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POCUS >> longer pulses

Point-of-care ultrasound use in patients with cardiac arrest is

associated prolonged cardiopulmonary resuscitation pauses: A oashe

prospective cohort study

3

Eben ] Clattenburg**, Peter Wroe*®, Stephen Brown”, Kevin Gardner?, Lia Losonczy®,
Amandeep Singh?, Arun Nagdev "

¢ Department of Emergency Medicine. Highland Hospital—Nlamede Haalth System. Cakland, CA. United States
b Schoal of Medicine, University of California. Son Franciszo, CA Unired Staces

ARTICLE INFO

Article history:

Receivad 30 July 2017

Received in revised form 9 November 2017
Accepted 22 November 2017

Ktym.‘-';z’sz
Cardivgulmonary resuscitation
Puint-ol-care ulltasound

ABSTRACT

Objectiver We zim to evaluate if point-of-care ulirasound use in cardiac arrest is associated with CPFR
pause duration.
Methads: This is a prospective cohort study of patients with cardiac arrest (CA) presenting to an urban
emergency department from july 2016 ta Jannary 2017, We collected video recordings of parients with
CAindesignated code rooms with video reconding equipment. The CAs recordings veere reviewed and
caded by wa ahstractars. The primary outcome was the difference CPR panse durztion when POCUS was
and was not performed.
Resuls: Arotal of 110 CPR pauses were evaluared during this study. The median CPR pause with POCUS
performed lasted 17s (IQR 13 — 22.5) versus 115 {IQR 7 — 16) without POCUS, In addition, multiple
regression analysis demonstrated that FOCUS was associated with longer pauscs (6.4 5, 953CI 2.1- 10.8);
ultrasound fellows [up tamed faculty trended towards shorter CPR pauses (-4.1s, 95%C1 —8.8-0.6) com-
pared tonan-ultrasound fellowship trained faculty” and when rhe same provider led rhe resuscirarion and
performed the POCUS, pause durations were 6,15 (95%(1 04 —11.8) longer than when another provider
performed the POCUS,
Cenclusion: [nthis prospective cohort trial of 24 patients with CA, POCUS during CPR pauses was associatad
with longer interruptions in CER.

© 2017 Elsevier BV, All nghts reserved.



POCUS >> prolonged interruption

Ultrasound use during cardiopulmonary resuscitation is associated @wgm
with delays in chest compressions®

Maite A. Huis in 't Veld?, Michael G. Allison”, David S. Bostick?, Kiondra R. Fisher*,
Olga G. Goloubeva®, Michael D. Witting ¢, Michael E. Winters "

* E-Department of Emergency Medicing, Universiy v Maryland Medica! Cenler, Baitimore, MD, Unitad Stales

2 Critival Care Medicing, Suint Agnes Huspiuld, Baltimory, MD, United! Stales
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3 Deparument of Epiderivlogy & Pub'ic Health, University of Muryland Stioo! of Medicine Baltimore, MD, United States
* Department of Emergency Medicine, University o Mary!and School of Modicine, Boidmore, ID. Unlced States

ARTICLE [NFO ABSTRACT
Articie listory: Aim® High-qualiry chest campressions are a critical compenenr of rhe resuscitation of parients in rar-
Received 23 Moy 2017 divpulmonary arvest. Point-ul-care ultrasound [POTUS) is used lrequently duting emergency departinent

Received in revised form 12 July 2017

(L) resuscirations, bur there has been limited research assessing its bernefits and harms during the deliv-
fccented 21 July 2017

ery uf cardiopulmonary resuscitation (CPR), We hypothesized that use of POCUS during cardiac arrest
resuscitation adversely affects high-quality CPR by lengrhening, the duration of pulse checks beyond the

:f'{‘l““;:"_“e N current cardiopulmonary resuscitation guicelines recommendation of 10s.

S Hitesod Metneds: We conducted a prospective cohort study of adults in cardiac arrest treated in an urban ED
cardiac arrest ketween August 2015 and Sepremher 2016, Resuscirations wers rerorded using video =quipment in
ZPR designated resuscitation rooms, and the use of POCUS was decumented and timed. A linear mixed-eftects
Interrupdons moedel was used o estimare the effect of POCUS an pulse check duration.

Delay Kesults: Twenty-three patients were enrvlled in our study, The mean duration of pulse checks with

POCLS was 21 08 (95501, 15-24) comparad with 1308 (95% 1, 12-15) for thase without POCUS, POCUS
increased the duration of pulse checks and CPR interruption by 8.45 (95% C1. 6.7 - 10.0 |[p<0.0001]). Age,
body mass index (BMI). and procedures did not sigmficantly affect the duration: of pulse checks.
Conclusions: The use of POCUS during cardiac arrest resuscitation was associated with significantly
increased duration of pulse checks, nearly doubling the 10-s maximum duration recommended it current
guildelines It is Important for acute care praviders to pay close arrentdon 1o the duration of interruptions
in the delivery of chest compressions when using POCUS during cardiac arrest resuscitation,

© 2017 Elsevier BV All rights reserved.



