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Pediyatrik Kardiyak Cerrahide
Monitorizasyon

Yeni Kusak Hemodinamik Monitorizasyon

Prof. Dr. Suna GOREN
Uludag Universitesi, Tip fakiiltesi
Anesteziyoloji ve Reanimasyon AD
BURSA




Pediyatrik Kardiyak Cerrahide
Monitorizasyon

EKG

* Nabiz oksimetri

* Noninvaziv — invaziv ABP
- CVP

« End-tidal gaz analizi

Standart monitorizasyon

lleri hemodinamik monitorizasyon

» Dolasimsal durumu degerlendirme
— CO dlcumu
— Venoz oksimetri
« Sivi tedavisini degerlendirme
— Sivi yaniti
— Akciger sivisinin saptanmasi




CO Monitorizasyonu

Kan Basinci = SVR x CO

* Preload
« Kontraktilite
HR X SV « Afterload
* Ritim
« Diyastolik fonksiyon

DO, = Sa0, x Hgb x CO



CO Monitorizasyonu

davo? = 4.428 - 0.000 bp
r-5q = 0.000 AMSE = 1,914 n = 9563
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Figwe 1 Data from the Children’s Hospital of Wisconsin hypoplastic
left heart syndrome stage 1 perioperative database comparing mean
artenal blood pressure and arteriovenous oxygen content difference.
Just under 10,000 hours of data are shown. There is no conelation
between blood pressure and cardiac output.

JS Tweddell, et al. Semin ThoracCardiovascSurgPediatrCardSurgAnn 2014;17:81



CO Monitorizasyonu

Klinik gostergeleri

 Nabiz ve ortalama kan basinci
« Kapiller dolum zamani

« Kan pH, baz defisiti and laktat
» Periferik /santral isi farki
 Diurez

PICU (kardiyak / nonkardiyak)

Klinik gostergeler vs TPTD = CO (Dusuk, Normal, YUksek) tahmini

HR
CVP
Mental durum

Klinisyen deneyimli de olsa korelasyon zayif
Tibby SM, et al. Clinicians’ abilities to estimate cardiac index in ventilated children and infants. Arch Dis Child 1997;77:516-518



Kardiyovaskuler Fonksiyon

CO olcumu

« QOksijen tuketimi (Fick)

 Indikator dilusyonu (boya, 1si, lityum)
 Arteriyel basing dalga formu analizi

« Biyoimpedans/reaktans

* Doppler US



CO Monitorizasyonu

Ideal monitorizasyon 6zellikleri

Olgiim dogrulugu ve hassasiyeti yiksek

Hizli yanit alinan aralikh /strekli 6lgim (beat-to-beat) yapilabilir
Kullanimi kolay ve kullanicidan bagimsiz

Morbiditeye yol agmayan

Ekonomik, ucuz

Her yastaki hastaya uygun

CO olgum sinirlari genis (ozellikle dusuk degerler igin)

Kongenital kalp hastaligi ve kompleks paliyatif/duzeltici
cerrahide kullanima uygun olmali



CO Monitorizasyonu

Pediyatrik olgularin erigkinlere gore farkliliklari

Vucut boyutunda yasa bagli buyuk degisiklikler olmasi

— PAK, femoral arter kateteri, 6zefagial prob buyuklGgu

Anatomik boyutun hata sinirlarini arttirmasi

— OIi bosluk T, damar boyutunun 4, indikatdr hacminin 4, invaziv
uygulamalarda risk T

Fizyolojik degisikliklerin daha hizli olugsmasi
Sik olcum ve ¢oklu kan ornegi alinimina toleransin azligi

Fizyolojideki onemli farkliliklar
— Kongenital kalp lezyonu, transizyonal fizyoloji, sepsis fizyolojisi



Pediyatrik Kardiyak Cerrahi

Kalp — miyokardi degerlendirme
1. Kardiyak fonksiyon ?

