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CLINICIAN’S CAPSULE

What is known about the topic?

Absence of cardiac activity on an electrocardiogram (ECG)

and point-of-care ultrasound (POCUS) during cardiac

arrest independently predicts poor outcomes.

What did this study ask?

Is there a benefit to combining findings on ECG and

POCUS when predicting outcome in patients arriving at

the emergency department with cardiac arrest?

What did this study find?

Negative POCUS findings and negative combined POCUS

and ECG findings performed better than ECG alone for

predicting negative clinical outcomes.

Why does this study matter to clinicians?

Adding POCUS to ECG improves the accuracy of predict-

ingwhich patients will not benefit from continued resusci-

tation during cardiac arrest.

ABSTRACT

Objectives: Point-of-care ultrasound (POCUS) is used increas-

ingly during resuscitation. The aim of this study was to assess

whether combining POCUS and electrocardiogram (ECG)

rhythm findings better predicts outcomes during cardiopul-

monary resuscitation in the emergency department (ED).

Methods: We completed a health records review on ED cardiac

arrest patientswho underwent POCUS. Primaryoutcomemea-

surements included return of spontaneous circulation (ROSC),

survival to hospital admission, and survival to hospital

discharge.

Results: POCUS was performed on 180 patients; 45 patients

(25.0%; 19.2%–31.8%) demonstrated cardiac activity on initial

ECG, and 21 (11.7%; 7.7%–17.2%) had cardiac activity on initial

POCUS; 47 patients (26.1%; 20.2%–33.0%) achieved ROSC, 18

(10.0%; 6.3%–15.3%) survived to admission, and 3 (1.7%; 0.3%–

5.0%) survived to hospital discharge. As a predictor of failure to

achieve ROSC, ECG had a sensitivity of 82.7% (95% CI 75.2%–

88.7%) and a specificity of 46.8% (32.1%–61.9%). Overall,

POCUS had a higher sensitivity of 96.2% (91.4%–98.8%) but a

similar specificity of 34.0% (20.9%–49.3%). In patients with

ECG-asystole, POCUS had a sensitivity of 98.18% (93.59%–

99.78%) and a specificity of 16.00% (4.54%–36.08%). In patients

with pulseless electrical activity, POCUS had a sensitivity of

86.96% (66.41%–97.22%) and a specificity of 54.55% (32.21%–

75.61%). Similar patterns were seen for survival to admission

and discharge. Only 0.8% (0.0–4.7%) of patients with ECG-asys-

tole and standstill on POCUS survived to hospital discharge.

Conclusion: The absence of cardiac activity on POCUS, or on

both ECG and POCUS together, better predicts negative out-

comes in cardiac arrest than ECG alone. No test reliably pre-

dicted survival.

RÉSUMÉ

Objectif: On a de plus en plus recours à l’échographie au

chevet (EC) durant les manœuvres de réanimation. L’étude

visait donc à déterminer si l’association de l’EC et de
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l’électrocardiogramme (ECG) pour analyse du rythme avait

une meilleure valeur prévisionnelle que l’ECG seul quant à

l’issue durant les manœuvres de réanimation cardiorespira-

toire au service des urgences (SU).

Méthode: Il s’agit d’un examen de dossiers médicaux de

patients en état d’arrêt cardiaque qui ont été soumis à une

EC au SU. Les principaux critères d’évaluation étaient le retour

à la circulation spontanée (RCS), la survie en cours d’hospita-

lisation et la survie après le congé de l’hôpital.

Résultats: Une EC a été effectuée chez 180 patients; la prés-

ence d’activité électrique a été observée à l’ECG initial chez

45 d’entre eux (25,0%; 19,2–31,8%) et à l’EC initiale chez 21

d’entre eux (11,7%; 7,7–17,2%). Quarante-sept patients

(26,1%; 20,2–33,0%) ont connu un RCS, 18 (10,0%; 6,3–

15,3%) ont survécu à l’hospitalisation et 3 (1,7%; 0,3–5,0%)

ont survécu au congé de l’hôpital. L’ECG a révélé une sensibi-

lité de 82,7% (intervalle de confiance à 95% : 75,2%−88,7%) et

une spécificité de 46,8% (32,1–61,9%) à l’égard de la valeur

prévisionnelle du non-retour à la circulation spontanée. Dans

l’ensemble, l’EC avait une sensibilité supérieure (96,2%;

[(91,4–98,8%]) mais une spécificité comparable (34,0%;

[(20,9–49,3%]) à celles de l’ECG. Chez les patients présentant

une asystole à l’ECG, l’EC avait une sensibilité de 98,18%

(93,59–99,78%) et une spécificité de 16,00,% (4,54–36,08%).

