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Non-invasive continuous arterial pressure monitoring with Nexfin® does not 
sufficiently replace invasive measurements in critically ill patients

A Hohn, J.M. et. Al. British Journal of Anaesthesia
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Review the challenges and complexities of
AcuteTraumaCoagulopathy
Discuss hemodynamic stabilization and
hemostatic resuscitation including
hypotensive resuscitation, MTP/Ratio and
TEG driven transfusion
Discuss the role of whole blood inTrauma
Review the controversies surroundingTXA
and other hemostatic concentrates

Major cause of mortality
worldwide, more than 5
million deaths annually

Disease of the young, leading
cause of “years of life lost”

Prehospital care
Prompt Recognition of need for surgery
Airway Management
Safe Induction
Hypoxia/lung injury
Cardiac injury (tamponade, contusions, failure)
Neurologic injury—TBI, SCI
Postop complications….MOF, long termM&M, pain

Exsanguination due to uncontrolled bleeding is the
leading cause of potentially preventable deaths among
trauma patients

1/3 of trauma patients are coagulopathic on
arrival to Emergency Department

Develops very rapidly following tissue trauma
and hemorrhagic shock hypocoagulation
and hyperfibrinolysis

Independent predictor of transfusion, multi
organ failure and mortality
o In patients with the same Injury Severity Score, the

presence of coagulopathy nearly doubles mortality
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DamageControl Resuscitation:
Permissive hypotension
Correction of both endogenous & iatrogenic
causes of coagulopathy
Minimizing crystalloid
Early & high ratio FFP, Platelets
TEG/ROTEM goal directed management of traumatic
coagulopathy

Focuses on the hemostatic dysfunction of the
severely injured patient

Consists of:
Balanced resuscitation
Hemostatic resuscitation
Prevention of acidosis, hypothermia &
hypocalemia

34

Risks of large volume crystalloid infusion
Dilutional coagulopathy
Hypothermia
Abdominal Compartment Syndrome

Risks of high BP (SBP>100)
displace clots, worsen hemorrhage

32

MAP 80 90 before surgical hemostasis + adverse
effects of excessive crystalloid infusion
increased bleeding and higher mortality

GermanTrauma Registry (17,200 Pts):
Coagulopathy increased with increasing pre hospital
IV fluids:
>2L = >40% had evidence of coagulopathy
>3L= >50%
>4L = >70%

33, 34

Trauma Hemostasis andOxygenation Research
Network (THOR):

Target SBP 90 100 until surgical bleeding controlled
Goal to limit or reverse acidosis, hypothermia and blood
dilution from crystalloid

ATLS eliminated the term “aggressive resuscitation”
instead emphasizes “balanced resuscitation”

Recommend initiation of 1L crystalloid (instead of
immediate 2L) and earlier blood products

Exception to hypotensive resuscitation is known or
suspectedTBI. Goal SBP>110

35
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MassiveTransfusion Protocols
Predefined ratios delivered by blood bank
Reproducible
Reduces provider variability, facilitates staff
communication and compliance

Trauma Associated Severe Hemorrhage Score
Vandromme Score
Prince ofWales Hospital/Rainer score
Larsen Score
Schreiber Score
Assessment of BloodConsumption/Nunez (ABC)
score

PROMMTT showed using a scoring system to
activate MTP was superior to “physician gestalt”
in predicting which patients would require MTP

36

4 non weighted parameters
Penetrating mechanism
Positive FAST (focused assessment sonography for
trauma)
Arrival SBP<90
Arrival HR>120

Score >2 = 75% sensitive, 86% specific for predicting
need for MTP

Borgman &Holcomb et al ’07: Retrospective Review
High Plasma to RBC ratio (1:1.4) independently associated
with survival, decreased death from hemorrhage

Holcomb et al. ’13
The PRospective, Observational, Multicenter, MajorTrauma
Transfusion Study (PROMMTT)
First 6 hours, patients receiving ratios of less than 1:2 (FFP:
RBC) were 3 4 times more likely to die than those receiving 1:1
or higher.

J OCTET ‘16 ( JapaneseObservation Study for Coagulation
andThrombolysis in EarlyTrauma)

189 with severe, blunt hemorrhagic trauma
Transfusion of FFP/RBC ratio 1:1 or higher within first 6 hours
reduces death by 60%

37, 38, 39

Holcomb et al ‘15: PROPPRTrial
RCT, 480 Pts. 1:1:1 vs 1:1:2 (Plasma:Platelet: pRBC)

Conclusions:
No significant mortality difference at 24 hour or 30 days
(significantly underpowered for mortality differences)

But:
In 1:1:1, faster hemostasis and decreased death due to
exsanguination in first 24hrs, similar complications rates
to lower ratio protocol

40
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Sufficient evidence to support high ratios of
plasma and platelet transfusion to improve
survival and decreased hemorrhagic death.

A. 680 mL, HCT=28%, PLT= 80K, Coag
Factors=65% (of original)

B. 800 mL, HCT=32%, PLT= 100K, Coag=75%
C. 600 mL, HCT=37%, PLT=140K, Coag=85%
D. 500 ml, HCT=43%, PLTs=150 400K Coag

Factors=100%

Whole Blood (WB) was the traditional
transfusion product in military trauma since
WWII.
Component therapy was introduced in 1960s
By 1990—only component therapy in civilian
hospitals
WB resurfaced in global war on terror in the
form of “walking blood bank”
Source of platelets in a field expedient
fashion

Spinella et al ‘09. Retrospective Study, 354 pts

41
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WB (both cellular andAB components) needs
to be ABOmatched to its recipient

Solutions:
Type specificWB (OK for military)
Low titer OWB (LTOWB) for civilians

42

WBmust be leuko reduced, which
destroys platelets

New platelet sparing leuko
reduction filters preserve platelets

Cold Storage ofWB destroys platelets
“Cold activated platelets”
Cold storage decreases lifespan but
may actually be a better pro thrombotic
product than room temperature storage

43

FeasibilityTrial at a Level 1 civilian academic
trauma center
2 units low titer typeO whole blood cold stored in
ED
Male trauma, SBP< 90 due to hemorrhage,ABC
2, could receive up to 2 unitsWB

No type or screen necessary
Historical cohort from 2 yrs. prior toWB program:
145 male trauma patients who received 1 unit
RBC in ED

42
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1st ten months: 47 pts received avg 1.74 units
30 recipients non groupO
5 patients unknown blood type

No transfusion reactions
Plasma haptoglobin levels tested on day one 25.1
mg/dL (nml 30 300mg/dL)

Conclusion:
Small volumes of low titer OWB can be safely
transfused to non O recipients.
Now using up to 4 low titer groupO uncrossmatched
WB units for trauma patients

42

4 year prospective, observational study
N=895; 6 sites: 3WB, 3 CT (DHMC)
General Hypotheses
WB in poly trauma will be associated with
improved mortality & resuscitation/long term
neurologic outcomes compared to CT
Differences in prehospital/acute phase
resuscitation/SBP will be associated with
differential outcomes inTBI PTs@ discharge &
6mo

44

Prospective, interventional, randomized, pilot
clinical trial
University of Pittsburgh
2 u LTLR WB during transport + up to 6 uWB
thru early in hospital care vs. control (1:1:1)
Injured air medical transport patients, SBP < 70
mmHg, or < 90mmHg &HR>108.
Outcomes

1: 28 day mortality
MOF & 24 hr. mortality

45

Promising studies using cold stored LTOWB
Could resolve the Ratio debate entirely
Role in Prehospital care
minimizes product/factor delays in critical first
hour of trauma

Laboratory diagnosis of Coagulopathy:

Traditional Coagulation studies
PT/INR
aPTT
Platelet count
Fibrinogen levels

Viscoelastic Hemostatic Assays (VHA)
TEG/ROTEM

PT/INR is more sensitive for ATC while aPTT is more
specific
PT/PTT/INR are inadequate for monitoring and
guiding therapy in bleeding trauma patients
Too slow
Performed on plasma (platelet poor); excluding the
cellular part of coagulation
Terminated once first fibrin strands are formed = 5% total
amount of thrombin generated
No evaluation of clot lysis

Platelet count does not assess thrombocytopathy

6
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TEG/ROTEM provide rapid, comprehensive
in vivo clot formation, strength, and
breakdown of whole blood
Used by most major trauma centers
Key part of 2016 EuropeanTrauma
HemorrhageGuidelines

Holcomb ‘12 foundTEG superior to conventional
coagulation inATC: faster, cheaper, andmore
strongly associated with clinical outcomes
Cochrane Review ‘16 concluded that use ofVHA
guided transfusion improves morbidity in bleeding
patients
Denver Health ’16 first RCT,VHA vs conventional
coagulation tests
TEG guidedMTP improved survival (at 6 hrs
and 28 days) & utilized significantly less plasma
and platelets during early phase of resuscitation
compared to conventional coagulation tests

7, 8, 9

Heterogeneous nature of trauma probably
makes ratio drivenmassive transfusion too
simplistic to be applied to all trauma patients

ATC changes over course of resuscitation,
possible making fixed ratios inadequate after
initial stages

Hybrid Protocol
Initial resuscitation with 1:1:1 as hemorrhage control
is achieved, then transitioning toVHA guided product
replacement protocol

Synthetic derivative of Lysine, irreversibly
inhibits the proteolytic action of plasmin on
fibrin clot and platelet receptors
Inhibits fibrinolysis

Incidence varies widely in trauma literature
2 15% of trauma patients on arrival
34% of trauma patients requiring massive
transfusion (DHMC study)

Hyperfibrinolysis independently and significantly
predicts mortality in trauma patients

Associated with very high mortality (70 100%)

Even low levels of hyperfibrinolysis predicts poor
outcome in trauma

10, 11
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Most studies useTEG/ROTEM for diagnosis
On rapidTEG defined as LY30>7.5% or EPL >15%
LY30>3% is associated with initial significant
increase in mortality

Largest randomized placebo controlled trial reporting
effect of earlyTXA (20,211 Pts)

Significant reduction in all cause mortality withTXA
14.5% vs 16% (p=0.035)

Significant reduction in risk of death due to bleeding with
TXA

4.9% vs 5.7% (p=0.0077)

No increase in fatal or non fatal vascular occlusive effects
Early treatment (<1hr from injury) had the greatest
reduction in mortality
Treatment after 3hrs from injury had increased mortality

12

Military combat injuries (UK &US), 896
consecutive trauma admissions from combat
treatment facility in SouthernAfghanistan

TXA cohort had lower unadjusted mortality
(17.4 vs 23.9%) despite higher injury severity
scores (25.2 vs 22.5)
Those requiring massive transfusion
benefitted the most, with improved survival
and less coagulopathy

13

First civilian study to evaluate
prehospital TXA in trauma
patients
GermanTrauma Society
registry 2012 2014 (propensity
score basedmatched cohorts,
n=258 each group)

Early mortality (up to 24hrs) was
significantly lower inTXA group
(5.8% vs 12.4%)
especially in those severely
injured (highest propensity
score)

14

Only 5% patients had bleeding as cause of death

Only 50% patients received a transfusion, andTXA did not
reduce blood transfusions

Majority of patients enrolled were in low income or
developing countries wheremassive transfusion protocols
and hemostatic resuscitation are not routinely used

No data on lab values, injury severity & subtypes of
transfused products (pRBC,FFP) were reported

In civilian trauma,TBI is more common. TXA inTBI is still
being evaluated

15
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Miami RyderTrauma Center
Trauma patients arrived sooner after injury (<1hr vs 2.8hrs),
earlier operative intervention and earlier use of fluid &
blood products
RESULTS: In highest injury acuity patients, TXA was
associated with increasedmortality, regardless of time it
was administered.

Compared to CRASH2, Miami patients were more
hypotensive, had more penetrating injuries, 97%
transfused, 78% required surgery

Authors Concluded: Lack of benefit fromTXA, may be
attributable to rapid availability of fluid/blood and
emergencyOR.

