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59 ar gammel mann

Royker, astma, gastritt

Hjertestans med ROSC

Angiolab - totalokkludert LAD

Ecmo til op-stue; CABG

Ved avgang overraskende god hjertefunksjon pa TEE






« ...men blodtrykket er lavt...
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Systolisk blodtrykk (Art.) 74 86 90 80 84 77
Diastolisk blodtrykk (Art.) 54 60 63 56 58 55
Mean blodtrykk (Art.) 61 68 72 63 67 63
Pulmonaltrykk systolisk 15 39 39 38 38 34
Pulmonaltrykk diastolisk 8 18 18 19 23 21
Pulmonaltrykk mean 11 28 28 27 29 26
Sentralt venetrykk 7 10 10 8 12 12
Hiertefrekvens * 113 110 109 106 102 94
Systolisk BT * 74 86 90 80 84 77
Diastolisk BT * 54 60 63 56 58 55
Mean BT * 61 68 72 63 67 63
Temperatur * 371 37.2 37.3 37.5 37.6 376
Blandet venss metning 57 59 60 46 22 59
Blood Temperature 37.0 37.0 371 37.3 37.3 374
Kiletrykk 12 17

Continuous Cardiac Output 5 5 7 5 6 6
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PAC = Pulmonalarteriekateter = Swan Ganz kateter

Right Atrium

Right Ventricle

Video


https://www.youtube.com/watch?v=YkN30T6ig30

Samme volum gjennom venstre og hayre hjerte
(L0

a. pulmonalis _L»I‘QD
(5~

4— Aorta




Hva maler Swan Ganz kateteret”

Zone 1 PA> Pa> Pv
Zone 2 Pa> PA> Pv
Zone 3 Pa> Pv> Pa

The Stewart- Hamilton Equation:

Q =

V x (Th - Ti)K1 x K2

Thi(t) dt

Q = cardiac output

V = injected volume

Tb = blood temperature

Ti = injectate temperature

K1 and K2 = corrections for specific heat and density of
the injectate and for blood and dead space volume
Tb(t)dt = changein blood temperature as a function of time

Pulmonaltrykk

Pulmonal hypertensjon
Hayre ventrikkelsvikt

Kiletrykk

CO

WV fylningstrykk
Beregning av PVR

Hjertets samlede pumpeevne
Global oksygenforsyning

SVOz

Oksygentilbud - oksygenforbruk



Sammenheng trykk, flow og motstanc

* flow forutsetter trykk P1 > P2
* jo starre trykkforskjell jo starre flow
* jo sterre motstand jo mindre flow

P R1 P2

P1 R2 P2




Motstand kan regnes ut | enkle systemer
| sirkulasjonen ma motstand beregnes fra flow og trykk

Jean Léonard Marie

Poiseuille 1779 - 1869 Georg Simon Ohm

1789 - 1854



Sammenheng trykk, flow og motstanc

Systemkretslopet:
CO = (MAP - CVP)/ SVR
SVR = (MAP - CVP)/ CO



CHO,+ O, ->CO,+H,O+E

T

ADP -> ATP

4 ADP

4 ATP

2 ADP

2 ATP

Anaerob

Glukose

Pyruvat

Laktat

Cytosol

Aerob

- CO, + H,0

34 ADP 34 ATP

Mitokondrie



Mal SvO,

1

VO, = Hb x SV x HR x (sO, - S,0,) < 50%

l

Optimaliser DO,

Fallende SvO,
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Critical DO, = Hb x SV x HR x sO,

oxygen
delivery



Sirkulasjonssjokk (Skjeervolds klassitikasjon...)
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Oppsummering Swan Ganz kateter

Relativt enkelt & legge med fa komplikasjoner

Flow proporsjonalt med trykk, invers proposjonalt
med motstand

Global oksygenforsyning avhengig av Hb, CO og
SOZ

Indikasjon 1: Hjertesvikt med behov for inotropi
Indikasjon 2: Pulmonal hypertensjon med risiko for
hayre ventrikkelsvikt

Generelt: Muliggjer identifisering og differensiering
av ulike typer sirkulasjonssjokk



Akutt nayre ventrikkelsvikt
0g pulmonal nypertensjon
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« 37 argammel mann

« operert Fallot tetrade som barn, na lett hayresvikt og
lettgradig pulmonal stenose

« ca pulm med planlagt bilobectomi hgyre side

orta (hovedpulsaren)

