Cognitive Aids for Congenital Cardiac Anesthesia

Cognitive aids are designed to prompt users to complete a
series of tasks and can take many different forms. We have
designed a series of cognitive aids for congenital cardiac
anesthesia for common and uncommon scenarios to try to
capture experience and wisdom not published elsewhere.
Congenital cardiac anesthesia involves taking care of very
complex patients in many rare and challenging scenarios.
Each individual cardiac anesthesiologist may only experience
one or two of these emergency situations in a career. And for
individuals who are training, our colleagues starting out in
practice, or for those who have a low patient volume of cardiac
anesthesia this resource may be invaluable. However, for even
the most experienced amongst us, it can be helpful to review
these aids to ensure that nothing has been forgotten. These
cognitive aids are meant as a supplement to good clinical
decision making, existing knowledge, and local experience.
We encourage you to use them and to help us grow this
resource over time. We have tried to be as accurate and
complete as possible. However, if you notice any omissions or
inaccuracies, please let us know so we can update the cards

accordingly.

Thank you for downloading these cards. We encourage you to
print, laminate, and post these in your operating rooms, cardiac
cath labs, and other areas where you take care of patients with
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Activated Clotting Time (ACT) Inadequate

Related cards: bivalrudin

Immediate actions:
Notify team

Treatments to Consider

A Check that heparin was administered

A ldeally use a CVL

A Confirm aspiration of blood and flushed completely
Give additional heparin bolus

A (1/2 or same heparin dose as initial dose)
Recheck ACT on same or new machine
Transfuse FFP - 10 ml/kg OR Give ATIII (antithrombin)
concentrate i 10-50 units/kg empirically
Recheck ACT

> Dol Do

Other considerations

Send blood sample for ATIII levels prior to giving ATIII)
A Sodium citrate tube (blue top)
Ensure IV or CVL is not interstitial
Double check heparin vial expiration date or administer
additional dose from a new vial
Consider alternative anticoagulant
A E.g. Bivalrudin
Review chart for the potential causes of heparin resistance
(E.g. recent heparin administration)
Consider the feasibility of completing the procedure off
bypass

o o o oo T»
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Summary

Heparin binds and accelerates the activity of antithrombin
HI(ATHI) which then inhibits the activated clotting factors
involved in the clotting sequence, mainly Xa and thrombin.

Activated clotting time is a whole blood clotting time test that
initiates clotting and measures the time until clot formation. It is
a point-of-care test. Results can be affected by several factors
including platelet count & function, lupus anticoagulants, factor
deficiency, blood volume, warfarin use, technique employed,
ambient temperature and hemodilution. An inadequate
response to heparin, has been reported in up to 22% of
patients undergoing CPB.

Generally, an ACT >300 seconds is the minimum required to
prevent clot formation in the oxygenator circuit. Thus, an ACT
above 400-480 seconds (based on institutional protocol) is
targeted as a safety margin before initiating CPB. AT lll is the
treatment of choice for heparin resistance due to AT mediated
deficiency immediately before CPB. However, either AT Il
concentrate or fresh frozen plasma may be administered to
increase AT Il levels depending on institutional preferences
and availability.

Selected References

Chen'Y, et al. Heparin Resistance During Cardiopulmonary
Bypass in Adult Cardiac Surgery. J Cardiothor Vasc Anesth.
2022;36:4150-4160.

Spiess BD. Treating Heparin Resistance with Antithrombin or
Fresh Frozen Plasma. Annals of Thorac Surg. 2008;85:2153-
2160.

Eivind, et al. Heparinized cardiopulmonary bypass circuits and
low systemic anticoagulation: An analysis of nearly 6000
patients undergoing coronary artery bypass grafting. J Thorac
and Cardiovasc Surg. 2011;141:1145-1149.



Air Embolism

Related cards: sepsis, protamine reaction, air embolus, blood
transfusion reaction, anaphylaxis

Immediate actions:
Cal | for help, Notify team,

=]

Treatments to Consider
Stop CPB; Clamp lines and shut off suction lines
Steep Trendelenburg (head DOWN)
100% FiO2
Cool patient, ice on head
Remove arterial cannula to de-air patient, de-air circuit
Retrograde regional cerebral perfusion:
a) Connect arterial line to SVC cannula or RA cannula,
use pump suckers for blood return
b) Flow at 15cc/kg/min (peds) , 500-800 cc/min (adult)
until air is gone
A Resume antegrade perfusion
a) Maintain deep hypothermia (18-24°C) for 30-60 min
b) Keep flows on CPB as high as possible, induce
hypertension with medications as necessary
c) Consider steroids
d) Maintain PaCO2 35-45, FiO2 100% until 6 hours
post
e) Deepen anesthetic
A consider barbiturates
A Slowly warm to 34-35°C
A Keep temperature gradient small (<8°C)

To Too To o T o

Other considerations

A Involve ICU and neurology

A Timing of CT head

A Hyperbaric oxygen therapy may be considered
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Diagnosis