2. Mevcut Kklinik duruma gore kardiyak fonksiyon normal mi?

3. Kardiyak fonksiyon normal degilse nedeni?

Ekokardiyografi
Gucll yoni = Miyokard fonksiyonunu kalitatif < kantitatif degerlendirmesi

Zayif yonu = Olgtim suirekliligi olmamasi, kullanici bagimliligi

Hemodinamik monitor olarak kullanimini sinirlar



Pediatrik Hemodinamik Monitorizasyon

Altin standart

* Pulmoner arter kateteri
— Guvenligi
Nishikawa T, Dohi S. Errors in the measurement of CO by thermodilution. Can J Anaesth 1993;40:142
— Komplikasyon
— Morbidite-mortaliteye etkisi
* Transpulmoner termodilusyon

Tibby S. Transpulmonary thermodilusyon: Finally a gold standard for pediatric cardiac output measurement.

Pediatr Crit Care Med 2008;9:341

» Ekokardiyografi

VS

Yeni kusak hemodinamik monitorizasyon



Michelle S. Chew Accuracy and repeatability of pediatric
Janlochnert cardiac output measurement using Doppler:
20-year review of the literature

Table 1 Accuracy of traditional Doppler CO measurements com- beam Doppler. CWD continuous-wave Doppler, TEE transesopha-
pared to reference technique in children given as mean difference  geal Doppler. PWD pulsed-wave Doppler. AA ascending aorta, DA
+2 standard deviations of differences unless otherwise stated. All  descending aorta, AN aortic annulus, leaflet aortic maximal leaflet
measurements were made using the suprasternal approach unless separation, 7D thermodilution, dve dye dilution, NA not available)
otherwise indicated. (TED transesophageal Doppler, DBD dual-

Study n Method Site Reference CO range R ifference
Alverson et al. [32] 33 PWD AA Fick 0.4-5.54 I/min 0.98 5+27%
Mellander et al. [15] 10 PWD AA TD 1-4.5 I/min 0.97 —-18.3 to 75.5% range
of mean difference
Morrow et al. [18] 12 CWD AN TD 1-6 /min 0.94 -37+43%
Notterman et al. [17] 17 PWD AN TD 1.02-6.26 I/min 0.84 12.7% (0.41-102.5%)
mean difference (range)
Rein et al. [21] 25 CWD AN TD 1.9-5.6 I/min 0.86 1.2+30.3%
Sholler et al. [16] 21 PWD AA leaflet Dye 0.5-5.5 /min 0.930.99 | 16.3£30.7%—-8.1x19.5%
Tibballs et al. [19] 18 PWD AA Dye 0.23-5.76 I/min 0.97 7.1x19.6%
Wipperman et al. [20] 18 PWD DBD AA TD 0.4-2.2 /min NA 1.9+22.4%
Wodey et al. [10] 20 PWD DA CWD 2-6 I/min NA —0.02+36%
Murdoch et al. [12] 11 CWD (TED) DA TD 291-5.02 I min ' m32| — —0.5£10%*
minute distance
Tibby et al. [11] 100 CWD (TED) DA D 1.44-8.97 I min~! m2| NA 0.87+16.8%*

minute distance

arefers to 2 SDD of therelative change in minute distance or CO

Intensive Care Med 2003;29:1889



Table 2 Repeatability of traditional Doppler CO measurements in  suptrasternal approach unless otherwise indicated (PWD pulsed-
children defined as the coefficient of variation (CV), unless other- wave Doppler,CWD continuous-wave Doppler, CO cardiac output,
wise stated. All measurements were made at the aorta using the V77 velocity time integral TED transesophageal Doppler)

Study n Variable Reproducibility of measurement V (%)
Intraobserver Interobserver
Childs et al. [26] 72 VTI 0.3-0.8 8
Claflin et al. [24] 10 cO 7.0-12.1 3.1
VTI 6.6-11.7 2.5
Hanseus et al. [25] 10 VTI 3.5 5.8
Minute distance 7.5 6.5
Hirsimaki et al. [27] 37 Mean velocity 6.77 (SEM) -
Max velocity 5.65 (SEM) -
Hudson et al. [23] 12 CO PWD 7.9-16.1 14.8
CO CWD 7.1-18.4 12.6
Mellander et al. [15] 10 Mean velocity 6.4 -
Max. velocity 4.5
Mohan et al. [13] 20 Minute distance 16.0 -
Notterman et al. [17] 17 CcO Median 2.5, range 0.34-10.6 -
Rein et al. [21] 25 cO - 21.7
Wodey et al. [10] 20 Mean velocity 5.0-20.1 (mean difference) -
CcO 7.0-22.0 (mean difference) -
Murdoch et al. [12] 11 MD (TED) 2.8-3 -
Mohan et al. [13] 20 MD (TED) 2.1 -
Tibby et al. [11] 100 Minute distance (TED) Median 3.3, interquartile range 2.1-4.7 -