US-CAB protocol
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US-CAB protocol

PR S W3, ALS ll-un‘: c:m.us
L°n S Contie o Lty Total ROSC non-ROSC
a mﬁ = Proparietetation
o |—...L—..| YT Operation duration (sec)’
i | _— C: cardiac 90 + 14 91+ 15 89 + 1.2 216
| | Zench padiasrbyibm USC: Cardinzadiv by ultmsonography
- i, A: tracheal 75+ 15 74 + 14 76 + 15 505
B Toe0 pimiaitm “USE Grdecediets | ultrasonography
o B: left lung sliding 85 = 2.0 8.4 19 86 = 2.0 654
| [ e ] R B: right lung sliding 7.5 = 1.8 7.6 =+ 1.8 74 + 1.7 .288
E (oo pairtviim | UZC: Cardnzacti ty Ultrasonographic findings, n (%)
Cardiac activity 47 (26.6%) 45 (61.6%) 2 (1.9%) < .0001
: Cardiac tamponade 8 (4.5%) 2 (2.7%) 6 (5.8%) .340
! ! Esophageal intubation 21 (11.9%) 8 (11.0%) 13 (12.5%) .755
5 7 i One-lung intubation 3 (1.7%) 2 (2.7%) 1 (1.0°74) .367
\u\// rm ul;;n Sl ] ]
Reference Sen’, % (95% C.L.7) Spe , % (93% C1) PPV, % (PS% CL) NPV, % (98% CI)
LSC ROSC Nuxi-ROSC
Presence of eardize actvity. n 45 o B2 (5U-73) 98 (US-100) Y€ (90-100) 75 (71-85)
Absenice of Gandlac activity, ¢ 28 102
LUS-A Tradwal ntwbation’  Esophageal atubation
Somograshic tracheal intubation, n 156 C 100 (100) 100 (100} 100 (100) 100 (100)
Sonograghic esophageal intubation, © 0 21
1SR Fraper vertilatian Improper ventilatine
Sonograshic praper vearlkition, n 174 C <9 (98 100) 100 (102) 100 (100) 67 (13 100)
Smmagrazhic impraper ventilation, n 1 2

Resuscitation 2018. DOI: 10.1016/j.resuscitation.2018.01.051
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CASA

Cardiac Arrest Sonographic Assessment

The CASA Exam

(Cardiac Arrest Sonographic Assessment)

1. Cardiac Tamponade?

<10 seconds
PNX/FASI
(As indicated)
2 min ACLS

2. Right heart strain?
<10 seconds
l 2 min ACLS

3. Cardiac activity?

<10 seconds

AJEM 2018; doi: 10.1016/j.ajem.2017.08.052.



CASA implementation

Cardiac Arrest Sonographic Assessment
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CASA implementation

Cardiac Arrest Sonographic Assessment
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Multivariable linear regression analysis of predictors associated with CPR pause B “ 4 8 8 10 12 14 16 18
duration for pulse checks with ultrasound performed. Month since July, <016
Predictor variable' Coefficient (soc) SE p-value
Pre Post Diffarence sec) pvalue
Post intervention time period -33 1.2 Q.007 (see! |sec)
Resident year
2 REF CPE. pu'se chack pause duration, 18.1 151 3.0 (L0=5.0) 0.003
3 1.1 1.4 0.45 mean (SE)’ (OR) (06)
4 0.2 1.5 Q.89 CPR pulse check pause dungion 19.3 15,8 4.0 (1.7-6.3) 0.0008
Attending -3.0 1.0 Q.45 with POCUS, mean (SE)” (1.0) 0.7)
Any procedure perdformed 1.9 1.8 0.28 CPF. pulse check pouse duration 154 12.6 25(—-1.2%w% 0.16
Artending ultresound fellowship wained 3.1 1.3 Q.02 withaut POCIUS, mean (SF)°  (1.0) 07 n4)
Ultrasound eon chest before CPR pauscd -31 1.3 0.01

Resuscitation 2018; DOI: 10.1016/j.resuscitation.2018.07.030
e
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CASA implementation
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Clinical paper
Femoral artery Doppler ultrasound is more )

Crmch b

accurate than manual palpation for pulse detection
in cardiac arrest

Allison L. Cohen®®, Timmy Li*", Lance B. Becker®"°, Casey Owens ", Neha Singh°®,
Allen Gold®, Mathew J. Nelson®®, Daniel Jafari®”, Ghania Haddad"®, Alexander V.
Nello ™", Daniel M. Rolston®"", Northwell Health Biostatistics Unit’

