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OBJECTIVES

Recognize the indications and procedural considerations for TAVR, MitraClip, and 
Watchman left atrial appendage occluder device (LAA OD) 

Identify the indications for general anesthesia and monitored anesthesia care for 
structural heart procedures

Describe the anesthetic considerations for specific structural heart procedures, 
including possible need for invasive monitoring

Manage potential complications associated with structural heart procedures, 
including ventricular perforation, tamponade, stroke, and arrhythmias
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BACKGROUND
> 6 million + patients with heart failure
  6.5 million hospital days annually
  1 year mortality 30%
  5 year mortality 40%
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Agarwal MA, Fonarow GC, Ziaeian B. National Trends in Heart Failure Hospitalizations and Readmissions From 2010 to 2017. JAMA Cardiol. 2021 Aug 1;6(8):952-956
Osenenko KM, Kuti E, Deighton AM, Pimple P, Szabo SM. Burden of hospitalization for heart failure in the United States: a systematic literature review. J Manag Care Spec Pharm. 2022 Feb;28(2):157-167
https://www.sts.org/publications/sts-news/tavr-surges-past-surgery-us-avr-treatment-volume



BACKGROUND
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Brennan, JM et al. Contemporary Prevalence of Valvular Heart Disease and Diagnostic Variability Across Centers. ACC Scientific Session 2022



BACKGROUND

Structural heart

Transcatheter valve procedures

Novel procedures

Electrophysiology

Left atrial appendage occluder devices

Catheter ablations

CIED implant vs revision vs extraction

Novel procedures
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BACKGROUND
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Circulation 2021; 143: e72-e227
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TAVR



BACKGROUND
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Circulation 2021; 143: e72-e227



TAVR
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Mahmaljy H, Tawney A, Young M. Transcatheter Aortic Valve Replacement. [Updated 2023 Jul 24]. In: StatPearls [Internet]

FDA approved in 2011

Approved for low-risk patients in 2019



TAVR
Severe AS
  With or without symptoms
  Low risk
  Valve-in-valve for failed bioprosthesis

Commonest approach is retrograde transfemoral
  Echocardiographic and fluoroscopic guidance
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https://www.mayoclinic.org/tests-procedures/transcatheter-aortic-valve-replacement/multimedia/img-20303164
https://cv.prismahealth.org/news/transcatheter-aortic-valve-replacement-tavr-an-advanced-alternative-to-open-heart-surgery

https://www.mayoclinic.org/tests-procedures/transcatheter-aortic-valve-replacement/multimedia/img-20303164


TAVR
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Lutz K, Asturias KM, Garg J, Poudyal A, Lantz G, Golwala H, Doberne J, Politano A, Song HK, Zahr F. Alternative Access for TAVR: Choosing the Right Pathway. Journal of Clinical Medicine. 2024; 13(12):3386
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MITRACLIP

Division of Cardiothoracic Anesthesiology

Circulation 2021; 143: e72-e227



MITRACLIP
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Circulation 2021; 143: e72-e227



MITRACLIP
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Burkule Nj, Bansal M. Transesophageal Echocardiography for Mitral Valve Transcatheter Edge-to-Edge Repair. J Indian Acad Echocardiogr Cardiovasc Imaging. 2022; 6: 227-35.

FDA approved in 2013 Primary MR in prohibitive risk patients

Approved in 2019 Secondary MR



MITRACLIP
Femoral venous access followed by transseptal puncture

TEE and fluoroscopic guidance of clip arms to grasp leaflet pathology
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https://citoday.com/articles/2023-sept-oct-supplement/design-development-and-clinical-experience-of-four-mitraclip-device-generations
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WATCHMAN



WATCHMAN
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FDA approved in 2015

Non-valvular atrial fibrillation is the most common arrhythmia
 Up to 5x increased risk for CVA

Majority of thrombus is localized in LAA in patients with atrial fibrillation

Warfarin/DOAC is effective at reducing stroke risk
 Chronic anti-coagulation can be problematic



WATCHMAN
Femoral venous access followed by transeptal puncture

TEE and fluoroscopic assessment of LAA and guidance for device 
placement 
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COMPLICATIONS
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Procedure related

Major vascular damage

Device embolization

Arrhythmia

Escalating need for cardiopulmonary support

Inadvertent vascular puncture

Coronary artery blockage

Unsuccessful procedure

Anesthetic related

Respiratory depression/arrest

Conversion from MAC to GA



TEE COMPLICATIONS
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Prospective study of 50 patients planned for structural heart 
procedures with TEE guidance
 Pre and post procedure EGD
 
 86% of patients had a new injury on post procedure EGD
 

Freitas-Ferraz, A, Bernier, M, Vaillancourt, R. et al. Safety of Transesophageal Echocardiography to Guide Structural Cardiac Interventions. JACC. 2020 Jun, 75 (25) 3164–3173



TEE COMPLICATIONS
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Freitas-Ferraz, A, Bernier, M, Vaillancourt, R. et al. Safety of Transesophageal Echocardiography to Guide Structural Cardiac Interventions. JACC. 2020 Jun, 75 (25) 3164–3173
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ANESTHETIC MANAGEMENT



ROLE OF THE ANESTHESIOLOGY TEAM

Patient comfort and cooperation

Perioperative management of high-risk patients
 Active cardiac conditions
 Frequent (and multiple) co-morbid conditions
 Failed sedation previously
 Urgent or emergent procedures

Guiding aspects of the procedure
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ANESTHETIC CHOICE
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GA MAC

Complex/novel procedures Planned straightforward procedure

Need for prolonged TEE Noninvasive imaging

Complicated vascular access Cooperative patient



MONITORING CHOICE
Patient considerations

Anticipated complexity of the procedures

Experience of teams
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CHALLENGES
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Off site anesthesia care

Decreased resources 

Less familiarity with personnel and procedures

Space limitations



CHALLENGES
“Anesthesia outside the traditional operating-room setting continues to represent a 
challenging field and a growing area of liability…”

”Analysis of closed claims suggests that administration of anesthesia and sedation at 
remote locations is associated with a significant risk of adverse effects”
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Metzner J, Posner KL, Lam MS, Domino KB. Closed claims' analysis. Best Pract Res Clin Anaesthesiol. 2011 Jun;25(2):263-76
Metzner J, Posner KL, Domino KB. The risk and safety of anesthesia at remote locations: the US closed claims analysis. Curr Opin Anaesthesiol. 2009 Aug;22(4):502-8
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RADIATION SAFETY
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Time
Distance
Shielding

