ACLS
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Outline

Understand the broad survival epidemiology for perioperative cardiac
arrests

Review the 2025 ACLS cardiac arrest algorithm and key supporting
evidence that translates to intraoperative codes

Evaluate the role of additional resuscitation adjuncts (calcium
chloride, sodium bicarbonate, mechanical compression devices, etc.)

Review management for unique perioperative arrest circumstances
(prone surgery, obstetric arrests, etc.)
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Cardiac Arrest Epidemiology |

In-Hospital Arrest Perioperative Arrest

Incidence 60-80 arrests per 10,000

admissions

Intraoperative: 3-5 arrests per
10,000 cases

*Anesthesia-related arrests: 0.74
per 10,000 (medication/airway)

Rhythm Non-shockable (75%) Non-shockable (75%)

ROSC ~50% 58 - 69%

Survival to ~20%

Discharge

Intraoperative arrest: 64.3%

Perioperative arrest: 31.2%
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Focus on Intraoperative Arrests |

A Population-Based Analysis of Intraoperative Cardiac
Arrest in the United States
ANESTHESIAY

‘Vikram Fialding-Singh, MD, J0.* Mark D. Willingham, MD, MS.* Matthew A, Fischer, MD, MS,"
'ANALGESIASt  Tristan Grogan, MS,+ Peyman Benharash, MD,# and Jacques P. Neelankavil, MD*

« National Inpatient Sample (NIS)
database of community hospitals

« Utilized ICD-10 code for

64.3%

intraoperative arrest (not
Survival to hospital disc|
y

perioperative)

« Followed hospitalization metrics,
including survival
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Focus on Perioperative Arrests

Predictors of Survival from Perioperative
Cardiopulmonary Arrests

A Retrospective Analysis of 2,524 Events from the Get With

The Guidelines-Resuscitation Registry Anesthesiclogy, V 119 + No 6

Data from AHA prospective, multi-site, observational registry that include over 400 hospitals,
published in Anesthesiology

Tracked patients with perioperative arrest (intraoperative to first 24 hours after leaving PACU)

Following perioperative arrest: ROSC in 58%, 32% survived to hospital discharge, 20%
survived neurologically intact.

Survival after arrest from shockable rhythm significantly higher versus asystole or PEA (OR
1.60, Cl 1.16 — 2.20)
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IHCA versus Intraoperative Arrest

+ OR arrests typically recognized immediately

+ Full resuscitation equipment available in OR (airway, rescue
medications) \

+ Anesthesia provider familiar with patient’s medical history

+ Frequently reversible precipitants to intraoperative arrests =

(o]

2025 ACLS Review
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Survival to Hospital Discharge After
Cardiac Arrest

Intraoperative

Perioperative In-Hospital

8
Perioperative Arrest Epidemiology: Key Points
Intraoperative arrests exceedingly rare: -5 per 10,000 cases*
Outcomes are considerably improved in intraoperative and
perioperative arrests as compared to in-hospital arrests
Patients arresting due to shockable rhythms demonstrate higher
survival as compared non-shockable rhythms
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Resuscitation and Life
Support (PeRLS): An
Update
d Part 9: Adult Advanced Life Support: 2025
American Heart Association Guidelines for
Amsericay Cardiopulmonary Resuscitation and Emergency
Aanodition, Cardiovascular Care
Jar 6 Wiggrmion, MD, MSCS, Ve ir; Sach i Agarenl, MO, MPH; Jason A Bartos, MO, Phi: Ryan A, Coute, DO
W Ona AP PR At . Pt o O 1k S Lok N A e Pt o,
Mdchets M Peiter, R, PR Mari Do R, MO S Amber | Rodiguez. Pl Sarun M. Perman, MO, MSCE-
Saghar Sk W P Ko St N Michal C Ko, WL ot
Review major updates to 2025 ACLS cardiac arrest guidelines &
accompanying evidence for high quality resuscitation
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Start CPR
ive oxygen
Attach monitor/defibrillator
Yes e No
shockable?

2 N
VF/pVT Asystole/PEA
@; shook

d
b

CPR2min
+ W0 access
« Epinephrine every 3-6 min
+ Consideradvancedairway,
‘capnography

CPR2 min
« WO access.

CPR 2 min
Epinephrin every 3-5 min
+ Consider advanced airway,
capnography.