16

Swendsen et al. ‘13 Retrospective multiple
cohort, 126 trauma patients US Level 1
trauma center
Confirmed earlyTXA survival benefit

BUT:
Increased DVT/PE
IncreasedAcute kidney injury
No difference in transfusion

17, 29

J OCTET ‘17:
ISS>16 at 15 Japanese academic institutions
Propensity score matched analysis
TXA vs no TXA within 3hrs of injury (n=250 each)

Results:
TXA decreased all cause mortality (10 vs 18.4%)
TXA decreased death related toTBI (6 vs 13%)
No difference in transfusion

PATCH: Prehospital Antifibrinolytics for
Traumatic Coagulopathy and HemorrhageTrial
Multicenter study in Australia/NewZealand looking at
risk reduction and mortality ofTXA in advanced
medical system. Currently recruiting with target 1184
Patients

CRASH 3: International multicenter,
randomized, double blind, placebo controlled
trial
Goal: quantify the effects of earlyTXA vs. placebo on
death and disability inTBI (n>10,000 expected)

Early fibrinolysis is common after major trauma,
is associated with high mortality
Tissue plasminogen activator (TPA) is release by
endothelium after trauma
TPA is an enzyme that converts plasminogen to
fibrinolytic plasmin Fibrinolysis & diffuse
bleeding
TPA levels peak 30min, Plasmin levels peak at
60min
TXA inhibits this early fibrinolysis, prevents early
exsanguination

32

2hrs after injury, plasminogen activator
inhibitor 1 (PAI 1) levels increase, peaking at
3hrs
PAI 1 inhibits fibrinolysis causing “fibrinolytic
shutdown”
May explain why antifibrinolytics only benefit
within first 3hrs
Adverse effect of lateTXAmay be due to
fibrinolytic suppression and onset of
thrombotic DIC (manifesting as bleeding)

32
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Trauma patients have both promoters and
inhibitors of fibrinolysis
Shock promotes tPA mediated fibrinolysis
Tissue injury inhibits fibrinolysis

Spectrum of fibrinolysis in severe trauma has
been described with hyperfibrinolysis at one
end to “fibrinolytic shut down” at the other
end

11

HB Moore et al. JTraumaAcute Care Surg Found 3
phenotypes

1. Hyperfibrinolysis
2. Physiologic fibrinolysis
3. Fibrinolytic shutdown.

t PATEG assay may differentiate between these
phenotypes and determine which patients will
benefit from antifibrinolytic treatment

32

In populations represented byCRASH 2, and in remote areas
of developing countries where access to definitive care
might be delayed, routine, early use ofTXA is recommended.

Other patients, consider more judicious & selective TXA
administration

Consider use ofTEG to rapidly detect fibrinolysis (If Ly30 >3%)

If noTEG, considerTXA in those who are likely to have the
highest mortality reduction (SBP <75, severe hemorrhagic
shock, less than 3hrs from injury)
More studies needed to predict which patients benefit from
TXA

18, 15

Reconstitutable powder of purified donor
pooled human plasma
Contains Factors II,VII, IX andX and
antithrombotic Proteins C & S
Allows rapid reversal ofVitamin K antagonists
When given withVitamin K, INR reversal is
maintained >48hrs.

Faster (no thawing)
Smaller volume (1mL of reconstituted PCC=10mL FFP)

More rapid reversal of INR
INR <1.4 within 30 min (in 93% Pts) compared to
<10% in FFP group
On average INR reversal with FFP took >8hrs to
achieve

Minimal risk ofTRALI (lacks antigens)
Fewer adverse events (death, MI, stroke, heart
failure,VTE, peripheral arterial
thromboembolism) compared to FFP (9.7% vs
19.5%)

19, 20, 21
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Joseph et al. 2 year retrospective analysis of 5146 Pts
major ortho trauma (femurs/tibia/pelvic fx): 43% had
INR>1.5 on admission, PCC was given for INR >1.5

Results: decreased time to reversal, lower blood transfusion,
and earlier fixation of fracture
No increase in DVT/PE. No change mortality

Dickneite et al porcine model of femur and spleen
trauma PCC faster time to hemostasis than FFP
Demeyere et al cardiac surgery, faster INR correction in
PCC
Joesph et al Combo tx—FFP + PCC vs FFP alone? Earlier
correction and better outcome

22, 23, 24, 25

Faizal et al. JTACS 2018.
120 trauma patients (40 FFP+PCC and 80
FFP),Median ISS 29, INR > 1.5
Combination FFP +PCC group:
Time to INR correction: 373 min vs 955 min.
Less RBC: 7 vs 9 units.
No difference in thromboembolic complications
Lower Mortality: 25 vs 33%
Lower Hospital Length of Stay: 5 vs 7 days.

First line in urgentVitamin K anticoagulant reversal in patient with
active bleeding or urgent procedures

Consider PCC for reversal of direct oral anticoagulants/factor Xa
inhibitor if bleeding is life threatening

May have a role in coagulopathic patients with extremely tight
brain, ESRD, decompensated CHF in whom high volume of plasma
will be risky, maybe in combination with FFP.

More human studies needed to evaluate safety & optimal dose

Use in trauma inU.S is still off label

Binds exposed tissue factor, acts locally at site
of injury, accelerates thrombin generation
Off label use in trauma
May reduce transfusion PRBCs
No clinical decrease in mortality
Evidence of harm increased thromboembolic
events, particularly coronary arterial
thromboembolic events, especially Patients >65
Increased thromboembolic events afterTBI

Can not be recommended as standard adjuvant in
massive transfusion protocol

26

Normal plasma fibrinogen 200 400mg/dL (2 4 g/L)
During hemorrhage, fibrinogen plays a key role in
effective clot formation
1st factor to reach critically low levels
Diagnosed by fibrinogen levels orVHA
Associated with increased transfusion andmortality
FFP (even at high ratios) fails to normalize fibrinogen
levels
Cryoprecipitate or fibrinogen concentrate are needed
to correct hypofibrinogenemia and improve outcome

Derived from Human donor plasma
Contains 20mg/mL Fibrinogen (10xFFP)
Smaller volume
Standard Fibrinogen dose per vial =20g/L
(Cryo varies 8 16g/L)
Stored at room temperature, role for
administration outside the hospital
Avoids infection,TRALI andABO
incompatibility

51



FiiRSTTrial—early FC in trauma was feasible and increased
plasma fibrinogen for 12hrs

PRooF iTH (RCT Denmark) FC vs Placebo in trauma patients,
endpoints VHA clot strength, transfusion and survival
Placebo (concluded but no results yet published)
FlinTIC (RCT) Prehospital trauma patients received FC vs
Placebo (concluded but no results yet published)

Based on studies of FC use inOB (FIB PPH) &Cardiac
(REPLACE, ZEPLAST)

No benefit to fibrinogen supplementation in patients with
normal fibrinogen

FEISTY multicenter RCTAustrailia (ongoing)
FC vs Cryo usingVHA triggers (ROTEM)
Optimal timing, method and dosing of FC

7, 18, 27, 32

Seems to be safe, multiple studies showing no
increase in thromboembolic events

Unanswered questions:
Lab triggers? Fibrinogen concentration vs functional
Fibrinogen (TEG/FIBTEM on ROTEM)
Goal fibrinogen level in bleeding trauma patient?

Several studies support treatment trigger of Fibrinogen <150mg/dL
FC optimal dose?Weight based dosing?

Larger quality trials are justified
Use is trauma in theU.S. remains off label

28

Early prehospital use of high ratio plasma and
platelet to RBC

+
Coagulation Factor concentrate based
treatment
1. Stop hyperfibrinolysis, TXA
2. Support clot formation, FC
3. Increase thrombin generation, PCC

We discussed challenges and complexities of
AcuteTraumaCoagulopathy
Discussed hemodynamic stabilization and
hemostatic resuscitation including
hypotensive resuscitation, MTP/Ratio and
TEG driven transfusion
Discussed the role of whole blood inTrauma
Reviewed the controversies surroundingTXA
and other hemostatic concentrates
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PULMONARY 
HYPERTENSION

Maung Hlaing, M.D.

DISCLOSURES

none

OBJECTIVES

Define pulmonary hypertension.

Review World Health Organization subtypes of pulmonary hypertension.

Review preoperative and intraoperative anesthetic considerations.

Discuss management strategies for patients with PH undergoing noncardiac surgery

WHAT IS PULMONARY HYPERTENSION?

Mean pulmonary artery pressure > 25 mmHg

Postcapillary PH if PCWP >15 mmHg

PH due to left heart disease

Precapillary PH if PCWP <15 mmHg

Pulmonary arterial hypertension (PVR > 3 WU)

PH due to lung disease

Chronic thromboembolic pulmonary hypertension (CTEPH)

European Heart Journal (2016) 37, 67–119

No longer entity called PH 
with exercise (previously 
defined as PAP > 30 
mmHg with exercise

WHO CLASSES OF PH

1. Pulmonary arterial hypertension

2. PH due to left heart disease

3. PH due to lung disease

4. Chronic thromboembolic pulmonary hypertension

5. Mixed/unknown mechanism
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WHY SHOULD ANESTHESIOLOGISTS CARE 
ABOUT PH

PH increases perioperative mortality (2% - 18%!!!)

Increased risk for complications:

Heart failure exacerbation

Prolonged intubation

Prolonged hospital stay

Risk increased by:

Emergency surgery

Increased right atrial pressure (RAP > 7 mmHg)

Decreased 6 minute walk test

Price et al., Eur Respir J 2010; 35: 1294–1302
Meyer et al., Eur Respir J 2013; 41: 1302–1307

BUT I DO MOSTLY OB, MOST OF MY 
PATIENTS ARE HEALTHY

Obstetric patients with PH are at significantly 

higher risk for mortality/morbidity.

Risk higher with GA vs neuraxial.

Outcomes seem to be improving over time.

Recent review showed 5% mortality from 28% 

in pregnant pts with PH due to congenital heart 

disease.

Bedard et al., European Heart Journal (2009) 30, 256–265
Ladouceur M, et al. Heart 2017;103:287–292

WHY DO PEOPLE DIE FROM PH?

THE RIGHT VENTRICLE

The RV is thin-walled.

The RV is used to working with a low pressure system.

The RV is dependent on the LV to function.

The RV has a funky shape.

The RV is sensitive to volume.

SCVA, 2014, Vol. 18(4) 341–351
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WHO’S AT 
HIGHEST RISK?

European Heart Journal (2016) 37, 67–119

WHAT I LOOK OUT FOR…

Low functional capacity

Rapidly progressive symptoms

Mod-severe RV dysfunction

Mod-severe tricuspid regurgitation

Decompensated and volume overloaded

SHOULD I CANCEL THE CASE?

Definitely if the patient is decompensated.

Consider discussing with their PH specialist.

Make sure all the equipment is there for you and for surgeons.

PERIOPERATIVE MANAGEMENT

Depends on WHO Class of PH.

Will focus on Class I (pulmonary arterial hypertension).

But first the other classes…

CLASS II – PH DUE TO LEFT HEART 
DISEASE

Left heart is the problem. Fix the 

problem!

Pulmonary arterial vasodilation may 

actually exacerbate the problem.

CLASS III – PH DUE TO LUNG DISEASE

Severe PH is rare in this situation.

Classic medicine consult advice:

“avoid hypotension, 
hypoxia & hypercarbia”
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OTHER TREATMENTS FOR CLASS III

Treat OSA

Minimize hypoventilation

Consider dexmedetomidine or ketamine to minimize 

respiratory depression

CLASS IV – CHRONIC THROMBOEMBOLIC 
PULMONARY HYPERTENSION

Only class of PH with a surgical solution

Lowest mortality in patients amenable to surgery.

Surgical repair offered only in certain tertiary care 

centers.

Potentially a cure, but…

Smooth muscle remodeling occurs as a result of 

chronic inflammation from PE’s

Original hypercoagulable state isn’t fixed

CLASS I – PULMONARY ARTERIAL 
HYPERTENSION

Arterial vasoconstriction in pulmonary vasculature

Causes:

Idiopathic

Connective  tissue disease

HIV

Congenital heart disease

Smooth muscle proliferation

Two-hit hypothesis
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TWO HIT HYPOTHESIS

Genetic predisposition

Altered nitric oxide synthesis

Altered prostaglandin pathway

Sentinal event

Hypoxia

Viral infection (HIV, etc)

Increased shear stress

A WORD ON CHRONIC PH TREATMENT

Calcium channel blockers – in patients with vasoreactivity on right heart cath

Endothelin receptor antagonists (ETRA) – elevated LFT’s & peripheral edema

Phosphodiesterase Inhibitors (PDE5) – peripheral vasodilation

IV & inhaled prostanoids – peripheral vasodilation, flushed skin

CHEST 2014; 146 ( 2 ): 449 - 475

PERIOPERATIVE MANAGEMENT OF 
CHRONIC PH MEDS

CCB – continue

ETRA – continue; minimal side effects perioperatively

IV & inhaled prostanoids – DEFINITELY continue; 

very short half life; rebound effect

May cause hypotension in IV form

Potential to inhibit platelet aggregation

Oral PDE5 – continue but be cautious of hypotension

INTRAOPERATIVE MANAGEMENT

Fluid management

Inotropes and vasopressors

Pulmonary vasodilators

Anesthetic agents

FLUID MANAGEMENT

In general, minimize fluids.

