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A0 CLINICOE

ERNIEESCir de garde au CHRTR

»  Grossesse ectopique rompue annoncee
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A0 CLINICOE

ARSI associee a une sclerodermie (forme CRESTH

Histoire : CF Il / IV, BMWT : 300 m, évolution clinique rapide en | an
dysphagie aux solides et RGO frequent.

B iacnt orientee, dyspneique, TA [ 10/65 FC [FIS; FRESUNS BEZAREE
(VM 50%), cou et visage cartonnés, ouverture buccale 2-3 cm. OMI
bilatéral modeste.
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A0 CLINICOE

Medication : HCTZ, epoprostenol, bosentan

Test para-cliniques :
FCG - tachycardie sinusale, ondes P pointues et sighes HVD
R ciel s Pl 7,00 Pa02 80, PaCO2 30, HCOS: [8lactaEesis
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OBJECTIFS

* Principaux :

* Interpretation du monitoring invasif

+ Traitement approprie de l'instabilite hemodynamique
B econdalres

 Evaluation preopératoire de la sévérite de I'hypertension pulmonaire
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e QUES [ HON POUR VEIESS

 Advenant une instabilite hemodynamique peroperatoire chez
cette patiente, quel parametre doit etre pris en charge en

priorite ?
NOT SURE IF HARD AR (@
QUESTION
B. PAP
€ ERViE
BN
OR DIDN;RRSTUDY E. TAM
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B e OO

CLASSIFICATION HTAP

. Hypertension artérielle pulmonaire (HAP)

| ldiopathique

2. Associee a une maladie systémique

Secondalre a un atteinte ventriculaire gauche
Secondalre a maladie du parenchyme pulmonaire ou I'hypoxie
Maladie thromboembolique chronique

Ftiologies multifactorielles et autres
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PRISE EN CHARGE MEDICALE

« Anticoagulation, Oz a domicile, diuretiques

SR @@ oraux

- ERA (bosentan) ou IPDE-> (sildenafil)

*  Prostanoides (epoprostenol, treprostinil, loprost)

« Combinaisons
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HTAP

B

N

RG

- NON-CA

Mortalité €levée en chirurgie urgente (15% vs 2%)

Facteurs de risque morbidité/mortalite :

chirurgie urgente - OR 2,4

Sl ABE— 00 m - OR 2.2

Eur Respir J 2013; 41: 1302-1307
DOI: 10.1183/09031936.00089212
Copyright®ERS 2013

DIAQUE

@ Electif

@® Semi-urgent
Urgent
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PERIODE PREOPERATOIRE

Tenter une approche multidisciplinaire :

Risque/bénéfice de l'intervention, surtout en urgence™
Gestion de I'anticoagulation

Evaluer la cause et la sévérité de 'HTAP

Hx, Ex. phys., ECG, RXE 6MWT, ETT/ETO, cathétérisme cardiaque droit

Evaluer les comorbidités

Optimiser/poursuivre le traitement pour PHTAP si possible
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PEROPERATOIRE
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MONITORING CLASSIQUE

« Standard

@ llle arterielle

* Vole centrale

g Gineter arteriel pulmonaire

» Echocardiographie
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QUOI D'AUTRE !

R

e Courbe TVC i q : A

SYSTOLE DIASTOLE

a

& v

CVP

« Saturomeétrie cérébrale
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COURBE VEN TRICULAIRE DROITE

]|

@ Penoperatlve right ventricular dysfunction

André Yvan Denault*®, Fran
Alain Deschamps

s Haddad®, Eric Jacobsohn®, and
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REFERENCES HEMODYNAMIQUES

Parametre Normal Anormal
PAPs | 5-30 mmHg > 30-40 mmHg
PAPmM 9-16 mmHg > O ERasl
VP l.1-1.4 WU modeére : 200-300 dyn*s*am

90-120 dyn*s*cm severe :> 600 dyn*s*am

. 5 modeére : 33-50%

ratio TAM/PAPmM > 4 < 4
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PHYSIOPATHOLOGIE DE
LINSTABILITE HEMODYNAMIQUE