D
CPR2min
« Treateversiie causes

Panchal AR, Bars JA, Cabonas UG, ot P 5 At s s
Crdicpumanary Fosssiasen and Eneipre Cardgrcuar Car
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« Compression depth 5-6 cr.n, 100-120/min

mm?m‘ « Compression to bag-mask ratio: 30 to 2

Pads typically placed in anterolateral
position (to avoid CPR interruption)

;
¥

Main priorities: establishing high quality

VHD access
Epinephrine every 3-5 minutes. N
or kdocaine compressions & rhythm check
v

Amiodarone;
for refractory VFIoVT

Montg, cpraua®

S, Vetbeek PR, Drennan IR, ot al. Defibrilaton Strategies for Refractory Ventricuar Fibilation.
J Mod. doi10.
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Circulation
ORIGINAL RESEARCH ARTIGLE

Association Between Prompt Defibrillation
and Epinephrine Treatment With Long-Term
Survival After In-Hospital Cardiac Arrest
« Utilized data from large, national American Heart Association databasle
that prospectively followed arrest outcomes in > 65 year pts \

+ Analyzed 36,961 arrests for:
« Early (< 2 minutes) vs late defibrillation (> 2 minutes) for
shockable rhythms

« Followed patients for 1, 3, and 5 year survival
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« Epénapheine W10 dose: 1 mg ovory 33 mowios.
2 Amiodarone IVNO ose: Fest w00
cose: 150mg
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Updated 2025 Cardiac Arrest
Algorithm

oo Secans

Start CPR
g-mask ventikation
give oxyoen

Mon tor CPR qua"‘“

Return of spontaneous.
ROSC)

circulation (

16 VFp) E
mas
Drug Therap

-‘.
|

Rhythm Check
Non-shockable

Prompt defibrillation for shockable rhythms
associated with improved outcomes
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ORIGINAL RESEARCH ARTICLE.
Association Between Prompt Defibrillation
i i With Long-Te

an i
Survival After In-Hospital Cardiac ArrZsl

« Prompt defibrillation
associated with 53% greater
likelihood of survival at one
year

Survival benefit sustained
through 5 years of follow up

Early defibrillation associated
with improved neurologic and
functional outcomes in
separate studies

Survival with Prompt (<2 min) vs
Delayed (>2 min) Defibrillation

—— Prompt defibrliation
— Delayed defibiilation

Survival (%)

p<0.001

0

N 8t Risk
Prompt 5714
Delayed 2405

1 2 3 H 5
1467 nm o8 78 614
ars 283 a1 179 128
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» New algorithm strongly

» Chest compression fraction

emphasizes importance of
continuous CPR

strongly associated with short
term survival
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Chest Compression Fraction Determines
Survival in Patients With Out-of-Hospital
Ventricular Fibrillation

Prospective data collected from 11 geographically
distinct centers in North America, 506 arrests

Compression fraction measured via thoracic
impedance or accelerometer

Patients followed through hospital discharge

Strong association between chest compression
fraction and survival to hospital discharge

o Wi oo il o e Crsaion 1912407

Survival

Chest Compression Fraction and
Survival to Hospital Discharge

15%

10%

o 20% o 0% 0%

Chest Compression Fraction
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Start CPR
« Giveoxygen
« Attach monitor/defibrillator

CPR2 min
V0 access
« Epinephrine every 3-5 min
onsider advanced airway,
‘capnography.

CPR 2 min
* W0 access

CPR2min
pinephrine every 3-5 min
» Consider advanced airway,
capnography

CPR2min
« Treatreversible causes

Pancral AR, Bars JA, Gabonas UG ot Pt 3 At Bs. nd A
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CPR: Poor Substitute for the Hearf

Cardiac Output at Baseline versus CPR

* High quality CPR provides:
« 10-30% of normal blood
flow to the heart

* 30-40% of normal blood
flow to the brain

« Significant decrement in
cerebral and coronary blood
flow with poor quality CPR

Baseline

Weaney . A ot o “CPR cy ey o romsinion
St from e A e Aekocston - Crrasion 126
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* Return of spontaneous

2 minutes circulation (ROSC)

« Epinephrine recommended
for all patients in cardiac
arrest every 3-5 minutes

Epinephrine every -5 minutes
Amiodarone or lidocaine
for re 0

* Return of spontaneous

2 minutes circulation (ROSC)

Rhythm

If VF/pVT
Shock \
« Epinephrine recommended
for all patients in cardiac
arrest every 3-5 minutes

Drug Therap)

Epinephrine every -5 minutes
Amiodarone or lidocaine
for re /1

“With respect to timing, for
a non-shockable rhythm, it
is reasonable to administer
epinephrine as soon as
feasible.”