However, because most of us are so cautious 

with fluids, there’s a tendency to miss 

hypovolemia in these patients.

INOTROPES / VASOPRESSORS

No RCT’s or strong evidence favoring one inotrope over another.

Dobutamine

Milrinone

SVR agents (Norepinephrine, Vasopressin, Phenylephrine)
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VASOPRESSIN
Theoretical advantage of increasing SVR without increasing PVR.

Anesthesiology 2014; 121:930-6

PULMONARY VASODILATORS

Nitric oxide

Prostaglandins

NITRIC OXIDE

Inhaled nitric oxide activates guanylate cyclase in
vascular smooth muscle.

After diffusing into blood stream, NO binds to oxy-Hb and 

is rapidly deactivated.

Usual dose 1-20 PPM

May have biologic effect at 10 PPB

Circulation

CONTRAINDICATIONS / TOXICITY

Elevated wedge pressure

Nitrogen dioxide & met-Hb

Effects usually not seen <80 PPM

will NOT work in:

PH due to left heart disease

Chronic thromboembolic PH

Other mechanical obstructions

NASAL NITRIC OXIDE

Anecdotal use reported

Case reports of lowered PAP with NC-iNO use

Provides ability to use iNO in non-intubated patients

Huang, et al. Chest, Volume 140 , Issue 4 , 63A
Costabile et al., Pediatrics Jan 2018, 141 (1 MeetingAbstract) 735

PROSTAGLANDINS

Prostacyclin

Epoprostenol (Veletri, Flolan)

Available IV or inhaled

Usual dose: 50 ng/kg/min of IBW)

Iloprost (Ventavis)

Intermittent dosing as a nebulizer

Dosed 6-9 times per day

Not widely available
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ANESTHETIC AGENTS

Benzodiazepines

Opiates

Propofol

Etomidate

Ketamine

Inhaled anesthetics

Respiratory 
depression

Systemic hypotension

Adrenal suppression but generally well tolerated

Generally unfounded concerns about increased PVR

Generally well tolerated at 0.5-1 MAC

QUESTION #1

An increase in PAP > 30 mmHg with exercise is

indicative of poor prognosis in patients with PAH.

True

False

TIP #1: ALWAYS LOOK AT PA PRESSURES IN 
RELATION TO SYSTEMIC PRESSURES

Circulation. 2013;128:2005-2015

Circulation. 2013;128:2005-2015

75



80

90/45
35/20
97

95

162/75
55/35
98

80

90/45
35/20
97

95

72/38
65/40
87

QUESTION 2:

An intraoperative decrease in PA pressure is always a

good sign.

True

False

TIP #2: REMEMBER OHM’S LAW

V = I * R

Blood pressure = CO * SVR

Impending RV failure is sometimes 

preceded by decrease in PA pressures.

TEE and CVP will help identify RV 

failure.

Remember 
me!

QUESTION #3

Pulse pressure variation is not reliable in patients

with pulmonary hypertension and RV failure.

True

False
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TIP #3: FALSE POSITIVE PULSE PRESSURE 
VARIATION CAN BE SEEN IN RV FAILURE

PPV AND RV FAILURE

Many PPV trials excluded patients with PH & heart failure.

Positive 
pressure 
breath

Increase 
PVR

Decrease RV 
cardiac stroke 

volume

CONCLUSION

Treating pulmonary hypertension requires a global view of the patient 

and their physiology.

Don’t get blinded by the pulmonary artery pressures. High doesn’t 

always mean bad and low doesn’t always mean bad.

Evaluating right ventricle function is critical in patients with pulmonary

hypertension.

Always ensure that your patient has a stable and optimal PH regimen 

during the perioperative period.

Inhaled pulmonary vasodilators are your friend.
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Regional Anesthesia for 
Vascular Surgery
IN NEEDLES & LOCAL WE TRUST?  

KYLE MARSHALL, MD
ASSISTANT PROFESSOR

ANESTHESIOLOGY
UNIVERSITY OF COLORADO

Disclosures

I have no financial relationships or conflicts of interest.

Objectives

1. Identify surgical cases which may be facilitated by the addition of regional anesthesia.

2. Decipher whether your patient is best suited for a regional, general  or a combined
anesthetic and choose the best choice to minimize adverse outcomes.

3. Assess patients whom may benefit from avoiding general anesthesia; with the intent of 
differentiating whom is a candidate from those with contraindications.

4. Implement evidence-based regional approaches that can lead to improved surgical
and post-operative anesthetic outcomes.

Overview

The role of Regional Anesthesia in:

Carotid Endarterectomy

Abdominal Aortic Aneurysm Repair

Arterio-venous fistula creation

First off, Thank you Vascular Surgeons!

You don’t judge…
You bail us out from our vices… or try to!

Smoking?
Sugar?
And my favorite food…

BACON!

Halloween, 2011
NYC

79



Vascular Surgery A Vascular surgeon

It’s Hollywood afterall…

Handsome, Diva

Classical Music

Blood.  Lots of it.

A Vascular surgeon

“COUNT VASCULA”

Carotid Endarterectomy

To Shunt or not?

2 Vertebral Arteries

2 Internal Carotids

General Vs Local Anesthesia

Superficial Cervical Plexus +/- Deep Cervical Plexus

Surgeon Infiltration

The good-old ET Tube
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AWAKE CAROTID?

Who would ever want that?
Surgeons – who trained with the technique

Disadvantages – Many
Advantages – ONE BIG ONE

Carotid Endarterectomy

The gospel 

GA = LA from a safety standpoint

Where did it come from?

Carotid Endarterectomy

The GALA Trial – Lancet, 2008
Multi-center, Randomized, Controlled
>3,500 patients

GALA

Randomized to GA (1,753) vs LA (1,773)
June 1999 to October 2007
95 Centers in 24 Countries

Primary Outcome:
Stroke, Myocardial Infarction, Death 
GA – 84 (4.8%)  LA – 80 (4.5%)

GALA Further…

80% Smoking history
70% Male
70% Hypertension
35% Coronary Artery Disease
25% Diabetes
10% COPD
9% Contralateral Carotid Occlusion

65% were ASA II 

GALA Further:

Baseline Surgical Risk
50% were low risk
41% were medium risk
9% were high risk
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I like to do Regional

I am not alone!

Lomivotorov, et al. 2018

Retrospective NSQIP data trials

Reduced rate of peri-operative Myocardial infarction
Reduced rate of pneumonia
Reduced rate of aspiration
Reduced rate of peri-op blood transfusion

No difference in 30 day mortality or Stroke

Malik, et al. 2016
Liu et al, 2014

Retrospective Vascular Quality 
Initiative Data

Cx GA LA/RA p-test OR 95% CI

Myocardial 
Infarction 0.5% 0.2% p=0.01 1.95 1.06-3.95

Acute CHF 0.5% 0.2% P<0.001 3.92 1.84-8.34

Hemodyn.
Instability 27% 20% P<0.001 1.8 1.44-1.66

Dakour Aridi, et al. 2018.

I TOLD YOU REGIONAL WAS BEST!!

I wish I could say that…
No difference in Mortality or Peri-op Stroke

VQI/JVS Conclusion:
The incidence of cardiac complications is so 
low, they deemed it “clinically irrelevant.”

So… What should I do for my patients?

It’s not a mind blowing conclusion

Do what fits the case/patient and your skills
Differences are mostly non-significant
The significant differences are not necessarily 
clinically relevant
While GALA remains imperfect, there’s nothing 
better… yet.

A Vascular Surgeon

Was heard saying “In a perfect world, there would be no anesthesiologist.”

Wouldn’t work with anesthesia team, in fact worked against you.

Mumbled when upset.

Said nothing when stressed.
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Abdominal Aortic Aneurysm Repair Open AAA

High Risk Surgery
High Morbidity and Mortality

30 day Morbidity – 12-26%
30 day Mortality – 4-6%

Post-op bowel ischemia – 50% mortality

Thoracic Epidural for Open AAA

Commonly performed for elective cases
When epidural used intra-operatively

Reduced stress response
Blunts sympathetic outflow

Reduced Afterload
Increased visceral/splanchnic perfusion

Open AAA Repair

Again, ELECTIVE Open AAA Repair
There are two primary reasons some 
anesthesiologists will forego Epidural:

“I’m concerned about surgical bleeding.”
“They will anti-coagulate.”

Open AAA Repair/Anti-coagulation

ASRA Guideline, 2018
Heparin IV

Epidural and Mortality

Annals of Surgery, 2014
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Epidural in Abdominal Surgery

Advantages (less of this)
Mortality

3.1% vs 4.9% - OR 0.6
Afib, SVT

DVT

Respiratory depression, pneumonia

ileus

Disadvantages (more of this)
Arterial hypotension

Pruritus

Urinary Retention

Epidural and Mortality

Thoracic Epidural After Open AAA Thoracic epidural vs IV Opioids

Meta-analysis of 1498 patients from 1987-2009
Looking at pain management.

Post-op only, no intra-op information…

Primary endpoint – 30d mortality
No long term mortality endpoint

Several Secondary endpoints

Results

Significant Difference
Improved:

Pain management
Reduced:

Myocardial infarction
Time to Extubation
Respiratory Failure
GI Bleed
ICU Length of stay

No Difference
30 Day Mortality

Elective Open AAA Repair

1540 patients from 2003-2011 – 560 (GA only) vs 980 (EA-GA)
Retrospective analysis of prospectively collected data
Vascular Society Group of New England (VSGNE)

Primary outcome: All-cause Mortality
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Results

Signficant Difference
Re-operation rate, <30d
Bowel Ischemia
Pulmonary Complications
Dialysis Requirement

No difference
30d Mortality
Cardiac Complications
Wound Complications

Survival Rates @ 5 yrs
GA – 65%
EA/GA – 74%
P<0.01

Conclusions

There is a significant long-term survival benefit when adding 
Epidural analgesia to General anesthesia for elective open AAA.

This survival benefit is possibly due to significantly reduced rates of 
immediate major post-operative complications.

“Epidural Analgesia in addition to GA should be strongly 
considered in suitable patients undergoing elective 
AAA Repair.”

A Surgeon in Boston

“He didn’t do bypasses”

“He didn’t do endarterectomies”

“I don’t remember him doing anything else.”

THE CHOP-SHOP

Arterio-Venous Fistula Creation

Vs. Tunneled Caths
Reduced Mortality
Reduced Sepsis
Reduced Failures

Still, Fail often…

AVF Creation

Anesthesiologist’s view:
Sick patients with multiple co-morbidities
Can be sensitive to fluids
Don’t clear medications/alter plan
“Their Potassium is WHAAAT!?”
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At University of Colorado Hospital

We block nearly all:
Primary Arterio-venous fistula creations
Secondary Arterio-venous fistula creations
Arterio-venous fistula exploration/revisions

MAC + Block

WHY DO WE BLOCK AVFistula CASES?

1. “Post-operative Pain.”
2. “Reducing opioids.”
3. “Patient co-morbidities.”
4. “Avoiding General Anesthesia.”

What do surgeons care LEAST about?

1. “Post-operative Pain.”
2. “Reducing opioids.”
3. “Patient co-morbidities.”
4. “Avoiding General Anesthesia.”

What do surgeons care MOST about?

*** IMPROVED SURGICAL CONDITIONS***

Vaso-dilation
Reduced pulsatility index (PI)

Great success

Improved Surgical Conditions

Pulsatility
Index (PI)

Prior to 
meds

5mins after 
meds

10mins after 
meds

PI Ratio –
PI-10/PI-0

Regional –
Axillary BPB 6.53 4.38 3.35 0.51
Local 
infiltration 5.68 5.0 5.23 0.91

Lo Monte, et al.
J. Vasc Access 2011

Improved Surgical Conditions, cont.

Veno-dilation
Anesthesia Type Cephalic Vein 

Diameter T=0
(mm)

CV Diameter @ 
5min post meds 
(mm)

CV Diameter 
@10min (mm)

Regional –
Axillary BPB 6.4 7.8 8.7

Local Infiltration 6.3 6.4 6.6
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Post-op Fistula Blood Flow

J. Vascular Surgery, 2011

Post-op Fistula Blood Flow, cont.