A Visualization of air in cannulas or bubble detector alarm on
CPB

A Detection of air in heart by TEE

A Abrupt drop in cerebral NIRS, sudden change in EEG

Causes

Ejection during de-airing on open beating heart

Vortexing, emptying or pressurizing venous reservoir

Loose stopcocks/connections

Poorly positioned/secured cannulas

Failure of positive pressure release valve

Obstruction of reservoir vent or gas outlet port

Reversed flow in vent or arterial line

Unintended unclamped arterial line

Leak or kink upstream from roller pump

Too Too Too oo To Too To o To

Summary

Air embolism on CPB can lead to entrainment of air into the
cerebral circulation which can result in severe neurologic injury
and/or death. Vigilance on behalf of the entire team and a quick
multifaceted response is necessary to reduce the risk of
adverse outcomes. The principles of management can be
summarized as;

1.  Prompt identification of air embolism

Prevention of further air entrainment

Elimination of entrained air

Consider retrograde cerebral perfusion

Mitigate secondary neurologic injury

ok wb

Selected References

Quintero et al. Successful management of massive air embolism
during cardiopulmonary bypass using multimodal neuroprotection
strategies. Semin Cardiothorac Vasc Anesth. 2019; 23: 324-32.

van Koene et al. Fatal air embolism during cardiopulmonary bypass:
analysis of an incident and prevention measures. ICTVS.
2014,;19:875-877.

Mukherji J et al. Overcoming Challenges in the Management of
Critical Events During Cardiopulmonary Bypass. Semin Cardiothorac
and Vasc Anes. 2014;18:190-207.

Sahu MK et al. Management of a Case of Massive Air Embolism
From Cardiopulmonary Bypass With Retrograde Cerebral Perfusion
in a Child. J Cardiothorac Vasc Anesth. 2006;20:80-81.



Air Lock on CPB

Related cards: air embolism

Immediate actions
Notify team, Call for help

Treatments to Consider
A Check
A Search for source of venous outflow line air
A loose atrial purse string sutures
A atrial tear
A Coronary sinus injury
A open intravenous access
A Venous cannula placement
A Look for IVC/SVC/RA damage
A Actions
Identify and repair/address cause of air entry
Slow or stop pump flow to prevent venous reservoir
emptying
Perfusion to clamp venous line at the reservoir
Perfusion to administer volume into venous reservoir
Surgeon/Perfusion will re-prime the venous line and
elevate in sections to move the air lock to the venous
reservoir.
Suggest additional suture around venous catheter

To o o o To

™

Causes

Air enters the venous outflow line at the surgical field, creating
an interruption in venous gravity drainage. Results in complete
cessation of flow to venous reservoir.

Signs/Symptoms
A CBP venous reservoir alarm may sound
A Decrease in MAP due to decreased pump forward flow

A Increase in CVP
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Consequences

A Inability of perfusion to delivery arterial flow to patient
A Decreased MAPs
A Decreased oxygen delivery to the patient

Summary

Venous drainage occurs via gravity from the patient to the
venous reservoir. An air lock occurs if air entering the venous
outflow line results in complete cessation of flow to the venous
reservoir. The loss of venous flow requires immediate attention
and simultaneous reduction or cessation of pump flow by
perfusion to prevent emptying the venous reservoir. The source
of the venous air lock must be identified and repaired before
returning to full flow bypass.

Selected References

Mora-Mangano C, et al. Cardiopulmonary bypass and the
anesthesiologist - McGill. Retrieved November 21, 2021, from
https://www.mcgill.ca/anesthesia/files/anesthesia/wk _6a_kapla
n_22 cpbl.pdf

Cheung AT, et al. Management of cardiopulmonary bypass.
UpToDate. Retrieved November 21, 2021, from
https://www.uptodate.com/contents/management-of-
cardiopulmonary-bypass

Mackay JH, Arrowsmith JE. Core Topics in Cardiac
Anaesthesia. Cambridge University Press; 2012



Anaphylaxis

Related cards: sepsis, protamine reaction, air embolus, blood
transfusion reaction

Immediate actions:
Call for Help, Notify team

Treatments to Consider
A Epinephrine boluses (1-10 mcg/kg 1V) as needed and/or
infusion
A Volume as necessary
A If refractory hypotension, consider:
Vasopressin 0.01 units/kg 1V

A Stop all other medication administration if possible

T

Steroid: methylprednisolone 2mg/kg (MAX 100mg)

A Histamine blockade: Diphenhydramine 1 mg/kg IV/IO
(MAX 50 mg) or Famotidine 0.25 mg/kg IV (MAX 20 mg)
or Ranitidine 1 mg/kg IV

A Consider echocardiography to rule out other causes

Other considerations

A Send a Tryptase level as soon as possible (if on CPB,
send again once off CPB)

A Common allergens: antibiotics, paralytics, protamine,
chlorhexidine, blood products, volume expanders, latex,
aprotonin, thrombin/gelatin hemostatic agents (e.g.
Floseal)

A Allergy consult & follow-up
Version 02.23.24




Signs

A Bronchospasm: §yPI P or ZTV o
Refractory hypotension

Arrhythmias or cardiac arrest

Rash

On CPB:

A inadequate venous return, high flows, low MAPs

To To Io o

Summary
Anaphylaxis may be encountered due to the large number of

medications and substances to which a patient is exposed
during cardiac procedures. Anaphylaxis may be difficult to
diagnose due to multiple other causes of cardiopulmonary
instability. Although cardiopulmonary bypass has been
suggested as a therapy there are also case reports of
refractory hypotension on bypass. The mainstay of treatment

for anaphylaxis is epinephrine for mast cell stabilization.

