HEMODINAMIK
MONITORIZASYON

Dr.Nihan Yapici
Dr.Siyami Ersek G6glis Kalp Ve Damar Cerrahisi
Egitim Ve Arastirma Hastanesi

Anesteziyoloji Klinigi

Tanimlar

‘Hemodinamik izlem, tedaviye

gereksinimin erken saptanmasi amaciyla,

dolasim sistemine ait fizyolojik
parametrelerin aralikh veya surekli olarak
izlenmesidir.
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Sunum Plani

ﬂ - Tanim ve hedefler
( - Yontemler ve sinirlamalar
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'A.D Neyi secelim?

Hedef 4

Bizi endiselendiren nedir? ¥ Doku perfizyonunun
yetersizligi

Neyi izlemek istiyoruz? v Yeterli Oksijen Sunumu
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Oksijen sunumu degerlendirilmesi

6

Miyokard 1. Klinik ve Temel moni_térizasyon
kontraktilitesi (Is1,NIBP,EKG,Sa0,, |drar,biling,Laktat)
Kalp hizi Global perflizyon
2. Onceki yiik monitérizasyonu
Siviya yanit?
3. lleri monitérizasyon
IntravaskiEE \Vazomotor tonus <KD ve kontraktilite
voine ) +DO,/VO,

<mikroperflizyon
Mikrosirkilasyon

i L E R i M O N i TO R i ZASYO N , r SAP: Kontrakilite Early Goal-Directed Therapy Treatment Protocol

Supplemental oxygen + endotracheal
intubation and mechanical ventilation

DAP : arteriyel tonu

< Geleneksel invaziv
yontemler

- Arter monitor.
. SVK
- PAK

GelistirilmisTeknikler
Non invaziv
Yari invaziv

invaziv

MAP : organ perfiz
Kan Gazlari
Nabiz Sekli Analizi:

SvB
ScvO2
santral venéz —a

Pulmoner Arter Kateteri

*+Sag ventrikll fonksiyonu,PHT o
«+PKUB Sol V. Fonksiyonu -h?l"
«+Kalp Debisi (Fick/Termodiliisyon) ("
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Oksijen sunumu degerlendirilmesi

The pulmonary artery catheter: is it still alive?
Curr Opin Crit Care 2018, 24:000-000
V' PAC"in kullaniminda azalma geng doktorlar ve hemsirelerin

bu cihazla tanisikligini sinirlamaktadar.
v’ Bu nedenle kullanimi daha karmagik ve daha az optimal hale
Onceki yiik monitérizasyonu
Kalp Debisi

Siviya yanit?

gelmektedir
(Atlm voliimiinde en az% 10'luk bir iyile§.rne) F

HLC 2572 No. of Pages 9

Heart, Lung and Circulation (2018) xx, 1-9
1443-9506/04/$36.00
v’ Hastalarin ¢ogunda PAC kullanimu ile sonug¢larda bir fark
Frank-Starling Yasast

isinde venoz doniis ve diyastolik dolum ne

Klinik degerlendirme ve Temel monitérizasyon

Global perfiizyon

yok
v’ Kalp cerrahisinde PAC kullaniminin ger¢ek giivenilirligini
ve etkinligini dogrulamak icin ileri calismalar gereklidir.
v’ Fizyolojik simirlar igeris
kadar artarsa sistolde kasilma da ayni oranda artar.

cardiac surgery?

Atim
Volimu

Atim Volimi
Normal
kardiyak
fonksiyon Bozulmus
kardiyak
fonksiyon

Voliim Yaniti var

Onceki yiik

Onceki yiik




Atim
Voliimu

Volum tedavisine yanit

Normal kardiyak fonksiyon
Cevapl

Cevapsiz Bozulmus kardiyak fonksiyon

< Onceki yiik

v'Bunun igin elimizde gegerli bir 6nceki yiik 6lglimi olmalidir.