Kincaid OW. The Problem of Repeated Exposure to Radiation by Anesthesiologists. Anesth Analg 1958; 37: 361-70
https://www.epa.gov/radiation



RADIATION SAFETY
Average Americans receive about 620 mrem annually

1 mrem from 3 days of living in Atlanta

1 mrem/1000 miles air travel

5 rem limit/year for occupational exposure

500 mrem/duration of pregnancy
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https://www.epa.gov/radiation
https://www.nrc.gov/about-nrc/radiation/around-us/doses-daily-lives.html

https://www.epa.gov/radiation


BEST PRACTICE
Electrophysiology and interventional cardiology technology and procedures 
are advancing rapidly

Off site locations are increasingly used as mini-ORs
“Routine” procedures now were unicorns 5-10 years ago

Proper understanding of procedures and anticipating challenges can 
ensure safe and effective anesthetic care

Guidelines are scarce

Collaborative care and excellent communication are they keys to success
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QUESTIONS

?
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Enha nc e d  
Re c ove ry for  

Sp ine  Surge ry
Lane Crawford, MD

Assistant Professor of Clinical Anesthesiology
Vanderbilt University Medical Center



Learning Objectives

• Summarize the rationale for application of 
enhanced recovery principles to spine surgery

• Review several components of ERAS for spine 
with an emphasis on pain management

• Give an overview of the ERAS development 
process





Enhanced Recovery After Surgery

Kehlet & Dahl, Lancet, 2003



Benefits of ERAS

• Faster functional recovery
• Improved pain control, fewer opioid-related 

adverse effects
• Decreased complication/readmission rates
• Shorter LOS
• Increased patient satisfaction
• Cost savings



McEvoy et al, Perioperative 
Med 2016

ERAS at Vanderbilt



ERAS for Spine Surgery

Tong et al, Internatl J of Spine Surg 2023; Licina 
et al, BMC Anesthesiology 2021; Pennington et 
al, J of Neurosurgery: Spine 2020

Applicability

• Increasing demand
• High levels of postop 

pain
• Wide variation in 

practice and 
outcomes

Early Evidence

• Fewer complications 
• Minimize postop 

pain/opioid use
• Reduced length of 

stay 

Unknowns

• Which components 
are effective

• What combination 
is ideal

• How to customize 
for different 
surgeries, 
populations



Pathway Components

Preop
•Education
•Comorbidity 

optimization
•Nutrition
•Fasting guidance

Intraop
•Minimally invasive 

approach
•Multimodal analgesia
•PONV ppx
•Blood/fluid mgmt
•Normothermia
•SSI prevention

Postop
•Multimodal analgesia
•Early PO
•Early mobilization
•Foleys, drains out

• Encourage pt/provider adherence
• Track compliance rates, outcomes



Opioid Naïve
30%

Opioid 
Tolerant

>70%

ELECTIVE SPINE SURGERY PATIENTS

50% still on 
opioids 1 year 
postop

20% still on 
opioids 1 year 
postop

Higher postop pain scores Higher rate of chronic opioid use

Dunn et al,. Anesth 
Analg, 2018





Pathway Components: Analgesia

Preop
• Expectation setting
• Wean chronic 

opioids (TPS)
• PO multimodals in 

holding room

Intraop
• Minimally invasive 

approach
• IV multimodal 

analgesia

Postop
• Multimodal 

analgesia
• Pain service consult 

(APS, TPS)

• Track metrics: pain scores, opioid use, opioid 
prescribing and refills, med side effects



Oral multimodals

Acetaminophen
Well-established benefit

Safe, cheap

NSAIDs
Well-established benefit

2 weeks safe for fusion

Gabapentinoids
Tempered enthusiasm

Consider radicular pain

Sivaganesan et al, Eur Spine J 2017; Liu et 
al, Medicine 2017; Ma et al, Pain Phys 
2017; Verret et al, Anesthesiology 2020 



Infusions: Ketamine

Garg et al, J Neurosurg Anesthesiol, 2016; Pendi et al, 
Spine, 2018; Loftus et al, Anesthesiology, 2010; Nielsen 
et al, Eur J Pain, 2019



Infusions: Lidocaine

Farag et al, Anesthesiology 2013; 
Kim et al, The Spine J 2014; 
Dewinter et al, BJA 2017 



Choosing an Opioid

Gottschalk, Anesth Analg, 2011; Murphy et al, 
Anesthesiology, 2017; Yu et al, Anaesthesia, 2016; 
Kim et al, J Anesth, 2018



The Next Big Thing?

Elias et al, World Neurosurg 2022; 
Oh et al, J Clin Anesth. 2022 



Laminectomy/Discectomy, 
ACDF, Same-Day Surgery
• No complicating factors

Simple Fusion
• ≤ 3 Levels 
• No complicating factors

Complex Spine
• ≥ 4 Levels OR
• Complicating surgical or pt factors



Tier 3 Overview

PRE-OP
Analgesics

Ordered by Anesthesia
•Tylenol 1000 mg 
•Gabapentin 300 mg

INTRA-OP

Maintenance
•No IONM: Choice
•EMG: Choice, no NMB
•SSEPs: ≤0.5 MAC gas
•MEPs: TIVA, no NMB

Multimodals
•Ketamine 0.5-1 mg/kg at induction
•Dexamethasone 8 mg after induction
•Ketorolac 30 mg at fascial closure

Opioids
•Methadone 0.2-0.3 mg/kg IBW
+/- Sufentanil 0.1-0.5 mcg/kg/hr

Antiemesis
• Haloperidol 0.5-1 mg prn
• Promethazine 6.25-12.5 mg prn
• Ondansetron 4 mg prn

Infusions
•Lidocaine 1.5 mg/kg, then 2 mg/min
•Ketamine 5 mcg/kg/min
•TXA 30 mg/kg, then 3 mg/kg/hr

+/- Dexmedetomidine 0.2-0.7 
mcg/kg/hr

Antiemesis (per risk factors)
• Ondansetron 4 mg
• Dexamethasone as above
• Haloperidol 0.5-1 mg
• Propofol gtt/TIVA

Analgesia
• Oxycodone 2.5-15 mg prn
• Hydromorphone 0.25-0.5 mg prn
• +/- Robaxin 500-1000 mg IV x1 prn

• APS will evaluate all Tier 3 patients

PACU

**Adjust medication dosage based on patient age, 
comorbidities, and opioid tolerance**

Abx and TXA
Ordered by Surgery

•Vancomycin: Start in OR within 2 hrs 
and at least 15 min pre-incision.