I

Lungepulsaren
(pulmonalarterien)

Arterier til hodet og armer
@vre hulvene \ i 5 \ﬂ
),

Lungearterier
(pulmanalarterier)

Lungevener AV <7 S ) = . :

(pulmonalvener) , G / ~N 2@ Lungevener

Atrieseptum
(skillevegg)

Hayre forkammer
{atrium)

Lungeklaffen

/ Inngangen til aorta ligger
over hullet i skilleveggen
Forsnevring i utlopet

til lungepulsaren

Venstre forkammer
{(atrium)

Tricuspidalklaffen Mitralklaffen

Hull i skilleveggen

Ventrikkelseptum mellom ventriklene

Hoyre hovedkammer
(skillevegg)

(ventrikkel)

Venstre hovedkammer

(ventrikkel) Fortykket hoyre ventrikkel

Nedre hulvene

— Aorta til nedre del av kroppen ® K. Toveauo CMI

Normalt hjerte Fallots tetrade




prosedyre lar seg godt gjennomfaere etter god
planlegging (uten bronkodilatator)

postop komplisert med respirasjonssvikt, hayre
hjertesvikt og perioder med NO-behandling

etter hvert sendt hjem til Alesund - na halvt ar etter
inngrepet enna ikke bra...



Hvor farlig er pulmonal hypertensjon ved
hjertekirurgi”

« «overalt» beskrevet som en viktig kompliserende
faktor

« ...men veldig vanskelig a finne tall pa hvor farlig det er

« Som oftest ser vi dette pga luft i heyre koronarkar etter
klaffekirurgi - lar seg greit lase med forlenget CPB-tid



Pulmonal hypertensjon og sirkulasjonssvikt

Redusert VV
Akutt fylning
pulmonal
hypertensjon
Akutt HV svikt Redusert
slagvolum
HV iskemi Hypotensjon
Redusert
koronar

perfusjon med
samtidig hoyt
myokardielt
oksygenforbruk



Samme volum gjennom venstre og hayre hjerte
(L0

a. pulmonalis _L»I‘QD
(5~

4— Aorta




Sammenheng trykk, flow og motstanc

Pulmonalkretslopet:
CO = (MPAP - PCWP) / PVR
PVR = (MPAP - PCWP)/ CO



Trykk-volum sl@yta viser dynamikk i venstre ventrikkel,
energl tiltert sirkulasjonen og energi forbrukt
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Systemsirkulasjonen er et haytrykkssytem og
oulmonalsirkulasjonen er et lavtrykkssystem
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VV er tykkvegget, utfarer et stort arbeid og
genererer hoyt trykk - motsatt for HV




VV er tykkvegget, utfarer et stort arbeid og
genererer hoyt trykk - motsatt for HV




Akutt hoyre ventrikkelsvikt oppstar nar hayre ventrikkel ikke
makter a kompensere for gkt pulmonal motstand

Akutt vil vi kun forsake senke pulmonal motstand hvis hayre ventrikkel ikke kompenserer




Sammenheng trykk, flow og motstanc
Hva er egentlig pulmonal hypertensjon

Pulmonalkretslopet:
CO = (MPAP - PCWP) / PVR
PVR = (MPAP - PCWP)/ CO

MPAP = (CO x PVR) + PCWP




Pulmonal hypertensjon har ulike arsaker

MPAP = (CO x PVR) + PCWP

PAH (primeer, idiopatisk, «pre-kapillaer»)
Sekundaert til VV-svikt («<backward-
failure», «post-kapilleer»)

Sekundeert til lungesykdom

Sekundeert til tromboembolisk sykdom
Uklare/multifaktorielle arsaker

N —

S 55 G0

Pasientene har ikke egentlig hayt pulmonalt trykk men hay

pulmonal motstand eller hayt VW-fylningstrykk - ved generering

av en gitt CO gir dette hayt pulmonaltrykk




Behandling: 1) Lengre CPB tid

 Ekko-bilde luft venstre ventrikkel...
* ...men jeg fant ikke igjen noen fine bilder...