Arteriyel Basing Dalgasi Analizi

SVV = Atim Voliimii Degisimi
SPV = Sistolik basing Deg

Mekanik Ventilasyon
— Toraksta basing degdisimleri
— Toraks igi voliim degigimi
— Onceki yiik degisimi
—— Atim voliimii ve nabiz basinci dalgalanmalar

15
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ONCEKI YUK
STATIK DINAMIK

BASING (kalp-akciger etkilesimleri)

SVB PPV

Santral ven6z
Kateter SPV

PAUB sSvv
Pulmoner arter IVK/SVK

kateteri GEDV:Global diyastol sonu v.

LVEDV:Sol ventrikiil diyastol PPV:Nabiz basinci deg.
sonu v. SVV: Atim voliimil deg.

EVLW: Damar Digi akc. sivisi )
IVK: Inferior Vena K.

SVK: Superior vena k.
“kollabe olabilirlik indeksi”

N —

SVV-PPV Sinirlamalar 16
4

v ekspirasyon sonu T

Hasta MV de, TV >8 ml /kg tlk?r.na testi" .
Avritmiler (AF) v ‘Mini’ sivi ylklemesi
(50/sn)

IABP v Pasif bacak kaldirma

PEEP? Akc. Kompliyansi v Tidal Volim degisimi

Toraks agik

- Vazoaktif ilaglar v ETCO;* PLR

- Hasta entlibe degilse?
spontan soluyan hastada 6nceki yux
cevabi?
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Is hypovolemia obvious ?
Monnet etal. Ann. Intensive Care (2016)6 « Obvious fluid loss?
DOI10.1186/513613-016-0216-7 * Initial phase of septic shock?

Kalp Debisi Olglimi (yéntemler)

REVIEW |
volume expansion
Prediction of
* ARDS with low tidal volume / lung compliance?

update :
—

r Yari-invaziv
Xavier Monnat!* Daul £ Marit2 -/ -_
JAMA | The Rational Clinical Examination

Will This Hemodynamically Unstable Patient Respond I I
to a Bolus of Intravenous Fluids? SEE

Isthere preload responsiveness?

Are the following conditions present?

« Spontaneous breathing?
« Cardiac arrhythmias?

invaziv

Peter Bentzer, MD, PhD; Donald E. Griesdale, MD, MPH; John Boyd, MD; Kelly MacLean, MD;
Demetrios Sirounis, MD; Najib T. Ayas, MD, MPH

MEDLINE and EMBASE (1966 to June 2016) ]

Fluid responsiveness=> 1CO following IV fluid »

50 studies (N = 2260 patients)

PL R may be the most useful test for icting fluid i in
hemodynamically unstable adults.

ms&m“‘ ® sasal positon @i positon

(depending on the risk of fluid overload) consider volume expansion

AZ -INVAZIiV

‘;A':::: hu|m°ner KD, SV, SVR, KH, |Ozel arteriyel ve
termoZiliis on+ Kalibr. |SVV, PPV, ITBV, |santral ven&z hat
iirekli & var EVLW,GEF,Dpmax, |ihtiyaci, (siirekli

Siirekli Nabiz
. o Scv02 Scv02)
Sekli analizi

9 Santral venoz kateter Santral venéz kateter

Soguk ( enjeksiyon) , Lityum bolus enjeksiyon)

o

Termodiliisyon femoral Radyal arter kateter

1 kateter

PICCO®
VolumeView®/EV1000® LiDCO® Plus
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PiCCO-EV1 OO LidCOpIUS Kalibrasyon gerektirmeyen az invaziv cihazlar

| Scv02 Dokuya oksijen sunumu
| CL,CFI Kalp debisi,Kontraktilite
| GEDI ceki yiik Yeterli mi? prvai sl Poisiinid e

algoritmasi

Siirekli KD, SVRI, SVI, SVV,PPV

Ornek

. Kal Avantajlari
cihaz

Kalibre edilmeyen sistemlerin kisitlamalari

KEY POINTS

Az -invaziv
» The mai [ i continuous
tion of cardiac output.
 Calibrated pulse contour analysis devices provide a reliable estimation of cardiac output
but are invasive and require frequent recalibrations.
« The reliability of devices using uncalibrated pulse contour analysis is low when vascular
stance changes to a large extent. These devices are more suitable for the periopera-
ling tf fe ive

Ultrason akim . Siirekli KD, ek g
diliisyonu Cco i iyak s¢

e i
 Puise contour aflysis of noninvasive tracings of arterial pressure still needs to be
improved.