•Cefazolin: Within 1 hr pre-incision
•TXA: Start bolus prior to incision



What Else?

• PONV ppx
• Blood and fluid management
• SSI prevention bundle
• Guidance for IONM and myelopathy



Comprehensive ERAS Process

Image credit Dana Andersen, MBA



Engage champions, 
stakeholders

Define surgical 
population

Lit review

Identify process 
changes, metricsBuild phase

Rollout phase

Review and revise

ERAS 
Development 

Cycle



Challenges

Consensus
• Many 

stakeholders
• Evidence base 

may be scant

Complexity
• Heterogeneous 

case mix
• Multiple 

phases of care

Compliance
• Initial
• Sustained



Challenges

Consensus
• Ensure buy-in 

up front
• Compromise
• Leverage 

expert opinion
• Be open to 

revision

Complexity
• Start smaller

Compliance
• Provider 

education 
widespread 
and iterative

• Monitor 
compliance





Lane.c.crawford@vumc.org

Take-Home Points

• ERAS for spine surgery is 
feasible and has the potential 
to improve outcomes and 
resource utilization

• Evidence-informed 
multimodal pain management 
should be major priority in any 
ERAS protocol for spine

• Anesthesiologists are ideally 
positioned to be leaders in 
ERAS pathway development 
and implementation
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longitudinal outcome. Anesthesia and Analgesia, Vol. 127, pp. 247–254. https://doi.org/10.1213/ANE.0000000000003338
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https://doi.org/10.3171/2019.1.FOCUS18700
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Tier details
a. Tier 1 (Low Complexity): 

i.  Any outpatient surgery  
ii. Any ACDF (1-4 levels)  

iii. Any decompression only  
1. Lumbar lami/discectomy  
2. Posterior cervical foraminotomy 

b. Tier 2 (Moderate Complexity): 
i.  Posterior cervical fusion 7 levels (e.g. C2-T2) and less  

ii. Lumbar/thoracic fusion 3 levels (e.g. L3-S1) or less  
iii. Cervical laminoplasty  
iv. Anterior cervical corpectomy 

c. Tier 3 (High Complexity): 
i.  Posterior cervical fusion 8 levels (e.g. C2-T3) and more  

ii. Any combined anterior/posterior cervical fusion  
iii. Lumbar/thoracic fusion 4 levels or more  
iv. L2-S1 fusion and more 
v. Anything else not in Tier 1 or 2 



Tranexamic Acid

• Decreases:
– Periop blood loss
– Incidence and volume 

of transfusion 

• No increase in major 
complications 

Lu et al, Spine, 2018; Li et al, 
Eur Spine J, 2017; 
Soroceanu et al, Spine, 2016

• Best dosing regimen?



- 30 mg/kg loading bolus given over 30 minutes followed by a 3 mg/kg/hr infusion for the 
duration of the case until closure or until max dose has been administered  

Dose adjust for renal dysfunction as follows:  

 

TXA

• Known allergy to Tranexamic Acid

• Acquired Defective Color Vision

• Active Hypercoagulable State- DIC 

• BUN:Cr Ratio >20:1

• Seizure Disorder (relative) 

• History of Venous or Art  

• Deep Vein Thrombosis

• Pulmonary Embolus

• Embolic or Ischemic CV

• Factor V Leiden or Antit  

• Mechanical Heart Valves  

• Current Arrhythmias (atr   

*Consider a discussion with      
conditions exist to potentiall      
administration. Many studie       
have excluded patients with    
recent reviews of TXA use in    
undergoing joint arthroplasty     
perioperative complications      
cohort.  



Perioperative Visual Loss
• Risk factors: male, 

obese, duration prone, 
Wilson frame, high EBL, 
lower colloid use

• 2019 ASA Practice 
Advisory:
– Positioning
– BP mgmt
– Transfusion/Fluid mgmt

POVL Study Group, Anesthesiology 2012; 
Practice Advisory for POVL Associated with 
Spine Surgery 2019, Anesthesiology, 2019 
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Disc lo sure s

 No ne



Wha t is PO D?

 O nse t o f e m e rg e nt c o g nitive  im p a irm e nt in  the  p o st surg ic a l p e rio d  tha t 
e xc e e d s the  e xp e c te d  le ng th  o f tim e  ne e d e d  to  re c o ve r fro m  the  a c ute  
e ffe c ts o f surg e ry a nd  a ne sthe sia . 

 Multip le  d e fin itio ns o ve rtim e  

 No w p o st o p  ne uro c o g nitive  d ysfunc tio n





Te rm ino lo g y



Why d o  we  ne e d  to  kno w a b o ut PND?

 Inc re a sing  life  e xp e c ta nc y a nd  inc re a se d  p ro p o rtio n  o f e ld e rly p a tie nts

 19% p a tie nts 80-89 ye a rs a nd  26% p a tie nts >90 ye a rs sho we d  func tio na l 
d e c line  tha t p e rsiste d  >30d a ys  a fte r surg e ry

 Da nish  stud y – fo llo we d  700 p a tie nts . Pa tie nt with  PO C D with in  1 we e k le ft 
la b o r m a rke t p re m a ture ly a nd  withd ra w so c ia l b e ne fits e a rly, 

 Inc re a se d  risk o f d e a th  1 ye a r a fte r surg e ry.  



Whe n sho uld  we  th ink a b o ut it?

 Ag e  

 Lo we r e d uc a tio n

 Psyc ho -so c ia l sta tus

 h/ o  C VA 

 Pre o p  c o g nitive  im p a irm e nt 

 Typ e  o f surg e ry

 Dura tio n  o f a ne sthe sia

 Re d o  o r re -e xp lo ra tio n

 Po st o p  c o m p lic a tio ns – re sp ira to ry/ infe c tio n

 FRAILTY



Fra ilty

 Multid im e nsio na l lo ss o f 
re se rve  d ue  to  
a c c um ula tio n  o f a g e  a nd  
d ise a se  re la te d  d e fic its.

 O ne  o f the  stro ng e st 
p re d ic to rs o f p o st o p  
d e lirium  inc re a sing  risk m o re  
tha n  fo urfo ld .