Selected References:

Levy J, et al. Anaphylaxis during cardiac surgery: Implications
for Clinicians. Anesthesia & Analgesia. 2008;106:392-403
Fords SA, et al. Anaphylactic or anaphylactoid reactions in
patients undergoing cardiac surgery. Cardiothorac Vasc
Anesth. 2001;15:684-8

Weissgerber AJ. Methylene blue for refractory hypotension: a
case report. AANA J. 1008;76:271-4

Harper NJN, et al. Suspected Anaphylactic Reactions
Associated with Anaesthesia. Anaesthesia. 2009; 64:199-21
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Aortic Cannula Dislodgment

Related cards: air embolism on CPB, aortic dissection

Immediate actions:
Notify Surgical team, Notify Perfusion, Call for Help

Treatments to Consider

A Assess the surgical field for blood loss, MAP, CVP, NIRS
ATransfuse volume/ PRBCOGs as n
A cCall for ice for the head and cool room and patient as able

A Support blood pressure with inotropes/vasopressors

A Consider head down position to minimize risk of air embolism
Use echo to assess for intracardiac & intraaortic air (if
concern for air, see air embolism card)

A Surgical team should occlude site of cannula dislodgement to
decrease blood loss

A 1f on CPB, assess site and re-insert cannula; if unable,
assess for other sites for cannulation

A 1f occurs pre- or post-CPB, repair the site & assess for
further injury (dissection)

A Perfusion should stop the pump, clamp aortic line, & clamp
venous line to stop draining the patient if on CPB; clamp the
vent

A Note that the venous line can be used to transfuse
retrograde if occurs pre- or post-CPB

A Perfusion should give a new cannula to surgical team for re-
insertion

Causes
A Technical issue: loose purse string suture, shallow
placement

A Equipment failure (cannula defect)
A Aortic injury
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Signs/Symptoms

A Decrease in MAP

A Blood pooling in field

A Decreased venous return to CPB

A Decrease in cerebral and somatic NIRS
Consequences

A Massive blood loss
A Decreased cerebral and vital organ perfusion
A Risk of air embolism & cerebral injury

A Injury to aorta

Summary

Aortic cannula dislodgement during cardiopulmonary bypass is
a rare event, and should be considered preventable in most
circumstances as it will generally relate to a technical or
equipment failure. If this occurs in the pre-or post-bypass
phase, the primary goal must be to obtain source control of
bleeding and repair the site of injury while supporting the
patient s circul ati on. Howev
cardiopulmonary bypass, the priority must be on replacing the
aortic cannula as efficiently as possible, as it will be unlikely to
be able to quickly regain perfusion. Transfuse, cool, and
maintain systemic perfusion pressures as able.

Selected References

Gargava A, et al. Aortic cannula tip dislodgement: A rare
complication. Annals of cardiac anaesthesia. Retrieved
November 22, 2021, from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7879888/

Singh RS, et al. Disconnection of the tip of the aortic cannula
during cardiopulmonary bypass. Interactive Cardiovascular and
Thoracic Surgery, 2009;8:2967 300.

Kashyap, N, et al. Central Aortic Cannulation Disruption
Following Left Atrial Myxoma Excision. Cureus. 2023. e41908.



Aortic Dissection

Related cards: hypertension/hypotension on CPB, aortic
cannula dislodgement, abnormal NIRS on CPB, sepsis

Immediate actions:
Call for help, Notify team

Treatments to Consider

A Minimize wall stress:
A Reduce MAP and pump flows to lowest acceptable
levels
A Best first agent may be esmolol or labetolol
A Separation from CPB and establishment of alternative
cannulation site
A Hypothermia for cerebral protection and to decrease
metabolic demand
A Diagnosis
A Type A (ascending or arch) vs. Type B (descending)
A Visual inspection
A Epicardial echo for ascending, TEE for
arch/descending
A Type will determine surgical intervention

Other considerations

A Rare in children

A Risk increased with large aortas and/or hypertension

A e.g. Marfans, Ehlers-Danlos, Williams syndrome

A Diagnosis: Visual inspection, aortotomy, TEE, epi-aortic
ultrasound, NIRS asymmetry

A Perfusion plan may involve deep hypothermic circulatory
arrest, antegrade cerebral perfusion, retrograde cerebral
perfusion depending on location and extent of injury
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Signs

A Systemic hypotension that is inadequately responsive to
vasoconstrictors and increased pump flow

A Systemic hypoperfusion (e.qg. oliguria/anuria, acidemia, low
NIRS)

A Visual inspection of aorta: blue discoloration, bleeding,
hematoma, increasing diameter

A Acute aortic insufficiency, wall motion abnormalities, ST
segment changes

A CPB: High arterial line pressure, inadequate venous return

Summary

Intraoperative iatrogenic aortic dissection is a rare but
potentially fatal complication. It occurs in 0.12-0.35% of adult
cardiac surgery cases. Known predisposing factors include
connective tissue disease, hypertension, aortic pathology,
atherosclerosis, and preoperative steroids, but can occur in the
absence of disease.

