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Marey's sphygmograph — note the registration unit at the top right, where one can see the blood

. . pressure waveforms obtained from the set of levers at the wrist B
1847 kimograf Carl Ludwig

The discovery of blood pressure was more important than the discovery of blood.

Johannes Miiller



Yontemler

PAK,TPTD

NKA(PCA)

Doppler

Bioimpedans

Bioreaktans




Pulmoner arter kateteri

Proximal Port ®

Port to the

Adolf Fick
Thermistor @

Stewart indikator dilGsyon PFSE Raleon

Fegler termodillisyon

Morbidite ile iliskili

Right Atrium

Right Ventricle



Limitasyonlar

Indikatdr kaybi (enj.6ncesi-sirasinda-sonrasinda)
Isi volim
Resirkulasyon

Hastanin pozisyon-cerrahi




Limitasyonlar

Vicut 1s1 degiskenligi
Sag kalp outputu
Invazif-Komplikasyon
Tekrarlanabilirlik (%22)

Devamli 6lcim yapanlarda-gecikme




Nabiz kontiir analizi (Pulse contour analysis)

PCA

Kalibrasyon Kalibrasyon
gerekmeyen gerektiren

Noninvazifler



Kalibrasyon gerektirenler (Transkardiyopulmoner

Kalibrasyon Algoritm

termodiliisyon ve lityum)

Ozellik

Dezavantaj

Lidcoplus Lityum TPD  PulseCO Arter morfoloji  Biraz daha
degisikliklerine invazif
az hassas
PiCCO TPD Pulse kontur Arteryal Biraz daha
analiz eder, kompliyans,SV  invazif
aortik R Hipotermi?
kompliyansa Gercek zamanl  Kalibrasyon
bolerek egrinin KO, PAK ile ?
sistolik kisminin ~ karsilastirilmis
alaniile entegre
eder.
VolumeVie TPD Langewouters Hiperdinamik, Biraz daha
w/E1000 vazoplejik invazif
hastalarda

gecerli




Transpulmonary thermodilution

temperature

-

Pulse contour analysis

o
Calibration 1 4
P E— ‘ o "

-

Bolus Cardiac output calculation:
Area under the thermodilution curve
B, o
=
time tisl
Th = Blood temperature
(Tb = Ti) X Vi X K Ti= Injectate temperature
CcO ] V= Injectate volume
TDa |ATpxdt=  Area under the thermodilution curve
I A Tb X dt K= Correction constant, made up of specific
weight and specific temperature of blood and injectate

P [mm Hg]

t[s]

PCCO=cal +HR * f(

Systole

< D-+cp)e 9 ) dt

Patient-specific  Heart
calibration factor rate
(determined by
thermodilution)

SVR
Area under Aortic Shape of
pressure compliance pressure
curve curve



Transpulmonary thermodilution Pulse contour analysis

1. Intrathoracic Thermal Volume: ITTV = CO x MTt
Definition: Thermal distribution volumes of cardiac chambers |
pius pulmonary thermal volume

2. Pulmonary Thermal Volume: PTV = CO x Edt
Definition: Thermal disfribution volume of the lungs including
intravascular, intersiitial and alveolar volumes

3. Giobal End-diastolic Volume: GEDV = [TTV - PTV

‘ Definition: Sum of the end-diastolic volumes of all heart
* . e
e 1 ; chambers, excluding infrathoracic blood volume
ure car
Figure 1 Transpulmonary thermodilution curve he wasanent
of global end-dastoiic vokume (GEDV) by the RICCO™ s
based on the mean transit time (MTH and exponential downslope 4. Intrathoracic Blood Volume: ITBV = GEDVx 1.25
ene (D51), while the assessment of GEDV by the new

2 ™
Volurméview  method s based on MTL madmum ascending slope

(S1) and maamum descending slope 52)

5. Extravascular Lung Water: EVLW = [TTV-1TBV
Definition: Water content outside of the pumonary vasculature
including the pulmonary interstitium plus any aveolar fluid




Limitasyonlar

Daha az invazif ama sag kalple ilgili veriler yok

Mikst vendz 0, saturasyonu yok

Cocuklar icin araliklar uygun degil

Isi, Voliim, Indikator kaybi, ekstrakorperyal dolasim, TAV,
Pnomenoktomi

Arter, Damping...