Quant aux patients ayant une activité électrique sans pouls,

l’EC avait une sensibilité de 86,96% (66,41–97,22%) et une spé-

cificité de 54,55% (32,21–75,61%). Des résultats comparables

ont été obtenus en ce qui concerne la survie en cours d’hospi-

talisation ainsi qu’après le congé de l’hôpital. Enfin, seulement

0,8% (0,0–4,7%) des patients présentant une asystole à l’ECGet

un arrêt des contractions du cœur à l’EC ont survécu au congé

de l’hôpital.

Conclusion: L’absence d’activité électrique cardiaque à l’EC

seule ou à l’association de l’ECG et de l’EC a une meilleure

valeur prévisionnelle que l’ECG seul quant à l’issue défavor-

able des
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INTRODUCTION

Advanced cardiac life support (ACLS) protocols guide
the management of patients in cardiac arrest. Although
these algorithms do not currently mandate the use of
echocardiography, cardiac point-of-care ultrasound
(POCUS) is recognized in resuscitation guidelines and
has become standard practice in many emergency
departments (EDs) and critical care settings.1–5 Cardiac
POCUS during resuscitation has been shown to be feas-
ible, and, although it can be performed without inter-
rupting cardiopulmonary resuscitation (CPR) beyond
the standard rhythm check,6 when incorporated
routinely, it may also prolong interruptions in CPR.7

Physicians use POCUS to identify potentially reversible
conditions, as well as to identify mechanical cardiac
activity.8,9

Rules for the termination of out-of-hospital cardiac
arrest have been proposed.10 Several studies also report
that an absence of cardiac activity on POCUS during
cardiac arrest is associated with a significantly lower
(but not zero) likelihood that a patient will experience
return of spontaneous circulation (ROSC).11–14 A large
prospective study suggested that cardiac activity on
POCUS could be used as a reliable predictor of favour-
able outcomes.15 A recent systematic review suggests that
POCUS can aid in decision-making for resuscitation ter-
mination but is not the absolute determining factor.12

Patients presenting with no cardiac activity on
POCUS, as well as an electrocardiogram (ECG) rhythm
of asystole have been shown to have lower rates of sur-
vival, whereas increased survival has been reported in
patients with cardiac activity on POCUS and with pulse-
less electrical activity (PEA) on ECG.15

Our primary enquiry was to assess whether the com-
bined use of POCUS and ECG rhythm improves out-
come prediction during ED cardiac arrest in patients
without prior advanced life support, who had been
selected for a transfer to hospital.

METHODS

A health records review was completed for patients who
presented in cardiac arrest to a single tertiary Canadian
ED between 2010 and 2014. All adult non-trauma car-
diac arrest patients presenting during the study period
were considered for inclusion. Prehospital basic life sup-
port had been administered. A prehospital resuscitation
termination protocol was in place. Patients were
excluded if under age 19 years, if their initial cardiac
rhythm was shockable, if resuscitation was halted due
to end-of-life decisions, or if no cardiac POCUS was
performed. Standardized data extraction was com-
pleted.15,16 Initial ECG rhythm and cardiac activity on
the initial POCUS exam were recorded. We report the
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diagnostic test performance of initial ECG rhythm
alone, initial POCUS alone, and initial ECG and
POCUS combined, for our primary outcome of failure
to achieve ROSC, as well as secondary outcomes of
failure to survive to hospital admission and to hospital
discharge. Further details on delivery of resuscitation,
definitions of outcomes, and data extraction methods
are provided in Supplemental Appendix 1.
Research Ethics Board approval was obtained (Hori-

zon Health Network 2015–2132).
Point estimates and proportions are reported with

appropriate confidence intervals. Categorical data were
analysed using Fisher’s exact test and continuous data
using unpaired student’s t-test, using GraphPad Prism
software (2012) (GraphPad Software Inc., La Jolla, CA).