* Ventricule droit fragilise
» Post-charge

» Perfusion myocardigue droite

» Sensible a la baisse du retour veineux
* Interdépendance ventriculaire

» Dysfonction diastoligue gauche induite
» Contractilité gauche

* Risque de shunt droit - gauche si FOP
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PREVENTION DYSFONCTIONVD -
PRINCIPES GENERAUX

* Soutenir la TAM*

 Minimiser la RVP

» Autres buts hemodynamigues :
» Maintenir precharge droite
» Maintenir contractilité
» Maintenir rythme sinusal

* Viser une frequence cardiague 30-100 bpm
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« Acidose

* Parametres ventilatoires

PULMONAIR

RESISTANCE VASCULAIR

ypoxie / Hypercapnie A

B/ Doliherm)e

* Douleur / Adrénergisme

Pulmonary vascular resistance

* Phenomenes emboliques e ]

* Arrét de vasodilatateurs pulmonaires
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AGENTS DINDUCTION




MAINTIEN

» Cocktall anestheésique securitaire:
» Agents inhalés (sauf NLO) ou [V
S UEoldes
» Blogueurs neuromusculaires

» Methodes pharmacologiques et non-pharmacologiques
d optimisation de 'hémodynamie...
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EMERGENCE / POST-OPERATOIRE

Analgésie locoregionale et non-opioide optimisee
Ventilation optimale malgré analgesie

Euvolémie et stabilite hemodynamique
Sevrage/poursuite vasodilatateurs pulmonaires
Survelllance/Prévention des complications :

+ Defalllance drorte

* Embolie pulmonaire
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BFFROCHE / PRISE EN CHARSSS

* Influencees par le monitoring et I'etiologie
suspectee.

* Le rétablissement de la pression de perfusion
systemique est prioritaire en attente d'une prise

en charge €tiologique
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Perioperative Risk and Management in

Patients With Pulmonary Hypertension

Omar A. Minai, MD, FCCP; Jean-Pierre Yared, MD; Roop Kaw, MD;
Kathirvel Subramaniam, MD; and Nicholas S. Hill, MD, FCCP

Systemi& Hypotension

X

CHEST /144 /1 / JULY 2013 ¢ \I
CO <> or A
Hemodynamic A R
Characteristics | CVP > Ll T
A
~
PCWP < or | ! > \
PAP o or 1 | l !
Etiology | SVR | RV } PVR A
preload 1 RV afterload contractibility
Management — Treat cause — Volume | — Correct cause | — Treat cause
of | SVR infusion of 1 PVR eg. RV
eg. sepsis eg. hypoxia, infarction
— Combination acidosis, etc. — Pulmonary
Inotropics, — Pulmonary vasodilators
vasopressors, vasodilators — Inotropic
and pulmonary agents

vasodilators
— Cautious

volume

Infusion

i
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VASOPRESSEURS

»  Agents pharmacologiques centraux
8 BiCies et efficaces
» Contribuent a eviter 'nypervolemie

» Complementaires a certains inotropes ou vasodilatateurs

- Mellleurs choix : noradrénaline et vasopressine

Kwak et al. (2002) Anaesthesia f“'\
Jeon et al. (2006) Eur | Cardio-Thor Surg 25 Université
de Montréal



INOTROPES

* Dobutamine
*  Profil favorable jusqu'a 10 ug/kg/min
» Jachycardie, hypotension
* Milrinone
»  Profil inodilatateur
» Jachycardie legere, hypotension®
* Adrénaline

» lachycardie, arythmies

Pagnamenta et al. (2003) Crit Care Med
Kerbaul et al. (2004) Crit Care f“'\
Jeon et al. (2006) Eur | Cardio-Thor Surg 26 Université
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VASODILATATEURS PULMONAIRES

B le s siemique

S lliccition de a2 RVS

* Diminution de la vasoconstriction hypoxique (RVP vs PaO?2)
* Voie inhalée

» Altération sélective de la RVP « sans » altération de la RVS

« Moins daltération V/Q
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NO INHALE

- Reédurt RVP et améliore débit cardiague en HTAR i1schemie VD et
host-opéeratoire

- Combinaison bénefique avec prostanoides et IPDE-5
- Utilisation limitée par la disponibilite, le colt et les effets secondaires

