehosp Emerg Care.
2002;6:421-424. doi: 10.1080/10903120290938067

Schneider AM, Hipp JA, Nguyen L, Reitman CA. Reduction in head
and intervertebral motion provided by 7 contemporary cervical or-
thoses in 45 individuals. Spine (Phila Pa 1976). 2007;32:E1-6. doi:
10.1097/01.brs.0000251019.24917.44

McGrath T, Murphy C. Comparison of a SAM splint-molded cervi-
cal collar with a Philadelphia cervical collar. Wilderness Environ Med.
2009;20:166-168. doi: 10.1580/08-WEME-BR-220R1.1

230

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

First Aid: 2020 CoSTR

. Kim JG, Bang SH, Kang GH, Jang YS, Kim W, Choi HY, Kim GM. Compar-
ison of the efficacy of three cervical collars in restricting cervical range of
motion: a randomized study. Hong Kong J Emerg Med. 2018;27:24-29.
doi: 10.1177/1024907918809499

Lemyze M, Palud A, Favory R, Mathieu D. Unintentional strangulation
by a cervical collar after attempted suicide by hanging. Emerg Med J.
2011;28:532. doi: 10.1136/em;j.2010.106625

BorraV, Berry DC, Zideman D, Singletary E, De Buck E. Compression wrap-
pingforacute closedextremity jointinjuries: asystematicreview. JAth/ Train.
2020:Jul 20. doi: 10.4085/1062-6050-0093.20. Online ahead of print.
Boyce SH, Quigley MA, Campbell S. Management of ankle sprains: a
randomised controlled trial of the treatment of inversion injuries using
an elastic support bandage or an Aircast ankle brace. Br J Sports Med.
2005;39:91-96. doi: 10.1136/bjsm.2003.009233

O’connor G, Martin AJ. Acute ankle sprain: is there a best support? Eur J
Emerg Med. 2011;18:225-230. doi: 10.1097/MEJ.0b013e3283440efd
Bilgic S, Durusu M, Aliyev B, Akpancar S, Ersen O, Yasar SM, Ardic S.
Comparison of two main treatment modalities for acute ankle sprain.
Pak J Med Sci. 2015;31:1496-1499. doi: 10.12669/pjms.316.8210
Linde F, Hvass |, Jurgensen U, Madsen F. Compression bandage in the
treatment of ankle sprains. A comparative prospective study. Scand J Re-
habil Med. 1984;16:177-179.

Bendahou M, Khiami F, Saidi K, Blanchard C, Scepi M, Riou B,
Besch S, Hausfater P. Compression stockings in ankle sprain: a multi-
center randomized study. Am J Emerg Med. 2014;32:1005-1010. doi:
10.1016/j.ajem.2014.05.054

Rucinkski TJ, Hooker DN, Prentice WE, Shields EW, Cote-Murray DJ. The ef-
fectsof intermittent compression on edemain postacute ankle sprains. J Or-
thop Sports Phys Ther. 1991;14:65-69. doi: 10.2519/jospt.1991.14.2.65
Leanderson J, Wredmark T. Treatment of acute ankle sprain. Comparison
of a semi-rigid ankle brace and compression bandage in 73 patients. Acta
Orthop Scand. 1995;66:529-531. doi: 10.3109/17453679509002308
Beynnon BD, Renstrom PA, Haugh L, Uh BS, Barker H. A prospective, ran-
domized clinical investigation of the treatment of first-time ankle sprains.
AmJSportsMed.2006;34:1401-1412.doi: 10.1177/0363546506288676
Karlsson J, Lansinger O. [Lateral instability of the ankle joint (1). Non-
surgical treatment is the first choice-20 per cent may need ligament sur-
geryl. Lakartidningen. 1991;88:1399-1402.

De Brier N, Dorien O, Borra V, Singletary EM, Zideman DA, De Buck E; on
behalf of the International Liaison Committee on Resuscitation First Aid
Task Force. Storage of an avulsed tooth prior to replantation: a system-
atic review and meta-analysis. Dent Traumatol. 2020;36:453-476. doi:
10.1111/edt. 12564