Risk Fa c to rs



Wha t c a n  we  d o  a b o ut th is?
 Pre o p  te sting

 Pre ha b ilita tio n

 Pre m e d ic a tio ns a nd  d rug s to  b e  a vo id e d

 Pha rm a c o lo g ic  d e lirium  p re ve ntio n

 Ane sthe sia  stra te g ie s



Pre o p e ra tive  te sting

 Mini-Me nta l Sta tus Exa m ina tio n

 Mini-C o g  te st

 Mo ntre a l c o g nitive  a sse ssm e nt -10 m in te st

 Tra il m a king  te st

 Dig it sym b o l te st

 Fra ilty sc re e ning  te st- C lin ic a l fra ilty sc a le , Ed m o nto n fra il sc a le  FRAIL 

q ue stio n

 Psyc ho so c ia l sta tus 

 G e ria tric  d e p re ssio n  sc a le



Mini-m e nta l 
Sta te  
e xa m ina tio n



Mini-c o g  te st







Exp a nd e d  p re o p  e va l vs sta nd a rd  e va l

 Stre ng th  o f e vid e nc e  –lo w a nd  c o nd itio na l re c o m m e nd a tio n

 6 RC T –lo we r risk o f PO D

 Pa ra m e te rs- fra ilty/ c o g nitive  im p a irm e nt, p hysic a l func tio n , p syc ho so c ia l 
issue , c o m p re he nsive  g e ria tric  a sse ssm e nt

 In te rve ntio ns – d e p re sc rib ing  m e d s, nutritio na l sup p le m e nts, g e ria tric  visits, 
o c c up a tio na l the ra p y visits



Pre ha b ilita tio n

 No t inc lud e d  in  a d viso ry fo r la c k o f e vid e nc e

 Pro c e ss o f e nha nc ing  c a p a c ity a nd  re se rve  b e fo re  a n  a c ute  stre sso r to  
im p ro ve  to le ra nc e  o f up c o m ing  in jury

 Physic a l e xe rc ise  

 Nutritio na l sup p le m e nts

 C o g nitive  tra in ing  in te rve ntio ns



Typ e  o f Ane sthe sia

 Ne ura xia l vs G e ne ra l

 Stre ng th  o f e vid e nc e - stro ng  a nd  m o d e ra te  re c o m m e nd a tio n

 TIVA vs Inha le d  a ne sthe tic s

 8 RC Ts d id  no t fa vo r TIVA o r inha le d  a ne sthe sia

 Stre ng th  o f e vid e nc e  –lo w a nd  c o nd itio na l re c o m m e nd a tio n

 Effe c t o f b lo o d  tra nsfusio n



Pha rm a c o lo g ic  De lirium  Pre ve ntio n

 De xm e d e to m id ine

 Me la to nin



Pe rio p e ra tive  use  o f m e d ic a tio n  with  
p o te n tia l C NS e ffe c ts
 Be nzo d ia ze p ine s- lo ng e r a c ting  vs sho rt a c ting

 Antip syc ho tic s- lo we r d e lirium - inc o nc lusive

 Ke ta m ine  - no  d iffe re nc e

 Antic ho line rg ic s- no  d iffe re nc e

 C o rtic o ste ro id s inc o nc lusive  –lo we r

 NSAIDs- lo we r

 G a b a p e ntin- no  d iffe re nc e  a nd  inc re a se



Po lyp ha rm a c y







C a se

 73-ye a r-o ld  fe m a le  with  p a st m e d ic a l h isto ry o f d e p re ssio n , p a ro xysm a l 
Atria l fib rilla tio n , irrita b le  b o we l synd ro m e  c o m p la ine d  o f G I b le e d ing  a nd  
d ive rtic ulo sis

 Hb -11g / d l, no rm a l e le c tro lyte s

 h/ o  Hip  a rthro p la sty

 She  wa s fo und  to  p o lyp - und e rwe nt a nte rio r c o le c to m y

 Re c o ve re d  we ll with  no  d e lirium  o r c o nfusio n



C a se -c o ntd

 PO D 3- a c ute  c o nfusio n- fo llo we d  m y fe ve r, hyp o te nsio n

 Fo und  to  ha ve  a na sto m o tic  le a k- und e rwe nt d ive rting  lo o p  ile o sto m y

 Tra nsfe rre d  to  IC U

 Afib ne e d e d  c a rd io ve rsio n

 C o nfuse d  fo r 4 d a ys in  IC U

 Disc ha rg e d  to  skille d  nursing  fa c ility a nd  the n ho m e



C a se  c o nt.

 3 m o nths la te r- c lo se d  ile o sto m y – une ve ntfu l surg e ry

 Im m e d ia te  p o st o p  d e lirium

 Ne e d e d  ho sp ita l a d m issio n  fo r m a jo r d e p re ssio n

 To wa rd s the  e nd  o f ho sp ita l sta y- fe ll a nd  sa c ra l fra c ture

 Disc ha rg e  to  skille d  nursing  fa c ility

 4 m o nths a fte r g o ing  ho m e  – no rm a l- b a c k to  jo b  a s the ra p ist a nd  living  
ind e p e nd e ntly a nd  d riving



Tho ug hts? ? ?
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Objectives
•Maternal and pediatric benefits of breastfeeding

•Regulatory agencies, statistics, and public health

•Anesthesia and the peripartum period

•Beyond the peripartum period: presenting for surgery

•Anesthesia and the breastfeeding infant



But first some cultural context

Penman 2018





From the Jewish Perspective
•Gemara Ketubot, p. 60b

•Breastfeeding is fundamental for 
bonding and nourishment, and 
nursing women should be held in high 
esteem.

•Breastfeeding should continue at least 
24 months and no more than 4 years 
for a healthy child or 5 years for sickly 
child.
Candelaria 2019



The Islamic Perspective

Bensaid 2019

•Breastfeeding is a basic right for every 
newborn and infant with high 
recommendations for breastfeeding 
two years (Qur’an, 2:233)

•“High spiritual esteem of breastfeeding 
is also demonstrated in Islamic legal 
rulings on breastfeeding such as the 
establishment of lineage, marriage 
illegibility and the forging of blood-like 
kinships.”



The Hindu Perspective
•The Sushruta Samhita—a collection of 
works of Sushruta, a surgeon in the 
Gupta period, 400 BC 
• Food should not be introduced before 

six months
• Early weaning may lead to a 

protuberant abdomen
• Children weaned too early will be lean 

for life 
• A baby’s sight, sound, and touch are 

necessary for lactation
Laroia 2006



Why should we care?
•Your patient cares.

•Your patient’s baby cares.
◦ Hungry babies are cranky babies.  
◦ And potentially dehydrated and hypoglycemic

•The ASA, AAP, ACOG, CDC, and WHO care.

•Even JCAHO cares!  
◦ Rate of exclusive breastmilk feeding is part of 

Joint Commission’s Perinatal Care Certification



“Breastfeeding and human 
milk are the reference 
normative standards for 
infant feeding and nutrition.”