Farkli algoritmler

COstatus* AV Tubing Loop

i nections to a patient’s
Sxisting arterial and cantral
Venous catheters.

ParsiyelC
geri solur

Arter dalgasinin kalitesi ¢

P 2 y gerektirmeyen cihazlar
Aritmi,IABP (Pram?,Flo e b el

Spontan solunum.d perioperatif kullanima

Kalibrasyon
‘cek zamanli

stirekli degil
Kullanici bagimh
uygundur. ogrenme egrisi

Vaskiler tonus degisikligi (Y

Kullanici bagimh
Yer degistirme riski

~ fterload , ek T b
Q B JEsitipls aort kesit a. sabit
L snnect to existing catheters in patient. degil, entilbasyon




Avantajlari Simirlamalar
The NICOM system and its connection to the body

‘;‘)a;';n_al;-mangonu ile kler.np(;
edilen parmak arterinin her -
atimda gap degisimi. infrared

pletismografi ¥
Transtorasik EKO

}ﬂ‘. L ||

s o Y60

1-inew eca /| Eca —J|\~— la
Nan.inuaciv nahiz  ClaarQinht® -
; I~ mated &
3@ pwr T H— ESCCO ‘ )\ ;r
em—— = 0
Bl High Blood Pressure Low Blood Pressure

8 / AL /
) Toraks

VR

™ - Pluin
Utrasonik KD mon. uscome "= 7 x100 | g
Pletismografik nabiz oksimetresi
i pletismografik dalga formu, Sivi yaniti
Olgiimler PLPVI  Masimo yok b, rfiizyon Indeksi (P): Kap. N
Ori (02 rezerv i) nonpulsatil / pulsatil kan a.

Hangi Olguda hangi monitorizasyon?

Teknik prensipleri bilmek

- Rutin kolay kullanim
-+ Gulvenlik (noninvaziv, azinvaziv, invaziv)

« Verilerin kesinligi, glvenilirligi,hassashgi

. Ek hemodlnamlk b||g||e|" What technique should | use?
+ Tedavi ve sonucu etkileme glcl s
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Makrodolagim- Mikrodolagim

» Sublingual mikrosirkiilasyon izlemi

Microcirculatory alterations associated with
loss of hemodynamic coherence.

Cerrahi sirasinda makro ve
mikrosirkilasyonun hemodinamik
uyum

mikrodolasim degisikliklerinin
erken tani ve tedavisi

sivi dengesi ve optimal dolum
durumunu kontrol

NIRS(serebral ve somatik doku
oksijenasyonu) B

REVIEW ARTICLE

Accuracy and precision of non-invasive cardiac output
monitoring devices in perioperative medicine: a

systematic review and meta-analysis’
A.Joosten™, O. Desebbe?, K. Suehiro?, L. S.-L. Murphy?, M. Essiet®,
B. Alexander®. M.-O. Fischer’#. L. Barvais®. L. Van Obberch®.
D. Mt Original Article 298-310 (2017)
' Accuracy, Precision, and Trending of 4 Pulse Wav
Analysis Techniques in the Postoperative Period

Minimally invasive cardiac output technologies
in the ICU: putting it all together

Recent findings
Current evidence shows that minimally invasive cardiac output moniforing devices are not yetyren®
inferchangeable with (ransjpuimonary thermodilution in measuring cardiac output. However,

v Minimal-Noninvaziv cihazlar heniiz KD 6lgtimiinde termodiliisyon yerini alamazlar

v Kalibre edilenler digerlerinden daha stiin
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1 Hemodynamic monitoring and management inlgh-
patients undergoing high risk surgery: a survey

among North American and European 30
I anesthesiologists | et al. Critical Gare 2011, 15R197 | e e

Maxime Canne: ", Gunther Pestel?, Cameron Ricks Hoaft® and Azriel Parart

- Bu hastalarda eger kalp debisi oJ i} A°SA
Yiiksek riskli cerrahide tercih edilen %

. I A ESA
rutin monitérizasyon?