Pediatrik Doppler vs TPTD
Precision: %30, Bias (SD): <% 10
Olgiimiin tekrarlanabilirligi: < %1-22
Doppler ile CO olgumunde deger degil, trend izlendiginde ve transozefagial yontem

kullanildiginda en dogru sonug elde edilir ntensive Care Medi2io RN



CO Monitorizasyonu

 Arteriyel basing dalga sekli analizi

A. Pulse contour
n&mnmur ( -

Cardiac output = K*HR* | o +C(p) d—)dt

SVR dT
HR = heart rate
K = factor reflecting specific patient characteristics
P = pressure
t=time
SVR = systemicvascular resistance
C = compliance of aorta

—

t=time

F = dimensional factor inversely related to the
instantaneous acceleration of the vessel cross-
section area

lgorithm corrects any arterial pressure
10 a standardised volume waveform

K = factor reflecting spedific patient

characteristics (determined with use of TPTD)
Cal = a calibration factor derived from compliance

bp = blood pressure

Smﬂ:;llsaﬂllty using the standard deviation
of the arterial pressure wave

X = constant (arterial compliane, vascular
resistance)




Hemodynamic monitoring by transpulmonary thermodilution and
pulse contour analysis in critically ill children

Table 3. Pediatric animal models evaluating the validity of transpulmonary thermodilution and pulse contour capdiac outpit
Limits of
Population (n) Methods R Bias Agreement
Lemson et al (19) Newborn lamb (n = 12)/hypovolemia TPTD vs pulmonary artery flow probe 097 0.19+0.24" —0.04 to 0.43*
Pielh et al (38) Piglets (n = 10) /hemorrhagic shock TPTD vs PAC 097 0.14 = 0.47% Not available
Recalibrated pulse contour cardiac output vs PAC| 0.96 0.11 = 0.45® Not available
Lopez Hercé (41) Maryland pigs (n = 51) Pulse contour cardiac output vs TPTD 065 0.04 =055 —0.02t00.127
Ruperez et al (39) Maryland pigs (n = 16) /hemofiltration TPTD vs PAC 0.89 0.28¢ —0.34 to 0.93°
TPTD, transpulmonary thermodilution; PAC, pulmonary artery catheter.
Bias and limits of agreement are presented in “L/min/m? or ®L/min.
Table 2. Clinical studies evaluating the validity of transpulmonary thermodilution and pulse contour gaxdiac output
Limits of
Population (n) Methods R? Bias Agreement
McLukie et al (5) Cardiac surgery (n = 10) TPTD vs pulmonary artery catheter Not available 0.19 = 0.21 —0.23 to 0.60
Tibby et al (21) Cardiac surgery (n = 24) TPTD vs Fick 0.99 0.02 —0.57 to 0.61
Pauli et al (22) Cardiac surgery or catheterism TPTD vs Fick 0.98 0.03 = 0.17 —0.31 to 0.37
(n = 18)
Linton et al (34) Cardiac surgery or sepsis (n = 17)  Lithium vs TPTD 0.90 —0.17 =039 —0.86to0 0.31¢
Fakler et al (36) Cardiac surgdery (n = 24) Pulse contour cardiac output vs TPTD 0.86 0.05+04 —0.75t0 0.85
Mahajan et al (37)  Cardiac surgery (n = 16) Pulse contour cardiac output vs TPTD 0.72 0.10 = 0.97 —1.84t02.04

TPTD, transpulmonary thermodilution.

Bias and limits of agreement are presented in L/min/m?® or “L/min.