Limitasyonlar

Lityum tedavisi
Lityum birikimi
<40 kg

Ik trimestr

Kas gevseticiler




Kalibrasyon gerekmeyen az invazifler

Cihaz Algoritm Ozellik Dezavantaj

Flotrac/Vigileo Langewouters En cok calisma Vazomotor ton
yapilan, Operasyon odasi
Perioperatif disinda
donemde
glvenilir

Lidcorapid PulseCO Boy, yas, agirlik

normogramlari

ProAQT/pulsiofle  Boy, yas, agirlik, Dalga boyu
X MAP, HR ile analizi 250/sn
otokalibrasyon




AP

ProAQT

Automatic start value determination

Based on characteristics and details of the arterial
pressure curve (innovative 250 Hz sampling) a
start value is determined for cardiac index trend
monitoring (CI. )

Trend

The pulse contour of the arterial

pressure curve is analysed and
. the continuous cardiac index is
\\ \ 3 measured.
- - .

t
Alternativ: Manual Calibration
To increase accuracy a measured Cl value (e.g
from the Echo) can be entered for manually
calibrated cardiac index monitoring (CI. )




Flotrac/Vigileo

The FloTrac System Algorithm

Formula for Cardiac Output = Heart Rate x Strokeifolume
FloTrac System Cardiac Output = Pulse Rate x [std(BP)*x ]

< I 1 E <
Pulse Rate [PR] Standard deviation of arterial The ® factor compensates for

blood pressure [std(BP)] differences in vascular compliance
and resistance

e Measured as beats per minute

» Beats identified by upslope ® Pulse pressure oo SV oo std(BP)

of waveforms & Measured as mm Hag

» Advanced beat detection e Computed on a beat-by-beat basis
differentiates fully perfused beats

e Patient-to-patient differences estimated
from biometric data

e Dynamic changes estimated by waveform

analysis (skewness, kurtosis, of the
e Computed from 20-second time waveform)

period of beats e Measured as mlL per beat/mm Hg

& l-minute average updates

m Edwards Lifesciences™

Pressum 1®

{mmHg)




Limitasyonlar

Algoritmler

Damping (over-under) rezonans
Aritmi

Vaskuler tonus degisikligi (NE)

IABP




Limitasyonlar

Perifer arter — arteryal dalga form paterni

Ameliyatlar

Farkl hasta gruplari




Non invazif nabiz konttir analizi

Volim klemp yontemi

e CNAP, Nexfin, Clearsight

Radyal arter applanasyon tonometrisi

e T-Line



Voliim klemp yontemi

Fig. 3. Schematic illustration showing the theoretical principle of the volume clamp method (also called vascular unloading
technique). An inflatable finger cuff (A) applies pressure to the finger and contains an infrared transmission plethysmograph (B) to
measure the finger artery’s (C) diameter (i.e., blood volume). A light detector (D) that is also integrated in the finger cuff measures
the absorption of the infrared light. An increase in artery size because of an increase in blood volume (and subsequently pressure)
automatically leads to an increase in cuff pressure with the help of a photo-plethysmographic control system (E) in order to keep the
artery diameter constant (and the arterial wall ‘unloaded’). Thus, from the pressure needed to keep the volume in the finger artery
constant (F) throughout the cardiac cycle, the arterial blood pressure waveform can be derived indirectly (G).



Voliim Klemp yontemi




Radyal arter aplanasyon tonometrisi

APPLANATION

Fig. 4. Cross section of the wrist (A) with a schematic illustration showing the radial artery applanation tonometry technology. The
applanation tonometry requires that the radial artery (B) be flattened (applanated) underneath a sensor (C) and be supported by a
bony structure (e g., the radius (D)). The sensor is integrated in a bracelet (E) that also holds the motors to move the pressure sensor
laterally for identifying the site of maximum pulsation and up and down for achieving the optimal artery applanation. The maximum
pulse pressure (equivalent to the mean blood pressure) can be obtained when the transmural pressure is zero {representing the
maximum compliance of the arterial wall). Continuous non-invasive beat-to-beat recording of the arterial blood pressure waveform
can thereby be derived (F). Subsequently, the arterial blood pressure waveform is scaled using proprietary signal processing algo-
rithms based on biometric data (G). The ulnar bone is indicated by H.