Behandling: ) Stimulere Hayre
ventrikkel

* Ordinaere inotropika, dvs:
e efedrin
« dobutamin
* Milrinon

* Med samtidig naye titrert HV preload
« CVP
 TEE



Behandling:
ventrikkel 3) Senke pulmonalmotstand

Levosimedan

| Increased heart rate |

Hypotension
Hypokalemia

2) Stimulere Hayre

Increased risk of atrial fibrillation
Increased risk of ventricular tachycardia

Vasodilation
Reduced RV afterload

Improved right ventricular pulmonary arterial coupling

Improved RV EF and CO
Increased RV contractility

Cardioprotection
Reduced RV hypertrophy

Attenuated pulmonary vascular
remodeling

Coronary vasodilation
Unaffected RV oxygen consumption
Increased RV mechanical efficiency

Increased capillary density

Hansen et al 2018: Levosimdedan in pulmonary hypertension and right ventricular failure. Pulmonary Circulation.



Behandling:
3) Senke pulmonalmotstand

* Inhalasjonsbehandling - 3 etablerte metoder
* NO
» Dyrt, komplisert, bra pa intensiv, kanskje best...?
« epoprostenol (Flolan)
» Enkelt, rimelig...
e Milrinon
« Enda enklere..?, enda rimeligere..?



. Sida
Dokumentnamn Flolan Kontinuerlig inhalation 204)

Uppkoppling

Vid kontinuerlig nebulisering behtver Aeroneb Pro-x vara kopplad med sin nitadapter till eluttag.
Ta fram T-koppling, enpatientsnebulisator samt lueradapt.

Koppla enligt bild nedan.

Kabeln frén styrenheten ansluts i kontakten pa nebulisatorn.

Inhalationerna kopplas pa inspirationslangen.

Flolan kopplas via sprutpump, infusionsadapter och lueradapter till nebulisatorkoppen.

—— e




Cardiovascular Anesthesiology

Cardiovascular Anesthesiology Section Editor: W. Scott Beattie
Hemostasis Section Editor: Roman M. Sniecinski
Perioperative Echocardiography and Cardiovascular Education Section Editor: Nikolaos J. Skubas

22 SYSTEMATIC REVIEW ARTICLE
Aerosolized Vasodilators for the Treatment of
Pulmonary Hypertension in Cardiac Surgical Patients:
A Systematic Review and Meta-analysis

Mahsa Elmi-Sarabi, MSc,* Alain Deschamps, MD, PhD,* Stéphane Delisle, PhD,t
Hosham Ased, MSc A, CPC,* Francois Haddad, MD,* Yoan Lamarche, MD,§

Louis P Perrault, MD, PhD,§ Jean Lambert, PhD,|| Alexis F. Turgeon, MD, MSc,{# and
André Y. Denault, MD, PhD***

BACKGROUND: In cardiac surgery, pulmonary hypertension is an important prognostic factor
for which several treatments have been suggested over time. In this systematic review and
meta-analysis, we compared the efficacy of inhaled aerosolized vasodilators to intravenously
administered agents and to placebo in the treatment of pulmonary hypertension during cardiac
surgery. We searched MEDLINE, CENTRAL, EMBASE, Web of Science, and clinicaltrials.gov data-
bases from inception to October 2015. The incidence of mortality was assessed as the primary
outcome. Secondary outcomes included length of stay in hospital and in the intensive care unit,
and evaluation of the hemodynamic profile.

METHODS: Of the 2897 citations identified, 10 studies were included comprising a total of 434
patients.

RESULTS: Inhaled aerosolized agents were associated with a significant decrease in pulmonary
vascular resistance (-41.36 dyne-s/cm?®, P = .03) and a significant increase in mean arterial
pressure (8.24 mm Hg, P = .02) and right ventricular ejection fraction (7.29%, P < .0001) when
compared to intravenously administered agents. No significant hemodynamically meaningful dif-
ferences were observed between inhaled agents and placebo; however, an increase in length of
stay in the intensive care unit was shown with the use of inhaled aerosolized agents (0.66 days,
P =.01). No other differences were observed for either comparison.