F Proulx, Pediatr Crit Care Med 2011;12:459




Sarena Teng

Jon Kaufman
Zhaoxing Pan
Angela Czaja

Heather Shockley

Eduardo da Cruz

Continuous arterial pressure waveform
monitoring in pediatric cardiac transplant,
cardiomyopathy and pulmonary hypertension
patients

Table 1 Patient characteristics

Charactenisitic No. (%) Mean Median Range
of patients

Gender, n (%)

Male 19 (61)

Female 12 (39)

Diagnosis

Pulmonary hypertension® 6 (15)

Orthotopic heart 26 (63)
transplantation

Dilated cardiomyopathy 9(22)
No. of measurements per

diagnosis
Pulmonary hypertension 86 8 5-13
Orthotopic heart 33 3 2-5
transplantation
Dilated cardiomyopathy 3.1 3 2-5
Age (years) 894 9 0.66-16
BSA (m7) 1.1 1.04 0.4-1.97
Weight (kg) 33 28.7 8.1-86

* Four secondary, two primary
Intensive Care Med 2011,;37:129



Mean PAC CO - Mean FloTrac™ CO
(L/Min)

Mean PAC CO - Mean FloaTrac™ CO
(L/Min)

Bland-Altman plot — Ortalama CO degerleri
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Assessment of cardiac output in children: A comparison between the

pressure recording analytical method and Doppler echocardiography*

Marco Calamandrei, MD; Lorenzo Mirabile, MD; Stefania Muschetta, MD; Gian Franco Gensini, MD;

Luciano De Simone, MD; Salvatore M. Romano, PhD

N =48, 1 ay — 18 yas

COpopp: 2.7 + 1.6 L/dk (0.92-8.2)
COpray: 2.6 + 1.7 L/dk (0.89-7.48)

10,

Cardiac Output PRAM (L/min)

r’=0.99, p<0.01

Cardiac Output Echo (L/min)

CO (echo - PRAM) (L/min)

Pediatr Crit Care Med 2008:9:310

Mean diff: 0.12 + 0.27 L/dk
Cl%95: -0.54-0.77L/dk
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Pressure recording analytical method for measuring cardiac
output in critically ill children: a validation study

R. Saxena, A. Durward, N. K. Puppalg, I. A. Murdoch and S. M. Tibby* BJA 2013;110:423

N = 48, mekanik ventilasyon, arteriyel ve SVK
PRAM (MostCare®) vs Transpulmoner US (CO Status®)

Yas: 17 (4.5-47.3) ay
VA: 10.7 (5.5-15) kg
Inotrop tedavi: %78

Calisma disi:
» Kapak hastaligi
« Ciddi hemodinamik instabilite
» Genis anatomik sant
« Ciddi aritmi

PRAM

[
L

T

Table 1 Patient diagnostic characteristics. VSD, ventricular septal
defect; TCPC, total cavopulmonary connection; AVSD,
atrioventricular septal defect; TOF, tetralogy of Fallot; TAPVD, total
anomalous pulmonary venous drainage

PRAM

* If required

Diagnosis Number of patients (%)
Post-cardiovascular surgery 42 (87.5)

VSD 10

TCPC

AVSD 3

TOF

TAPVD

Others 13
Respiratory 2 (4.2)

Sepsis 4 (8.3)




CO PRAM-UD (I min™)

210 eslestirilmis olgum
COyp: 1.9 (1.2) L/dk
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Pressure recording analytical method and bioreactance for
stroke volume index monitoring during pediatric cardiac

surgery

Cristiana Garisto’, Isabella Favia', Zaccaria Ricci’, Stefano Romagnoli?, Roberta Haiberger’,

Angelo Polito’ & Paola Cogo’

Table 1 Demographic data, diagnoses, and procedures

Total N 20

Age (months) 6.0 (3-20)

Weight (kg) 53 (4.1-7.8)

ESA 0.31 10.24-0.37)
CPB (min) 159 (101-213)
XCLAMP (min} 72 (47-115)
Diagnosis 5 Tetralogy of fallot

1 Pulmonary atresia and ventricular
septal defect with multiple aorto-pulmaonary
collateral arteries

5 Atrioventricular canal

2 Unwventricular hearts

1 Transposition of the great arteries

1 Truncus arteriosus

2 Aortic valvular stenosis

2 Atrial septal defect + ventricular

septal defect
1 Total anomalous pulmonary vein drainage
Repair/palliation 18/2
Infant/older 14/6

Cyanotic/Acyanotic 6/14

BSA, body surface area; CPB, cardiopulmonary bypass; XCLAMP,
cross clamping time.

Pediatr Anaesth 2015;25:143



SVlpgay 23 Mlim?2 (19-27), SVgioiyp: 15 L/dk (12-25), p<0.0001
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Yenidogan - CO Monitorizasyon

Characteristics of various cardiac output monitoring techniques.