Limitasyonlar

Algoritmler

Aritmi

Vaskuler tonus degisikligi

Hareket artefakti,Sensor dislokasyonu, Parmak odemi

SVR, KO ylksek veya dusuk

Neyi neyin yerine koymak lazim?




Doppler Teknikleri

USCOM

~TScom




Ozefagiyal Doppler EKO
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PATIENT DATA
#19.12.08-11.30
Female - 58 yrs
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Limitasyonlar

Semi-invazif, Uyanik hasta?

Egitim-Optimal sinyal elde etme

Desendan aorta-Sefal-Kaudal kan oranini ve Aortun kesitsel alanini sabit kabul
eden algoritma

Aortun capi-normogram Akimi laminer kabul ediyor. Tirbulan?

Anevrizma, koarktasyon, IABP




USCOM
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Limitasyonlar

Algoritma hasta boyuna gore
Agirhik, VYA dikkate alinmiyor

Doppler teknikleri? PW-CW

Egitim



Bioimpedans Bioreaktans olcumleri

Bioimpedans-
Bioreaktans

Cheetah
NICOM




Cheetah NICOM

NICOM Completely Noninvasive Cardiac Output Monitor

Prewired sensors Prewired sensors and bag Records software




ECOM
ET Tube




Limitasyonlar

Bayuk sivi siftleri

Pulmoner torasik patolojiler
Pulmoner 6dem efluizyon
Sant

Ybc cisim (gogus tupd, tel, metal)




Limitasyonlar

Hareket artefakt
Kafin pozisyonu
Farkli hasta gruplari
Cocuk icin elektrot

Ne kadar gercek zamanli?




Nabiz dalgasi gecikme zamani (PWTT)

ECG ECG
PWTT PWTT
High Blood Pressure Low Blood Pressure

CO =K x (oe x PWTT + B) x HR = esCCO



Limitasyonlar

Baslangicta kalibrasyon

Hemodinamik stabilite 3 dk.

Yeni versiyon morfometrik olcimler
Aritmi, Pacemaker, |IABP

Pulse oksimetre (Hipotermi, soguk cevre)

Kritik hastalar




VCI cap-kollapsibilite
indeksi

VJI, VCS




1 = minimum D¢

2 = maximum Dyc
Inferior vena cava

'.‘ T T

-

Expiration Insufflation
Airwav nressiure curve






Guarracino et al. Critical Care (2014) 18:647
@ CRITICAL CARE

DOl 10.1186/513054-014-0647-1

Open Access

RESEARCH
Jugular vein distensibility predicts fluid

responsiveness in septic patients

— WV dist
- PPV

Sensitivity

Specificity




Limitasyonlar

Pozisyon, Solunum, Diyafram Hareketi, Prob (B line)

Kisi bagimli
Intraabdominal hipertansiyon

Devamli?



Ekokardiyografi

Aortik Kan velositesi

Delta VTI

SVV, CO

E/Ea, Sag ve sol volliimler




Limitasyonlar

Tecribe

Uygulayici farklihgi

Hiperinfle akc, amfizem, insizyonlar, dren, yetersiz hasta
pozisyonu




Sivi cevabinin degerlendirilmesi

Kim Cevap Verir?

Kim Cevap Vermez?

Her cevap verene sivi verelim mi?
Ne zaman Duralim?

Vazoaktif ajan ?