MO Nitor CPRA! ua\'\l‘!
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the NEW ENGLAND
JOURNAL o MEDICINE

AUGUST 23, 2018 oL o

ESTARLISHED 14 313

A Randomized Trial of Epinephrine in Out-of-Hospital
Cardiac Arrest

+ Adult patients with OHCA (traumatic arrests excluded)

\
+ Following unsuccessful defibrillation or CPR, randomized to 1
mg epinephrine versus placebo

« Outcome: survival at 30 days, survival with a favorable
neurologic outcome

Y

Return of spontaneous
circulation (ROSC)

2 minutes

Drug Therap « Amiodarone or lidocaine
recommended for refractory

VF/pVT that is unresponsive to
defibrillation (unresponsive not
specifically defined)

Epinephrine very -5 minutes
Amio caine
S

« Amiodarone: 15t dose 300 mg,
2" dose 150 mg

Lidocaine: 1t dose 1-1.5
mg/kg, 2" dose 0.5-0.75 mg/kg

Table 3. Outcomes According ta Trial Group in the Per.Protoca Population.*
Amiodarone. Lidocaine Placebo
Outcome (N=974) (N=993) (N=1059) Amiodarone vs. Placebo Udocaine vs. Placsbo  Amiodarone vs. Lidocaine
Difference Difference Difference.
(95%C1) P Value (35% Cy P Value (95%C1) P Value
percentage percentage percentage
perin iy Py
Primary outcome: survival to discharge  237/970 (24.4) 233985 (2.7)  222(1056 (21.0) 32 208 26 ale [ 070
— no. ftotal no. ()1 {-0.4 10 2.0) (-1.0t063) (-32w047)
‘Secondary outcome: modified Ranlin 182/967 (18.8)  172/984 (17.5)  175/1055 (16.6) 22 019 09 059 13 044
score 53 — no. total no. (%) (-l1tw56) 241042) 21wl
Medhiniatc (mploaion) udcomes
Retum of sponts us circulation st 350/974 (35.9)  396/992 (39.9)  366/1059 (34.6) 14 0s2 54 001 -0 0.07
ED arrivi ne.ftotal no. (%) (-28t05.5) (12t09.5) 2303
At o borpita — nc. (X) wesn  wwe a0 w0 oot a w3
4zl0n piulg T
YT T e T T o s om  om  om
(i Lozeow Loz o0
1. Amiodarone or lidocaine may
2b be considered for VF/pVT that is
unresponsive to defibrillation.
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Table 3. Primary and Secondary Outcomes.®
Outcome Epinephrine Placebo Odds Ratio (95% Cl)f
Unadjusted Adjusted
Primary outcome
Survival at 30 days — no./total no. (%)1 130/4012 (3.2) 94/3995 (2.4)
Score on Modified Rankin Scale
0o @1 W2 W3 WM+ @5 Os

8 g

Good neuro outcome

Good neuro outcome
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The NEW ENGLAND
JOURNAL o MEDICINE

o MAYS, 2016 o v o

Amiodarone, Lidocaine, or Placebo in Out-of-Hospital
Cardiac Arrest

Enrolled patients with OHCA with refractory VF/VT from 10 North
American sites

Patients randomized to IV amiodarone, lidocaine, or placebo after first
unsuccessful shock )

QOutcomes: survival to hospital discharge, favorable neurologic outcome
at discharge

3,026 patients enrolled

Kusnch P4, Boun 7, 03y M o . Arisarons, Locamg
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Important Insights from Non-OR Arrests

+ Early defibrillation (for shockable rhythm arrests) and a high
compression fraction associated with improved survival

» For OHCA, epinephrine improves survival, without convincing benefit
of long-term survival or neurologic recovery (still recommended)

+ For OHCA, no difference in survival or degree of disability between
patients receiving amiodarone, lidocaine, and placebo (may be
considered)

30



Additional Resuscitation
Adjuncts

JAMA | Original Investigation
Effect of Intravenous or Intraosseous Calcium vs Saline on Return

of Spontaneous Circulation in Adults With Out-of-Hospital Cardiac Arrest
A Randomized Clinical Trial

2020

« Danish trial that enrolled 383 patients with OHCA (~80% noﬁ-shockable
rhythm)

« Patients received 1-2 doses of 750 mg CaCl with median time to
administration 18 minutes

« Trial stopped early due to signal of harm for calcium chloride group

33

Calcium Chloride

« No appreciable benefit of protocolized, late calcium chlori.de in OHCA
cardiac arrest