« HTAP rebond a 'arrét

SeXcite

Goldstein et al. (201 2) Thrombosis |
Wang et al. (Z003) Can | Anesth 28 Université f“'\
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PRECURSEURS DU NO

* Nitroglycérine inhalé
» Meétabolisme en NO et effet vasodilatateur local
» Effet béenefique démontré chez I'adulte et I'enfant
*  Nitroprussiate inhalé

« (Citrulline

Yurtseven et al. (2003) Anesthesiology
Goyal et al. (2006) British | Anesth

Fattouch (2005) | Card Surg o
Barr et al. (2007) | Thor Cardiovasc Surg 29 Université f "\
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PROSTANOIDES

- Epoprostenol (Flolan)
S Ehficdcal a long terme
» Périopératoire : efficace, sécuritaire, ssmple et peu dispendieux
Gl Innalce a favoriser

» Efficacité equivalente au NO et effet additif NO + epoprostenol
inhalée

» Altération plaquettaire

* Precautions d'entreposage et d'administration

Haraldsson et al (2000) Intensive Care Med
Khan et al. (2009) | Thor Cardiovasc Surg
Della Rocca et al. (2001) | Cardiothor Vasc Anesth o f“'\
De Wet et al. (2004) | Thor Cardiovasc Surg 30 Uncll"erSIte ,
e Montréal



INFIDBI | EURS PEIE

* Sildenafil oral

« Prévention ou traitement de 'HTAP rebond

* Vasodilatateur pulmonaire

* Instabilite hemodynamique possible via diminution RVS

 Milrinone inhalée

» Effet pulmonaire sans atteinte de la TAM ou RVS

« Moins de mismatch V/Q, mellleure PaO2/FIO2

Sablotzki et al. (2005) Can | Anesth
Wang et al. (2009) Adv Ther
Namachivayam et al. (2006) AIRCCM

Shim et al. (2006) | Thor Cardiovasc Surg : "
Lamarche et al. (200/) Eur | Cardiothor Surg % Uné‘éeﬁgﬁtih



RETOUR SUR LE CAS CLINIQUE

* Hypertension pulmonaire severe = morbi-mortalite importante
* Priorité des considérations anesthésiques

» Autant que possible, évaluer et optimiser 'hemodynamie

en preoperatoire.

« (Canule artérielle, vole centrale, cathéter artériel

pulmonaire, ET T

* Volume/produrts sanguins, vasopresseurs, Inotropes,
vasodilatateurs pulmonaires
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CLASSIFICATION

Table 4 Updated clinical classification of pulmonary

hypertension (Dana Point, 2008")

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3 Pulmonary hypertension due to lung diseases and/or

1 Pulmonary arterial hypertension (PAH)

1.1 Idiopathic
1.2 Heritable
1.2.1 BMPR2

1.2.2 ALK1, endoglin (with or without hereditary
haemorrhagic telangiectasia)
1.2.3 Unknown
1.3 Drugs and toxins induced
14 Associated with (APAH)

Connective tissue diseases
4.2 HIV Infection
1.4.3 Portal hypertension
144 Congenital heart disease
1.4.5 Schistosomiasis
1.4.6 Chronic haemolytic anaemia
1.5 Persistent pulmonary hypertension of the newborn

1.4.1

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

1" Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 Pulmonary hypertension due to left heart disease
2.1 Systolic dysfunction
2.2 Diastolic dysfunction
2.3 Valvular disease

©

EUROPEAN
SOCIETY OF
CARDIOLOGY*

European Heart Journal (2009) 30, 2493-2537
doi:10.1093/eurheartj/ehp297

hypoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern

34 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental abnormalities

5 PH with unclear and/or multifactorial mechanisms

5.1

52

53

54

Haematological disorders: myeloproliferative disorders,
splenectomy.

Systemic disorders: sarcoidosis, pulmonary Langerhans cell
histiocytosis, lymphangioleiomyomatosis,
neurofibromatosis, vasculitis

Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

Others: tumoural obstruction, fibrosing mediastinitis,
chronic renal failure on dialysis

ALK-1 = activin receptor-like kinase 1 gene; APAH = associated pulmonary
arterial hypertension; BMPR2 = bone morphogenetic protein receptor, type 2;
HIV = human immunodeficiency virus; PAH = pulmonary arterial hypertension.