Method Invasive Catheters Intermittent Continuous Parameters measured/calculated  Feasible in newborns  Validation®
in neonates

Fick principle

Oxygen Fick (0,-Fick) - AC, CVC - - CO, Os-consumption - —

Carbon dioxide rebreathing (COR) - - + + (3 min) CO, ventilatory data - —
Modified carbon dioxide Fick (mCO,F) - AC, VC - - CO, ventilatory data - -
Indicator dilution

Pulmonary artery thermodilution (PATD) +++ PAC - - CO, CVP, PAP, PCWP, SmvO, - -

Pulse dye densitometry (PDD) + cvC + — CO, IBV + =

Lithium dilution (LiDCO) - AC, OVC - + (APCA) CO, SPV, PPV, SVV, HRV, ITBV - -
Transpulmonary thermodilution (TPTD) e AC, CVC - + (APCA) CO, GEDV, EVLW, ITBV, PPV, SVWW  — —
Ultrasound dilution (UDCO) - AC, CVC ~ - CO, TEDV, CBV, ACV - —

Doppler ultrasound
FTTanstnoracic echocaraiograpny (11E) = = = = CO, anat. & TUNCL assessment = = =
Transesophageal echocardiography (TEE) + - + - CO, anat. & funct. assessment + -
Transesophageal Doppler (TED) - - - - CO, FTc 5= =
Transcutaneous Doppler (TCD) - — + — co + 3
Arterial pulse contour analysis (APCA) ++/+ AC (CVC) — - CO, PPV, SVV, HRV - -

Thoracic Electrical Impedance (TEI) - — - - co - 439

*Validated against an accepted reference technology; AC: arterial catheter; ACV: active circulation volume; CBV: central biood volume; CO: cardiac output; CVC: central venous
catheter; EVLW: extravascular lung water; FTc: corrected flow time; GEDV: global end-diastolic volume; HRV: heart rate variation; IBV: intravascular blood volume; ITBV:
intrathoradc blood volume; PAC: pulmonary artery catheter; PAP: pulmonary artery pressure; PCWP: pulmonary capillary wedge pressure; PPV: pulse pressure variation; SmvO,
mixed venous oxygen saturation; SPV: systolic pressure variation; SVV: stroke volume variation; TEDV: total end-diastolic volume;

Boode W-P, Early Human Development 2010;86:143



Yenidogan - CO Monitorizasyon

Transpulmoner indikator dilusyonu
Arteriyel basing dalga sekil analizi
Torasik elektriksel impedans
+
TTE (fonksiyonel degerlendirme)
Duktal /arteriyel sant



{frontiers in
PEDIATRICS

METHODS ARTICLE
published: 25 March 2014
doi: 10.3389/fped.2014.00016

=
P |

Non-invasive cardiac output measurement in low and very
low birth weight infants: a method comparison

» Prospektif, gozlemsel calisma

. 228 CO dlgiimii

* N=28 pre-term yenidogan
(17 LBW, 11 VLBW)

Table 2 | Bland-Altman test for method agreement and coefficient of variations (CV) for precision calculation in all patients, LBW and VLBW

infants.
Population Method Mean CV (%) Agreement (Bland-Altman)
Upper limit Lower limit % of mean Bias % of mean

All patients TTE 25644448 8.0 716 -53.8 240 89 34

EV 26531488 6.3
LBW infants E 2483+ 399 8.7 708 -50.2 239 104 41

EV 258.7+447 71
VLBW infants TTE 2742 +538 105 69.1 —48.4 235 5.3 19

EV 268.8+490 70
Maans, bias, and limits are exprassed as absolute values (mi/kg/min), bias and imits also as % of means.

O Grollmuss, et al. 2014;2:16/1-5



CO"., (ml/kg/min)

Table 3 | Circulatory parameters: Measured SV, body weight indexed SV*, HR, and body weight indexed CO* for all patients, LBW and VLBW.