Abraham B KP, Varma BR, Xavier AM, Kumar SJ. Comparative evaluation
of the efficacy of aloe vera gel with milk and Hank’s Balanced Salt Solu-
tion in maintaining the viability of PDL cells in avulsed teeth. J Clin Diagn
Res. 2019;13:2C11-ZC15. doi: 10.7860/jcdr/2019/37876.12700
Ahangari Z, Alborzi S, Yadegari Z, Dehghani F, Ahangari L, Naseri M. The
effect of propolis as a biological storage media on periodontal ligament
cell survival in an avulsed tooth: an in vitro study. Cell J. 2013;15:244-249.
Chen H, Huang B. (-)-Epigallocatechin-3-gallate: a novel storage me-
dium for avulsed teeth. Dent Traumatol. 2012;28:158-160. doi:
10.1111/.1600-9657.2011.01066.x

Doyle DL, Dumsha TC, Sydiskis RJ. Effect of soaking in Hank's bal-
anced salt solution or milk on PDL cell viability of dry stored hu-
man teeth. Endod Dent Traumatol. 1998;14:221-224. doi:
10.1111/.1600-9657.1998.tb00843.x

Gopikrishna V, Thomas T, Kandaswamy D. A quantitative analysis of
coconut water: a new storage media for avulsed teeth. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2008;105:e61-e65. doi:
10.1016/j.tripleo.2007.08.003

Khademi AA, Saei S, Mohajeri MR, Mirkheshti N, Ghassami F, Torabi nia N,
Alavi SA. A new storage medium for an avulsed tooth. J Contemp Dent
Pract. 2008;9:25-32.

Martin MP, Pileggi R. A quantitative analysis of Propolis: a promising new
storage media following avulsion. Dent Traumatol. 2004;20:85-89. doi:
10.1111/.1600-4469.2004.00233.x

Prueksakorn A, Puasiri S, Ruangsri S, Makeudom A, Sastraruji T,
Krisanaprakornkit S, Chailertvanitkul P. The preservative effect of Thai
propolis extract on the viability of human periodontal ligament cells.
Dent Traumatol. 2016;32:495-501. doi: 10.1111/edt.12292

Rajendran P, Varghese NO, Varughese JM, Murugaian E. Evaluation,
using extracted human teeth, of Ricetral as a storage medium for
avulsions—an in vitro study. Dent Traumatol. 2011;27:217-220. doi:
10.1111/.1600-9657.2011.00988.x

October 20,2020 S333



0202 ‘Tz $2q0100 uo Agq Blo'sfeulnofeyes:dny woly pepeojumod

Singl

252

253.

254.

255.

256.

257.

258.

259.

260.

262.

263.

etary et al

. Subramaniam P, Girija P, Eswara U, Girish Babu KL. Oral rehydration
salt-liquid as a storage medium for avulsed tooth. Dent Traumatol.
2015;31:62-66. doi: 10.1111/edt.12127

Sunil OL, Devadathan A, Jacob J, Mathew J, Rex I. A comparative eval-
uation of post traumatic periodontal ligament cell viability using four
different storage media—an in vitro study. Health Sci. 2013;2:1-9. doi:
10.4103/ejd.ejd_101_16

Talebi M, Parisay I, Afshari JT, Shajiei A, Ghadim MS. Viability and re-
producibility of periodontal ligament cells on avulsed teeth stored
in Ham’s F-10 Solution. J Clin Pediatr Dent. 2018;42:203-207. doi:
10.17796/1053-4628-42.3.6

Nabavizadeh M, Abbaszadegan A, Khodabakhsi A, Ahzan S,
Mehrabani D. Efficiency of castor oil as a storage medium for avulsed
teeth in maintaining the viability of periodontal ligament cells. J Dent
(Shiraz). 2018;19:28-33.

Pileggi R, Dumsha TC, Nor JE. Assessment of post-traumatic PDL cells vi-
ability by a novel collagenase assay. Dent Traumatol. 2002;18:186—189.
doi: 10.1034/j.1600-9657.2002.00092..x

Caglar E, Sandalli N, Kuscu OO, Durhan MA, Pisiriciler R, Caliskan EA,
Kargul B. Viability of fibroblasts in a novel probiotic storage media. Dent
Traumatol. 2010;26:383-387. doi: 10.1111/j.1600-9657.2010.00914 .x
Caglar E, Peker S, Durhan MA, Kulan P, Kuscu OO, Pisiriciler R,
Ak Caliskan E, Kargul B, Sandalli N. A quantitative analysis of a probiotic
storage media for avulsed teeth. Acta Stomatol Croat. 2015;49:21-26.
doi: 10.15644/asc49/1/3

Sharma M. In Vitro Periodontal ligament cell viability
ferent storage media. Braz Dent J. 2016;27:408-411.
10.1590/0103-6440201602294

Zeissler-Lajtman A, Connert T, Kuhl S, Filippi A. Cling film as stor-
age medium for avulsed teeth. An in vitro pilot study. Swiss Dent J.
2017;127:954-959.