Fistula Flow Rate 
(mL/min) 3Hrs 7days 8wks

Infraclavicular 69.6 +/- 7.9 210.6 +/- 30.9 680.6 +/- 96.7

Local Infiltration 44.8 +/- 13.8 129 +/- 36.1 405.3 +/- 76.2

P < 0.001 P < 0.001 P < 0.001

No statistical difference in Primary Patency or Primary Failure
2 failed in ICV group

5 failed in Local infiltration group

Well, let’s take a closer look… Study design

Observer-blinded, Randomized controlled trial – 126 pts (63LA vs. 63RA)

Glasgow, UK – 3 University Hospitals

Primary Radiocephalic or Brachiocephalic fistulas

Supraclav - Experienced regionalists +/- directly supervised senior resident

Primary Endpoint: fistula patency at 3 months.

Secondary:  immediate patency at D/C, functional patency at 3mos

Results

ALL AVF
Patency

Immediate Primary @
3 months

Functional @ 
3 months

Regional 
Anesthsia

92% 84% 41%

Local 
Infiltration

73% 62% 29%

P 0.005 P 0.005 P 0.15

From ASRA 2018…

The same research group presented their 
data from 1 year follow up.

ALL AVF 
Patency

Functional @ 
1 year

Regional 
Anesthesia 81%
Local 
Infiltration 56%

P < 0.001
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Meta-analyses of RA for AVF Creation

“The use of regional anaesthesia is associated with 
lower AVF failure rates when compared with local 
anaesthesia in patients undergoing primary forearm 
AVF formation for haemodialysis.”

Cerniviciute, et al. (2017) Eur. J of Vascular/Endovasc Surgery

Meta-Analyses of RA for AVF Creation

“RA is now the anesthetic technique of choice for fistula 
construction after solid proof by a randomized 
controlled trial has unequivocally demonstrated that 
the beneficial effects of BPB are translated into 
improved outcomes in the clinical setting.

Shemesh, et al. (2017) - J. of Vascular Access
A surgeon

A Vascular Surgeon

Cross-matched everyone

Basic case or trauma?

He wore OB-boots    

Gomerblog.com

Thank You!

Lewis, S. C., et al. (2008). "General anaesthesia versus local anaesthesia for carotid surgery (GALA): a 
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Dakour Aridi, H., et al. (2018). "Anesthetic type and hospital outcomes after carotid endarterectomy from the 
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Thank You!

Lo Monte, A. I., et al. (2011). "Comparison between local and regional anesthesia in arteriovenous fistula 
creation." J Vasc Access 12(4): 331-335.

Shemesh, D., et al. (2017). "General, regional or local anesthesia for successful radial cephalic arteriovenous 
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Loftus RW et al, Anesthesiology 2010; 113:639 – 46 

Anesthesiol Clin
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Upper Extremity

Lower Extremity
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A DOCZZZ/HMAD production
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Anesthesia Apparel of the Future

The Future of Anesthesia Practice?
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bargaining
negotiation

TK Associates

Clinical Integration 
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KyleMarshall, MD
University of Colorado
CRASH 2019

There are NO disclosures for any of the
faculty participating.

Ultrasound machines produce sound waves
They listen for what returns and create image

Denser tissues reflect more waves
tissues are more “hyperechoic” or white

Less Dense tissues allow them to pass
through
Tissues which are “hypoechoic” reflect waves
poorly or not at all

High frequency waves (short wavelength)
Penetrates minimally into tissues
Excellent resolution
Great for shallow structures (up to about 6cm)
Linear probe

99% of use

Low frequency waves
Penetrate deep into tissues
Resolution not as good
Great for deep structures
Curvilinear probe

Appropriate for deep (>5cm) U/S blocks

High Frequency: 10MHz –15MHz

Depth 1 6 cm (for linear probe)

Needle finding technology

Color capability for vascular structures

TimeGainCompensation

Wireless capability for Medical Record upload

As few buttons as possible/necessary
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Depth

Find ideal depth!
Use as little depth as needed for a block, it will improve
the picture of the structures you want

Increased depth, means decreased frequency will
be needed to have a good picture
Due to low frequency, resolution will suffer!
Better penetrance, worse resolution

Gain:
Amplifies returning sound waves, to make signal
brighter or darker… Need to get it JUUUST right.
Newer machines are optimized

TOO LITTLE

TOOMUCH

Gel: Allows for transmission of sound waves

Always support your hand against the patient

Anisotropy:
small changes in tilt of probe can vastly improve
image

Find your favorite view, and stick with it!
Only small changes in anisotropy

Don’t chase your needle!
Finding it in “noman’s land” does not help
Improve needle placement
So that changes in anisotropy will make it visible

Look at your hands, before the screen
Practice!

IN PLANE OUTOF PLANE

Before the Block:
Know how tomanage Local Anesthetic Toxicity!
Practice hand/eye coordination
Know your anatomy
Be patient and optimize picture (depth/gain)
Position your patient to optimize view and ergonomics

BlockTime!
Use in plane view when possible
Don’t advance needle if unsure of position
Do not penetrate nerve

Paresthesia, painful or difficult injection? Pull back, re direct
Ensure good local anesthetic spread
Use less local anesthetic if block looks good
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Two Nights!
Basic
Upper Extremity,TAP, Lower Extremity

Advanced
Upper Extremity, Serr Anterior, PECs, PVB,
Erector Spinae, Hip Fx

8 stations with models
Blue Phantom/needle station for practice!
If you are beginner, this is a great place to start!

Kyle Marshall, MD UCH
Chris Ciarallo, MD DH/CHC
Seth Eisdorfer, MD CHC
Roland Flores, MD UCH
Olivia Romano, MD UCH
Marina Shindell, DO UCH
IngeTamm Daniels, MD UCH
JillianVitter, MD UCH
Fellow: Ross Mirman, MD

Mindray: Rob Kimbrough

Philips: Aaron Rhoades, DavidTamberlin

Sonosite: Kristi Howe

Pajunk: Brian Biggers

Don’t get caught thirsty and empty handed
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BobbieJean Sweitzer, M.D., FACP
Director, Perioperative Medicine
Professor of Anesthesiology
Northwestern University
Bobbie.Sweitzer@northwestern.edu

ASAhq.org Anesthesiology 2013;119:

Unanticipated admission: 2.67%
Most common reasons:

Surgical 40%; anesthetic 20%; medical 19%
Predictors:
LOS 1 3 hrs: OR 16.70
LOS > 3 hrs: OR 4.26
ASA class 3: OR 4.60
ASA class 4: OR 6.51
Age > 80 yr: OR 5.41
BMI 30 35: OR 2.81

LOS= length of surgery

Can J Anesth 2013:60:675 Arch Surg 2004;139
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J AmColl Card 2 0 1 4;64 : e 7 7 –

Perform surgery where 24
hour interventional
cardiology coverage is
available

N Engl J Med 2007;357:1631

Heart 2011;97:1566

30 day mortality:
9.3% with non ischemic heart failure (HF)
9.2% with ischemic HF
6.4%with atrial fibrillation
2.9% with coronary artery disease (CAD)
Decompensated HF or NYHA class IV (symptoms at rest) is a
contraindication for surgery
Surgical survival worse w/EF <30% compared > 30%

“Although perioperative risk prediction models place greater
emphasis on CAD than on HF, active HF has a significantly higher
risk of periop death than CAD.” JACC 2014;64:e77 137
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2% of persons > 65 yr have significant aortic
stenosis

9% of nursing home residents

1 out of 5 of patients w/systolic murmurs

Risk factors for aortic stenosis:
Same as for CAD

MOSTCOMMON symptom of aortic stenosis:
Decrease in exercise tolerance & dyspnea

(insidious onset)

Aortic Stenosis

Risk of surgery can beminimized by:
Accurate diagnosis of type & severity of valvular disease
Choosing the appropriate anesthetic
Considering a higher level of monitoring

A line, TEE (transesophageal echo) or PAC

Managing postoperatively in an ICU

Healthy Hearts Don’t Get ICDs

Ventricular tachycardia/fibrillation

Cardiomyopathy from any cause
EF < 35%
Hypertrophy cardiomyopathy (HCM)

Post myocardial infarction with EF < 30%
Heart transplant wait list patients
LongQ T syndrome

Heart Rhythm 2011;8:e1 18.

But, only if electrocautery is planned

Heart Rhythm 2011;8:e1 18.
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AnesthAnalg 2010;111:1378

Should you at least check a potassium level?

8456 surgeries in patients with renal failure
4389 (52%) had preoperative K level
13 (2%) > 6 mEq/dL
17 with K > 6.5 mEq/dL

3.3%: K >6mEq/l. Mean K 7.0 mEq/l (range 6.1 8)

Can J Anesth 2003;50:553
Anesthesiology 2011;A1652

Ex Preemies

Risk of apnea inversely related to post conceptual
age (PCA)

< 5% risk of apnea at 60 weeks PCA

Preemie (32 36 weeks at birth) should be 52
weeks PCA (4 5 months old)

Micro preemie (<32 weeks) should be 60 weeks
PCA (at least 7 months old)

Anemia (Hct < 30) increases
risk further

Those likely to need blood transfusions

Severe anemia

Sickle cell disease

Procedures with significant blood loss

Thrombocytopenia

Hemophilia

Coagulopathies

MedClin NAm 2009;93
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AnesthAnalg 2012;115:1060

STOP Bang Scoring Model

1. Snoring (Loud enough to be heard through closed doors?)

2. Tired (Often tired, or sleepy during daytime?)

3. Observed (Observed to stop breathing during sleep?)

4. Blood Pressure (Have or require treatment for high BP?)

5. BMI (More than 35 kg/m2?)

6. Age (Over 50 yr old?)

7. Neck circumference (Greater than 40 cm?)

8. Gender (Male?)

Anesthesiology 2008;108:812

Avoid deep sedation

Monitor ETCO2 during sedation

Avoid or minimize opioids

Be prepared for difficulty with intubation

Semi upright or lateral position for recovery

General anesthesia preferable to deep sedation

Management of Sedation withOSA

AnesthAnalg 2012;115:1060

Overall
outpatientVTE
rate: 0.15%

Overall inpatient
VTE rate: 1.44%

30 dayVTE rates
of highest risk
outpatients:
1.18%

Low risk
inpatients:
0.61% 0.70%

Ann Surg 2012;255:1093

Hypertension, hypertensive heart disease and
perioperative cardiac risk Howell Br J Anesth 2004;92:570

Association of HTN & perioperative cardiac risk:OR 1.31

Little evidence of preop BP <180/110 mgHg & periop risk
Recommend: No cancellation of surgery

Equivocal evidence for BP >180/110 mgHg
Recommend: May proceed, ensure CV stability
Maintain intraoperative BP within 20% of preoperative BP

DOS: Continue ALL anti hypertensive agents!!
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J Cardiothorac VascAnesth 2010;24:927

Preanesthesia HTN andAdverseOutcomes

Anaesthesia 2016;71:326

Randomized 644 patients (ambulatory and same day surgery)

Either continued or discontinuedACEIs and ARBs

Primary outcome: HTN immediately preoperatively

Secondary outcomes: cancellations 2nd HTN, prolonged
hospitalization, adverse events, postop HTN

Severity of injury in monitored anesthesia care
(MAC), general, and regional anesthesia claims

MAC death: 33%
GA death: 27%

Anesthesiology 2006;104:228
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Cataract Surgery is LOW risk!!

Mortality: 1:10:000 (0.01%); Morbidity (major): 0.04%

Cochrane Review (21,531 patients)
707 adverse events (3.3%); 61 hospitalizations (0.28%)
3 deaths ( 0.014%)

Limited (NO?) stress response (no major organ disruption;
no fluid shifts; no blood loss; minimal postoperative pain)

???Avoidance of General Anesthesia???

EVERYONE agrees: NO PreopTESTING!!

Can patient get to the facility
and lie flat for 30 45 min?