RESULTS

Of the 264 cardiac arrest cases reviewed, 84 were
excluded, leaving a total of 180 cases meeting the inclu-
sion criteria (Supplemental Figure 1). A median of 2
(range 1 to 9) POCUS exams was performed; 45
(25.0%; 19.2% to 31.8%) patients demonstrated cardiac
activity on the initial ECG, and 21 (11.7%; 7.7% to
17.2%) had cardiac activity on the initial POCUS
exam; 15 (8.3%; 5.0% to 13.4%) patients demonstrated
activity on both ECG and POCUS, and 129 (71.7%;
64.7% to 77.7%) had no activity on either ECG or
POCUS; 47 patients (26.1%; 20.2% to 33.0%) achieved

ROSC, 18 (10.0%; 6.3% to 15.3%) survived to admis-
sion, and 3 (1.7%; 0.3% to 5.0%) survived to hospital
discharge (Table 1). Baseline population characteristics
are shown in Supplemental Appendix 2.
As a predictor of failure to achieve ROSC, ECG

rhythm alone had a sensitivity of 82.7% (95% CI
75.2% to 88.7%) and a specificity of 46.8% (32.1% to
61.9%). Overall, POCUS alone had a higher sensitivity
of 96.2% (91.4% to 98.8%) but a similar specificity of
34.0% (20.9% to 49.3%). In patients with ECG asystole,
POCUS had a sensitivity of 98.2% (93.6% to 99.8%)
and a specificity of 16.0% (4.5% to 36.1%). In patients
with PEA, POCUS had a sensitivity of 86.96%
(66.41% to 97.22%) and a specificity of 54.55%
(32.2% to 75.6%).
The diagnostic performance of ECG, POCUS, and

both combinations for the secondary outcomes of
survival to hospital admission and discharge along with
further details on diagnostic performance are shown in
Table 2 and in Appendix 2. Only 0.8% (0.0 to 4.7%)
of patients with asystole on ECG and absence of cardiac
activity on POCUS survived to hospital discharge.

DISCUSSION

Our findings show that both ECG rhythm and POCUS
findings, either independently or in combination, per-
form better as predictors of negative outcomes (death)
than they do for positive outcomes (ROSC, survival to

Table 1. Contingency tables showing patient numbers achieving no ROSC (primary outcome) and no survival to hospital admission

and discharge (secondary outcomes) for initial ECG rhythm, initial POCUS findings overall and POCUS findings in patients with ECG

asystole, and PEA

Test Findings

Primary outcome Secondary outcomes

No ROSC ROSC
No survival to
hospital admission

Survival to hospital
admission

No survival to
hospital discharge

Survival to hospital
discharge

ECG Asystole on ECG 110 25 125 10 133 2
PEA on ECG 23 22 37 8 44 1

POCUS (overall) No cardiac
activity

128 31 148 11 158 1

Cardiac activity 5 16 14 7 19 2
POCUS
(asystole
group)

No cardiac
activity

108 21 121 8 128 1

Cardiac activity 2 4 4 2 5 1
POCUS
(PEA group)

No cardiac
activity

20 10 27 3 30 0

Cardiac activity 3 12 10 5 14 1
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hospital admission and discharge) in adult ED cardiac
arrest patients with non-shockable rhythms. Moreover,
ECG and POCUS findings are not independent vari-
ables, and, as such, any direct statistical comparison of
these tests would be inappropriate. However, describing
the relative utility of each, either independently or
when used in combination, is useful for understanding
how they can contribute to decision-making during
resuscitation.
In patients with non-shockable rhythms, we found

ECG alone to be a poor predictor of outcome in cardiac
arrest, with a sensitivity of 82.7% and a specificity of
46.8% for failure to achieve ROSC. POCUS alone was
a better predictor of futility, with a higher sensitivity of
96.2%, as was the combination of asystole on ECG and
absence of activity on POCUS with a sensitivity of
98.2%, demonstrating the utility of adding POCUS to
ECG for the identification of patients who are unlikely
to survive. Unfortunately, neither ECG nor POCUS,
alone, or in combination, performed well as reliable
tests to identify patients likely to survive, with specifici-
ties maximizing at just over 50%. A similar pattern was

also seen when assessing prediction for long-term
outcomes with POCUS alone, and negative POCUS
findings in patients with asystole on ECG, providing rea-
sonable sensitivities for failure to survive to hospital dis-
charge, but again with poor specificity.
Our findings are consistent with results reported by

