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Abstract

Background: We performed a network meta-analysis (NMA) to compare the efficacy
and safety of intravenous sedation (IVS), intraarticular anesthetic injection (IAA), and
peripheral nerve block (PNB) as sedation or analgesia methods for the reduction of
anterior shoulder dislocation.

Methods: We included randomized controlled trials (RCTs) comparing different seda-
tion or analgesia methods for anterior shoulder dislocation reduction. The Cochrane
Central Register of Controlled Trials, MEDLINE, EMBASE, ICTRP, ClinicalTrials.gov,
and Google Scholar databases were searched in October 2021. We conducted a
random-effects NMA within a frequentist framework. We evaluated the confidence
in each outcome using the CINeMA tool.

Results: Sixteen RCTs (957 patients) were included. Regarding the primary outcomes,
the three methods might result in little to no difference in the immediate success rate
of reduction and patient satisfaction. The IAA method had a shorter emergency depart-
ment length of stay than that of the IVS method (mean difference [MD] -107.88 min, 95%
confidence interval [CI] -202.58 to -13.18). In the secondary outcomes, the IAA method
had a lower pain score than that of the PNB method (standardized MD -1.83, 95% Cl
-3.64 to -0.02). The IAA and PNB methods might require a longer time for reduction
than that of the IVS method (MD 5.3min, 95% CI 2.4 to 10.36; MD 15.25, 95% CI 5.49 to
25.01). The three methods might result in little to no difference in the number of reduc-
tion attempts and total success rate of reduction. However, the confidence ratings for all
treatment comparisons were very low. IAA and PNB had no adverse respiratory events.
Conclusions: The results of our NMA indicated that three sedation or analgesia meth-
ods (IVS, IAA, and PNB) might result in little to no difference in the success rate of

reduction and patient satisfaction. IAA and PNB had no adverse respiratory events.

KEYWORDS
analgesia, conscious sedation, intraarticular injection, nerve block, shoulder dislocation

Supervising Editor: Dr. Paul Musey
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INTRODUCTION

Shoulder dislocation accounts for 50% of all dislocations and is
the most common type of dislocation.! Most shoulder dislocations
are anterior (90%-98%).! Pain due to dislocation is severe, and the
administration of sedatives and analgesics helps to relieve pain.
However, pain also triggers muscle spasms around the shoulder.
Therefore, for a successful shoulder dislocation reduction, it is im-
portant to relax the muscles surrounding the shoulder.?

Intravenous sedation (IVS) and intraarticular anesthetic injection
(IAA) have been widely used as sedation or analgesia methods to
reduce shoulder dislocation.?# As for the comparative efficacy and
safety between IVS and IAA, previous systematic reviews reported
no significant differences in the success rate of reduction and pa-
tient satisfaction. These systematic reviews also revealed that IAA
achieved fewer adverse events, shorter lengths of hospital stay, and
lower medical costs than that of IVS.2™*

Recently, ultrasound-guided peripheral nerve blocks (PNB) have
been used to reduce shoulder dislocations. Several randomized con-
trolled trial (RCT) studies have compared the efficacy and safety of
PNB and IVS, but the results have been controversial.>” In addition,
no systematic reviews have compared the efficacy and safety of
these sedation or analgesia methods.

The best method of sedation and analgesia for the reduction of
shoulder dislocation remains uncertain. Therefore, we conducted
a systematic review and network meta-analysis (NMA) of RCTs to
compare the efficacy and safety of IVS, IAA, and PNB for the reduc-
tion of anterior shoulder dislocation.

METHODS
Protocol and registration

We reported this systematic review and NMA of RCTs in accord-
ance with the Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) extension statement for reporting system-
atic reviews incorporating network meta-analyses of health care
interventions, including the checklist and explanations8 (Table S1).

In addition, we registered the protocol before starting this review.’?

Inclusion criteria of the articles for the review
Type of studies

We included RCTs that assessed sedation or analgesia methods for
the reduction of anterior shoulder dislocation and excluded crosso-
ver trials, quasi-experimental studies, and quasi-randomized trials.
In addition, we included all reports, including published and unpub-

lished articles, conference abstracts, and letters.

PN Uy s rjL
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Study participants

We included participants older than 15years and had a diagnosis of
anterior shoulder dislocation based on physical examination or radi-
ography of the shoulder. In addition, we included the intervention
and comparator as IVS, IAA, PNB, placebo, or no sedation or analge-
sia (no drug). We defined IVS as intravenous injection of sedatives.
Any types and dosages of sedatives and analgesics were acceptable.
We defined IAA as the injection of local anesthetics into the gle-
nohumeral joint. All medications and doses were acceptable. We
defined PNB as the injection of local anesthetics into the brachial
plexus in the interscalene or suprascapular nerves. All medications
and doses were acceptable. The exclusion criteria were patients who
could not obtain informed consent, allergies to any study medica-
tions, multiple traumas, associated fractures of the humerus (except
Hill-Sachs and Bankart lesions), hemodynamic instability, or respira-
tory distress.

Outcomes of interest

The primary outcomes were the immediate success rate of the
reduction, patient satisfaction, and emergency department (ED)
length of stay (min). We chose three outcomes because the ideal
shoulder dislocation reduction should be fast and effective and have
high patient satisfaction.!® Immediate success and ED length of stay
(min) were defined by the authors. In addition, we assessed patient
satisfaction with the shoulder reduction procedure. The secondary
outcomes were adverse events, pain score, the time required for re-
duction (min), number of reduction attempts, and total success rate
of the reduction. Secondary outcomes were defined by the authors
of the study.

Search strategy

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE via PubMed, EMBASE via Embase.com on
October 31, 2021, and Google Scholar on November 12, 2021. We
also searched the World Health Organization International Clinical
Trials Platform Search Portal (ICTRP) and ClinicalTrials.gov for un-
published RCTs and ongoing RCTs on October 31, 2021 (Table S2).

Study selection and data extraction

Two independent reviewers (MH and KK) assessed all the identi-
fied publications for eligibility. If the study was abstract only and it
was not clear whether it met the criteria for review, we contacted
the original author. Two reviewers discussed and resolved any

disagreements.
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Data items
We extracted the following study characteristics:

1. Methods: study design, setting, and the number and country
of study centers.

2. Participants: number, sex, age, and inclusion/exclusion criteria.

3. Interventions: sedative or analgesia methods and reduction
techniques.

4. Outcomes: primary and secondary outcomes and the time points
reported.

Geometry of the network

We demonstrated a network geometry that presented the nodes as
direct comparisons as lines connecting these nodes. Nodes are used
for sedation or analgesia. The numbers above the line represent the

number of RCTs in direct comparisons.

Risk-of-bias assessment

Two reviewers (MH and KK) independently assessed the study level
risk of bias using the risk-of-bias (ROB) 2 tool. M If necessary, the two
reviewers discussed and resolved any disagreements with the third

reviewer (NK).

Data synthesis and statistical analysis
Data synthesis

We pooled the relative risk ratios (RRs) for binary outcomes and
the mean differences (MDs) or standardized mean differences
(SMDs) for continuous outcomes. First, we conducted a pairwise
meta-analysis for each treatment comparison using a random-
effects model. Forest plots were used to visualize the effect of
each treatment and assess heterogeneity. Second, we conducted
a random-effects NMA within a frequentist framework. Because
there were no direct comparisons between IAA and PNB, we
only estimated the treatment effect comparison between IAA
and PNB using NMA. In addition, we described a network plot
to summarize the treatment effect and the study size of each
comparison and league tables to summarize the results of pair-
wise meta-analyses and NMA. Third, we used the results from the
intention-to-treat analysis and did not impute missing data based
on the recommendation of the Cochrane Handbook.'? Finally, we
summarized adverse events based on the definition in the original
article. However, we did not perform a meta-analysis because of
nonstandardized definitions, inadequate monitoring, or possibly

incomplete reporting.

Sensitivity analysis

We conducted the following sensitivity analysis for the primary

outcomes.

1. Sensitivity analysis included only studies with a low overall
assessment of ROB.

2. Sensitivity analysis included only studies that met the ideal out-
come: at first attempt or first reduction technique for the im-
mediate success rate of the reduction, most satisfied patient for
patient satisfaction, and time from the beginning of the procedure
to hospital discharge for the ED length of stay.

Statistical analysis

We used Review Manager software (RevMan V.5.4.1, The Nordic
Cochrane Center, The Cochrane Collaboration) for pairwise meta-
analyses and Metalnsight for frequentist NMA.X® In addition,
we used R software version 4.0.2 (R Foundation for Statistical
Computing) and the packages “meta” (version 5. 2-0) and “pwr” (ver-

sion 1. 3-0) for sample size calculations in future trials.

Assessment of the confidence for each outcome

Two reviewers (MH and NK) evaluated the confidence for each
outcome using the CINeMA tool.}*'> The CINeMA framework in-
cludes the following domains: within-study bias, across-studies bias,
indirectness, imprecision, heterogeneity, and incoherence. For the
domains of within-study bias and indirectness, we assessed the
contribution of each study in each network estimate and combined
these contributions with the study-specific ratings (very low, low,
moderate, or high) to assess the relative effect for each comparison
in the network. For the domains of imprecision, heterogeneity, and
incoherence, we assessed major concerns, some concerns, and no
concerns about how far the 95% confidence interval (Cl) extend on
both sides of the no effect line equal to the point estimate between

the two interventions.

Sample size calculation for future trials

As there was no direct comparison between IAA and PNB, we per-
formed a sample size calculation for a future trial targeting patients
with anterior shoulder dislocation. We simulated a 1:1 RCT and set
the following parameters: alpha of 0.05 and power of 0.8. We cal-
culated the pooled immediate success rate of IAA using a random-
effects model and then calculated the PNB using the RR from the
NMA. Based on the estimated immediate success rates of IAA and

PNB, we calculated the sample size.
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RESULTS
Results of the search

We identified 1855 records during the search conducted in October
2021. Of these reports, 29 were considered for inclusion after re-
viewing their titles and abstracts. After a full-text review, 16 stud-
ies (957 patients) were included (Figure 1). Table S3 shows the list
of studies excluded from this review and the reasons for exclusion.
Table 1 presents the characteristics of the included studies. While
lidocaine was administered using the IAA and PNB methods in most
studies, various drugs were administered in the IVS group. In addi-
tion, the reduction techniques varied among the included studies.
Eleven studies compared the efficacy and safety between IAA and
IVS.2626 Four studies compared the efficacy and safety between
PNB and IVS.”7%8 One study compared the efficacy and safety of
IAA and no drugs.27 To our knowledge, no study has compared the
efficacy and safety of IAA and PNB. The ROB assessment is sum-
marized in Figure S1. For the primary outcomes, six of the 10 in-
cluded studies were assessed as having low ROB and the other four

were assessed as having high ROB in the immediate success rate.

PN Uy s dl
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However, patient satisfaction and ED length of stay were assessed
as all high ROB. For the secondary outcomes, many outcomes were
assessed as high or of some concerns for ROB. Most of the elevation
in ROB was due to the unclear allocation sequence generation in
Domain 1 and the lack of blinding of the outcome assessor, which
might have influenced the outcomes in Domain 4.

Primary outcomes
Immediate success rate of the reduction

We included 10 studies”*8242627 (Figure 2). The pairwise analysis is
shown in Figure S3a. The IAA method might result in little to no differ-
ence in immediate success rate compared with the IVS method (eight
studies, 408 patients; RR 0.93, 95% Cl 0.84 to 1.02).182*2¢ The evi-
dence was very uncertain regarding the effect of the PNB method on
the immediate success rate compared with the IVS method (one study,
41 patients; RR 1.13, 95% Cl 0.84 to 1.527; Figure 2). Other compari-
sons are shown in Figure 2 and Table S4a. The confidence ratings for

all treatment comparisons are presented in Table S5a.

[ Identification of studies via other methods ]

Duplicate records removed

Records identified from:
Citation searching (n = 2)

Reports sought for retrieval
(n=2)

v

Wrong intervention (n = 2)

Protocols without results (n =

Reports assessed for eligibility
(n=2)

[ Identification of studies via databases and registers ]
T
- Records identified from:
o MEDLINE via PubMed Records removed before
'g' (n=219) screening:
&= Embase via Dialog (n = 1711) [——»
2 CENTRAL (n = 189) (n =300)
3 ClinicalTrials.gov (n = 20)
ICTRP (n = 16)
—
A4
)
Records screened Records excluded
—>
(n = 1855) (n =1826)
A4
Reports sought for retrieval
E’ (n=29)
c
[
Q
o
(7]
o Reports excluded:
;‘\;ezp%rg assessed for eligibility Wrong design (n = 6)
Abstracts awaiting
classification (n = 3)
3)
Duplication (n = 1)
—
v
k] Studies included in review
] (n=16) P
° Reports of included studies
= (n=16)
—

FIGURE 1 PRISMA flow diagram of the literature search results. We identified 1855 records during the search conducted in October
2021. Of these reports, 29 were considered for inclusion after review of titles and abstracts. After full-text review, 16 studies were included.
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.IM 234patients

Treatment  (Random Effects Model) RR  95%-CI
8
1AA - 0.93 [0.84; 1.02]
VS 1.00 Vs | ”
No drug = 0.88 [0.73; 1.07)  2i6patients 9 i o8
PNB . 1.13 [0.84; 1.52]
T T T 1
0.1 05 1 2 4
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FIGURE 2 Forest plot and network plot for all interventions compared with VS in the immediate success rate of reduction. The three

methods might result in little to no difference in the success rate of reduction. Cls are slightly different in Figure 2 and S3a. This is because
of the different statistical analysis software used. IAA, intraarticular anesthetic injection; IVS, intravenous sedation; no drug, no sedation or

analgesia; PNB, peripheral nerve block; RR, risk ratio.

IAA 107 patients
Comparison: other vs 'IVS'

Treatment  (Random Effects Model) SMD 95%-Cl
1AA - -0.47 [-1.41; 0.48)
VS 0.00 g
PNB - -0.60 [-1.43; 0.23] ? 172patients

| I I | -

&
=10 =5 0 5
Favors IVS Favors Treatment
IVS‘E!Epebants

FIGURE 3 Forest plot and network plot for all interventions compared with IVS in patient satisfaction. The three methods might result in

little to no difference in patient satisfaction. Cls are slightly different in Figure 3 and S3b. This is because of the different statistical analysis
software used. IAA, intraarticular anesthetic injection; IVS, intravenous sedation; PNB, peripheral nerve block; SMD, standardized mean

difference.

Patient satisfaction

We included seven studies® 716182428 (

Figure 3). The units of meas-
urement for patient satisfaction were differed across studies; there-
fore, we converted the patient satisfaction reported in the survey
scale to scores. Two studies reported patient satisfaction as yes or
no; thus, we defined yes as 2 and no as 1.192% |1 three studies, we
changed the scores from 1 to 5 in the order of high patient satisfac-
tion reported on a 5-level scale.”1828 For example, quite satisfied
5 and complete dissatisfaction 1.8 we pooled these scores using
SMD according to the Cochrane Handbook.!? In a study by Suder
et al.,”” the table of patient satisfaction may be incorrect. The total
number of satisfied and unsatisfied patients in both groups differed
from the number of included patients, but we could not contact the
authors. Therefore, we excluded this study from the meta-analysis.
The pairwise analysis is shown in Figure S3b. The evidence was
very uncertain regarding the effect of the IAA method on patient
satisfaction compared with the IVS method (three studies, 222 pa-
tients; SMD -0.47, 95% Cl -1.41 to 0.48).4'82* The evidence was
uncertain regarding the effect of the PNB method on patient satis-
faction compared with the IVS method (four studies, 273 patients;
SMD -0.60, 95% CI-1.43 to 0.23)> %, Figure 3. Other comparisons

are presented in Table S4b. The confidence ratings for all treatment

comparisons are presented in Table S5b.

ED length of stay (min)

Eleven studies were included®71%21-26.28 (Figure 4). Two studies
assessed the time from entry into a room in the ED to discharge.>*’
Two studies assessed the time from initial physician assessment
to discharge.m'25 Two studies assessed the time from the start
of reduction to discharge.”?! Two studies assessed the time
from the start of sedation or analgesia methods to discharge.®%?
One study assessed the duration from reduction to discharge.?
We could not determine the definition of the ED length of stay
in two studies.?®?® The pairwise analysis is shown in Figure S3c.
The IAA method might have a shorter ED length of stay than that
of the IVS method; however, the evidence was very uncertain
(seven studies, 299 patients; MD -107.88 min, 95% Cl -202.58 to
-13.18).1%2126 The evidence was very uncertain about the effect
of the PNB method on the ED length of stay compared with the
IVS method (four studies, 343 patients; MD -26.23min, 95% Cl,

-149.02 to 96.57)°"28; Figure 4. Other comparisons are presented
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Comparison: other vs 'IVS'
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FIGURE 4 Forest plot and network plot for all interventions compared with IVS on the ED length of stay (min). The IAA method had a
shorter ED length of stay than that of the IVS method (MD -107.88 min, 95% Cl -202.58 to -13.18). IAA, intraarticular anesthetic injection;
IVS, intravenous sedation; MD, mean difference; PNB, peripheral nerve block.

in Table S4c. The confidence ratings for all treatment comparisons
are listed in Table S5c.

Secondary outcomes
All adverse events

Sixteen studies (957 patients) assessed the adverse events (Table 2).
Two studies reported no adverse events.?>?” Respiratory adverse
events (hypoxia, hypoventilation, apnea, and respiratory depression)

5-7,16-24,26,28 Nausea 18,19,22,23,28
’

were common in the IVS group. vom-

56,23 18,23

iting,”2%%* hypotension, and headache were also reported

in the IVS group. Psychological agitation and drowsiness were re-

22,23

ported in the IAA group, and mild local anesthetic systemic tox-

icity was reported in the PNB group.6

Pain score

Eleven studies were included>®17-21:23.2426.27 (Eiayre S2a). Two
studies assessed the pain scores after sedation or analgesia
methods before reduction.?"?® Two studies assessed the pain
scores after reduction.>?” Six studies assessed the pain scores
during reduction.®18-20.2426 |5 the study by Ahmed et al.,?® the
standard deviation (SD) of the pain score was not reported.
Hence, we adopted the SD as a substitute from the study by
Miller et al.?! because they used the same pain scale of 1 to 10,
based on the Cochrane Handbook.'? The pairwise analysis is
shown in Figure S3d. The evidence was uncertain about the ef-
fect of the IAA method on the pain score compared with the IVS
method (eight studies, 406 patients; SMD -0.56, 95% Cl -1.36 to
0.25).17-21.23.2426 The evidence was very uncertain about the ef-
fect of the PNB method on the pain score compared with the IVS
method. The IAA method might have a lower pain score than that
of the PNB method; however, the evidence was very uncertain (no
study, indirect comparison; SMD -1.83, 95% Cl -3.64 to -0.02;
Table S4d). The confidence ratings for all treatment comparisons

are presented in Table S5d.

Time required for reduction (min)

We included six studies?212326-28 (Figure S2b). Two studies as-
sessed the period from the start of sedation or analgesia methods
to the end of reduction.”?® Four studies assessed the period from
the start to the end of reduction.?2?>2%27 The pairwise analysis is
shown in Figure S3e. The IAA method might require a longer time
for reduction than that of the IVS method; however, the evidence
was very uncertain (four studies, 160 patients; MD 5.3min, 95% Cl
0.24 to 10.36).1721:23.26 The PNB method might require a longer time
for reduction than that of the IVS method; however, the evidence
was very uncertain (one study, 200 patients; MD 15.25min, 95% ClI
5.49 to 25.01%%; Figure S2b). Other comparisons are presented in
Table S4e. The confidence ratings for all treatment comparisons are

presented in Table S5e.

Number of reduction attempts

We included five studies®”18%223 (

Figure S2c). The pairwise analy-
sis is shown in Figure S3f. The IAA method may result in little to no
difference in the number of reduction attempts compared with the
IVS method (3 studies, 172 patients) (MD: 0.18; 95% Cl: -0.09 to
0.45).182223 The evidence was very uncertain regarding the effect of
the PNB method on the number of reduction attempts compared with
the IVS method (two studies, 101 patients; MD 0.07, 95% Cl -0.23 to
0.36; Figure 52¢).%” Other comparisons are presented in Table S4f. The
confidence ratings for all treatment comparisons are listed in Table S5f.

Total success rate of the reduction

Fifteen studies were included® 7%’ (Figure $2d). The pairwise
analysis is shown in Figure S3g. The IAA method may result in
little to no difference in the total success rate compared with
the IVS method (11 studies, 572 patients; RR 0.99, 95% Cl 0.94
to 1.04).36726 The evidence was very uncertain about the effect
of the PNB method on the total success rate compared with the
IVS method (three studies, 143 patients; RR 1.00, 95% Cl 0.92
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to 1.08°7; Figure S2d). Other comparisons are presented in
Table S4g. The confidence ratings for all treatment comparisons

are presented in Table S5g.

Additional analysis

We performed the NMA for the immediate success rate of the
reduction by restricting the studies of the overall assessment of
ROB to low,'82922-2427 gne technique,” 8217242627 or first at-
tempt.”182223 The |AA method might result in a slightly reduced
immediate success rate compared with the IVS method in the low
ROB studies (RR 0.85, 95% CI 0.77 to 0.94; Figures S2e and S3h,
Tables S4h and S5h).

The NMA for patient satisfaction by restricting the patients with

718.24.28 \\as similar to

the highest satisfaction scores in the studies
the original analysis (Figures S2f and S3i, Tables S4i and S5i). Two
studies restricted the patients from the beginning of the procedure
to ED discharge compared with the PNB and IVS groups.®” The re-
sults of the comparisons were similar to those of the original analysis

(Figures S2g and S3j, Tables S4j and S5j).

Sample size calculation for future trials

The random-effects model showed that the point estimate of the
immediate success rate of IAA was 0.78. Based on the risk ratio (IAA
vs. PNB) of 0.82 NMA, we estimated that the immediate success rate
of PNB was 0.95. Our sample size calculation revealed that a total of
118 patients will be needed in a future RCT.

Difference between protocol and review

We could not perform subgroup analysis because none of the stud-
ies reported anterior shoulder dislocations separately for the first
time or recurrent anterior shoulder dislocations. In addition, we
could not perform a sensitivity analysis for double-blind studies and
for exclusion of studies using imputed statistics because none of the
studies were applicable. We did not present a summary of the find-
ings regarding the primary outcomes.

DISCUSSION

This frequentist NMA included 16 RCTs that compared the efficacy
and safety of IVS, IAA, and PNB as sedation or analgesia methods for
reduction of anterior shoulder dislocation.’” 14728 The three meth-
ods might result in little to no difference in the immediate success
rate of reduction and patient satisfaction. The IAA method might
result in a shorter ED length of stay than that of the IVS method;
however, the evidence is very uncertain. The IAA method may
have a lower pain score than that of the PNB method; however, the

evidence is very uncertain. The IAA and PNB methods may require
a longer time for reduction than that of the IVS method; however,
the evidence is very uncertain. The three methods might result in
little to no difference in the number of reduction attempts and the
total success rate of the reduction. The confidence for each relative
treatment effect in NMA was low or very low, and the results were
uncertain.

Our results were in line with the previous systematic reviews
comparing the IAA method with the IVS method.?* To our knowl-
edge, no systematic review has compared the PNB method with
other methods. The three methods might result in little to no differ-
ence in the immediate success rate of reduction. As for the number
of reduction attempts related to the immediate success rate, our
results might also result in little or no difference among the three
methods. The three methods might also result in little to no differ-
ence in the total success rate of the reduction. Previous studies have
reported that the reduction techniques and experience of the oper-
ator are relevant in the success rate,?’ and it might be more relevant
than the sedation or analgesic methods in the success rate and num-
ber of reduction attempts.

Lack of difference in patient satisfaction among the three seda-
tion or analgesia methods might be interpreted as patient satisfac-
tion being more affected by waiting time, the attitude of medical
staff, and appropriate explanations than by sedation or analgesia
methods.*°

The IAA method might have a shorter ED length of stay than
that of the IVS method (MD -107.88 min, 95% Cl -202.58 to -13.18).
Evidence for the effect of the PNB method on the ED length of stay
was compared with the IVS method. One of the four included stud-
ies compared the PNB method with the IVS method. Abbasi et al.?®
reported that the PNB method succeeded in only 34% of the pa-
tients and administered sedatives because inadequate pain relief
accounted for 66% of all cases using the PNB method. Thus, the
PNB method had a longer ED stay than that of the IVS method.?®
Contrary to the results of the study by Abbasi et al., the PNB method
had a shorter ED length of stay than that of the IVS method in three
of the four included studies.>” Therefore, the PNB method has the
potential to achieve a shorter ED length of stay than that of the IVS
method under adequate pain relief. The ROB was high in all included
RCTs because there was a subjective decision of discharge by medi-
cal staff or there was no description of the discharge decision in the
studies.’>”?8 In the future, RCTs with a low ROB using appropriate
discharge criteria are required. The results of this study suggest that
IAA is a better method in terms of shorter ED length of stay than
the IVS.

The IAA method may have alower pain score than that of the PNB
method. However, comparisons between the IAA and PNB methods
were only indirect, and the confidence rating was very low. Hence,
IAA may be a better method for those unfamiliar with PNB because
operators need training for the success of PNB.® The evidence was
very uncertain about the effect of the IAA method on the pain score
compared with the IVS method. All RCTs included in our study were
conducted using landmark-guided IAA, and pain scores varied from
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0.29 (SD 0.67) to 7.1 (SD 2.6) in the IAA method.'®2° This might be
because IAA may not have been administered appropriately. A pre-
vious study reported that landmark-guided IAA administered local
anesthetics to inappropriate points in 41.1% of cases, as assessed
using ultrasound.®! Moreover, ultrasound-guided IAA can be used to

t.3! Therefore,

administer local anesthetics to the appropriate poin
under conditions of adequate pain relief, the IAA method has the
potential to achieve a lower pain score than that of the IVS method.

The IAA and PNB methods may require a longer time for reduc-
tion than that of the IVS method (MD 5.3min, 95% Cl 2.4 to 10.36;
and MD 15.25min, 95% Cl 5.49 to 25.01). The IAA method might
require little to no difference in the time for reduction compared
with the PNB method, but the IAA method tended to require fewer
minutes than that of the PNB method (MD -9.95min, 95% CI -1.04
to 20.94). The IVS may have the advantage of being sedated, which
allows operators to perform the procedure smoothly. In contrast,
patients administered with IAA or PNB were awake during the
shoulder reduction technique. Awake states may prolong the time
because of hesitation or interruption of the procedure due to com-
plaints of pain. A longer reduction time may decrease patient satis-
faction; however, there was no difference among the three methods
in this NMA.

IAA and PNB are safer than IVS in terms of fewer respiratory
adverse events. Respiratory depression was defined as SpO, <92%
or end-tidal CO, >40 in one study?® and as a respiratory rate<12
breaths/min in another study?*; however, respiratory depression
definition was unclear in four studies.!¢1%21,28 Therefore, respira-
tory depression assessment in the IVS group may be incorrect due
to the assessor's subjective assessment and variation. In previous
systematic reviews, the number of adverse events was less common
in the IAA group than those in the IVS group (RR 0.15, 95% CI 0.07
to 0.32% OR 0.16, 95% Cl 0.06 to 0.43).* However, we did not per-
form a meta-analysis of all adverse events because the definitions
of adverse events differed between the included studies. Patients
sedated with IVS need to be monitored until they are awake for dis-
charge®?; IAA and PNB are good alternatives because these require
less manpower although all of the evidence in this review is low to
very low confidence.

From the safety and efficacy perspective, IAA may be a better
choice when the patient cooperates during shoulder dislocation re-
duction. In contrast, IVS is a good alternative for uncooperative pa-
tients, as sedation facilitates the procedure for the operators.

STRENGTHS

To the best of our knowledge, this is the first NMA to compare the
efficacy of sedation or analgesia methods for the reduction of an-
terior shoulder dislocation among IVS, IAA, and PNB. The strength
of this NMA is the indirect comparison between IAA and PNB since
there are no direct comparisons. Another strength is that we evalu-
ated confidence in the evidence from NMA using CINeMA, which
was described in the Cochrane Handbook.'>** Another strength of

PN Uy s dl
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this study is the inclusion of unpublished data. Other strengths of
this study are the inclusion of unpublished data and the sample size
calculation for future RCTs with direct comparisons between I1AA

and PNB. The total number of participants required was 118.

LIMITATIONS

The NMA has some limitations. First, the number of RCTs that met
the inclusion criteria was small, and the included RCTs were single-
center studies with small numbers of patients. Therefore, the confi-
dence for each relative treatment effect in NMA was very low, and
the results were uncertain. Second, no studies have directly com-
pared the IAA and PNB methods. RCTs with direct comparisons are
needed in the future. At least one ongoing RCT is being conducted
between the IAA and IVS methods® and two between the IVS and
PNB methods.?#3> In the future, updating the present systematic
review and meta-analysis will improve the amount of evidence avail-
able and thus our confidence in the estimates. Third, benzodiaz-
epines were used in most of the included studies as the IVS method
compared to that in the IAA method. Short-acting sedatives such
as propofol, etomidate, or propofol and ketamine (ketofol) were not
used as sedatives, which may not reflect the current practice.>® The
use of short-acting sedatives may shorten ED length of stay and re-
duce respiratory adverse events in the IVS group. Fourth, depth of
sedation was not included in many RCTs. For this reason, standardi-
zation by the depth of sedation and subgroup analysis could not be
performed. Fifth, the quality of the reduction techniques and physi-
cians varied among the studies and could not be standardized. Sixth,
the definitions of the outcome periods varied among the studies. In
particular, various outcome periods influence the ED length of stay
and the time required for reduction. Finally, these results apply to
patients with similar characteristics of the included studies because

most patients were young adults.

CONCLUSIONS

The results of our network meta-analysis indicated that three seda-
tion or analgesia methods (intravenous sedation, intraarticular anes-
thetic injection, and peripheral nerve block) might result in little to
no difference in the success rate of reduction and patient satisfac-
tion. Intraarticular anesthetic injection and peripheral nerve block
had no adverse respiratory events. No randomized controlled trials
compared the intraarticular anesthetic injection method with the
peripheral nerve block method; therefore, high-quality randomized
controlled trials are needed.
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Abstract

Background: Fluid treatment in sepsis is a challenge and clinical equipoise exists
regarding intravenous (IV) volumes. We aimed to determine whether a 24-h protocol
restricting IV fluid was feasible in adult patients with sepsis without shock presenting
to the emergency department (ED).

Methods: The REFACED Sepsis trial is an investigator-initiated, multicenter, rand-
omized, open-label, feasibility trial, assigning sepsis patients without shock to 24h
of restrictive, crystal IV fluid administration or standard care. In the IV fluid restric-
tion group fluid boluses were only permitted if predefined criteria for hypoperfusion
occurred. Standard care was at the discretion of the treating team. The primary outcome
was total IV crystalloid fluid volumes at 24 h after randomization. Secondary outcomes
included total fluid volumes, feasibility measures, and patient-centered outcomes.
Results: We included 123 patients (restrictive 61 patients and standard care 62 pa-
tients) in the primary analysis. A total of 32% (95% confidence interval [CI] 28%-37%)
of eligible patients meeting all inclusion criteria and no exclusion criteria were included.
At 24 h, the mean (+SD) IV crystalloid fluid volumes were 562 (+1076) ml versus 1370
(+1438) ml in the restrictive versus standard care group (mean difference -801 ml,
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INTRODUCTION

Sepsis is a global health burden, estimated to cause 11 million yearly
deaths. Even in survivors, sepsis can cause permanent organ dys-
function and impaired health-related quality of life."? Infections
are common in emergency department (ED) patients accounting for
up to one in four admissions, among these up to one in four with
sepsis.l'g"4

The treatment of sepsis includes intravenous (IV) antibiotics and
fluids, source control, and supportive care.’ The effect of IV fluids
in sepsis is debated; strict fluid restriction may lead to impaired cir-
culation and perfusion whereas liberal administration may lead to
fluid overload resulting in edema and capillary leakage, and both too
little and too much has been associated with organ dysfunction.®™*”
Although sepsis without hypotension is more common than sep-
sis associated hypotension and septic shock,® the Surviving Sepsis
Campaign (SSC) only gives recommendations for fluid treatment of
the latter conditions with a recommendation to give 30 ml/kg within
the first 3h.> However, the evidence supporting this recommenda-
tion is of low quality, the use of fluid varies, and better evidence has
been requested.*?18-23

Recent observational studies and interventional trials investigat-
ing fluid volumes in adult patients with primarily septic shock in the
intensive care unit (ICU) have shown either no difference or indi-
cated benefit with fluid restriction.”?* IV fluids given without clear

indication may be harmful.?’

Two ED-based trials from Africa in pa-
tients with sepsis and sepsis-associated hypotension found a higher
mortality rate among patients in the intervention group where pa-
tients received early, aggressive fluid therapy.z“”27 Whether these
results are generalizable to ED sepsis patients without shock is
unknown. Although trials are currently exploring fluid strategies in
patients with hypotension and septic shock,?~% there appear to be
no trials on fluid administration in patients with early sepsis without
shock or hypotension.

The aim of the Restrictive Fluid Administration vs. Standard
of Care in Emergency Department Sepsis Patients (REFACED
Sepsis) feasibility trial was to test if a restrictive IV fluid protocol
in ED patients with sepsis without shock is feasible and could
decrease the volume of IV fluids administered compared to stan-

dard care.

PN Uy s dl
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95% Cl -1257 to -345 ml, p = 0.001). Protocol violations occurred in 21 (34%) pa-
tients in the fluid-restrictive group. There were no differences between groups in
adverse events, use of mechanical ventilation or vasopressors, acute kidney failure,
length of stay, or mortality.

Conclusions: A protocol restricting IV crystalloid fluids in ED patients with sepsis re-
duced 24-h fluid volumes compared to standard care. A future trial powered toward

patient-centered outcomes appears feasible.

METHODS
Trial registration and protocol

The REFACED Sepsis trial was registered at the EU Clinical Trials
Register (EudraCT number 2021-000224-35 [May 3, 2021]) and at
ClinicalTrials.gov (identifier NCT05076435 [October 10, 2021]). The
trial protocol was approved by the Committee on Health Research
Ethics—Central Denmark Region (identifier 1-10-72-163-21 [June 28,
2021]). The protocol has previously been published31 and is provided
as a supplement to this paper. The trial was funded but the funding
agencies had no role in the design, conduct or interpretation of the
study, nor the decision to submit the manuscript for publication.

Trial design and setting

The REFACED Sepsis trial was an investigator-initiated, multicenter,
randomized, parallel-group, open-label, feasibility trial, assigning
patients with sepsis without shock to a 24-h restrictive fluid ad-
ministration protocol or standard care. Participants were recruited
in the EDs at Aarhus University Hospital, the Regional Hospital
Randers, and the Regional Hospital Viborg. The three EDs serve a
mixed rural-urban population of 0.9 million people and provide 24-h
emergency care to all adult acute patients except those transferred
directly to catheterization laboratories, cardiology wards and stroke
units, and women in labor. ED patients are either referred by a gen-
eral practitioner or brought in by ambulance after an emergency call.
In the three EDs, patient contacts vary between 15,000 and 63,000
per year. Emergency health care in Denmark is publicly funded.

Selection of participants

We included patients fulfilling all of the following inclusion criteria:
(1) unplanned ED admission; (2) age = 18years; (3) sepsis defined as
(a) infection suspected by the treating clinician, (b) blood cultures
drawn, (c) IV antibiotics administered or planned, and (d) an infection-
related increase in the SOFA score>2%2% and (4) expected hospital

stay >24h as deemed by the treating clinician. We excluded patients
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who fulfilled any of the following: (1) received =500ml of IV fluids,
(2) vasopressors or invasive ventilation started prior to screening, (3)
known or suspected severe bleeding judged by the treating clinician,
(4) known or suspected pregnancy, (5) prior enrollment in the trial, or
(6) patients who the clinician expected not to survive the next 24 h.
SOFA score was calculated automatically on the randomization web-
site when entering laboratory values during the randomization pro-
cess. A patient could be randomized as soon as the infection-related
SOFA score was 2, without awaiting all laboratory values to be
available for a total SOFA score at enrollment. All laboratory blood
tests for a total SOFA score calculation—except an arterial blood gas
analysis—were performed prior to enrollment, results were available
within a maximum of 2 h, and a total SOFA score was calculated based
on these post hoc. If an arterial blood gas analysis was not performed
the respiratory component of the SOFA score was assumed normal,
that is, giving O points. Known organ dysfunction was accounted for,
as described in SEPSIS-3.%2 If there was any uncertainty about the
impact of known organ dysfunction, this could be discussed with the
primary investigator around the clock per telephone. Regarding ex-
clusion criteria (1) and (2), we assumed that patients who had not
received 2500 ml of IV fluids and who had not received vasopressors
at the time of inclusion were not in septic shock.

According to Danish law, patients with acute illness can only be in-
cluded in a trial if all patients can provide written, informed consent or
if none of the patients can provide written, informed consent, a com-
bination is not possible. Since most sepsis patients are not able to pro-
vide informed consent, we only included patients who were unable to
provide written, informed consent. As such, patients who were fully
awake, oriented, and/or in no apparent distress were excluded.

Before enrollment, consent for inclusion was obtained from an
independent physician followed by consent from a next of kin and/
or the patient as soon as possible when they regained the capac-
ity to provide consent. More details are presented in the protocol
(Appendix S1).

Randomization

Eligible patients fulfilling all inclusion criteria and no exclusion crite-
ria were randomly assigned in a 1:1 ratio to one of the two interven-
tion groups. The randomization was stratified by site. Randomization
was performed using a centralized Web-based system according to
a computer-generated allocation sequence list with varying block
sizes (4, 6, or 8), stratified by site. The allocation sequence list and
block sizes were only known by the data manager at Trial Partner,

Aarhus University, who was not otherwise involved in the trial.

Intervention

Patients were assigned to either restrictive IV fluid administra-
tion or standard care for 24h. The assigned treatment protocol
was followed in the ED as well as wards or ICUs if the patient was

transferred within the 24-h period. The intervention protocol tar-
geted IV crystalloid fluid administration. An overview of the trial,
including the restrictive fluid algorithm, is provided in Figure 1.

In the restrictive fluid group, IV crystalloid fluids should not be
given unless one of the below mentioned hypoperfusion criteria
were met.

e Lactate concentration 24 mmoL/L (arterial or venous);

e Hypotension (systolic blood pressure <90 mmHg);

o Mottling beyond edge of kneecap (i.e., Mottling score>2)%,

e Severe oliguria, that is, diuresis <0.1ml/kg/h, during the first
4 h of admission.

If one or more of these criteria were met, a fluid bolus of 250 ml
of isotonic crystalloid (isotonic saline or Ringer's acetate/lactate)
could be administered per protocol. It was not a requirement that a
fluid bolus was administered.

The treating physician could at any time violate the protocol by
giving additional fluid if judged necessary. The physician had to state
the reason for violating the protocol.

IV fluids could be given as carrier for medications, but the vol-
ume should be reduced if possible. In case of documented overt fluid
loss (e.g., vomiting, large aspirates, diarrhea, drain losses, or ascites
drainage) IV fluid could be given to correct for the loss. In case the
oral/enteral route for water or electrolyte solutions was contrain-
dicated or failed as judged by the clinical team, IV fluids could be
given to correct significant electrolyte deficiencies or to ensure a
total fluid input of 1L per 24 h (counting all fluids including medica-
tions and nutrition). If a patient underwent surgery during the 24-h
inclusion period, they temporarily paused the protocol, but clinicians
were encouraged to continue restrictive fluid therapy, and all intra-
operative fluids were registered.

In the standard care group, fluids were administered by clini-
cians' choice. Aside from the fluid administration, all management of
the patient care was at the discretion of the treating team. In both
groups, patients were allowed to drink as much as desired or allowed
by the treating team. It was not possible to blind the intervention for
neither the treating team, patients, nor relatives.

Measurements

In both trial groups, oral and IV fluids were registered on a paper
case report form for 24h (Figures S1 and S2) from randomization
by the treating team with help from research assistants. Data were
obtained from the electronic medical record by the research team on
baseline characteristics, vital signs, blood tests, use of vasopressors,
mechanical ventilation and dialysis, in-hospital course, and death
and entered in an electronic case report form in REDCap.