Selected References

Klomp W, et al. Modified Transesophageal Echocardiography
of the Dissected Thoracic Aorta; a Novel Diagnostic Approach.
Cardiovasc Ultrasound 2015;14:28.

Mora-Mangano C, et al. Cardiopulmonary Bypass and the
Anesthesiologist. FromKapl and6s Essenti al
Anesthesia (2nd Ed), p. 513-545.

Wilkey BJ, et al. Anesthetic Considerations for Surgery on the
Aortic Arch. Seminars in Cardiothoracic and Vascular
Anesthesia. 2016;20:265-272.

Hibino N, et al. Intraoperative Aortic Dissection in Pediatric
Heart Surgery. Asian Cardiovasc Thorac Ann. 2006;14:e55-7.
Gukop P, et al. Principles for Management of Intraoperative
Acute Type A Aortic Dissection. Aorta. 2015;3:191-4.



Atrial Septal Defect Device Embolization

Related cards:

Immediate actions:
Call for Help, Notify Interventional Cardiologist, and/or Cardiac

Surgical Team

Treatments to Consider
A call for x-ray and/or echocardiography to confirm diagnosis
Note: Percutaneous retrieval will likely be the 1st technique
attempted to remove a migrated device if the patient is
hemodynamically stable; CPB or ECMO may be necessary if
retrieval attempt fails or patient is hemodynamically unstable.
A Consider that the patient will likely need to be moved to the
catheterization laboratory
A Start supplemental oxygen and consider intubation
A Establish appropriate access
A PIVs +/- Arterial line +/- CVL
A call for PRBC to be available
A Transthoracic or transesophageal echocardiography:
A Identify device location, damage to cardiac
structures (valves), function
A Supportive medical management
A Start vasopressors and/or inotropes to support the
hemodynamics
A Strongly consider anticoagulation: 100 Units/kg of
heparin due to thrombus risk

Signs and Symptoms

A Arrhythmias (supraventricular or ventricular)
A Chest pain or palpitations

A Hemodynamic instability

A Hypoxia

A Cardiac Arrest

A May also be asymptomatic
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Risk Factors for Embolization

A Large ASD with small aortic rim

A Under or oversizing of the device

A Inadequate device placement

A Valsalva post device placement
A Coughing, vomiting

Other Potential Procedural Risks (ASD Device Closure)

A Air embolism

A Vascular trauma from large sheaths

A Thrombus, CVA

A Obstruction of systemic venous return or pulmonary vein(s)
A Aortic perforation or atrial perforation

A Infective endocarditis

A Arrhythmias

A Damage to mitral/tricuspid valve structures

Summary

There are different FDA-approved devices for ASD closure; all
are retrievable. Migration of the device is rare, with a reported
rate of 0.4-1.1%. Device migration usually occurs during the
first 24 hours after placement. The ASD device can migrate to:
right or left atrium, main pulmonary artery (89%) or branch
pulmonary arteries, left, left side of the heart (LVOT, aortic
arch), and aorta. Embolization to the PA, LVOT, or aorta can be
life threatening.

Selected References

Alkhouli S et al, Device Embolization in Structural Heavy
Interventions: Incidence, Outcomes and Retrivel Techniques. JACC
2019;12: 113-126.

Wen B, et al. Emergent surgical removal of a migrated atrial septal
defect occluder: case report. J Cardiothorac Surg 2020;15:227.
Kallstrom E, et al. Migration of an Atrial Septal Occluder Device to
the Transverse Aortic Arch Detected With Echocardiography. Journal
of Diagnostic Medical Sonography. 2017;33:210-215.

Shirodkar S, et al. Successful retrieval of migrated Amplatzer septal
occluder. Ann Pediatr Cardiol. 2010;3:83-6.

Nagre SW. Surgical removal of embolized atrial septal defect device
from pulmonary artery. J Thorac Cardiovasc Surg. 2015;150:e55-7




Bivalirudin (Procedural Anticoagulation)

Related Cards: clot formation on cardiopulmonary bypass, HIT,
failure to achieve adequate ACT

Indications for Bivalirudin Use
Cath Lab

A Heparin induced thrombocytopenia (HIT)

A hlo HIT (regardless of antibody status)

A Consider for: AT3 deficiency, heparin-refractory thrombosis
Cardiac Surgery with CPB

A HIT

PK/PD of Bivalrudin

Drug Class: Direct Thrombin Inhibitor

Co-Factors/Antagonists: None

Metabolism: Proteolytic Cleavage 80%, Renal 20%

Half-Life:

A Normal Renal Function i Mod. Dysfunction: 25-34 min

A Severe Renal Dysfunction: 57 min, Dialysis-Dependent: 3.5H
A Pediatric Patients: 15-18 min (age-dependent)

Monitoring: ACT, aPTT

Suggested Bivalirudin Dosing

Cath Lab

A Bolus: 0.75 mg/kg, additional 0.3 mg/kg if needed

A Infusion: 1.75 mg/kg/hr

A For STEMI: consider continuing infusion post-cath (up to 4H)
Cardiac Surgery with CPB

A Bolus: 1.5 mg/kg, additional 0.5-1 mg/kg if needed

A Infusion: 2.5 mg/kg/hr

A Pump Prime: 50mg

Monitoring

Cath Lab: ACT monitoring is controversial, best practice is to
check ACT once 5 min after bolus/infusion to ensure
anticoagulation effect.