Gaspari et al., where the absence of activity on
POCUS in patients with asystole on ECGwas associated
with poorer outcomes than in patients with PEA and
activity on POCUS.15 Future research should examine,
among PEA patients, whether those with cardiac activity
on POCUS have improved clinical outcomes. Previous
studies have suggested that an absence of cardiac activity
on POCUS can aid in resuscitation termination deci-
sions. We found that POCUS, and especially combined
ECG and POCUS, demonstrated high sensitivity and
positive predictive values for our primary and secondary
outcomes, suggesting that POCUS could add value for
termination of resuscitation decisions if incorporated
into ACLS guidelines for adult cardiac arrest.12

There are a number of limitations with this project.
The database was formed by a health records review in

Table 2. Diagnostic test performance of initial ECG rhythm, initial POCUS findings overall and POCUS findings in patients with ECG

asystole, and PEA, for the predication of no ROSC (primary outcome) and no survival to hospital admission and discharge (secondary

outcomes)

Primary outcome: No return of spontaneous circulation

ECG POCUS**
POCUS

(in ECG asystole)**
POCUS

(in ECG PEA)*

Sensitivity (95% CI) 82.7% (75.2% to 88.7%) 96.2% (91.4% to 98.8%) 98.2% (93.6% to 99.8%) 87.0% (66.4% to 97.2%)
Specificity (95% CI) 46.8% (32.1% to 61.9%) 34.0% (20.9% to 49.3%) 16.0% (4.5% to 36.1%) 54.5% (32.2% to 75.6%)
PPV (95% CI) 81.5% (76.9% to 85.3%) 80.5% (77.0% to 83.6%) 83.7% (81.2% to 85.9%) 66.7% (55.2% to 76.5%)
NPV (95% CI) 48.9% (37.2% to 60.7%) 76.2% (55.4% to 89.2%) 66.67% (27.9% to 91.2%) 80.0% (56.6% to 92.5%)

Secondary outcomes: No survival to hospital admission

ECG** POCUS POCUS (in ECG asystole) POCUS (in ECG PEA)*

Sensitivity (95% CI) 77.2% (69.9% to 83.4%) 91.4% (85.9% to 95.2%) 96.8% (92.0% to 99.1%) 73.0% (55.9% to 86.2%)
Specificity (95% CI) 44.4% (21.5% to 69.2%) 38.9% (17.3% to 64.2%) 20.0% (2.5% to 55.6%) 62.5% (24.5% to 91.5%)
PPV (95% CI) 92.6% (89.1% to 95.0%) 93.1% (90.3% to 95.1%) 93.80% (91.7% to 95.4%) 90.0% (78.3% to 95.7%)
NPV (95% CI) 17.8% (10.7% to 28.0%) 33.3% (18.9% to 51.8%) 33.3% (9.4% to 70.6%) 33.3% (19.0% to 51.5%)

No survival to hospital discharge

ECG** POCUS** POCUS (in ECG asystole) POCUS (in ECG PEA)**

Sensitivity (95% CI) 75.1% (68.1% to 81.3%) 89.3% (83.7% to 93.4%) 96.2% (91.4% to 98.8%) 68.2% (52.4% to 81.4%)
Specificity (95% CI) 33.3% (0.8% to 90.5%) 66.7% (9.4% to 99.2%) 50% (1.3% to 98.7%) 100% (2.5% to 100%)
PPV (95% CI) 98.5% (96.7% to 99.3%) 99.4% (97.0% to 99.9%) 99.2% (97.0% to 99.8%) 100%
NPV (95% CI) 2.2% (0.5% to 10.3%) 9.5% (4.1% to 20.7%) 16.7% (3.8% to 50.5%) 6.67% (4.4% to 9.9%)

CI = Confidence interval; NPV = negative predictive value; PPV = positive predictive value; McNemar’s chi-squared test (P-value), **P < 0.01, *P < 0.05.
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a single centre. Although standardized methodology was
used (see Appendix 1), not all population data could be
acquired for each patient, and charting quality could
not be controlled. Variable delays until the initial
POCUSmay explain the inconsistency of recording car-
diac activity on POCUS in a small number of patients
who had asystole on their initial ECG. We did not
include any functional assessment as a formal outcome
in our analysis. However, all of the survivors (1.7%)
required home care or rehabilitation support.

CONCLUSIONS

Our findings suggest that for adult patients arriving to
the ED in non-shockable cardiac arrest, the use of
POCUS independently or in combination with ECG
rhythm more accurately predicted death than the use
of ECG rhythm alone. No combination reliably pre-
dicted survival.

Supplementary material: The supplementary material for this
article can be found at https://doi.org/10.1017/cem.2019.397
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