Outcomes

The primary outcome was the total volume of 1V crystalloid flu-
ids administered during the first 24 h after randomization. The
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FIGURE 1 Treatment algorithms: .
s . Randomization
summary of trial interventions. /\
( N\

[ Standard care arm

Fluid-restrictive arm

A
Fluids by clinicians’ 4

choice

~

Restrictive fluid:

Evaluate
Lactate concentration =2 4 mmol/l

Systolic blood pressure <90 mmHg
Mottling beyond edge of kneecap
Diuresis < 0.1 ml kg™ hr! (first 4h)

- /

2 1 criteria
Consider giving 250 ml in 15 min

0 criteria
Do not give any fluids

Re-evaluate,
up to every 30 min or if change in
clinical status

Ensure input of 1 L in 24 h including
oral fluids and medication

Primary outcome:
24-hour intravenous, crystalloid fluids

Key secondary outcomes:

Feasibility measures (Major protocol violations, Screened vs included-ratio, Time-to-inclusion,

Lost-to-follow-up rate)

Accumulated serious adverse reactions and events (SAEs + SUSARs)
Total fluids (oral and intravenous) at 24 hours, Death: in-hospital, 30- and 90-days

secondary outcomes were feasibility measures (number of pa-
tients randomized vs. screened positive, i.e., with all inclusion
criteria fulfilled and no exclusion criteria fulfilled); time from ad-
mission to inclusion; number of patients with major protocol vio-
lations; number of patients with incomplete data on the primary
outcome (e.g., due to discharge or death within 24 h); serious ad-
verse reactions and events within 7 days; total fluid volume (oral,
IV, and combined) at 24 h; mechanical ventilation within 7 days;
vasopressor use within 7 days; development or worsening of acute
kidney failure according to the KDIGO3 criteria®* within 7 days of
randomization; hospital length of stay; and in-hospital, 30-day,
and 90-day mortality.

Sample size

The sample size calculation was based on data from an observa-
tional study conducted in the Central Denmark Region in which
sepsis patients meeting inclusion criteria for the current trial re-
ceived a mean (+SD) of 2670 (+1695) ml IV fluids in 24 h from ad-
mission.* We therefore estimated that the mean (+SD) total amount
of crystalloid IV fluid in the standard care group would be 2650
(+1700) ml. We considered a mean (+SD) difference of 1L to be

of clinical relevance and therefore estimated 1650 (+1700) ml in
the restrictive fluid group. Based on these estimates, an alpha of
5%, a power of 90%, and a two-sample t-test, a sample size of 124

patients was required.

Data analysis

All analyses were conducted in a modified intention-to-treat pop-
ulation defined as all randomized patients for whom consent to
use data was obtained. Baseline characteristics were compared
using descriptive statistics. We used linear regression to estimate
the mean difference in IV crystalloid fluid volume between the
allocated groups with adjustment for the stratification variable
site. As the data were not normally distributed, we performed an
additional post hoc analysis using median regression to estimate
the difference in medians.3> Other continuous variables were ana-
lyzed similarly. For binary outcomes, we used logistic regression
adjusted for site with differences between groups presented as
odds ratios (ORs). We used summary statistics for the feasibil-
ity measures. We performed all analyses using Stata version 17
(StataCorp LP) and considered p-values of <0.05 as statistically
significant.
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RESULTS
Characteristics of trial participants

From November 3, 2021, to December 18, 2021, we screened 2412
unique patients with suspected infection. Of these, 383 unique patients
met all inclusion criteria and no exclusion criteria, and 124 patients were
randomized (Figure 2, Table S1); 62 patients were assigned to the fluid
restriction group and 62 were allocated to the standard care group. One
patient in the restrictive group withdrew consent for the use of data; we
thus analyzed data from 123 patients (99%). One patient was inadvert-
ently included twice. Both admissions were included in the analyses.
Patient characteristics are presented in Table 1 and Table S1. Overall,
patients had a median (IQR) age of 76 (67-84) years and 58% were male.

Most patients had not received IV fluids before randomization (Table 1).

Feasibility measures

Feasibility measures are shown in Table 2. Overall, 32% (95%

Cl 28% to 37%) of patients meeting all inclusion criteria and no

exclusion criteria were included (Regional Hospital Viborg 43%,
Aarhus University Hospital 41%, and Regional Hospital Randers 17%
[Table S2]). Randomized patients and nonrandomized patients were
similar in characteristics at admission, but nonrandomized patients
more often presented with abdominal complaints whereas rand-
omized patients more of the had respiratory complaints (Table S3).
The median (IQR) time from ED admission to randomization was 140
(90-194) min. One patient died and five patients were discharged
within 24 h.

Fluid results

Fluid administration during the 24-h period in both groups is pre-
sented in Table 3, Figure 3, and Table S4 and S5. At 24h, the mean
(£SD) IV crystalloid volumes were 562 (+1076) mlvs. 1370 (+1438) ml
in the restrictive versus standard care group and the mean (95% Cl)
difference was =801 ml (-1257 to -345; p = 0.001, corresponding to
a relative decrease in fluid volume of 58%. The difference in medi-
ans was -1000ml (95% Cl -1392 to -607), using median regression.
Thirty-eight out of 61 (62%) patients in the restrictive group and 15

Suspected sepsis patients with a blood

culture drawn assessed for eligibility

(n = 2412 unique patients)

Excluded (n=2462)

1) Not meeting inclusion criteria (n= 2074)

2) Meeting 2 1 exclusion criteria (n=122)
e 2500 ml of fluids given prior to randomization

(n=88)

Invasively ventilated or vasopressors (n=11)

Known or suspected severe bleeding (n=10)

Known or suspected pregnancy (n=0)
Prior enrollment in the trial (n=2)
Patients, not expected to survive 24-hours (n=11)

3) Logistical reasons (n=247)
» Clinical decision by treating team (n=21)
e Technical issues (n=18)
¢ No resources or clinical team forgot (n=208)

[ Randomized (n=124)

] 4) Other (n=19)

e Fully competent patient not enrollable by Danish

[ Allocation ]

law (n=19)

Standard care arm (n = 62)
¢ Received allocated intervention (n= 62) .

Fluid-restrictive arm (n = 62)
Received allocated intervention (n= 61)

¢ Consent withdrawn (n=1)

[ Analysis ]

Standard care arm (n = 62)
¢ Excluded from analyses (n= 0) .

Fluid-restrictive arm (n = 61)
Excluded from analyses (n= 0)

FIGURE 2 Screening, randomization, and follow-up in the REFACED Sepsis feasibility trial. REFACED Sepsis, Restrictive Fluid
Administration vs. Standard of Care in Emergency Department Sepsis Patients.



JESSEN ET AL.

ATLTNANA 1177

TABLE 1 Baseline characteristics according to group allocation

Restrictive fluids Standard care

Variable (n=61) (n=62)
Age (years) 75 (67-85) 76 (68-83)
Male sex 37 (61) 34 (55)
Weight (kg) 75 (64-92) 77 (69-90)
Prior history of comorbidities
Kidney failure® 5(8) 9 (15)
Diabetes” 11(18) 9 (15)
Heart failure® 9 (15) 13 (21)
DNI/DNAR? 29 (48) 18 (29)

Vital signs at randomization

Systolic blood pressure 130 (107-144) 137 (126-147)

(mmHg)
Diastolic blood pressure 72 (62-79) 71 (62-83)
(mm Hg)
Mean arterial pressure 88 (81-101) 94 (85-103)
(mmHg)
Respiratory rate (breaths/ 24 (20-28) 23 (20-28)
min)
Oxygen saturation (%) 94 (91-96) 96 (93-97)
Heart rate (beats/min) 97 (80-115) 96 (88-110)
Temperature (°C) 38.1(37.5-38.8) 38.6 (37.9-39.3)
GCS score 15 (15-15) 15 (15-15)
Blood tests before
randomization
Creatinine (pmol/L) 93 (65-136) 91 (65-132)
Platelet count (x10%/L) 247 (179-299) 230 (157-323)
Bilirubin (umol/L) 11 (7-21) 12 (8-18)
Leukocytes (x10%/L) 14.2 (10.7-17.4) 13.5(9.6:17.9)
C-reactive protein (mg/L) 117 (47-194) 125 (55-235)
Lactate (mmol/L) 1.2(1.0-1.8) 1.4(1.0-2.1)
Total SOFA score at 3(2-3) 3(2-3)
randomization®
Suspected infectious source
Respiratory [n with 45 (74) [4] 43 (69) [3]
COVID-19]
Urinary 9 (15) 12 (19)
Skin/soft tissue 3(5) 1(2)
Abdominal 3(5) 5(8)
Other/unknown 3(5) 4 (6)
Time to IV antibiotics from 2.8(1.6-3.9) 2.9(1.6-3.9)
admission (h)
1V fluids given prior to 0[0-200] 0[0-100]

randomization (ml)

Note: All data are presented as median (IQR) or n (%) unless otherwise
stated.Abbreviations: DNI/DNAR, do not intubate or do not attempt
resuscitation orders; GCS, Glasgow Coma Scale.

2Renal failure defined according to KDIGO criteria (see supplemental
material).

PDiabetes requiring chronic oral or injection treatment.

“Heart failure with history of ejection fraction <40%.

9DNI and/or DNAR documented prior to or within 6h of admission.
€For SOFA subscores, see Table S1.

fSome patients had more than one infectious source, why the total sum
is >100%.
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of 62 (24%) patients in the standard care group received no IV crys-
talloid fluids in the first 24 h (Figure 3, Table S4). The mean (+SD) of
combined oral and IV fluids in the first 24 h was 2881 (+1295) ml in
the restrictive group versus 3720 (+1623) ml in the standard care
group with a mean difference of -840ml (95% Cl -1364 to -317,
p = 0.002). Further details of fluid administration, type of fluid, and
time intervals are shown in Table 2, Figure 3, Tables S3-S6, and
Figures S4-S7.

In the restrictive fluid group, hypotension was the most fre-
quently used hypoperfusion criterion for administering fluids per
protocol. Twenty-one of 61 patients had fluid administered despite
no criteria fulfilled, that is, had a protocol violation. High or rising
creatinine/impaired renal function was the most frequently used
specific reason for giving IV fluids outside the protocol (Table 4).
One patient (standard care group) underwent surgery and had the
fluid resuscitation protocol temporarily suspended during surgery in
accordance with the protocol and had a total 2750 ml of 1V fluid and
medication administered during surgery, included in total volumes

but not in IV crystalloid fluid volumes.

Secondary outcomes

There were no significant differences between groups in use of me-
chanical ventilation or vasopressors or new-onset acute kidney fail-
ure at 7days, nor in-hospital length of stay or in-hospital, 30-day, or
90-day mortality (Table 5).

Adverse events

There were 17 (28%) and 18 (29%) patients experiencing any of
the predefined adverse events or reactions in the restrictive and
standard care groups, respectively, with acute myocardial infarction,
death, new-onset acute kidney injury, and hypervolemia accounting
for all events (Table 2 and Tables S7 and S8).

DISCUSSION

We conducted a randomized, multicenter trial to examine the fea-
sibility of restricting 24-h 1V, crystalloid fluid volumes in sepsis
patients without shock in three EDs. The restrictive protocol signifi-
cantly reduced 24-h IV fluid volumes and total fluid volumes.

Despite a low randomized-to-screened ratio, we included 124
patients within 6 weeks at three sites. Although randomization re-
quired drawing of blood cultures and results from laboratory values
prior to randomization, patients were randomized within a median
of 140min of arrival to the ED and most patients did not receive IV
fluids prior to randomization. Based on these feasibility measures,
we consider a larger trial feasible.

Fluid volumes in the current trial were lower than those in our

previous cohort study.* In our sample size estimation, we assumed
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Screened eligible/included
ratio (%)

Time from ED admission to
inclusion (min)

Mean (+SD)
Median (IQR)
Patients with incomplete
data on primary outcome

Reasons for lost to
follow-up within 24 h

Patients with protocol
violations

Patients who received no
crystalloid fluid within
24 h of enrollment

Accumulated adverse
reactions and events
within 7 days

Restrictive fluids
(n = 61)

149 (+76)
140 (90-197)
2(3)

1 discharge
1 death

21 (34)°

38(62)

17

3 deaths,

1 myocardial
infarction,

4 hypervolemia,

9 acute kidney
injury

Standard care
(n=62)

161 (+106)
139 (92-179)
4(7)

4 discharges

15 (24)

18

1 death,

1 heart failure,

2 myocardial
infarctions,

4 hypervolemia,

10 acute kidney

injury

TABLE 2 Feasibility measures and
secondary effect parameters stratified by

Overall (n = 123) .
group allocation

124/383 = 32%
(95% ClI
28%-37%)?

155 (+92)
140 (90-194)
6 (5)

5 discharges
1 death

53(43)

35

Note: All data are presented as n (%) unless otherwise stated.
For site-specific screening/included ratio and explanations, see Table S2.

BIV fluids given if none of the following was true: (a) one or more hypoperfusion criteria fulfilled;
(b) to correct documented fluid loss; (c) to correct significant electrolyte deficiencies; (d) fluid
administered as carrier for medication (e.g., antibiotics); (e) ensure a total fluid input of 1L per 24h

(for the specific reasons, see Table S6).

that the total mean (+SD) amount of |V fluid in the standard care
group would be 2650 (+1700) ml as it was for similar patients in our
descriptive study.**® However, the standard care group only re-
ceived 2067 (+1655) ml total IV fluids in the present trial. This may
represent the Hawthorne effect and/or a change in current practice
toward more restrictive fluid administration in general. However,
there is limited evidence on patient-centered outcomes to support
this change of practice yet.28’30'37'38 On the other hand, patients in
the REFACED Sepsis trial received approximately 300ml more oral
fluids than in our previous descriptive study (1650ml compared to
1319 ml), and in general patients had a large proportion of the total
24-h fluids through the enteral route.

The trial protocol was, in line with recent trials, 2?3839

able to
substantially reduce IV fluid volumes. Although the mean difference
(801 ml) was slightly lower than the estimate used in our sample size
calculation (1000ml), the median difference was 1000ml, and the
relative reduction was large (58%). Given the relative low volume
of fluid in the control group, we consider a separation of 801 ml
satisfactory and the protocol successful. In ED patients with sepsis-
associated hypotension, the REFRESH trial reduced 24-h fluids from
4250 to 3543 ml in the restrictive group, with a relative reduction of
30%. Although the absolute reduction in fluid volume administered

were similar between this and the current trial, we almost doubled
the relative fluid volume reduction in REFACED Sepsis (58%). The
58% reduction is more in line with the RIFTS pilot trial, where ICU
patients with sepsis or septic shock received 665+1119ml in the
restrictive group and 1251+ 1588ml in the usual care group with a
mean difference of 586 (62-1109) ml in the first 24 h postrandomiza-
tion and a relative reduction of 47%>8 and the ICU-based CLASSIC
septic shock feasibility trial, although the intervention in CLASSIC
lasted forup to 5 days.39 However, in all the above-mentioned trials,
patients received large fluid volumes prior to randomization in oppo-
sition to this current trial resulting in total fluids exceeding our totals
but all three trials were also conducted in more severely ill patients.
The REFACED Sepsis, REFRESH, and CLASSIC trials use patient spe-
cific hypoperfusion criteria for administering fluid in contrary to a
“one-size-fits-all” strategy for example with a fixed fluid volume for
all patients.??%?

The REFACED Sepsis study and its use of hypoperfusion crite-
ria was inspired by the CLASSIC trials.?®%? The four hypoperfusion
criteria were chosen to represent central (systolic blood pressure),
general (lactate), peripheral (mottling), and renal (oliguria) circulation
and perfusion status. The cutoff value of lactate was chosen based
on the former SSC guideline (2016),*° and their 1-h bundle*! and
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TABLE 3 Fluid volumes in the first 24 h stratified by group allocation
p-value
Restrictive Standard care Mean difference (95% Cl) or for mean
fluids (n = 61) (n=62) difference in medians [95% CI]? difference
Primary outcome
24-h |V crystalloid fluid volumes (ml)
Mean (+SD) 562 (+1076) 1370 (+1438) -801 (-1257 to -345) 0.001
Median [IQR] 0[0-600] 1000 [80-2000] -1000 [-1392 to -607]*
24-h IV crystalloid fluid volumes per kg
bodyweight (ml/kg)
Mean (+£SD) 9 (+16) 17 (+19) -9 (-15to -2) 0.007
Median [IQR] 0[0-11] 12.5[1-26]
Secondary outcomes
24-h oral and |V fluid volumes (ml)
Mean (SD) 2881 (1295) 3720 (1623) -840 (-1364 to -317) 0.002
Median [IQR] 2820 3498 [2800-4450]  -660[-1116 to -204]*
[1900-3500]
24-h oral and IV fluid volumes per kg
bodyweight (ml/kg)
Mean (+SD) 38 (+20) 48 (+22) -9 (-17 to -2) 0.18
Median [IQR] 36 [22-49] 45 [32-56]
24-h other IV fluids® (ml)
Mean (+SD) 667 (£500) 697 (£705) -35(-252 to 182) 0.75
Median [IQR] 500 [400-800] 416 [300-800]
24-h total IV fluid volume (ml)
Mean (+SD) 1229 (+1292) 2067 (+1678) -837 (1374 to -298) 0.003
Median [IQR] 792 [400-1400] 1625 [1200-2650]
24-h total oral fluid volume (ml)
Mean (SD) 1651 (888) 1653 (816) -4 (-310; 302) 0.98
Median [IQR] 1750 1600 [950-2150]

[1100-2225]

Note: This table shows fluid volumes in the restrictive fluid group and in the standard care group. Mean differences and differences in medians as
well as p-values are derived from the regression analyses. All mean and median differences are estimated with the standard care group as reference.

2Adjusted for site. Median regression was only performed for the predefined primary and secondary outcomes.

Other IV fluids accounts for dissolved IV administered medication, glucose, plasma, albumin, blood, etc. (for further information, see Table S5).

dataindicating that the marked increase in mortality occur at lactate
values >4 mmoL/L.*>*3 The mottling trigger was based on mottling
scoreof 22 as described by Ait-Oufella et al.®% and validated in a pre-
hospital setting.44 Recently, some trials have used capillary refill time

4346 \which could have been used

as a marker of peripheral perfusion,
instead of mottling but it was chosen to align with the CLASSIC cri-
teria. Severe oliguria was defined as urine output <0.1ml/kg/h and
the criterion was only to be used within the first 4h of admission. In
the REFACED Sepsis trial, a total of 29 boli of 250 ml crystalloid were
given per protocol in the 61 patients in the restrictive fluid group
(Table 4). The protocol was violated (i.e., giving fluids although no
hypoperfusion criteria were fulfilled) in 35% in the fluid restrictive
group and 24% did not receive 1V, crystalloid fluids in 24h in the
standard care group, in comparison to 45% and 30%, respectively, in
the CLASSIC feasibility trial.>” Overall, the fact, that 38/61 (62%) pa-
tients in the restrictive group did not receive crystalloid fluids unless

as carrier for medication, to correct electrolytes or to replace fluid
loss, shows that clinicians are able to restrict fluids in a large propor-
tion of sepsis patients.

Interestingly, the most frequently used specific reason for giv-
ing IV fluids outside the protocol in the fluid-restrictive group was
high or rising creatinine/impaired renal function. This may be due
to a general perception that a low degree of prerenal kidney fail-
ure should be treated with fluids. However, the evidence for this to
our knowledge is limited, and descriptive studies show improvement
with less fluids.*’~>°

The strengths of our trial include the multicenter inclusion, re-
cruitment in both university and regional hospitals, and a short
inclusion period. The fast inclusion and completion of the trial un-
derlines the importance of the trial; sepsis patients account for a
large proportion of ED patients. We believe, this patient population
(i.e., older, high do not intubate/do not attempt resuscitation [DNI/



RESTRICTIVE FLUIDS VERSUS STANDARD CARE IN ADULTS WITH SEPSIS IN THE EMERGENCY

1180 | ALCNANA DEPARTMENT ( REFACED ): A MULTICENTER, RANDOMIZED FEASIBILITY TRIAL

4 VALYV L

‘Academic Emergency Medicine

FIGURE 3 Distributions of 24-h IV
crystalloid fluids by group allocation.

24-hour intravenous, crystalloid fluids
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TABLE 4 Reasons for fluid administration and protocol violations in the restrictive fluid group

Number of patients with bolus/boli given for
the fluid indication, N/total (%)

Number of 250ml crystalloid boli

Description of fluid indication given for the fluid indication, n

Hypoperfusion criteria

Lactate concentration >4 mmol/L? 2/61 (3.3%) 2
Hypotension (sBP<90mmHg) 9/61(14.8%) 24
Mottling beyond edge of kneecap® 1/61 (1.6%) 1
Severe oliguria, i.e., diuresis <0.1ml/kg/h® 2/61 (3.3%) 2

Other allowed reasons for fluid administration

Correct significant electrolyte deficiencies 3/61 (4.9%)

Replace fluid loss 0
Ensure a total fluid input of 1L per 24 hd 0
Protocol violations
Improve circulation or low blood pressure (but sBP 5/61 (8.2%) 9
>90mmHg)
High or rising creatinine or impaired kidney function 7/61 (11.5%) 12
Dehydration indicated by treating physician 6/61 (9.8%) 9
Other reasons or administration by mistake® 12/61 (19.7%) 16

Abbreviation: sBP, systolic blood pressure.

Lactate measurement from an arterial or venous blood gas/blood sample.
PMottling score > 2 as described by Ait-Oufella et al.*®

Criteria only possible to use within first 4 h after randomization.

9Total fluid input included oral fluids and fluids given with medication.

€Other reasons included administering more fluid than allowed by study protocol, sparse urine output >4 h from randomization, administration of
fluid by mistake outside of protocol.

DNAR] rate, unable to consent) represents a very important patient sicker but still without septic shock at arrival, that is, including more

group in the ED, which have traditionally not been included in clinical
trials. We consider the inclusion of this patient population a strength
as it increases the generalizability of the results.

There are some important considerations for a possible future
large-scale trial. It could be of interest to include patients slightly

patients with low blood pressure. Since these patients often rapidly
have fluids administered prehospital or in hospital and thereby fulfill
the exclusion criteria of receiving >500ml before they could possi-
bly have been included, it would require even closer contact to the
prehospital services and first-line in-hospital treating team to limit IV
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TABLE 5 Secondary outcomes stratified by group allocation.
p-value for

Restrictive fluids

Standard Care

Effect estimate®

Mean difference (95% Cl) and

effect estimate

Variable (n = 61) (n=62) median difference [95% CI]°
In-hospital length of stay (days)
Mean (SD) 7.5(4.9) 6.2 (5.9) 1.2(-0.8;3.1) 0.24¢
Median [IQR] 5.9 [4.0; 10.0] 4.9 [3.0;7.3] 0.8[-0.7; 2.4]
Odds ratio (95% Cl)
Mechanical ventilation within 7 days 2(3.3%) 2(3.2%) 1.01(0.14-7.43) 0.99
Vasopressors within 7 days 2 (3.3%) 4 (6.5%) 0.49 (0.09-2.79) 0.42
New onset or worsening acute 9 (14.8%) 10 (16.1%) 0.90(0.34-2.39) 0.83
kidney failure within 7 days®
Mortality, in-hospital 7 (11.5%) 6(9.7%) 1.19 (0.37-3.83) 0.80
Mortality, 30days 9 (14.8%) 10 (16.1%) 0.82(0.34-2.39) 0.83
Mortality, 90 days® 12 (19.7%) 15 (25.0%) 0.73(0.31-1.74) 0.48

Note: All data are reported as numbers (%) if not otherwise stated.

Abbreviations: Cl, confidence interval; IQR, interquartile range; SD, standard deviation.

2All analyses of effect are adjusted for site.
®Median regression adjusted for site.
°p value for mean difference.

dAny development or worsening of acute kidney injury, defined as the KDIGO®* creatinine score >0 compared to at randomization.

“Two patients withdrew consent to obtain 90-day mortality status, both from the standard care group.

fluid administration prior to and at arrival and thereby increase the
chance of randomizing the patient. This may be appropriate since
the evidence is still very sparse both prehospital and in hospital.
Including the sickest sepsis patients, but still without shock, would
probably increase the chance of finding a difference in outcomes
between treatment arms. Also, it would increase inclusion rates and
the generalizability to include more patients with abdominal infec-
tions. To ensure an even greater separation between the groups,
even stricter criteria for fluid administration in the restrictive fluid
group should be ensured, maybe focusing even more on changing
from IV to oral fluid administration in this group. Also, the interven-
tion period could be extended.

We found a high prevalence of DNI/DNAR orders within the
sepsis population in the REFACED Sepsis trial, and the population
was in general older with a median age of 76 years and a high mortal-
ity (30-day mortality of 15%) in comparison to other sepsis studies,
but similar to our descriptive study leading up to this study.*2?%3851
If an effect of fluid restriction on patient-centered outcomes, for
example, mortality or days alive at home, will be found in a future
large-scale trial, there is a potential of improving outcomes for a
large patient group with significant mortality and high burden on
health care systems.

LIMITATIONS

The trial was designed to show differences in IV fluid volumes
and the sample size was therefore inadequate to assess clinical

outcomes such as mortality. We did not prespecify any bench-
marks for feasibility. It was not possible to blind the allocated
intervention for neither patients, the treating team, nor investiga-
tors, which may have affected the results and potentially caused
fluid in the standard care group to be quite restrictive in compari-
son to our previous cohort study.* Since patients were excluded
if more than 500ml of IV fluids had been administered prior to
randomization, we may have missed patients presenting with more
severe illness prehospitally or at ED admission. Also, patients who
fulfilled all inclusion criteria later in their ED course may have been
missed. Both above-mentioned limitations could affect the gener-
alizability or the results.

The proportion of elderly patients, and patients with DNI/DNAR
orders was high in the REFACED Sepsis trial, resulting in a high mor-
tality rate compared to other sepsis studies, although it was similar
to the ones found in a cohort study conducted at two of the sites in
REFACED Sepsis.* Also, the fact that 19 patients were not included
since they were actually able to provide consent and there for not
includable due to Danish regulations may have caused inclusion of
sicker patients. The trial was conducted during autumn and winter
season, during the COVID-19-pandemic, which likely resulted in in-
clusion of more patients with respiratory symptoms. At two sites,
patients with a high risk of surgery within the 24 h were not enrolled
(described in supplemental material), resulting in few patients with
abdominal symptoms in comparison to other trials in sepsis and fluids
affecting the generaIizability.29'38’39 These local conditions, as well
as challenges related to COVID-19, contributed to a low included-to-
screened positive ratio. To keep the in-hospital patient flow, multiple
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departments and clinical personnel were involved in this trial at the
three hospitals causing organizational challenges and obstacles, and
thus presence of investigators, research nurses, and assistants was
necessary. No differences in adverse events were seen in the two
groups; however, the study was not powered to show certain differ-
ences in these.

CONCLUSIONS

The results indicate that it is feasible to protocolize and restrict 24-h
intravenous fluid volumes in sepsis patients without shock in EDs.
The mean difference (801 ml) was slightly lower than the estimate
used in our sample size calculation (1000 ml), but the median differ-
ence was 1000 ml, and the relative reduction was large. A large-scale
trial to investigate the effect of restrictive fluids on patient-centered
outcomes appears feasible; however, modifications to the protocol
may increase the separation in intravenous fluid volumes between

the two intervention groups.
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Methods: In this prospective, multicenter study of newly confirmed PE patients, early
echocardiography and initial ECG were examined. Initial ECG patterns included lead-
specific ST-segment elevation (STE) or depression (STD), T-wave inversion (TWI),
supraventricular tachycardia (SVT), sinus tachycardia, and right bundle branch block
as complete (cRBBB) or incomplete (iRBBB). We defined CD as respiratory failure,

hypotension, dysrhythmia, cardiac arrest, escalated PE intervention, or death within
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5days. We calculated odds ratios (ORs) for CD and abnIRV with univariate and full
multivariate models in the presence of other variables.

Results: Of 1676 patients, 1629 (97.2%) had both ECG and GDE; 415/1676 (24.7%)
had CD, and 529/1629 (32.4%) had abnIRV. AbnIRV had an OR for CD of 4.25 (3.35,
5.38). By univariable analysis, the absence of abnormal ECG patterns had OR for CD
and abnIRV of 0.34 (0.26, 0.44; p<0.001) and 0.24 (0.18, 0.31; p<0.001), respec-
tively. By multivariable analyses, one ECG pattern had a significant OR for CD: SVT
2.87 (1.66, 5.00). Significant ORS for abnIRV were: TWI V,_, 4.0 (2.64, 6.12), iRBBB
2.63(1.59,4.38),STE aVR 2.42 (1.58, 3.74), S1-Q3-T3 2.42 (1.70, 3.47), and sinus tach-
ycardia 1.68 (1.14, 2.49).

Conclusions: SVT was an independent predictor of CD. TWI V,_,, iRBBB, STE aVR,
sinus tachycardia, and S1-Q3-T3 were independent predictors of abnIRV. Finding one
or more of these ECG patterns may increase considerations for performance of echo-

cardiography to look for RV abnormalities and, if present, inform concerns for early

clinical deterioration.

INTRODUCTION

The electrocardiogram (ECG) is one of the first tests performed
in the emergency department (ED) on patients with symptoms of
chest discomfort or dyspnea. Abnormal ECG findings can be found
in cardiopulmonary conditions outside of acute coronary syndrome.
Although no specific ECG pattern is diagnostic of acute PE, abrupt
pulmonary arterial occlusion may provoke abnormalities of the right
ventricle (RV) due to increased pressure, dilatation, or myocardial
injury. Abnormal ECG patterns may also occur due to left ventricu-
lar (LV) ischemia from combinations of hypoxia or hypotension (de-
creased oxygen supply) and due to tachycardia (increased oxygen
demand). Abnormal ECG patterns associated with RV abnormality
(abnlRV) in PE include rightward axis shifts, repolarization abnormal-
ities, ST-segment myocardial injury patterns, conduction delays, and
rhythm disturbances.'?

There is a lack of agreement in the literature on ECG changes in
PE and their relation to abnlRV, and one study found no relation-
ship whatsoever.? Prior research in this area has been limited due to
retrospective analyses, heterogeneous cohorts of PE patients, small
sample sizes, and ECGs not immediately performed at time of PE
presentation.**? Few reports involve immediate and contempora-
neous evaluations of ECG and echocardiography at PE presentation.
Still fewer focus on clinical outcomes that require hospital-based
monitoring or support.

The primary objective of this study was to prospectively deter-
mine differences in proportions of predefined ECG patterns between
ED patients with PE who experience early clinical deterioration and
those who do not. The null hypothesis was there is no difference in
proportions of ECG patterns between these two groups of patients.
Our secondary objective was to determine the proportions of specific

ECG patterns in PE patients with and without abnIRV by goal-directed

echocardiography (GDE). The secondary null hypothesis was there is
no difference in the proportions of ECG patterns between those with
and without abnIRV. For exploratory objectives, we evaluated (1) the
association of mean number of ECG patterns with classifications by
PE triaging strategies, and (2) the association of specific ECG patterns
with abnormal heart features (LV dysfunction, abnIRV by computed
tomography [CT], and elevated biomarkers).

METHODS
Study design and setting

This study was a preplanned analysis from a previously reported reg-
istry database of ED patients with confirmed acute PE (clinicaltrials.
gov NCT02883491 and NCT03915925).2% All components of this
registry were collected at six urban, academic EDs with emergency
medicine residency and advanced emergency ultrasound fellowship
programs. A central institutional review board (IRB) approved this

federally funded multi-site study.

Study population

Adult ED patients (18 years or older) with image confirmed acute PE
diagnosed within 12 hours of ED presentation were eligible for en-
rollment. PE was confirmed by the presence of filling defects in the
pulmonary arteries with contrast-enhanced chest CT or detection of
high probability on nuclear ventilation perfusion scan. We excluded
patients who refused consent for clinical follow-up and those who
had a ventricular paced rhythm or poor quality ECG tracings that
were considered uninterpretable.
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Study protocol

As previously reported, the primary goal of the PE registry was
to include early imaging, ECGs, and cardiac biomarkers of ED pa-
tients with confirmed PE in the database and determine their as-
sociation with clinical deterioration.!® Research associates at each
study site maintain awareness of all ED patients with positive PE
studies. In addition, physicians caring for these patients routinely
notified the research team and performed GDE. Clinical charac-
teristics and demographic information were collected on each pa-
tient. ECGs were performed during the index PE ED visit as part
of routine care. Emergency physicians performed GDE during the
index PE ED visit, which was subsequently interpreted by faculty
of the emergency ultrasound program. ECG and echocardiography
were performed independently of each other. The clinical course
of patients was monitored by thorough review of the electronic
medical record (EMR) or direct communication with inpatient
health care providers.

The 12-lead ECG was completed during the ED management
phase. ECGs were performed at the discretion of the treating
health care team in response to the patient's symptoms, clinical
course, or PE diagnosis. Site investigators interpreted the 12-lead
ECGs using predefined criteria discussed in pre-enrollment training
modules. The 12-lead ECG was evaluated for each of the following
previously reported patterns in PE: sinus tachycardia (2100 beats
per minute); incomplete right bundle branch block (iRBBB) if QRS
complex 20.10 and <0.12 seconds and complete right bundle
branch block (cRBBB) if QRS complex width 20.12 seconds; compi-
lation of S wave in lead |, Q wave in lead Ill, and T wave inversion
(TWI)in lead Ill, referred to as S1-Q3-T3 (the McGinne-White sign);
TWiIs in precordial leads V,_,; TWI in leads II, lll, and aVF; supra-
ventricular tachycardia (SVT; including atrioventricular [AV] nodal
reentry tachycardia, AV reentrant tachycardia, atrial tachycardia
[unifocal or multifocal], junctional tachycardia, sinus nodal reentry
tachycardia, atrial fibrillation, and atrial flutter); ST-segment de-
pressions (STDs) in V,_; ST-segment elevation (STE) in lead aVR,
left bundle branch block (LBBB); and LV hypertrophy (LVH) with
associated TWI.2*>8 The ECG was considered positive for abnor-
mal patterns if one or more of the above patterns were present.
A TWI wave was defined as a negative deflection of the T wave
greater than 0.5 mV below the T-P segment, which represents the
isoelectric line (except in aVR or coexisting RBBB). TWI or STE as-
sociated with LBBB or RBBB patterns were considered normal. We
used predefined criteria and guidelines. STE was determined 1 mm
above the J point relative to the TP segment in the absence of early
repolarization signs, LVH, or LBBB. ST depression was determined
>0.5mm below the J point relative to the TP segment. TWI or STE
in precordial leads associated with LBBB or RBBB patterns were
not considered independent ECG abnormalities for this study. In
addition, we reported the total number of mutually exclusive ab-
normal ECG patterns in the patient's initial ECG as a discrete pre-

dictor variable.
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Key outcome measures

The primary outcome was the incidence of one or more discrete clin-
ical deterioration events that were considered PE-related complica-
tions, including death. Clinical deterioration included any episode
that required hospital-based monitoring or hospital-based support
or intervention. As previously reported, clinical deterioration end-
points included respiratory failure, cardiac arrest, new dysrhythmia,
sustained hypotension requiring intravenous volume expansion or
adrenergic medication, and escalated PE interventions.

In this prospective study, each site had institutional guidelines
on PE management. We defined respiratory failure as respiratory
distress associated with emergent or unplanned mechanical ven-
tilation (intubation, non-invasive positive pressure ventilation, or
cricothyrotomy). We defined cardiac arrest as new episodes of un-
stable cardiac rhythm or absent electrical activity with advanced
cardiac life support for asystole, pulseless electrical activity, ven-
tricular fibrillation, or unstable ventricular tachycardia. We de-
fined new dysrhythmia as the onset of atrial fibrillation with rapid
ventricular response, atrial flutter, SVT, stable ventricular tachy-
cardia, or bradycardia that was not present at the ED presenta-
tion. We defined sustained hypotension as systolic blood pressure
<90mmHg (or >40mm Hg decrease from baseline) or shock index
greater than 1.0 for >15 minutes with administration of >499 ml of
intravenous fluids bolus for volume expansion or an infusion of nor-
epinephrine, dopamine, or epinephrine. Escalated PE interventions
included reperfusion interventions (systemic or catheter-directed
thrombolysis, mechanical catheter directed aspiration, and surgical
thrombectomy) and extracorporeal membrane oxygenation inter-
ventions.'® Clinical deterioration episodes were considered as sin-
gle discrete episodes if separated by 12hours or more. Individual
patients could have more than one episode of clinical deterioration
within the 5-day window. We followed patients via electronic med-
ical record review during the hospital stay and up to 30days later,
as previously published.*®

The secondary outcome was the presence of abnlRV as deter-
mined by GDE. GDE was performed during the ED visit by emer-
gency medicine physicians trained in GDE image acquisition and
subsequently interpreted by site investigators (advanced emergency
ultrasound fellowship directors). As previously reported, abnlRV
included the presence of one or more of the following echocardi-
ography findings: severe RV dilatation detected as qualitative as-
sessment of RV:LV ratio 21:0 and RV apex blunting in two or more
views; severe RV systolic dysfunction as qualitatively estimated by
diminished longitudinal contraction of the RV (estimated tricuspid
annular plane systolic excursion [TAPSE] < 1.0cm in subcostal or api-
cal four-chamber views); and flattening or leftward bowing of the

interventricular septum.’®* (

Rationale for using TAPSE <1.0cm
as cut-off: The American Society of Echocardiography provides
a normal reference range for RV measurements but no stratified
classification for mild, moderate, or severe RV dilatation or sys-

tolic dysfunction.>*” In previous reports, using TAPSE <1.0cm to
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estimate severe RV systolic dysfunction had strong agreement with
comprehensive echocardiography and strong inter- and intra-rater
agreement.)

Site investigators (advanced emergency ultrasound fellowship
directors) reviewed and interpreted the images according to in-
terpretation guidelines discussed in training modules before the
start of the study. GDE for abnIRV in PE was scored on a 0-3 scale,
where 0 = no severe RV dilatation, 1 = severe RV dilatation only,
2 = severe RV dilatation with either septal deviation or severe
RV systolic dysfunction, and 3 = severe RV dilatation with both
septal deviation and severe RV systolic dysfunction. The presence
of abnIRV was defined by a score of 1, 2, or 3. The frequency of
ECG patterns was compared to abnlRV responses as an ordinal
variable (determined by the GDE severity score). As previously
reported in the main manuscript from the PE registry database,
the ordinal scale showed increased odds of clinical deteriora-
tion as scores increased.’® The GDE scale showed high intra- and
inter-rater agreement and accuracy compared to comprehensive
echocardiography.'**®

We compared the mean number of ECG patterns between
assigned risk groups within a PE triaging strategy. We stratified
each PE triaging strategy into low-risk and not low-risk groups. We
used three PE triaging strategies: simplified pulmonary embolism
severity index (sPESI), modified European Society of Cardiology
(ESC), and the pulmonary embolism short-term clinical outcomes
estimator (PE-SCORE).'®1%2° The sPESI was dichotomized as low-
risk (O points) versus not low-risk (>0 points). ESC was dichoto-
mized as low-risk versus not low-risk. Low-risk ESC was defined as
sPESI = 0 points and being without abnormal cardiac biomarkers
or abnormal RV by CT or echocardiography. Not low-risk PE in-
volves abnormal vital signs, RV abnormality by cardiac biomarkers,
or abnormal RV by imaging (CT or echocardiography). PE-SCORE,
which has a scale of 0 to 10 total points, was stratified as low-
risk (O points), intermediate-risk (1 to 4 points), and high-risk (>4
points) groups.

We compared proportions of the specific ECG patterns to the
following abnormal heart features: abnormal LV systolic function
(<30%), RV abnormality as measured by CT RV:LV ratio 1.0, and
elevated cardiac biomarkers (definitions follow). As a surrogate of
myocardial stretch, brain natriuretic peptide (BNP) elevation was
defined by BNP 290pg/ml or N-terminal BNP 2500 pg/ml. We used
elevated troponin levels as a surrogate of myocardial injury. Toward
the last quarter of the enrollment phase, the central site had an
institution-wide change from troponin | to high sensitivity troponin.
As previously reported in the first manuscript of the PE registry, at
each participating institution, an elevated troponin | was defined as
20.07 ng/ml (99% upper reference limit 20.028 ng/ml). An elevated
high sensitivity troponin was defined as 220pg/ml for males and
12 pg/ml for females (99% upper reference limit range between 24
and 30pg/ml). We used i-STAT BNP test cartridge measured in pg/
mL and i-STAT cardiac troponin test cartridge measured in pg/ml
(both from Abbott Point of Care, Abbott Park, IL) for troponin | or
high sensitivity troponin assay.

Data analysis

We conducted univariate analyses for the primary and secondary
outcomes. For the secondary outcome, GDE score (ordinal from 0-3)
was dichotomized to 0 vs. >0 for ease of interpretation and presen-
tation of results. In addition, we stratified ECG patterns by abnormal
LV systolic function, CT RV:LV ratio elevation, troponin elevation,
and BNP elevation as binary dependent variables. We stratified the
number of abnormal ECG patterns by the three PE triaging strat-
egy classifications as dependent variables. Descriptive statistics in-
cluded means, standard deviations, median, and interquartile ranges
(IQRs) for continuous variables, as well as frequencies and percent-
ages for binary variables. For univariable statistical comparisons, we
used two-sample t-tests or analysis of variance (ANOVA) for con-
tinuous variables and chi-square tests for categorical variables.