CONCLUSIONS: The administration of inhaled aerosolized vasodilators for the treatment of pul-
monary hypertension during cardiac surgery is associated with improved right ventricular perfor-
mance when compared to intravenously administered agents. This review does not support any
benefit compared to placebo on major outcomes. Further investigation is warranted in this area of
research and should focus on clinically significant outcomes. (Anesth Analg 2017;125:393-402)



Hva bringer framtida...”
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Betydning av god |uftveishandtering

Respiration and Sleep Medicine

LU 4,1\ u SYSTEMATIC REVIEW ARTICLE
> Laryngeal Injury and Upper Airway Symptoms
- After Endotracheal Intubation During Surgery:

1 . D (%) d Sfa | | O g A A Systematic Review and Meta-analysis

of Anaesthetists Airway Society
Martin B. Brodsky, PhD, ScM, CCC-SLP,*+# Lee M. Akst, MD,§ Erin Jedlanek, MS, I
a V O r | Vinciya Pandian, PhD, MBA, MSN, 1 Brendan Blackford, MHS, # Carrie Price, MLS,**

Gai Cole, DrPH, MBA, MHA, 1 Pedro A. Mendez-Tellez, MD,#,4+ Alexander T. Hillel, MD,§
biditet

Simon R. Best, MD,§ and Matthew J. Levy, DO, MSctt

Laryngeal injury from intubation can substantially impact airway, voice, and swallowing, thus
. . . . The goals of this systematic review were (1) to
4th National Audit Project of yeview]tha typsa|of laryngsal Injuries and their. patlentraportad|symptoms and|ofinloal skgns
resulting from endotracheal intubation in patients intubated for surgeries and (2) to better

The Royal College of Anaesthetists and The Difficult Airway Society inarstand!theloverallFthe freqpency atiwhich thess|Inkiies beoue) Wel oonchiotsdafsserch

a r n X_ of 4 online bibliographic databases (ie, PubMed, Embase, Cumulative Index of Nursing and

. Allied Health Literature [CINAHL], and The Cochrane Library) and ProQuest and Open Access
Thesis Dissertations (OPTD) from database inception to September 2019 without restrictions

for language. Studies that laryngeal with
ra I l I I I e in adult patients who were endotracheally intubated for surgeries were included. We excluded
(1) retrospective studies, (2) case studies, (3) preexisting laryngeal injury/disease, (4) patients

with histories of or surgical interventions that risk injury to the recurrent laryngeal nerve, (5)
conference abstracts, and (6) patient populations with nonfocal, neurological impairments that
may impact voice and swallowing function, thus making it difficult to identify isolated postex-

M tubation laryngeal injury. Independent, double-data extraction, and risk of bias assessment
O S‘t I followed the Preferred Reporting items for Systematic Reviews and Meta-Analyses {PRISMA)
. guidelines and the Cochrane C ion's criteria. Twenty-one articles (1 tional,

cohort, 5 case series, 12 randomized controlled trials) representing 21 surgical studies con
taining 6140 patients met eligibility criteria. The mean patient age across studies reporting
age was 49 (95% confidence interval [Cl], 45-53) years with a mean intubation duration of 132
(95% Cl, 106-159) minutes. Studies reported no injuries in 80% (95% CI, 69-88) of patients.
All 21 studies presented on type of injury. Edema was the most frequently reported mild injury,

: H with a prevalence of 9%-84%. Vocal fold hematomas were the most frequently reported moder-

Report and f|nd|ngs ate injury, with a prevalence of 4% (95% Cl, 2-10). Severe injuries that include subluxation of
M h the arytenoids and vocal fold paralysis are rare (<1%) outcomes. The most prevalent patient
arch 2011 complaints postextubation were dysphagia (43%), pain (38%), coughing (32%), a sore throat
(27%), and hoarseness (27%). Overall, laryngeal injury from short-duration surgical intubation is
common and is most often mild. No uniform guidelines for laryngeal assessment postextuba-

tion from surgery are available and hoarseness is neither a good indicator of laryngeal injury
or dysphagia. Protocolized screening for dysphonia and dysphagia postextubation may lead to
improved identification of injury and, therefore. improved patient outcomes and reduced health

Table 3. Prevalence? of Signs/Symptoms Reported
After Extubation

Studies reporting: Prevalence %
Sign/symptom  Patients Study no. count (%) (95% CI)
Ecrli'lt'?r:lsCook Dr Nick Woodall and Dr Chris Frerk DySphagia cl 95 3 ) 43 (21-68)
' Pain 91 670 4 (19) 38 (0.599)
- @ Cough 39 123 2 (10) 32
B e Sore throat 363 1427 10 (48) 27 (16-42)
i e Tocy T e ey Hoarseness 1173 4297 14 (67) 27 (12-50)
Dysphonia 31 491 3(14) 17 (0.0-99)
15 123 2 (10) 12
Aphonia 2 55 1 (5) 4