* Department of Emergency Medicine, Donald and Barbara Zucker School of Medicine at Hofstra/Northwell, Hempstead. NY, United States
® Department of Emergency Medicine, North Shore University Hospital, Northwell Health, Manhasset, NY, United States

“ Feinstein Institutes for Medical Research, Northwell Health, Manhasset, NY, Unifed States

“ Department of Emergency Medicine, St. Vincent Hospital, Alleghany Health Network, Erie, NY, United States

PSV = 20 cm/s ~ SBP = 60 mmHg (AUC 0.975)

WA EL S bABrEas . B

Resuscitation 2022; DOI: 10.1016/j.resuscitation.2022.01.030
b
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Doppler ultrasound peak systolic velocity versus  ®
end tidal carbon dioxide during pulse checks in R
cardiac arrest

Ghania Haddad ", Deanna Margius ", Allison L. Cohen®", Margaret Gorlin°®,
Daniel Jafari®"“, Timmy Li*", Casey Owens?, Lance Becker™"",
Daniel M. Rolston >

Peak Systolic Velocity and End Tidal CO, Compared to Systolic
Blood Pressure (n=111 pulse checks)
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Doppler ultrasound peak systolic velocity versus )

end tidal carbon dioxide during pulse checks in

cardiac arrest

Sk for
Lpdenes

Ghanla Haddad®", Deanna Margius ™", Allison L. Cohen®", Margaret Gorlin°®,
Danlel Jafari®"“, Timmy Li"", Casey Owens?, Lance Becker™"",

Daniel M. Rolston ®%°

PSV = 20 cm/s ~ SBP = 60 mmHg

Detection of ROSC with SBP = 60 mmHg

Accuracy

Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Pasitive Likelihaod Ratio
Negative Likelihood Ratio

89% accuracy

Doppler Ultrasound
PSV > 20 cm/sec

B89.2% (81.9%-04.3%)
91.0% (84.2%-97.8%)
B6.4% (76.2%-06.5%)
81.0% (84.2%-97.8%)
86.4% (76.2%-96.5%)
6.68 (3.16-14.10)
0.10 (0.05-0.22)

ETCO, > 20 mmHg

58.6% (48.8%-67.8%)
56.7% (44.8%-88.5%)
61.4% (46.9%-75.7%)
89.1% (56.8%-81.3%)
48.2% (35.1%-61.3%)
1.47 (0.96-2.25)

0.71 (0.49-1.01)

ETCO, > 256 mmHg

57.7% (47.9%~67.0%)
38.9% (27.1%-50.4%)
86.4% (76.2%~94.7%)
81.3% (37.0%-50.1%%)
48.1% (37.0%-59.1%)
2.85 (1.28-6.35)

0.71 (0.57-0.89)

Resuscitation 2023; DOI: 10.1016/j.resuscitation.2023.109695
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PSV 20 cm/s SBP 60 mmHg
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Point-of-care ultrasound compression of the ()

Chaeb tor

carotid artery for pulse determination in -
cardiopulmonary resuscitation

Soa Yeon Kang®”, Ik Joon Jo?, Guntak Lee®, Jong Eun Park?, Taerim Kim?,
Se Uk Lee”, Sung Yeon Hwang?, Tae Gun Shin?®, Kyunga Kim “*°, Ji Sun Shim®,
Hee Yoon ™"

CPR start Rhythm check Rhythm check Rhythm check CPR stop
ED arrival | ———t——————+————+—— .
0s 2min 30 Z0s 20s 2min 305 s 30s 2min J0s s 2min
acaaoal| N N O O A A ]
Manual Palpation T

Resuscitation 2022; DOI: 10.1016/|.resuscitation.2022.06.025



https://doi.org/10.1016/j.resuscitation.2022.06.025

- * [} ™ — . ] - . - - - .
) . 0] L " < . ’
- ~ -
e ’ 4 3 U v J ¢ v v
»
» — 0 a L)

- ‘ . AR T AT AT e T ] AORIFUSLENA VAT ! L

s ——— - om = : oe

. I *ﬁ{. G
— e
— —
| —
[— \ S—

V50 MU ARTLA 1 L) Sem P ORNTERS MR ry Gon. 0 5om

scm _ == 1| &= SCM__—~==— ' e SM_— )

|2
or)

— - x ———— Y
i ' - ]:’v" - -
- - Do k. T 2 < . —
-l - ~ —\‘_- - 5
— -
Vo™ ~ >
— —

Resuscitation 2022; DOI:



https://doi.org/10.1016/j.resuscitation.2022.06.025

Point-of-care ultrasound compression of the
carotid artery for pulse determination in
cardiopulmonary resuscitation