For each primary and secondary outcome, we fit a multivariable
logistic regression model with all ECG variables included as primary
main effects of interest, and with the following as confounders: race,
gender, ethnicity, age, initial heart rate, shock index, initial respira-
tory rate, initial oxygen saturation, preceding episode of syncope,
prior diagnosis of PE, and whether patients had one or more ab-
normal ECG patterns or not. In addition, in the model for primary
composite outcome, we included RV:LV ratio 21 as determined by
CT, troponin elevation, echocardiography showing abnIRV, and na-
triuretic peptide elevation as additional predictors. We displayed re-
sults for each full regression model in tables with odds ratios (ORs)
with 95% confidence intervals (Cls). All p values <0.05 were consid-

ered statistically significant.

RESULTS

As shown in Figure 1, 1736 PE patients met inclusion criteria for the
registry databases between August 2016 and November 2020. Of
these, 1680 (96.8%) patients had an initial ECG performed in the ED.
Four of these patients had external cardiac devices leading to ven-
tricularly paced rhythms and were excluded from this analysis. We
therefore had 1676 patients with initial native ECG tracings available
for statistical analyses for the primary outcome. ECGs were per-
formed within a mean of 1.90 +3.38hours of measuring initial vital
signs. Enrollment numbers for the six clinical sites were: Site 1 (695,
41.5%), Site 2 (248, 14.8%), Site 3 (206, 12.3%), Site 4 (156, 9.3%),
Site 5 (185, 11.0%), and Site 6 (186, 11.1%).

All ECGs and GDE were performed during the immediate ED
course and before anticoagulation or escalated PE intervention.
Anticoagulation or escalated PE intervention was initiated either
during the ED course or immediately on arrival to the hospital floor
in 97.2% (1630/1676) of the PE patients. We followed patients via
EMR review during the hospital stay and up to 30days, as previously
published.!® All patients included in this report had 5-day follow up
information completed.

Demographics (Table 1) included the mean age of
59.6 +16.6years, 48.2% female, 65.5% Caucasian, 29.1% African
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1736 patients in pulmonary embolism registry database
between August 2016 and November 2020

Screened out:
Absence of ECG during ED course, n= 56

\ 4

Met inclusion criteria:
Electrocardiography performed within
ED course= 1680 patients

Exclusions:
4 external cardiac devices
(paced rhythms)

1676 PE patients with 12 lead ECG
completed ED

v

Primary Outcome
Analysis, n= 1676

Echocardiography images not

— :
completed during ED course, n= 47

\4

Secondary Outcome
Analysis, n= 1629

A

l

y \ 4

v
A 4 A\ 4
Clinical No clinical
deterioration deterioration
N =415 N = 1261

RV abnormality

RV abnormality
absent
N= 1100

present
N= 529

FIGURE 1 Flow diagram for patients and key outcomes

American, and 1% Asian. The mean shock index was 0.77 +0.25
beats per minute/mmHg, respiratory rate 19.9 +4.6 breaths per
minute, and oxygen saturation 95.4 +4.6%. Of the 1676 patients,
160 (9.5%) had a preceding episode of syncope and 420 (25.1%) had
prior diagnosis of PE or deep venous thrombosis (DVT). For each PE
triaging strategy, clinical deterioration was experienced by a lower
proportion of patients classified as low-risk compared to those clas-
sified as not low-risk.

Of the 1676 patients, 415 (24.7%) had one or more clinical dete-
rioration events or hospital-based intervention within 5days of PE
diagnosis. Forty-seven of the 1676 patients did not have GDE. Of
the 1629 patients with ECG and GDE, 529 (32.4%) had abnIRV by
GDE. Table 1 shows numbers and proportions with abnIRV by GDE
stratified by clinical deterioration, leading to an OR of 4.25 (3.35,
5.38,p<0.0001).

Table 2 shows the prevalence of each specific ECG pattern. By
univariate analysis, the absence of abnormal ECG patterns had an
OR for clinical deterioration of 0.34 (0.25, 0.44; p<0.001). The most
common ECG patterns were sinus tachycardia (38.9%), S1-Q3-T3

pattern (16.3%), incomplete or complete RBBB (15.1%), and TWI in
V,_, (14%). In comparison to patients without the specific ECG pat-
tern, those with the following patterns were significantly more likely
to experience clinical deterioration: sinus tachycardia, TWlin V,_,,
STEinaVR,STEinV,,SVT, TWIlinllandllland aVF,and STDinV,_,.
LVH with TWI (3%) and LBBB were uncommon and not significantly
different between outcome groups.

The results of full model multivariable logistic regression analysis
are shown in Table 3. SVT was the only ECG pattern that was an in-
dependent predictor of CD. Absence of abnormal ECG patterns was
not an independent predictor. Abnormal RV by GDE, elevated tropo-
nin measurements, elevated natriuretic peptide measurements, CT
derived RV:LV ratio 21.0, shock index >1.0 and preceding episode
of syncope were independent predictors of clinical deterioration.
Table 4 shows univariable analysis results for all ECG patterns, ex-
cept LBBB and LVH, had significant ORs for abnlRV by GDE (our
secondary outcome). Sinus tachycardia, TWI in Il lll, aVF and Vo4
S1-Q3-T3, iRBBB, and STE in aVR had ORs with the lower bound-
ary of 95% Cl above 1.0. For presence and absence of abnIRV by
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TABLE 1 Patient characteristics

No clinical
deterioration
(N =1261)
Gender
Female 601 (47.7%)
Male 660 (52.3%)
Race
Caucasian 819 (64.9%)
African/American 376 (29.8%)
American Indian/ 10 (0.8%)
Alaskan Native
Asian 12 (1.0%)
Ethnicity
Hispanic 91 (7.2%)
Mean Age, years
Mean 58.76 +16.8

Systolic blood pressure, mmHg
Mean 135.5+23.1

Heart rate, beats per minute

Mean 95.4 +20.05
Shock index
Mean 0.73 £0.22

Respiratory rate, breaths per minute

Mean 19.6 +4.2
Oxygen saturation, %

Mean 95.8 +4.2
Cancer

Present 302 (23.9%)
COPD

Present 176 (14.0%)
Previous PE/DVT

Present 313 (24.8%)
Abnormal RV by GDE (N = 1629)
Present 296 (24.2%)
Absent 928 (75.8%)
PE-SCORE

294 (23.3%)
864 (68.5%)

Low-risk (O points)

Intermediate-risk

(1-4 points)
High-risk (>4 26 (2.1%)
points)
Missing 77 (6.1%)
ESC
Low-risk 166 (13.2%)
Not low-risk 1095 (86.8%)
Missing 0(0%)
sPESI
Low-risk 518 (41.1%)

Clinical
deterioration
(N = 415)

206 (49.6%)
209 (50.4%)

279 (67.2%)

112 (27.0%)
2(0.5%)

4 (1.0%)

25 (6.0%)

62.2 +15.7

122.2 +25.5

106.2 +23.6

0.91 +£0.29

21.0+5.54

94.2 +£5.6

109 (26.3%)

75(18.1%)

107 (25.8%)

233 (57.5%)
172 (42.5%)

15 (3.6%)
295 (71.1%)

75 (18.1%)

30 (7.2%)
5(1.2%)
410(98.8%)

0 (0%)

71 (17.1%)

Overall
(N = 1676)

807 (48.2%)
869 (51.8%)

1098 (65.5%)

488 (29.1%)
12 (0.7%)

16 (1.0%)

116 (6.9%)

59.6 +16.6

132.2 +24.4

98.1 +£21.5

0.77 £0.25

19.9 +4.60

95.4 +4.63

411 (24.5%)

251 (15.0%)

420 (25.1%)

529 (43.2%)
1100 (89.9%)

309 (18.4%)
1159 (69.2%)

101 (6.0%)

107 (6.4%)
171 (10.2%)
1505 (89.8%)

0 (0%)

589 (35.1%)

TABLE 1 (Continued)
No clinical Clinical
deterioration deterioration Overall
(N=1261) (N = 415) (N = 1676)
Not low-risk 743 (58.9%) 344 (82.9%) 1087 (64.9%)
Missing 0 (0%) 0 (0%) 0 (0%)

Abbreviations: COPD, chronic obstructive pulmonary disease; DVT,
deep venous thrombosis; ESC, European Society of Cardiology PE
dichotomized into low-risk versus not low-risk classifications; GDE,
goal-directed echocardiography; PE, pulmonary embolism; PE-SCORE,
pulmonary embolism short-term clinical outcomes risk estimator; RV,
right ventricle; sPESI, simplified Pulmonary Embolism Severity Index.

GDE, the mean number of abnormal ECG patterns was 2.20 +1.69
and 0.93 +1.13, respectively (p<0.0001). The absence of abnor-
mal ECG patterns had an OR for abnIRV by GDE of 0.24 (0.18, 0.31;
p<0.001). The results of full multivariable logistic regression analysis
are shown in Table 5. Independent ECG predictors of abnlRV in order
of ORs (high to low) were: STE in aVR, TWI V,_,, incomplete RBBB,
S$1-Q3-T3, and sinus tachycardia. LVH with associated TWI lowered
the odds of abnIRV. With multivariable analysis, the absence of any
of the ECG patterns was not an independent predictor of clinical
deterioration. Clinical predictors were age, shock index, initial heart
rate, initial respiratory rate, and preceding episode of syncope.

Of the 1676 patients, 1090 (65.0%) had at least one of the ab-
normal ECG patterns. The mean number of abnormal ECG patterns
was 1.33 + 1.4. For patients with and without the primary outcome,
the mean numbers of abnormal ECG patterns were 1.97 +1.65 and
1.20 +1.30, respectively (Table 2). Supporting Information Table S1,
which is available online, shows patients with low-risk classifications
by all three PE triaging strategies had a lower number of abnormal
ECG patterns compared to those in the higher risk classifications.

Supporting Information Tables S2-S9 show results of analyses
of specific ECG patterns stratified by LV systolic dysfunction, RV dil-
atation by CT, and elevated cardiac biomarkers. Of 1629 with GDE,
1620 had a report on LV systolic function, with 127 (7.8%) having
severe LV dysfunction. SVT, LBBB, and LVH with TWI were signifi-
cantly associated with severe LV systolic dysfunction by univari-
able analysis (Supporting Information Table S2), whereas only SVT
and LBBB were significant by multivariable analysis (Supporting
Information Table S3). Supporting Information Table S4 shows
450 of 1659 patients (27.1%) had troponin elevations. All ECG pat-
terns, except SVT, LBBB, and LVH with TWI, were associated with
troponin elevation by univariable analysis. However, Supporting
Information Table S5 shows sinus tachycardia, S1-Q3-T3, TWIV,,_,,
and STE aVR were independent predictors of troponin elevations
by multivariable analysis. Supporting Information Table Sé shows
642 of 1608 patients (39.9%) with BNP measurements had BNP
elevations. All ECG patterns, except iRBBB, were associated with
natriuretic peptide elevation by univariable analysis. Supporting
Information Table S7 shows S1-Q3-T3, STEV,, TWIV,_,, and SVT
were significant by multivariable analysis. Supporting Information
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TABLE 2 ECG patterns stratified by primary clinical outcomes?

No clinical deterioration Clinical deterioration
(N =1261) (N = 415)
Mean number of abnormal ECG 1.20+1.31 1.99+1.67
patterns
Number of abnormal ECG patterns
Zero abnormal patterns 509 (40.4%) 77 (18.6%)
>0 abnormal patterns 751 (59.6%) 338 (81.4%)
Missing 1(0.1%) 0 (0%)
Complete RBBB
Absent 1180 (93.6%) 369 (88.9%)
Present 81 (6.4%) 46 (11.1%)
Incomplete RBBB
Absent 1175 (93.2%) 376 (90.6%)
Present 86 (6.8%) 39 (9.4%)
Sinus tachycardia
Absent 835 (66.2%) 189 (45.5%)
Present 426 (33.8%) 226 (54.5%)
S1-Q3-T3 pattern
Absent 1080 (85.6%) 322 (77.6%)
Present 181 (14.4%) 93(22.4%)
STEV,
Absent 1162 (92.1%) 362 (87.2%)
Present 99 (7.9%) 53(12.8%)
T wave inversions V2_4b
Absent 1112 (88.2%) 330 (79.5%)
Present 149 (11.8%) 85 (20.5%)
T wave inversions Il, I, aVF
Absent 1153 (91.4%) 354 (85.3%)
Present 108 (8.6%) 61 (14.7%)
ST-segment depression V,_,
Absent 1183 (93.8%) 354 (85.3%)
Present 78 (6.2%) 61 (14.7%)
STEaVR
Absent 1146 (90.9%) 324 (78.1%)
Present 114 (9.0%) 91(21.9%)
Missing 1(0.1%) 0 (0%)
SVT (including atrial fibrillation with rapid ventricular response)
Absent 1218 (96.6%) 361 (87.0%)
Present 43 (3.4%) 54 (13.0%)
LBBB associated with TWI
Absent 1238 (98.2%) 412 (99.3%)
Present 23 (1.8%) 3(0.7%)
LVH with TWI
Absent 1233 (97.8%) 402 (96.9%)
Present 28 (2.2%) 13 (3.1%)

Overall
(N = 1676)

1.34+1.44

586 (35.0%)
1089 (65.0%)
1(0.1%)

1549 (92.4%)
127 (7.6%)

1551 (92.5%)
125 (7.5%)

1024 (61.1%)
652 (38.9%)

1402 (83.7%)
274 (16.3%)

1524 (90.9%)
152 (9.1%)

1442 (86.0%)
234 (14.0%)

1507 (89.9%)
169 (10.1%)

1537 (91.7%)
139 (8.3%)

1470 (87.7%)
205 (12.2%)
1(0.1%)

1579 (94.2%)
97 (5.8%)

1650 (98.4%)
26 (1.6%)

1635 (97.6%)
41 (2.4%)

PN Uy s

Academic Emergency Medicine

OR

0.34 (0.26, 0.44)

1.82(1.24, 2.66)

1.42(0.95, 2.11)

2.34(1.87,2.94)

1.72(1.30, 2.28)

1.72(1.21, 2.45)

1.92(1.43,2.58)

1.84(1.32,2.57)

2.61(1.83,3.73)

2.82(2.09,3.82)

4.24(2.80, 6.43)

0.39 (0.11, 1.31)

1.42(0.73, 2.78)

p-Value
<0.0001

<0.0001

0.003

0.104

<0.001

<0.001

0.003

<0.001

<0.001

<0.001

<0.001

<0.001

0.179

0.39

Abbreviations: ECG, electrocardiography; LBBB, left bundle branch block; LVH, left ventricular hypertrophy; OR, odds ratio; STE, ST-segment
elevation; SVT, supraventricular tachycardia; RBBB, right bundle branch block; TWI, T-wave inversion (0.5mV negative deflection).

*The total number of ECG patterns present was greater than the total number of unique patients because any single patient could have more than

one of the ECG patterns.

PFor those with either iRBBB/cRBBB without TWI in V,_, (n=168) versus those with TWI'V,_, (n = 82), 56 (33.3%) and 29 (35.2%) had clinical

deterioration, respectively. The OR for iRBBB without TWI was 0.91 (0.52, 1.59; p = 0.75).
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TABLE 3 Multivariable analysis stratified by clinical
deterioration within 5days

Primary composite outcome (one or more
clinical deterioration events within 5days)

Predictors OR Cl p-Value

(Intercept) 0.56 0.03-13.59 0.722

Complete RBBB 1.06 0.64-1.73 0.825

Incomplete RBBB 1.03 0.61-1.69 0.918

Sinus tachycardia 1.43 0.96-2.15 0.081

S1-Q3-T3 pattern 0.85 0.58-1.22 0.375

ST elevation V, 0.90 0.55-1.45 0.670

T wave inversions V2-4  1.01 0.66-1.52 0.981

T wave inversions Il, 1.08 0.67-1.71 0.754
1, aVF

ST depressioninV 4-6 1.14 0.69-1.85 0.614

STE aVR 1.16 0.75-1.78 0.494

SVT 2.87 1.66-5.00 <0.001

LBBB with associated 0.21 0.03-0.86 0.060
TWI

LVH with associated 1.49 0.60-3.47 0.369
TWI

Echocardiography 1.68 1.17-2.41 0.005
showing abnormal
RV

Elevated troponin level  1.47 1.08-2.00 0.014

RV:LV ratio 1.0 or 1.49 1.07-2.08 0.019
greater by CT

Elevated natriuretic 1.26 0.93-1.70 0.130
peptide level

Male 1.01 0.77-1.32 0.952

African American/ 0.66 0.36-1.23 0.182
Black

White 0.81 0.46-1.48 0.486

Ethnicity 1.00 1.00-1.00 0.322

Age 1.01 1.00-1.02 0.025

Initial heart rate 0.99 0.97-1.00 0.008

Initial shock index 13.07 5.69-30.65 <0.001

Initial respiratory rate 1.01 0.98-1.04 0.534

Initial oxygen 0.97 0.95-1.00 0.060
saturation on room
air

Preceding episode of 1.75 1.14-2.66 0.010
syncope

Prior history of PE or 1.02 0.75-1.39 0.885
DVT

No abnormal ECG 0.84 0.54-1.32 0.460
pattern

Observations 1472

R? Tjur 0.197

Abbreviations: Cl, confidence interval; DVT, deep venous thrombosis;
ECG, electrocardiogram; LBBB, left bundle branch block; LVH, left
ventricular hypertrophy; OR, odds ratio; PE, pulmonary embolism; STE,
ST-segment elevation; SVT, supraventricular tachycardia; TWI = T-wave
inversion (0.5mV negative deflection).

Table S8 shows elevated CT RV:LV ratios in 552 of 1640 patients
(33.7%) who had CT performed. All ECG patterns, except SVT,
LBBB, and LVH with TWI, were associated with elevated CT RV:LV
ratio by univariable analysis. Supporting Information Table S9
shows complete and incomplete RBBB, S1-Q3-T3, TWI V,_,, STE
aVR, and SVT were significant by multivariable analysis. Finally,
Supporting Information Table S10 shows the prognostic metrics
of the following categorical variables: abnormal ECG patterns, el-
evated troponin, elevated natriuretic peptide, initial shock index
(>1.0), CT RV:LV ratio, hypotension (< 100 mm Hg), hypoxia (<92%),
and preceding syncope. Predictor positive likelihood ratios or-
dered high to low were: hypotension, initial shock index, preceding
syncope, hypoxia, elevated troponin, increased RV:LV ratio, ele-
vated natriuretic peptide, and abnormal ECG pattern. The number
of abnormal ECG patterns and the CT RV:LV ratio demonstrated
the highest negative predictive values, followed by elevated natri-
uretic peptide, initial shock index, elevated troponin, hypotension,
hypoxia, and preceding syncope.

LIMITATIONS

This study had several limitations. First, preexisting ECG findings
were not reviewed to determine if index PE-associated ECG abnor-
malities were acute or preexisting. Second, there are multiple causes
of tachycardia that are unrelated to and not directly provoked by the
pathophysiology of PE. Third, TWIs may be associated with normal
variants and can be associated with RBBB. Furthermore, the RBBB
pattern can exist in the asymptomatic population without PE.?!
Fourth, we reported predetermined ECG patterns that were fully re-
corded and part of the medical record. It is plausible that ECG abnor-
malities were in evolution. STE was defined as the ST segment being
>1 mm above the isoelectric line (TP segment). However, use of the
J point relative to PQ junction, instead of TP segment, is currently
advised for determining ST depression.?2

Several investigators witnessed important but transient changes
to ECG patterns in higher acuity acute PE patients that were not
fully recorded or available in the EMR for interpretation or analy-
sis. Our report focused on the initial ECG in the ED; however, there
were several instances in patients with abnormal RV by GDE where
conduction, TWI, or ST-segment abnormalities were transient. We
observed several instances of normalization of initial abnormal
ECG patterns and improvements to RV dilatation or systolic func-
tion (determined by serial echocardiography) after administration of
thrombolytic agents. Further supporting evidence for this observa-
tion is provided by Choi et al., who showed not only an association
between TWI and abnIRV, but also found that reversals of T wave
abnormalities were temporally associated with resolution of an abn-
IRV.2% Other ECG patterns pertinent to PE, such as isolated TWI in [l
andV,, were not included in this report because of lack of prognostic
significance. In our database, the TWI Ill and V, pattern was present
in 17.6% (73/415) and 17.4% (219/1261) of those with and without
clinical deterioration, respectively. Finally, we did not examine the
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TABLE 4 Univariable analysis of ECG patterns stratified by echocardiographic RV abnormalities

Echocardiography showing RV abnormalities (47 missing)

No (N = 1100) Yes (N = 529) OR p-Value
Mean number of ECG patterns 0.93(1.13) 2.20(1.69) <0.0001
(standard deviation)

Number of abnormal ECG patterns
None 485 (44.1%) 84 (15.9%) 0.24(0.18, 0.31) <0.001
One or more 614 (55.8%) 445 (84.1%)
Missing 1(0.1%) 0 (0%)

Complete RBBB
Absent 1043 (94.8%) 461 (87.1%) 2.70(1.87,3.9) <0.001
Present 57 (5.2%) 68 (12.9%)

Incomplete RBBB
Absent 1046 (95.1%) 458 (86.6%) 2.95(2.04,4.26) <0.001
Present 54 (4.9%) 71 (13.4%)

Sinus tachycardia
Absent 759 (69.0%) 241 (45.6%) 2.67 (2.15, 3.30) <0.001
Present 341 (31.0%) 288 (54.4%)

S$1-Q3-T3 pattern
Absent 991 (90.1%) 371 (70.1%) 3.87(2.95, 5.08) <0.001
Present 109 (9.9%) 158 (29.9%)

STEV,
Absent 1026 (93.3%) 454 (85.8%) 2.29(1.63,3.22) <0.001
Present 74 (6.7%) 75 (14.2%)

T wave inversions V,_,
Absent 1019 (92.6%) 381 (72.0%) 4.89 (3.64, 6.57) <0.001
Present 81(7.4%) 148 (28.0%)

T wave inversions Il, I, aVF
Absent 1029 (93.5%) 434 (82.0%) 3.17 (2.29,4.40) <0.001
Present 71 (6.5%) 95 (18.0%)

ST-segment depression V,_,
Absent 1038 (94.4%) 453 (85.6%) 2.81(1.98,4.00) <0.001
Present 62 (5.6%) 76 (14.4%)

STE aVR
Absent 1023 (93.0%) 404 (76.4%) 4.16 (3.06, 5.55) <0.001
Present 76 (6.9%) 125 (23.6%)
Missing 1(0.1%) 0 (0%)

SVT (including atrial fibrillation with rapid ventricular response)
Absent 1049 (95.4%) 485 (91.7%) 1.87(1.283,2.83) 0.004
Present 51 (4.6%) 44 (8.3%)

LBBB associated with TWI
Absent 1079 (98.1%) 524 (99.1%) 0.49 (0.18, 1.31) 0.214
Present 21 (1.9%) 5(0.9%)

LVH with TWI
Absent 1070 (97.3%) 518 (97.9%) 0.76 (0.38, 1.52) 0.54
Present 30 (2.7%) 11 (2.1%)

Abbreviations: ECG, electrocardiogram; LBBB, left bundle branch block; LVH, left ventricular hypertrophy; OR, odds ratio; RBBB, right bundle branch
block; RV, right ventricle; STE, ST-segment elevation; SVT, supraventricular tachycardia; TWI, T-wave inversion (0.5mV negative deflection).
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TABLE 5 Full multivariable analysis model stratified by RV
abnormalities (by echocardiography)

Echocardiography with abnIRV

Predictors OR Cl p-Value
(Intercept) 30.78 1.09-931.83 0.046
Complete RBBB 1.23 0.74-2.04 0.422
Incomplete RBBB 2.63 1.59-4.38 <0.001
Sinus tachycardia 1.68 1.14-2.49 0.009
S$1-Q3-T3 pattern 2.42 1.70-3.47 <0.001
STEV, 1.36 0.83-2.22 0.215
T wave inversions V,,_, 4.00 2.64-6.12 <0.001
T wave inversions Il, IlI, 1.26 0.78-2.02 0.349
aVF
ST depressioninV,_, 0.79 0.47-1.31 0.364
STE aVR 2.42 1.58-3.74 <0.001
SVT 1.25 0.71-2.18 0.441
LBBB with associated 0.30 0.07-0.97 0.069
TWI
LVH with associated TWI 0.33 0.11-0.86 0.029
Male 0.97 0.75-1.27 0.848
African American/Black 1.18 0.64-2.25 0.605
White 1.05 0.58-1.95 0.883
Ethnicity 1.00 1.00-1.00 0.579
Age 1.02 1.01-1.03 <0.001
Initial heart rate 1.00 0.99-1.01 0.664
Initial shock index 5.45 2.36-12.76 <0.001
Initial respiratory rate 1.04 1.02-1.08 0.003
Initial oxygen saturation 0.92 0.89-0.94 <0.001
on room air
Preceding episode of 3.09 2.00-4.82 <0.001
syncope
Prior history of PE or 1.07 0.79-1.44 0.651
DVT
No abnormal ECG pattern  1.08 0.70-1.68 0.722
Observations 1472
R? Tjur 0.284

Abbreviations: Cl, confidence interval; DVT, deep venous thrombosis;
ECG, electrocardiogram; LBBB, left bundle branch block; LVH, left
ventricular hypertrophy; OR, odds ratio; PE, pulmonary embolism;
RBBB, right bundle branch block; STE, ST-segment elevation; SVT,
supraventricular tachycardia; TWI, T-wave inversion (0.5 mV negative
deflection).

prevalence of specific ECG patterns in patients without acute PE to

compare with prevalence in patients with PE.

DISCUSSION

We prospectively evaluated PE patients in the ED to report on the as-
sociations of multiple specific ECG patterns for clinical deterioration
and abnlIRV by echocardiography using univariable and multivariable

analyses. ECGs were performed early and contemporaneously with
GDE assessments for abnIRV during the ED work-up. Abnormal RV
(as determined by GDE) had an OR of 4.25 (3.35, 5.38) for clinical
deterioration. The absence of abnormal ECG patterns on initial early
ECG had ORs of 0.34 (0.26, 0.44) and 0.24 (0.18, 0.31) for clinical
deterioration and abnIRV by GDE, respectively. However, on multi-
variable analysis, absence of any ECG patterns did not qualify as an
independent predictor of clinical deterioration or abnIRV.

We found all abnormal ECG patterns had statistically significant
increased ORS above unity for clinical deterioration within 5days
of PE diagnosis, except for LBBB and LVH with TWI. Of the ECG
patterns, only SVT was significant as an independent predictor for
clinical deterioration. For abnIRV by echocardiography, associations
were significant for most ECG patterns. Sinus tachycardia, STE in
aVR, incomplete RBBB, S1-Q3-T3, and TWI V,_, were significant
as independent predictors for abnlRV by GDE. Patients with acute
pulmonary embolism may have one or more of the specific ECG ab-
normalities. In patients with confirmed acute pulmonary embolism,
one or more of these ECG patterns should increase considerations
for performance of echocardiography to look for RV abnormalities
and, if present, increase concerns for early clinical deterioration. By
univariable analysis, we found the absence of any of the abnormal
ECG patterns was associated with lower probability of clinical dete-
rioration and abnIRV by GDE. However, with full multivariable anal-
ysis with other ECG and non-ECG variables, the number of abnormal
ECG patterns was not an independent predictor of clinical deteriora-
tion or abnIRV by echocardiography.

Most previous studies have been retrospective analyses with
ECGs completed 10 to 72hours removed from the time of PE diag-
nosis. Strengths of our study include its prospective design, a large
database of patients representing the full spectrum of PE severity,

and early timing of ECG relative to ED diagnosis of PE.

Clinical deterioration

Previous reports have shown several ECG patterns (STE, STsegment
depression, $1-Q3-T3, RBBB, TWI, and SVT) were associated with
clinical deterioration.?'? Similarly, by univariable analysis, our pro-
spective study showed significant associations of these abnormal
ECG patterns with clinical deterioration within 5days. In addition,
we noted the following ECG patterns were also associated with
increased risk for clinical deterioration: STE in V;; TWI in leads I,
I, and aVF; ST depression in V,-V,; STE in aVR; and SVT (Table 2).
However, SVT was the only ECG pattern determined to be an in-
dependent predictor from multivariable analyses in the presence of
other clinical variables.

Abnormal RV by echocardiography

In our study, early echocardiography findings of abnormal RV
within the ED course were significantly associated with clinical
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deterioration within 5days. In turn, abnormal ECG patterns (sinus
tachycardia, STE in aVR, incomplete RBBB, S1-Q3-T3, and TWI V2_4)
were independent predictors of abnIRV by echocardiography even
in the presence of other clinical variables. By multivariable analy-
ses, the number of abnormal ECG patterns was not an independent
predictor of clinical deterioration or abnl RV by echocardiography.

Reports on the associations between ECG and abnlRV by
echocardiography in PE patients are mixed, with important dif-
ferences in timing of ECG performance studies, patient cohorts,
and the ECG patterns selected. A report by Vanni et al. stud-
ied ECG and echocardiography performed within 1 hour of PE
diagnosis and found that patients with RBBB, precordial repo-
larization abnormalities, or the S1-Q3-T3 pattern complex were
twice as likely to have echocardiographic signs of abnlRV than
patients without any of the evaluated ECG patterns.11 Punukollu
et al. showed $1-Q3-T3 and TWI in V,_; were more likely in abn-
IRV, especially if echocardiography was performed at admission
or within 24 hours of hospitalization.” Daniel et al. showed that
having multiple abnormal ECG patterns offered low sensitivity
but high specificity for echocardiographic evidence of severe ab-
nIRV.# In contrast, another report showed having a few abnormal
ECG patterns had moderate sensitivity and moderate specificity
for abnormal RV.™ In one study, TWI V,_, was six times more
frequent in PE patients with abnIRV than those without abnIRV.¢
Another report showed TWI in V,_,, tachycardia, and S wave in
lead | were strong predictors of abnIRV by echocardiography, CT,
or cardiac biomarkers.?* In contrast, a retrospective study of 289
patients by Stein et al. did not find ECG to be useful in predicting
the presence or absence of RV dilatation.® In our study, the in-
dependent predictors of abnIRV by echocardiography were sinus
tachycardia, S1-Q3-T3, TWIV,_,, and STE in aVR. Our study find-
ings suggest the presence of one or more of these ECG patterns
may be associated with the presence of concurrent abnlIRV in
suspected or confirmed acute PE patients, which in turn, warns
providers the PE patient under their care has an increased risk
of clinical deterioration within 5days. The presence of an acute
abnlRV may be determined by reviewing recently performed im-
aging (CT or echocardiography).

Reports on the prevalence of specific PE-associated ECG abnor-
malities vary. In a meta-analysis of 45 studies that involved 8209
PE patients, the most prevalent abnormal ECG patterns were sinus
tachycardia (38%), TWIV,_, (38%), and STE in aVR (36%)."? Similarly,
sinus tachycardia was the most prevalent ECG pattern in our study.
Other similarities and differences between our results and previ-
ous studies are as follows. First, the prevalence of RBBB (complete
or incomplete) in other studies has ranged from 4.8% to 32.0%.2
In our study, complete RBBB and incomplete RBBB were present
in 7.6% and 7.5% of 1676 patients, respectively. Second, the prev-
alence of precordial TWI in other studies has ranged from 14% to
59%.3461116 |n our study, TWI in V,-V, was present in 11% of our
patients. Third, the prevalence of TWI in inferior leads was as high as
48% of patients in other studies,® whereas only 7% of our patients
had inferior TWI. Fourth, previous reports had high prevalence of
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STE in aVR (34%-45%) in patients with more severe PE presentation,
including hypotension, need for thrombolysis or adrenergic medica-
tion use.>” Although we found STE in aVR in less PE patients (12%)
than previous studies, STE aVR had ORs of 2.82 for 5-day clinical
deterioration and 4.16 for abnIRV in our study. We also found a prev-
alence of 18% for the S1-Q3-T3 pattern, whereas previous studies
have reported a prevalence between 8.5% and 33.0%, and as high
as 53% in PE patients with clinical shock. Like previous ECG scoring
systems, sinus tachycardia and anterior precordial TWI (V,_,) were
strong predictors of clinical deterioration.

By univariate analysis, mean number of abnormal ECG patterns
was significantly greater in those with clinical deterioration and abnl
RV by echocardiography versus those without. The mean number of
abnormal ECG patterns was lower in those with low-risk classifica-

tion by any of the PE triaging strategies.

CONCLUSIONS

Several ECG patterns are significantly more frequent in those with
clinical deterioration versus those without. SVT was the independ-
ent predictor of subsequent clinical deterioration. Sinus tachycardia,
STE in aVR, incomplete RBBB, $1-Q3-T3, and TWI V,_, were inde-
pendent predictors of abnIRV by echocardiography. The absence of
any of the abnormal ECG patterns was associated with reduced risk
for both clinical deterioration and abnIRV by univariable analysis but
not by multivariable analysis. By univariate analyses, higher mean
number of abnormal ECG patterns was associated with presence of
clinical deterioration, RV abnormality by echocardiography, and PE
triaging strategy classification as “not low-risk” versus the groups
without these characteristics.
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Abstract

Background: Long-term follow-up for clinician-scientist training programs is sparse.
We describe the outcomes of clinician-scientist scholars in the National Heart Lung
and Blood Institute (NHLBI) K12 program in emergency care research up to 8.7 years
after matriculation in the program.

Methods: This was a cohort study of faculty clinician-scientist scholars enrolled in a
NHLBI K12 research training program at 6 sites across the US, with median follow-
up 7.7 years (range 5.7-8.7 years) from the date of matriculation. Scholars completed
electronic surveys in 2017 and 2019, with the 2019 survey collecting information
for their current work setting, percent time for research, and grant funding from all
sources. We used NIH RePorter and online resources to verify federal grants through
March 2021. The primary outcome was a funded career development award (CDA)
or research project grant (RPG) where the scholar was principal investigator. We in-
cluded funding from all federal sources and national foundations.

Results: There were 43 scholars, including 16 (37%) women. Over the follow-up pe-
riod, 32 (74%) received an individual CDA or RPG, with a median of 36 months (range

© 2022 Society for Academic Emergency Medicine.
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Institute, the National Institutes of Health,
or the U.S. Department of Health and
Human Services.

INTRODUCTION

A 2014 Physician-Scientist Workforce Report from the National
Institutes of Health (NIH) showed that the proportion of physician-
scientists comprising the biomedical workforce has been declining
since the 1970’s.” The same report noted 13,700 active physician-
scientists in the US, just over 1% of all American physicians.! There
have been a number of articles detailing the virtues of physician-
scientists in the biomedical workforce, recommendations for in-
creasing the pipeline, methods to decrease attrition, and unique
threats to physician-scientists during the COVID-19 pandemic?’5
These issues are particularly poignant for emergency care research,
which has historically received a relatively small proportion of NIH
research funding® and has lacked a robust research workforce to
translate clinical questions into high-quality and actionable research
protocols.7'8

In recognition of the decline in the physician-scientist work-
force, the NIH launched two career development programs target-
ing clinician-scientists in the 1990’s (i.e., the KO8 and K23 individual
mentored career development programs). The NIH also uses the K12
Clinical Scientist Institutional Career Development program as an-
other mechanism for research training within distinct fields. Under
the K12 mechanism, institutions (rather than individuals) are awarded
based on the training environment, with potential scholars applying
to the institutions (rather than directly to the NIH) for consideration.
The K12 mechanism is often targeted by an institute for areas or
specialties needing a catalyst to expand the scientific workforce.
The success of these institutional awards, as evidenced by the suc-
cess of individual clinician-scientists selected for the programs, are
typically measured by the proportion of scholars subsequently ob-
taining an individual career development award (CDA) or a research
project grant (RPG).” There are limited studies tracking outcomes for
K12 programs because such analyses typically require many years of
follow-up. In 2018, we reported short-term scholar outcomes from
the National Heart, Lung, and Blood Institute (NHLBI) K12 career
development program in emergency care research.’® The NHLBI
K12 program was the first large federal investment in emergency
care research training, representing a $21.6 million investment in six
sites across the US.™ In that report, we showed that 60% of scholars
had secured independent CDA or RPG funding within 3 to 5years
of starting the K12 program,® yet not all scholars had finished the
program by the end of the follow-up period. Because successfully

9-83months) after entering the program. Of the 43 scholars, 23 (54%) received a
CDA and 22 (51%) received an RPG, 7 (16%) of which were RO1s. Of the 23 scholars
who received a CDA, 13 (56%) subsequently had an RPG funded. Time to CDA or
RPG did not differ by sex (women vs. men log-rank test p = 0.27) or specialty training
(emergency medicine versus other specialties, p = 0.59).

Conclusions: After 7 years of follow-up for this NHLBI K12 emergency care research
training program, three quarters of clinician-scientist scholars had obtained CDA or
RPG funding, with no notable differences by sex or clinical training.

competing for research funding can take many years, particularly for
RPG awards, longer duration follow-up would provide a better as-
sessment of the impact of the K12 program.

In this study, we describe the outcomes of scholars from the
NHLBI K12 in emergency care research up to 8.7years after ma-
triculation into the program, including continued participation in
research, a comprehensive assessment of subsequent independent

grant funding, and time to funding.

METHODS
Study design

We conducted a prospective cohort study of scholars in the NHLBI
K12 program in emergency care research using a participant survey,
updated scholar curriculum vitaes (CVs), publicly available databases
and on-line resources for subsequent grant funding. Each participant
provided consent for inclusion and the Oregon Health & Science

University institutional review board approved the study.

Setting

The six sites funded in 2011 for the NHLBI K12 Program in
Emergency Care Research!! included: Icahn School of Medicine at
Mount Sinai (New York, NY); Oregon Health & Science University
(Portland, OR); University of California, Davis School of Medicine
(Sacramento, CA); University of Pennsylvania (Philadelphia, PA);
University of Pittsburgh (Pittsburgh, PA); and Vanderbilt University
Medical Center (Nashville, TN). While there was a separate, distinct
5-year trans-NIH K12 program starting in 2016, we report on the
initial K12 program in emergency care research'? to provide a longer

follow-up period.

Selection of participants

We obtained the names of K12 scholars affiliated with the six
program sites throughout the duration of the program. The first
scholar entered the program July 1, 2012 and the last scholar
finished on November 8, 2017. The K12 program provided up to
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3years of support for each scholar, including salary support, com-
prehensive mentorship, formal research didactic training, and re-
search expenses and education up to $25,000 annually. Programs
guaranteed that each scholar had at least 75% protected time for
research. There was also an annual meeting at the NIH for all sites,
including K12 scholars, program directors, and program adminis-
trators from each site.

Methods of measurement

Scholars completed an initial electronic survey in 2017 and a sub-
sequent survey in 2019 using REDCap®. The initial survey included
demographics (age, gender, race, and ethnicity), education, clinical
training, primary academic appointment, post-K12 time spent on
research, and grant applications submitted as a principal investiga-
tor (PI) following entry to the K12 program. These results were sup-
plemented by qualitative data from interviews and reported in the
initial evaluation of K12 scholar outcomes.'® Scholars completed a
subsequent survey in July 2019, which included two questions (cur-
rent work setting [academic versus clinical] and percent time for
research) and a request to upload an updated CV. We abstracted
all funded grants (including their role and funding sources) since
the date of matriculation into the K12 program from the CVs. We
used NIH RePorter (NIH, AHRQ and VA funding), the PCORI web-
site, Grantome (https://grantome.com/), Google, and websites at the
academic programs represented by scholars to verify grants through
March 2021.

Outcome measures

To measure scholar productivity, we categorized funded grants
with the scholar as Pl as CDAs (including KO1, KO8, K23, VA CDA2,
and similar multi-year grants from professional or research founda-
tions) and RPGs’ (including RO1, RO3, R21, R33, R34, R61, VA Merit
awards, and similar multi-year grant awards from professional or
research foundations). As a subset of RPGs, we also examined RO1
and equivalent awards (e.g., VA Merit awards). We did not consider
industry funding for scholars, given the difficulty of differentiating
investigator-initiated research from industry-led research. We only
considered grants with scholars listed as Pl (including multiple-PI
grants) to focus on a scholar's achievement of independent research
grant funding and the reporting capabilities of NIH RePorter and
similar online websites.

Primary data analysis

We used descriptive statistics to characterize the K12 scholars. For
each scholar, we identified their first CDA or RPG in relation to the
date they started the K12 program, which provided a consistent
time zero for all scholars. We calculated the time interval from the
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date of the K12 appointment to the date of the first CDA and RPG
grant and illustrated these intervals using Kaplan-Meier curves. We
also compared Kaplan-Meier curves by sex and clinical specialty
(emergency medicine versus other specialties) using the log-rank
test. We conducted all analyses in Stata 16.1 (StataCorp, College
Station, TX, USA) and considered a p value <0.05 to represent sta-

tistical significance.