Parameter population SV (ml) SV* (ml/kg) HR (beats/min) CO* (ml/kg/min)
TTE EV TTE EV ECG (EV) TTE EV
All patients 297+068 3.04+0.75 163+0.27 168+028 1577+146 25644448 265.34+488
LBW 331+053 346+056 162+£0.25 169+£025 158.2+10.8 2477398 259.14+441
VLBW 2491058 2453058 1.65-+0.29 168+0.31 1635+123 268.8+490 2742+538
Maasurements performed by TTE and EV.
CO%y¢ versus CO™, Bland-Altman Graph

450
o
400 - o
350 e -
o
300 - ° y ’
5)
250 -
e
200 - 37,
'/7 °0
7 B e
150' 6/‘ a
OQ
100

CO" ;¢ (mikg/min)

100 150 200 250 300 350 400 450

100

150 200 250 M0 350 400

Average of CO*,,, and CO*,, (ml/kg/min)




Continuous non-invasive cardiac output
measurements in the neonate by electrical
velocimetry: a comparison with echocardiography

Shahab Noori,'-2 Benazir Drabu,? Sadaf Soleymani,’3 Istvan Seri

mL/min
- 888888388 8

N = 20, saglikli YD, postnatal 2 gun, 115 olgum

8
l
537 £105 VS 538 +105
p=0.7
LVO,, LVOecho

LVO,, - LVO, o (mL/kg/min)

 EsBessbousesdEE

Precision: %31,6 vs %30
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Bias = -1.5 mL/kg/min, Limit of agreement -79, 76 mL/kg/min

Yenidoganlarda elektrovelosimetri yontemi ile olgulen CO degeri
EKO ile belirlenen ile karsilastirilabilir niteliktedir

Arch Dis Child Fetal Neonatal Ed 2012;97:F340



Hemodynamic alterations recorded by electrical cardiometry
during ligation of ductus arteriosus in preterm infants

Reyvin Lien - Kai-Hsiang Hsu - Jaw-Ji Chu - Yu-Sheng
Chang

N=30, <1500 g, 27.7+2.0 hf, 929+280 g

PDA size

Tee Ta Ts Tr Tiw Ter Tiohr Tiser Taanr  Tashr

Teee Ta Ts T Tiw Tewr Tiowe Tiswe Taene Taswe

CDDA bebeklerde PDA ligasyonu
SV ve SVR T ile 6nemli
hemodinamik degisikliklere Te T+ Ts To T Tar Tiw Tiw Tow T
neden olur

Eur J Pediatr 2015;174:543



Experimental paper

Pulmonary arterial thermodilution, femoral arterial thermodilution and
bioreactance cardiac output monitoring in a pediatric hemorrhagic hypovolemic
shock model™

Yolanda Ballestero®¢, Javier Urbano®¢, Jestis Lépez-Herce®“*, Maria J. Solana®¢, Marta Botran ¢,
Diego Vinciguerra®:<, Jose M. Bell6nP-d

N=9, immature Maryland domuz (9-12 kg)
Hipovolemi: 30 ml/kg kan — Sivi tedavisi 30 mil/kg

Umin/1.73 m2 Hypowolemia . con

Hypovolemia Infusion
6,00 -
55 21,0,
5,00 4 l 47 l 190 | 150
p 43 _ 4 43 1 3 — — 18
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Measurements Measurements
Fig. 4. Changes in the Cl measured by pulmonary artery thermedilution (PATD), Fig. 6. Changes in the stroke volume variation (SVV %}) measured by femoral artery
femoral artery thermodilution (FATD) and bioreactance (BR). thermodilution (FATD) and Bioreactance (BR).
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Experimental paper

Pulmonary arterial thermodilution, femoral arterial thermodilution and
bioreactance cardiac output monitoring in a pediatric hemorrhagic hypovolemic

shock model™

Yolanda Ballestero®¢, Javier Urbano®¢, Jestis Lopez-Herce®“*, Maria ]. Solana®¢, Marta Botran®°,

Diego Vinciguerra®:<, Jose M. Bell6nP-d

Bias
LoOA

Korelasyon
P degeri

PATD-FATD  PATD- BioR

(-1.87-3.51)
r=0.43
=0.01

(-1.79-5.69)
r=—0.018

FATD-BioR

1.06
(-1.40-3.52)
r = 0.169:
= 0.22

Conclusions: PATD and FATD measurements showed similar responses to hypovolemic shock and volume
expansion. Bioreactance persistently underestimates the Cl and is not significantly altered by either
inducing hemorrhagic shock, or later, through volume expansion. Bioreactance is not a suitable method

for monitoring the Cl in pediatric hemorrhagic shock.