CPB: ACT 2x baseline or > 400s Version 02.23.24




Safety Considerations

A Avoid stagnant blood (e.g. lines/sheaths, pleural cavities)
A Anticipate need for dosing up-titration in pediatric patients,
during large-volume transfusion, and with continuous

ultrafiltration on CPB

A Consider dosing infusion dosing reduction in > moderate
renal dysfunction (CrCl < 30 mL/min, 1 mg/kg/h; patients
who are dialysis-dependent, 0.25 mg/kg/h)

A Consider post-cath infusion in high-risk patients (e.g.
STEMI, small and/or stented shunts, pulmonary vein
interventions)

A Anticipate longer hemostasis times

A For CPB cases, anticipate and plan for post-CPB
transfusion needs (no protamine, cannulas will come out
regardless of ongoing transfusion need)

A Anticipate higher ACTs; avoid treating unless concern for
bleeding outweighs risk of thrombosis

A ACT and aPTT are positively correlated with bivalirudin
concentration but the dose-response relationship is non-
linear and the correlation coefficients are poor, especially
for non-standard patient populations

A Periprocedural ACT is unrelated to ischemic or
hemorrhagic complications (in adults)

Please Note: FDA-Approved Indications - For use with aspirin
in [adult] patients: 1. with unstable angina undergoing
percutaneous transluminal angioplasty (PTCA), 2. Undergoing
percutaneous coronary intervention (PCI) with provisional use
of glycoprotein llb/llla (GPI) as in the REPLACE-2 study, 3.
With, or at risk of, heparin-induced thrombocytopenia (HIT) or
heparin-induced thrombocytopenia and thrombosis syndrome
(HITTS), undergoing PCI.

Selected References
https:/iwww.accessdata.fda.gov/drugsatfda_docs/label/2016/020873
s036Ibl.pdf

Zaleski KL, et al. Bivalirudin for Pediatric Procedural
Anticoagulation: A Narrative Review. Anesth Analg. 2019;128:43-55
Van Cott EM, et al. Laboratory Monitoring of Parenteral Direct

Thrombin Inhibitors.  Semin Thromb Hemost. 2017;43:270-276



Cardiac Arrest in Cardiac Patients

Related cards: VA ECMO cannulation, junctional ectopic
tachycardia

Start CPR
* Begin bag-mask ventilation and give oxygen
* Attach monitor/defibrillator

® \ ®
| VF/pVT J Asystole/PEA

@{ shoc

3
Epinephrine
ASAP

10 ¢

CPR 2 min
* IV/I0 access

4
CPR 2 min
IV/I0 access
* Epinephrine every 3-5min
* Consider advanced

v airway and capnography
No
shockable? v
Yes Rhythm e
shockable?
@ , Shock
6 3\ * No

CPR 2 min

* Epinephrine every 3-5 min Y

* Consider advanced airway

l Treat reversible causes

"
CPR 2 min ]

No Rhythm Yes |

. shockable?
@ , Shock
e +
CPR 2 min
* Amiodarone or lidocaine
* Treat reversible causes
A Y Y

 If no signs of return of spontaneous Goto7.
circulation (ROSC), goto 10 )

* IfROSC, go to Post-Cardiac Arrest
Care checklist

AHA guidelines 2020 Version 02.23.24



Immediate actions

Call for Help, Call Afcode Dbl u
Start CPR, call for board if on stretcher or bed to maximize

CPR effectiveness, call for code cart

Call for nitric oxide early if hypoxemic arrest

Consider early chest exploration for patients immediate postop
Call for echocardiography to help with diagnosis

Call for blood if not present

Assess for presence of pacemaker wires and call for pacer

Reversible causesi H6s & TOs
Hypovolemia (bleeding/other) Tension pneumothorax

Hypoxia Tamponade (cardiac)
Hydrogen ion (acidosis) Toxins

Hypoglycemia Thrombosis (pulmonary)
Hypo-/hyperkalemia Thrombosis (coronary)

Hypothermia

Special considerations for congenital heart disease

Shunted single ventricle patients

-Consider bolus of heparin if thrombus is suspected

-If severe hypotension, give volume, add additional inotropes
Single ventricle i Bidirectional Glenn or Fontan

-Adequate ventricular preload is dependent on PVR, consider
volume resuscitation

-Consider respiratory acidosis (pH 7.3-7.35) to promote
vasodilation and enhance flow through the Glenn

Pulmonary hypertension

-100% FiO2, inhaled nitric oxide, treat presumed acidosis with
sodium bicarbonate

-Inotropes for RV support and also to avoid systemic
hypotension which may cause RV ischemia