RESULTS

The K12 emergency care research training program included

43 clinician-scientists across the 6 sites (Table 1). We obtained

TABLE 1 Description of cohort

All participants (N = 43)

Age at matriculation into K12 (Median, 37years (34-40years)

IQR)

Sex 16F (37%), 27 M (63%)
Race/Ethnicity

White, non-Hispanic 22 (51%)

Asian 12 (27%)

Black 5(11%)

White, Hispanic 3 (8%)

Other 1(3%)
Degrees on entry to K12 program:

MD + Master's degree 30 (70%)

MD 5(12%)

MD, PhD 4(9%)

PhD 4(9%)
Professional discipline:
Emergency Medicine 18 (42%)
Pediatric Emergency Medicine 6 (14%)
Adult Critical Care’ 5 (12%)
Cardiology 5(12%)
Pediatric Critical Care 2 (5%)
Trauma Surgery 2 (5%)
Pediatric allergy and immunology 1(2%)
PhD, nursing 1(2%)
PhD, epidemiology 1(2%)
PhD, comparative pathology 1(2%)
PhD, clinical research, physiology and 1(2%)

biophysics

Median scholars per institution (range) 7 (6 to 8)

Median effort for research at initial
assessment

75% (IQR 30-75%)

75% (IQR 25-75%,
range 0-90%)

Median effort for research from
current assessment

20One scholar trained in neurology and critical care.

PMany of the cohort characteristics were published in the 3-5 year
outcome assessment.'°
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TABLE 2 Grant outcomes of the K12 cohort (n = 43)

CDA or RPG CDA RPG RO1

Scholars 32/43 (74%) 23/43 (54%) 22/43 (51%) 7/43 (16%)

Time to award (beginning with date  Median 36 months Median 35months Median 50 months (IQR Median 56 months (IQR 38-73,
of matriculation into the K12 (IQR 26-43, (IQR 26-40, 36-61, range 9-78) range 26-78)
program) range 9-83) range 12-83)

2years 5(12%) 3(7%) 2 (5%) 0

3years 15 (35%) 11 (26%) 5(12%) 1(2%)

4years 26 (60%) 18 (42%) 10 (23%) 2 (5%)

Syears 30 (70%) 21 (49%) 14 (33%) 4 (9%)

6years 30 (70%) 21 (49%) 17 (40%) 4 (9%)

7years 32 (74%) 23 (54%) 22 (51%) 7 (16%)

CDA, career development award; RPG, research project grant.

FIGURE 1 Time to receipt of first
individual career development award

or research project grant as principal
investigator since beginning the K12
program (n = 43)

*95% Cl shown. CDA, career development
award; RPG, research project grant.

T T T T T T T T T

40 50 60 70
Months from K12 Start to first CDA or RPG

follow-up information directly from 41 of 43 (95%) scholars. For
the two scholars who did not respond, we confirmed the pres-
ence versus absence of research grants through NIH RePorter and
publicly-available on-line sources. The median follow-up period
was 7.7 years from the date of matriculation into the K12 program
(range 5.7-8.7 years). The demographics of scholars are shown in
Table 1. The mean age was 37 years, 37% were female, 11% were
Black, and 8% were Hispanic. The majority of scholars (25 of 43,
58%) continued to participate in research for at least 50% of their
professional time. Eight (19%) scholars reported spending 25-50%
time on research, and 5 (12%) reported spending up to 25% time
performing research (one scholar reported no research activity
and four provided no estimate).

We considered the research grant outcomes (CDA or RPG) of
scholars as a measure of successful funding as Pl. Of the 43 scholars,
32 (74%) received a CDA or RPG as PI during the follow-up period
(Table 2, Figure 1). The time to first CDA or RPG occurred a me-
dian 36 months (range 9-83 months) after entering the K12 program.
During follow-up of the 43 scholars, 23 (54%) received a CDA and 22
(51%) received an RPG, 7 (16%) of which were RO1s (Table 2). Table 3
shows the grant type and funding agencies for CDAs and RPGs. Of
the 23 scholars who received a CDA, 13 (56%) subsequently had an
RPG funded, which occurred a median of 32months (inter-quartile

T T
90 100 10

range 23 to 44 months) after the award date for the CDA. In con-
trast, 9 of 20 (45%) scholars who did not receive a CDA obtained
RPGs (median 38 months from the start of the K12 program, IQR
30-47 months). Of the 9 scholars who obtained RPGs without a
CDA, two of the RPGs were RO1 awards. Although the change in rate
in Figure 1 begins to plateau at approximately 50 months from entry
to the K12 program, there were scholars who continued to receive
grant awards after 80 months. In Figure 2, we show Kaplan-Meier
curves for time-to-funding, separated by CDA versus RPG grants.
We investigated whether time to receipt of a CDA or RPG dif-
fered by scholar sex or specialty training. In Figure 3, we show that
time to receipt of first CDA or RPG grant appeared longer for women
(women median 37.5 months [IQR 34.1-49.1]; men median 30 months
[IQR 26.1-38.1 months], p = 0.14), but the curves eventually align
(log-rank test p = 0.27). When we evaluated time to grant funding
by specialty training (emergency medicine versus other specialties,
Figure 4), there was no difference between the groups (p = 0.59).

DISCUSSION

The first K12 in emergency care research resulted in a newly funded
cohort of successful interdisciplinary clinician-scientists in this
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TABLE 3 Funding agency and grant type for career development
awards and research project grants with the scholar as principal
investigator

Career development awards (n = 23)

Type
Federal - K23 15 (65%)
Federal - KO8 6 (26%)
National foundation 2 (9%)

Funding agency

NHLBI 15 (65%)
NINDS 2 (9%)
NICHD 8 (13%)
NIGMS 1 (4%)
Robert Wood Johnson Foundation 1 (4%)
American Heart Association 1 (4%)

Research project grants (n = 22)

Type:
RO1 7 (32%)
R21 3 (14%)
RO3 3 (14%)
R44 1 (5%)
Other 8 (36%)

Funding agency
NHLBI 9 (41%)
NIDDK 2 (9%)
Department of Transportation 2 (9%)
Private foundation 2 (9%)
NINDS 1 (5%)
NIMHD 1 (5%)
NIA 1 (5%)
Office of Naval Research 1 (5%)
Department of Defense 1 (5%)
Veterans Administration 1 (5%)
Clinical and Translational Science 1 (5%)

Institute

Abbreviations: NHLBI, National Heart, Lung, and Blood Institute;
NINDS, National Institute of Neurological Disorders and Stroke;
NICHD, National Institute of Child Health and Human Development;
NIGMS, National Institute of General Medical Sciences; NIDDK,
National Institute of Diabetes and Digestive and Kidney Diseases;
NIMHD, National Institute on Minority Health and Health Disparities;
NIA, National Institute on Aging.

domain, with three quarters securing CDAs or RPGs as Pl during
the follow-up period. However, the duration of time required to se-
cure such awards was well beyond a 3-year training period for many
scholars, particularly for RPG awards. With over 143 million annual
ED visits in the US*? and almost one in five adults'? and children®®
requiring emergency care each year, there remains an urgent need
to build a cadre of successful emergency care investigators to build
the evidence base. This K12 program demonstrates that federal
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investment in such a training program helps to build the cadre of
investigators, although securing subsequent funding takes many
years.

The field of emergency care is inherently multidisciplinary, in-
volving many medical specialties. It follows that clinician-scientists
should similarly arise from a diverse group of specialties. This K12
training program included individuals across a variety of training
backgrounds, where the orientation to NHLBI funding priorities
within emergency care were defined by their research questions,
rather than clinical specialty. Among the scholars, there was no
difference in the success of grant funding by specialty training, il-
lustrating that the ability to compete for subsequent funding is not
dependent on the type of clinical training.

Increasing diversity within the research workforce improves

t'415 and is a high priority for the NIH.117

innovation and impac
Women are under-represented in the biomedical workforce®® and
as physician scientists.! We observed that overall success rates and
times for achieving the next funding milestones were similar between
men and women, yet the modest sample was likely under-powered
to detect a difference. The Kaplan-Meier curves for women versus
men suggested that women in the K12 cohort took longer to se-
cure CDA or RPG funding than men, but the funding rates eventu-
ally merged. If we made the comparison at an earlier time point, the
findings may have appeared different. These results are similar to
those of a recent report on women in academic medicine, where a
larger proportion of men had been promoted after 7 years, but this
advancement gap narrowed by 10years.18 The challenges faced by
women physicians and physician scientists, such as gender-based
discrimination and the impact of family responsibilities, have been
described in multiple reports.**®%? Our results suggest that women
clinician-scientists have similar grant success rates compared to
their male colleagues, but may require more time, possibly due to
the inequities and unique demands endured by women in healthcare
and the biomedical workforce. These results provide important in-
sights for federal funding agencies seeking to catalyze the careers
and scientific discoveries of women.

Outcomes from the K12 emergency care research program com-
pare favorably to scholar outcomes from Clinical and Translational
Science Award KL2 programs across the US during the same pe-
riod.?° Within the K12 program, 70% of scholars obtained a CDA
or RPG within 5years of starting the program, while 60% of KL2
scholars had secured such funding within 5years of completing the
KL2 program.?® All six institutions in the K12 cohort had an exist-
ing Clinical and Translational Science Award (CTSA) at the start of
the K12 program, which provided focused education in research,
instruction and infrastructure for team science, and mentorship.
Similar to the KL2 program, K12 scholars represented many spe-
cialties. One unique difference in this K12 program compared to
KL2 programs was the focus on a singular (if broad) content area
- emergency care. This focus allowed development of an emergency
care research community within and across sites, which may have
enhanced career development opportunities, mentorship, and col-
laborations. In a previous qualitative evaluation of the K12 program,
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participants described collaborations and networking as primary which found that an independent CDA, whether preceded by a
themes in the program, with some participants noting receipt of new K12 or not, was more likely to result in a RPG compared to a K12
research funding based on such programmatic collaborations.*® alone.?%?2 A K12 provides a strategic boost to clinician-scientists

Clinician-scientists are often advised to pursue institutional embarking on a research path, which ideally includes a subsequent
research training (e.g., K12 or KL2 programs), followed by an inde- individual CDA after the K12. Scholars should be aware that it is

pendent CDA, prior to applying for a RPG. In our cohort, a higher uncommon to proceed directly to RO1 funding after a K12 in the
proportion of scholars who obtained CDAs subsequently obtained absence of an individual CDA; only two scholars in this cohort were
RPGs, as compared to those who did not. While the numbers were successful in that pathway. Our findings also quantify and highlight
small, this finding is consistent with an analysis of National Institute the relatively long path for clinician-scientists to reach RPG fund-
of Child Health and Human Development (NICHD) K12 programs, ing, particularly for RO1-level funding, which supports NIH results
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showing the steadily increasing age of physician scientists at the
time of their first RPG.!

The NHLBI K12 program in emergency care research may even-
tually have a multiplier effect on the emergency care research work-
force and knowledge generation, as these clinician-scientists grow
as independent investigators, mentors, and leaders. The effect of
participation in this K12 program endured through 7years after
matriculation, with sustained growth of these investigators and
the emergency care research community. We believe that this K12
program offered a strategic opportunity to enhance the next gen-
eration of emergency care researchers across multiple disciplines.
However, impact on the field of emergency care and the patients
served through the emergency care system will likely take years.

There were limitations in this study. This cohort represented a
single K12 program and a modest sample size of scholars. However,
the scholars came from six academic sites across the US and a vari-
ety of disciplines. Although we focused on grants received as PI, most
scholars had multiple grants with other roles (i.e., co-investigator or site
investigator), reflecting broader success in team science. We did not
include scholars from the subsequent trans-NIH K12 program in emer-
gency care research for consistency in measuring programmatic impact
and maximizing follow-up time. Although inclusion of additional schol-
ars would have increased the sample size, their follow-up would have
been much shorter and some remain in training. Our primary focus was
tracking scholar grant outcomes over an extended follow-up period.

Finally, we did not have a control group for comparison to the
K12 scholars. Because this K12 program included a sizable number
of scholars outside of emergency medicine, it was not possible to
have a pre-post study design, as identification of a similar cohort
prior to the K12 was not possible. Identification of a concurrent
control group was similarly not feasible due to inherent differences
that would create selection bias. We recognize that these issues
limit evaluation of the impact of the NHLBI K12 program. However,
description of the cohort and their grant funding over an extended
period of time contributes valuable information about research
workforce development in a specific scientific domain.

In summary, the NHLBI K12 program in emergency care research
added to and may have enhanced a competitive workforce of interdis-
ciplinary emergency care investigators. After 7 years of follow-up, ap-
proximately three quarters of scholars successfully obtained CDA or
RPG funding, with no notable differences by scholar sex or specialty
training. These results compare favorably and may exceed the suc-

cess of other long-standing institutional research training programs.
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Abstract

Background: Hemoptysis is not common in pulmonary embolism (PE) and lacks speci-
ficity for its diagnosis. However, this item is present in different validated scores that
estimate the clinical probability of PE. The relevance of this item in clinical decision
rules (CDRs) is not clearly established.

Objective: The aim of this study was to evaluate the impact of removing the “hem-
optysis” item from the PERC, YEARS, and PEGeD CDR in patients with low clinical
probability of PE.

Design: This was a post hoc analysis of two European prospective cohorts, which
included 2968 patients presenting to the ED with a low clinical probability of PE
(PROPER and PERCEPIC) and a 3-month follow-up. The primary endpoint was the
false-negative rate of a CDR score without the hemoptysis item. Secondary endpoints
included the potential reduction of chest imaging if the item hemoptysis was to be re-
moved and risk stratification of the Geneva and Wells scores without the hemoptysis
item.

Results: Of 2968 patients included (mean+ SD age 46+ 18 years, 53% female), 87
patients (3%) had a PE diagnosed at 3months. A total of 2908 were followed-up at
3months and analyzed. Using the PERC rule with and without the hemoptysis item,
there were 13 and 14 missed cases of PE, respectively (failure rate 0.45% [95% CI
0.25%-0.78%] and 0.48% [95% Cl 0.27%-0.82%]). Using the YEARS strategy, there
were 11 missed PE cases with or without the hemoptysis item (false-negative rate
0.57% [95% Cl 0.30%-1.05%]). With the PERC and YEARS rule, removing the hemop-
tysis item would have led to a 1% reduction in chest imaging. The PEGeD strategy was

not modified by the removal of the hemoptysis item.
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chest imaging.

KEYWORDS

Geneva, Wells, YEARS
INTRODUCTION

Pulmonary embolism (PE) is frequently suspected in emergency
department (ED) patients, which often leads to the prescription of
irradiative chest imaging (computed tomographic pulmonary angio-
gram [CTPA] in most cases).>? In the past few years, rationalizing
the use of chest imaging in the ED has become a priority. Indeed,
an increased use of CTPA has been reported without clear benefit
in terms of prognosis.® This increased use is reportedly associated
with potential overdiagnosis of PE, increased cost, length of ED stay,
and side effects from both chest imaging and undue anticoagulant
treatments.>*

To reduce the number of CTPA procedures performed to rule
out PE, different clinical decision rules (CDRs) have been derived
and validated. Among them, the Wells and Geneva scores coupled
with the D-dimer assay have shown a high negative predictive
value (NPV), allowing the exclusion of the diagnosis of PE without
the need of chest imaging.>® The D-dimer assay is sensitive but not
specific causing many false positives in low-risk patients with sub-
sequent negative CT scans. This led to the development of a clinical
rule, the PERC (Pulmonary Embolism Rule-out Criteria) rule, allowing
PE to be ruled out on clinical criteria onIy.7 The YEARS and PEGeD
CDRs were recently developed, allowing the D-dimer threshold to
be raised for ordering chest imaging to 1000ng/mL upon absence of
certain criteria (a YEARS score of 0 and a low Wells clinical probabil-
ity, respectively).®’ These three CDRs and the two scores of clinical
probability all include the “hemoptysis” item, which may change the
diagnostic workup if present. The literature on PE and hemoptysis
is poor, and it is reported that hemoptysis is neither sensitive nor
specific to PE. Historically, hemoptysis was part of a triad considered
specific to PE and necessary for its diagnosis, combining dyspnea,
chest pain, and hemoptysis, but studies at the time reported much
higher rates of hemoptysis in PE than recent studies (29% in a 1957

1.19). The main

study, compared to 3% in 2004 in a study by Kline et a
etiologies of hemoptysis are respiratory infections, neoplasia, and
bronchial dilatation.** Whether hemoptysis is a relevant clinical item
to adapt the diagnostic workup for PE in the ED is unknown, espe-
cially considering that the real PE prevalence in ED patients with sus-
pected PE has become significantly lower than in previous validation
studies. Removing the hemoptysis item from these CDRs would sim-
plify them and could increase the number of very-low-risk patients

for whom additional tests could be dispensed with. The objective

Conclusions: The hemoptysis item could be safely removed from the PERC, YEARS,

and PEGeD CDRs. However, there was no subsequent clinically relevant reduction of

computed tomography pulmonary angiography, D-dimer, emergency department, emergency
medicine, hemoptysis, PEGeD, PERC, probability scores, pulmonary embolism, revised

of this study was to assess whether the inclusion of the hemoptysis
item in CDR is relevant for patients with low implicit clinical proba-
bility and to assess the impact of removing this clinical item from the
different CDR on subsequent on the failure rate of these diagnostic

algorithms.

METHODS
Study design

This study was a post hoc analysis of two European cohorts, which
prospectively included patients presenting to the ED with a low im-
plicit clinical probability of PE: PROPER and PERCEPIC. The PROPER
study was a cluster randomized noninferiority trial that compared the
PERC-based diagnostic strategy with the conventional strategy in
patients with a low clinical probability of PE.'2 The PERCEPIC study
was an observational, prospective, multicenter study that aimed to
prospectively assess the NPV of the PERC rule in a European cohort
of patients with a low clinical probability of PE.!® In both studies, pa-
tients were followed up at 3months through a telephone interview,
and the presence of a thromboembolic event during follow-up was
confirmed by an adjudication committee. When the patient could
not be reached, the patient's general practitioner was contacted. For
patients lost to follow-up, death records were queried. Any death
during follow-up was analyzed by the adjudication committee and a
sudden unexplained death was considered a thromboembolic event
if it could not be excluded.

The protocols of both studies were approved by the ethics com-
mittees. As a secondary analysis on anonymized data, patient con-
sent was waived for this study.

Population

A total of 2968 patients were included (Figure 1). The PROPER co-
hort included 1916 patients (from 14 EDs in France, between 2015
and 2016) presenting to the ED with a low pretest probability of
PE empirically assessed by the physician's Gestalt. The PERCEPIC
cohort included 1757 patients from 12 EDs in France and Belgium,
between May 2015 and April 2016, including 1052 patients with low
clinical probability of PE who were included in the present study;
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PERCEPIC cohort
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PROPER Cohort
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Non low PE probability
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Without D-dimer testing
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Y

Y
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YEARS and PEGeD analysis
n = 1951 patients

YEARS and PEGeD analysis

A J

with Hemoptysis
n = 30 patients

FIGURE 1 Flow chart. PE, pulmonary embolism PERC, Pulmonary Embolism Rule-out Criteria

705 patients were excluded from the PERCEPIC cohort for non-low
probability of PE (558 with a moderate clinical probability, 147 with a
high clinical probability of PE). In both studies, the low clinical prob-
ability was assessed by an unstructured physician's Gestalt evalua-
tion of a risk of PE less than 15%.

Primary and secondary endpoints

The primary endpoint was the failure rate of the PERC, YEARS, and
PEGeD based strategy without the hemoptysis item, when patients
were followed up at 3months. In the 60 (2%) patients lost to follow-
up at 3months in whom PE was ruled out at ED visit, we considered

that they did not met the primary endpoint of PE at 3months. The
secondary endpoints included the potential reduction of CTPA
if these CDR were applied without the hemoptysis item and the
prevalence of PE according within the different classes of Geneva
and Wells scores with and without hemoptysis item. A sensitivity
analysis on PE diagnosed in the ED (and not at 3months) was also
performed.

Statistical analysis

Patient characteristics were expressed as number (percentage)
for categorical variables, and as mean (standard deviation [SD]) or
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median (interquartile range [IQR]) for quantitative variables, de-
pending on their distribution. Confidence intervals (Cls) were cal-
culated using Wilson's method with continuity correction. Recent
recommendations suggested to adapt the acceptable failure rate
to the prevalence of PE in the tested population. To validate the
safety of a diagnostic strategy, the 2017 International Society of
Thrombosis and Hemostasis recommendations of the Scientific and
Standardization Committee were followed, according to which the
maximum acceptable failure rate should be 1.82%+0.0053% x pre
valence.’* In our population, the prevalence of PE was 3%. The
upper bound of the 95% Cl of our primary endpoint should then be
less than 1.84% to respect these recommendations.

The analysis of the primary endpoint was performed on all pa-
tients analyzed at 3months, i.e., 2908 patients. For the analyses per-
formed to evaluate the YEARS and PEGeD strategy, in patients who
received a conventional strategy, i.e., a D-dimer assay followed if
necessary by CTPA, were included. We therefore excluded patients
in the PROPER intervention group that did not undergo D-dimer
testing. These analyses were thus performed on a total population
of 1951 patients (Figure 1.) A sensitivity analysis that only consid-
ered PE diagnosed in the ED (and not at 3-month follow-up) was
performed, which included 2968 patients.

In line with recent suggestions that the safety of a new strategy
should be best evaluated among patients where the strategy was
actually applied, post hoc analyses on the subgroup of patients that
had a PERC, YEARS, and PEGeD score of zero, i.e., those in whom

the strategy would have actually changed the workup strategy.ls’16

RESULTS

A total of 2968 patients were included; 2908 were followed-up at
3months and are included in the analysis. The mean (+SD) age was
46 (+18) years and 1584 (53%) were female. At 3months, 87 PEs
were diagnosed (prevalence of 3%) and seven (0.2%) patients died.
Baseline characteristics are reported in Table 1. There were three
(8.1%) PE cases in the 37 patients with hemoptysis and 84 (2.9%)
PE cases in the 2871 patients with no hemoptysis (difference 5.2%
[95% CI 0.0%-18%)].

Primary endpoint

Among the 2908 patients included and followed up at 3months,
1137 (39%) patients had a PERC score of O in whom 13 patients had
a PE that was not diagnosed in the ED (failure rate 0.45% [95% Cl
0.25%-0.78%)]). After the hemoptysis item was removed, 1151 (40%)
patients had a PERC score of 0 among whom 14 had a PE (failure
rate 0.48% [95% Cl 0.27%-0.82%]). One additional PE case was not
diagnosed using the PERC rule without hemoptysis in a 34-year-old
patient.

Among the 1925 patients included in the YEARS analysis and
followed up at 3months, 1651 (86%) patients had a YEARS score of

TABLE 1 Baseline characteristics

n
2968 Population
Age (years), mean (+SD) 46 (+18)
Age>50years 1191 (40)
Gender
Male 1384 (46)
Female 1584 (53)
HR (beats/min), mean (+SD) 83 (+17)
HR> 100 beats/min 457 (15)
SpO, (%), mean (IQR) 98 (97-100)
SpO, <95% 217 (7)
Temperature (°C), mean 36.7 (+1.8)
(+SD)
Risk factors for PE 2968
Estrogen use 291 (10)
Signs of DVT 135 (5)
History of VTE 146 (5)
Recent immobilization 101 (3)
Hemoptysis 38 (1)
Active cancer 51 (2)
PE considered most 242 (8)
likely diagnosis
D-dimer testing 2477 (84)
Positive D-dimer® 2477 704 (28)
D-dimer value (pg/L) 2477
<500 1648 (67)
500-1000 471 (19)
>1000 358 (14)
Number of CTPA 2968 649 (22)
procedures
PE diagnosed in the ED 2968 84 (3)
PE diagnosed at 3months 2968 87 (3)
Death from any cause at 2968 7 (0.2)
3months

Abbreviations: CTPA, computed tomography pulmonary angiogram;
DVP, deep venous thrombosis; HR, heart rate; IQR, interquartile range;
PE, pulmonary embolism; VTE, venous thromboembolism.

@Positive D-dimer if >500 pug/L in patients 50years old and under and
if >age x 10 ug/L in patients over 50years old.

0 among whom 11 patients had a PE that was not diagnosed in the
ED (failure rate 0.57% [95% Cl 0.30%-1.05%]). After the hemopty-
sis item was removed, 1676 (87%) patients had a YEARS score of O
among whom 11 had a PE (failure rate 0.57% [95% CI1 0.30%-1.05%]).

Among the 1925 patients included in the PEGeD analysis and
followed up at 3months, 1237 (64%) patients had a Wells score of
0, and 11 had a PE (failure rate 0,57%% [95% Cl 0.30% to 1.05%]).
After the hemoptysis item was removed, 1257 (65%) patients had a
Wells score of 0 and 12 patients had a PE (failure rate 0.62% [95%
C10.34%-1.11%)]).
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Using the PERC rule, the removal of the hemoptysis item would
have led to the reduction of six (1.0%) CTPA procedures (560 without
hemoptysis item vs. 566 with hemoptysis item), and for the YEARS
rule the reduction was seven (1.0%) CTPA procedures (344 without
hemoptysis item vs. 351 with hemoptysis item). There was no CTPA
reduction for the PEGeD rule. The results are summarized in Tables 2
and 3.

Sensitivity analysis

A sensitivity analysis was performed on the data during the ED
visit. Among the 2968 patients included, 38 had hemoptysis in
whom three had a PE at baseline, compared 81 in the 2830 patients
without PE (7.9% vs. 2.8%. respectively; difference 5.1% [95% Cl
0%-18%]).

The failure rates of the PERC rule with or without hemoptysis
were 0.40% (95% C10.22%-0.72%) and 0.44% (95%Cl1 0.24%-0.77%)
respectively. The failure rate of the YEARS rule with or without
hemoptysis was 0.46% (95%Cl 0.24%-0.87%) in both groups, and
the failure rate of the PEGeD rule with or without hemoptysis was
0.62% (95% C1 0.33%-1.1%).

Revised Geneva, Wells, and simplified Wells scores
Performances of the revised Geneva, Wells, and simplified Wells

scores with and without the hemoptysis item are reported in Table 4.
The risk stratification remained very similar after this change.

TABLE 2 Failure rate according to the diagnostic strategy at
3months

False
negative Failure rate
Diagnostic strategy (n) (% [95% Cl])
PERC strategy (n = 2908)
PERC 13 0.45
(0.25-0.78)
PERC without hemoptysis item 14 0.48
(0.27-0.82)
YEARS strategy (n = 1925)
YEARS 9 0.57
(0.30-1.05)
YEARS without hemoptysis item 9 0.57
(0.30-1.05)
PEGeD strategy (n = 1925)
PEGeD 11 0.57
(0.30-1.05)
PEGeD without hemoptysis item 12 0.62
(0.34-1.11)
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Post hoc analyses
Analyses in the subgroup of patients in which the different scores

were zero are reported in Table 5.

DISCUSSION

In this retrospective analysis of 2968 patients from two European
cohorts, the failure rates of the PERC, YEARS, and PEGeD based

TABLE 3 Reduction of CTPA according to the diagnostic
strategy

CTPA
Diagnostic strategy reduction, n (%)
PERC without hemoptysis item vs. PERC 6(0.98)
YEARS without hemoptysis item vs. YEARS 7 (0.98)
PEGeD without hemoptysis item vs. PEGeD 0 (0)

Abbreviations: CTPA, computed tomography pulmonary angiogram;
PERC, Pulmonary Embolism Rule-out Criteria.

TABLE 4 PErisk stratification based on Wells and revised
Geneva scores

Clinical probability scores (%) PE at 3months PE in the ED
Revised Geneva score
Low risk (<2) 1.2 1.1
Intermediate risk (2-4) 5.4 5.1
High risk (>4) 19.4 18.8
Revised Geneva score without
hemoptysis item
Low risk (<2) 1.2 1.2
Intermediate risk (2-4) 54 5.1
High risk (>4) 20.7 20.0
Wells score
Low risk (<2) 2.3 2.2
Intermediate risk (2-6) 71 6.7
High risk (>6) 17.6 17.6
Wells score without hemoptysis
item
Low risk (<2) 2.3 2.2
Intermediate risk (2-6) 7.2 6.7
High risk (>6) 15.4 15.4
Simplified Wells score
PE unlikely (0-1) 2.5 2.4
PE probable (>1) 10.6 9.8
Simplified Wells score without
hemoptysis item
PE unlikely (0-1) 2.5 2.4
PE probable (>1) 10.5 9.7

Abbreviation: PERC, Pulmonary Embolism Rule-out Criteria.

Abbreviation: PE, pulmonary embolism.
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Patients with

Diagnostic strategy negative CDR (n)
PERC strategy
PERC score =0 1137
PERC score = 0 without hemoptysis item 1151
YEARS strategy
YEARS score =0 1651
YEARS score = 0 without hemoptysis item 1676
PEGeD strategy
PEGeD 1605
PEGeD without hemoptysis item 1606

TABLE 5 Posthoc analyses: false-
negative rates among patients with
negative CDR

False
negative,
n (%)

13 (1.14)
14 (1.20)

11 (0.67)
11 (0.66)

11 (0.69)
12(0.75)

Abbreviation: CDR, clinical decision rule; PERC, Pulmonary Embolism Rule-out Criteria.

diagnostic strategies were below the acceptable threshold after re-
moving the hemoptysis item. This change would have led to a slight
potential reduction of chest imaging.

In this study, there was a nonsignificant association between he-
moptysis and PE, with an absolute difference of 5.2% [95% CI 0.0%-
18%], probably due to a lack of power as hemoptysis is reportedly
associated with an increased risk of PE.*° The prevalence of hemop-
tysis among patients with a low clinical probability of PE was very
low; only 38 patients (1%) had hemoptysis and among them three
patients (8.1%) had PE. In another recent study, similar results were
found of low prevalence of hemoptysis in patients with low clinical
probability of PE. Among 1414 patients with low clinical probabil-
ity, 28 patients (2%) had hemoptysis and among them four patients
(14.3%) had PE.”

The performance of the PERC score is not significantly reduced
by the removal of the hemoptysis item. One PE is not diagnosed
by applying the PERC strategy without hemoptysis, out of 15 pa-
tients with hemoptysis and no other PERC criteria. The prevalence
of PE in patients with hemoptysis and no other PERC criteria is
therefore 6.6%. Removing the hemoptysis item reduces the num-
ber of scans by only six (i.e., 1%). The performance of the YEARS
and PEGeD rules are not altered by the removal of hemoptysis.
A small reduction in the number of scans is achieved by applying
the YEARS rule without hemoptysis. The risk stratification by the
Geneva and Wells scores remains similar without the hemoptysis
item.

Removing the hemoptysis item from the current CDR seems
therefore safe, but this study does not provide enough argument
to remove the hemoptysis item from the PERC score. The absence
of modification in the YEARS and PEGeD strategies questions the
interest of the hemoptysis item in these algorithms, but removing it
would not lead to an important reduction of CT scans.

The main strength of this study is the large size of the cohort
with a prospective recruitment in several EDs, with very few lost
to follow-up. The overall prevalence of PE in this cohort was 3%,
which is very different than the ones that were used for the deriva-
tion and validations of the tested CDRs and probability scores. This

rate is consistent with what has been recently reported in low-risk
population.t?1718

However, in the Wells' score princeps article, the PE prevalence
was 9.5%,'7 and this prevalence was 23% in the revised Geneva
score publication.20 Since it has been increasingly reported that the
real PE prevalence in routine ED practice is below 10%, there was
a need to reassess the relevance of including the chosen clinical
items in real-life population. Furthermore, the interest of including
hemoptysis item in the different CDR is of limited value for patients
presenting with hemoptysis.

Indeed, CT scans are widely performed in these patients to
localize the origin of the bleed as well as to establish the etiologi-
cal diagnosis. The application of the different CDR may therefore
not reduce the number of CT scans in these patients. The real
benefit in terms of reducing the number of scans would be even
lesser than that shown in this study. Moreover, the application of
the PE diagnostic scores in patients presenting with hemoptysis
systematically leads to the measurement of D-dimer levels, which
delays the CT scan.* Therefore, it can be suggested that patients
with hemoptysis should not follow usual diagnostic strategies for
PE and should undergo chest CT that includes bronchial artery
injection.

According to the post hoc analyses, both strategies appear to
meet the requirements of the SSC 2017 guidelines even using the
failure rate in the actual impacted population. All of these strategies
appear to be within recommendations after applying a failure rate
relative to the population actually impacted by the strategy, but a
statistical analysis with determination of the 95% CI of the failure

rate would be required to confirm this hypothesis.

LIMITATIONS

This study has some limitations. First, only patients with a low
implicit probability of PE were included in this cohort. Although
patients were included following an unstructured Gestalt estima-
tion of <15%, the overall prevalence of PE was 3%. Hemoptysis
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alone or in association with other symptoms may have changed
the probability to not low. The data from this study may therefore
not be applicable in patients with intermediate clinical probability
of PE.

Second, there were only 38 patients (1%) with hemoptysis. This
could have led to a lack of power to detect significant differences.
However, the clinical impact would still be limited. Moreover, there
was a small number of patients with hemoptysis in our cohorts, with
subsequent wide Cls for estimating the prevalence of PE.

Third, some patients were lost to follow-up at 3months and may
have had a PE that was not diagnosed at ED visit, which could be a
bias in the interpretation of the results. However, in the two included
cohorts, the overall rate of missed diagnostic is approximately 0.1%.
Therefore, it is likely that none of the patients lost to follow-up may
have had a PE at 3months.

Fourth, data regarding localization and severity of PEs were not
collected. There may have been a difference in diagnosed PEs with
or without hemoptysis. It was not possible to evaluate the associa-
tion of PE severity with the presence of hemoptysis.

Fifth, the clinical characteristics of the hemoptysis were not
collected, especially its estimated volume. Therefore, it was not
possible to determine whether certain characteristics are more sug-
gestive of PE than others.

CONCLUSIONS

In patients with low clinical probability of pulmonary embolism, the
hemoptysis item could be safely removed from the PERC, YEARS,
and PEGeD based strategies for pulmonary embolism, with a low risk
of diagnostic failure. However, there was no subsequent clinically

significant reduction in the rate of chest imaging.
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Abstract

Objective: We compare periosteal block and intravenous regional anesthesia (IVRA)
as anesthetic techniques for reduction of distal radius fractures when performed by
emergency department (ED) clinicians following brief training.

Methods: This was a single-center, nonblinded randomized controlled trial of a con-
venience sample of patients presenting with distal radius fractures requiring closed
reduction. Primary outcome measure was patient reported fracture reduction pain
score, rated on a 100-mm visual analog scale. Secondary outcomes included adjunct
pain medication use, ED length of stay, remanipulation rates, participant satisfaction,
clinician assessed efficacy, and clinician-assessed ease of the procedure.

Results: Eighty-one patients were randomized to receive IVRA (n =41) or periosteal
block (N =40). Reduction pain scores were not normally distributed. Median (25th-
75th percentile) pain scores in participants assigned to IVRA and periosteal block
were 5 (1-27.5) and 26 (8.5-63) mm, respectively, (p =0.007). Use of adjunct medica-
tions during reduction was higher for the periosteal block group compared with IVRA
(57.5% vs. 22.5%, p =0.003). Remanipulation rates were 17.5% for periosteal block
versus 7.5% for IVRA (p =0.31). There was no difference in length of stay, patient
satisfaction, or clinician's assessed ease of the anesthetic technique. There was a dif-
ference in clinician's assessment of efficacy between groups, with IVRA described as
“extremely effective” by 65% and periosteal block described as “extremely effective”
by 25% (p =0.003).

Conclusions: When performed by a diverse group of ED clinicians periosteal block
provided inferior analgesia to IVRA but may provide an alternative when IVRA cannot

be performed.

Supervising Editor: James Miner, MD
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INTRODUCTION

Distal radius fractures are a common injury treated in the emergency
department (ED). Effective anesthesia is required for reduction of
displaced fractures. Several techniques are utilized, including he-
matoma blocks, intravenous regional anesthesia (IVRA; also known
as Bier block), regional nerve blocks, and procedural sedation. A
Cochrane review of anesthetic techniques concluded that there
are insufficient comparative studies.! The few studies that have
been conducted suggest that IVRA results in lower pain scores and
more adequate reduction in comparison with a hematoma block.*™*
However, IVRA is more resource-intensive requiring monitoring for
local anesthetic systemic toxicity and may require a longer ED length
of stay,! given that the cuff must remain inflated for 30 min following
anesthetic injection.

Tageldin et al.> described a novel technique known as a perios-
teal block (Figure 1) in a series of 42 patients with distal forearm
fractures. This technique involves injection of local anesthetic
around the periosteum of the distal radius proximal to the fracture.
In this study, blocks were performed by two experienced orthopedic
doctors. None of the 42 patients required remanipulation and the re-
duction was described as painless by 83% of patients and minimally
painful by 14% of patients. Furthermore, no additional analgesia was
required during the reduction. To date no randomized controlled tri-
als have been performed comparing the periosteal block to other
commonly used techniques nor has it been studied in the hands of a
more diverse group of emergency medicine clinicians.

The periosteal block potentially offers an anesthetic option that
requires fewer ED resources and more efficient treatment. It is also
a relatively straightforward technique to learn and requires no spe-
cialized equipment. This study aims to assess the effectiveness of
periosteal block in comparison to IVRA, which was standard of care

in our ED at the time of this study.

L
/"/KA

FIGURE 1 Periosteal block technique: 15ml of 1% lidocaine is
inserted 6 cm proximal to the wrist joint. A small wheal is placed
under the skin with a 25-gauge needle, and then a 20-gauge needle
is used to infiltrate around the radius in close proximity to the bone.
By pulling traction on the skin a single injection site can be used to
access the radial, dorsal, and volar surfaces of the radius. When an
ulnar styloid fracture is present the process is repeated on the ulna
using 3 ml of anesthetic.

Our hypothesis was that periosteal block performed by emergency
physicians after brief training provides equivalent anesthesia compared
to IVRA during distal radius fracture reduction. The primary aim of the
study was to compare reduction procedural pain scores using visual an-
alog scale (VAS)® in patients randomized to either IVRA or periosteal
block. The secondary aims were to compare adjunct pain medication
use during the reduction, remanipulation rates, clinician assessed ease
of the anesthetic technique, clinician-assessed efficacy of the anes-
thetic technique, patient satisfaction, ED length of stay, and adequacy
of reduction as assessed by blinded orthopedic review.

METHODS
Study design

We performed a single-center nonblinded, randomized, con-
trolled trial comparing the efficacy of periosteal block to IVRA in
a convenience sample of patients presenting with displaced dis-
tal radius fractures requiring closed reduction. The trial was reg-
istered with the Australia New Zealand Clinical Trials registry
(ACTRN12618000226202) and approved by the New Zealand
Health and Disability Ethics Committee (Ref 18/NTB/11). The trial
protocol was reviewed by the Ngai Tahu Research Consultation
Committee. The study was designed and reported in keeping with
CONSORT guidelines’ for reporting of randomized controlled trials.
Adverse events were monitored by the primary investigator (SB). All

participants provided written informed consent.

Study setting and population

Dunedin Hospital ED is a metropolitan, regional referral center with
an annual census of approximately 45,000 patient visits. Trained ED
registrars and consultants who were the treating clinicians performed
patients' screening, enrollment, study procedures, and data collection.
Subjects were enrolled when a study investigator was available.

We included adult patients 216 years of age who presented with
a displaced distal radius fracture requiring closed reduction. A con-
venience sample of participants was recruited when a trained cli-
nician was present in the ED during the period between May 2018
and November 2020. Patients were excluded if they were unable to
provide informed consent; had an open fracture, evidence of com-
partment syndrome, a known allergy to local anesthetic, a history of
sickle cell disease or Raynaud's, a severe distracting injury, severe
peripheral vascular disease, a systolic blood pressure >200mmHg,
or severe hepatic failure; or needed bilateral manipulation.

Study protocol

All consultants and trainees in the ED were offered training on how
to perform the periosteal block and enroll patients in the study.
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Participating physicians received a 60-min training session on the
periosteal block and IVRA protocols, which concluded with a prac-
tical session using a gelatin forearm model and an assessment of
competency.

Participants were randomized to receive either IVRA or perios-
teal block. Group allocations were performed in blocks of 20 through
random computer-generated numbers with 1:1 allocation to each
group. Assignments were placed in sealed envelopes and opened by
the clinician after consent was obtained to participate in the study.

Guides with instructions for how to perform each procedure
(Appendix S1) were placed in these sealed envelopes. IVRA was per-
formed using a double-cuff pneumatic tourniquet and 3mg/kg 0.5%
prilocaine injected intravenously through a peripheral cannula in the
hand of the injured extremity. Periosteal blocks were performed
using the protocol described by Tageldin et al.® using 15ml or 1%
lidocaine inserted 6 cm proximal to the wrist joint. A small wheal was
placed under the skin with a 25-gauge needle at the lateral aspect of
the radius. This was exchanged for a 20-gauge needle that was used
to infiltrate around the lateral aspect of the radius in close proximity
to the bone (Figure 1). By pulling traction on the skin, the same in-
jection site was used to direct the needle along the dorsal and volar
aspects of the radius without removing the needle. If an ulnar styloid
fracture was present the process was repeated, and a second injec-
tion was performed around the ulna using 3ml of lidocaine. Both
arms of the study included a 10-min wait time between administra-
tion of anesthetic and reduction of the fracture to allow time for the
block to take effect. During the reduction, clinicians were able to
provide additional pain medications to patients as clinically indicated
if pain was not controlled by the block alone.