40
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PRISE EN CHARGE MEDICALE

PAH Treatment Algorithm

(e

Anticoagulation = Duu‘retlcs = )} Acute Vasoreactivity Testing
Oxygen = Digoxin
l Positive + Negative +
Oral CCB Lower Risk Higher Risk
l No ¢ ¢
ERAs or PDE-5I (oral) t oprosteno| or
Sustained Epoprostenol or Treprostinil (IV) reprostinil (IV)
response —> lloprost (inhaled) ’_ lloprost (inhaled)
e Treprostinil (SC) ERAs or PDE-5I (oral)
Treprostinil (SC)
Yes l
R : id bo-th i
Continue eassess: consider combo-therapy
CCB Y Atrial septostomy

Investigational protocols (<

American  JACC Vol. 53, No. 17, 2009
Heart Aol 28, 2009:1573-619

4]

Lung transplant
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PRONOSTIC MEDICAL

Table 2. PAH*: Determinants of Prognosis

Determinants of Risk Higher Risk (Poor Prognosis)

Clinical evidence of RV failure Yes

Progression of symptoms Rapid

WHO classt v

6MW distance} Shorter (less than 300 m)

CPET Peak VO, less than 10.4 mL/kg/min

Echocardiography Pericardial effusion, significant RV enlargement/dysfunction,
right atrial enlargement

Hemodynamics RAP greater than 20 mm Hg, Cl less than 2.0 L/min/m?

BNP§ Significantly elevated

e American  JACC Vol. 53, No. 17. 2009
Heart il 28, 2009:1573-619
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LA CHIRURG

Mortalité jusqu'a 25%

Prédicteurs de morbi-mortalité :

=G

PAPs > 60 mmHg, PAPm > 30 mmHg

A A

DIAQU

HTAP responsable de 9% de la mortalité et de 50% des complications en

transplantation cardiague

405
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Table 4. Features of the Physical Examination Pertinent to the Evaluation of PH

Sign Implication
Physical Signs That Reflect Severity of PH

Accentuated pulmonary component of S, (audible at apex in over 90%) High pulmonary pressure increases force of pulmonic valve closure
Early systolic click Sudden interruption of opening of pulmonary valve into high-pressure artery
Midsystolic ejection murmur Turbulent transvalvular pulmonary outflow
Left parasternal lift High right ventricular pressure and hypertrophy present
Right ventricular S, (in 38%) High right ventricular pressure and hypertrophy present
Increased jugular “a" wave Poor right ventriculaf compliance

Physical Signs That Suggest Moderate to Severe PH

Moderate to severe PH
Holosystolic murmur that increases with inspiration Tricuspid regurgitation
Increased jugular v waves
Pulsatile liver
Diastolic murmur Pulmonary regurgitation
Hepatojugular reflux High central venous pressure
Advanced PH with right ventricular failure

Right ventricular S; (in 23%) Right ventricular dysfunction
Distention of jugular veins Right ventricular dysfunction or tricuspid regurgitation or both
Hepatomegaly Right ventricular dysfunction or tricuspid regurgitation or both
Peripheral edema (in 32%)
Ascites
) Low blood pressure, diminished pulse pressure, cool extremities Reduced cardiac output, peripheral vasoconstriction
Physical Signs That Suggest Possible Underlying Cause or Associations of PH
§ g Central cyanosis Abnormal V/Q, intra-pulmonary shunt, hypoxemia, pulmonary-to-systemic
N. ¥ shunt
":1 B Clubbing Congenital heart disease, pulmonary venopathy
2‘ ; Cardiac auscultatory findings, including systolic murmurs, diastolic murmurs, Congenital or acquired heart or valvular disease
o § opening snap, and gallop
‘3 ) Rales, dullness, or decreased breath sounds Pulmonary congestion or effusion or both
= f; Fine rales, accessory muscle use, wheezing, protracted expiration, productive cough Pulmonary parenchymal disease
<8( 2’ Obesity, kyphoscoliosis, enlarged tonsils Possible substrate for disordered ventilation
o e Sclerodactyly, arthritis, telangiectasia, Raynaud phenomenon, rash Connective tissue disorder
§ “:‘% Peripheral venous insufficiency or obstruction Possible venous thrombosis
= @ & Venous stasis ulcers Possible sickle cell disease
E:q:,é) Pulmonary vascular bruits Chronic thromboembolic PH
‘gsmenomegaly, spider angiomata, palmary erythema, icterus, caput medusa, 44 Portal hypertension Université AL
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Figure 4. Chest X-Ray and ECG in PAH
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Postero-anterior and lateral chest X-ray (top) shows decreased peripheral lung vascular markings, hilar pulmonary artery prominence, and right ventricular enlargement of a
patient with idiopathic PAH. ECG (bottom) of the same patient reveals right atrial enlargement, right ventricular hypertrophy and strain, and right axis deviation of the QRS