SUMMARY

Which patients are too high risk depends
on your type of facility

Depends on the resources you have

Depends on your willingness to accept risk

If you don’t like to gamble medicine isn’t
the job for you

Bobbie.sweitzer@northwestern.org
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ANESTHESIA FOR 
NEUROVASCULAR SURGERY

Jeffrey R. Kirsch, MD FASA

Professor, Emeritus Chair

Oregon Health and Science University

CONFLICT OF INTEREST AND 
DISCLOSURES

Professor, but very busy clinical
anesthesiologist
I do not accept honoraria for lectures
Consulting fees (case review, industry FDA
activity) are paid directly to charity (e.g. 
Oregon Food Bank, FAER etc)

PRESENTATION OBJECTIVES

Gain the knowledge to provide state-of-art
perioperative anesthetic management for patients
requiring neurovascular surgery

Gain the knowledge to optimize conditions to
optimize outcomes following neurovascular
surgery

TOPICS COVERED:

Anesthesia for carotid endarterectomy
Anesthesia for cerebral endovascular
clot retrieval
Anesthesia for cerebral aneurysm
surgery
Anesthesia for cerebral AVM resection

CEREBRAL ISCHEMIA:

CAROTID ENDARTECTOMY

POST-STROKE CLOT RETRIEVAL 

79 Y.O. MAN WITH 85% LEFT CAROTID 
STENOSIS.  HISTORY OF TIAS.
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PREOPERATIVE

Optimize CV System
to minimize risk of 
perioperative are MI

Poor reserve of high energy phosphates
Poor reserve of metabolic substrates
High metabolic requirement
Poor functional redundancy (functional deficit, even
with relatively little damage in “eloquent” areas of
brain)

CESSATION OF BLOOD FLOW TO BRAIN 
(CEREBRAL ISCHEMIA)

RA VS GA
Few prospective randomized studies but
probably no difference in outcome (Liu J et al, Trasl
Perioper Pain Med 1:14, 2014; Forssell et al., Eur J Vasc Surg 3:503, 1989)

Biggest advantage of RA is neurologic exam
during clamp/shunt. There may be some
reduced CV risk.
Decision should be collaborative between
surgeon, anesthesiologist and patient NYSORA Cervical Plexus Block – Landmark and Nerve Stimulator Technique

PREVENTING INJURY FROM ISCHEMIA

Monitoring for ischemia
Shunt: plastic bypass catheter can maintain
perfusion during removal of plaque but may
also cause plaque emboli during placement
Precise BP and PaCO2 management
Temperature control
Glucose management
Pharmacologic treatment

CESSATION OF BLOOD FLOW TO BRAIN 
(CEREBRAL ISCHEMIA)
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PREVENTING ISCHEMIA (2)

Association of Intraprocedural Blood Pressure and End Tidal Carbon Dioxide with Outcome After Acute Stroke 
Intervention (Takahashi CE et al., Neurocrit Care 20:202, 2014)

PREVENTING ISCHEMIA (3) INTRAOPERATIVE ANESTHETIC MANAGEMENT
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HANDY TO HAVE IMMEDIATELY AVAILABLE

Blood pressure raising:
Bolus: Phenylephrine (50-100 mcg), Ephedrine (5-10 mg), Vaso (1-2 units)

Infusions: PE (0.2 mcg/kg/min), NE (0.02 mcg/kg/min), Vaso (1-6 U/hr)

Blood pressure lowering:
Bolus: Labetalol (5 to 10 mg every 5 minutes), Nicardipine (100 to 500 
mcg), or esmolol (10 to 20 mg). 

Infusions: labetalol (0.5 to 2 mg/minute), nitroprusside (0.1 to 4.0 
mcg/kg/min), nitroglycerin (0.1 to 4 mcg/kg/min), nicardipine (initial 3 to 6 
mg/h titrated to a max of 15 mg/h), or esmolol (50 to 300 mcg/kg/min)

79 Y.O. MAN WITH 85% LEFT CAROTID 
STENOSIS.  HISTORY OF TIAS.

MECHANISTIC TREATMENT TO PREVENT BRAIN 
INJURY FROM CEREBRAL ISCHEMIA (TEMPORARY 

CLIP PLACEMENT)

Reduce brain metabolism
Calcium: blocking of VDCC, AOCC (EAA 
inhibitors) or release from ER
Sigma receptor agonist (decrease release of EAA 
or impair their ability to act at receptor)
Oxygen radical scavengers
Inhibitors of nNOS and iNOS
Stimulators of eNOS
Protease inhibitors
Anti-inflamatory/adhesion agents

MECHANISTIC TREATMENT TO PREVENT BRAIN 
INJURY FROM CEREBRAL ISCHEMIA

Reduce brain metabolism

Calcium: blocking of VDCC, AOCC (EAA inhibitors) or release from ER

Sigma receptor agonist (decrease release of EAA or impair their ability to 
act at receptor)

Oxygen radical scavengers

Inhibitors of nNOS and iNOS

Stimulators of eNOS

Protease inhibitors

Anti-inflamatory/adhesion agents

Mechanistic 
treatment only 

effective in rodents

EXPERIMENTAL PHARMACOLOGIC TREATMENT TO PREVENT 
INJURY FROM CEREBRAL ISCHEMIA DURING CEA

If anesthetics were neuroprotective during CEA, we 
would expect better outcomes following GA vs RA
Melatonin: (Zhao Z et al., J Pineal Res 65::e12521, 
2018)

Decreased brain injury and increased brain anti-
inflammatory capacity in rats subjected to transient focal 
ischemia 
Double blind RCT in patients treated with oral Melatonin 
(6 mg/day) for 3 days prior to and 3 days following CEA 
decreased evidence of brain injury (S100-Beta) and 
increased systemic anti-inflammatory capacity
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POSTOPERATIVE COMPLICATIONS

Cerebral micro-emboli from plaque disruption

BP Control: Instability due to baroreceptor injury and pain; SBP goal 100-150
HTN could lead to “cerebral hyperperfusion syndrome (cerebral edema, ICH) and suture line 
rupture

Hypotension:  Stroke 

Slow emergence (anesthesia, hypothermia, residual NMJ blockade vs. Stroke)

Neck Hematoma: residual anticoagulant +/- HTN; acute airway emergency
Associated with increased incidence of post-op MI and Stroke

Vocal Cord Paralysis: Surgery associated recurrent laryngeal nerve injury or
compression. Results in VC adduction, hoarseness and airway obstruction (if
previous injury on contralateral side)

ANESTHESIA FOR CLOT RETRIEVAL 

65 YEAR OLD MAN WITH RIGHT MCA OCCLUSION

History of atrial fibrillation on aspirin treatment
PMH: Hypertension, Type 2 diabetes, high
cholesterol, inactive
PE: BMI 32, MP 3 airway, NPO for 6 hours after a
light meal
Interventional radiologist wants to proceed with
clot retrieval

Additional preoperative
assessment?
GA vs Sedation?
Specific plans for neuroprotection?

Stroke 2010 41:1175-11779
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RETROSPECTIVE STUDIES CANNOT 
EXCLUDE THE LIKELIHOOD THAT 
SICKER PATIENTS WERE CHOSEN 

FOR GA AND NO STUDY WAS 
CONTROLLED TO ADDRESS 

DIFFERENCES IN BLOOD PRESSURE 
OR PACO2.

ANESTHESIA FOR CLOT RETRIEVAL

Consider sedation rather than GA
Avoid hyperventilation
Avoid hypotension
Consider low dose (0.5 mg/kg; single 
dose) ketamine
If GA: Desflurane for anesthetic 
maintenance
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CEREBRAL ANEURYSM SURGERY

ACUTE SUBARACHNOID HEMORRHAGE

SACULAR CEREBRAL ANEURYSMS 
(THE ISSUES)

Different types; presenting signs and symptoms

Natural course 

Rupture

Cerebral vasospasm; pathophysiology and treatment

Surgical treatment; anesthesia issues, suggested approach

Endovascular treatment; anesthesia issues, suggested approach

Common associated problems; hyponatremia, hydrocephalus

Neuromonitoring optimization, neuroprotection

TYPICAL PATIENT PROFILE FOR 
CEREBRAL (SACULAR) ANEURYSM

3% of general population; 30% of these have multiple aneurysms

Present at age 40 to 60

No gender preference at 50 or younger but much more common in women, older than 50

Most (particularly small) aneurysms do not rupture: rupture rate approximately 10 per 100,000

Only 1/3 of patients with aneurysmal SAH (A-SAH) have a good outcome.

85% occur at vascular branch point in anterior circulation.

Inc incidence of A-SAH with HTN, ETOH, Smoke, advanced age in women (dec estrogen)

Dec incidence of A-SAH with high choles and exercise (statins may increase risk of SAH)

Variety of genetic diseases predispose to presence of cerebral aneurysm and increased risk of 
rupture.

ANEURYSM RUPTURE

Risk of rupture is higher as the aneurysm gets 
bigger, particularly more than 7 mm in diameter

Posterior circulation aneurysms rupture with a 
higher frequency than anterior circulation 
aneurysms

No clear association with activity or stress

Surgeon decision regarding intervention vs. 
observation relates to size, location and patient 
age/co-morbidities 

SAH CONSEQUENCES

Increased ICP and immediate death (most severe), severe 
headache/altered LOC or minimal symptoms
Delayed hydrocephalus from adhesions or reduced CSF 
resorption in arachnoid granulations; often require 
permanent LP/VP shunt
Delayed cerebral ischemia  (AKA vasospasm)
Stress cardiomyopathy (myocardial ischemia in 
distribution of sympathetic nerves, rather than vascular 
territory)
Hyponatremia
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CAUSES OF SAH

Ruptured cerebral aneurysm
Trauma
AVM/fistulae
Vasculitides
Arterial dissection
Amyloid angiopathy
Bleeding diatheses
Illicit drugs (Cocaine/Amphetamines)

REBLEEDING

Approximately 20% chance of rebleeding within first 24
(particularly first 6) hours

Acute rebleeding increases risk of death 12 fold

Only effective treatment to prevent rebleeding is
surgery/endovascular treatment

Rebleeding during anesthesia induction is usually fatal

Antifiibrinolytic therapy (e.g. TXA) decreases risk of
rebleeding but increases risk of vasospasm

Higher rates in patients after endovascular treatment
compared to surgery
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SURGERY VS. ENDOVASCULAR

For patients who fit the specific criteria (based on previous 
randomized studies) for endovascular treatment, outcomes are 
better than with surgery

Endovascular more often associated with rebleeding (early and 
late)

Endovascular associated with lower rate of post event seizures

There is no long-term benefit of endovascular vs. surgery for 
patients with high grade SAH

B R I S M A N J L  E T  A L .  N  E N G L J  M E D  2 0 0 6 ; 3 5 5 : 9 2 8 - 9 3 9 .

Chowdhury et al.,  Anesh Res/Pract 2014

SURGICAL DISSECTION!!!!!

ANESTHETIC MANAGEMENT FOR SURGICAL ANEURYSM TREATMENT

If surgeons place lumbar drain for brain relaxation, will that increase transmural pressure and 
result in aneurysm re-rupture?

Re-rupture is less likely but also may occur with early, aggressive brain relaxation with 
mannitol or hypertonic saline

Will hyperventilation result in cerebral ischemia?

Define BP goals with surgeon for period of dissection, during clip (temporary) placement and 
following placement of permanent clip

Will neuromonitoring be used and if so which modalities? Will TIVA be required?

Risks associated with surgical position; assess for VAE risk and aggressive head turning

Effects of acute increase ICP on cardiac function 

Hyponatremia common: SIADH vs. Cerebral Salt Wasting ; dehydration associated with more 
frequent vasospasm-associated cerebral ischemia
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Typical ECG changes after SAH showing deep T wave inversions and  
prolongation of the QTc interval

NEUROGENIC CARDIAC DYSFUNCTION

No history of cardiac problems

Temporal relationship between brain injury and cardiovascular abnormalities

ECG changes in isolation

Modest elevations in cardiac troponin (cTnl)

New onset LV dysfunction,

Cardiac wall motion abnormalities that do not correspond with coronary 
vascular territories,

Inconsistency between echocardiographic and ECG findings,

Inconsistency between cTnI and LV ejection fraction (cTnI <2.8 g litre 1 in 
association with LV ejection fraction <40%),

BP GOALS DURING SURGERY IN 
PATIENTS WITH CEREBRAL ANEURYSM

Include surgeon in discussion
Is elevated BP secondary to elevated ICP; BP 
treatment results in cerebral ischemia?
Pts with unruptured aneurysm: SBP less than 
patient’s normal BP
CPP of 60 or greater if monitoring ICP;  treatment 
should focus on avoiding acute BP spikes from 
patient’s preoperative values.