Outcome measures

The primary outcome was the difference in reduction procedural
pain scores in the two arms of the study measured on a 100-mm
VAS immediately following the reduction. Participants were asked
to rate their baseline pain prior to the start of either anesthetic tech-
nique. Then anesthetic technique and the fracture reduction were
performed, and patients were asked to rate the pain of the reduc-
tion immediately afterward. Participants were awake during the
procedures and could not be blinded to the anesthetic technique
they received. The clinicians who performed the procedure were not
blinded. Clinicians recorded whether remanipulation was required
for each participant, details of the procedure, including medications
administered prior to randomization, and any adjunct medications
required during the reduction procedure. For each participant, cli-
nicians ranked the ease of performing the anesthetic technique as
extremely easy, very easy, somewhat easy, difficult, or extremely
difficult. For each participant, clinicians ranked the efficacy of the
anesthetic technique as extremely effective, very effective, some-
what effective, or not at all effective. Length of stay was calculated
from timestamps in the hospital electronic medical record system. A
blinded review of X-rays was performed by an orthopedic surgeon to
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determine whether the reduction was adequate given the fracture
pattern present or whether they would have repeated an attempt at
closed reduction in ED, in which case the reduction was classified as

inadequate.

Data analysis

A clinically significant difference in pain scores is context-
dependent,8 and this has not previously been defined for pain during
distal radius fracture reduction. Prior ED-based studies of patients
with acute traumatic pain have defined scores between 9 and 13mm
as the minimally clinically significant difference.”** Based on this
we estimated 10mm to be the minimum clinically significant differ-
ence in pain score to show equivalence of periosteal blocks for pain
control during manipulation.12 Based on the prior study by Tageldin
etal.,” the expected standard deviation in VAS in this population was
15mm. Using 80% power and type 1 error rate of 0.05, we estimated
that we would need a total sample size of 78 participants.

The a priori primary outcome was comparison of mean frac-
ture reduction pain scores. However, summary statistics for the
primary outcome variable did not show a normal distribution and
thus we compared and report medians and (25th-75th percentile).
An intention-to-treat design was used and differences between the
randomized groups were assessed using the Wilcoxon rank sum test
due to nonnormality of the data. The main outcome was also ana-
lyzed in a per-protocol analysis. Summary statistics for secondary
outcome variables are presented as mean+SD or n (%). Secondary
outcomes were compared using chi-square tests or Fisher's exact
tests where appropriate for categorical data and Student's t-test for
numeric data. All data were analyzed in R (version 3.6.1) using R stu-
dio (version 1.2.5019). A two-sided p value of <0.05 was considered
statistically significant. A post hoc analysis was performed in per-
protocol fashion to compare mean change in pain scores from base-
line given baseline pain scores were slightly higher in the periosteal
arm compared to IVRA.

RESULTS

Out of 125 people screened, we enrolled 81 participants and ran-
domized them to either IVRA or periosteal block (Figure 2). One
participant randomized to the IVRA group was excluded because
data forms were not completed; therefore, 40 participants from
each group were included for intention-to-treat analyses. Of the
participants randomized into the IVRA group three were switched
to receive periosteal block: two because the discomfort from the
cuff was too severe to proceed with injection of prilocaine and in
one participant because the cuff did not fit their arm. One partici-
pant randomized to the periosteal block group received IVRA be-
cause the pain was too severe after the block to start the reduction.
Therefore, 38 participants in the IVRA and 42 participants in the
periosteal block arm were included for per-protocol analyses.
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Assessed for eligibility
N =125

Excluded (n=44)
4 Distracting Injuries (n=8)

4 BP >220 systolic (n=1)

4 Open Fracture (n=1)
€ Reynaud’s (n=1)
4 Unable to Consent (n=5)

v

Dementia (n=3)
Intoxication (n=2)
4 Other clinical judgement (n=3)

Randomised
N = 81

IVRA Cuff did not fit arm (n=1)
HX of axillary dissection (n=1)
Clinician felt fracture pattern
too complex (n=1)

€ Declined to participate (n=25)

J

\ 4

Assigned to IVRA
N =41

Assigned to Periosteal Block
N =40

Did not receive IVRA

(received Periosteal block) (n=3)
Cuff did not fit arm (n=1)
Did not tolerate inflation (n=2)

Data sheet
not completed
N=1

Did not received Periosteal Block
(Received IVRA) (n=1)
Pain too severe to begin
procedure

Included in intention to treat analysis
N =40

Included in intention to treat analysis
N =40

FIGURE 2 Participant flow diagram. HX, history; IVRA, intravenous regional anesthesia.

Baseline characteristics of the participants according to their ran-
domized groups are presented in Table 1. Pain scores prior to reduc-
tion were normally distributed, with a mean+SD of 49.4+26.5mm
and ranged from O to 100 mm. Both groups had a high rate of pre-
medication use. The most commonly administered premeditations
were paracetamol and fentanyl in both groups. There were 27 differ-
ent clinicians involved in the trial, the median number of participants
enrolled by each clinician in the trial was two and ranged from one to
13. The median (range) number of prior anesthetic procedures per-
formed by the clinicians was 15 (0-300) in the IVRA group and 3.5
(0-20) in the periosteal block group.

For the primary outcome procedural VAS, Figure 3 depicts the
prereduction (Figure 3A) and postreduction (Figure 3B) pain scores
in both groups. Pain score data are evenly distributed across the
measure at prereduction. There is notable skewing of the data for
the pain scores in the IVRA group following the reduction, with most
of the data centered around low pain scores, indicating a nonnormal

distribution. Comparison of median pain scores showed that there
was a statistically significant difference in the median pain scores
reported between participants assigned to receive IVRA compared
with participants assigned to receive the periosteal block (median
[25th-75th percentile] 5 [1-27.5] mm and 26 [8.5-63] mm, respec-
tively, p = 0.007). Per-protocol analysis revealed similar findings be-
tween participants who received IVRA compared with participants
who received the periosteal block (median [25th-75th percentile] 3
[1-23.8] mm and 27.5 [10-63] mm, respectively, p = 0.001).

Table 2 presents the findings of the secondary outcomes of
the study. There were no statistically significant differences be-
tween groups for the rate of remanipulation (p = 0.31), length of
stay (p = 0.96), participant satisfaction (p = 0.11), or the clinician's
assessment of the ease of the anesthetic technique (p = 0.07). The
clinician's assessment of the efficacy of the anesthetic technique
differed between groups (p = 0.003). Using IVRA, the efficacy of
the anesthetic was described as “extremely effective” 65% of time,
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TABLE 1 Demographic and baseline characteristics by
randomization group

Periosteal
IVRA (n = 40) block (n = 40)

Age (years) 55.8+19.6 59.2+18.6

Gender
Female 30 (75) 33(82.5)
Male 10 (25.0) 7 (17.5)

Ethnicity
European 34 (85.0) 37(92.7)
Maori 5(12.5) 1(2.5)
Other 1(2.5) 2(5.0)

Use of premedication 36 (90.0) 31 (77.5)
Paracetamol 18 (45.0) 14 (35.0)
Ibuprofen 8(20.0) 7 (17.5)
Codeine 9 (22.5) 5(12.5)
Morphine 9(22.5) 7 (17.5)
Fentanyl 12 (30.0) 11 (27.5)
Midazolam 1(2.5) 0(0.0)
Patient-administered 5(12.5) 5(12.5)

inhaled nitrous oxide/
oxygen
Pain before the procedure 453+271 53.6+25.7

Note: Data are reported as mean+SD or n (%).
Abbreviation: IVRA, intravenous regional anesthesia.

while the periosteal block was described as “extremely effective”
only 25% of the time. Use of adjunct medications during the reduc-
tion was significantly higher for the periosteal block group compared
with IVRA group (57.5% vs. 22.5%, respectively, p = 0.003). On
blinded orthopedic review four participants (10%) in the periosteal
block group had inadequate reduction compared to zero in the IVRA
group. Given that a zero creates numeric inaccuracy in statistical
analysis, Fisher exact test was not performed.

Post hoc analysis of change in pain score from baseline showed
a mean reduction of 25.3mm for IVRA compared to 15.3mm in the
periosteal block arm (p = 0.23). One participant in the periosteal block
arm experienced vasovagal syncope following injection and recovered

without intervention. There were no other adverse events.

DISCUSSION

This randomized controlled trial demonstrated lower median pain scores
for IVRA compared to periosteal block when performed by a diverse
group of ED clinicians following brief training. Together with the second-
ary outcomes this study suggests that periosteal block did not provide
equivalent procedural pain control given the higher median pain scores,
the lower clinician-assessed efficacy, and the increased use of adjunct
medications in the periosteal block group compared with IVRA group.
When performed by ED clinicians with brief training, the periosteal
block resulted in less favorable pain control compared to IVRA.
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Tageldin et al.’ found that 83% of patients receiving a periosteal
block reported no pain during fracture reduction and 14% reported
minimal pain, defined as pain scored between 1 and 3 on a 10-point
VAS, in a case series of 42 patients. Wan Ali et al.’® also reported
on using the periosteal block, in a case series of 19 patients where
four patients reported no pain, 12 reported minimal pain, and three
reported a pain score of 4/10, which was slightly above the criteria
for minimal pain. Their study was also performed by a small group of
orthopedic specialists. These findings are in contrast with our own,
where the median pain score was 26 mm and just under half of pa-
tients in the periosteal group reported a pain score above 30mm,
compared with less than a quarter in the IVRA group. Tageldin et al.
also reported that no patients required remanipulation within their
study, whereas seven of 40 participants in the periosteal arm of our
study required remanipulation.

There are several possibilities for the apparent discrepancies
between our study and that of Tageldin et al. The use of a differ-
ent VAS may lead to differing answers by patients in reporting pain
scores. It is possible that discrepant findings are the result of in-
adequate training and experience performing the periosteal block
by clinicians in our study. Pain control achieved through periosteal
block may improve with experience. Although clinicians at our cen-
ter were more experienced with IVRA, the median number of prior
procedures was still only 15. Being able to identify and cannulate a
peripheral vein and apply a pneumatic cuff tourniquet are the main
technical skills required for success of IVRA. As these are common
skills among ED physicians, the success of IVRA is likely a less opera-
tor- and experience-dependent technique. In contrast the periosteal
block requires performing a ring block adjacent to the periosteum of
the radius, which was novel to clinicians. Anatomic differences such
as the depth of subcutaneous tissues at the wrist and other patient
variation may have impacted the success of the block in those with
less experience. We did not have enough participants in our study to
stratify pain scores based on clinician experience with the technique.

Effective analgesia is needed to achieve adequate reduction
during manipulation. In this study, four of 40 (10%) of participants
in the periosteal block group were defined as having inadequate re-
duction on orthopedic review, while no participants had inadequate
reduction in the IVRA group. There was no statistically significant
difference in remanipulation rates between the two groups, albeit a
higher proportion of participants in the periosteal block arm under-
went remanipulation. The rate of inadequate reduction and rema-
nipulation rates were secondary outcomes of the study and sample
size calculations were based on the primary outcome of VAS pain
scores. It is possible that a larger trial may have shown significant
differences between groups in remanipulation rates given the re-
lationship between effective analgesia and adequate reduction. As
part of the study protocol, participants received adjunct medications
to manage pain during the reduction. We found that a considerably
higher proportion of participants required adjunct medications in
the periosteal block group during the manipulation.

Emergency clinicians tailor selection of anesthetic techniques
for reduction of distal radius fractures considering several factors
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including patient preferences and characteristics, department staff-
ing and resources, and their own skill and experience. We were
surprised that there was no difference in length of stay, which we
felt would be a potential benefit of periosteal block. It is likely that
factors unrelated to the reduction (i.e., time in waiting room, waits
for discharge planning, waiting with nursing staff with casting skills)
were more important determinants of length of stay.

In this study the periosteal block with use of adjunct medications
was performed safely and facilitated successful reduction in the ma-
jority of participants. Given that there are several contraindications
to IVRA, the periosteal block may provide an alternative in these sit-
uations. Further research comparing periosteal block to hematoma
block would help to better define the role for this technique. Similar
to our results, prior studies of hematoma block have shown it to have
higher pain scores and increased rates of remanipulation when com-
pared to IVRA,? but the relative efficacy of these local infiltration-
based techniques is unknown.

LIMITATIONS

This was a single-center study in which participants were enrolled as
a convenience sample when a trained clinician was available. Overall

clinician familiarity and experience were higher on average with
IVRA compared to the periosteal block. In our study a diverse group
of clinicians underwent brief training to perform the periosteal block,
and it is possible that the periosteal block may have performed bet-
ter following increased experience with the technique. Baseline pain
scores were slightly higher in the periosteal block group (53.6mm)
versus (45.3mm) in the IVRA group; this must be considered when
interpreting the study results.

Adjunct pain medication was not administered via standardized
protocol and different doses and types of medications will have had
variable impact on reported pain scores. Pain medications used were
at the discretion of the treating clinician who could not be blinded to
the anesthetic technique they had performed; this may have further
biased pain medication administration. Although this may limit direct
comparison of the two techniques, it models real-world ED practice
where we tailor medication administration to the needs of the indi-
vidual patient. Pain scores were not measured at multiple time points
during the procedure, which may have further helped to show the
impact of adjunct medications. Lastly, our study was not powered to
detect a difference in rates of remanipulation. As reduction success
is related to adequacy of analgesia, a study and analysis plan specif-
ically designed to assess this may have detected a difference in the
adequacy of reduction.
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TABLE 2 Secondary outcomes

IVRA n =40 Periosteal blockn =40 pvalue

Remanipulation 3(7.5) 7 (17.5) 0.311
Adjunct medications 9 (22.5) 23 (57.5) 0.003

Morphine 1(11.1) 4(17.4) —

Fentanyl 6(66.7) 6(26.1) —

Ketamine 1(11.1) 0(0.0) —

Midazolam 1(11.1) 0(0.0) —

Patient-administered inhaled nitrous 3 (33.3) 14 (60.9) —

oxide/oxygen

Length of stay (min) 296+146 295+118 0.961
Inadequate reduction 0(0.0) 4 (10.0) —
Patient satisfaction 0.114

Not at all satisfied 1(2.5) 0(0.0)

Partially satisfied 2(5.0) 3(7.5)

Satisfied 7(17.5) 8(20.0)

More than satisfied 5(12.5) 13 (32.5)

Extremely satisfied 25 (62.5) 16 (40.0)
Clinician assessed ease of anesthetic 0.066

technique

Extremely easy 12 (30.0) 8(20.0)

Very easy 24 (60.0) 20 (50.0)

Somewhat easy 3(7.5) 10 (25.0)

Difficult 0(0.0) 2(5.0)

Extremely difficult 1(2.5) 0(0.0)
Clinician assessed efficacy of the 0.003

anesthetic technique

Extremely effective 26 (65.0) 10 (25.0)

Very effective 6(15.0) 15(37.5)

Somewhat effective 7 (17.5) 12 (30.0)

Not at all effective 1(2.5) 3(7.5)

Note: Data are reported as n (%) or mean +SD. p-values were calculated using Student's t-test for
numeric variables and chi-square tests or Fisher's exact tests where appropriate for categoric

variables.

Abbreviation: IVRA, intravenous regional anesthesia.

CONCLUSIONS

When performed by a diverse group of ED clinicians, periosteal
block provided inferior analgesia to intravenous regional anesthesia
but may provide an alternative when intravenous regional anesthe-

sia cannot be performed.
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INTRODUCTION

Scientific abstracts are frequently presented at the major meetings
of professional and academic societies. Importantly, these presen-
tations facilitate the dissemination of new research, often prior to
the publication of a scientific manuscript based on that same data.!
In emergency medicine (EM), one of the major meetings at which
abstracts are presented is the Society for Academic Emergency
Medicine (SAEM) Annual Meeting.?

Briefly, SAEM was formed in 1989 via the merger of the
University Association for Emergency Medicine (UAEM) and the
Society of Teachers of Emergency Medicine (STEM).2 This merger
was undertaken in recognition of the overlap between research
and education and, accordingly, SAEM has always focused on
furthering both research and education. Research abstracts are
selected for presentation at every SAEM Annual Meeting.2 As
part of the selection process, SAEM initially used a simple 4-item
scale for abstract scoring, which was replaced by a more detailed
approach in 1998; another iteration, which was made publicly
available, was launched in 2015.# The evolving scoring system has
provided a more objective approach for judging abstract quality
and also educated EM researchers on essential aspects of high-
quality research.

Although SAEM has included scientific abstract presentations
as part of its annual meeting since its founding, it is unclear if the
characteristics of these abstracts have changed over time. We aimed
to characterize temporal changes in the study design, abstract top-
ics, quality scores, and the proportion of meeting abstracts subse-
quently published as manuscripts.

METHODS
Study design

In this retrospective study, we reviewed a random sample of ab-
stracts from among all of those accepted to the SAEM Annual
Meeting between 1990 and 2020. The Mass General Brigham
Human Research Committee reviewed this study and classified it as

exempt. This report adheres to the STROBE guidelines.’

Data collection

We compiled accepted SAEM abstracts at 5-year intervals, from
1990 to 2020 (i.e., for 1990, 1995, 2000, 2005, 2010, 2015, and
2020). We then randomly selected 100 abstracts from each cho-
sen year for review using = RAND(), the random number feature
of Microsoft Excel. Briefly, we assigned a random number between
0 and 1 to every accepted abstract and then sorted these random
numbers from lowest to highest; the reviewed abstracts were
those with the lowest 100 numbers in each year. We chose 100 ab-
stracts per year because this would provide sufficiently narrow 95%

confidence intervals (Cls) for key characteristics to allow meaningful
comparisons across years.

Each abstract was reviewed by at least two trained research
assistants (VPD, HHI). When there were any discrepancies (<10%),
one of the authors (KMB) reviewed the two items to resolve the
discrepancy. To keep KMB blinded to the year when reviewing dis-
crepant scores, abstract text was copied over from the source PDFs
to a separate document without identifying information; individual
abstracts could be identified by searching for the abstract number or
title. Additional methods and results describing agreement between
trained research assistants and one investigator are available as sup-
plemental materials accompanying the online article (Table S1).

Measurements

For each abstract, we documented the following information: study
type (basic, clinical, population [Methods 51]), study design (labora-
tory, case report, case series, cross-sectional, case-control, cohort,
randomized controlled trial, meta-analysis, qualitative, other), study
sample size, and whether the study was a single-center or multi-
center study.

We also created a list of 18 abstract topic categories from those
provided by SAEM over the 30-year period and assigned each ab-
stract to the most appropriate category: abdominal/gastrointesti-
nal/genitourinary, cardiology/pulmonary/airway, education/ethics/
faculty, geriatrics/palliative, infectious diseases, international EM,
health services research (HSR)/health policy/operations, neurology,
obstetrics/gynecology, orthopedic/trauma/burn, pediatrics, emer-
gency medical services (EMS)/disaster/wilderness, psychiatry/social
EM, public health, research methods, technology/simulation, toxi-
cology/pharmacology, and other diseases (Methods S2).

Using the latest (2020) version of SAEM's scoring system,6 we
also scored all abstracts on a scale of 0-2 based on seven criteria:
clarity of objectives, choice of approach, validity, statistics, scope,
importance of topic, and publication readiness. The maximum score
(highest quality) is 14 points. Finally, we documented whether there
was a corresponding publication in PubMed for abstracts accepted
1990-2015; thus, even the 2015 abstracts had 5years to achieve
manuscript publication. We documented that a publication was
directly from the abstract if the content of the manuscript was
substantially the same as that of the abstract, even if the title and
authors of the manuscript varied slightly from the original SAEM
Annual Meeting abstract (Methods S3). Additional methods describ-
ing measurements are available as supplemental materials accompa-

nying the online article.
Data analysis
Data analysis included descriptive statistics, presented as propor-

tions or as medians with interquartile ranges (IQRs). We conducted
unadjusted analyses using chi-square tests, Fisher's exact test, and
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Kruskal-Wallis tests, as appropriate, to assess the association be-
tween abstract characteristics and abstract year. Analyses were
done using Stata 15.1 (StataCorp). A two-tailed p <0.05 was consid-
ered statistically significant. We did not adjust for multiple testing
so statistically significant results should be interpreted with caution.

RESULTS

Overall, the number of abstracts accepted to the SAEM Annual
Meeting increased from 180 in 1990 to 879 in 2020 (+388%). Of
the 7years reviewed (e.g., 1990, 1995, and so forth), the year with
the highest number of abstracts accepted was 2015 (1037; Figure 1).

Study type and design

The proportion of studies that were clinical remained consistent
throughout the study period (64% in 1990 vs. 63% in 2020); by con-
trast, the proportion of basic science studies decreased (20% vs.
2%), and the proportion of population health studies increased (16%
vs. 35%; Table 1). Over the study period, the most common study
design changed from laboratory study in 1990 (22%) to cohort study
in 2020 (44%, p <0.001). Notably, only 1% of abstracts in 2015
and 2020 were laboratory studies. Twenty percent of abstracts in
1990 and 1995 were cohort studies—this proportion rose to 34%
in 2000 and remained at least 34% for all subsequent years. Case-
control studies decreased over time, from 14% in 1990 to 4% in 2020
(Figure 2, Figures S1 and S2).

Study sample sizes

The median sample size increased over time, from 105 (IQR 25-389)
in 1990 to 544 (IQR 102-2067) in 2020 (p <0.001). There were
some intervals where the median sample size increased dramati-
cally. Specifically, between 1990 and 1995, the median sample size
increased from 105 (IQR 25-389) to 199 (IQR 52-592). Between
2015 and 2020, it increased from 295 (IQR 100-1370) to 544

1200
1000
800
600

400

# of accepted abstracts

200 180

.

FIGURE 1 Number of abstracts 1990
accepted to the SAEM Annual Meeting,

1990-2020.

| &

‘Academic Emergency Medicine

(IQR 102-2067). Multicenter studies became more common over
time (19% of studies in 1990 vs. 40% in 2020, p = 0.001; Table 1,
Figure S2).

Abstract topic categories

In 1990, the most common topic categories were cardiology/pulmo-
nary/airway (40%), orthopedic/trauma/burn (17%), EMS/disaster/
wilderness (16%), and toxicology/pharmacology (14%). In 2020, the
most common topic categories were HSR/health policy/operations
(25%), cardiology/pulmonary/airway (22%), technology/simulation
(18%), and education/ethics/faculty (15%). Looking across the 30-
year study period, cardiology/pulmonary/airway remained the most
common topic category from 1990 until 2005. From 2010 through
2020, HSR/health policy/operations was the most common topic
category. Cardiology/pulmonary/airway has remained the second
most common topic category during these more recent years. Other
topics that significantly increased between 1990 and 2020 included
technology/simulation (2% vs. 18%, respectively), psychiatry/social
EM (0% vs. 11%), education/ethics/faculty (6% vs. 15%), and infec-
tious diseases (5% vs. 12%, all p <0.05). Other topics that signifi-
cantly decreased between 1990 and 2020 included EMS/disaster/
wilderness (16% vs. 3%) and toxicology/pharmacology (14% vs. 7%,
both p = 0.01; Table 1).

Abstract quality scores

Overall quality scores increased from a median of 10 (IQR 8-11)
in 1990 to 12 (IQR 10.5-13) in 2020. Scores increased among the
following categories between 1990 and 2020: clarity of objec-
tives, choice of approach, statistics, scope, and publication readi-
ness (all p <0.01). Scores for validity (p = 0.08) and importance of
topic (p = 0.42) did not significantly change between 1990 and 2020
(Table 2).

Between 37% and 49% of the abstracts reviewed from each
year were later published as manuscripts, with no significant change
over time (p = 0.33; Figure S2). Of these, between 21% (2000) and

1,037
879
629
502 502
394 I
1995 2000 2005 2010 2015 2020
Year
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FIGURE 2 Study design of abstracts
accepted to the SAEM Annual Meeting in
1990 (n = 100) versus 2020 (n = 100). Case series

Laboratory

Cross-sectional

Case-control

|
|
|
|
Cohort I
Randomized Controlled Trial I
Meta-analysis e
Qualitative .
Other I —

1990 0 5 10 15 20 25 30 35 40 45 50

W 2020
% of abstracts with design

TABLE 2 Changes (%) in scores of abstracts accepted to the SAEM Annual Meeting, 1990-2020

1990 1995 2000 2005 2010 2015 2020 p-value’
Score
Overall, median (IQR) 10 (8-11) 9 (8-11) 11 (9-12) 10.5(9.5-12) 11(9-12) 11(10-12) 12 (10.5-13) <0.001
Clarity of objectives <0.001"
0 8 6 7 8 10 1 0
1 37 31 14 21 20 14 19
2 55 63 79 71 70 85 81
Choice of approach <0.001
0 3 4 2 1 1 2 0
1 34 28 23 25 20 9 10
2 63 68 75 74 79 89 90
Validity 0.08
0 4 10 2 2 5 4 2
1 39 29 31 33 26 25 26
2 57 61 67 65 69 71 72
Statistics 0.001’
0 16 24 10 9 17 7 6
1 36 31 28 34 30 39 18
2 47 40 58 57 50 50 72
Not applicable 1 5 4 0 3 4 4
Scope <0.001"
0 28 29 15 21 17 20 16
1 33 35 36 40 34 27 28
2 18 18 36 32 43 50 55
Not applicable 21 18 13 7 &) 3 1
Importance of topic 0.42
0 19 15 15 17 15 9 9
1 52 58 54 54 61 56 52
2 29 27 31 29 24 35 39
Publication readiness <0.001"
0 1 8 4 2 1 4 1
1 29 25 24 28 15 11 6
2 70 72 72 70 84 85 93

Abbreviation: IQR, interquartile range.
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25% (2005) were published within 1year, 8% (2010) and 17% (1990)
published between 1.1 and 2years of the abstract, and 2% (1990)
and 11% (2010) published between 2.1 and 3years of the abstract
(Table 1).

DISCUSSION

From 1990 to 2020, there was a clear increase in the number of
scientific abstracts accepted for presentation at the SAEM Annual
Meeting. Moreover, there were important changes in the most com-
mon study designs, increases in both sample size and the proportion
of studies that were multicenter, and changes in most common topic
categories. There was also an increase in overall abstract quality
scores, although not in every scoring category. There was also no
significant change in the proportion of abstracts subsequently pub-
lished as manuscripts. To our knowledge, this is the first study to as-
sess the change in characteristics of abstracts accepted to the SAEM
Annual Meeting over the three decades since the Society's founding.

Our results are similar to those found in a 1999 study by Singer
and colleagues.7 Briefly, they reviewed UAEM abstracts from 1974
and 1983, then SAEM abstracts from 1989 and 1997. They noted
changes in abstract characteristics and quality even in the early
years after SAEM's founding. For example, they found an increase in
the proportion of studies with power calculations and tests of signif-
icance, which would likely mean an increase in “statistics” score and
overall quality score, as we found. They similarly found an increase in
study sample size during the early years of SAEM (25 [IQR 24-182]
in 1989 vs. 129 [IQR 46-416] in 1997).

We also found similar results to Porturas and Taylor,® who inves-
tigated abstracts of EM articles from 1980 to 2019 within six highly
cited journals. Although our topic groupings were not identical,
Porturas and Taylor found a decrease in research involving cardiac
arrest over the study period, while we found a decrease in abstracts
focused on cardiology/pulmonary/airway. Similar to our results,
Porturas and Taylor also found a large decrease in the proportion
of abstracts classified as basic science. On the other hand, Porturas
and Taylor found only a modest increase (0.6%) in the proportion of
abstracts classified as mental health and substance abuse research,
while we found an 11% increase in abstracts classified as psychia-
try/social EM over the study period. The inclusion of social EM in
our topic category may account for part of this. Further, there was
a relatively high number of psychiatry/social EM abstracts in 2020,
which was after the study period used in the Porturas and Taylor
publication.

One area that requires improvement is the proportion of meeting
abstracts that are later published as full manuscripts. Although there
probably is no one “right” answer, we estimate that that at least 80%
of abstracts should proceed to manuscript publication. We found
that approximately one-third to one-half were later published as
manuscripts over the study period. Other studies similarly found
that less than half of SAEM abstracts were published as manuscripts.
For example, Callaham and colleagues9 found that 41% of SAEM

abstracts in 1991 were published as manuscripts, similar to the 46%
we found to be published from the 1990 meeting. Li and colleagues
reviewed all SAEM abstracts from 1997 and from 1999-2001. They
found that between 35% and 40% were published as manuscripts
per year.* Among abstracts accepted in 2000, they found that 38%
were published manuscripts (compared to the 40% we found pub-
lished in our sample from 2000).2° They found that 19% to 24% were
published within 1year (compared to our 1990-2015 review, which
found 21%-24% published within 1year), 12%-17% 1year later
(compared to 8%-17%), and 10%-11% 2years later (compared to
2%-11%).1° Likewise, Gottlieb and colleagues®! reviewed abstracts
accepted to multiple EM conferences, including SAEM, from 2011
to 2015. They found that 49% of SAEM abstracts from during this
time were later published as manuscripts. This was the same propor-
tion of abstracts that we identified as published manuscripts in 2010
(49%) but higher than the proportion in 2015 (37%).

In related work, Clemency and colleagues12 examined EMS ab-
stracts and publication following abstract presentation at multi-
ple meetings, including SAEM, and found that 53% EMS abstracts
from SAEM were later published. Adhikari and colleagues®® exam-
ined publication rates of ultrasound, EMS, and toxicology abstracts
submitted to both SAEM and ACEP from 1998 to 2008. Publication
rates were low (23%, 23%, and 21%, respectively), suggesting little
difference by topic.

The publication rate for SAEM abstracts since 1990 is middling
compared to those of abstracts accepted to non-EM meetings. For
example, publication rates of SAEM abstracts were lower than those
accepted to: the Dutch Surgical Society meetings (69%),* American
Society of Therapeutic Radiology and Oncology (56%),*> Orthopedic
Society of North America (53%),%° Skeletal Society of Radiology
(51%),” and the American Heart Association (50%).}® Publication
rates of SAEM abstracts were similar to those of abstracts accepted
to the American College of Cardiology (43%), the European Society
of Cardiology (38%),'® and the North American Menopause Society
(38%).Y On the other hand, publication rates of SAEM abstracts
were higher than those abstracts accepted to the American Society
of Gastrointestinal Endoscopy (25%)?° and two wound conferences
(12%).2 Even the highest proportions suggest ample room for

improvement.

LIMITATIONS

Given the subjective nature of some of the data collection (e.g., the
SAEM scoring system), it is possible that a different set of reviewers
would have documented different results for these items. However,
our approach was aligned with SAEM's actual scoring system, where
each abstract is assigned to multiple reviewers. Furthermore, any
discrepancies, between both the subjective and the objective items,
were further reviewed for reconciliation. While it is possible that
information bias was introduced (e.g., data abstracters were aware
of the year of each abstract), the investigator who resolved scor-
ing discrepancies in the SAEM scoring was blinded to the abstract
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year. Another possible limitation relates to the need to collapse topic
categories given the substantial changes in potential abstract top-
ics from 1990 to 2020, but these decisions were made with input
of multiple experienced researchers, and these arguably more “gen-

Iu

eral” categories still convey a clear change in common topic cate-
gories over time. Finally, we note that many of the characteristics
overlap (e.g., multicenter studies generally will have larger sample
sizes) but we did not perform multivariable analyses to address this
relatedness. Our goal was to describe what happened over the past
30vyears and the observed trends are true regardless of which fac-
tor stands out in a stratified or multivariable model. We speculate
thatincreases in collaborative research and in the availability of large
administrative datasets underlie some of the observed results. We
also speculate that widespread adoption of the SAEM abstract scor-
ing criteria has led to significant improvements in the quality of the

accepted research.

CONCLUSIONS

Research presented at the Society for Academic Emergency
Medicine Annual Meeting has changed significantly over the past
30years. Overall, studies have become larger and are now more
likely to be multicenter, and the most common topics have changed
over time. Further, the scientific quality of abstracts has improved,
reflected by an increase in scores over time. One area for improve-
ment is the subsequent publication of accepted abstracts as full
manuscripts. We look forward to witnessing (and participating) in
the continued evolution of research presented at the Society for
Academic Emergency Medicine Annual Meeting, as this research
will remain a key component of emergency medicine research dis-

semination worldwide.
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Abstract

Objectives: This systematic review identified and assessed psychometric properties
of the available screening tools to identify patients with unmet palliative care (PC)
needs in the emergency department (ED).

Methods: A comprehensive search of electronic databases and the gray literature
was conducted. Two independent reviewers completed study screening and inclu-
sion, data extraction, and quality assessment. A descriptive summary of the results
was reported using median of medians and interquartile ranges (IQRs).

Results: A total of 35 studies were included, involving the assessment of 14 unique
screening tools. The most commonly used screening tool was the surprise question
(SQ; n = 12 studies), followed by the Palliative Care and Rapid Emergency Screening
(P-CaRES) tool (n = 8), and the screening for palliative and end-of-life care needs in the
emergency department (SPEED) instrument (n = 4). Twelve of the included studies re-
ported on the psychometric properties of the screening tools, of which eight of these
studies assessed the performance of the SQ to predict patient mortality. Overall, the
median sensitivity (63%, IQR 38%-78%) and specificity (75%, IQR 57%-84%) of the
SQ to predict mortality at 1 or 12 months was moderate. While the median posi-
tive predictive value of the SQ was low (32%, IQR 16%-40%), the median negative
predictive value was high (91%, IQR 88%-95%). Across the studies, the proportion
of patients identified as having unmet PC based on the criteria of the screening tools
ranged from 5% to 83%.

Conclusions: This review identified 14 unique screening tools used to identify adult
patients with unmet PC needs in the ED. One screening tool, the SQ, was found to
have moderate sensitivity and specificity to accurately predict future patient mortal-
ity. Additional research is needed to better understand the clinical value of this and

the other available tools prior to their widespread implementation.

KEYWORDS
emergency department, end of life, palliative care, screening tools

Acad Emerg Med. 2022;29:1229-1246.
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INTRODUCTION

With the increase in emergency department (ED) visits among patients
with advanced or end-of-life (EOL) conditions,'? early integration of
palliative care (PC) services into the ED has been recommended by
initiatives like the Choosing Wisely Campaign.3 For many patients, the
ED offers a unique opportunity to initiate these connections; how-
ever, identifying patients with unmet PC needs and finding the time
to initiate discussions in a chaotic, fast-paced environment such as the
ED can be challenging. As such, several screening instruments/tools
have been developed for the purpose of assisting emergency physi-
cians and other health care providers to identify patients with unmet
PC needs, including the surprise question (SQ)* and the Palliative Care
and Rapid Emergency Screening (P-CaRES) tool.>¢

Despite the availability of multiple screening tools to identify
patients with unmet PC needs in the ED, the performance of these
tools has not been well established making the recommendation for
one particular tool over the others difficult.” With the publication of
various new studies, this systematic review conducted an updated
assessment of the available screening tools to identify ED patients
with unmet PC needs in the ED.

METHODS
Protocol

A study protocol was developed and registered on PROSPERO (regis-
tration #CRD42018086178) to define the objectives, selection criteria,
data collection, and analysis. This review followed the recommenda-

tions of the PRISMA guidelines for reporting of systematic reviews.®

Inclusion/exclusion

Studies assessing the ability of a screening tool to identify adult pa-
tients with unmet PC needs in the ED were eligible for inclusion in
this review. To be eligible studies had to apply the screening tool on
adult patients presenting to the ED. Studies did not need to utilize
a control group or reference standard nor to report on the psycho-
metric properties of the screening tools to be included in the review.
While prospective and retrospective studies were eligible for inclu-

sion, reviews, editorials, or case studies were excluded.

Outcome

The primary outcome of interest pertained to the performance
of the screening tools, including psychometric properties such as
sensitivity, specificity, positive predictive values (PPV), negative
predictive values (NPV), and/or likelihood ratios (LRs). Secondary
outcomes of interest included metrics on the reliability and validity
of the tools, proportion of patients with unmet PC needs, referrals to

PC consultations or hospice services, disposition of index visit (e.g.,
discharge or hospitalizations), mortality (either within the ED or fol-
lowing ED discharge), and subsequent health care utilization (e.g.,

hospitalization, ED visits).

Search methods for identification of studies

A search was conducted by an experienced health research librar-
ian (S.C.) on the following databases: OVID Medline, Ovid EMBASE,
OVID Health and Psychosocial Instruments, EBSCO-CINAHL,
SCOPUS, ProQuest Dissertations and Theses Global, Cochrane
Library, and PROSPERO using controlled vocabulary and key words
representing the concepts “emergency department” and “palliative
care” and “screening.” Searches were adjusted appropriately for dif-
ferent databases. Searches were last updated in August 2021. No
publication or language limits were applied. Results were exported
to RefWorks citation management system. Detailed search strate-
gies are available in Appendix 1.

A search of the gray literature consisted of a search of Google
Scholar, clinical trial registries (e.g., clinicaltrials.gov, Cochrane
Central Register of controlled trials, and controlled-trials.com),
backward and forward SCOPUS searches of included studies, bib-
liographies from known reviews, and abstracts from emergency
medicine conferences including Canadian Association of Emergency
Physicians (2015-2021), Society for Academic Emergency Medicine
(2015-2021), and the American College of Emergency Physician
Abstracts (2015-2021).

Selection of studies

The title and abstract of studies identified in the literature search
were screened for eligibility by two independent reviewers (M.G.C.,
M.K., E.H.Y., or SW.K.). The full text of studies identified as poten-
tially eligible were retrieved and reviewed for inclusion based on
predefined inclusion criteria by two independent reviewers (M.G.C.,

M.K., E.H.Y., or S.W.K.). Disagreements were resolved via consensus.

Data extraction

Two independent reviewers (M.G.C., M.K,, E.H.Y., or SW.K.) ex-
tracted predefined outcomes onto standardized electronic forms.
Disagreements were resolved via discussion. If a study reported
outcomes such as mortality over multiple time points, only the last
time point was considered in the meta-analysis.

Quality assessment

For studies reporting the psychometric properties of the screen-
ing tools, the methodologic quality was assessed using the Quality
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Assessment of Diagnostic Accuracy Studies (QUADAS)9 and
Standards for Reporting Diagnostic accuracy studies (STARD)Y
tools. The quality of observational cohort studies that did not assess
the psychometric properties was assessed using the Newcastle-
Ottawa Scale (NOS).!! Quality assessment was conducted by in-
dependent author reviewers and disagreements were resolved via
consensus. Two authors (E.H.Y., S.W.K.) reviewed 34 of the 35 stud-
ies, and the one study12 for which S.W.K. was the lead author was
instead reviewed by E.H.Y. and J.M.

Data synthesis

A descriptive summary of the results was reported. Summary tables
were created to report on the study characteristics, screening tools,
psychometric properties, and other outcomes. Medians and inter-
quartile ranges (IQRs) were calculated, and a median of medians ap-
proach was taken for reporting the “average” effect. No sensitivity
or subgroup analyses were conducted. While some studies reported
outcomes based on ED visits or presentations,iz'13 for the purposes
of this review, the unit of analysis was based on individual patient
data. If available, performance of screening tools was assessed
based on the positive (+) or negative (=) LRs, with +/- LRs ~0.5 to
2 rated as unhelpful (poor performance), mid-range (5<+LR<10;
0.5<-LR>0.1) rated as moderate performance, and the extremes

(+LR > 10; -LR <0.1) rated as excellent performance.'*

RESULTS
Search results

Once duplicates were removed, a total of 5491 title and abstracts
were screened following database and gray literature searches (see
Figure 1). A total of 5237 studies were found to be irrelevant and ex-
cluded from the study, resulting in the full-text review of 254 stud-
ies. The full texts of 219 studies were excluded for various reasons

(see Figure 1), resulting in the inclusion of 35 studies in the review.

Study characteristics

The majority of studies were conducted in the United States
(see Table 1). Twelve of the included studies were conference
abstracts.'>?¢ The majority of studies reported screening unmet PC
needs in ED patients with specific EOL conditions or patients re-
quiring admission (see Table 1).121315-21.24-42 Across the 35 included
studies, a total of 14 unique screening tools were assessed (see
Table 1 and Appendix 2). The majority of studies did not utilize an-
other screening tool as a reference standard, except for three studies
that used screening tools that had been previously used to identify
unmet PC needs in patients in other clinical settings.>”*>** Other
studies utilized medical or death records as a reference standard

PN Uy s dl
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for the assessment of the accuracy of the screening tool to predict

419.27-29.41,42:44.45 One study*? and one conference

patient mortality.
abstract'® were found to utilize a similar database of patients. Both
studies reported different objectives and outcomes, except for one
overlapping outcome (proportion of patients with unmet PC needs).
To reduce the risk of duplicate data, only the proportion of patients
with unmet PC needs as reported in the published study*? was in-

cluded in the analysis.