 CaCl has numerous indications in perioperative arrest settings
(hyperkalemia, massive transfusion)

4. For adults in cardiac arrest, routine administration
of calcium is not recommended.
35
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Calcium Chloride

* Increased extracellular Ca+ increases
myocardial contractility and systemic
vascular resistance

* Prior small randomized trials have not
shown any aggregate benefit of calcium
administration during non-OR arrests

10% Calcium CI

Injection, USP
190 mL (100 mymLl_

» COCA trial, published in 2020, further
questioned benefit of calcium chloride

32

JAMA | Original Investigation
Effect of Intravenous or Intraosseous Calcium vs Saline on Return

of Spontaneous Circulation in Adults With Out-of-Hospital Cardiac Arrest
A Randomized Clinical Trial

2020

Return of spontaneous

circulation, No./total (%) Favors  Favors
Calcium Saline Risk ratio (95% C1) saline  calcium
Overall 37/193(18)  53/198 (27) 0.72 (0.49t01.03) . -
Initial rhythm H
Shockable 17/43 (40) 24/53 (45) 0.87 (0.54t0 1.39) f -
Nonshockable 20/150(13)  29/145 (20) 0.67 (0.40t0 1.12) i
Time to trial drug, min i
218 15/91 (16) 26/106 (25) 067 (0.38t01.17) 'i -
<18 22/102(22)  27/92(29) 0.73(0.45t01.19) 4;'7

1
Risk ratio (95% C1)
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Sodium Bicarbonate

Expands circulating volume (8.4% sodium-bicarbonate) and corrects
acidosis

.

Animal studies from the 70 and 80’s demonstrated physiologic benefit in
resuscitation (correction of metabolic acidosis)

.

Few studies demonstrated improved ROSC, the remaining majority
showing minimal benefit or possible harm

Removed from AHA resuscitation guidelines in 2010 (barring
hyperkalemic arrest, TCA overdose), with no compelling subsequent

evidence of benefit

5. For adults in cardiac arrest, routine administration
of sodium bicarbonate is not recommended.

36
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“ ORIGINAL ARTICLE

Vector Change

Defibrillation Strategies for Refractory
« Defibrillation can be unsuccessful due Ventricular Fibrillation
to inadequate transfer of energy to the
heart

« Cluster-randomized trial of OHCA in six Canadian health systems

.

Changing defibrillator pad orientation

from anterolateral to anterior- + 405 patients enrolled with refractory VF (persistent despite 3

posterior can allow better ventricular shocks)
capture
+ Clustered treatment: standard defibrillation versus vector change
after third shock
37 38

Mechanical CPR Devices

Vector Change versus Standard Defibrillation

1.18 (1.03-1.36)*

60% \
50% \
40% 1.39 (0.97-1.99) 1
o 1.71 (1.01-2.88)*
20% \
|
0%

[
Termination of VF ROSC Survival to discharge
i

1. The usefulness of vector change for adults in
2b cardiac arrest with persisting VF/pVT after 23 con-
secutive shocks has not been established.

39

Mechanical CPR Devices ACLS Adjunct Summary

Table 3 Summary of systematic reviews in the UR

» No compelling evidence for benefit for protocolized calcium or

ROSC Survival to hospital

dmissi OR 30 d: . . . - .

sdmisten i sodium bicarbonate in non OR-arrests; neither recommended in
Sheraton et al. [17] No* NA NA . .
Luetat (6] Mo No Mo 2025 AHA guidelines.
Lietal [19] No No No
Khan et a. (20] No No No . M . 1
Coed B P - i Vector changg offers promise for refractory >3 _shoc_k) VF; no firm
Gates etal 2] No No No recommendation (or disapproval) in 2025 AHA guidelines
Bonnes etal (23] Fartialty* Partially No
i ol o A Pt + Compressions performed by medical staff result in similar outcomes
Wangetal [26) N NA Megative effect Negative effect as mechanical compression devices
Chiang et al. [27] Partially Partially No No



Monitoring CPR Quality '

43

Arterial Blood Pressure Monitoring

Diastolic blood pressure drives coronary
perfusion pressure

Improved ACLS diastolic BP associated with
appropriate depth of compressions.