ESA
%

P po
(n=237) (n=195)

Answer Options Response Percent Response Percent

Invasive arterial pressure 95.4% 89.7%
Central venous pressure 72.6% 83.6%
Non-invasive arterial pressure 51.9% 53.8%
Cardiac output 35.4% 34.9%
Pulmonary capillary wedge pressure 30.8% 14.4%
Transesophageal echocardiography 28.3% 19.0%
Systolic Pressure Variation 20.3% 23.6%
Plethysmographic Waveform Variation 17.3% 17.9% herhangi bir ek klinik bilgi saglamaz. 242 | 141
Pulse Pressure Variation 15.2% 25.6%
Mixed venous saturation (ScvO2) 143% 15.9%
Central venous saturation (SvO2) 12.7% 33.3%
Oxygen delivery (DO2) 6.3% 14.4% yerine SvO, velveya ScvO, kullaniri 134 | 26.1
Stroke Volume Variation 6.3% 21.5% ‘

Near infrared spectroscopy 4.6% 5.1%

Global end diastolic volume 2.1% 8.2%

484 | 26.8

Kalp debisi monitorizasyonu ? Medicine s the science and art

(ars medicina) of healing
humans.

Critical Care

This means today

Ol‘}meye“m b Cardiac output monitoring: throw it out... ® 2 Evidence based medicine
or keep it? :

Belirli bir deger doku
oksijenizasyonu hakkinda bilgi A :
o v Olgelim

Artan KD mikrodolasimin diizeldigini Hemodinamik izlem sadece Hed efe Yonellk TedaVI
gasiEREEs doku oksijenasyonu ve ScvO, Amaca Yonelik Monitorizasyon

ile sinirl degildir
Bilmedigimizi yorumlayamayiz
Saugel et o Cical Care (2016) 20401
« Karar verebilmgk icin teknik farklari ve sinirlamalari bilmeliyiz EDITORTA
« Baslangi¢ tedaviye yanit yoksa?
Hemodynamic monitoring in the era of
evidence-based medicine

Bernd Saugel ™", Manu L. N. G. Malbrain® and Azriel Perel®




CRITICAL CARE
Open Access

Perioperative cardiovascular monitoring of
high-risk patients: a consensus of 12

Payent’, Acre Pers Hoer”. Stefana Romagnol’.
el Rocea” andt nocies

RISK
LOW === MEDIUM =3 HIGH

3 Pulse oxsme(er/caenometm 3
Plethysmog i izleme teknigi, hasta ve
P Arterial catheter [PPV___ cerrahi yontemin risk
N Iransesophageal Doppler_ > derecesine bagh olarak

Pulse contour CO deéi;ir

Indicator dilution CO,

¢ Scv02 3

pulmonary artery ¢
central venous oxyg

Yogun BakimdaHemodinamik' Monitorizasyon

Hipoksi?,Akc. Problemi
A grafi Baslangig
Tedavisine

PAC VolumeView .

KD KD

PAOP GEDV, EVLW, CFI
RAP, PAP PPV, SVWW

SvO, ScvO,

Hemodynamic monitoring in septic patients

Her hasta igin optimal
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Cardiac output monitoring: how to choose the
optimal for the indivi i

Bernd Saugel and Jean-Louis Vineent”

monitorizasyon

kalp cerrahisi nonkardiyak

Riskli hasta Riskli Hasta

evet evet
hayir

S edo Temel Temel Temel
ek ak Arter,SVK, “Arter SVK monitorizasyon
problem n v noninvaziv

evet hayir

hayir

TEE,
i Ek Hastalik, Transpulmoner
Termodiltisyon Nabiz Analizi Kc,Sepsis i _Termodilisyon
PAK Osefagiyal dopler Osefagiyal dopler