-Consider if adequate sedation, paralysis due to reactive
pulmonary vasculature

-Consider use of vasopressin (?less pulmonary
vasoconstriction)

Obstructed pulmonary venous return i TAPVC, MS, or PVS
-May require urgent cath or surgical procedures




Cardiopulmonary Bypass Pump Failure

Related cards: electrical failure on CPB

Immediate actions
ANotify team, Cal |l f blypaksenhgine
failureo

Treatments to consider
A Prepare for Separation from CPB
A Resume ventilation
A Inotropic agents as required
A Transfuse blood and volume
A Work with perfusionist
A Hand crank to manually perfuse, keep venous sats
>70%
A Obtain backup drive console
A 1f must separate from bypass, clamp arterial and venous
CPB lines to prevent exsanguination or embolism

Other considerations
A Look for Reversible Causes
A Check switches, AC plug
A Check connections
A Check clamps
A Check roller pumps free
A Hand Crank Manual Perfusion
A Maximum 15 min per operator
A Discuss abandoning procedure if possible
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Signs
A Pump alarm, electrical failure, reservoir level rise,
decreased RPM, hypotension, low NIRS, clot, pump noise

Summary

Sudden pump failure on CPB may be due to complete power
loss, alarm-triggered pump stop, human error, or mechanical
failures. The primary goals are prevention of
exsanguination/embolism, continuation of manual perfusion or
separation from bypass if conditions permit. If no immediate
correctable cause can be found, a backup drive console should
be obtained and utilized or separation from bypass should
occur.

Selected References

Sadleir P, et al. The Perfusion Crisis Manual: Edition 1.0.
Leeuwin Press, 2020



Delayed Emergence

Related cards: hyponatremia

Differential Diagnosis
A Hypothermia
A Neurologic
A Stroke: Ischemic, hemorrhagic, or embolic
A Seizure, status epilepticus, or post-ictal state
A Pharmacologic
A Prolonged action of anesthetic agents or analgesics
(i.e. opioids, benzodiazepines, propofol, volatile
anesthetics)
A Reduced drug metabolism/clearance due to liver
failure, renal insufficiency or hypothyroidism
A Drug interactions
A Inadequate reversal of neuromuscular blockade
A Metabolic abnormalities
A Hypoglycemia/hyperglycemia
A Hyponatremia/hypernatremia
A Hypocalcemia
A Acidosis

Initial Workup and Management

A If currently intubated, keep endotracheal tube in place. If
extubated, consider bag mask ventilation

A Ensure adequate blood pressure, heart rate/rhythm, and
oxygen saturation

A Check patient temperature and use active warming devices
if necessary

A Verify anesthetic agents have been discontinued

A Ensure adequate reversal of neuromuscular blockade by
checking train-of-four and re-dosing reversal agents if
indicated

A Review sedative medications administered during the
anesthetic and possible dosing errors. Consider reversal of
opioids and/or benzodiazepines if indicated (flumazenil,
naloxone)
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Next Steps in Management
A Conduct a focused neurological exam: Assess pupils, gaze
preference, presence of spontaneous ventilation or
movements, presence of brainstem reflexes (cough, gag)
A Check blood sugar and administer glucose or insulin as
appropriate
A Draw an ABG to evaluate for hypocapnia, sodium
abnormalities, or acidosis and correct appropriately
A If condition has not improved, notify the
surgeon/proceduralist and discuss likelihood of possible
neurologic event during the case.
A Consider calling stroke alert and/or urgent neurology
consult
A Consider urgent head imaging i CT, MRI
A In neonates, head ultrasound may also be used

Final Steps in Management

A Supportive care and transport to the ICU for further workup
including continuous EEG, a complete metabolic profile and
calcium level to evaluate for renal and liver function, and a
thyroid function panel

A If related to an embolic stroke, there may be an opportunity
for a interventional radiology intervention or pharmacologic
thrombolysis T in these cases, this must be recognized as
early as possible to ensure good neurologic recovery

Selected References
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Difficult Ventilation Post -CPB (Pulmonary Causes)

Related cards: hypoxia post CPB, hypercyanotic spells,
pulmonary hypertensive crisis

Immediate actions:
Call for help, Notify team

Treatments to Consider

A If hypoxic
A Increase FiO2, manually ventilate, check ABG
A Recruitment maneuvers to decrease atelectasis
A Adding or altering PEEP strategy
AcCheck ventilator and ventilation settings using patient-
machine
AAssess for right mainstem intubation
ASuction ETT for patency, blood
ALook for kinking or dislodgement of ETT or circuit
AAssess for circuit disconnections
ABronchodilators i albuterol or epinephrine

Other considerations
A Fiberoptic bronchoscopy to confirm ETT position
A If adequate minute ventilation, but remains hypercarbic
consider a CXR to look at lung fields; consider metabolic
causes (e.g. malignant hyperthermia)
A TRALI and/or TACO A pulmonary edema
A Chest tube insertion may be required for large
effusions and/or pneumothorax
A If adequate ventilation, but remains hypoxic, consider
therapies to improve pulmonary blood flow
(bronchodilators and/or pulmonary vasodilators (nitric
oxide)) and also low mixed venous saturation (increase
cardiac output and check hemoglobin levels)
A 1CU ventilator or oscillator/JET ventilator in extreme cases
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Signs