« Diastolic blood pressure > 30 mm Hg
associated with higher rates of survival
to hospital discharge

+ Goal diastolic blood pressure > 30-40
mm Hg (limited data available on
specific target)

45

Shockable Non-Shockable
Ventricular tachycardia
Pulmonary Anesthesia/Surgical
Ventricular fibrillation Auto-PEEP Anesthetic Overdose
Tension pneumothorax LAST
Bronchospasm Gas/fat/amniotic fluid
embolism
Anaphylaxis
Cardiac Hemorrhage
High spinal
Tamponade
Pulmonary embolism Electiolyte
ACS / arrhythmia Hyperkalemia
Hypoglycemia
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End-Tidal CO,

End tidal CO, correlates with pulmonary blood flow &
cardiac output

Higher end tidal CO, levels correlate with appropriate
compression depth and recoil

EtCO2 (mmHg)

CPR goal end tidal > 10 mm Hg (ideally > 20 mm Hg)
- associated with 1 ROSC

Allows for feedback to chest compressors

Abrupt increase > 10 mm Hg, or to 35 - 40 mm Hg,
typically indicates ROSC

Rabjohns, Jennifer. End Tidl CO2 in ardigutmarary Restsctat

Stton B, Fraeh 8, Wesne PA, e l. P
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Intraoperative Arrest
Differential Diagnosis

46

Unique Perioperative
Arrest Situations

48



Prone CPR

Standard versus Reverse

Data limited to case reports

&
14 prone arrests (93% neurosurgical cases) & —a— Patient 1
—o— Patient 2
Arrest etiologies: hypovolemia, air MA: n . —o— Patient 3
embolism, arrhythmia {mm Ha) —o— Patient 4
= —&— Patient 5
ROSC achieved in all cases with prone CPR* Faliets
0
Standard CPR Reverse CPR

2020 AHA ACLS Guideline

4. When the victim cannot be placed in the
supine position, it may be reasonable for
o 3 rescuers to provide CPR with the victim
e o in the prone position, particularly in
hespitalized patients with an advanced
airway in place
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Cardiac Arrest in Pregnancy

« Cardiac arrest in 1 in 12,000 admissions for
delivery

« Pertinent pregnancy physiology

« Enlarged uterus (>12 wks) increases
aortic afterload, compresses IVC

« Decreased functional residual capacity
& increased oxygen consumption

Joejoebhoy FM, Zelop CM, Lipman S, ot al.
From the American Hoart Associaton. Cir

Cardiac Arrest in Pregnancy

Important ACLS / Resuscitation Differences

Mitigate Uterine Aortocaval Compression

« Establish IV access above diaphragm
for unstable patients

* Manual left uterine displacement
when uterus at or above level of
umbilicus (> 20 wks)

Joejoebhoy FM, Zelop CM, Lipman S, ot al.
From the American Heart Association, Ci
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Prone CPR

« Perform compressions between T7 - T9
(just below inferior aspect of scapula)

« This compression location maximizes
pressure over left ventricle

 Ensure rigid surface under sternum
(prone CPR pushes costovertebral joint
against and AND heart against

sternum)

“Nevertheless, because most opportunities to perform prone CPR likely
arise in an intraoperative or ICU context, we believe it reasonable to
consider leaving patients prone for at least the first few minutes of CPR.”

e e T B A5
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Cardiac Arrest in Pregnancy

Unchanged Aspects of ACLS / Resuscitation

» Normal hand position for compressions (center of chest, lower
portion sternum)

» Normal compression rate 100-120, 5-6 cm depth

« Defibrillation energy unchanged (200 J)

* AWl ACLS resuscitative medications recommended at typical doses

Joejoebhoy FM, Zelop CM, Lipman S, ot al.
From the American Heart Association. Cs
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Cardiac Arrest in Pregnancy

Important ACLS / Resuscitation Differences

Perimortem Cesarean Delivery

« Definitively relieves aortocaval compression

and minimizes fetal neurologic injury Peri-mortem C/S at 4 minutes

» Requires early activation of \
multidisciplinary maternal cardiac arrest

team Delivery at 5 minutes*

« Generally, consider for > 20 week
pregnancies

Jeejeebhoy FIM, Zelop CM, Lipman S, et a
2

54



Summary
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Approximately 64% of patients with intraoperative arrest survive to
discharge (markedly higher survival than in-hospital arrests)

Early defibrillation (for shockable rhythms) and high compression fraction
are most impactful ACLS interventions

EtCO, and diastolic blood pressure allow monitoring of CPR quality during
code. Goal EtCO, > 10 and diastolic blood pressure > 35.

Prone CPR physiologically effective; requires firm surface under sternum
Pregnancy CPR: ACLS medications and dosing unchanged; main ACLS

differences include manual uterine displacement and mobilization for peri-
mortem cesarean section for > 20 weeks gestation.
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