AAP 2022



Pediatric Benefits

AAP 2022



Preterm Infants
•Significantly lower rates of necrotizing enterocolitis
◦ NNT to prevent 1 case of NEC = 10
◦ NNT to prevent 1 case of NEC requiring surgery or resulting in 

death = 8
◦ “No other intervention has been shown to have such a marked 

effect on the incidence of NEC.”

•Lower rates of severe retinopathy of prematurity

•Fewer hospital readmissions in the first year of life

•Improved neurodevelopmental outcomes at 18 and 30 
months

Sullivan 2010

AAP 2022



Maternal Benefits

AAP 2022



AAP Guidelines
•Preterm infants
◦ All preterm infants should receive human milk.
◦ Pasteurized donor human milk, appropriately fortified (if 

infant < 1500gm) should be used if mother’s own milk is 
unavailable or contraindicated.

•All infants
◦ Six months of exclusive breastmilk feeding



Absolute Contraindications
•Galactosemia in the infant

•Maternal HIV infection**

•Maternal HTLV-I or II infection

•Maternal illicit drug use

•Certain medications 
◦ Chemotherapy
◦ Radioactive isotopes
◦ Amphetamines
◦ Ergotamines
◦ Statins

AAP 2012
CDC 2020
WHO 2019



NOT Contraindicated
•Maternal smoking

•Opioid replacement therapy

•Occasional alcohol intake

•Metabolic diseases other than galactosemia

•Hepatitis B and C

•Active maternal tuberculosis, cytomegalovirus, influenza, 
varicella, or herpes simplex infection, COVID-19

•Mastitis and breast abscess

AAP 2022
CDC 2020







CDC National Immunization Survey 2020



Outcome Differences

Bartick MC, Jegier BJ, Green BD, Schwarz EB, Reinhold AG, Stuebe AM. Disparities in Breastfeeding: Impact on Maternal 
and Child Health Outcomes and Costs. J Pediatr. 2017;181:49-55.e6. doi:10.1016/j.jpeds.2016.10.028



The Peripartum Period



Disclaimers
•Paucity of high quality research

•Bad quality research predominates (i.e. retrospective, 
observational, high crossover rates, and non-randomized)
• Many of these studies associate epidurals with negative 

breastfeeding outcomes.
• Are negative outcomes caused by the epidural?
• Or does dysfunctional labor worsen breastfeeding outcomes 

and independently make women more likely to request 
epidural analgesia?



•Random allocation of 177 multiparous women who had 
previously successfully breastfed an infant to three epidural 
groups

•Exclusion criteria
• Any intravenous analgesic during labor
• Cesarean delivery 

No fentanyl n=60 High dose fentanyl 
(more than 150mcg) 

n=58

Low dose 
fentanyl (150mcg 

or less) n=59





•Small but significant difference in the infants Neurologic and 
Adaptive Capacity Scores at 24 hrs (35, 34, and 32, p=0.03)

•At 6 weeks postpartum, mothers in the high dose group more 
likely to report not breastfeeding (2%, 6%, and  19%, 
p=0.003)

•Does total dose or dose as a function of time matter more?



CSE with spinal fentanyl 
then epidural bupivacaine

•Randomization of 1054 healthy nulliparous women to three 
groups

•Compared with 351 matched women who did not receive 
neuraxial analgesia
◦ 151 of 351 received intravenous meperidine (43%)

Bupivacaine only 
epidural (control)

Bupivacaine with 
fentanyl epidural





•No correlation between the total dose of neuraxial fentanyl 
and the breastfeeding initiation rate (although average total 
dose was 150 mcg or less in all groups)





•Evaluate impact of epidural fentanyl on breastfeeding 
success in the initial postpartum period, 6 weeks, and 3 
months

•Inclusion criteria
• English speaking
• Greater than 38 weeks gestation
• Hx successful breastfeeding for at least 6 weeks and desire to 

breastfeed at least 3 months

•Exclusion criteria 
• Intravenous opioid use
• Expected delivery within 90 minutes of epidural request









Peripartum Deep Thoughts
•If there’s no analgesic or 
breastfeeding difference between 
groups, why does it matter?

•Hawthorne effect: the alteration 
of behavior by the subjects of a 
study due to their awareness of 
being observed

•Excessive fluid administration

•Early skin-to-skin contact

•Minimizing separation

Chestnut 2017

Martin 2018

Lee 2017



Beyond the 
Peripartum Period: 
Anesthesia for the 

Breastfeeding 
Mother



Barash Clinical Anesthesia, 8th ed, 
2017

“Human breast milk predisposes to an increased 
severity of aspiration pneumonitis when compared 
with other types of milk.  Soy-based formula causes 
a less severe form of acute lung injury than human 
milk or dairy formula.”

Chin C, Lerman J, Endo J: Acute lung injury after tracheal 
installation of acidified soy-based of Enfalac formula or 
human breast milk in RABBITS.  Can J Anaesth 1999; 
46:282.



Miller’s Anesthesia, 9th ed. 2020—
one paragraph, no references
Studies of milk levels and pharmacological properties of medications 
guide recommendations for the safety of anesthetics and medications 
in babies of breastfeeding mothers who receive these agents. For 
elective surgery, women may be advised to pump and store milk 
preoperatively to prepare for any missed feedings that occur in the 
postoperative period. With very few exceptions (e.g., codeine, 
tramadol, diazepam), most perioperative medications are likely 
compatible with lactation. Thus, when the mother is alert and able to 
breastfeed, she may do so. Recommending that lactating patients pump 
and discard milk after general anesthesia is no longer considered best 
practice. Mothers of very young or premature babies, especially those 
susceptible to apnea, may be advised to discuss the safety of 
breastfeeding while taking perioperative medications with their child’s 
pediatrician.



Pump and Dump



Practical Challenges
•Lack of knowledge and awareness among medical 
personnel

•Infants who cannot take from a bottle or take formula

•NPO times and maternal dehydration

•Infrequent pumping perioperatively
◦ Engorgement, clogged ducts, mastitis, breast abscesses
◦ Failure to remove feedback inhibitor of lactation (FIL)

Infant and Young Child Feeding 2009



Is this drug safe?
1. Does the drug pass into the milk?