. Lekic PC, Kenny DJ, Barrett EJ. The influence of storage conditions
on the clonogenic capacity of periodontal ligament cells: implica-
tions for tooth replantation. Int Endod J. 1998;31:137-140. doi:
10.1046/].1365-2591.1998.00138.x

Bag I, Yildirim S. Effect of avulsion storage media on periodontal liga-
ment fibroblast differentiation. Dent Traumatol. 2017;33:458-464. doi:
10.1111/edt.12356

Kokkali VvV, Bendgude V, Sharangpani G. Comparative evalua-
tion of post-traumatic periodontal ligament cell viability using three
storage media. Eur Arch Paediatr Dent. 2017;18:209-214. doi:
10.1007/s40368-017-0287-7

in dif-
doi:

S334  October 20, 2020

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

First Aid: 2020 CoSTR

Dhimole P, Bhayya DP, Gupta S, Kumar P, Tiwari S, Pandey S. Evalua-
tion of the efficacy of neem (Azadirachta indica) and turmeric (Curcuma
longa) as storage media in maintaining periodontal ligament cell viability:
An in vitro study. J Indian Soc Pedod Prev Dent. 2019;37:140-145. doi:
10.4103/1319-2442.261356

D’Costa VF, Bangera MK, Kini S, Kutty SM, Ragher M. An In vitro com-
parison of coconut water, milk, and saline in maintaining periodontal
ligament cell viability. J Pharm Bioallied Sci. 2017;9(Suppl 1):S107-S111.
doi: 10.4103/jpbs.JPBS_117_17

Hegde SK, Bhat SS, Sargod SS, Rao A, Hegde N. Tooth mousse plus:
a potential storage media for avulsed teeth. Arch Med Health Sci.
2016;4:45-49.

Patel S, Dumsha TC, Sydiskis RJ. Determining periodontal liga-
ment (PDL) cell vitality from exarticulated teeth stored in saline or
milk using fluorescein diacetate. Int Endod J. 1994;27:1-5. doi:
10.1111/.1365-2591.1994.tb00220.x

Wang G, Wang C, Qin M. A retrospective study of survival of 196 re-
planted permanent teeth in children. Dent Traumatol. 2019;35:251-258.
doi: 10.1111/edt.12475

Pohl Y, Filippi A, Kirschner H. Results after replantation of avulsed perma-
nent teeth. Il. Periodontal healing and the role of physiologic storage and
antiresorptive-regenerative therapy. Dent Traumatol. 2005;21:93-101.
doi: 10.1111/1.1600-9657.2004.00298.x

Werder P, von Arx T, Chappuis V. Treatment outcome of 42 replanted per-
manent incisors with a median follow-up of 2.8 years. Schweiz Monatss-
chr Zahnmed. 2011;121:312-320.

Sharma M, Sharma S, Reddy YG, Mittal R, Agarwal V, Singh C, Singh A.
Evaluation of periodontal ligament cell viability in three different storage
media: an in vitro study. J Dent (Tehran). 2015;12:524-531.

Chappuis V, von Arx T. Replantation of 45 avulsed permanent teeth:
a 1-year follow-up study. Dent Traumatol. 2005;21:289-296. doi:
10.1111/.1600-9657.2005.00330.x

Karayilmaz H, Kirzioglu Z, Erken Gungor O. Aetiology, treatment patterns
and long-term outcomes of tooth avulsion in children and adolescents.
Pak J Med Sci. 2013;29:464-468. doi: 10.12669/pjms.292.3283
AndreasenJO, Borum MK, JacobsenHL, Andreasen FM. Replantation of 400
avulsed permanentincisors. 2. Factorsrelated to pulpal healing. Endod Dent
Traumatol. 1995;11:59-68. doi: 10.1111/j.1600-9657.1995.tb00462 .x
Andreasen JO, Borum MK, Jacobsen HL, Andreasen FM. Replantation
of 400 avulsed permanent incisors. 4. Factors related to periodon-
tal ligament healing. Endod Dent Traumatol. 1995;11:76-89. doi:
10.1111/.1600-9657.1995.tb00464 X

Circulation. 2020;142(suppl 1):5284-5334. DOI: 10.1161/CIR.0000000000000897