Dinamik parametreler

SVV, PPV, SBV

PVI

EKO (VTi-Kan velositesi)

USG (VCi-VJi)




Frank-Starling

Stroke volume
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Stroke
volume 000 ooooooooooooooooooooooooooooooooooooooooooooooooo
.................... Patient is preload
independent
h' lJ 1
Patient is preload
dependent
° >

Preload



Arterial pressuve

Arterial pressuve

Airway pressure

~ Assessment of SVV and PPV

P PP.. SV,

v PP, SV

Assessment of SPV, AUp and ADown

Dudmennsms troneit timms
| ¥ S S ARTETIRTY v







PERIOPERATIVE MEDICINE

Assessing the Diagnostic Accuracy of Pulse Pressure
Variations for the Prediction of Fluid Responsiveness

A “Gray Zone” Approach

%9-13 gri zon

Hastalarin %25 i




Limitasyonlar

Spontan solunum
Soluma gayreti-Tetik
Aritmiler

Dusuk TV (cut of %6,5)




Limitasyonlar

Kompliyans 30 ml cmH,0 altinda ise
ARDS yanlis negatif restriktif strateji
Yiuksek frekansli ventilasyon

KH/SS<3,6




Limitasyonlar

Artmis intraabdominal basing
Yuksek cut-off

Acik gogus



SVV-PPV?




J Clin Monit Comput (2015) 29:197-200
DOI 10.1007/s10877-014-9598-y

LETTER TO EDITOR

Fluid responsiveness is about stroke volume, and not pulse

pressure Yogi: the power of Doppler fluid management
and cardiovascular monitoring



Pletismografik degisiklikler
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Limitasyonlar

GA-MV-Tetikleme yok
Aritmi yok —variabilte yok

TV 8 ml-PEEP 5

Vazomotor tonus (NE-Agri-Sok-Vicut sicakligi)

Hasta hareketi-sinyal kalitesi




End expiratuar okllizyon testi

ARDS de daha guvenli

Spontan gayret tetiklerse ise yaramaz




Mini sivi yukleme (fluid challenge)




An Increase in Aortic Blood Flow after an Infusion of 100 mi
Colloid over 1 Minute Can Predict Fluid Responsiveness

The Mini-fluid Challenge Study

Values of AVTI, , (%)
BsosB8588343

39-MV-Yb hastasi
Subaortic VTI - TTE
100 ml HES 1 dk., 400 ml HES 14 dk., VTI 100
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Anesthesiology 2011; 115:541-7



Wu et al. Critical Care 2014, 18R108
http://ccforum.com/content/18/3/R108
‘c: CRITICAL CARE

RESEARCH Open Access

A 10-second fluid challenge guided by
transthoracic echocardiography can predict
fluid responsiveness

\

B

\
‘ 50-ml kristaloid 10 saniye, 450 ml kristaloid 15 dk.
[

‘ SV, aortic velocity time index (VTI), and left ventricular ejection fraction (LVEF)
/




Limitasyonlar

Mini sivi-Mini
degisiklik

/' Keskin bir yontem




Pasif bacak kaldirma

transfer of blood
from the legs and abdominal
compartments

= test for
fluid responsiveness

passive leg raising



Cl21—-23 A<15%
ETCO232 —-32 A =5%

Cl21—-26 A215%
ETCOz 32 — 37 Az5%



Monge Garcia et al. Annals of Intensive Care 2012, 2:9 G) An nals Of Inten Sive Ca re

http/fwwwanna lsofinten sivecare.com/fcontent,/2/1/9 a SpringerOpen Journal

RESEARCH Open Access

Non-invasive assessment of fluid responsiveness
by changes in partial end-tidal CO, pressure
during a passive leg-raising maneuver
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Intensive Care Med (2010) 36:1475-1483
DOI 10.1007/s00134-010-1929-y

REVIEW

Fabio Cavallaro
Claudio Sandroni
Cristina Marano
Giuseppe La Torre
Alice Mannocci
Chiara De Waure
Giuseppe Bello
Riccardo Maviglia
Massimo Antonelli

Diagnostic accuracy of passive leg raising

for prediction of fluid responsiveness in adults:
systematic review and meta-analysis of clinical
studies

Ventilasyon modundan bagimsiz
A SN SN S S S S

Kardiyak ritimden bagimsiz
y & & & O Oy Oy .