2. Is the drug orally bioavailable to the child?

3. What is the age and health of the child and thus 
likelihood of adverse events?

4. Can the drug be timed to decrease exposure?
Reece-Stremtan 2018 

AAP 2001



Drug Factors
•Lipid solubility

• Lipid soluble drugs (high Vd) are mostly outside the plasma 
leaving small proportion to transfer into milk

• Lipid soluble drugs can concentrate in lipid portion of milk

•Protein binding
• Only free, unbound drug is available to diffuse into milk

Lee 1993



Maternal Factors
•Milk (pH 7.09) is relatively acidic compared to plasma
◦ Acidic drugs (low pKa) will achieve lower concentration in milk 

than basic drugs (high pKa)
◦ Weak basic drugs may be unionized in plasma and readily 

transfer to milk but then ionize in more acidic milk—ion 
trapping

Lee 1993



Just a reminder…



Neonatal Pharmacokinetics 
•Increased bioavailability (especially in preterm infants)

• Higher gastric pH
• Different gut flora
• Delayed gastric emptying
• Reduced amounts of bile salts and pancreatic enzymes
• Decreased plasma protein binding

•Impaired renal and hepatic metabolism

•Poorly developed blood brain barrier

Lee 1993



Academy of Breastfeeding 
Medicine: BRIEF interruption of 
breastfeeding (6-12 hours) after 

maternal general anesthesia

Reece-Stremtan 2017

for infants at risk for apnea, 
hypotension, or hypotonia



“Mothers with healthy term or older 
infants can generally resume 

breastfeeding as soon as they are 
awake, stable, and alert.  Resumption 
of normal mentation is a hallmark that 
medications have redistributed from 
the plasma compartment (and thus 
generally the milk compartment)…”

Reece-Stremtan 2017 



Case Presentation
• Surgeon: Our next patient is a nice, young healthy lady 

who had a baby 6 months ago coming in for vein stripping.
• Me: Oh, is she breastfeeding?
• Surgeon:  I don’t know.  I didn’t think to ask.

If you don’t ask, you won’t know. Patients 
do not always volunteer information.



Planning
• Can surgery reasonably be postponed?
• Is regional anesthesia or light MAC appropriate?
• Can we schedule her early to minimize fasting?
• Does she have access to a pump in POHA (or better yet, 

her child)?
• Is general anesthesia safe?
• Can she have early access to a pump in PACU (or even her 

child if appropriate)?
• Is there a responsible adult to care for the child 

postoperatively besides the mother?



Anesthesiology 2017



Anesthetic Agents
•Propofol and halogenated gases all considered safe

•Benzodiazepines 
• Midazolam and lorazepam considered safe
• Diazepam concentrates in breastmilk and exceeds 10% of 

maternal plasma concentrations (long term use associated 
with pediatric lethargy, weight loss)

Lee 1993
Sachs 2013



Neuromuscular Blockade
•Muscle Relaxants

• Low lipid solubility and distribute into extracellular fluid
• Poor oral bioavailability 

•Acetylcholinesterase inhibitors
• Neostigmine not found in breastmilk

•Anticholinergics
• Glycopyrrolate complex structure and poor bioavailability
• Atropine found in trace amounts
• May adversely affect milk supply if given repeatedly (i.e. 

scopolamine, diphenhydramine)
Reece-Stremtan 2017
Lee 1993



What about sugammadex?



Nonopioid Analgesics
•Acetaminophen is particularly safe

• Younger infants have low levels of cytochrome P450

•NSAIDs (except aspirin) considered safe
• Low lipid solubility and high protein binding
• Avoid in mothers with infants who have ductal-dependent cardiac 

lesions

•Aspirin should be avoided
• Serum concentrations approach 40% of maternal 

concentration
• Risks of Reyes syndrome, platelet dysfunction, and 

hyperbilirubinemia

Sachs 2013

Reece-Stremtan 2017 

Sachs 2013



Local Anesthetics



Intravenous Opioids
•Fentanyl and the other …ils all considered safe

• Low levels in breastmilk
• Low oral bioavailability

•Morphine and hydromorphone
• Poor bioavailability
• Short term vs. chronic use
• Rare case reports

•Meperidine—avoid use
• Active metabolite (normeperidine) with long half life
• Consistently associated with dose-related sedation

Reece-Stremtan 2017
Lee 1993

Reece-Stremtan 2017
Sachs 2013

Reece-Stremtan 2017
Sanofi-Aventis 2010



Oral Opioids
•Hydrocodone and oxycodone are better choices

• Parent drug has effects 
• Partially metabolized to more active metabolites by CYP2D6
• Hydrocodone: limit to 30mg daily (drug label says use caution)
• Oxycodone: new FDA labeling as of 2024—limit to 60mg daily

•Codeine and tramadol are poor choices
• Dependent on CYP2D6 metabolism to active metabolites
• Ultrarapid metabolizers may have excessively high amounts of 

active metabolites 
• FDA advises against use in lactating women Reece-Stremtan 2017

Sachs 2013

Genus Lifesciences 2024



Resources



A Better View





Not just 
Nutrition
“…he’s wanted to nurse 
almost constantly over 
the past 6 days in the 
hospital. It’s been the 
most powerful comfort, 
distraction, and pain 
medication. We’ve 
gotten through an IV 
stick and 2 separate 
blood  cultures with 
barely a whimper, a 
million blood pressure 
checks and rectal 
temps, scary doctor 
visits, rough moments 
waiting for pain 
medication, and it’s 
helped us sleep in an 
unfamiliar place. 
Nursing has saved us 
both.”  
A physician mother 
with her hospitalized 
child (used with 
permission)



Not 2…Not 6…



Breast Milk—Not Two Hours

Litman 1994

• Comparison of gastric contents 
in infants fed clears vs 
breastmilk two hours before 
surgery

• Study discontinued prematurely 
due large percentage (29%) of 
breastfed infants with 
unacceptably high residual 
gastric volumes (>1 mL/kg)



Breast Milk—Four Hours NPO

• Alternative study in breastfed 
infants < 3 months of age

• Only 1 in 30 with residual gastric 
volume > 0.4 mL/kg when 
breastfed between 3-4 hours 
before surgery



• The generalist…
• The OB specialist…
• The pediatric anesthesiologist…
• What about the needs of lactating healthcare 

workers?

We’ve had something for the…





https://www.georgiabreastfeedingcoalition.org/breastfeeding-legislation accessed 1/10/2025

https://www.georgiabreastfeedingcoalition.org/breastfeeding-legislation


In Summary
• Breastfeeding has maternal and pediatrics benefits and is 

the normative infant feeding standard.
• Lots of agencies are tracking it.

• Epidural opioids, at least at low doses, do not negatively 
impact breastfeeding.