36

Hemodinamik monitérizasyonda gercekler

videal ya da tiim hasta tiplerine uygun monité
vMUmkiin oldugunca énce noninvaziv tercih edilmeli
vKlinik belirtiler ve monitorizasyon uyumlu degilse
klinik degerlendirme dogru

vTrendler tek bir kayitttan daha degerlidir




Genel Cikarimlar

Her hastayi ayri degerlendirme geregi

Takip edilecek parametrelerin 6nceden nedenleri
ile belirlenmesi

Tedavi hedefleri ve yontemlere karar vermek
Uygulanacak yontemin yarar/zarar dengesi

Karmasik bilgilerin gérsellestiriimesi
Hemodinamik verilerin islenmesi
Simulasyonla 6grenme

Mikrosirkilasyon monitérizasyonu: Hemodinamik Uyum Konsepti

Michard Ann Intensive Care 6 (2016)
Ince Crit Care 2015;19
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Kalibre edilen teknikler daha hassas ve dogru
RV yetm. PHT varsa PAK dusln

Hastadaki degisime gére monitérizasyon
teknigini tekrar degerlendir

(Noninvaziv Azinvaziv invaziv)
Noninvaziv teknikler TTE/TEE esliginde daha
degerli

WHAT’S NEW IN INTENSIVE CARE

Intensive care medicine in 2050: NEWS
for hemodynamic monitoring

Frederic Michard'", Michael R Pinsky” and Jean-Louis Vincent®

Wireless & sensors + Smart software & algorithms |

‘ Data integration, data fusion
Graphical displays
Predictive analytics

Tani ve tedavi Onerileri
HD bozulmanin erken,
‘ gorsel algilanmasi Disgnosts & therapeutic

. . . . suggestions

Yan etkilerin tahmini Early & visual detection
of deterioration

Prediction of adverse events

10



«Higbir monitérizasyon cihazi ne kadar basit ya da

karmasgik, invaziv ya da noninvaziv, hatali ya da dogru

olduguna bakilmaksizin, sonucu diizelten bir tedaviyle

birlestirilmedikge iyilesmeye katkida bulunmayacaktir*»

Pinsky & Payen. Functional Hemodynamic Monitoring, Springer; 2004

* Microvascular pressure (fluid load) (2). #Modulation of permeal

(attenuation of tssue edema) (1)
*Blood purification (cz.

¥
and inhibitors of vasoconstriction) (1).
@ Rheology (anticoagulants, antiaggregants) (7).

Microcirculation |1—| ““ggﬂmmﬂon' |_" e "f.'irﬁ::iz:)

PERIOPERATIVE HEMODYNAMIC OPTIMIZATION

Hemoglobin
concentration

o i . [ o)
(arterial oxygen content) | | of oxygen delivery

© Respiratory support.

© RBC transfusion.
oB

 Additional oxygen and

) oo .| Cardiovascular performance | N

| (cardiac output) i

| i

| i

Y ‘ Y X

Contractility i ] Preload i Afterload

: (heart rate and valvular function) | | i { (coronary blood flow)
Contractility (inotropes, beta-blockers)  ® Fluid load (colloids or crystalloids) .V sors or vasodilators.
eHeart rate and riythm (pacig,

© Fluid removal (diuretics, ultrafiltration,

 Regional anesthesia.
restrictive fluid therapy)

chronotropes, antarrhythmics, # Inraaortic balloon pump.

anesthetics and sedatives)
*Valvular function (repair replacement)

V.V. Lemivorotov et al. / Journal of Cardiothoracic and Vascular Anesthesia 31 (2017) 291-308

inhibicors of cytokines & mediacors) (1).

- Tesekkur ederim...

Table 2
Advantages and Disadvantages of Different Hemodynamic Monitoring Devices in Cardiac Surgery

Invasiveness  Reliability in Canfiac ~ Ease of Use  Ability to Monitor
Surgery Patients CO in Real Time

Ability to Measure
Vasiables Other Than CO

Ulirasound techniques” S+ +

Pulmonary artery catheter - +4+4+ +

Transpulmonary thermodilution +++ .

Lithium dilution e+ +
wcalibrated pulse contour + 4+

analysis

Applanation tonometry

Estimated continuous cardiac

output

Bioreactnce

Modified from Jozwiak M. Monnet X_ T
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