PATIENTS WITH CEREBRAL VASOSPASM

Occurs in 20-30% of patients following Aneurysm SAH

Symptoms start around day 3 following SAH and peak at day 7/8; 
usually gone by 14 days

Structural thickening of arterial wall (media); not true spasm

Diagnosis made by TCD and signs/symptoms (vs. Hydrocephalus)

Treatment is oral nimodipine (only agent known to improve 
outcomes in patients); should be continued intraoperatively

Normovolemia, avoiding hypotension, removal of SAH blood 
(surgery); intraluminal treatment (balloon or vasodilators)

No benefit of HHH treatment (Gathier C et al., Stroke 49:76, 2018)
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INTRAOPERATIVE ANESTHETIC MANAGEMENT

Continue nimodipine via OG tube
Hb 8 to 11.5 (higher Hb associated with less vasospasm)
Be prepared for administration of vasoactive medications, including
adenosine for cardiac pause during clip placement
External pads if adenosine anticipated
Standard monitors plus arterial line (placement prior to or following
induction of anesthesia?)
Two large bore (16 ga or larger) IVs
Minimize inhaled anesthetics if neuromonitoring.
BIS/EEG if plan TIVA and/or burst suppression 

CRITICAL INTRAOPERATIVE EVENTS

Anesthesia induction: Lower BP is better
Skull pinning and incision: Avoid HTN: Scalp block (0.5% ropivacaine), Esmolol, Short-acting 
Opioid (500 mcg Alfentanyl), Propofol
Dissection: Avoid movement (NMJ blockade or GA/norepi)
Temporary clipping: Increase BP per surgeon with pressor; discuss “neuroprotection” 
Propofol neither helps or hurts
Adenosine for flow reduction during clip placement: 0.4 mg/kg for 20-40 seconds of flow
cessation (can be repeated if necessary). TC pacing pads should be placed prior to 
adenosine administration
Intraoperative rupture: call for help, massive transfusion, lower BP,  Adenosine?, brain 
protection?
Confirmation of correct placement: Angio, micro Doppler, indocyanine green (artifactual 
desat)
End of case: plan for emergence for neuro-exam regardless of plans for extubation

Venous air embolism during craniotomy: Rapid overview

Risk factors

Craniotomy in the sitting position
Surgery involving major intracranial venous sinuses; air entry possible from any venous opening above the level
of the heart

Clinical signs

Air visible on TEE
Change in precordial Doppler tone
Decrease in ETCO *

Decrease in SPO *
Hypotension*

Increase in CVP*

Treatment

Notify surgeon

Flood field with saline
Repair site of air entry

Lower the head

May result in bleeding from air entry site

May limit surgical access to operative site
Discontinue N O and administer 100 percent O
Aspirate air from central venous catheter
Discontinue PEEP

Cardiovascular support
IV fluids

Vasopressors as needed

TEE: transesophageal echocardiography; ETCO : end-tidal carbon dioxide; SPO : oxygen saturation; CVP: central venous
pressure; N O: nitrous oxide; O : oxygen; PEEP: positive end-expiratory pressure; VAE: venous air embolism. 
* Clinical signs depend on severity of VAE.

2

2

2 2

2 2

2 2

Paisansathan & Ozcan Up to date 2018

43 Y.O. MOTHER OF THREE WITH MULTIPLE 
CEREBRAL CEREBRAL ANEURYSMS

As the surgeons approach the aneurysm they indicate that
they are going to use a temporary clip and ask you to institute
“brain protection”.  What are going to do?

A. Propofol?

A. To what end-point?

B. Desflurane?

C. Hypothermia?

D. Hypertension?

E. Ketamine?

PREVENTING INJURY FROM CEREBRAL ISCHEMIA

Monitoring for ischemia: Neurologic exam, EEG, 
SEPs, Near Infrared spectroscopy Jugular bulb
oxygen saturation, paratrend, micro-dialysis
Facilitating perfusion: BP control (particularly in a
non-autoregulating vascular bed)
Avoiding unnecessary hyperventilation
Avoiding hyperthermia
Avoiding hyperglycemia and hypoglycemia

MECHANISTIC TREATMENT TO PREVENT BRAIN 
INJURY FROM CEREBRAL ISCHEMIA (TEMPORARY 

CLIP PLACEMENT)

Reduce brain metabolism
Calcium: blocking of VDCC, AOCC (EAA
inhibitors) or release from ER
Sigma receptor agonist (decrease release of EAA
or impair their ability to act at receptor)
Oxygen radical scavengers
Inhibitors of nNOS and iNOS
Stimulators of eNOS
Protease inhibitors
Anti-inflamatory/adhesion agents

138



MECHANISTIC TREATMENT TO PREVENT BRAIN 
INJURY FROM CEREBRAL ISCHEMIA

Reduce brain metabolism

Calcium: blocking of VDCC, AOCC (EAA inhibitors) or release from ER

Sigma receptor agonist (decrease release of EAA or impair their ability to 
act at receptor)

Oxygen radical scavengers

Inhibitors of nNOS and iNOS

Stimulators of eNOS

Protease inhibitors

Anti-inflamatory/adhesion agents

Mechanistic 
treatment only 

effective in rodents

HYPOTHERMIA?

IHAST 2 Todd MM, NEJM 352:135, 2005

RISKS OF HYPOTHERMIA

Increased incidence of morbid cardiac events (Frank et al., 
JAMA 277:1127, 1997)

Coagulopathy (Staab et al., J Trauma 36: 634, 1994), not 
due to hypothermia induced platelet dysfunction (Faraday, 
Anesthesiology 88, 1579, 1998)

WBC dysfunction and decreased number (Akriotis J 
Leukocy Biol 37:51, 1985)

RBC sludging

Poor release of oxygen from RBC.

HYPOTHERMIA IS NO LONGER 
INDICATED AS AN TREATMENT TO 

PREVENT POST-ISCHEMIC NEUROLOGIC 
INJURY (EXCEPT IF YOU ARE TAKING THE 

2015 ACLS RECERTIFICATION 
EXAMINATION). EFFICACY OF REGIONAL 

CEREBRAL HYPOTHERMIA 
(MICROCATHETERS) IS CURRENTLY 

UNDER INVESTIGATION

INHALED ANESTHETICS?
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DESFLURANE PREVENTS ISCHEMIA-
INDUCED ACIDOSIS IN HUMANS 

(IMPROVED COLLATERAL FLOW?)
HOFFMAN WE ANESTHESIOLOGY 88:1188, 1998

Pa
ra

tr
en

d 
pH

Isoelectric EEG

Should desflurane or etomidate/propofol be used for burst suppression during aneurysm or CEA 
surgery?

PROBLEMS WITH HIGH DOSE DESFLURANE

Cost
Prevents neuromonitoring

PROPOFOL?
Antioxidant (free rad scavenger) (Aarts et al., FEBS Lett 357:83, 1995)

Decrease in CMRO2 and CBF/ICP
Prevents neuronal injury in an In Vitromodel of anoxia-
reoxygenation (DeLa Cruz et al., Brain Res 800:136, 1998)

Prevents neuronal injury (as compared to isoflurane) in a 
model of transient (Young et al., Eur J Anesthesiol 14:320, 1997) but not 
permanent MCAO in rats (Tsai et al., Acta Anaesthesiol Sin 32:99, 1994)

Does not improve neurologic outcome in cats exposed to 
incomplete global ischemia (Weir JNA 1:284, 1989)

At burst suppression doses, does not improve neurologic 
outcome following valve surgery (Roach, Anesth 90:1255

Postoperative complications and parameters (n%)

Comparison of 
Cognitive 
Impairment (HMSE 
 23) in both the 

groups

Neurological Outcome at Discharge

Mahajan C, Chouhan RS, Rath GP, Dash HH, Suri A, Chandra P S, Mahajan A. Effect of intraoperative brain protection with propofol on 
postoperative cognition in patients undergoing temporary clipping during intracranial aneurysm surgery. Neurol India 2014;62:262-8 

NITROUS OXIDE

Decreases efficacy of Barbiturates as a 
neuroprotectant (Warner et al., Anesthesiology 73:686, 
1990)
Decreases efficacy of isoflurane as a neuroprotectant
(Baughman et al., Anesthesiology 70:767, 1989)
May worsen outcome because of an increase in 
CMRO2
Alone provides inadequate anesthesia - high 
catecholamine concentration may contribute to worse 
outcome
Increases transient neurologic deficits in humans 
exposed to temporary clipping for aneurysm surgery 
(Pasternak JJ et al., Anesthesiology 110: 563, 2009)

In summary, use of  nitrous oxide in a group of  
patients at high risk for cerebral ischemia had no 
detrimental effect on long-term gross neurologic or 
neuropsychological function. Nitrous oxide use was 
associated with an increased risk of  developing 
DIND, but this did not correlate with long-term 
outcome. ….There is no evidence to support the 
unconditional avoidance of  nitrous oxide in patients 
at risk for cerebral ischemia. 

(Pasternak JJ et al., Anesthesiology 110: 563, 2009)
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Alpha 2 agonists do not 
protect human brain 

from ischemia induced 
injury. May prevent 
post-op delirium 

following deep GA

MY APPROACH FOR INTRAOPERATIVE 
CARE FOLLOWING A-SAH

Pre-oxygenate
”Modified” Rapid Sequence Induction
Dose induction drugs (Propofol, fentanyl, rocuronium) to avoid hypertension
DL with deep GA (+/- LTA) to avoid BP spike
2 Large Bore (16 ga or larger) IV and arterial line (placed after induction)
If CVP required for access (large bore not available), consider femoral or 
axillary/subclavian
+/- Scalp block
Cardiac pacing pads applied if plan intraoperative adenosine
Maintenance with Neuromonitoring friendly agents (TIVA+); Propofol or 
Alfentanyl for pin placement; BIS or EEG to facilitate timely emergence
OG tube for nimodipine; push syringes to increase or decrease BP
Plan for emergence for neurologic examination and extubation as indicated

INTRAOPERATIVE ADMINISTRATION OF 
ANTICONVULSANTS

Lack of consistent efficacy to reduce post-operative seizures

CV depressant effects of anticonvulsants are worse during
GA

Change effective half life of NMJ blocker
Acute administration inhibit Ach release at the nerve terminal
resulting in acute increased sensitivity to NDMR

After 2 weeks of therapy they cause increased Ach receptor number

Induce liver metabolism of NDMR

Increase release of acute phase reactant proteins that bind to many 
drugs (changing the volume of distribution of the NDMR drugs)

CEREBRAL ARTERIO-VENOUS 
MALFORMATION (AVM)

Presenting signs and symptoms (HA, 
Seizures, Hemorrhage)
Natural Course (Bleeding)
Associated cerebral aneurysms
Embolization, Gamma knife and/or open 
surgery
Anesthesia issues
Normal Pressure Breakthrough
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AVM TREATMENT

Surgery is standard for most
Radiosurgery (Gamma Knife) should be
considered for deep, small AVM without
bleeding; cure can occur in 1 to 3 years
Embolization is not a treatment for cure.  It is
often implemented prior to surgery to
decrease surgical risks

ANESTHETIC MANAGEMENT OF 
SURGICAL REMOVAL OF CEREBRAL AVM

Same as for cerebral aneurysm PLUS
very large bore access if incompletely
embolized preoperatively
Not usually associated with vasospasm
or hyponatremia

NORMAL PRESSURE BREAK THROUGH
(COMPULSIVE AND COLLABORATIVE MANAGEMENT OF BP)

“The occurrence of multifocal areas of hemorrhage
associated with cerebral edema in the postoperative of
totally-resected high-flow arteriovenous malformations
(AVMs) ” Mattei TA BJNS 26:786, 2012

Impaired autoregulation

Abnormal capillaries

Impaired venous drainage

TAKE HOME POINTS

Anesthesia for carotid endarterectomy
Avoid poor perfusion during clamping; anesthetic tailored for optimal neuro-
monitoring; compulsive management of CV variables to avoid perioperative MI 
and post-op bleed; post-op recognize and treat neck hematoma

Anesthesia for cerebral endovascular clot retrieval
Timely implementation of anesthetic; avoid hyperventilation; adhere to anesthetic 
request (MAC vs GA) of proceduralist

Anesthesia for cerebral aneurysm surgery
Avoid HTN prior to clip placement; CV control in compliance with surgeon goal 
during temporary clipping; anesthetic tailored for neuromonitoring; vascular 
access to support rupture; close control of serum electrolytes; vigilance regarding 
VAE

Anesthesia for cerebral AVM resection
Similar consideration as aneurysm care plus BP control to avoid normal 
pressure break through
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A deep neural network to assess spontaneous pain from mouse facial expressions 

Molecular Pain, Volume 14: 1–9
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–Immanuel Kant
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An organ donor must be dead before vital organs are removed
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New England Journal of Medicine (2001) 344:1244. 
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Earl of Kent:       Vex not his ghost. O, let him pass, he hates him
That would upon the rack of this tough world
Stretch him out longer.

Edgar: He is gone indeed.

Earl of Kent:         The wonder is he hath endur’d so long,
He but usurp’d his life.