Teknikten bagimsiz

Rutin

PLR cCO > PLR cPP




Limitasyonlar

Intrakraniyal
basing

Intra
abdominal
Her _ basing
. ameliyatta
Her astay.a. uygulanabilir
uygulanabilir mi?

mi? Ampute
hasta




o SFAR |

Société Francaise d'Anesthésie et de Réanimation

Original article

Evaluation of the knowledge base of French intensivists and
anaesthesiologists as concerns the interpretation of respiratory

arterial pulse pressure variation

Table 1
Expected answers to clinical cases.

ltem

Expected answer

PPV formula

PPV physiological support

PPV threshold value

Gray zone approach

PPV prerequisites

PPV confounding factors
Respiratory conditions

Cardiac conditions
Abdominal conditions

100 x [(PPmax-PPmin )/
((PPmax+ PPmin)/2)]

Respiratory variability of arterial pulse
pressure

>13%

Area of uncertainty without clinical
application

Sinus rhythm, controlled ventilation
without spontaneous breathing and
continuous arterial pressure monitoring

Vi>8mL/kg HR/RR = 36, low
respiratory system compliance (< 30 mL/
cmH20) due to low pulmonary
compliance

Absence of RVD (TAPSE = 15mm)
Absence of intra-abdominal hypertension
(<16mmHg)

All confounding factors
Level 3 g%

30 (21%)

Level 2  Tidal volume

145 (100%)

All physicians



British Journal of Anaesthesia 112 (4): 681-5 (2014) B A
Advance Access publication 29 December 2013 - doi:10.1093/bja/aet442 J
CRITICAL CARE

Evaluation of pulse pressure variation validity criteria
in critically ill patients: a prospective observational

multicentre point-prevalence study!

Methods. A 1 day, prospective, observational, point-prevalence study was performed in
26 French intensive care units (ICUs). All patients hospitalized in the ICUs on the day of the
study were included. The APP validity criteria were recorded prospectively and defined as
follows: (i) mechanical ventilation in the absence of spontaneous respiration; (i) regular
cardiac rhythm; (jii) tidal volume =8 ml kg_1 of ideal body weight; (iv) a heart rate/respiratory
rate ratio >3.6; (v) total respiratory system compliance >30 ml cm H,0™*; and (vi) tricuspid

annular peak systolic velocity =0.15m s .

Results. The study incdluded 311 patients with a Simplified Acute Physiology Score II of 41 (39 -
43). Overall, onlysix (2%) patients satisfied all validity criteria. Of the 170 patients with an arterial
line in place, only five (3%) satisfied the validity criteria. During the 24 h preceding the study time-
point, fluid responsiveness was assessed for 79 patients. APP had been used to assess fluid
responsiveness in 15 of these cases (19%).



== STATISTICAL GRAND ROUNDS

Tracking Changes in Cardiac Output: Statistical

Considerations on the 4-Quadrant Plot and the
Polar Plot Methodology

Data Points Transformed to Polar Plot
Original Data Points in Quadrant Plot 90 g

A CO-ST

August 2015  Volume 121 « Number 2 www.anesthesia-analgesia.org



Noninvasive Hemodynamic Monitoring Devices

New Tools or Just Another Toy?

Bizim icin bulunan bizim bulmadigimiz aletler

Anesthesiology, V 120 * No 5 1065 May 2014






= EDITORIAL

Goal-Directed Therapy: Time to Move on?

Maurizio Cecconi, MD, FRCA, MD(UK), FICM, and Andrew Rhodes, FRCRE FRCA, FFICM, MD

Cok sey ogrendik

Dogru hedef ne?
— Sadece hemodinami-Basit

Demetler
ERAS




Hicbir monitor tek
basina outcome

Verilerin
kombinasyon ve
integrasyonu

Monitor ihtiyaci
zamanla degisir

Tahmin edilen
Olcilen degil

Hastanin tipi,

sorulan soru, icinde

bulunan durum

Herkese
uygulanacak optimal
hemodinamik deger
yok

Tek olay non
invaziflik degil

