Screening tool characteristics
SQ

The most commonly assessed screening tool was the SQ (see Table 1).
While most of the included studies applied the original SQ (Would you
be surprised if the patient died in the next 12months?), 1619284445
some studies utilized a modified SQ (Would you be surprised if the
patient died in the next 30days?).1%1718:27.2942 A negative response
(e.g., the physician would not be surprised if the patient died during a
given time frame) was suggestive that the patient had unmet PC needs.
Assessment of unmet PC needs was reported to have been completed
by the attending emergency physicians in all but two of the included
studies (see Table 1).2** A small number of studies applied the SQ
to patients with a specific clinical condition including heart failure,*®
advanced cancer,?® chronic obstructive pulmonary disease (COPD),29
and sepsis,17 while the majority of studies applied the SQ to patients

4,15,16,18,19,27,

without a specific clinical condition. 44 Some studies fur-

ther specified that they strictly applied the SQ to patients who were

| 15,17,18,27,29,42
,

to be admitted to hospita admitted to the intensive care

unit (ICU),Y or to any patients older than 65% or 7Oyears.44

P-CaRES tool

Eight studies'?13:20:21.30.31.32.33 t|ized the P-CaRES tool, which con-
sists of a list of potential EOL conditions including advanced demen-
tia or central nervous system disease, cancer, COPD, chronic renal
failure, end-stage liver disease, septic shock in patients over 65years
old, and other conditions with a high chance of accelerated death.’
If the patient presented with at least one EOL condition, the asses-
sors completed the second domain, selecting risk factors for unmet
PC needs from a checklist that included previous ED visits or hospi-
talizations in the past 6 months, uncontrolled symptoms, functional
decline, uncertainty about goals of care and/or caregiver distress,
and a negative response to the SQ.” Based on the criteria of the P-
CaRES tool, patients were identified as having unmet PC needs if
they presented with at least one EOL condition and two or more
risk factors for unmet PC needs. Some studies modified either the
checklist of EOL conditions listed on the screening tool*? or the list
of risk factors for unmet PC needs (see Appendix 2).%2 Three studies
strictly applied the P-CaRES tool on older or geriatric patients.13'3°*33
For the majority of studies, emergency physicians completed the



SCREENING TOOLS TO IDENTIFY PATIENTS WITH UNMET PALLIATIVE CARE NEEDS

1232 | A DA

IN THE EMERGENCY DEPARTMENT: A SYSTEMATIC REVIEW

FIGURE 1 Literature search flow
Electronic database Grey Literature search diagram for a systematic review on studies
search assessing screening tools to identify
n=174 patients with unmet PC needs in the ED.
n=80635 .
PC, palliative care

/

Results after duplicates
removed
n=5491

Clearly irrelevant after

screen

n=5237

assessed for eligibility

n=254

Full-text articles J /

Studies included in
systematic review

make assessment (n=35)
n=35 \ /

Studies excluded with reasons

Did not apply screening tool for
palliative care needs in ED
patients (n=114)

Ineligible study design (n=75)
Did not enroll patients with
end-of-life conditions in the

emergency department (n=25)

Insufficient information to

5

n=219

P-CaRES tool 1221303132 \yith one study comparing the accuracy
of screening with the P-CaRES tool between emergency physicians

and PC chaplain fellows (see Table 1).1

Screening for palliative needs in the emergency
department (SPEED) instrument

Two studies used the original SPEED instrument, which consists of
13 items assessing social, therapeutic, physical, psychological, and
spiritual needs.??>*® Unlike many of the other screening tools, the
original SPEED tool does not have prespecified criteria for a patient
to be considered to have “unmet PC needs,” but, rather, aims to as-
sist physicians identify specific needs of the patient. Two studies
utilized a modified five-item version of the SPEED instrument, which
includes five questions regarding difficulties in pain management,
home care, medication management, psychological support, and
goals of care.?®#® The items of the five-item SPEED tool are scored
on a Likert scale, however, the threshold score for each domain to
identify a patient with unmet PC needs was not reported.23’46 Three
studies applied the SPEED instrument on patients with active can-

23,43,46

cer while one study only screened patients with end-stage

heart failure.?? Research assistants*® and ED nurses?®4¢

were re-
ported to have completed the SPEED instrument except in one study

which did not specify who completed the screening (see Table 1).22

Other screening tools

The 11 remaining studies each assessed a different screening
tool?#25:26.34-41 4nd additional details are provided in Appendix 2.
The majority of the screening tools consisted of a checklist of ques-
tions, such as the simplified screening tool (SST) included physicians
completing two domains, the first of which consisting of an 11-point
scale assessing ambulation, activity, disease progression, self-care,
oral intake, and level of consciousness, as well as a checklist in which
physicians identified at least one indicator of unmet PC needs.’
Another study assessed whether various risk factors for mortality
(age, quick sequential organ failure assessment score, cancer, per-
formance score, and do-not-resuscitate status), recognized as the A-
qCPR risk score, could identify patients with unmet PC needs.** Two
studies utilized a battery of available screening tools for assessing
symptom management, frailty, quality of life, as well as assessments
of physical, psychological, and financial burden of patients and their
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TABLE 1 Characteristics of studies assessing screening tools to identify patients with unmet PC needs in the ED

Study ID

Surprise Question (SQ)

Bond 2014° United States
Yoshida 2014 United States
Strout 2016 United States
Strout 20178 United States
Glick 2018 United States
Ouchi 2018* United States
Ouchi 2019*? United States
Aaronson 2019* United States
Haydar 20197 United States
Verhoef 2020%8 Netherlands
Tripp 202127 United States

Gaffney 2022** Ireland

No. of
Screened participants

ED patients admitted to hospital 4478
ED patients with serious illness NA

ED patients with sepsis admitted to hospital 330
ED patients admitted to hospital 10,334
Nontrauma patients being admitted to an ICU 313
ED patients aged 65 years and older 207
ED patients aged 65 years and older admitted to hospital 10,737
Patients with CHF 193
Hospitalized ED patients 6122
Adult patients with end-stage cancer 245
Patients admitted to the hospital for an acute 381

exacerbation of COPD
ED patients aged 70 years and older 191

Palliative Care and Rapid Emergency Screening (P-CaRES) tool

Ouchi 2017°° United States

Duffy 2019%° Canada

Kostenberger 20193 Austria

Yang 2020°? Taiwan

Howard 2021 United States

Kirkland 2021'? Canada

ED patients aged 65years and older with at least one EOL 207
condition including advanced dementia or CNS disease,
end-stage renal disease, advanced COPD, advanced
CHF, end-stage liver disease, septic shock, and provider
discretion (high chance of accelerated death)

ED patients (order than 18years) with a triage score of 417
2-5 who were triaged to the subacute or acute areas
of the ED with at least one EOL condition including
advanced dementia or CNS disease, end-stage renal
disease, advanced COPD, advanced CHF, end-stage
liver disease, septic shock, and provider discretion
(high chance of accelerated death)

Adult ED patients with at least one EOL condition 195
including advanced dementia or CNS disease, end-
stage renal disease, advanced COPD, advanced CHF,
end-stage liver disease, septic shock, and provider
discretion (high chance of accelerated death)

Acute, critically ill adult patients over 20years old who 796
were to be admitted to the emergency ICU following
their ED visit with at least one EOL condition
including advanced dementia or CNS disease, end-
stage renal disease, advanced COPD, advanced
cardiovascular disease, end-stage liver disease,
severely frail, septic shock, acute respiratory disease
syndrome, multiple organ failure, or impending death

Geriatric patients over the age of 80 with at least one EOL 58
condition including advanced dementia or CNS disease,
end-stage renal disease, advanced COPD, advanced
CHF, end-stage liver disease, septic shock, and provider
discretion (high chance of accelerated death)

Adults ED patients with at least one EOL condition 663
including advanced dementia, progressive CNS
disease, end-stage renal disease, advanced COPD,
advanced CHF, and end-stage liver disease

Assessor completing
patients the screening tool

ED physicians
Not specified
ED physicians
ED physicians
ED physicians
ED physicians
ED physicians
ED physicians
ED physicians
ED physicians
ED physicians

Non-consultant
hospital doctors
working in
the ED (not
specified)

ED physicians

ED nurses and
physicians

ED physicians

ED physicians

ED physicians
and PC

chaplains-fellows

ED physicians

PN Uy s L
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PC screening tool

Modified SQ - 30days
SQ
Modified SQ - 30days
Modified SQ - 30days
SQ
SQ
Modified SQ - 30 days
SQ
Modified SQ - 30days
SQ
Modified SQ - 30days

5Q

P-CaRES

P-CaRES

P-CaRES

Modified P-CaRES

P-CaRES

Modified P-CaRES

(Continues)
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TABLE 1 (Continued)

Study ID

Te Paske 2021% United

States

Tolia 2020%! United States

Screened participants

ED patients aged 55 years who were to be admitted
to hospital with at least one EOL condition
including advanced dementia or CNS disease,
end-stage renal disease, advanced COPD,
advanced CHF, end-stage liver disease, septic
shock, and provider discretion (high chance of
accelerated death)

ED patients with at least one EOL condition including
advanced dementia or CNS disease, end-stage renal
disease, advanced COPD, advanced CHF, end-stage
liver disease, septic shock, and provider discretion
(high chance of accelerated death)

No. of
patients

131

641

Screening for palliative and EOL care needs in the emergency department (SPEED) instrument

Richards 2011% United States ED patients over 21years old with active cancer, English

Lo 2016%2 United States

Marshall 20172% United States

Reuter 2019 United States

Other screening tools

Mahony 2008%* United States

Grudzen 2011% United States

Glajchen 2011 United

States

Minor 2013%* United States

Earle 2014%° United States

Schulman 20152 United

States
Cotogni 2017%7 Italy

Koh 2019°8 Singapore

speaking, and capable of providing informed consent

Adult patients with CHF

Adult patients with active cancer

Adult ED patients with active cancer

Patients with progressive end-stage illness aged 65years
and older, with multiple organ failure but rejected
for ICU admission, was hospice eligible, and required
access to community services

Patients 65years or over with functional deficit and a
history of either cancer requiring chemotherapy,
radiation, and surgery other than local excision;
CHF; end-stage liver disease; chronic renal failure on
hemodialysis; stroke; oxygen-dependent pulmonary
disease; or dementia of any time

Elderly patients older than 65years old with life-limiting
illness (including CNS, COPD, CHF, AIDS)

ED patients waiting for admission to hospital

Patients with severe dementia, CNS disease with
progressive decline, metastatic cancer, AIDS with
progressive decline, CHF with recurrent admissions
or requiring home oxygen, severe advanced disease,
living in a nursing home with unclear care goals, or
severe decline in functional status

ED patients suitable for ICU admission

Seriously ill patients with either chronic organ failure,
progressive neurologic disease, or advanced cancer
who are waiting to be admitted to hospital

Adult patients with metastatic cancer who require home
hospice care or admission to an inpatient palliative
unit or hospice

53

81

293

817

291

50

1587

1554

155

52

257

340

Assessor completing
the screening tool

Coinvestigators
of physicians
from various
specialties

ED physicians

Research assistants

Not specified

ED nurse

ED nurse

Nurse practitioner

Trained interviewer
(not specified)

ED physicians

ED staff unspecified

Not specified

Not specified

Physician specialist
in anesthesia and
intensive care

ED physicians and
members of the
PC team

PC screening tool

P-CaRES

P-CaRES

The SPEED
instrument

The SPEED
instrument
The 5-item SPEED
instrument

The 5-item SPEED
instrument

PC trigger tool

Battery of tests
including:

NEST-13, ESAS,
MQOL, and the
Caregiver Strain
Index

Two-stage BriefPal
screening
protocol.

IPAL-EM screening
tool

Unnamed palliative
screening tool

7-item PC screening

Simplified Screening
Tool (SST)

Modified screening
checklist
(ED-PALS)
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TABLE 1 (Continued)

Study ID Screened participants

Bakan 2020% Turkey

Patients who had been diagnosed with diseases of the 208
heart, kidney, and respiratory system along with

PN Uy s dl
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No.of  Assessorcompleting

patients the screeningtool PC screening tool

The Criteria for
Receiving PC

Not specified

cancer, stroke, and other conditions and diseases that

shorten the lifespan
Tineo 2020%° Peru

disease

Wang 2021% Taiwan
to hospital through the ED

Adult patients aged 18years or older with advanced 60

Any patients aged 15years or older who were admitted 4627

ED physicians Unnamed tool

Not specified A-qCPR risk score

Abbreviations: AIDS, acquired immune deficiency syndrome; CHF, congestive heart failure; CNS, central nervous system; COPD, chronic obstructive
pulmonary disease; EOL, end of life; ESAS, Edmonton symptom assessment scale; HCS, home health care hospice and community services; ICU,
intensive care unit; MQOL, McGill quality of life questionnaire; NEST-13, needs near the end-of-life care screening tool; PC, palliative care; QOL,

quality of life; SQ, surprise question.

caregivers.35'36 Various personnel completed the screening includ-

3640 hurse practitioners,®* a specialist in

ing emergency physicians,
anesthesia and intensive care,®” unspecified ED staff,?* or a trained

interviewer (see Table 1).%°

Risk-of-bias assessment

Thirteen studies were assessed using the STARD and QUADAS
tools.4131519.27-29.3741-45 Based on the STARD criteria, the majority of
studies clearly reported assessing the methods for participant sam-
pling, the reference standard, the patient characteristics, and the tools
clinical applicability (see Appendix 3). The majority of studies, however,
did not report whether assessors were blinded to the outcomes of the
index test or reference standard, nor provided a cross-tabulation of
the results, test reproducibility, or accuracy variability. The majority of
studies sufficiently reported on most of the criteria for the QUADAS
tool including the patient population, the screening tools and the refer-
ence standard, and uninterpretable results (see Appendix 4).

The quality of 22 studies were assessed using the NOS (see
Appendix 5).12:16:17.18,20-26,30-36,38-40.46 Tha majority of these stud-
ies included a representative cohort of participants and sufficient
follow-up. The majority of studies consisted of a single cohort, and
studies with multiple groups did not report on controlling or adjust-
ing for any potential differences among the groups. Only half of the
studies reported how the outcomes were assessed.

Primary outcome
Performance

Twelve of the 35 included studies reported the psychometric
properties of the PC screening tools. From these 12 studies, vari-
ous psychometric properties of the SQ were reported in nine of
the studies,4’15’19’27'2(”'42’44’45 with the performance of the P-CaRES
tool,'® the SST,% and A-qCPR* being assessed in three different
studies. None of the included studies reported the psychometric

properties of the SPEED tool or the other screening tools identi-
fied in this review.
Of the nine studies assessing the SQ, eight assessed

its ability to predict patient mortality at 30days?”27%?

or
12 months*1%284445 respectively using either official death re-
cords or the patients' medical charts as the reference standard
(see Table 2, Figure 2). The overall median sensitivity of the SQ to
predict mortality was 63% (IQR 38%-78%), while the median spec-
ificity was 75% (IQR 57%-84%). The overall median PPV of the
SQ was 32% (IQR 16%-40%) while the median NPV was 91% (IQR
88%-95%). The sensitivity of the SQ to predict patient mortality
at 30days was lower (range 12%-43%)%>"2742 than at 12 months
(range 57%-89%;*1%:28:44.45 see Figure 2). Similarly, the specificity
of the SQ was higher among studies assessing patient mortality
at 30days (range 82%-95%)272742 than at 12 months (range 40%-
79%).419.28:44.45 One study reported that the SQ had a+LR of 2.68
(95% confidence interval [CI] 0.68-10.64) and a -LR of 0.92 (95%
Cl 0.76-1.11) for predicting 30-day mortality,29 while another
study reported a +LR of 2.5 (95% Cl: 1.7, 3.7) and a -LR of 0.56
(95% Cl: 0.4, 0.8) for predicting 12 month mortality.* One study
reported that the modified-SQ had poor predictive properties for
mortality at 6 and 12 months (see Table 2).*? One study reported
that the SQ had poor predictive properties for admission from the
ED, prolonged length of stay (LOS), frailty, and readmission to hos-
pital (see Table 3),** while another study reported that the SQ had
low sensitivity (35%), high specificity (89%), and high NPV (97%)
when used to predict the use of PC resources.'®

Psychometric properties of three other screening tools were
reported. First, the SST reported high sensitivity (98%, 95% Cl
92%-99%), specificity (93%, 95% Cl 88%-96%), and accuracy
(95%) to identify ED patients with unmet PC needs when com-
pared with five criterion from the Italian Society of Anesthesia,
Analgesia, Resuscitation, and Intensive care (SIAARTI).®” Another
study compared the ability of chaplains trained in PC assessment
to use the P-CaRES tool to accurately identify patients with unmet
PC needs compared to emergency physicians, which found a trend
for more false positives by chaplains (see Table 2).18 Finally, the A-
qCPR tool had excellent sensitivity (99, 95% Cl 98%-99%) and NPV
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(Continued)

TABLE 2

Accuracy, %

Specificity, %

Sensitivity, %
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(<4 points), 0.84 (0.83-
98 (97-98)

Intermediate-

Intermediate-

(<4 points),

5(4-7)

0.86)

Cross-

risk group

risk group

Intermediate-

(4 <score <9
points),
21 (20-23)

(4<score <9
points),

(4<score <9 43 (41-44)

points),
55 (51-58)

Intermediate-risk
High-risk

validation,

0.84(0.83-

risk group

group

(4<score<9
points),
76 (74-78)

0.85)

High-risk group

High-risk group

(>9 points),

65 (60-69)

(>9 points),

6 (5-6)

High-risk group

(>9 points),

36 (32-40)

group (>9
points),

40 (37-43)

Abbreviations: AUC, area under the curve; CBS, caregiver burden score; CFS, clinical frailty score; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; NA, not applicable; NEST, needs
at the end-of-life screening tool; NPV, negative predictive value; PC, palliative care; P-CaRES, palliative care and rapid emergency screening; PPV, positive predictive value; RISC, risk instrument for

screening in the community; SIAARTI, Screening tool from the Italian Society of Anesthesia, Analgesia, Resuscitation, and Intensive care; SPEED, screening for palliative and end-of-life care needs in the

emergency department; SST, simplified screening tool; SQ, surprise question; « = frailty as measured via a comprehensive geriatric assessment.

(99%, 95% Cl 98%-100%) to predict 1-year patient mortality.** The
study recommended that a threshold A-qCPR risk score of nine
(high-risk group) as indicative of patients with unmet PC needs, as
the PPV of the high-risk group was higher (65%, 95% Cl 60%-69%)

compared to patients with lower risk scores (see Table 2).**

Secondary outcomes
Reliability/validity

One study reported that the 13-item SPEED instrument had
strong concurrent validity with domains of the Needs at the End-
of-life Screening tool (NEST), with a Cronbach coefficient alpha of
the SPEED instrument ranging from 0.716 to 0.991.43 Following
a corrected item correlation, the Cronbach coefficient of the
SPEED instrument ranged from 0.326 to 0.970.** Another study
reported that the SQ had moderate to strong correlation with the
Caregiver Burden Score and Risk Instrument for Screening in the
Community, but a poor correlation between the Clinical Frailty
scale and the EQ-5D.** While Tineo et al.*° did not assess the psy-
chometric properties of their screening tool, their study reported
that an unpublished pilot study found that their screening tool had
acceptable internal consistency (Cronbach coefficient = 0.699).

Patients with unmet PC needs

The proportion of patients identified as having unmet PC needs var-
ied among studies evaluating different screening tools and even
among the studies assessing the same instruments (see Figure 3
and Table 3). Based on the criteria of the SQ, the median propor-
tion of patients found to have unmet PC needs was 31% (IQR
15%-49%),+1>17:19.27-2942.44.45 \\ hile the median proportion of patients
identified as having unmet PC needs using the P-CaRES and SPEED
instrument was 32% (IQR 30%-55%)213202130933 and 629% (IQR 52%-
72%),21222343 respectively. The range of patients identified with the
other palliative screening tools ranged considerably from 12% to 80%
(median 36%, IQR 25%-71%; see Figure 3 and Table 3).2426:34.36.37.40,41

PC consultations

Eighteen studies reported on PC consultations among patients with
unmet PC needs; however, outcome reporting varied considerably
(see Table 3). Two studies reported on the proportion of patients
with unmet PC needs who had received an ED-based PC consulta-
tion, which ranged from 1.4%? to 12%.2” The proportion of patients
with unmet PC needs who were hospitalized and received a PC con-
sultation was reported to be 8%,%* 13%,%° 47%,%° and 55%" across
four studies. Patients with unmet PC needs who received a PC con-
sultation postdischarge was reported to be 5%,28 6%,%1 11%,%%8 and

29%'2 in five studies. Five studies?>2>263¢46 3pplied an intervention
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FIGURE 2 Performance of the screening tools to predict patient mortality among patients in the ED. The horizontal lines indicate the
95% Cl for sensitivity (%) and specificity (%) and the filled circle symbols in the middle of the horizontal lines indicate the sensitivity and

empty circle symbols represent the specificity

with the objective of promoting PC consultations and reported that
a range between 32% and 47% of patients with unmet PC needs
received a PC consultation in the ED or hospital.?>2>244¢ One of the
intervention studies reported that 90% of patients with unmet PC
needs received a referral to PC post-discharge; however, only 43%
of the patients attended the PC consultation.

Disposition

The majority of patients identified as having unmet PC needs
were admitted to hospital, with a median proportion of 64% (IQR
55%-77%; see Table 3).1220.222327283031383943-46 The major-
ity of patients identified as having unmet PC needs based on the
P-CaRES (range: 69% to 79%)'22%3%31 3nd SPEED instrument (55%-
59%)?2234346 \were admitted to hospital. Alternatively, the median
proportion of patients with unmet PC needs discharged from the ED
was 23% (IQR 14%-28%),1216:19.20.23,25,29,38,39.45.46

Mortality

The timeline of when mortality was reported ranged from within
hospital to over 30days, 6 months, 8 months, or a 12-month period

(see Table 3). The median proportion of patients who died in hos-
pital was 12% (IQR 5%-25%),1216:17:1819.25,27.32.39 \yhjle the median
proportion of patients with unmet PC needs who died following
discharge from the ED (ranging from 1 to 12months) was 51% (IQR
25%-69%: see Table 3).41315.28:33.3436,41.45

Subsequent health care utilization

Five studies assessed the proportion of patients with unmet PC needs
who returned to the ED following the index visit; the median propor-
tion was 32% (IQR 8%-53%; see Table 3).1223283446 Three studies
reported 30%-77% of patients with unmet PC needs were subse-

quently hospitalized following discharge from their index visit.282%44

DISCUSSION

With an increase in ED visits among patients with EOL conditions,
there is a need to identify those with unmet PC needs. While a
previous systematic review published in 2016 included seven stud-
ies assessing different screening tools or interventions,” the cur-
rent systematic review conducted a comprehensive and updated
search of the literature and identified 35 studies utilizing 14 unique
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Strout 2016 ‘
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FIGURE 3 Proportion of patients in the ED identified as having unmet PC needs using various screening tools. The diamond (SQ), square
(P-CaRES), circle (SPEED), and triangles (other screening tools) represent the average proportion of patients with unmet PC needs for the

given studies. PC, palliative care

screening tools to identify unmet PC needs among adult patients
presenting to the ED. Despite the increase in published studies, the
performance of the majority of screening tools remain infrequently
reported, limiting the ability to make any clear recommendations for
their widespread implementation.

Of the screening tools assessed across the included studies, the
psychometric properties of the SQ were the most commonly reported.
The SQ exhibited moderate ability to predict mortality; however, per-
formed better at predicting long-term mortality (within 12months)
than short-term mortality (within 30days), while offering limited
assistance to clinicians. For example, assuming a pretest probability
of unmet PC needs in the populations at baseline of approximately
30%, given these results, the LRs are insufficient to confidently rule
in a case when positive (30% increased to 45%) and insufficient to
confidently rule out a case when negative (30% decreased to 18%)
with certainty. Overall, strictly using the SQ to identify patients with
unmet PC needs will result in referral of a large number of patients to
PC services who may not benefit from them. Considering the costs
and limited availability of PC services in the ED/hospital, screening
tools with excellent performance are recommended to ensure the ap-
propriate use of limited resources and improved quality of care.

The results of our review are similar to those of another sys-
tematic review that assessed the performance of the SQ across
various clinical settings (e.g., ED, inpatient ward, ICU, general

).#” That review reported that the

practice clinics, cancer centers
SQ performed poorly to moderately as a predictive tool for death
(sensitivity 67%, 95% Cl 55.7%-76.7%; specificity 80.2%, 95% Cl
73.3%-85.6%; +LR 3.4, 95% Cl 2.8-4.1; -LR 0.41, 95% Cl 0.32-
0.54) and that the SQ performed worse among patients with non-
cancer conditions.*” Unfortunately, the current review was unable
to provide further clarity due to a limited reporting across the in-
cluded ED studies. For example, the majority of studies assessing
the SQ enrolled patients with various medical conditions; how-
ever, these studies did not specify how the SQ performed among
any subgroup of patients with advanced conditions. In addition,
the majority of included studies utilized emergency physicians as
the assessors of the SQ, and so it is unclear whether the perfor-
mance of the SQ varies among user groups (e.g., emergency physi-
cians, nurses, or other specialists) or whether prior training in PC
impacts performance. Overall, given the limited availability of PC
services in the ED/hospital settings, PC screening tools applied to
patients with EOL conditions need to be both highly sensitive and
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(Continued)

TABLE 3

Subsequent healthcare

utilization, n (%)

Patients with unmet PC needs
receiving PC consults, n (%)

Patients with unmet PC  Mortality for patients with

needs hospitalized, n (%)

Patients with unmet PC
needs discharged, n (%)

Patients with unmet PC

needs, n (%)

unmet PC needs, n (%)

Study ID

NA

ED and inpatient-based PC

NA NA NA

35/52 (67)

Schulman

consults following initiation
of a PC consult intervention:

18/38 (47)

2015%

NA

NA

NA NA
NA

NA

91/257 (35)

Cotogni 2017%7
Koh 2019°%8

Postdischarge PC consult: 39/340 NA

279/340 (82)

49/340 (14)

340 patients

(12)

NA
NA

In-hospital mortality: 5/208 (2) NA
NA

115/208 (55)

NA

88/208 (42)
NA

NA

Bakan 2020%?
Tineo 2020%°

PC requested by ED physician:

50/60 (80)

12/60 (20)

NA

NA

12-month mortality: 364/569

NA NA

569/4627 (12)

Wang 20214

(64)

Abbreviations: NA, not applicable; PC, palliative care; P-CaRES, Palliative Care and Rapid Emergency Screening; SPEED, screening for palliative and end-of-life care needs in the emergency department;

SQ, surprise question.
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specific (90% or higher). Further assessment into factors (e.g., spe-
cific EOL conditions, assessors, setting/context where this screen-
ing tool is applied) that could influence the performance of the SQ
to predict mortality appear warranted.

The other most commonly assessed screening tools were the
SPEED instrument?2234346 and the P-CaRES tool 121%20.21,30-33
While one study found that the SPEED instrument had high re-
liability compared to similar survey questions from previous val-
idated tools,*® the accuracy of SPEED is unclear. The original
11-item SPEED instrument was subsequently shortened to include
5 items to allow the tool to be more readily integrated into the
patient's bedside assessment*®; however, the psychometric prop-
erties of the modified 5-item SPEED instrument have not been
reported. The P-CaRES tool was found to have excellent content
validity5 and to have excellent accuracy in correctly recommend-
ing PC consults when used by emergency physicians in various
written case vignettes.é In the current review, the accuracy of the
P-CaRES tool when applied to adult ED patients was infrequently
reported, with only one study comparing the ability of trained
chaplains to use the P-CaRES tool to identify ED patients with
unmet PC needs compared to emergency physicians.13 While the
evidence suggests that the SPEED*® and P-CaRES® tools have
excellent content reliability/validity, additional studies assessing
their accuracy in identifying unmet PC needs in ED patients are
needed. For the other screening tools identified in this review,
there is insufficient evidence to recommend any one over the
SQ, P-CaRES, or SPEED tools for identifying unmet PC needs in
the ED. One study found that the SST tool had high sensitivity
and specificity to identify patients with unmet PC needs®”; how-
ever, additional studies are needed. Importantly, given the poor
to moderate performance of the SQ, additional studies assessing
and reporting the performance characteristics of other available
screening tools such as P-CaRES and SPEED are necessary.

The proportion of patients identified as having unmet PC needs
varied considerably across the included studies, even among stud-
ies using the same screening tools, which could be the result of
many factors. First, the patient population that was screened for
unmet PC needs varied, with some studies screening only patients

4,44

65years or older, while other studies specifically screened pa-

tients who were admitted to hospital or the ICU®**?” or any pa-

2945 or specifically patients

tients with specific clinical conditions
with established EOL conditions.?®3%3> As previously mentioned,
the performance of the SQ to predict mortality appears to decrease
among patients with non-cancer-related conditions,*” and at this
point, it is unclear whether other patient demographic or clinical
characteristics impacted the performance of the other PC screen-
ing tools. Second, it was unclear how the screening tools were im-
plemented within the ED, including when and how the screening
tool was completed, whether health care staff were trained in the
use of the screening tool, and time needed to complete the screen-
ing process. It is possible that differences in how the screening tools
were implemented could have impacted the performance of the
tools across the studies. Finally, the variation in the proportion of
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patients identified with unmet PC needs by the screening tools may
be related to the inconsistent criteria for unmet PC needs across the
tools. For example, some screening tools such as the P-CaRES and
SPEED tools incorporated combinations of factors including fre-
quent ED/hospitalizations, lack of family support or GOC planning,
and uncontrolled symptoms in identifying whether or not patients
were considered to have unmet PC needs. Other tools, such as the
SQ, strictly used the expected likelihood of death in a prespecified
period of time as their sole indicator of unmet PC needs, without
considering any other physical, psychological, or socio-related
factors. Given the complexity of the concept of unmet PC needs
among patients with EOL conditions, it may be difficult to establish
simple and quick screening tools such as the SQ to effectively and
accurately identify patients in need of PC services.

While the proportion of patients with unmet PC needs identified
across the studies varied, the summary estimates do provide some
useful information; for example, the median proportion of patients
with unmet PC needs ranged between 32% and 35% and could be
used in future study planning. In addition, the proportion of patients
with unmet PC needs who received a PC consult either in the ED or
in hospital varied among the studies yet tended to be low. It is pos-
sible that some studies may have been conducted in EDs/hospitals
that provide additional PC services compared to other studies, which
could explain some of the variation in PC consultation referrals among
the studies. It is unclear, however, whether screening for unmet PC
needs prompted emergency physicians to more likely request PC
consultations across some of the included studies, despite no explicit
intervention to promote PC interventions. Various factors have been
found to impact PC consultation rates including patient race and
age,*® and research has also suggested that inpatients with noncancer
EOL conditions were more likely to undergo delays in receiving refer-
rals to in-hospital PC consultations.*’ Finally, the available evidence
suggests that approximately two of every three patients with unmet
PC needs are hospitalized and that patients with unmet PC needs
are likely to make subsequent ED visits. Further research assessing
the demographics and clinical characteristics/ED management of pa-
tients identified as having unmet PC needs could help physicians and

providers understand their health care needs.*?*°

LIMITATIONS

There are some limitations of the methods employed in this re-
view to consider. While the risk of publication bias exists, multiple
steps were taken to attenuate these risks, including an extensive
search of the literature and no limitations based on language, pub-
lication status, or year of publication. Moreover, steps were taken
to reduce the risk of selection bias including the utilization of two
independent reviewers to identify eligible studies to minimize the
risk of missing any available studies. In addition, there were some
inconsistencies identified by the STARD and QUADAS quality as-
sessment tools with respect to the reporting of performance in-
cluding blinding, test reproducibility, and assessors training. The

methodologic quality of the majority of studies that did not assess
psychometric properties was low primarily due to a lack of a com-
parative group and inconsistent outcome and follow-up reporting.
Moreover, there was a lack of a clear “reference standard” for the
identification of patients with PC needs across the studies. The ma-
jority of studies assessing the accuracy of the SQ to predict mortal-
ity utilized death certificates or medical records as their reference
standard to confirm patient death. Otherwise, a handful of studies
utilized screening tools used other clinical settings to identify pa-
tients with unmet PC needs®”*344 however, it is unclear how effec-
tive these “reference standards” are in identifying ED patients with
unmet PC needs. Finally, few comparative studies were performed,
making selection of a preferred tool(s) for practice difficult.

This review was unable to assess the ease in which any of these
tools could be implemented into ED practice due to a limited report-
ing of fidelity/implementation strategies across the included studies.
While information related to training and time needed to administer
the screening tools was not reported across the studies, it is likely
that the low complexity of the SQ, which required a single yes or no
response from attending physicians, makes it an appealing screening
tool to utilize in a busy environment such as the ED and is perhaps
one reason why it was the most commonly investigated. Given the
fast-paced environment of the ED, screening tools that have high
accuracy, but are complex or cumbersome to apply, will likely not

gain widespread acceptance.

CONCLUSIONS

This review identified 14 unique screening tools used to identify
ED patients with unmet PC needs; however, the clinical utility of
the majority of these tools to identify patients who would benefit
from timely PC services remains unclear due to limited reporting
on their performance. The SQ was found to have moderate predic-
tive ability for long-term mortality; nonetheless, given the state
of the evidence, there is insufficient evidence to recommend one
particular screening tool for widespread use in the ED setting to
accurately identify patients with unmet PC needs. While additional
research assessing the performance and utility of these tools is
recommended, before doing so health care providers and admin-
istrators should assess the context in which screening tools have
been tested and identify those they believe might be of clinical

value in their unique settings.
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Abstract

Pragmatic clinical trials (PCTs) focus on correlation between treatment and outcomes
in real-world clinical practice, yet a guide highlighting key study considerations and
design types for emergency medicine investigators pursuing this important study
type is not available. Investigators conducting emergency department (ED)-based
PCTs face multiple decisions within the planning phase to ensure robust and mean-
ingful study findings. The PRagmatic Explanatory Continuum Indicator Summary
2 (PRECIS-2) tool allows trialists to consider both pragmatic and explanatory com-
ponents across nine domains, shaping the trial design to the purpose intended by
the investigators. Aside from the PRECIS-2 tool domains, ED-based investigators
conducting PCTs should also consider randomization techniques, human subjects
concerns, and integration of trial components within the electronic health record.
The authors additionally highlight the advantages, disadvantages, and rationale for
the use of four common randomized study design types to be considered in PCTs:
parallel, crossover, factorial, and stepped-wedge. With increasing emphasis on the
conduct of PCTs, emergency medicine investigators will benefit from a rigorous ap-

proach to clinical trial design.
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INTRODUCTION

Randomized clinical trials are considered the standard design to
assess an intervention's effect due to their ability to minimize con-
founding and potential selection biases that could influence the
outcome of interest.! However, prior analyses of clinical trials have
shown that the majority are too small in sample size, thereby lacking
statistical power, or are prone to other critical issues in design and
execution.? With explanatory clinical research often conducted in
highly controlled patient populations with strict inclusion criteria,
results may not be replicated under real-world conditions.® To de-
velop valid and reliable treatment effect evidence, the number of
clinical trials in the emergency department (ED) setting is increasing,
particularly with “pragmatic” clinical trials (PCTs) focusing on the in-
tervention effect on outcomes in routine clinical practice. The term
“pragmatic” was first used by Schwartz and Lellouch* to describe
approaches to trial design comparing two treatments under the con-
ditions in which they would be applied in practice. In general, PCTs
are distinguished from explanatory trials by three key attributes: 1)
an intent to inform decision makers (e.g., patients, policymakers, cli-
nicians) rather than elucidating a biological or social mechanism, 2)
an intent to enroll a representative population relevant to the deci-
sion in practice, and 3) either an intent to streamline procedures and
data collection or measuring a broad range of outcomes.® Few clin-
ical trials can be fully pragmatic, but efforts to prioritize features of
pragmatic trials when feasible should be considered by emergency
medicine investigators given the increasing emphasis placed on dis-
semination and implementation of interventions with proven benefit
in real-world settings.(”9

As the pendulum continues to swing more toward value-based
care, Medicare and other payers, as well as the National Institutes
of Health (NIH), have shown an increasing interest in the conduct
of PCTs. For example, Medicare and United Healthcare insurance
coverage decisions are being influenced by PCTs of older adults re-
ceiving acupuncture for low back pain and neutralizing antibodies
for COVID-19.1%! The NIH Health Care Systems Collaboratory, sup-
ported by the NIH Common Fund and multiple institutions, is a par-
ticular example of a broader initiative aiming to improve the ways in
which PCTs are conducted. To support the design and rapid execu-
tion of PCTs across health care systems, the NIH Collaboratory has
also developed the electronic Living Textbook including expert con-
sensus, standard approaches, best practices, peer-reviewed articles,
and guidance documents related to the conduct of PCTs.'? Despite

clinical trial, emergency, pragmatic, study design

the increased interest in PCTs, investigators are being increasingly
asked to “do more with less." Adjusted for inflation, the average RO1-
equivalent grant award amount has remained essentially stagnant
over the past 25years.'® With limited funds available, investigators
may encounter challenges meeting desired enrollment numbers,
which runs counter to the often-needed greater enrollment within
PCTs given their variability and flexibility of intervention develop-
ment and assessment. To discover nonneutral results of novel in-
terventions and treatments, ED investigators must balance the
possibility of it simply being too hard to find a “signal” of treatment
difference that overwhelms the “noise” of potential reduced sample
size and increased variation inherently present within PCTs.14

To overcome these challenges and conduct an efficient trial, the
planning phase of PCTs is central to its success and requires some-
what different approaches to study design, data collection, and eth-
ical oversight compared to traditional clinical trials.'> However, a
guide for planning and conducting ED-based PCTs is lacking despite
the increasing call for their completion. This article reviews concepts
related to ED-based PCTs, including: 1) the PRagmatic Explanatory
Continuum Indicator Summary 2 (PRECIS-2) framework, 2) addi-
tional key study considerations, and 3) illustrative ED-based exam-
ples. The goal of this article is to provide a resource for emergency
medicine trialists to reference in the study design phase when plan-
ning ED-based PCTs given intervention characteristics and available

resources.

THE EXPLANTORY-PRAGMATIC SPECTRUM

When establishing the research question to evaluate an inter-
vention, investigators must consider the explanatory-pragmatic
spectrum. Trials are rarely completely explanatory or completely
pragmatic in nature. Frequently, components of both are present,
suggesting that a trial may fall somewhere on a continuum based
on decisions made by investigators. Explanatory trials are conducted
under ideal settings to standardize intervention delivery often with
research staff on hand to enroll and administer the intervention it-
self. Explanatory trials tend to have fairly restrictive inclusion and
exclusion criteria, often resulting in a small proportion of individuals,
with comparable clinical and demographic characteristics, at risk for
the condition of interest to be enrolled. Explanatory trials answer
the question, “Does intervention X work under ideal conditions?”
and typically is aligned with clinical efficacy research. Conversely,
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pragmatic trials study an intervention's effect in real-world clinical
practice by capturing a more heterogeneous population and tolerat-
ing some flexibility in the delivery of the intervention. PCTs answer
the question “Does intervention X work in routine clinical practice?”
and is more frequently aligned with clinical effectiveness research.
Resultantly, explanatory trials generally exhibit a high degree of in-
ternal validity while pragmatic trials prioritize generalizability and
external validity.'®

With widespread concern that explanatory trials may be poor
predictors of real-world effectiveness, the original PRECIS tool was
developed to help investigators work through study design decisions
to avoid designing a trial that did not meet their own intentions.'”
In 2015, the PRECIS-2 wheel diagram was developed and offers a
framework guide for trialists to consider the pragmatic or explan-
atory nature of their trial across nine domains, including eligibility,
recruitment, setting, organization, flexibility—delivery, flexibility—
adherence, follow-up, primary outcome, and primary analysis.?”*®
Domains are rated from 1 (very explanatory) to 5 (very pragmatic).
ED investigators should strongly consider the use of the PRECIS-2
wheel diagram during the study design phase to increase chances
that results of the trial are generalizable across the intended practice

settings (Figure 1).

PRECIS-2 CONSIDERATIONS IN ED-BASED
PCT DESIGN

Unique challenges exist when conducting PCTs in the ED setting
that span the PRECIS-2 domains. For trials involving time-sensitive

PRIMARY
ANALYSIS -
To what extent

are all data

included?

PRIMARY
OUTCOME -
How relevant is it to
participants?

FOLLOW-UP -
How closely are
participants
followed-up?