Edgar: The weight of this sad time we must obey,
Speak what we feel, not what we ought to say:
The oldest hath borne most; we that are young
Shall never see so much, nor live so long.
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Patrick Fernandez, MD
Assistant Professor
Department of Anesthesiology | University of Colorado School of Medicine
Section of Pediatric Anesthesiology | Children’s Hospital Colorado
February 28, 2019

Perioperative management of the food allergic pediatric
patient

“Child friendly” preoperative NPO guidelines & RSI

Management of button battery ingestion

Update on pediatric craniofacial reconstruction

Food
Allergy Anesthesia?

“There is no estimate of true prevalence of
food allergy in the U.S.”

The National Academies of Science Engineering Medicine
November 2016
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History of multiple food
intolerance

History of anaphylaxis to eggs

Family history of malignant
hyperthermia

Propofol was avoided during
anesthetic for MRI

Pt had concerning bradycardia
during that anesthetic

Adverse
Food

Reactions

Immune
mediated

Food
Allergy

IgE
Mediated

Non IgE
Mediated

Mixed

Celiac
Disease

Non
immune
mediated

Toxic
Reactions

Most
Common

LikelyOutgrown by
Adulthood

Likely Lifelong

Egg
Fish
Milk
Peanut
Shellfish
Soy
Tree nuts
Wheat

Waserman, S andWatson,W. FoodAllergy. Allergy, Asthma&Clinical Immunology. 2011
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Most
Common

LikelyOutgrown by
Adulthood

Likely Lifelong

Egg
Fish
Milk
Peanut
Shellfish
Soy
Tree nuts
Wheat

Waserman, S andWatson,W. FoodAllergy. Allergy, Asthma&Clinical Immunology. 2011

Most
Common

ImmunodominantAllergens

Egg Ovomucoid, Ovalbumin, Ovotransferrin,
Lysozyme

Milk Caseins (a, b, k, g) &Whey (lactoglobulins,
immunoglobulin & lactoferrin)

Peanut Cupin, Conglutin, Profilin

Shellfish Tropomyosin, Arginine kinase, Myosin light
chain, Sarcoplasmic calcium binding protein

Soy Contain allergens belonging to all categories
of protein superfamilies

Wheat Glutenins, gliadins, profilin
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Most
Common

ImmunodominantAllergens

Egg Ovomucoid, Ovalbumin, Ovotransferrin,
Lysozyme

Milk Caseins (a, b, k, g) &Whey (lactoglobulins,
immunogloblulin & lactoferrin)

Peanut Cupin, Conglutin, Profilin

Shellfish Tropomyosin, Arginine kinase, Myosin light
chain, Sacrcoplasmic calcium binding protein

Soy Contain allergens belonging to all categories
of protein superfamilies

Wheat Glutenins, gliadins, profilin

Peanut allergen is easily cleaned

We should wash our hands after eating!

J Allergy Clin Immunol. 2004. 113(5):973 6

Muscle
Relaxants
Latex

Antibiotics

Hypnotics

Adapted from: Hepner, D and Castells, M. Anaphylaxis During the Perioperative Period. Anesthesia &Analgesia. 2003

Muscle Relaxants Latex Antibiotics Hypnotics Other

Adapted from: Hepner, D and Castells, M. Anaphylaxis During the Perioperative Period. Anesthesia &Analgesia. 2003

Banana, avocado
& kiwi Tertiary & quaternary

ammonium compounds

Egg, soy & peanut Seafood/fish

Banana,
avocado &

kiwi

IgE to
natural

rubber latex

Latex precautions should
be in place for patients with
allergies to these fruits.

Fish/Seafood
allergy

Iodinated
media Protamine
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IODINEALLERGYAND
SEAFOOD =MYTH!

PERHAPSTHINKABOUT
PROTAMINE

“patients with a history of allergy to
fish may develop hypersensitivity

reactions to protamine . . . to date no
relationship has been established

between allergic reactions to
protamine and fish allergy”

Reaction to iodinated media is NOT
IgE mediated and NOT due to iodine

Contact dermatitis is NOT triggered
by iodine

Protein components of seafood are
responsible for allergy NOT iodine

“ . . . In addition to the
active component . . .
soybean oil, glycerol,
egg lecithin . . .”

Hospira package insert

“ . . . 20% soybean oil,
egg yolk phospholipids,
glycerin . . .”

“ . . . In addition to the
active component . . .
soybean oil, glycerol,
egg lecithin . . .”

Hospira package insert

“ . . . 20% soybean oil,
egg yolk phospholipids,
glycerin . . .”

Hospira package insert

“. . . contraindicated
in patients with
allergies to eggs, egg
products, soybeans
or soy products.”

Contraindications: “. .
. patients with disturbances
of fat metabolism . . .
pathologic hyperlipemia,
lipoid nephrosis or acute
pancreatitis . . .”

Propofol is safely used in patients with allergy to egg, soy and peanuts

The practice of choosing alternatives to propofol in patients with
these food allergies is not evidence based and should be reconsidered

Anesth Analg. 2011. 113(1):140 144 Allergy. 2014. 69(3):388 394

J Pediatr Gastroenterol Nutr. 2017. 64(4):546 549

No concern for food allergy
& anesthesia

Education of patients

Anesthetic need not be
altered

Atopic patients are at risk

Reasonable concessions
considered
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“The purposes of these guidelines are to provide direction . . .related to
preoperative fasting . . .to reduce the risk of pulmonary aspiration and

to reduce the severity of complications related to perioperative
pulmonary aspiration.”

Anesthesiology. 2017. 126:376 393

IngestedMaterial Minimum Fasting Period
(Healthy patients undergoing

elective procedures)
Clear liquids 2 hr
Breast milk 4 hr

Infant formula, nonhuman milk,
”light meal”

6 hr

Fried/fatty food or meat 8 hr

“ . . . unless there is a contraindication, it is safe and
recommended for all children able to take clear fluids, to be

allowed and encouraged to have them up to one hour before
elective general anesthesia.”

Pediatric Anesthesia. 2018. 28:411 414

Aspiration is rare

•Incidence 0.07 0.1 %

Sequelae are rarely severe or long lasting

2/10,000 incidence

“severe deterioration” in 5 cases

All made full recovery
Pediatric Anesthesia. 2013. 23:702 711
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Aspiration is rare

• Incidence 1/10,000

Similar despite NPO status

Anesthesiology. 2016. 124(1):80 88

Patient Factors Anesthetic Factors
Full stomach
Bowel obstruction
Abdominal pain
Trauma
Obesity
Esophageal pathology
Renal failure
Diabetes

Opioids
Appropriate fasting
Airwaymanagement
Anesthetic technique

Patient Factors Anesthetic Factors
Full stomach
Bowel obstruction
Abdominal pain
Trauma
Obesity
Esophageal pathology
Renal failure
Diabetes

Opioids

Appropriate fasting
Airwaymanagement
Anesthetic technique

Unnecessarily
Long!

12hrs for solids and nearly 8
hrs for liquids

62% fasted > 4 hours for
clear liquids

NPO > than recommended
70% of cases

Pediatric Anesthesia. 2011. 21:964 968 J of Pediatric Surgery. 2016. 51(8): 1298 1302

Anaesth IntensiveCare. 2016. 44(1): 107 110

Hypoglycemia
Metabolic acidosis

Dehydration
Cardiovascular instability

Discomfort
Grumpiness

Post op insulin resistance
Emergence delirium

Eye exams under anesthesia

Pediatric Anesthesia Emergence Delirium scale (PAED)

Prolonged preop fasting patient anxiety emergence delirium

Pediatric Anesthesia. 2018. 28:547 551
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Mean clear liquid fasting 6.3hrs!

PAED score at 15 & 20minutes correlated with fasting duration

Pediatric Anesthesia 2018. 28:547 551

“Perioperative fasting should be
safe and child friendlywith

shorter real preoperative fasting
times . . . In future guidelines,

shorter fasting for light
meals/formula milk (4 hours) and
clear fluids (1 hour) should be

considered”

Pediatric Anesthesia 2018. 28(7):588 596

30 minutes
for clear
fluids

4 hours for
breast

milk/formula &
milk based
products

6 hours for
solids

Patients are
assessed by

anesthesiologist

Andersson H et al. Pediatric Anesthesia. 2018. 28:46 52

6 4 2
Fasting

6 4 0
Fasting

Median clear
liquid fasting

4 hrs 1 hr

Fasting > 6 hrs 34.8 % 6.3 %
Fasting > 12 hrs 15.2 % 3.1 %

Risk of prolonged fasting

Age < 3 years old

First case of the day

Andersson H et al. Pediatric Anesthesia. 2018. 28:46 52

Liberal fasting shorter fasting
duration

No difference in pH of gastric
contents

No difference in residual gastric
volume

Proven Benefit

preoperative fasting times

incidence of unnecessarily
prolonged fasting

thirst, hunger & anxiety

Likely (possible) Benefit

perioperative hypoglycemia

Hemodynamic stability

post op insulin resistance

emergence agitation
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PRO

MOST children are starved longer
than necessary

The stomach processes contents
rapidly

No good evidence that current NPO
rules are protective

Aspiration is rare

CON

Maybe this goes too far . . .

One size does NOT fit all

Study power and safety?

If it isn’t broken . . .

British Journal of Anaesthesia. 2018. 120(3): 469 474

CLASSIC RSI . . .

Aspiration with anesthesia still
occur

We are preventing aspiration

Cricoid is easy and effective (ca
1961)

“BEST PRACTICE” RSI . . .

Yeah but how frequent & how
significant?

Are we?

Really?

PreO2 Cricoid NMBA Styletted/cuffed ETT

PreO2 NMBA Gentle BMV Styletted/cuffed ETT

CLASSIC RSI

“BEST” RSI

J Emerg Nurs 2009. 35:11 Not sure or wrong about pressure
Most agreed CP training was poor

JTrauma 2010. 69:1182 10 different CP techniques
Frequently done incorrectly

Pediatr Anesth 2004. 14:43 Incorrectly done, CPmay lead to damage and/or airway obstruction

“An absence of evidence from
RCTs suggests the decision to use
RSI . . . Can neither be supported

nor discouraged . . .”
Can J Anesth 2007. 54(9):748 764

Pre oxygenation is good

Rapid drug administration DONOT fear Sux

Consider “modified” RSI

+/ cricoid pressure
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~ 3500 ingestions/year

7x in complications and death

2006: 20 mm, 3 –volt batteries

Death Major Complication
59 children 231 cases

All < 5 years of age Esophageal perforation or stricture

80% aorto esophageal fistula Tracheoesophageal fistula

Vocal cord paralysis

Mediastinitis

Battery
lodged

Circuit
completed

Caustic
injury

Jatana KR. Laryngoscope 2017

Three Ns

Negative

Narrow

Necrotic

Courtesy: Jatana KR. NationwideChildren’s Hospital

Injury severity
• Timing
• Orientation
• Size/voltage
• Age < 5 years

Presentation
• Dysphagia
• Drooling
• Cough
• Bleeding

Evaluation
• X ray halo sign
& step off
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Halo sign

Step off

MAINOR

Stable patient

Low risk patient

Gastroenterologist or general
surgeon

CATH LAB/CARDIAC OR

High risk/unstable

Sentinel bleed

Cardiovascular surgeon or
interventional cardiologist
available

Ongoing Damage

Days to weeks

Serial Imaging

CT scan or MRI

pH 2.4

pH 3.3

Jatana KR, et al. Laryngoscope 2017

Anfang RR, et al. Laryngoscope 2018

Witnessed or suspected BB ingestion

Proceed immediately to ED

Do not induce vomiting

Patient >12months oldAND lithium battery ingested within 12 hours

Give honey 10 mL every 10 minutes (max 6 doses)

Use commercial honey, rather than specialized or artisanal honey
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Button Battery in esophagus

Immediate endoscopic removal within 2 hours of ingestion

Consider giving preop sucralfate 10 mL every 10 mins (max 3 doses)

Inspect esophageal mucosa for location and extent of damage

Note position of BB and orientation of negative pole

If no evidence of perforation,

irrigate esophagus with 50 150mL of 0.25% acetic acid

to neutralize residual alkali

CXR: halo & step off

Negative/Narrow/Necrotic

Recognize sentinel bleed

Emergent removal

Active surveillance post op

Mitigate: honey/sucralfate

o Massive blood loss & transfusion

o Hypovolemic cardiac arrest

o Hyperkalemia

o Coagulopathy

o Transfusion reactions

o Venous air embolism

o Difficult airway

o Difficult vascular access

Formed in 2011

Pediatric Craniofacial Perioperative
Surgery Registry

United States, Canada, Columbia and
Mexico

7 publications since 2017
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Fronto orbital advancement Posterior vault reconstruction

Total vault reconstruction

CCVR Procedures

Anterior vault/FOA 64%
Mid/Posterior vault 27%
Total vault 8%

First craniofacial surgery 89%
Anesthesiology. 2017. 126:276 287

95% > 2 peripheral IVs

99% arterial line

12% central line

Anesthesiology. 2017. 126:276 287

PRECORDIAL DOPPLER THROMBOELASTOGRAPHY

7%21%
Anesthesiology. 2017. 126:276 287

Modality % of cases Conclusion
Acute normovolemic
hemodilution

< 0.001
(1 case total)

Not used

Preoperative
erythropoietin

0.005%
(7 cases total)

Rarely used

Cell saver 16% ?Limited by cost and
availability

Antifibrinolytics (TXA) 63% Should be used more

Anesthesiology. 2017. 126:276 287

94% transfusion rate

28% > 40mL/kg

10% > 60mL/kg

5% > 80mL/kg

Anesthesiology. 2017. 126:276 287
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INTRAOPTRANSFUSION (ML/KG)

Decreased weight

Greater ASA physical status

Longer surgery

Intraop vasopressor use

Intraop cardiorespiratory complication

Lack of antifibrinolytic use

INTRAOPTRANSFUSION (ML/KG)

Increasedweight

Lower ASA physical status

Shorter surgery

Cranial distractor placement

Can J Anesth. Accepted for Publication December 2018.