Resuscitation 2012;83:125



CO Monitorizasyonu

Kan Basinci = SVR x CO

* Preload
« Kontraktilite
SV X HR « Afterload
* Ritim
« Diyastolik fonksiyon

DO, = Sa0, x Hgb x CO




Kardiyovaskuler Fonksiyon

CO olcumu

Doku oksijenasyonu belirtecleri

« Laktat duzeyi

« Mikst/santral venoz O, saturasyonu (venoz oksimetri)
» Rejyonal O, saturasyonu (NIRS)



Mixed Venous Oxygen Saturation Monitoring After
Stage 1 Palliation for Hypoplastic Left Heart

Syndrome

Table 4. Multivariable Analysis of Impact of Factors on

Outcome

Complications
Factor R* =029

Death

Ord log
model
2=034 R>=1028

Age (younger) 0.048
Weight (lower)

Gestational age

Aortic diameter
Phenoxybenzamine

Additional diagnosis

DHCA duration

Total support time 0.003

(longer)

0.038

0.024

0.001

SvO, lower 0.022

0.016

0.004

Sa0; higher 0.04
AAVO,
Hemoglobin

(higher)
MAP
cvp
Heart rate (lower) 0.03
Qp/Qs (lower)
Fio, (higher) 0.028
pH (lower) 0.031
Base Excess
Pco,
Po,

0.007

0.015

0.021
0.023

0.037

60

40

—O—Uncomplicated survival
~=@= Survival with complications

~—&8— Early death

0 6 | 12 18

Postoperative Hour

Tweddell JS Ann Thorac Surg 2007;84:1301
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Near-infrared spectroscopy as a hemodynamic monitor in critical

illness

Nancy S. Ghanayem, MD; Gil Wernovsky, MD; George M. Hoffman, MD

Background: Near-infrared spectroscopy has moved from a
research tool to a widely used clinical monitor in the critically ill
pediatric patient over the last decade. The physiological and
clinical evidence supporting this technology in practice is re-
viewed here.

Methodology: A search of MEDLINE and PubMed was con-
ducted to ﬁnd vaidzbon studs oonlroled tnals, and other

inthe dmcal semng. Gmdelmes ptbished by lhe Amencm Heart
Association, the American Academy of Pediatrics, and the Inter-
national Liaison Committee on Resuscitation were reviewed in-
cluding further review of references cited.

Results: The biophysical properties of near-infrared spectros-
oopy devicw allow mwremem of mﬂlary—vewns oxyhem

rlll | =il

anciusions: Ciass 1l, level I

have been described for normal newborns and infants and chil-
dren with congenital heart disease and other disease states. The
capillary-venous oxyhemoglobin saturation from both cerebral
and somatic regions has been used fo estimate mixed venous
saturation and to predict biochemical shock, multiorgan dysfunc-
tion, and mortality in different populations. The relationship of
cerebral capillary-venous oxyhemoglobin saturation to neuroim-
aging and functional assessment of outcome is limited but ongo-
ing. Although there are numerous conflicting reports in small
populations, expert opinion would suggest that special use may
exist for near-infrared spectroscopy in patients with complex
circulatory anatomy, with extremes of physiology, and in whom
extended noninvasive monitoring is useful.

comnmms' Class II level B evidence suppom the conclusion

inliecidy

evidence supports t

111 a0

aalanian

conslon

that near-infrared spectmscopy offers a favorable risk—benefit
profile and can be effective and beneficial as a hemodynamic
monitor for the care of critically patients. (Pediatr Crit Care Med

2011; 12[Suppl.):527-532)




Predicting Fluid Responsiveness in Children:
A Systematic Review

Heng Gan, MBBCh, MRCPCH, FRCA,*{ Maxime Cannesson, MD, PhD,¥
John R. Chandler, MBBCh, FCARCSI, FDSRDS,§ and

J. Mark Ansermino, MBBCh, MSc (Inf), FFA (SA), FRCPC* Anesth Analg 2013;117:1380

12 calisma, 438 pediyatrik hasta (yas: 1.0 gun - 17.8 yil), 501 sivi bolusu

STATIC

Clinical Heart rate HR
Systolic arterial blood pressure SAP

Preload pressure Central venous pressure CVP
Pulmonary artery occlusion pressure PAOP

Thermodilution Global end diastolic volume index GEDVI

Ultrasound dilution Active circulation volume ACV
Central blood volume CBV
Total end diastolic volume TEDV
Total ejection fraction TEF