FIGURE 1 The PRagmatic-Explanatory
Continuum Indicator Summary 2
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conditions in the ED, one characteristic of note is the brief thera-
peutic window for decisions surrounding critical procedures.** The
PreVent trial is an example ED-based study of bag-mask ventilation
during tracheal intubation that addressed pragmatic approaches
to time-sensitive conditions by strategically placing randomization
envelopes, ensuring broad eligibility criteria, paring down the data
collection form to the minimum information required, and having
a nonproceduralist that was familiar with the procedure complete
the form.’*'? Second, the broader ED population may also include
patients who are not regular visitors to that health system, thereby
limiting electronic health record (EHR) data available at the point of
care, in comparison to PCTs performed in the primary care or out-
patient cardiology settings, as examples. Third, and to be discussed
further, is the added complexity surrounding capacity and consent
for certain vulnerable ED populations with mental illness or sub-
stance use disorder.

Researchers face multiple decisions when conducting clinical tri-
als, with the planning phase of the trial serving as a critical step to
optimize robust and meaningful study findings. Lack of foresight to
address potential pitfalls a priori or rushing into study enrollment can
leave the investigator searching for ways to “save” the trial post hoc.
Detailed below, the nine domains within the PRECIS-2 framework
are expanded upon to identify decision points for investigators to
consider in the design of ED-based clinical trials.'?°-2* Each domain
is not meant to be a “yes” or “no” in regard to a pragmatic approach,
but instead the PRECIS-2 framework is rather a series of decisions
to fit a trial design to the purpose intended by the investigators.
We additionally provide illustrative examples of studies across dis-
ciplines that have mapped the PRECIS-2 framework domains and

ELIGIBILITY -
‘Who is selected to
participate in the trial!

RECRUITMENT -
How are participants
recruited into the
trial?

SETTING -
Where is the trial
being done?

ORGANISATION -
‘What expertise and
resources are needed
to deliver the
intervention?

FLEXIBILITY: FLEXIBILITY:
(PRECIS-2) wheel. ADHERENCE - DELIVERY -
. i H ‘What measures are in place How should the
Note: Used with permission from the il it
Loudon et al.15 adhere to the intervention! delivered?
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TABLE 1 Pragmatic and explanatory characteristics with illustrative “very pragmatic” study examples of the PRECIS-2 domains

PRECIS-2 domain

Eligibility criteria—Who is selected to
participate in the trial?

Recruitment—How are participants
recruited into the trial?

Setting—Where is the trial being done?

Organization—What expertise and
resources are needed to deliver the
intervention?

Flexibility (delivery)—How should the
intervention be delivered?

Flexibility (adherence)—What measures
are in place to ensure participants
adhere to the intervention?

Follow-up—How closely are
participants followed up?

Primary outcome—How relevant is it to
participants?

Primary analysis—To what extent are all
data included?

Pragmatic

Broad eligibility criteria

Recruitment through usual care

Diverse patient recruitment locations
that reflect intended broader
population

Uses existing clinical workflow

Nonrigid prescription of intervention
delivery or implementation

Allows interaction with the
intervention as able by the end
user

No increased follow-up in comparison
to usual care

Inherent importance to key
stakeholders

Intention-to-treat analyses

Explanatory

Limited inclusion criteria

Very pragmatic
example ED
study

Martel et al.?

Extra effort beyond usual care (e.g., Wang et al.?¢
targeted letters, endorsement from
professional societies)

Single-center or only specialized academic ~ Schmucker
medical center EDs etal.?’

Relies on increased staffing, training
requirements, or other resources

Yiadom et al.?®

Strict protocol with measures to improve Bernstein
intervention compliance etal.?’
Monitors patient compliance or adherence  Self et al.*°

to the intervention, with potential
exclusion

More frequent and/or longer follow-up
visits

Melnick et al.3!

Surrogate outcomes, composite outcomes, Tan et al.®?
or outcomes measured at an earlier
time than usual care

Consideration of per-protocol analyses Hess et al.®®

Abbreviation: PRECIS-2, PRagmatic Explanatory Continuum Indicator Summary 2.

were considered to have taken a “very pragmatic” approach within a

specific domain (Table 1).

broader population. Conducting the trial in diverse ED settings

will increase the trial's PRECIS-2 pragmatic score.

1. Eligibility criteria—Enrolling all individuals in a clinical setting
with minimal eligibility criteria is a hallmark of PCTs. If an
intervention has been previously shown to not be beneficial
for children, then a reasonable pragmatic design decision would
be to exclude only that population. However, if there remains
clinical equipoise regarding an intervention's efficacy across
populations of interest, then the most pragmatic approach
would be to have very limited exclusion criteria.

. Recruitment—Pragmatic approaches to recruitment might con-
sider only patients who present for health care with a condition of
interest, without overt recruitment effort. ED trials may be more
likely to fall toward the pragmatic end of the spectrum for this do-
main, insofar as investigators opportunistically enroll participants
who present for acute clinical care rather than relying on healthy
volunteers or individuals seen in clinic settings with prediagnosed
conditions (e.g., cancer).

. Setting—Trialists must consider the match between the trial set-
ting and where the results will be applied. At a glance, it may seem
that all ED trials would be pragmatic with respect to the setting.
However, conducting a trial in highly resourced EDs with imme-
diate access to neuro- and cardiac-intensivists as well as trauma

may limit the pragmatic nature if the findings are intended for a

. Organization—A central tenet to this domain is the expertise

and resources needed to deliver the intervention, with the goal
of a PCT being to add the “successful” intervention to the usual
care of the condition or population of interest without addi-
tional resources or health care staff. This domain offers a high
degree of risk for trialists to move away from the pragmatic
end of the spectrum, given a potential reliance on a greater
number of staff, increased training requirements, or additional

resources.

. Flexibility (delivery)—Real-world clinical practice suggests that

clinicians will implement an intervention with varying fidelity to
the protocol. A pragmatic approach to this domain would be for
investigators to not rigidly prescribe intervention implementa-
tion. Specific mention in the study protocol of allowance of coin-
terventions, managing side effects of the intervention, or tightly
defining intervention delivery to maximize effect suggests a more

explanatory approach.

. Flexibility (adherence)—Variation in adherence to clinical inter-

ventions is a reality of designing trials. Highly pragmatic studies
have limited compliance or engagement requirements and in-
stead allow the end user to modify the intervention within cer-
tain constraints. This includes observing variation in compliance

and not excluding nonadherent patients to capture whether the
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intervention will have an impact on outcomes despite the pres-

ence of this real-world challenge.

7. Follow-up—Compared to usual care, a pragmatic approach to this
domain involves trials that have no more follow-up than usual
care and do not rely on additional data collection. ED trialists are
typically interested in the brief follow-up time period immedi-
ately after receipt of the intervention. If follow-up does not differ
in care management compared to usual care, then trialists may
gather short-term outcomes without undue burden to patients or
compromise to the pragmatic nature of the domain.

8. Primary outcome—A general principle of PCTs is that there should
be relatively few endpoints, and the ones chosen should be eas-
ily measured and salient to stakeholders. If unknown at the time
of investigation, outcomes of significance to stakeholders may
be determined by gathering qualitative data through interviews
or focus groups. Pragmatic measurement of outcomes may also
be completed by EHR surveillance, as opposed to the intensive
follow-up assessments often done with more explanatory trials.
Surrogate outcomes (e.g., process outcomes or other lead met-
rics) can be misleading due to potential nonlinear relationships
between some surrogate endpoints and the clinical outcome
of interest. However, these may be more readily available and
thus appropriate for interpreting the impact of identified results.
Composite endpoints, combining at least two component out-
comes of interest, may be difficult to interpret given the wide
variability of clinical importance with regards to individual com-
ponent endpoints.34 Resultantly, the pragmatic nature of a study
may be decreased when investigators select surrogate outcomes
only important to clinicians (e.g., blood test), use a composite out-
come with component parts not important to patients, or meas-
ure short-term outcomes when longer term outcomes are more
relevant.®

9. Primary analysis—Using all available data in an intention-to-treat
analysis is generally recognized as a more pragmatic approach.
Excluding nonadherent participants (per-protocol analysis) or
study sites that recruit a lower volume would suggest a more ex-
planatory approach to this domain. However, a per-protocol anal-
ysis may be considered as a secondary or explanatory analysis for
future hypothesis generation.

While ED-based PCTs are available and discussed further in the
following sections, few have explicitly mapped their study to the
PRECIS-2 wheel diagram. CRASH2 trial is one well-known exam-
ple of an ED-based pragmatic trial that started with the end in mind.
Researchers first thought how the outcome data would be used in
clinical practice, forcing investigators to shift along the spectrum from
a more explanatory approach to a more pragmatic approach to allow
clinicians to use antifibrinolytic therapy in “patients who the treating
clinician thinks are bleeding or at significant risk of bleeding.” As a PCT,
CRASH2 benefited from its broad inclusion criteria, generalizability
of findings, and a reduced risk of bias incorporation.*®*® Another ex-
ample of an ED-based pragmatic trial is the Resuscitation Outcomes
Consortium Pragmatic Airway Resuscitation Trial (PART) comparing
the effectiveness of initial laryngeal tube insertion and endotracheal
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tube insertion on outcomes in adult out-of-hospital cardiac arrest. The
PART benefited from a “very pragmatic” approach in the eligibility, re-
cruitment, setting, organization, flexibility (adherence), and follow-up
domains of the PRECIS-2 framework.?

ADDITIONAL STUDY CONSIDERATIONS
FOR PCTs

Aside from domains within the PRECIS-2 framework, ED-based in-
vestigators must also consider several other decision points during
the design phase. While not completely exhaustive, this list includes

randomization, human subjects concerns, and EHR integration.

Randomization

Randomization is the process of assigning participants by chance to
groups that receive different treatments, without influence by the
investigator. Randomization offers two critical benefits, namely, the
reduction of selection bias and the avoidance of known and, more
importantly, unknown confounders. Bias in clinical trials is described
as a systematic error that encourages one result or outcome over
another based on methodological errors. While chance imbalance
may arise,?” selection bias includes systematic differences in base-
line characteristics between the compared groups and can gener-
ally be overcome with adequate randomization techniques and trial
sample size.

Specific techniques of randomization depend on the random-
ization unit, including individual participants or clusters (e.g., entire
EDs, health systems) with cluster randomization particularly relevant
to PCTs. Individual randomization results in each participant receiv-
ing an experimental intervention, a comparator therapy (e.g., usual
care), or a placebo when no interaction among trial participants is
anticipated after randomization. Cluster randomization involves
groups of participants being assigned to the same study conditions
in which interaction among participants within the same clustered
is anticipated or unavoidable before and after randomization. Key
questions for investigators to consider in determining if individual or
cluster randomization is appropriate include®®: Is the phenomenon
of interest something that takes place primarily at the level of the
individual patient or study participant (e.g., response to an exper-
imental drug)? Is the proposed intervention delivered at the level
of the group (e.g., adoption of a new treatment guideline)? If ran-
domized at the individual level, would it be difficult for clinicians to
avoid contamination? Cluster randomized trials are preferred when
there is potential for significant treatment contamination—i.e., par-
ticipants randomized to the control group may receive aspects of the
intervention. Contamination has the potential to reduce the study's
reliability and can also decrease the observed differences between
groups, therefore biasing results toward the null hypothesis.39 To be
discussed below, two key examples of cluster-randomized trials in-
clude parallel and stepped-wedge designs.4° Of note, clinician-level
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randomization may be considered in either individual or cluster-
randomized techniques depending on the target of the intervention
and the objective of the trial.

From an analytic perspective, it is important to note that out-
comes of participants within a cluster may be correlated. The
intraclass correlation coefficient (ICC) is a standard measure of
how similar outcomes of individuals within the same cluster are
likely to be.** With ICC values ranging from O to 1, individual out-
comes within clusters are increasingly correlated with one another
as the ICC increases. Intuitively, if the ICC is zero, then a cluster-
randomized trial will often behave just like an individual-level RCT.
In the most extreme case when the ICC is 1, a cluster-randomized
trial will behave like an RCT with a sample size equal to the num-
ber of clusters because the outcomes will simply be identical within
each cluster. In practice, the reported ICC values are usually in the
0.05-0.1 range. However, it has been noted that even a small ICC
can lead to a substantial sample size inflation relative to an individ-
ual level RCT, especially when the cluster size becomes Iarge.42 If
considering cluster randomization, the goal should be to determine
the randomization unit that yields the most clusters, while still being
feasible to deliver the intervention without risk of contamination. A
greater number of clusters provides improved statistical properties
when analyzing cluster-level data by increasing power and reducing
potential imbalances of baseline characteristics. Additionally, there
are several approaches to balance between-cluster differences,
including pair matching, stratification, and constrained randomiza-
tion.3%3 Prior to planning the study, emergency investigators should
partner with biostatisticians to optimize randomization approaches
and determine a preliminary ICC to facilitate accurate sample size
estimation.**

Human subjects concerns in PCTs

Ethical review from institutional review boards (IRBs) is a key com-
ponent in the conduct of all clinical research,*® with the implementa-
tion of PCTs often accompanied by unique challenges.*® With PCTs
often recruiting across several institutions, lead investigators typi-
cally will use a single, centralized IRB to eliminate redundant reviews
of the same material across multiple sites with reliance agreements
between local intuitional IRBs and the central IRB. These reliance
agreements defer to the centralized IRB's protocol determinations
thereby overcoming the need for local amendment determinations
across study sites and substantially increasing efficiency of the pro-
tection of human subjects review process.45 To further streamline
IRB review, investigators may benefit from convening calls with IRB
administrators before the protocol is submitted at each institution
to help understand up-front concerns that may delay participant
enrollment.

Regulatory boards often recommend that any human subject
provide written informed consent. However, proponents of PCTs
have noted that existing standards for informed consent are in-
compatible with a pragmatic study's nature and intent.*” Waivers of

informed consent are becoming increasingly common, with investi-
gators required to meet four criteria of the Common Rule (45 Code
of Federal Regulations [CFR] 46.116)*%%7: 1) research must present
no greater than minimal risk to subjects, 2) waiver or alteration will
not adversely affect the rights and welfare of the subjects, 3) re-
search could not practicably be carried out without the waiver or
alteration, and 4) whenever appropriate, the subjects will be pro-
vided with additional pertinent information after participation. To
be considered by ED investigators, public approval has also been
expressed for exception from informed consent (EFIC) in emergency
clinical trials.>® As an ED-based example, Martel et al.?> used an EFIC
to study the treatment of acute agitation given previously described
limitations with obtaining informed consent among intoxicated ED
patients.51 In collaboration with the institutional IRB, the authors
additionally performed “community consultation,” by reviewing the
study protocol with local detoxification facilities, acute psychiatric
treatment facilities, and residents of facilities for homeless patients
with alcohol use disorder.?

It is important to note that the third criterion (i.e., waiver or
modification of planned consent) is not met by inconvenience, cost,
time, speed, or other resource demands to the team of investigators.
In the case of ED-based PCTs, “practicality” does not need to refer
solely to the ability to conduct the study at all, but also includes if
the study's goals are unlikely to be achieved.? Counter to the goal
of PCTs, nonroutine workflow procedures associated with informed
consent process can hinder recruitment, introduce selection bias,
and impact generalizability. In determining whether a waiver or
modification of planned consent may be appropriate for ED-based
PCTs, three questions pertaining to practicality outlined previously

1.*8 should be considered. First, “Is the loss of data

by Kalkman et a
quality caused by selection bias or inability to recruit a sufficient
number of patients, and can this loss be reasonably attributed to
regulatory consent?” Second, “Is the expected loss of data quality so
extreme that the trial is not worth doing?” Finally, “Apart from mod-
ifying regulatory consent, are there no means or resources available
that may be reasonably expected to counter the loss of data qual-
ity?” Aside from a waiver of consent, additional options for consent
in ED-based PCTs may include broadcast notification,’® opt-out con-

sent,®* a “short-form” consent,”” or electronic consent.>®

EHR integration

An additional key study consideration is the role of the EHR in ED-
based PCTs. Integration of PCT interventions within existing clinical
workflows and data streams is essential to limit the costs and burden
of ongoing intervention testing.>” EHR integration requires early en-
gagement with local information technology staff to reach consensus
on protocol details and to build the necessary technological infra-
structure for the trial. Previous PCT studies have used the EHR for
eligibility determination, intervention delivery, and outcome measure-
ment, yet prior work has identified challenges. Primarily, these limita-
tions have been related to a lack of EHR data interoperability across
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heterogeneous systems, a lack of usable interfaces and standard
workflows, and the inadequate ability to collect clinically appropriate
outcome data.’® Aside from more widespread incentives needed to in-
vest in interoperability and the routine collection of patient-reported
outcomes, investigators conducting ED-based PCTs would benefit
from working with their health care organization to promote EHR
standardization (e.g., developing algorithms or computable pheno-
types for patient identification) and avoiding overly customized digi-
tal interventions at individual sites in multicenter PCTs (Figure 2).57’59
Phenotyping allows for the identification of patients with concern
for particular conditions or potential for improvement after a spe-
cific treatment or intervention. Maximizing the phenotyping poten-

tial of the EHR may be particularly critical in the time-sensitive ED
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environment when investigators or clinicians are attempting to over-

come treatment response heterogeneity.“‘é0

PCT STUDY DESIGN TYPES AND EXAMPLES

The various study design types discussed within this section offer
unique advantages and disadvantages to be considered by emergency
investigators conducting PCTs. Historically, the parallel-group trial de-
sign type has been favored, but other types such as crossover, factorial,
and stepped-wedge designs are becoming more common.®* Advantages,
disadvantages, and rationale for the common randomized PCT study

design types with illustrative examples are provided in Table 2. In

1 2 3 4
Randomization j=§»{ Consent =P EHR —p| Study design and
unit/scheme? Process? Integration? comparator?
L] L] . L]
- L[] - .
= Individual » Waiver » Yes « Parallel
participant » Broadcast * No » Cross-over
(e.g. patient, notification « Factorial
FIGURE 2 Additional key decision clinician) * Opt-out « Stepped wedge
points to be considered by investigators * Cluster (e.g. * Short fo':m * Other
conducting ED-based pragmatic clinical ED, health * Electronic
trials. Note: Options are bulleted below system) * Other
. . . * Non-
each decision pomF. The.order of boxes is randomized
not the only order in which factors can be « Other
considered

TABLE 2 Study selection considerations and illustrative examples for common randomized PCT study design types

Example studies

Balamuth et aI.,62 Melnick
et al.,63 Alshahrani
et al.,® Hess et al.®®

Wang et al.,%® Anderson
etal., Self et al.®°

Drummond et aI.,70

Bernstein et aI.,71
Abernethy et al.,”?
Charlesworth et al.,”®
Rickard et al.”*

Grudzen et al.,”® Kerber

Study type Pros/cons/rationale
Parallel Pro—No inadvertent contamination by unplanned interventions or crossover
Con—Often require larger sample sizes due to between-subject variation, which may increase cost
and resource utilization
Rationale—Most common study type, appropriate if concerns regarding crossover may be present or
if the disease or condition being studies may progress over time.
Crossover Pro—Comparison of treatment effects both within and between participants can increase power
Con—Risk of contamination if the intervention cannot be turned “on” and “off” without residual
practices being carried over from one period to the next; duration of follow-up generally longer
Rationale—Appropriate if concerns exist regarding temporal confounders or significant population
variation that may prevent balanced distribution between groups
Factorial Pro—Efficient, in that multiple research questions may be answered with limited sample sizes
Con—Complex in design and statistical analysis; difficulty meeting inclusion criteria for both
intervention(s) or components
Rationale—Allows assessment of several intervention(s)/components and even interactions between
them, often providing information whether varying levels or doses of an intervention affects
different populations in different ways
Stepped Pro—All participants receive the intervention; comparison of treatment effects both within and
wedge between participants can increase power

Con—Increased complexity may require additional statistical expertise and resources; may be eta

subject to temporal confounding

et al..”” Vaillancourt
178

Rationale—Developed to address feasibility and ethical concerns that all participants should
eventually receive the intervention within the study time frame when the intervention is

anticipated to produce a positive outcome.

Abbreviation: PCT, pragmatic clinical trial.
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parallel-group trials, participants are randomized to different study
arms and stay within their assigned group for the duration of the study.
Parallel-group trials in the ED have studied pediatric septic shock treat-

ment,®?

computerized clinical decision support to streamline the work-
flow for ED-initiated buprenorphine/naloxone and referral,®® ketamine
infusion for acute sickle vaso-occlusive crisis,* and shared decision mak-
ing in low-risk chest pain.®®

Crossover trial design types overcome the ethical limitations of
a placebo control group by allowing all participants to receive the
intervention, just in a different order. Of note, an adequate washout
period must be included to eliminate the carryover effect from the
intervention that was first delivered.®® Previous crossover trials in
the ED have assessed optimal airway management in out-of-hospital
cardiac arrest,?® head positioning in acute stroke,®” and fluid resus-
citation in noncritically ill patients.30

Factorial (2x2 or more) design trials allow study of multiple
interventions or multilevel interventions in varying combina-
tions. Although this design type allows for comparisons between
smaller sample sizes, investigators conducting full factorial design
studies often need to ensure the trial functions as two indepen-
dent RCTs without interaction between the two treatments.®® In
the presence of interaction between two treatments, variations
in treatment effect estimands exist and more sophisticated mod-
eling techniques should be considered to account for such an in-
teraction effect.®’ Factorial designs have rarely been employed
in the ED setting to date,”’®’* but studies from other disciplines
and settings that could be adapted to the ED setting have as-
sessed palliative care educational outreach,”? peer support and

Time

reminiscence therapy for persons living with dementia and their
caregivers,”® and dressing and securement of peripherally in-
serted central catheters.”*

Stepped-wedge designs may be considered in multicenter
studies, particularly when all participants (or clusters) can begin
in the control group. As time passes, participants (or clusters) are
randomized to the treatment arm in a sequential fashion, with all
participants (or clusters) receiving the intervention within the study
period. lllustrative ED-based pragmatic trials using stepped-wedge
designs have addressed multidisciplinary primary palliative care,”>”¢
treatment strategies for benign paroxysmal positional vertigo,77 and
paramedic assessment of low-risk trauma patients to selectively
transport without immobilization.”® Group allocation across the PCT
study timeframe for common randomized study design types is de-

picted in Figure 3.

CONCLUSIONS

There is growing interest in ED-based pragmatic clinical trials for
their ability to test interventions in real-world settings and develop
evidence that is more widely translatable than traditional explana-
tory research. To ensure the collection of meaningful results, emer-
gency investigators must consider use of the PRECIS-2 tool as well
as additional decisions within the study design phase. This article
can serve as a guide to navigate the unique advantages and disad-
vantages of various design types to be considered by investigators

pursuing pragmatic clinical trials.

FIGURE 3 Group allocation across
the study timeframe for randomized PCT
study design types.

A - Intervention
B - Control

Note: Groups are delineated by A-F. PCT,
pragmatic clinical trial

Factorial
A - Inter ion 1 +, Inter ion 2 -

B - Intervention 1 +, Intervention 2 +
C - Intervention 1 -, Intervention 2 -
D - Intervention 1 -, Intervention 2 +

Stepped Wedge

Mmoo O @ >

B eerin

Control - Wash-out Period - Intervention Component
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Laboratory trends in severe MIS-C

Multisystem inflammatory syndrome in children (MIS-C) has been
recognized as a rare illness associated with a recent coronavirus
disease 2019 (COVID-19) infection and consists of a fever, labora-
tory evidence of inflammation, and multisystem (22) involvement.?
A spectrum of illness has been appreciated, and those with severe
MIS-C may exhibit significant cardiac disease, shock, and death.®

Given the wide clinical spectrum, identifying children at risk for
severe disease is critical to optimizing care. Those at risk for severe
MIS-C have been shown to more likely be non-Hispanic black, obese,
male, 13-18years of age, and have higher peak laboratory markers
(troponin, brain natriuretic peptide [BNP], ferritin, C-reactive protein
[CRP], interleukin 6 [IL-6]).* While studies have attempted to iden-
tify laboratory predictors of severe MIS-C, they have not accounted
for the patients' day of illness (DOI).° It is unclear when each of the
laboratory markers rise. The objective of this study is to describe
the temporal relationship between serial laboratory markers and
symptom onset for severe and non-severe MIS-C. Our overall hy-
pothesis was that that DOI biomarker trajectories would differ be-
tween groups, with greater overall concentrations in severe versus
non-severe cases.

We performed a retrospective chart review of all patients with
MIS-C treated at a single institution from April 1, 2020, to February
15, 2021. Patients met published Centers for Disease Control
(CDC) criteria for MIS-C, and severe MIS-C was defined as cardio-
vascular shock (need for vasopressors), cardiac arrhythmia requir-
ing intervention, or respiratory failure (need for positive pressure
ventilation). DOl was defined as the onset of any symptom related
to MIS-C, with the first day defined as day 1. Symptom onset was
identified using the emergency department (ED) note and was iden-
tified on all patients. If symptom onset was not explicitly mentioned
in the ED note, the hospital admission note was used. Patients who
met criteria for severe MIS-C at any point during the hospital course
were included in analysis. Descriptive data for the overall cohort are
presented as medians with inter-quartile range (IQR) or proportions.
Laboratory values on the day of ED presentation were compared
using the Wilcoxon rank-sum test. Linear mixed-effects models
were used to examine the relationship between repeated measures
of laboratory values (outcome) in those with moderate versus severe
MIS-C. Based on model diagnostics and visual inspection of residual
plots, all lab values, except albumin, were log transformed. Model
outputs for transformed variables are interpreted as the percent-
age difference in marginal mean lab value in severe versus moder-

ate MIS-C (calculated as one-parameter estimate x 100). Covariates
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were selected based on review of prior studies as well as biologic
and/or clinical plausibility and included DOI, age, race, and DOI-
MIS-C category interaction (DOI x MIS-C); a random intercept was
included in all models. Biologic sex was considered as a covariate but
was non-significant for all models and worsened model fit so was ex-
cluded. Model fit was assessed using Bayesian Information Criteria
and covariance structure was selected using the null model likeli-
hood ratio test. A two-tailed significance level was set at 0.05. Data
analysis was performed using SAS version 9.4 (SAS Institute). This
study was approved by the Institutional Review Board of Central
Michigan University.

During the study period, we identified 32 patients with severe
and 29 patients with non-severe MIS-C with single ED visits. Those
with severe disease were older (7.6 vs. 4.9 years) and more often
black (59.4% vs. 42.9%), with roughly half (54%) of patients in both
cohorts being female. There was no difference in median days of
symptoms at ED presentation (4.0 [IQR 3.0-5.0days] in severe vs.
5.0 [IQR 2.5-7.0days] for non-severe, p = 0.46). Criteria for severe
MIS-C were met in the ED for 10 patients, with 15 meeting criteria
on hospital day 1, 3 on hospital day 2, and 3 on hospital day 3, and 1
on hospital day 6. Median DOI for meeting severe criteria was 6 (IQR
4-6). In the severe group, 31 patients were treated with intravenous
gamma globulin (IVIG) and 22 with steroid administration. In non-
severe patients, 20 were treated with IVIG and 2 with steroids. The
median DOI was similar for IVIG administration in severe (5.0, IQR
4.0-6.0days) versus moderate (6.0, 3.0-8.0days) groups, p = 0.29.
A total of 24 patients received at least one dose of steroids, with
22 in the severe and 2 in the moderate group. Median DOI for first
steroid dose was 6.0 (IQR 3.0-8.0days) for severe versus 8.0days
for moderate.

While not all subjects had biomarkers checked on each hospital
day, any patient with at least one measured value of the biomarker
of interest was included in the model for that outcome. Description
of missing biomarker data is provided in the supplement; there were
no missing values for any covariates. On day of ED presentation,
patients who developed severe MIS-C had greater median troponin
(29 ng/ml, IQR 11-183 vs. 11ng/ml, IQR 4-45.5, p = 0.027); ferri-
tin (311.8 pg/L, IQR 188.3-452.7 vs. 137.9 ug/L, IQR 116.2-246.2,
p = 0.03); and d-dimer (2.44ng/ml, IQR 1.38-32.9 vs. 1.38ng/ml,
IQR 0.74-2.32, p = 0.034).

For the mixed-effects model analysis, only mean BNP and CRP
varied significantly by DOI (DOI x MIS-C) between non-severe and
severe MIS-C. For CRP, severe MIS-C patients had greater initial CRP
that declined faster than non-severe MIS-C. For BNP, initial levels
were greater and subsequently declined in severe MIS-C, whereas
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non-severe patients had a slow increase (Figure 1). For other labo-
ratory parameters, trends by DOI were similar for all patients, but
the severe MIS-C group had greater mean troponin (185%, 95% con-
fidence interval [Cl] 46-456, p = 0.002), ferritin (46%, 95% Cl -1.1
to 117, p = 0.05), and d-dimer (116%, 95% Cl 46-218, p = 0.0002),
whereas albumin was 0.6 g/dl lower (95% Cl -0.8 to -0.4, p <0.001).

Patients with severe MIS-C have been shown to have higher
peak laboratory markers compared to non-severe MIS-C and severe
COVID-19.* Our data demonstrate this same trend upon ED presen-
tation with a higher median troponin, d-dimer, and ferritin. However,
when the laboratory trends of each patient were compared by DOI,
only the BNP and CRP showed a significant difference. The severe
cohort had an earlier increase in both the BNP and CRP, and then
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a steady decline over the course of the illness. Patients with non-
severe disease presented with a lower BNP early in illness, which
slowly rose over time. BNP is secreted by cardiac myocytes in the
ventricles in response to wall stretch or mechanical load, and levels
typically rise reliably with cardiac dysfunction.® Thus, the etiology
of the decline in BNP levels in patients with severe cardiac disease
is unclear. This could represent the natural history of the disease,
recognition of cardiac dysfunction with appropriate treatment (fluid
restriction or diuresis), or residual confounding. The influence of
treatments, including IVIG and steroids, on biomarker concentra-
tions and trajectories remains unclear as we did not adjust for these
given our small sample size and the complexities of modeling mul-

tiple time-varying treatments and their interaction. Presentation
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DOI and initiation of treatments were similar, and while one would
expect severe patients to have greater concentrations of inflamma-
tory markers, and treatment-associated declines in all patients, the
BNP trajectory in moderate patients is less intuitive. Determination
of whether this represents natural disease course, confounding due
to treatments administered, or other patient-level factors requires
further study.

Our study is limited by sample size and risks inherent to a ret-
rospective study from a single site. We did not adjust for multiple
comparisons (of investigated biomarkers) as our goal was to minimize
false negatives and crude adjustment methods (e.g., Bonferroni)
drastically reduce power.” While this can increase the false posi-
tive rate, we felt the overall benefit outweighed the potential harms
given that these biomarkers are routinely obtained but there remains
a paucity of data on temporal laboratory trends in MIS-C. Follow-up
studies from larger data sets are needed to confirm our findings.

In conclusion, we found that patients with severe MIS-C had
higher levels of laboratory markers when compared to non-severe
MIS-C, with similar trends across DOIs in both groups for most
biomarkers. However, the CRP and BNP levels were significantly
greater among patients with severe MIS-C earlier in the disease
course. Further investigation may reveal that these two markers
may help identify patients at risk for severe MIS-C prior to clinical
deterioration.
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Novel quality assessment methodology in focused cardiac

ultrasound

Cardiac point-of-care ultrasound (POCUS) has become a fundamen-
tal component of the evaluation of patients in the emergency de-
partment (ED) to diagnose cardiac pathology.! Quality assessment
(QA\) is one of the six required elements of diagnostic POCUS exam-
inations per the American College of Emergency Physicians (ACEP).2
QA is routinely performed to ensure standard of patient care is met
and to assess for competency, particularly at the trainee level. It has
recently been described that 82% of EM residency programs report
use of QA as an assessment tool.® It is imperative to provide a reli-
able scoring system to limit inconsistencies in the way we are mea-
suring clinical skill as it relates to ultrasound.

The current grading scale used for QA that is endorsed by ACEP
was developed from a consensus report of emergency ultrasound
leaders indicating a need for a systematic method to report and com-
municate POCUS findings.? The ACEP grading scale is a nonspecific
grading classification that applies regardless of the type of study
performed.2 This contrasts with other QA grading systems that have
been described in an organ-specific manner. Examples of these sys-
tems include focused cardiac ultrasound assessment demonstrated by
Kimura et al.* and focused gynecological emergency ultrasound exam-
ination by Salomon. The goal of this study was to determine whether
a similar, organ-specific grading scale would be a more reliable method
of assessment with improved interobserver agreement. Furthermore,
we sought to determine whether an organ-specific grading scale had
more variance in the scores that are chosen and therefore more fo-
cused feedback to the sonographers performing the studies.

We conducted a prospective analysis of the first 200 cardiac
POCUS studies performed in our ED that were submitted for QA into
our image database in the year of 2020. Four reviewers, who were
either emergency ultrasound fellowship trained or current emer-
gency ultrasound fellows with at least 9 months of QA experience,
scored each of the studies. Two reviewers used the current ACEP
grading scale: 1 = no recognizable structures; 2 = minimally recog-
nizable structures but insufficient for diagnosis; 3 = minimal criteria
met for diagnosis, recognizable structures but with some technical
or other flaws; 4 = minimal criteria met for diagnosis, all structures

imaged well; and 5 = minimal criteria met for diagnosis, all structures

Presented at ACEP Research Forum, October 2021.
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imaged with excellent image quality.2 The two other reviewers used a
cardiac-specific grading scale as previous described by Kimura et al.:
0 = no image obtained; 1 = only cardiac motion detected; 2 = cham-
bers and valves grossly resolved; 3 = endocardium and wall thickness
seen but incomplete; and 4 = greater than 90% of endocardium and
valve motion seen.® The primary outcomes were the level of agree-
ment between the reviewers, indicating the reliability of the scoring
system, and the variability of the scores given to the studies. This
study was approved by the VCU institutional review board.

The ACEP score was on a scale of 1-5, while the organ-specific
score was on a scale of 0-4. For equal comparison, we added 1 to the
organ-specific grading. For the primary outcome, the intraclass cor-
relation coefficient (ICC) based on two-way random-effect model
with asingle rater for each grading scale was computed. Ten thousand
bootstrapped ICCs were generated to construct 95% confidence in-
tervals (Cls) for both grading systems, and a two-sided one-sample
t-test was used to determine if there were differences in the boot-
strapped ICCs between the two grading systems. The ICC between
reviewers for the ACEP grading scale was 0.54 (95% Cl 0.410-0.555)
indicating moderate agreement, while the ICC between reviewers
using the organ-specific grading scale was 0.75 (95% Cl 0.600-
0.769) indicating good agreement. These findings were statistically
significant with one-sample t-test p-value of <0.0001. The ACEP
grading scale mean (+SD) was 3.15 (+0.693) versus 4.16 (+0.967) for
the organ-specific grading system. A 95% ClI for the variance ratio
was constructed to determine whether there were differences in the
variability between the two grading systems. The variance of scores
using the organ-specific grading scale was found to be more than
1.95 times greater when compared to the scores using ACEP grading
scale. The variance among each group of scores using a 95% Cl of the
bootstrapped variance ratio (1.49-2.51), the organ-specific grading
scale was found to have significantly more variability than the ACEP
scoring system. The summary figure for the ACEP and organ-specific
grading scale are found in Figure 1.

This study is a quantitative prospective analysis comparing
the current ACEP recommended QA method to an organ-specific
method. We found that there was an increased interobserver
agreement between reviewers and increased variability of the
scores given to the studies when using the organ-specific method
compared to the ACEP method. This suggests that added detail in

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Academic Emergency Medicine published by Wiley Periodicals LLC on behalf of Society for Academic Emergency Medicine.
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Scores by Grading Scale
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the guidance to the reviewers led to increased use of the spectrum
of the scores. This is particularly important for trainees; they are
often the performers of the ultrasound and, as such, the recipient
of the QA reports. More direct feedback may expand their knowl-
edge base to be implemented in future studies. For example, the top
score on the ACEP grading scale states in a nonspecific manner, “all
structures imaged with excellent image quality” versus the cardiac
organ-specific grading scale states “greater than 90% of endocar-
dium and valve motion seen.” This allows the learner to understand
why the top score was given and the structures needed to meet this
requirement. The opposite is also true, the organ-specific grading
scale presents a detailed response and as such suggests direction
for improvement on subsequent studies. The use of a standardized
focused scoring system may also improve the quality of the images
themselves. Salomon* demonstrated that the implementation of an
organ specific gynecological emergency ultrasound may improve
the quality level of ultrasound examinations performed.

Our data highlight the importance of QA methodology that pro-
motes objectivity demonstrated by high interobserver agreement.
POCUS examinations in the ED continue to rise, and as they do there
is a need for a standardized method to perform QA that has been
thoroughly validated prior to implementation. This single-center
study is limited by the images being obtained and reviewed at an ac-
ademic ED by ultrasound-trained faculty limiting the generalizability.

This investigation demonstrates an organ-specific quality assur-
ance of focused cardiac ultrasound procedures performed in the ED
may give the providers performing the studies a wider range of feed-
back with increased inter-rater agreement among those doing the re-
views. Given these findings, there may be a benefit to moving toward
an organ-specific QA scale for POCUS studies obtained in the ED.

FIGURE 1 Scores given to studies by
grading scale

n  missing

0.9672917 200 0O
0.6927478 200 0O

KEYWORDS
cardiac point of care ultrasound, cardiac ultrasound, emergency
department, quality assessment
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Objective: The objective was to identify the most important and impactful peer-

ticles are summarized in brief narratives and accompanied by a comprehensive list of
all identified articles that address the topic during the year to serve as a reference for
clinicians, researchers, and policy makers.

Methods: A systematic PubMed search was carried out to identify all GEM articles
published in 2021. Title and abstract screening was performed by trained reviewers
and editors to identify articles in one of three categories based on predefined criteria:
disaster and humanitarian response (DHR), emergency care in resource-limited set-
tings (ECRLS), and emergency medicine development (EMD). Included articles were

each scored by two reviewers using established rubrics for original (OR) and review

Global Emergency Medicine Literature Review (GEMLR) Group members are listed in Appendix A.
Supervising Editor: Dr. Michael S. Runyon
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(RE) articles. The top 5% of articles overall and the top 5% of articles from each cat-
egory (DHR, ECRLS, EMD, OR, and RE) were included for narrative summary.
Results: The 2021 search identified 44,839 articles, of which 444 articles screened in
for scoring, 25% and 22% increases from 2020, respectively. After removal of dupli-
cates, 23 articles were included for narrative summary. ECRLS constituted the largest
category (n =16, 70%), followed by EMD (n =4, 17%) and DHR (n =3, 13%). The ma-
jority of top articles were OR (n =14, 61%) compared to RE (n =9, 39%).
Conclusions: The GEM peer-reviewed literature continued to grow at a fast rate in
2021, reflecting the continued expansion and maturation of this subspecialty of emer-
gency medicine. Few high-quality articles focused on DHR and EMD, suggesting a

need for further efforts in those fields. Future efforts should focus on improving the

INTRODUCTION

Global emergency medicine (GEM) is a rapidly growing academic sub-
specialty of emergency medicine focused on the strengthening of
emergency care around the world.! This work takes many forms, such
as direct patient care in broadly diverse contexts, humanitarian re-
sponse, and system development. The maturation of the subspecialty
of GEM has been accompanied by an ever-increasing quantity of aca-
demic publications of varying quality. The Global Emergency Medicine
Literature Review (GEMLR) was created in 2005 to assist clinicians, re-
searchers, and policy makers in identifying key current literature most
likely to influence the practice of GEM through its annual review.?™"’

The GEMLR Group has grown along with GEM to serve as a
mentoring and networking hub for GEM practitioners around the
world.'® The team changes and grows annually, and term-limits force
turnover in leadership positions to allow for an increasingly diverse
team. In addition to the annual review, the GEMLR group produces
an annual systematic review on an understudied topic and maintains
a website for data and literature dissemination.?”~22

Since the inception of the annual review, the number of articles
screened for inclusion has grown from under one hundred to tens
of thousands. To keep up with this growth, structured technical,
communications, and planning committees meet twice annually to
revisit and revise the approach to identify the top articles each year.
This includes defining GEM, to which the GEMLR group takes an
inclusive approach leading to frequent modifications to the search
strategy. This iterative approach to article identification and scoring
rubrics has been used by other groups.?>?* This scoping review of
the GEM literature seeks to provide an objective and accessible list
of the top articles published in 2021 along with an interpretation of
current GEM publication trends.

METHODS

The GEMLR procedures used in the 2021 review build upon the
approach to identifying top articles established in previous year's

diversity of GEM research and equitable representation.

reviews. Modifications to the strategy occur most years as a result of
committee work, which this year included elimination of the gray lit-
erature search and minor scoring rubric changes. The GEMLR meth-
ods are outlined in detail in the annually updated procedure manual
(Data Supplement S1.) The Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) checklist was used for this review (Data Supplement S2).