Sex, race, ethnicity

Preop erythropoietin

Syndromic/multisuture synostosis

Redo procedures

o 0.6% incidence of post of seizure

o No difference in seizure related
to antifibrinolytic use

o 1 instance of postop DVT

o Use is likely safe, but caution in
high risk patients and avoid high
doses

Pediatric Anesthesia. 2017. 27:371 281 What?
Most types of
craniosynostosis

Who?
< 3 months old

Endoscopic Decreased

Blood product exposure

Post op intubation

ICU utilization

Hospital length of stay

Morbidity &Mortality! AND health care cost!
Anesthesia &Analgesia. 2018. 126(3):968 875

Central venous access likely unnecessary

Certain perioperative factors predict increased blood transfusion

Use antifibrinolytics TXA: 10 mg/kg bolus over 10 min
5 mg/kg/hr during surgery

Future developments? Cell saver use?, Endoscopic assisted
repairs?

More to come from the PCCG

190



BobbieJean Sweitzer, M.D., FACP
Professor of Anesthesiology

Director of Perioperative Medicine 
Northwestern University 

I have no disclosures

SEEING KETAMINE IN A NEW 
LIGHT

LEARNING OBJECTIVES

Understand the role of ketamine as an anesthetic
Understand the role of ketamine as a sedative
Use ketamine as an adjunct for analgesia
Incorporate ketamine into your practice

At the conclusion of this activity, participants should be able 
to:

Ketamine FDA-Approved
General anesthesia
Procedural sedation

Ketamine NOT FDA-Approved

Acute postoperative pain
Psychiatric disease

Off-Label Use KETAMINE 

Developed in search of an “ideal anesthetic”
Introduced as a dissociative anesthetic in 1964
Phencyclidine derivative
Only “total anesthetic in a bottle”

Hypnosis
Analgesia
Amnesia
Immobility

Inexpensive

KETAMINE AS A RECREATIONAL DRUG

WAS the most common reason to burglarize veterinarian
practices;  now its tramadol
“Special K” on the streets
How bad can a drug be if it is used recreationally???

MECHANISM OF ACTION

Non-competitive NMDA receptor antagonist
Partial opioid receptor agonist
Short distribution and elimination (half-life 2 ½ hrs)
LOW DOSE maximizes benefits; decreases side effects
Adjunct to opioids, sedatives or local anesthetics
Improves safety of sedation
Modulates opioid tolerance
Prevents development of increased pain sensitization
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KETAMINE MODULATION OF PAIN
NMDA receptor antagonism 
Interferes with pain transmission in the spinal cord
Results in analgesia
Prevents central sensitization in dorsal horn neurons
Inhibits nitric oxide synthase lowers the production of nitric oxide 
(involved in pain perception)
Further contributes to analgesia

J Pain Symptom Management  2011;41:640-49 NMDA (excitatory) receptor-channel complex.

PHYSIOLOGY OF PAIN

Ketamine
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* P < 0.05

*
*

*
*

* *

KETAMINE EFFECTS ON POSTOP PAIN

Suzuki, Anesth Analg 1999

Pain 30%

Side effects 80%

OPIOIDS
Respiratory depression
Cardiovascular depression
Nausea & vomiting
Postoperative ileus
Urinary retention
Pruritus
Sedation & dizziness

Tolerance & dependence

LOW DOSE KETAMINE COMPARED TO 
OPIOIDS

No tolerance
Less sedation
Less N/V
Less urinary retention
No delayed gastric emptying
No prolonged ileus or constipation
Less respiratory depression

THIS?

Or, THIS?
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Paediatr Anaesth. 2008;18:1114–5
Acta Anaesthesiol Belg. 2011;62:33–6
Br J Anaesth 2011;107: 123–6 

THE EFFECT OF KETAMINE VERSUS FENTANYL ON THE 
INCIDENCE OF EMERGENCE AGITATION AFTER 

SEVOFLURANE ANESTHESIA IN PEDIATRIC PATIENTS

Saudi J Anaesth 2013;7(4): 392–398

Ketamine 0.5 mg/kg

PREMEDICATION WITH KETAMINE IS MORE 
EFFECTIVE THAN MIDAZOLAM IN PREVENTING 
EMERGENCE AGITATION AFTER SEVOFLURANE 

ANESTHESIA IN CHILDREN

J Int Med Res  2016;44(2):258–266Ketamine 1 mg/kg

INTRAOPERATIVE USE OF KETAMINE
Maintenance of respiratory drive
Airway patency
Deep sedation without need for supplemental O2

Advantages for facial, airway & OBA procedures
Analgesia
Amnesia
Immobility
Reduced opioid requirements/tolerance

Reduces secondary hyperalgesia
Prevents central sensitization from peripheral pain

POSTOPERATIVE BENEFITS OF 
INTRAOPERATIVE KETAMINE

Maintenance of respiratory drive
Airway patency
Analgesia
Reduced opioid requirements
Reduced postoperative pain
Less PONV
Euphoria
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Anesth Analg 2001;93:606
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HYPERALGESIA AND CHRONIC PAIN

Eisenach, Reg Anesth Pain Med 2006

PSYCHOTROPIC EFFECTS

NON ANESTHETIC/ANALGESIC USES

Incidental antidepressant effect observed with chronic pain Rx
Early study- Rapid antidepressant effect of ketamine within hours

Dose 0.5 mg/kg in 45 minutes
Saline vs ketamine infusions

Later studies for both unipolar and bipolar depression
24 hours after infusion: 25%-70% patients respond
72 hours after infusion: 14%-50% patients respond

Antidepressants take days-weeks to be effective
ECT takes days to work Biol Psychiatry 2000;47:351-4

Arch Gen Psychiatry 2006;63:856-64
Biol Psychiatry 2012;72:537-47
Front Pharmacol 2013;4:161
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Post-traumatic stress 
disorders

41 patients in randomized,
double blind, crossover study
Ketamine vs midazolam
PTSD symptoms reduced in
ketamine group at 24 hrs, 
lasting 7 days

Obsessive compulsive 
disorders

Expectations
Analgesia
Amnesia
Immobile patient

Safety
Hemodynamic stability
Airway maintenance
Adequate oxygenation
Adequate ventilation
(normocarbia)
Immobile patient

MAC/SEDATION CHALLENGES 
INCLUDE:

PROPOFOL FOR MAC

Respiratory depression
Cardiovascular depression

Decreases cardiac output
Decreases blood pressure
Pain on injection
Disinhibited state
Increased movement

No analgesia

KETAMINE FOR MAC

Stimulates ventilation
Enhances airway patency
Analgesia
Amnesia
Immobility
Enhances hemodynamics

Increases heart rate
Increases blood pressure
Increases cardiac output

Propofol
Ketamine + Propofol

ETCO2 during MAC with Propofol vs  Ketamine + Propofol

Anesth Analg 2001;92:1465
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Propofol
Ketamine + Propofol

Anesth Analg 2001;92:1465

KETAMINE + PROPOFOL = KETAFOL
Wide range of ketamine:propofol of ratio reported in literature
1:10 or 2:10 ratio of ketamine and propofol combined
Balancing of hemodynamic effects

Propfol depresses cardiac function, lowers BP and HR
Ketamine is a sympathomimetic and augments cardiac 
contractility, BP and HR

Ease of a single infusion

DOSING FOR SEDATION (OR ADJUNCT 
TO GENERAL ANESTHESIA)

Ketamine
Bolus- 0.5 mg/kg (500 mcg/kg)
Infusion- 3-5 mcg/kg/min

Ketafol
1:10 ratio of Ketamine:Propofol
Bolus: 250-500 mcg/kg using propofol setting (25-50 
mcg/kg of ketamine)
Infusion: 25-75 mcg/kg/min using propofol setting (2.5-
7.5 mcg/kg/min of ketamine) 

Ketafol is like doubling the concentration of propofol

IDEAL CANDIDATES FOR KETAMINE (OR KETAFOL)

Sleep apnea
Tolerance to opioids
Chronic pain
High-risk for chronic pain procedures 
Concern about awareness
Inability to use oxygen (fire hazard)
Difficult airway sedation cases
High risk PONV
Severe asthma

Propofol
Opioids
Benzodiazepines
Beta-blockers
Inhalational agents
Lidocaine infusions
Ketamine (low-dose)

Propofol
Opioids
Benzodiazepines
Ketamine (low-dose)
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Opioids
NSAIDs
COX-2 inhibitors
Gabapentin
Acetaminophen
Steroids
Peripheral nerve blockade
Local anesthetic injection
Ketamine (low-dose)
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An otherwise healthy 15 year old,
53 kgmale is scheduled to
undergo minimally invasive
surgical repair of pectus
excavatum (Nuss procedure).The
patient denies chest pain or
shortness of breath but complains
of increasing fatigue over the past
6 months.

Opioid crisis and multimodal
analgesia

Options for pain management

Foley catheter needed with
thoracic epidural?

Death from prescription opioids 4x since 1999

Past decade
> 200,000 poison center calls for pediatric opioid exposure
Doubling of pediatric opioid related hospital admissions

National standard to limit outpatient opioid prescriptions to 7
day

Multimodal analgesia is KEY

IV opioid PCA

Regional analgesia
Thoracic epidural (PCEA vs continuous only)
Peripheral blocks/catheters: Paravertebral, erector spinae plane

Multimodal approach: Regional + NSAIDs + NMDA blockers +
2 agonists . . . .

Cryoanalgesia?

Why place one?
Concern for urinary retention due to epidural opioid
Less patient distress to place when underGA for surgery

Why not place one?
Pt discomfort
Risk of iatrogenic UTI

12 year old male presents for open
reduction and internal fixation of
right supracondylar humerus
fracture following a fall at the
trampoline park.

Airwaymanagement: Intubate
vs LMA?

Brachial plexus block and
concern for acute compartment
syndrome

LMA vs ETT . . .
Patient positioning . . . Prone?
Full stomach Taking opioids
Length of procedure?
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Can compartment syndrome be
masked?

Case reports suggest regional
anesthesia may delay diagnosis

Can RA facilitate diagnosis?
“Pain out of proportion”

Still controversial
Anterior compartment of lower
extremity is highest risk

Things to consider . . .

Reduce LA concentration (0.1 – 0.25%)

Limit continuous infusions to 0.1%

Think carefully with higher risk surgeries

Careful follow up/adequate vigilance

Do not delay evaluation if compartment syndrome is
suspected
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preoperative age-based
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British Journal of Anaesthesia

leaving
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Geophys. Res. Lett. 42 Geophys. Res. Lett. 42
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Geophys. Res. Lett. 42
Geophys. Res. Lett. 42
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Lancet Planet Health 

Lancet Planet Health Lancet Planet Health 
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Lancet Planet Health 
Lancet Planet Health 

Lancet Planet Health 

volatile anesthetics were 
largest contributors to GHG emissions by far

fewer

Lancet Planet Health 
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Some
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British Journal of Anaesthesia

Geophys. Res. Lett. 42
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Lancet Planet Health 

Lancet Lancet 
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