complex. ECG indicates electrocardiogram; and PAH, pulmonary arterial hypertension.

e ﬁmeric;an JACC Vol. 53, No. 17, 2009
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” Association. April 28, 2009:1573-619 45 Université f’h
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Table 7. Agents for Acute Vasodilator Testing

Epoprostenol Adenosine Nitric Oxide
Route of Administration Intravenous infusion Intravenous infusion Inhaled
Dose Titration 2 ng/kg/min every 10 to 15 min 50 mcg/kg/min every 2 min None
Dose Range 2 to 10 ng/kg/min 50 to 250 mcg/kg/min 10 to 80 ppm
Side Effects Headache, nausea, lightheadedness Dyspnea, chest pain, AV block Increased left heart filling pressure in susceptible patients

7 American JACC Vol. 53, No. 17, 2009
Heart il 28, 2009:1573-619
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Univariate analysis of risk factors for major
complications after surgery in patients with
pulmonary arterial hypertension

OR (95% CI) p-value
Xge years 0.9 (0.9-1.0) 0
6MWD m 2.2 (1.1-3.7)
NYHA functional class 1.04 (0.5-2.0) 0.72
mRAP mmHg 1.1 (1.0-1.3)
Cardiac index L-min™'-m™ 1.6 (0.92-4.9) 0.36
%PAP mmHg 0.97 (0.8-1.1) 0.21
VR dyn-s-cm™ 0.91 (0.78-1.1) 0.22
Svo. % 1.2 (0.9-1.3) 0.07
Surgery performed in PH 0.2 (0.05-1.0) 0.06
centre
General versus spinal 1.9 (0.3-2.7) 0.50
anaesthesia
Use of vasopressors 1.5 (1.2-2.7)
Emergency procedure 2.4 (1.4-3.6)

6MWD: 6-min walking distance; NYHA: New York Heart Association; mRAP:
mean right artery pressure; mPAP: mean pulmonary artery pressure; PVR:
pulmonary vascular resistance; SvO.,: mixed venous oxygen saturation; PH:

pulmonary hypertension. 48 Université rH'.
de Montréal



Table 26-2 Hemodynamic Changes after Induction of Anesthesia with Nonbarbiturate Hypnotics

HR
MBP
SVR
PAP
PVR
PAO
RAP
Cl

SV
LVSWI

dP/dt

Etomidate*

-5+ 10%
0-17%

—-10 £ 14%
-9+ 8%
—-18 £ 6%
Unchanged
Unchanged
—20 = 14%
0-20%
0-33%
0-18%

Ronald D. Miller

SEVENT

Miller's Anest

hesia

H E

Ketamine

0-59%

0 £ 40%
0+33%
+44 + 47%
0+33%
Unchanged
+15 £ 33%
0+ 42%
0-21%
0+27%

Unchanged

455

Midazolam

-14 £12%

—12-26%

0-20%
Unchanged
Unchanged
0-25%
Unchanged
0-25%
0-18%
—28-42%
0-12%

Propofol
-10£10%

0-10%

0-10%
Unchanged
0-10%
—10-30%
-10-25%
—10-20%

Decreased

Université {'H"I

de Montréal
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1 sec

W Table 40-3 Central Venous Pressure Waveform Components
Waveform Phase of Cardiac

|
150 : Component
|
ART A\ AN N\\ a wave
- |
\/ \I&j v\j c wave
|
0 1
| Vv wave
|
: h wave
CVvP : X descent
|
y descent
Ronald D. Mi.llw
millers Anesthesia 50