• Anesthesia and breastfeeding are generally compatible 
with a few considerations.

• “Pumping and dumping” is rarely indicated.
• “Sleeping and keeping” is better. 

• Breastfeeding is comforting for pediatric patients and 
requires a 4 hour fast.
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Learning Objectives

1) Identify the anatomy pertinent to Gastric Ultrasound

2) Understand proper scanning technique 

3) Differentiate between: 
  -An empty stomach / minimal liquid
  -Large volume liquid gastric contents
  -Solid gastric contents

4) Understand how and when gastric ultrasound can stratify 
aspiration risk.



ASA Practice Guidelines on Perioperative 
Fasting

https://pubs.asahq.org/anesthesiology/article/126/3/376/19733/Practice-Guidelines-for-Preoperative-Fasting-and



Technique 
Position: 

Supine or Right Lateral Decubitus (RLD)
RLD: Better for identifying solids and liquids

Required for Quantification of Liquids

Transducer: 
Curvilinear
Phased array (can be used)
Linear (can be used in Peds)

Transducer position:
Subxiphoid 
Mid Sagittal Plane
Indicator cephalad 



Anatomy 



Anatomy 



Anatomy / Technique 



Anatomy / Technique 



Anatomy / Technique 



Anatomy / Technique 



Gastric Content Classification

https://www.gastricultrasound.org/en/acquisition/#anatomy

• C LASSES

• EMPTY STO MAC H /  MINIMAL LIQ UIDS

• SMALL VO LUME C LEAR LIQ UIDS

• LARG E VO LUME C LEAR LIQ UIDS

• SO LID G ASTRIC  C O NTENTS
• EARLY VERSES LATE PRESENTATIO NS

• MIXED G ASTRIC  C O NTENTS



Empty Stomach / Minimal Liquid

https://www.gastricultrasound.org/en/acquisition/#anatomy



Empty Stomach / Minimal Liquid



Empty Stomach / Minimal Liquid



Large Volume Liquid

https://www.gastricultrasound.org/en/acquisition/#anatomy



Large Volume Liquid

How much is too much?
   
 >1.5 cc/kg Total Body Weight

VOLUME (ML) = 27.0 + 14.6 X (RIGHT-LAT CSA) – 1.28 X (AGE)

www.gastricultrasound.org



Large Volume Liquid

How much is too much?
   
 >1.5 cc/kg Total Body Weight

https://www.gastricultrasound.org/en/acquisition/#anatomy

VOLUME (ML) = 27.0 + 14.6 X (RIGHT-LAT CSA) – 
1.28 X (AGE)



Large Volume Liquid

Caveats to volume measurement:

Only quantify if:
  -Only ingestion was Clear Liquids
  -BMI <40
  -No significant hiatal hernia
  -No history of gastric surgery
  -Pt must be in RLD position 



Large Volume Liquid



Large Volume Liquid



Solid Gastric Contents

https://www.gastricultrasound.org/en/acquisition/#anatomy



Solid Gastric Contents 



Solid Gastric Contents



Solid / Mixed Gastric Contents



Mixed Gastric Contents



GLP-1 RAs

GLP-1 
• Secreted by intestines in response to food ingestion 
• Slows Gastric Emptying
• Promotes Satiety 



GLP-1 RAs



GLP-1 RAs

Results: 24 studies met eligibility criteria. 
All studies, except one case report, reported patients with confounding factors for retained gastric contents and 
aspiration, such as a history of diabetes, cirrhosis, hypothyroidism, psychiatric disorders, gastric reflux, Barrett’s 
esophagus, 
Of the eight studies (three prospective and five retrospective) that evaluated residual contents in both GLP-1 users and 
non-users, seven studies (n = 7/8) reported a significant increase in residual gastric contents in GLP-1 users compared to 
non-users (19–56% vs. 5–20%). 
In the three retrospective studies that evaluated for aspiration events, there was no significant difference in aspiration 
events, with one study reporting aspiration rates of 4.8 cases per 10,000 in GLP-1 RA users compared to 4.6 cases per 
10,000 in nonusers

Conclusions: Most of these studies include confounding factors that may influence the association between GLP-1 
RAs and an increased risk of aspiration and related events. 
While GLP-1 RAs do increase residual gastric contents in line with their mechanism of action, the currently available 
data do not suggest a significant increase in aspiration and regurgitation events associated with their use



GLP-1 RAs

Included 13 studies involving a total of 84,065 patients. 
Patients receiving GLP- 1RA therapy exhibited significantly higher rates of RGC (OR, 5.56; 95% CI, 3.35 to 9.23), a trend that was 
consistent among patients with diabetes (OR, 2.60; 95% CI, 2.23 to 3.02). Adjusted analysis, accounting for variables such as sex, 
age, body mass index, diabetes, and other therapies, confirmed the elevated rates of RGC in the GLP-1RA user group (adjusted OR, 
4.20; 95% CI, 3.42 to 5.15). 
Rates of aborted and repeated procedures were higher in the GLP-1RA user group (OR, 5.13; 95% CI, 3.01 to 8.75; and OR, 2.19; 
95% CI, 1.43 to 3.35; respectively). 
No significant differences were found in AE and aspiration rates be- tween the 2 groups (OR, 4.04; 95% CI, 0.63 to 26.03; and OR, 
1.75; 95% CI, 0.64 to 4.77; respectively). 

Use of GLP-1RAs is associated with increased retention of gastric contents and more frequent aborted procedures during upper 
endoscopy. 
However, the adverse event and aspiration rates do not seem different.



GLP-1 RAs



GLP-1 RAs

Concerns:• Only examined emergent surgeries• NPO status of Control patients?• Inclusion criteria: Prescription for GLP1-RA• RSI? • How were they RSI’d?• Outcome was “Postoperative Respiratory Complications”



GLP-1 RA Literature Summary

GLP1-RAs delay gastric emptying, and result in residual 
contents in many patients following traditional NPO 
Guidelines.

Does that translate to increased aspiration risk?

 TBD, not yet fully addressed
 But Probably 



ASA GLP1-RA Guidance



ASA GLP1-RA Guidance
Most Patients Can Continue GLP-1 Drugs Before Surgery

Take into account patient specific factors for delayed gastric emptying and 
consider the following:
• Patients in the escalation phase of GLP-1 drugs (early in treatment) are more 

likely to have delayed stomach emptying. Defer elective surgery until:
• Escalation phase has passed 
• GI side effects (nausea, vomiting, abdominal pain, shortness of breath, or 

constipation) have dissipated
• Patients on a higher dose should follow a liquid diet for 24 hours before the 

procedure.
• Patients with other medical conditions that slow stomach emptying may further 

modify the perioperative management plan.