A Hypercapnea

A Cyanosis, hypoxia

A Poor chest rise, low/no lung movement

A Poor tidal volume despite high airway pressures

Summary

There are many etiologies for poor ventilation post-
cardiopulmonary bypass. A systematic way to ensure nothing is
overlooked is to group potential etiologies into
equipment/mechanical, pulmonary, and thoracic. Equipment
failures can occur with the ventilator, breathing circuit, and/or
ETT. Some may be as simple as an unnoticed disconnection or
kinking. Pulmonary complications can include atelectasis,
bronchospasm, edema, and hemorrhage. Alveolar recruitment
maneuvers, increased PEEP, and ETT suctioning are some
first-line approaches. Thoracic etiologies to be addressed
include effusions, pneumothorax, and diaphragm paralysis.
Changes in respiratory compliance and PaCO2 : ETCO2
gradient changes should be monitored to assess improving or
worsening ventilation.

Selected References
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Electrical Failure During Cardiopulmonary Bypass

Related cards: CPB pump failure

Immediate actions:
Notify team, Call for help, S

Treatments to consider
A Determine Extent of Power Failure
A 1f widespread, use anesthesia power failure checklist
A Consider stopping procedure if possible
A Prepare for Separation from CPB
A Ventilation using anesthesia machine if power
available, else hand ventilation using wall oxygen
Inotropic/vasoactive agents as required
A Obtain lights (flashlights)
A Assure venous reservoir is visible
A Work with perfusionist
A Check battery backup working
A Minimize battery load
A Consider hand-cranking suckers early
A If have battery failure
A Hand crank pump to venous sat >70%
A Look for Reversible Causes
A Check switches, AC plug, call engineering

Other considerations
A Loss of Warming/Cooling only

A Portable generator to run heater/cooler
A Hand Crank Manual Perfusion

A Maximum 15 min per operator
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Signs
A Pump alarm, electrical failure, reservoir level rise,
decreased RPM, hypotension, low NIRS, clot, pump noise

Summary

Electrical failure may be due to CPB console fault or failure of
supply to the CPB machine wall socket. Priority is assuring
pump operation via battery backup or hand-cranking.
Separation from bypass should occur as soon as possible with
ongoing electrical failure. The anesthesiologist will closely work
with perfusionist and surgical team to assure adequate
monitoring, assist with lighting, and optimize conditions for
separation from bypass. If electrical failure is widespread,
additional actions to address anesthesia machine/equipment
failure are required.

Selected References
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Troianos, C. Complete Electrical Failure during
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Heparin -Induced Thrombocytopenia (HIT)

Related cards: bivalrudin

Definition: antibodies to heparin-platelet factor 4 (PF4)
complex, inducing platelet activation, thrombocytopenia, and

venous and arterial thrombosis

Risks:t r eat ment

dur ati

on

(Il onger

unfractionated heparin> low-molecular weight heparin

Diagnosis:

>50% decline
and platelet
nadir >20x109/L
and no surgery
within the
preceding 3 days

Thrombo-
cytopenia

Platelets fall 5-
10 days after
start of heparin
or

Platelet fall
within 1 day of
start of heparin
and exposure to
heparin within
the past 5-30
days

Timing

Proven
thrombosis, skin
necrosis, or
anaphylactoid
reaction to
systemic heparin
bolus

Thrombosis

Other Causes None evident

>50% platelet fall
but surgery in last
3 days

or

Platelet fall that
does not fit score
20r0

Onset unclear

or

Platelet fall after
day 10

or

Platelet fall within
<1 day of starting
heparin (if
exposed to
heparin within the
past 30-100 days)

Progressive,
recurrent, or
suspected venous
thrombosis, or red
skin lesions at
heparin injection
site

Possible

Probability of HIT: Scores: 0-3 (low) 4-5 (intermediate)

<30% platelet
fall

or

Any platelet
nadir <10
x109/L

Platelet fall
within <4
days without
exposure to
heparin in the
past 100 days

Thrombosis
not
suspected

Probable

6-8(high)
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Laboratory Studies -- Obtain if 4T score >3

A Serological assay (ELISA) - Detects antibody to PF4-
heparin; highly sensitive, most rapid to result (~hours)

A Functional Assay (Serotonin Release Assay) - Detects PF4-
heparin-1gG activation of platelets; gold standard, longer time
to result (~days)

Treatments to consider

A Stop all heparin exposure (low-molecular weight heparin
(LMWH), flushes, carrier solutions, heparin-coated catheters)

A Consider direct thrombin inhibitor (DTI) initiation, even if no
current signs of thrombosis. Avoid Warfarin initiation.