Co
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Management of unanticipated

difficult tracheal intubation in adults

2015

Plan A: Facemask ventilation and tracheal intubation

g

ptimise head and neck position
Pre

Adequate neuromuscular blockade

Direct / Video Laryngoscopy (maximum 3+1 attempts)
External laryngeal manipulation

Bougie

Remove cricoid pressure

LM:-Jintain oxygenation and anaesthesia

* Declare failed intubation

Plan B: Maintaining oxygenation: SAD insertion

2nd generation device recommended
Change device or size (maximum 3 attempts)
Oxygenate and ventilate

*Dedare failed SAD ventilation

Plan C: Facemask ventilation

If facemask ventilation impossible, paralyse
Final attempt at facemask ventilation
Use 2 person technique and adjuncts

* Declare CICO

Plan D: Emergency front of neck access

Scalpel cricothyroidotomy

Succeed

Succeed

Succeed

If in difficulty s call for help

[ Confirm tracheal intubation with capnography J

STOP AND THINK
Options (consider risks and benefits):
1. Wake the patient up
2. Intubate trachea via the SAD
3. Proceed without intubating the trachea
4. Tracheostomy or cricothyroidotomy

Wake the patient up

Post-operative care and follow up
Formulate immediate airway management plan
Monitor for complications
Complete airway alert form
Explain to the patient in person and in writing

+ Send written report to GP and local database

This flowchart forms part of the DAS Guidelines for unanticipated difficult intubation in adults 2015 and should be used in conjunction with the text.




De tre aksenel

Head and neck position and the axes of the head and neck upper airway

Head on bed, Head elevated on pad,
neutral position

neutral position

Slight (35°) flexion
of neck on chest

Head elevated on pad, Head on bed,
head extended on neck head extended on neck
(sniff position)

(80°) extension of
head on neck

Benumof JL, editor: Airway management: principles and practice, St. Louis, 1996, Mosby, p 263.




Car-Sternal Noteh line & Scale-Ampulle Assembly

Scale-Ampoule Assembly

Figure 1. Ampule-Scale Assembly—a readily available glass ampule
is fixed to a scale with help of a transparent adhesive tape.

Sy

Note the change in position of the
bubble with number of head-rings

Sinha, Aparna, Lakshmi
Jayaraman, and Dinesh Punhani.
“Scale-Ampule Assembly to
Assess Ramp Position for Airway
Management:” Anesthesia &

. Figure 2. The position of the air-bubble is indicative of the height
Analgesia 124, no. 6 (June of the ramp. The number of sheets can be adjusted to bring the
2017). 2087 bubble to the center.



(Dre-sternum, flektert lavt cervikalt og ekstendert
atlanto-axialt

A

Extension at the
atlanto-axial joint Flexion at the lower
cervical vertebrae

Scale ampoule assembly

~ e
g
C The "sniffing" position
Extensi tth / Extension at the \
ension at the . - vial ini
atlanto-axial joint Extension .at the Siie-a0nl joke Flexion at the lower
lower cervical cervical vertebrae
vertebrae

Ear-sternal notch line

e S

Rahiman, Sarfaraz Navaz, and Michael Keane. “"The 'Ear-Sternal Notch’ Line—How Should You Lie?:"
Anesthesia & Analgesia 125, no. 6 (December 2017): 2162-64.




Leirng |

s

Ser en del av dette, her er grene langt under sternum noe som kan medfgre
vanskelig intubasjon ved at man far en vinkel mellom farynx og larynx.



Leinng /

Bedre leiring, men nar torso er hevet ma hodet oppbygges («rampes») for a fa
fleksjon lavt cervikalt



Leiring 3

wwuﬂ!

R

Mange hjertekir-pasienter har tenneformet thorax, da havner fort grene under
sternum



Leinng 4

Dette ser ganske bra ut (selv om grene ogsa her ligger litt lavt ifh til sternum...)



Leinng o

M

N

God leiring...



Pasient med potensielt vanskelig luftvei - beste leiring vi fikk til - godt innsyn ved
intubasjon



God leiring - hvordan

/Emon’:’m":”"”'”g""“”’°" \  Hvis ngdvendig sett opp ryggen
Sy R — for a lafte grene over sternum
1 cemca'Vene::estema,mh”ne  Alltid pute/step/«ramping» for
l fleksjon lavt cervikalt
* Obs - mange sklir ned fra puta

* Hvis ngdvendig bay hodet noe
bakover for ekstensjon atlanto-
axialt

T