SEVENTH EDITION

Cycle
End diastole

Early systole

Late systole
Mid to late diastole

Mid systole

Early diastole

Mechanical Event
Atrial contraction

Isovolumic ventricular
contraction, tricuspid motion
toward the right atrium

Systolic filling of the atrium
Diastolic plateau

Atrial relaxation, descent of the
base, systolic collapse

Early ventricular filling, diastolic
collapse

Université {'H"I
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FA + régurgrtation tricuspidienne

1 sec

milers Anesthesia

Table 40-4 Central Venous Pressure Waveform Abnormalities

Condition

Atrial fibrillation

Atrioventricular dissociation

Tricuspid regurgitation

Tricuspid stenosis

Right ventricular ischemia

Pericardial constriction

Cardiac tamponade

Respiratory variation during
spontaneous or positive-pressure
ventilation

Characteristics

Loss of a wave
Prominent ¢ wave

Cannon a wave

Tall systolic c-v wave
Loss of x descent

Tall a wave
Attenuation of y descent

Tall a and v waves
Steep x and y descents
M or W configuration

Tall a and v waves
Steep x and y descents
M or W configuration

Dominant x descent
Attenuated y descent

Measure pressures at end-expiration

Université f”’\
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Table 3. Risk Factors for Postoperative Complications in Patients
With Preoperative Pulmonary Hypertension

Non-cardiac surgery
High estimated pulmonary arterial systolic pressure (> 70 mm Hg)
Underlying coronary artery disease
Emergency surgery
Intermediate to high risk surgery
New York Heart Association functional class = 2
History of pulmonary embolism
Prolonged anesthesia (> 3 h)
Right-axis deviation or right-ventricular hypertrophy on
electrocardiogram
Ratio of right-ventricular to systemic systolic blood pressure > 0.66
Need for vasopressor

RESPIRATORY CARE ® JUuLY 2009 VoL 54 No 7
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Table 4. Basic Principles of Managing Postoperative Pulmonary
Hypertension

Optimize fluid balance

Avoid excessive fluid in patient with distended inferior vena cava
and right ventricle

Optimize metabolic state

Correct acidosis, hypoxemia, anemia
Treat respiratory failure

Intubated patient

Lung-protective ventilation strategy (tidal volume 6 mlL/kg, plateau
pressure < 30 cm H,O)

Optimize oxygenation
Maintain systemic perfusion pressure
Mean systemic blood pressure > mean pulmonary arterial pressure
Pressors if necessary
Optimize cardiac output
Use inotropes to maintain cardiac index > 2 L/min/m®
Attempt to reduce right-ventricular afterload
Avoid systemic vasodilators
Use pulmonary vasodilators: inhaled vasodilators are less likely to
have adverse effects on systemic blood pressure or oxygenation.
Consider combinations

RESPIRATORY CARE ® JuLy 2009 VoL 54 No 7

i

Université f“‘\

de Montréal



Figure 3 Schematic depicting inotropic agents used for augmenting right heart function in the setting of pulmonary hypertension
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Table 1 Agents used for the therapeutic management of pulmonary hypertension

Drug Dose
Intravenous
Citrulline 150mg/kg bolus at CPB initiation, with
postoperative continuous infusion of 9 mg/kg/h
Epoprostenol Continuous infusion of 1-50 ng/kg/min

- lloprost Continuous infusion of 1-5 ng/kg/min
= Nesiritide 2 n.g/kg bolus followed by continual infusion of 0.01 wg/kg/min
c Milrinone 50 ng/kg over 10 min followed by 0.375-0.75 pug/kg/min infusion
-“9, Sildenafil 10 mg in 20 ml buffer, administer throughout perioperative period
3
5 Inhaled
Q. Epoprostenol 10-20 pg/ml dilution, continuous nebulization with an
T o oxygen flow of 2—3|/min
E": g lloprost 2.5-5.0 ng, 6-9 times a day
é % Milrinone 60-90 png/kg bolus followed by 0.08-0.11 pg/kg/min infusion