The GEMLR team is selected each year through a competitive
process after an annual call for applications. Term limits for leadership
positions were recently introduced to promote turnover and enhance
diversity. This year, the team consisted of 42 people from 10 countries.
Team roles included an editor-in-chief; managing editor; assistant man-
aging editor; technical editor; six editors; two assistant editors; 24 re-
viewers; and six assistant reviewers based in Australia, Brazil, Canada,
England, Ethiopia, The Gambia, Ghana, Scotland, South Africa, and
the United States (Appendix A). The GEMLR is unfunded and all team
members are volunteers. Conflicts of interest can arise when a team
member was an author on a publication identified in the search and are
managed through a process outlined in the procedure manual.

The search, screening, and scoring process occurs in two blocks
to facilitate the quantity of work required. The first search covered
January 1 to August 31 and the second search covered September
1 to December 31, 2021. The search string was developed with the
support of a librarian to optimize efficiency. Minor overlap with ar-
ticles published in 2020 and 2022 occurs due to journal publication
and indexing variation. The search string is designed to identify ar-
ticles in English, Spanish, and French that address emergency care
delivery in lower resourced and humanitarian settings. All articles
published in African Journal of Emergency Medicine, Bulletin of the
World Health Organization, The Lancet, and Prehospital and Disaster
Medicine undergo title and abstract screening due to their historic
high rate of included articles (hand search). Case reports, commen-
taries, editorials, and other similar narrative publications were ex-
cluded. The full PubMed search string is in Data Supplement S3.

Historically, a small team of reviewers would perform a manual
gray literature search of high yield non-peer-reviewed publications
and guideline websites. This year the gray literature search was
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discontinued after a review of prior years revealed an extremely low
yield of high-impact GEM articles.

Articles retrieved in the PubMed search undergo title and abstract
screening for relevance to GEM per predefined criteria outlined in the
procedures manual. All reviewers perform practice screening and are
given feedback to improve consistency. Two team members, a reviewer
and an editor, review each title and abstract followed by a third level of
review by both the assistant managing and the managing editor.

Screened-in articles are categorized as either original research
(OR) or a review article (RE). Original research articles are further
categorized as quantitative or qualitative or mixed methods for scor-
ing purposes. All articles are also classified as one of three potential
GEM article categories: disaster and humanitarian response (DHR),
emergency care in resource-limited settings (ECRLS), or emergency
medicine development (EMD). All screened-in articles each undergo
independent full-text review and scoring by two reviewers.

Three scoring rubrics are used for each of the three types of ar-
ticles: OR quantitative, OR qualitative, and RE. The scoring for each
ranges from 1 to 20 points, with scores spread across four subcat-
egories: clarity (RE only), ethics (OR only), rigor, importance, and
impact. This year, changes were made to the importance category
to clarify scoring related to generalizability and affected population.
The full templates are available in Data Supplement S4.

The top 5% of all scored articles as well as the top 5% of each
article category (OR, RE, DHR, ECRLS, and EMD) are narratively
summarized. These summaries are a single page in length and follow
a templated structure that includes a single-sentence summary; a
brief and objective summary of the article's methods and findings;
and an interpretation of the strengths, limitations, and importance
to GEM. The summaries are prepared by reviewers and edited by
editors. They are meant to serve as an accessible brief summary of
the top GEM literature for 2021 (Figure 1).

PubMed Search
English: 43,447 articles
Spanish: 56 articles
French: 9 articles

=y

Hand Search
1,327 articles

Total Articles
44,839 articles

Articles Excluded

During Screening
44,385 articles

Screened Articles
454 articles

Duplicates Excluded
10 articles

Scored Articles
444 articles

l

Top Articles for
MNarrative Summaries

23 articles

FIGURE 1 Flow diagram of articles selected for review

RESULTS

The PubMed search retrieved 44,839 articles, which included 1327
from the hand search. A total of 444 articles met the inclusion cri-
teria and went on to have a full-text review and scoring (Table 1 and
Data Supplement S5). After duplicates were removed, 23 articles
were selected for narrative summarization after being identified
as a top article by our predefined criteria (Table 2). Of the selected
articles, 14 (61%) were OR and nine (39%) were RE. Of the OR arti-
cles, 13 (93%) were quantitative and one (7%) was qualitative. Three
(13%) were DHR, 16 (70%) were ECRLS, and four (17%) were EMD.
Two of the selected top articles were from the hand search journals
and two were COVID-19 related. The narrative summaries of each of

the 23 top articles are provided in Data Supplement Sé.

DISCUSSION

The quantity of GEM research has continued to grow at a fast rate,
reflecting the continued growth of the subspecialty. This year's
search identified 44,839 articles, a 25% increase from the 35,970
identified in 2020. A total of 444 articles underwent full-text review,
a 22% increase from last year's 364. These increases correspond to
the 15% increase in articles that underwent a full narrative sum-
mary this year. This precipitous growth rate is likely related to the
increased recognition of emergency medicine as a specialty around
the world, increased funding opportunities for GEM research, and a
growing number of journals focusing on global health.?>-28

Last year's search utilized two distinct search strings to separate
COVID-19-related articles from all others; however, this year we did
not seek to separately identify articles related to the coronavirus
pandemic. While last year's search identified a significant quantity
of COVID-19 articles in the search (15%) and among screened-in
articles (9.6%), none of the identified top articles were COVID-19
related. This was thought to be related to the relatively lower quality
of COVID-19-related articles meeting GEMLR inclusion criteria.??3°
This year, two COVID-19-related articles were among the top arti-
cles, which may reflect an improvement in the quality of COVID-19
research in non-high-resourced settings.

The GEMLR editorial board consisting of all current and many
former editors meets twice yearly to evaluate and improve policies
and procedures, supported by three different committees that are
assigned tasks to deliberate and evaluate in-between board meet-
ings. Changes were implemented for this year's search affecting the
search, scoring, and structural domains. No changes were made to
search terms; however, COVID-19-specific selectors were removed.
Revision of the hand-search journals occurs on a regular basis to both
add promising new journals not immediately indexed in PubMed and
to remove journals when all relevant articles from the prior 2years
appear in the core PubMed search. However, no changes were made
this year. Minor scoring revisions were made to both the importance
and impact subsections to better reflect the generalizability and af-
fected populations of a study.
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TABLE 1 Summary statistics for article scoring
Scores
Number (%) Minimum 25th Percentile Median 75th Percentile Maximum
Total 444 3.5 12 13.5 15.5 20
Article category
DHR 87 (19.6) 5.5 11.5 13 15 18
ECRLS 282 (63.5) 6 12 13.5 15.5 20
EMD 75 (16.9) 3.5 12 13.5 15.5 18.5
Type of research article
OR 365(82.2) 3.5 12 13.5 15 19.5
RE 79 (17.8) 7 13 15 16.5 20
Type of original research article
Quantitative study 272 (74.5) 6 12 13.5 15 19.5
Qualitative study 86 (23.6) 8.5 12 13.5 14.5 18.5
Mixed-methods study 7 (1.9) 13.5 13.5 15 16.5 16.5

Abbreviations: DHR, disaster and humanitarian response; ECRLS, emergency care in resource-limited settings; EMD, emergency medicine

development; OR, original research; RE, research article.

The parallels between colonization and GEM are increasingly rec-
ognized and the GEMLR group has looked inward this year to discuss
authorship equity of both included articles and the review itself.3*~32
The GEMLR reviewers, who are listed as contributing authors in
Appendix A, are more geographically diverse than the listed authors.
GEMLR authorship positions are determined as outlined in the pro-
cedures manual (Data Supplement S1), with all authors required to
have previously served as a reviewer. Author-level role term limits
were tightened this year to accelerate turnover from the increasingly
diverse reviewer group. Additionally, GEMLR annual recruitment ef-
forts have broadened to advertise via several emergency medicine
groups outside of North America in an effort to promote member-
ship diversity. A review of the GEMLR's included papers over the
past several years has clearly demonstrated authorship inequity
between high- and low-and-middle-income countries.>* Changes to
scoring rubrics are planned for next year to address local authorship
representation, and future committee work will evaluate the role of
funding channels in GEM research equity.

The papers reviewed each year by GEMLR are broadly heteroge-
nous and not amenable to a formal systematic review or meta-analysis.
The scoping review format allows for the annual identification of a
diverse set of original research and reviews, and the application of
a rigorously developed scoring system provides confidence in article
selection. The topics and importance of this year's top articles are
briefly discussed below. The full list of scored articles is presented in
Data Supplement S5 as a searchable and sortable spreadsheet and the
full narrative summaries can be found in Data Supplement Sé.

Disaster and humanitarian response

Cavaliere and coIIeagues35 reviewed publicly available data from
the Global Terrorism Database and identified 901 incidents in 74

countries targeting health care facilities from 1970 to 2018. This
work brings attention to this persistent and widespread threat to
health care workers and patients around the world. In a system-
atic review of the quality of health systems in humanitarian set-
tings covering 2010 to 2019, Jordan and colleagues®® found that a
disproportionate emphasis is placed on system foundations rather
than competency of care, population health, or economic or societal
benefits. Emphasizing the importance of quality of care, they report
the common finding that absence of a health care provider led to
better outcomes than the presence of a “noncompetent” one. The
third and final DHR article included is a systematic review of health
system responses to disasters during the COVID-19 pandemic by
Sohrabizadeh and coIIeagues.37 Their findings demonstrate the chal-
lenge of balancing individual and public health while responding to
acute events such as earthquakes, floods, and wildfires in addition to
highlighting preparedness and response strategies.

Emergency care in resource-limited settings

As in prior years, ECRLS constituted the majority of top articles,
many of which were pediatric oriented. In a randomized controlled
trial of children with severe pneumonia in Africa, Maitland and col-
leagues®® demonstrated a mortality reduction with high-flow nasal
therapy (HFNT) compared to low-flow oxygen and permissive hy-
poxemia. While this is the largest multicenter controlled trial of
oxygen therapy conducted in a pediatric population, it was termi-
nated early due to ethical concerns around withholding oxygen in
one arm. Notably, their data showed that HFNT with or without
oxygen reduced mortality. Sessions and colleagues®” evaluated con-
tinuous positive airway pressure (CPAP) for nonneonatal pediatric
respiratory distress in low- and middle-income countries (LMICs). A
meta-analysis was performed on three of the included studies which
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found inconclusive and low-certainty evidence for any mortality
benefit from CPAP. The authors' findings cast doubt on the efficacy
of CPAP for pediatric respiratory distress in LMICs, and further point
out that while an oxygen concentrator can only provide CPAP for
one child at a time, it could instead deliver low-flow oxygen to five
children simultaneously.

Al Hussain and colleagues®® performed a systematic review
demonstrating ability of two pneumonia severity scores, CURB-65
and CRB-65, to predict mortality among adults in LMICs. Notably,
the CURB-65 tool was superior but the CRB-65 tool was still use-
ful in settings where blood chemistry testing is unavailable. As most
widely used risk prediction scores have not been validated in LIMCs,
this work provides practitioners in LMICs with an evidenced-based
tool for triage. In another article focused on severity scoring, Barry
and coIIeagues41 performed a secondary analysis of data from the
Novel, Innovative Research for Understanding Dehydration in Adults
and Kids (NIRUDAK) study, which evaluated acute diarrhea manage-
ment in Bangladesh, to derive and internally validate a nurse-led 13-
point scoring tool to predict the severity of diarrhea in patients over
5years of age. The discriminatory values of the tool were acceptable
and should now be evaluated externally.

Ayede and coIIeagues42 implemented the World Health
Organization (WHO) outpatient treatment guidelines for neonates
0-59days old with possible serious bacterial infection (PSBI) when
inpatient referral is not possible at eight outpatient primary health
care centers in southwest Nigeria. Over a 16-month period, trained
community resource persons identified 1214 newborns with PSBI of
which 91.5% declined hospital referral and were treated at home. All
patients with pneumonia were successfully treated at home and 98%
of those with clinical severe infection were also cured with home an-
tibiotic treatment. This important study demonstrates that novel out-
patient treatment guidelines can be successfully implemented within
existing health system infrastructure resulting in reduced infant mor-
bidity and mortality when social barriers to care are considered and
addressed in a contextually relevant and practically applicable man-
ner. The use and efficacy of empiric antibiotic therapy for neonatal
sepsis in seven countries was evaluated by Thomson and colleagues*®
in an observational study. Although the WHO first-line recommenda-
tion of ampicillin and gentamicin was among the most commonly used
antibiotics, 379 (97.2%) and 274 (70.3%) of 390 Gram-negative iso-
lates were resistant to ampicillin and gentamicin, respectively. These
findings suggest the need to revisit the current guidelines in LMICs.

In a randomized controlled trial of treatment for pediatric
acute nonbloody watery diarrhea in seven countries, Ahmed and
colleagues44 found no survival benefit to the addition of a 3-day
course of azithromycin to standard case management. These find-
ings add valuable evidence to support adherence to current WHO
case management guidelines including zinc, rehydration, and nutri-
tional counseling for the treatment of pediatric acute watery diar-
rhea in low- and middle-income settings. Focusing on malnutrition
in children, a study performed by Charle-Cuéllar and coIIeagues45 in
Mauritania found that children with severe acute malnutrition (SAM)
treated by community health workers (CHWs) were found to have

similar SAM cure and follow-up failure rates as those treated by tra-
ditional outpatient health facilities in a nonrandomized controlled
study. This suggests that CHWs can help bridge the gap between
access and delivery of treatment for SAM, particularly in resource-
limited settings.

Road traffic accidents were found to the be the most common
cause of pediatric traumatic brain injury (pTBI) in a systematic re-
view of the causes of pTBI performed by Bandyopadhyay and col-
Ieagues.46 Their review covered 32 LMICs and demonstrated that
pTBI patients in LMICs are younger than those in high-income coun-
tries and more often pedestrians than vehicle occupants. The au-
thors also highlighted a gap in pTBI knowledge as data were only
available from 26% of 135 LMICs. In an evaluation of trauma sys-
tems, Whitaker and coIIeagues47 used the three-delays framework,
previously used to characterize barriers to maternal health care, to
perform a systematic review of the literature on LMIC trauma care
systems. Delay 1 considers barriers to seeking care, Delay 2 looks
at barriers to reaching care, and Delay 3 concentrates on barriers
to receiving care. The authors found that Delay 3 was the most
studied, with facility assessments being the most common tool, and
concluded that in addition to whole health system injury research,
increased research on Delays 1 and 2 are needed.

Rabies and meningococcal meningitis remain major public health
issues in the world. Salahuddin and colleagues*® showed that a
shortened 1-week rabies postexposure prophylaxis (PEP) schedule
was equivalent to the standard 4-week schedule in Pakistan. Despite
an increased number of patients requiring PEP during the study pe-
riod, there was less use of rabies vaccine and immunoglobulin vials,
cost savings, increased patient adherence, and no reported deaths.
Rondy and colleagues49 compared the performance characteristics
of two rapid diagnostic tests (RDTs) compared with traditional PCR-
based tests to detect meningitis caused by Neisseria meningitidis and
Streptococcus pneumoniae in Burkina Faso and Niger. They found
that the RDTs met WHO acceptable standards, providing evidence
to support this diagnostic tool.

Risk factors for delays in the diagnosis and treatment of acute
coronary syndrome (ACS) in LMICs were identified in a systematic
review by Beza and colleagues,* identifying many targets for future
work in this area. Individual risk factors included lower socioeco-
nomic status; female gender; older age; and comorbid conditions of
diabetes, hypertension, and dyslipidemia, while systemic risk factors
included rural location, lack of transportation, ambulance availabil-
ity, and lack of education surrounding ACS for both patients and
clinical staff. Turning attention to the fluid resuscitation of burns,
Leclerc and colleagues51 evaluated the efficiency of simplified for-
mulas that could be helpful in mass casualty and disaster scenarios
when resources may be scarce. In a mathematical analysis, Leclerc
and colleagues compared the WHO Technical Working Group for
Burns recommendation of 100mL/kg over 24 h either orally or intra-
venously for burns larger than 20% total body surface area to exist-
ing guidelines. They concluded that although it underestimates fluid
volumes in small children and in people with large burns, this simpler
formula should be appropriate in mass burn casualty situations.
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The final two ECRLS articles are negative studies regarding
treatment for gastrointestinal (Gl) bleeding and COVID-19. In a
multicenter randomized controlled trial of the effectiveness of
tranexamic acid (TXA) or placebo for patients acute Gl bleeding,
Roberts and colleagues52 showed that TXA did not reduce mortality
and also that it increased the risk of venous thromboembolic events
and seizures. This large study, performed in 15 countries spanning
income levels, has produced strong evidence that TXA should not
be used in patients with acute Gl bleeding. A large randomized con-
trolled trial conducted in Brazil on COVID-19 treatment early in the
pandemic evaluated two medications against placebo, hydroxychlo-
roquine and lopinavir-ritonavir. Reis and coIIeagues53 found that nei-
ther medication reduced 90-day hospitalization or death, impacting

global COVID-19 treatment recommendations.

Emergency medicine development

The first of the four included EMD articles is a systematic review
assessing the effects of layperson emergency care training in low-
resource areas by Orkin and colleagues‘54 They included 34 papers
and concluded that while layperson training for acute interventions
is widespread and logical, there is limited evidence for a health ben-
efit in this context in the existing literature. Hands and colleagues®
demonstrated a decrease in pediatric mortality at health care fa-
cilities in Sierra Leone after implementation of Emergency Triage
Assessment and Treatment Plus (ETAT+). The authors used a prag-
matic, mentored approach to ETAT+ implementation, which is criti-
cal to sustained use and impact. This paper adds to the growing body
of evidence that improving the process of emergency care leads to
improved patient outcomes, including reduced mortality.

Ong and colleagues®® performed a large-scale controlled imple-
mentation of dispatcher-assisted bystander CPR for out-of-hospital
cardiac arrest (OHCA) in the Asia-Pacific region. While they did
demonstrate a significantly higher increase in bystander CPR rates
and favorable neurologic outcome in the intervention arm, a large
majority of data was from high-income counties with less than 10%
of recorded OHCA events having occurred in an LMIC, reducing
the generalizability of the findings. The final EMD article is a cross-
sectional observational study of physician level of agreement on
conditions requiring trauma team activation regardless of country
income level by Waydhas and coIIeagues.57 Through purposive sam-
pling and using Delphi methodology, they found that criteria related
to abnormal vital signs and need for certain emergency invasive pro-
cedures such as airway management had the highest levels of agree-
ment across country income levels while acknowledging that some

criteria may not be readily available in all settings.

LIMITATIONS

There are limitations to the GEMLR's approach to identifying top
articles each year. The search terms are reviewed and revised each

PN Uy s dl
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year to be as inclusive as possible; however, it is possible that some
relevant articles are missed due to the broad and heterogenous
nature of GEM. Extensive efforts are taken each year to maintain
and update objective and complete scoring rubrics to identify top
articles; however, some subjectivity in assigning points remains.
Each year the GEMLR technical committee revisits these processes
based on input from reviewers; details of this can be found in Data

Supplement S1.

CONCLUSIONS

The continuously expanding quantity and quality of global emer-
gency medicine literature is an indicator of the maturation of this
subspecialty. The Global Emergency Medicine Literature Review has
continued to evolve to keep up with this growth by diversifying its
team and improving its search, screening, and scoring procedures.
Emergency care in resource-limited settings continues to be the
largest area of global emergency medicine research, and the lower
quantity of disaster and humanitarian response and emergency
medicine development studies suggests a need for increased re-
search in those areas. Future Global Emergency Medicine Literature
Review work should align with efforts to diversify and decolonize
global emergency medicine while serving as a hub for academic

mentorship and networking.
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BACKGROUND

The Society for Academic Emergency Medicine has launched an ini-
tiative called GRACE, which stands for Guidelines for Reasonable
and Appropriate Care in the Emergency Department. The second
iteration of these guidelines examine the issue of low-risk, recur-
rent abdominal pain in the emergency department (ED).> Abdominal
pain is a very common chief complaint in emergency medicine, and
its evaluation is relatively resource intensive, with imaging ordered
in more than 50% of patients.? There is evidence that we overuse
imaging in this population, as the rate of CT increased from 10% in
2001 to 22.5% in 2005, while the rate of hospital admission and
diagnosis of important pathology such as appendicitis and divertic-
ulitis remained unchanged.3 There is a small population of patients
who make frequent visits to the ED for recurrent, undifferentiated
abdominal pain.* The cumulative risk of ionizing radiation from re-
peated CTs increases the risk of harm in this population, but that
harm must be weighed against the possibility of a new acute di-
agnosis on any given ED visit.>¢ Patients with repeated visits to
the ED for the same complaint may warrant different management
plans, as it seems irrational to repeat the same, previously fruit-
less investigations and treatments time and again. Emergency clini-
cians need evidence-based guidance on the management of these

DiscussingBroder JS, Oliveira JE, Silva L, et al. Guidelines for Reasonable and
Appropriate Care in the Emergency Department 2 (GRACE-2): Low-risk, recurrent
abdominal pain in the emergency department. Acad Emerg Med. 2022;29(5):526-560.

Supervising Editor: Jeffrey A. Kline, MD.

complex patients. With the publication of the GRACE-2 guidelines,
Broder et al.! attempt to provide us with the best evidence around
four key questions in the management of patients with low-risk, re-
current abdominal pain in the ED.

ARTICLE SUMMARY

This is a guideline developed using the GRADE (Grading of
Recommendations Assessment Development and Evaluation) meth-
odology. This is a structured framework for guideline development
that involves performing systematic reviews of identified ques-
tions, assessment of the evidence using specific GRADE criteria,
and development of recommendations using a specific “evidence-
to-decision” framework. The GRACE-2 writing group consisted of
emergency physicians from across the United States and Canada as
well as a patient representative and a psychiatrist with specialization
in pain management. These guidelines focused on low-risk patients,
defined as patients between 18 and 65years of age, without his-
tory of acute trauma, pregnancy, active cancer, inflammatory bowel
disease, organ transplantation, immunosuppression, previous bowel
obstruction, or severe active psychiatric disease. They were inter-
ested in recurrent abdominal pain, defined as two or more ED vis-
its for a similar complaint within a 12-month period, but excluding
repeat visits within the first 30days (because those may represent
the same acute pathology). The group members identified four pri-
ority questions which they put through this guideline development
process:

Acad Emerg Med. 2022;29:1275-1277.
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1. Should adult ED patients with low-risk, recurrent, and previ-
ously undifferentiated abdominal pain receive a repeat CTAP
after a negative CTAP within the past 12months?

2. Should adult ED patients with low-risk, recurrent, and previously
undifferentiated abdominal pain with a negative CTAP receive ad-
ditional imaging with abdominal ultrasound?

3. Should adult ED patients with low-risk, recurrent, and previously
undifferentiated abdominal pain receive screening for depression/
anxiety?

4. Should adult ED patients with low-risk, recurrent, and previously
undifferentiated abdominal pain receive nonopioid and/or non-
pharmacologic analgesics?

QUALITY ASSESSMENT

This is a well-done guideline that addressed an important topic in
emergency medicine. They performed a thorough and well-defined
literature search. They employed a rigorous approach evaluating the
available literature (in following the GRADE methodology). They
explicitly discuss their choice of outcomes and their relative values
and discuss both harms and benefits of interventions. They tried to
be inclusive of multiple perspectives, including involving a patient
advocate on their panel.

As with all endeavors in evidence-based medicine, there are lim-
itations to consider. These guidelines were designed for application
in a setting with advanced imaging, laboratory testing, and specialty
referral, and so many not be applicable to all clinicians worldwide.
Pediatric patients were also explicitly excluded from this guideline.
This group identified four priority questions, but there are many
other questions that clinicians might ask when caring for these pa-
tients, which this guideline does not address. The involvement of
a patient representative provides a valuable perspective, but a sin-
gle patient cannot possibly represent the myriad of opinions held
by our patients. Most importantly, systematic reviews and resultant
guidelines can only be as strong as the underlying literature, and this
guideline is ultimately limited by the paucity of research in ED pa-

tients with low-risk, recurrent abdominal pain.

KEY RESULTS

The guideline panel identified four key questions of interest, and
after a systematic review of the literature and evidence synthesis,
they make four recommendations.

Recommendation 1: In adult ED patients with low-risk, recur-
rent, undifferentiated abdominal pain and prior negative CT of the
abdomen and pelvis within 12 months, there is insufficient evidence
to accurately identify populations in whom repeat imaging can be
safely avoided or routinely recommended in the ED. (No recommen-
dation) [No evidence]

Recommendation 2: In adult ED patients with low-risk, recur-
rent, undifferentiated abdominal pain and a negative CTAP with IV

contrast in the ED, we suggest against ultrasound unless there is
concern for pelvic or biliary pathology. (Conditional recommenda-
tion, against) [Very low certainty of evidence]

Recommendation 3: In adult ED patients with low-risk, recur-
rent, undifferentiated abdominal pain, we suggest screening for
depression and/or anxiety may be performed during the ED evalu-
ation. (Conditional recommendation, either) [Very low certainty of
evidence]

Recommendation 4: In adult ED patients with low-risk, recurrent,
undifferentiated abdominal pain, we suggest an opioid-minimizing
strategy for pain control. (Conditional recommendation) [Consensus,
no evidence]

AUTHOR'S COMMENTS

The paucity of evidence for such a common and complex problem in
emergency medicine is somewhat disappointing. Given the tremen-
dous uncertainty that remains about the ideal management plans for
these patients, it is essential to involve our patients in shared deci-
sion making, and ensure that the chosen management plan aligns

with their individual values.

TOP SOCIAL MEDIA COMMENTARY

There was some excellent discussion of these guidelines on the
SGEM blog. Among other concerns, Sara says, “I understand the
value of a ‘mental health’ history but | feel it minimises and deval-
ues these women's symptoms that may very well be physical and
that depression/anxiety may be a response to genuine ongoing
pain.” Joshua Broder, the lead author of these guidelines, responds,
“The GRACE-2 Writing Group shared your concerns about potential
stigma of mental health screening or dismissing undiagnosed causes
of pain such as endometriosis, and this is discussed in the full guide-
line document. The patient representative on the panel provided in-
sights as well, and we did our best to balance the potential benefits
of identifying a concurrent (though not necessarily causal) relation-
ship between depression, anxiety, and pain.”

He adds that this issue is addressed in the patient informa-
tion document: “I'M HERE FOR ABDOMINAL PAIN. WHY IS THE
DOCTOR ASKING ABOUT DEPRESSION? Depression affects as
many as 25% (one in four) of people visiting EDs for abdominal pain.
Sometimes mental health conditions such as depression cause phys-
ical symptoms such as abdominal pain. Sometimes having a long-
term painful condition such as abdominal pain can lead to or make
depression worse. When your doctor asks about depression, they
aren't saying that your abdominal pain is ‘just in your head.’ They are
hoping to find ways to help you feel better. Your doctor knows that
you could have a serious cause of abdominal pain, whether or not
you have symptoms of depression.”

Dan Eickmeier raises some of the problems we face when trying to
care for these patients. “When we are losing beds to patient boarding
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in the ER and decreased nursing staffing, can we really be going down
the rabbit hole of repeat investigation for what is most likely (especially
after one round of comprehensive negative investigations) functional
abdominal pain/IBS. I'd love to have a dietician give some counsel on
fiber, etc., to all the abdo pain patients we see (also good in diverticuli-
tis, hemorrhoids, fissures, etc) but that ain't happening anytime soon.”
To which Joshua Broder responds, “I'm excited to see this response,
which really poses hypotheses for future research: is some or all recur-
rent undifferentiated abdominal pain functional pain/irritable bowel
syndrome? Would dietary changes be an effective treatment for some
patients? We need more studies to understand the potentially diverse
causes of recurrent undifferentiated abdominal pain.”

The conversation on Twitter seemed to focus on problems of
overinvestigation, and frustration at the lack of available science to
guide us:

Josh Davis (@MedFactChecks): We really need a way to reduce
imaging. we all know 20 CT per year is unnecessary, but no one
wants to be the last one to miss something. Care Plans really help
with this. Even Harder when they have diagnosis of organic (often
IBD) disease even though no records to support it.

Ryan Radecki, MD MS (@emlitofnote): These summaries are just
softballs to aspiring early career investigators - “here's a huge im-
portant problem, here are the massive holes in the evidence”. Great
opportunities to do some retrospective work and build to small
grants or Ks.

Josh Davis (@MedFactChecks): So true. Lots of work and no

good science— but lots of opportunities!

TAKE-TO-WORK POINTS

Given the lack of evidence available to guide us, there is tremendous
uncertainty in the most appropriate management plan for these
patients. We should be open about that uncertainty with our pa-
tients and involve them in shared decision-making to ensure that the
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chosen management plan matches their personal values. Although
the current lack of evidence is somewhat disappointing, uncertainty

is a core skill of emergency physicians.
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There is only so much stress a bridge can take before it fails.

Rarely does the stress come in the form of a single catastrophic
event—a force so great that the steel twists, bends, and finally crum-
bles. Rather, it is more likely that the stress comes in small incre-
ments—no one individual load greater than the bridge's ability to
withstand it. But over time these repetitive injuries silently and in-
sidiously weaken the bridge, until oneday—a day that seems like any
other—the bridge comes down.

Structural engineers have a name for these silent injuries—
fatigue. Bridge fatigue is a progressive process in which structural
damage accumulates due to the repetitive application of external
loadings such as the burden of too many or too heavy vehicles.
These applied loadings may each individually be well below the
structural resistance capacity—such that a conventional structural
stress analysis might lead to an erroneous conclusion of safety on
any given day. Yet, the burden over time is unsustainable. This is
because the calculus of risk of damage requires a consideration
of stress over time, not just a one-time assessment related to a
singular event.

It's much more difficult to define structural fatigue when it
comes to the practice of medicine—though this is the state we are
in with the current mental and behavioral health crisis, with children
and adolescents waiting days and weeks in emergency departments
(EDs) to receive definitive psychiatric care. Despite the lack of con-
crete definitions, the concept of structural fatigue applies—the daily
forces that slowly weaken the system to the point that it can no lon-
ger serve the purpose for which it was designed. Our providers, our
structures, and our system cannot survive these forces much longer,
and without intervention, they may crumble.

Historically, in medicine, we have focused on singular events as
the source of structural fatigue—a provider suffering from “burnout”
or a “difficult” patient. Implicit in the concept of burnout is an indi-
vidual design flaw, an intrinsic weakness—a bridge not built to with-
stand the known strain accompanying its functional load, a human

whose resilience is inadequate. Similarly, the “difficult” patient can
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be written off as a fluke or an aberration—an individual truck whose
load was accidentally too heavy for the bridge. This focus on singular
events distracts from the systemic analysis that is needed to stabi-
lize our structures.

The science of bridge fatigue suggests that we need to ask
different questions about the load being imposed on our EDs. ED
visits among children and adolescents with mental and behavioral
health complaints are up over 250% over the past decade, with
roughly half of those patients boarding in the ED while waiting on
definitive placement.? Recently, in our 52 bed ED, our providers
cared for 39 patients with behavioral health complaints over 24 h,
12 of whom were admitted or discharged and 27 of whom were
forced to remain in our ED awaiting inpatient psychiatric place-
ment. The adverse patient care outcomes that follow such an in-
flux of long-stay behavioral health patients is well known: long wait
times for medical and behavioral health patients to be evaluated
(8 h+), delayed care for high-acuity patients, increased rates of left
without being seen. On this particular day, despite the adverse pa-
tient care outcomes and the high provider load, the waiting room
was empty by the morning, for some a sign that the bridge had held.

But the bridge is silently, inexorably failing. Our EDs are not
designed to house large numbers of behavioral health patients for
days at a time. The load is too great and the burden over time is
unsustainable—and the cracks in the system are beginning to show.
Our patients are not getting the care they need and our providers
are strained with the moral injury of providing inadequate care. We
can wait for the day when disaster strikes—a preventable code in
the waiting room, a mass exodus of nurses—or we can apply some
of the basics of bioengineering to understand how the chronic load
weakens the system and apply mitigation strategies to prevent the
inevitable disaster. There is only so much stress a bridge can take
before it fails.
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How to treat venous aneurysm in emergency department?

To the Editor:

Venous aneurysms are extremely rare. At present, approxi-
mately 500 cases have been reported in the literature, and the first
symptom is often deep vein thrombosis (DVT) or pulmonary embo-
lism,* so they have become a very special disease in the emergency
department (ED). Venous aneurysms can occur at any age, with
the same sex distribution, and can occur in any vein, but they are
most common in popliteal vein (45%), portal vein (30%), and supe-
rior mesenteric vein (10%). In the process of screening the etiology
of venous thromboembolism (VTE), venous aneurysms of the lower
limbs is one of the reasons, and popliteal venous aneurysms are the
most common. Cystic vein aneurysm is also considered as a high-risk
factor for DVT. Surprisingly, anticoagulation alone does not seem to
reduce the risk of thromboembolic events (VTE), because venous
aneurysms provide an environment for the formation and spread of
thrombosis.? At least 60% of portal or superior mesenteric vein an-
eurysms are at risk of complications, including portal hypertension,
rupture and fistulation, and subsequent gastrointestinal bleeding.3

For symptomatic patients or patients with venous aneurysms
with signs of thromboembolism, surgical repair is recommended.
There is no consensus on the management of asymptomatic pa-
tients. The low incidence rate of venous aneurysms makes it difficult
to assess the outcome of interventional therapy, long-term treat-
ment, and the incidence of postthrombotic sequelae. At present,
the management of different centers is not unified, and multiagency
cooperation should be encouraged. However, since most patients
appear in the ED with their first symptoms, multidisciplinary cooper-
ation to treat this disease in the ED should be promoted.

Surgery is the main treatment for venous aneurysms.
Endovascular treatment of venous aneurysms has not been deter-
mined, although endovascular intervention may be suitable for an-
atomically challenging venous aneurysms. Cystic venous aneurysms
are usually treated by resection of venous aneurysms and repair of
lateral veins. Fusiform vein aneurysms can be treated by the follow-
ing methods: resection and end-to-end anastomosis, intermediate
transplantation and bypass, and proximal and distal venous Iigation.4

Superficial venous aneurysms can be treated by venous ligation.

© 2022 by the Society for Academic Emergency Medicine.

Surgical risks include hematoma, wound infection, thrombophlebitis,
nerve injury, and recurrence. Individuals usually remain anticoagu-
lant for 3-6 months after surgery. The patency rate was estimated
to be between 40% and 93%, and venous aneurysm resection and
lateral vein repair were associated with the best long-term patency
rate.” The emergency intervention decision of venous aneurysm is
based on the risk balance, considering the risk of rupture and the in-
cidence rate of VTE related to the intervention. Although it may not
be possible to conduct a standard randomized controlled trial in the
ED, it emphasizes the need to register data and combine multicenter

retrospective studies to help determine individualized treatment.
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First day, 11.12a.m.

Crashing noises. Maybe bombs?

A white wall. An old clock on it.

People bustling around. Maybe soldiers?
A stabbing pain without definite cause.
Then a blade penetrating my chest.
Blood taste in my mouth.

It's freezing cold.

Am | dead or alive?

Mean blood pressure always at lower limits with the highest dose of
vasopressors.

Continuous fever; still abundant pus from chest drainage.

Things get bad.

Third day, 11.12a.m.

Noises. This time more distant.

Still that white wall. The old clock staring at me.

It seems to me that time has passed but the clock tells me otherwise.
Dazzling lights are blinding me. Maybe friendly lighthouses?

A dull pain in my back. Someone is tearing off a piece of my skin.

| cannot even move my fingertips.

Alcohol smell in the air.

Cold water on my face.

What kind of a place am | in?

Look at his eyes; sounds like hypokinetic delirium. Who knows if he will
come to his senses again?

He does not even lift a finger. At least he does not appear to be suffering.

Fifth day, 11.12a.m.
Still here. Familiar voices. Maybe my children?
The usual wall. Time seems to be definitely stopped. Or maybe | am

going crazy.
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Cables coming out of my arms; a large tube from my side. Who tied
me up?

Itching on the whole body. An unfamiliar figure is stroking my hair.
Hands finally move. | can at least scratch my abdomen.

Dryness in my mouth, but thirst reminds me I'm alive.

It's very hot.

My head is exploding, nothing makes sense to me.

First day without norepinephrine. Procalcitonin is decreasing. We are on
the right path.

Seventh day, 11.12a.m.

Noises of serving trays.

| recognize the wall and the clock. My only certainties.
Familiar faces help me to eat. Maybe nurses?

A slight tingle on my legs; they are very faint.

But I'm sitting on a bed; who knows if | can stand?

The taste of the sauce brings back memories of my family.
| feel better.

Maybe I'm in the hospital.

| did not think he could sit on the bed so quickly.
How lovely it's to see his children helping him eat.

Acad Emerg Med. 2022;29:1281-1282.
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Ninth day, 11.12a.m.

At last, silence. Only my wife's voice next to me.

My wife sitting by my bed, crying.

Still 11:12a.m. But should not she be working at this time?
She kisses me. | try too.

We hug each other tightly.

| recognize her perfume.

I no longer know if it's cold or hot.

But I'm alive and I'm sure of it.

Several days later, 11.12a.m.

“I'm really glad you came through and can get out of here”.

Thank you, Doctor. | know | was very sick. | have few and vague
memories, but my wife told me about how close to death | was. |
sincerely thank everyone for what you have done for me.

“That's our job. Is there anything we can still do?”

Yes doctor, although it's probably not so important for you.

Please change the batteries to that damned old clock!
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Just another day
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The day starts like any other. I roll in at 6 AM to take sign-out from the
overnight team who sport purple bags under their eyes. The board is
fairly clean. Nobody is too sick, mostly stable abdominal and chest
pain work-ups and a few psych holds pending placement. “Follow up
on bed 16s scan, repeat a CK on 20 once he gets his fluids, I'll page
surgery after sign-out and circle back, etc., etc.” Just another day.

The morning is calm, | sip coffee at my desk when I'm not roam-
ing from room to room, pushing on bellies, palpating pulses, probing
wounds.... Soon, | get a call on my phone: “EMS is bringing in a full
code in 5.” | head up to the resus bay. Just another day, | think to
myself. The medics arrive and give report: 24-year-old at a detox
facility, witnessed seizure-like activity and emesis, then went unre-
sponsive. Received bystander CPR. PEA and asystole at each pulse
check, three rounds of epi prior to arrival.

Our team goes to work. Pulse check: PEA, back on the chest.
Another epi please, bicarb, calcium. Pulse check: PEA, back on the
chest. ET tube in place, positive end-tidal. No pneumo on ultra-
sound. Pulse check: asystole, back on the chest. Another round of
epi. No pericardial effusion. End tidal is dropping. After rounds and
rounds of compressions, my H's and T's fail me. “Does anyone have
any other ideas?” | announce to the room. | receive silence in return.
Pulse check: “Time of death: 9:15 AM.” Just another day, | tell myself.
“Let's have a moment of silence...”

Her mother shows up later that morning. | deliver the news. She
looks back at me stone-faced. “I was expecting this,” she says. The
patient had a long history of mental health and substance abuse
problems, not uncommon at our safety-net hospital. It's only toward
the end of our conversation when she shows any emotion, chok-
ing back tears “At least | can tell her children that their mother was
good and that she went to heaven.” Just another day, | think to myself.
Dejected, | leave as the social worker directs her to the morgue.

| pick up the next chart: Ear pain. | scrape out a large ball of ceru-
men and try to recall the Spanish word for earwax. “Ahhh,” she sighs
in relief, “Muchas gracias, muy amable.” From there on, my shift is
smooth sailing. | reassure a “Gl bleed” that their hemorrhoids are

nothing to fret over. | win a wager on a D-Dimer and send the patient

home, both of us in good spirits. Hopping over to fast track, | clinch
the diagnosis of mallet finger, splint in extension, and move along.
Just another day, | think, cheering myself on. Some days it's the little
victories that outweigh the big defeats.

“The nurse will bring you your paperwork, then you're good to
go.” Not the first time I've said it, and certainly not the last. “And
don't forget to make an appointment with your primary doc!” | add
as | close the curtain behind me. | head back to my computer, hit the
discharge button, and check the clock. 2:02 PM, I've crossed the fin-
ish line, no more patients this shift. As the evening shift crew trickles
in | update my patients on their results, catch up on notes, and clean
up my dispos for sign-out.

Just another day, | think to myself. Except today is different. After
3years in the trenches, today is my last shift at the county emer-
gency department, my home base. Of course there are 2months of
residency left, but I'll be off-service, working at outside community
hospitals, one more month in the MICU and another in the ED.

| hand over my patients. | have not told my colleagues, my friends,
that today is my last. Given the timing they do not realize it, and it
just does not feel right to tell them. Why make a fuss? It really is just
another day, | convince myself.

I hand in my phone in exchange for car keys and walk out the am-
bulance doors into the bright afternoon sun. | look back and contem-
plate the hospital and the people inside it who helped form me into
the physician | am. I've worked hundreds of shifts and taken care of
thousands of patients, but in this job there's always another patient,
always another shift, always another turnover. The cycle goes on.
Today, like every other day, was just another day.
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