Echocardiography and Doppler Left ventricular end diastolic area LVEDA
Stroke volume index SvI
Corrected flow time FTc

DYNAMIC

Arterial pressure Systolic blood pressure variation SPV
Pulse pressure variation PPV
Stroke volume variation SW
Difference between minimal SAP and SAP at end-expiratory pause ADown
Difference between maximal SAP and SAP at end-expiratory pause AUp

Plethysmography Pulse oximeter plethysmograph amplitude variation APOP
Plethysmograph variability index PVI

Echocardiography and Doppler Respiratory variation in aortic blood flow peak velocity AVa
Stroke distance variation AVTI
Inferior vena cava diameter variation AIVCD

PASSIVE LEG RAISING (PLR)

Echocardiography and Doppler PLR-induced change in cardiac index ACl, ¢
PLR-induced change in stroke volume ASV,
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Pediyatrik olgularda sivi yanitini degerlendirmede,
« Statik parametreler yetersiz

« Dinamik parametreler
» Arteriyel kan basincini baz alanlar
yol gosterici degildir
» Pletismografik olanlar icin

kanitlar henuz yetersiz

* AV peak degeri gtvenilir

Cocuklarda
akciger, vaskuler ve kardiyak kompliyansin
eriskinlerden farkli olmasidir

Anesth Analg 2013;117:1380
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Prediction of fluid responsiveness in infants and neonates
undergoing congenital heart surgery

J. Renner®, 0. Broch?, P. Duetschkel, J. Scheewe?, J. Hocker!, M. Moseby?, O. Jung3? and B. Bein

Before surgical repair After surgical repair |
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N = 26, mekanik ventilasyon r P-value r P-value
ASD, VSD CVP (mm Hg) ~017 042 ~003 0.81
Yas (ort (SD): 14 (12) ay GEDVI (ml m™2) -0.13 052 ~0.64 0.0005
VA (ort (SD): 9.7 (4_3) kg PPV (%) 0.54 0.004 0.73 <0.0001

SW (%) 0.30 0.14 057 0.02
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Kongenital kalp hastaliklari cerrahisi geciren infantlarda
PPV cerrahi onarim oncesi ve sonrasi sivi yanitini gosterirken,
SVV, CVP ve GEDVI gostermemektedir




Pediatric Cardiac
Surgery Annual

“: All This Monitoring...What's Necessary, What's Not?

* N James S. Tweddell,*>¢ Nancy S. Ghanayem,*”Y and George M. Hoffman®"*
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Pediyatrik Kardiyak Cerrahide
Monitorizasyon

1.Standart temel monitorizasyon

2. Invaziv basin¢ dlcimi
3. Laktat ve ScvO,
4. Ekokardiyografi

— Ogzellikle agiklanamayan, ani klinik/hemodinamik kotiilesme

Degisimin izlenmesi — TREND
onemli



CO Monitorizasyon Yontemleri

Metot

Termal

Lityum
us

ABD sekli analizi
Elektriksel

Venoz oksimetri

NIRS

Teknik invaziv
PA Orta

TP Orta

LIDCO Disik
Ekokardiyografi Dusuk
Ozefagial doppler DusUk
PiCCO Disik

Bioimpedans/reaktans Noninvaziv

Fiberoptik Orta

INVOS/NIRO Dusuk

Teknik
Zorluk

Fazla
Orta

Orta

Fazla
Dusuk

Dusuk
Disuk

Dusuk

Dusuk/orta

Sureklilik

Aralikli
Aralikli

Aralikli

Aralikli
Surekli

Surekli
Surekli

Surekli

Surekli

Dogruluk

Yuksek
Yuksek

Yuksek

Yuksek
Yuksek

Orta

Dusuk

Orta

Orta

Boyut
Limiti

5-10kg
3kg

3kg



Pediyatrik Kardiyak Cerrahide

Yeni kugsak hemodinamik monitorizasyon

— Yeni yontemlerin o0zellikle pediyatrik olgularda dogrulugunu
ve degerini gosteren daha fazla calismaya

— Farkl Kklinik durumlardaki degisimleri (orn. kardiyak cerrahi
ve postop. donem, sok) arastiriimaya gerek vardir

Ancak bu verilerden sonra tedavide yol gosterici,
olabilir ve klinik sonuca olumlu etki
saglayabilirler
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