Can minimize the risk of delayed gastric emptying by:
• A liquid-only diet for 24 hours before surgery. 
• Adjusting the anesthesia plan to minimize aspiration risk.
• Using POCUS before the procedure to assess stomach contents in patients at 

highest risk. 



Emory Guidance



Gastric Ultrasound Key Points 
Technically easy to learn

Aspiration Risk Stratification: 
Empty stomach / minimal liquids 
<1.5 cc /kg Clear Liquids
>1.5 cc / kg Clear Liquids
Solids & Mixed

Ensure RLD Position if Quantifying
Only clear liquids should be quantified

Identify Aorta to ensure you are looking at the Antrum 



Clinical Practice

Should we think beyond NPO time?
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American Burn Association. (2024). Annual Burn Injury Summary Report. 



Burn Injury Epidemiology

(Ivanko, Garbuzov et al. 2024)



(Hall 2024)

American Burn Association. (2024). Annual Burn Injury Summary Report. 



Burn Types
• Acute Thermogenic Injury

– Smoke inhalational injury
• Electrical Injury
• Radiation Burns
• Chemical Burns
• Desquamating diseases



A Burn Center Only Problem?

(Davis et al., 2012)

ABA criteria for transfer to Burn Center



(Dobson, Morris and Letson 2024)

1970s: Advent of 
early excision



Burn Injury Timeline

Initial 
Resuscitation

Excision & 
Grafting

Resuscitation 
& Wound Care



Burn Injury Physiology

Ebb Phase Flow Phase
12-72hr after initial injury Days to years after initial injury



Burn Injury Physiology

Major Burn – typically 
involving ≥20% TBSA

Ebb Phase Flow Phase
12-72hr after initial injury Days to years after initial injury







Burn Shock
1. Intravascular fluid depletion

2. Increased SVR, followed by low SVR

3. Reduced myocardial contractility



Burn Shock

Catecholamine & 
Inflammatory Mediator  

Surge

Endothelial Damage, Loss of 
Glycocalyx – Endotheliopathy 

of Burns
Decreased Preload

IL-1β, and IL-6 driven 
reduction in myocardial 
contractility, myocardial 

apoptosis

Decreased Cardiac Output
End Organ Malperfusion



Burn Shock
• During the ebb (initial) phase, cardiac output is reduced. 

This results from the interplay of: 
– Hypovolemia
– increased systemic vascular resistance
– decreased cardiac contractility (circulating humoral factors – 

TNF-ɑ/ROS/endothelin 1/interleukins)
– decreased myocardial response to catecholamines 

(endogenous and exogenous due to decreased receptor affinity 
and a decrease in 2nd messenger production)

– decreased coronary blood flow



Burn Resuscitation

(Bacomo & Chung, 2011)



Burn Resuscitation



Resuscitation Endpoints





Burn Resuscitation



Burn Resuscitation



Concern for Fluid Creep?



Concern for Fluid Creep?



Concern for Fluid Creep?



Concern for Fluid Creep?



Burn Resuscitation

(Bacomo & Chung, 2011)



Burn Resuscitation



Burn Resuscitation



Burn Resuscitation



Burn Resuscitation: The Dilemma
• Inadequate Resuscitation leads to organ failure and 

potential death
• Global microvascular permeability leads to edema 

formation in both burned and unburned tissues
• Resuscitation with IV fluids worsens edema formation and 

increases the risk of compartment syndromes



Burn Resuscitation: The Dilemma

• Blood Pressure is often normal within a few hours of 
injury. BP cuffs may be inaccurate

• Heart Rate is a poor indicator of volume status due to 
high sympathetic tone. HR is often 110-120s in 
appropriately resuscitated individuals

• Hemoconcentration is common during initial resuscitation



Burn Resuscitation: The Dilemma



• Some questions addressed include:
– What starting rate should be used for crystalloid resuscitation?
– Should albumin be used during resuscitation? When?

• Should FFP be used?
– Are there other useful parameters to guide resuscitation?

• Including CVP, transpulmonary thermodilution, SVV/PPV, trending 
lactate or base deficits



• Some questions addressed include:
– What starting rate should be used for crystalloid resuscitation? 

2mL/kg/%TBSA
– Should albumin be used during resuscitation? Prn When? Rescue

• Should FFP be used? Yes (in our institution)
– Are there other useful parameters to guide resuscitation? No – 

SVV/PPV unknown
• Including CVP, transpulmonary thermodilution, SVV/PPV, trending lactate or 

base deficits 



Burn Shock

Catecholamine & 
Inflammatory Mediator  

Surge

Endothelial Damage, Loss of 
Glycocalyx – Endotheliopathy 

of Burns
Decreased Preload

IL-1β, and IL-6 driven 
reduction in myocardial 
contractility, myocardial 

apoptosis

Decreased Cardiac Output
End Organ Malperfusion



Cardiac Dysfunction

SVR persistently 
down



Cardiac Dysfunction



Echocardiography & Burn Shock





WHAT IS THE ROLE OF ANESTHESIA?



What is the Role of Anesthesia?

Hypovolemia Systolic Dysfunction Early Excision

Intraop Shock



Echocardiography & Burn Shock





Echocardiography & Burn Shock
• Suggested Indications:

– Hemodynamic Monitoring
– Diagnosis of Cardiac Infections
– Diagnosis of Cardiomyopathies



Echocardiography & Burn Shock



Echocardiography & Burn Shock



Echocardiography & Burn Shock



Echocardiography & Burn Shock

Time 0 24hr+ 48hr+ Days to Weeks

Burn Injury Burn Shock Early Excision Repeated Excision & 
Grafting

Cardiac 
Function

Function ↓ Function ↓ or Function ↓ or ↑ ARDS, Sepsis, DVT/PE

Volume Status Volume ↓ Volume Volume ↓ or ↑



Burn Shock: Sepsis as a Guide?



Echocardiography & Burn Shock



Echocardiography & Burn Shock



Echocardiography & Burn Shock



Echocardiography & Burn Shock



Echocardiography & Burn Shock
• Future Directions:

– Addition of TTE/TEE to burn preoperative assessment may help 
guide management in the severe burn populations

– Research tracking outcomes is needed
• Limitations:

– Provider Inexperience/Access
– Variable Cardiac phenotypes after burn injury
– Inability to access windows due to dressings
– Necessity of repeated scans to guide treatment
– Limited established research
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