=
a g Nitric oxide 5-80 ppm continuous use
B o2 Sildenafil 10 mg in 20 ml buffer, administer throughout perioperative period
W = T
é % % Nitroglycerin 2.5 ng/kg over 10083 ug/kg/min (Yurtseven et al 2003 Anesthesiology)
g".é g. Treprostinil 18-54 ng q.i.d.
® ©
E g % Subcutaneous
o 50 [Treprostinil Continuous infusion of 1.25 ng/kg/min, titrated by
2 = 1.25 ng/kg/min weekly
® 28 Oral
&% S Bosentan 62.5-125mg b.i.d.
08C . -
g 0 2 Sildenafi 0.25-0.75mg/kg every 4-6h L f'”"l
€ 88 Vardenafil 5mg daily, then 5 mgob.i.d. after 4 weeks Université

de Montréal



Table 6 Agents used to reduce PVR in the ICU setting

Drug Dose Half-life Potential adverse effects
(duration
of action)
Intravenous
Prostacyclin (Epoprostenol, Start at 1 ng/kg/min; titrate upward 3-5 minutes  Systemic hypotension, worsening oxygenation (increased

Flolan) in 2-ng/kg/min increments according
to effect

lloprost 1-5 ng/kg/min

Sildenafil [325) (NB off- Low dose, 0.05 mg/kg; high dose,

license use in 0.43 mg/kg) (comes as 0.8 mg/ml)

hemodynamically unstable

patients)

Milrinone 50 ug/kg over 10 minutes followed
by 0.375-0.75 ug/kg/min infusion

Adenosine 50-350 pg/kg/min, titrate up in

50 yg/kg/min increments

Inhaled (preferred; Note
variable absorption likely)

Prostacyclin (Epoprostenol,
Flolan) [286,303]

0.2-0.3 ml/min of 10-20 pg/ml
nebulized into inspiratory limb of
ventilator circuit (30-40 ng/kg/min)
2.5-5 ug 69 times/dayl1 mg/ml
milrinone into the ventilator circuit
at 0.2-0.3 ml/min for 10-20 minutes

lloprost [275]

Milrinone (176,178,179 5-80 ppm continuously
NC

ORAL (rarely in ICU)
Bosentan 62.5-125 mg b.d.
Sildenafil 0.25-0.75 mg/kg 4 hrly

Pulmonary vascular and right ventricular

C

literature review

Laura C Price’™, Stephen J Wort'", Simon J Finney1, Philip S Marino', Stephen J Brett?

(10 minutes) V/Q mismatch), antiplatelet effect, headache, flushing, jaw

30 minutes
3-5 hours

1-2 hours

5-10
seconds
(2 minutes)

3-5 minutes

30 minutes

1-2 hours

15-30
seconds
(5 minutes)

5 hours
3-4 hours

pain, nausea, diarrhea
Similar to Flolan; also syncope (5%)

Hypotension: caution if fluid depleted, severe LV-outflow
obstruction, autonomic dysfunction. Hypoxemia due to V/Q
mismatch. Common: headache, flushing, diarrhea, epistaxis,
tremor. Rare but important: anterior ischemic optic
neuropathy

Tachyarrhythmias, hypotension

Bradycardia, bronchospasm, chest pain

As above but less hypotension and improved oxygenation
compared with intravenous use

As above and bronchospasm

Less systemic hypotension than with IV milrinone
Methemoglobinemia; withdrawal PH

Liver-function test abnormalities; drug interactions; edema
As above; less hypotension and hypoxemia in stable

dysfunction in adult critical care: current and

CRITICAL CARE emerging options for management: a systemati5c7

patients
Université f”‘\
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Table 5 Pulmonary vascular properties of vasoactive agents

Cl PVR SVR PVR/SVR Tachycardia

Vasopressors Dose related I

NE + + ++ +/- +

PHE - ++ + + -

Low-dose AVP +/- +/- e - -
Inotropes

Dobutamine ot - - - +

<5 ug/kg/min

Dopamine + +/- + + ++

Epinephrine ++ - + - ++
Inodilators

PDE llls ++ - - - +/-

Levosimendan ++ - - - -

Pulmonary vascular and right ventricular
c dysfunction in adult critical care: current and