A Hematology consult may be helpful

A Administration of platelets is not routinely recommended,
and may precipitate thrombosis

Considerations for Cardiac Bypass and Catheterization

A Postpone surgical procedure during acute HIT episode if
possible

A Use alternatives to heparin such as bivalrudin (see card)

A 1f HIT episode remote (>100 days) AND HIT antibody
negative, consider heparin use for intraoperative setting only,
with close monitoring of platelet count due to possibility of
recurrence of HIT after additional heparin exposure

Selected references
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Hypertension or Hypotension on CPB

Related cards: anaphylaxis, transfusion reaction

Immediate actions:
Notify team, Consider calling for help

Perfusion Pressure = MAP - CVP

Recommended CPB MAP Ranges Based on Age
A Neonate (< 1 month)
A MAP 30 - 45 mmHg
A Child (17 10 years)
A MAP 40 - 50 mmHg
A Adolescent (10 16 years)
A MAP 5071 70 mmHg
A Adult (> 16 years)
A MAP 601 90 mmHg

Causes/Differential Diagnoses

A Inaccurate transducer height or transducer requires rezeroing

A Arterial line positional or dampened
A Hypertension

A Arterial cannula malposition/kinking

A Excessive flows on CPB

A Inadequate anesthesia

A vasoactive agents infusing (increased SVR)
A Hypotension
Arterial cannula malposition
Aortic/Arterial dissection
Anaphylaxis
Bleeding, low hematocrit
Gas embolism (arterial/systemic/coronary)
Reversed cannulation
Cannula disconnection
Venous air lock
Inadequate venous drainage from patient
Collateral flow, shunting (PDA, AP collaterals)
Vasoplegia (decreased SVR)
Vasodilating agents infusing (Nitroglycerin)
High volatile agent/inappropriate anesthesia

Too Joo Joo Joo Jo oo Joo T Too Joo oo To I
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Signs/Symptoms of Hyper- and Hypotension on CPB
A High or low MAPs displayed on monitoring

A Increasing lactate levels

A Change in NIRS from baseline levels

Treatments to Consider
A Check
Transducer height
Arterial line pressure on CPB
Aortic cannula position
Adequate venous drainage
Cannula for kinking
Check arterial inflow connected to arterial cannula
Medications Infusing (Vasoactive Agents vs.
Vasodilators)
Hematocrit
A Actions
Re-zero the arterial line
Echo i TEE or epicardial to look at cannula position
Reposition aortic cannula
Increase/decrease anesthetic
Add vasoactive agent if hypotensive
Norepinephrine, Phenylephrine or Vasopressin
Add vasodilator if hypertensive
Nitroprusside, Hydralazine, Phentolamine
A In hypotension, consider empiric steroids
A Increase/decrease CPB flows
A If unexplained, consider cooling more on CPB until
source is found

To Do To Do Do Do I I

To  To o o Do Io

Summary

A Monitor MAP, NIRS, lactates, and urine output on bypass
A Alert team with any concerning changes

A Communicate regarding medication administration

Selected References

Matte, GS. Perfusion for congenital heart surgery: Notes on
cardiopulmonary bypass for a complex patient population.
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Hypercyanotic Spells

Related cards: pulmonary hypertensive crisis, inadequate
ventilation post CPB

Immediate actions:
Call for help, Notify team

Treatments to Consider
Awithout IV Access
AcCalm child if agitated
AKnees to chest position to increase SVR
ASupplemental O,
ASedation via intramuscular or intranasal routes
AWwith IV Access
A In addition to above:
A 1V fluids, 10-20 ml/kg
A Consider use of PRBC if cyanosis does not resolve
A Intravenous sedation (midazolam, fentanyl, morphine)
A Phenylephrine 1-10 mcg/kg IV
A Beta-blocking agents (usually preventative therapy)
A May require intubation with paralysis, ensure adequate
ventilation

Other considerations
AMay occur during prolonged fasting
AFor patients with a secure airway, deepened sedation and/or
muscle relaxation may be required
AEnsure that the cyanosis is not related to the airway
ARight main stem intubation
ABronchospasm, laryngospasm, obstruction
AKinked or obstructed ETT
APulmonary edema, hemothorax, pneumothorax
AExtreme hypercyanotic spells which do not reverse can result
in a decision to intervene: prostaglandins and/or PDA stent in
neonates, RVOT stent or emergency surgical repair,
mechanical support such as ECMO
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Signs

ACyanosis (blue lips, gingivae, nail beds)
AHypoxia (low SpO,)

AHyperpnea

AAgitation

Summary

Hypercyanotic spells are classically described in patients with
tetralogy of Fallot (TOF) and are characterized by a paroxysm
of hyperpnea, irritability or agitation, and prolonged crying,
leading to worsening cyanosis. These can occur under
sedation/anesthesia from catecholamine effects on the right
ventricular outflow tract (RVOT). The pathophysiologic effects
in TOF are largely determined by the degree of RVOT and not
the VSD. Treatments are aimed at reversing/diminishing the
right to left shunt by increasing SVR and alleviating dynamic
RVOT obstruction.

Selected References

Wise-Faberowski L, et al. Tetralogy of Fallot: Everything you
wanted to know but were afraid to ask. Pediatr Anesth.
2019;29:475-482
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Tsze DS, et al. Treatment of tetralogy of Fallot hypoxic spell
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Hyperkalemia

Related cards: cardiac arrest

Immediate actions:
Call for H