Soa Yeon Kang®”, Ik Joon Jo?, Guntak Lee®, Jong Eun Park?, Taerim Kim?,
Se Uk Lee”, Sung Yeon Hwang?, Tae Gun Shin?®, Kyunga Kim “*°, Ji Sun Shim®,

aa

p2.06.025
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Point-of-care ultrasound compression of the )
carotid artery for pulse determination in -
cardiopulmonary resuscitation

Soa Yeon Kang®”, Ik Joon Jo?, Guntak Lee®, Jong Eun Park?, Taerim Kim?,
Se Uk Lee”, Sung Yeon Hwang?, Tae Gun Shin®, Kyunga Kim “®°, Ji Sun Shim°®,
Hee Yoon ™"

Table 2 - Differences in time for pulse assessment with POC = ==

!!! (3 CAROTID PULSE IN CPR

POCUS-CAC MP TiMe [
Average time per patient 162s 3.50s Mean QUESTION = SFM
(n=25) (1.14-2.14 g) (2.99-4.99 5) —-0.83 T i <2 o
Al pulse check 1.31s 3.00s Estimg POCUS duding cardiac arrest |J>\ -
(n = 1585) (1.00-2.12 3) (2.19-4.91 s) —0. 80 SR
Case > 5 8, n (%) 5 (3) 37 (24) SRV 2 mancal pulse?
Case > 10 5, n (%) 0 5(3) - METHODS

Sirgle cemver prospectve
study enro ling ED patienty
receiving CPR.Compand
caotid artiry Omprestion
(CC) . femoal mansa
papaton MP,. 1*outtome
w median time for C\C v
ME Al compared rhythms,

% theces 55 and 102

N - 155

PULSE CHECHS

Resuscitation 2022; DOI: 10.1016/|.resuscitation.2022.06.025
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A new method to evaluate carotid blood flow by .
continuous Doppler monitoring during
cardiopulmonary resuscitation in a porcine model

of cardiac arrest

Xiaoli Zhao®, Shuo Wang”®, Wei Yuan°®, Junyuan Wu®, Chunsheng Li*"

Abstract

Aim: We used a wearable carotid Doppler patch to study carotid blood flow patterns in a porcine model of cardiac arrest to identify retum of spon-
taneous circulation (ROSC) and hemodynamics associated with different amrhythmias and the quality of compressions.

Methods: Twenty Landrace pigs were used as models of cardiac arrest following a standard protocol. Carotid blood flow was monitored continu-
ously using noninvasive ultrasound. Carotid spectral waveforms were capiured during various arrhythmias and CPR. Typical carotid blood flow
waveforms were recorded at the time of ROSC, and hemodynamic changes were compared with carotid blood flow parameters.

Results: The results showed that the carotid blood flow waveforms varied with ventricular arrhythmia type. During CPR, compression depth cor-
related significantly with carotid maximal velocity (Vmax) (Spearman correlation coefficient (r) = 0.682, P < 0.001) and velocity-time integral (VTI)
(r=0.794, P<0.001). Ymax and VT| demonsirated moderate predictive value for survival. The regular carotid blood flow patiern towards the brain
was observed during ROSC, concurrant with compression waveforms. After ROSC, VTI and carotid pulse volume (cPV) showed similar trends as
stroke volume (SV). The carotid minute volume (cMV) exhibited a similar trend as cardiac output (CO).

Conclusions: Carotid bloed flow monitoring could provide valuable information about different amrhythmias as well as the quality of CPR. Carotid
flow monitaring allows for timely and effective identification of ROSC. In addition, it may provide valuable hemodynamic information after ROSC.
Keywords: Cardiac arrest, Cardiopulmonary resuscitation, Porcine model, Deployable ultrasound, Carotid blood flow monitoring, Return of
spontaneous circulation

Resuscitation 2024; DOI: 10.1016/|.resuscitation.2023.110092
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A new method to evaluate carotid blood flow by [
continuous Doppler monitoring during fa
cardiopulmonary resuscitation in a porcine model

of cardiac arrest

Xiaoli Zhao®, Shuo Wang”, Wei Yuan®, Junyuan Wu®, Chunsheng Li®"

Resuscitation 2024; DOI: 10.1016/|.resuscitation.2023.110092
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Core Ultrasound in REsuscitation (CURE): A novel
protocol for ultrasound-assistant life support via
application of both transesophageal and

transthoracic ultrasound

BLS | FAST + AAA + DVT
Intubation Airway + Lung
Check pulse -
Moation of heart
Check pulse Aortic emergency
' Thrombus in heart
Compression sit2
: Hypovolemia
~{  Check pulse
ROSC
----- Pump
Preload
- - Procedure
Post-ROSC care (ECMO / CVC / REBOA)
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