CRITICAL CARE emerging options for management: a systematic

literature review

Laura C Price’™, Stephen J Wort'", Simon J Finney', Philip S Marino’, Stephen J Brett?
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AUTRES PROSTANOIDES

* lloprost (Ventavis)
R Ellilse enfperioperatolre
» Compare a NO : efficacitée supérieure mais diminue RVS
»  Combinaison NO + iloprost : possiblement additifs

 Plus simple d'utilisation que I'epoprostenol

Hoeper et al. (2000) JACC
Winterhalter et al. (2008) | Cardiothor Vasc Anesth f“'\
Bioteidl (201 5) [ Cardiothor Vasc Anesth 59 Universite
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* Dental trauma

* Failed intubation
« Jaw subluxation
* Bleeding tonsils

* Vocal cord paralysis

* Recurrent laryngeal
nerve paralysis

— .

* Pharyngeal abrasion |
* Sore throat

* Dysphagia

« Odynophagia

* Dysphonia

+ Perforation

* Esophagitis from
exposure to detergent
* Foreign body

* Buckling

Diaphragm «

|

Trachea
Esophagus
~» Lungs
| > Heart

L\b Stomach
L\’ Spleen

|

|« Tracheal & airway trauma
* Aspiration

* Respiratory distress

* Hypoxemia

* Laryngospasm

* Bronchospasm

* Subglottic stenosis

* Tracheal intubation

* Extubation

* Displacement of ETT
|+ Damage to pilot cuff

-+ Mucosal erosion

+ Esophageal laceration & perforation
* Mallory weiss syndrome

* Bleeding

|+ Occult perforation

[« Airway compression
(pediatric)

* Atelectasis

+Pulmonary edema

|+ Arrhythmia from vascular
compression

* Infective endocarditis
|+ Material embolization

[« Spleen rupture

FIGURE 1 Transesophageal echocardiography (TEE)-related complications (ETT = endotracheal tube). With permission from Informa

Healthcare (Denault et al. 2005).
CAN J ANESTH 2008 / 55: 9 / pp 622-647
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TABLE III Contraindications to TEE

1. Absolute contraindications *

Lack of informed consent

Unwilling and uncooperative patient
Lack of expertise in intubation for TEE
Esophageal obstruction (cancer, stricture)
Gastric volvulus

Active upper gastrointestinal bleeding
Perforated viscus (known or suspected)
Full stomach

Suspected neck injury

2. Relative contraindications

2.1 Known esophageal pathology
Esophageal varices without bleeding
Esophageal diverticulum
Transesophageal fistula
Esophagitis/inflammatory process

CAN J ANESTH 2008 / 55: 9 / pp 622-647

Gastric herniation
Scleroderma
Carcinoma
Penetrating or blunt thoracic esophageal trauma
History of previous esophageal surgery
Esophagectomy
Fundal-plication gastric surgery
2.2 Cervical abnormalities
Severe cervical arthritis /osteophytes/severe cervical
spondylosis
Neck surgery/radiotherapy in the cervical region
Severe oropharyngeal distortion
2.3 Miscellaneous
Prior mediastinal irradiation
Coagulopathy
Nasal intubation
History of nasal /nose surgery
Septal deviation

63 Université f”‘\
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Table 1—Complications—Swan Ganz Catheters
(528 Catheterizations)

Number Percent

Minor Complications
Complications with Insertion

Multiple sticks 27 5.1
Arterial punctures 8 1.5
Hematomas 15 2.8
Inability to cannulate right ventricle 3 0.6
Inability to wedge 11 2.1
Looped catheter 1 0.2
Cardiac Complications
Atrial premature contractions 7 1.3
Ventricular premature contractions 58 11.0
Infections
Inflamed puncture site 5 0.9
Positive blood culture
(asymptomatic patients) _ 3 0.6
138
Serious Complications (Potentially Life Threatening)
Ventricular tachycardia 8 1.5
Ventricular fibrillation 0 —
Endocarditis 0 —
Valve rupture 0 —
Septicemia 7 1.3
Pulmonary hemorrhage 1 0.2
Pulmonary infiltrates 7 1.3 L f'"‘\
CHEST / 84 / 3 / SEPTEMBER, 1983 64 23 Universite
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