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Transpulmoner termodilusyon metodu

CV bolus enjeksiyon arteryal TD kateteri
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Transpulmoner termodilusyon: Kardiyak Output

T, | Enjeksiyon

|

t
Stewart-Hamilton metodu
_ V.. T, =K khig
CO ma = (Tb T') Vi K T, =E:jpeir;:5||3;kllgl
j ATb . dt V, = Enjektat hacmi

[ AT, dt = Termodiliisyon egrisi altinda kalan alan
K = Kan ve enjektat sicakligina 6zel duizeltme sabiti
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Volumetrik monitorizasyon metodolojisi (l)

cl)
enjeksiyon
Inc(l)_
§<_>At 5 ‘< DSt t
- MTt g
MTt: Mean transit time DSt: Downslope time
=~ Ortalama transit suresi = exponential downslope suresi
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Enjeksiyon Olgiim

ol )he-

Vall= vi+v2+v3+va = MTt x Flow MTt, indikatorin enjekte edildigi noktadan
olgim noktasina kadar gegtigi yerdeki

toplam volumun hesaplanmasini saglar

V3 = en biiyiik volim = DSt x Flow DSt, toplam volum igindeki en buyuk
degerin hesaplanmasini saglar
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Volumetrik monitorizasyon metodolojisi (l1i)

PTV

ITTV

PTV = Pulmoner Termal Voliim
en buyuk termal volum (DSt - Voluiim)

ITTV = Intratorasik Termal Voliim
enjeksiyon - olcum arasi toplam volum (MTt - Volum)
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Volumetrik monitorizasyon metodolojisi (1V)

GEDV

GEDV = Global end-diastolik voliim
4 kalp odaciginin end-diastolik hacimleri

GEDV = ITTV - PTV
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GEDV

PTV nin icindekiler ...?
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57 yogun bakim hastasinda GEDV vs. ITBV
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ITBV =1.25 * GEDV - 28.4 [ml]

Sakka et al, Intensive Care Med 26: 180-187, 2000
PULSION

Medical Systems



ITBVlgr (mV/m?)

ITBVlp (mi/m?)

n =209
r=0.97

éﬁlﬂ@l@)ﬁ\?l Intensive Care Med 26: 180-187, 2000
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209 Yogun bakim hastasinda ITBVIg; vs. ITBVI;,

250 1
200 +
150 -
100 -

50 A

-50 -
-100 A
-150 4
-200 4
-250 -

ITBVIyp-1TBVIgr (ml/m?)

= -7.6 ml/m?2
57.4 ml/m?2

(ITBVlyp+ITBVig)/2
(mi/m?)

2000



ITTV = CO * MTt,

PTV =CO * DSt,,,

mmm)p GEDV=ITTV-PTV

mmmp |TBV =1.25* GEDV

mmp EVLW=ITTV-ITBV
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209 Yogun bakim hastasinda EVLWI; vs. EVLWI,,

EVLW'TD" EVLWIST (ITIng)
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(EVLWI p+EVLWIigr)/2
042 ' : . : ; . . 10 (ml/kg)
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EVLWIp (ml/kg)
n=209 Bias = -0.2 mikg
r=0.96 SD =1.4mllkg

@ Belilglenal, Intensive Care Med 26: 180-187, 2000
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Kardiyak fonksiyon indeksi (CFl)

Cl (I/min/m2)
100 — . .
normal kardiyak fonksiyon
7.5 —
normal
aralik
50 —
Xlnotroplar
25
Volim
| | | | | |
0 200 400 600 800 1000 1200

GEDVI (ml/m?)

CFl =Cl/GEDVI
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W U/ 9=l Diger parametreler

4 x SV
GEDV

Global ejeksiyon fraksiyonu

EVLW
PBV

Pulmoner vaskuler permeabilite tahmini

PVPI =

PULSION

Medical Systems



CO;p, ve COyp, karsilagtirmasi

Author n (patients / measurements) COrpg - COrppa r
bias £ SD

von Spiegel et al, 1996 21/48 -4.7+1.5% 0.97

Anaesthesist 45 (11)

Mc Luckie et al, 1996 9/? 0.19 £+ 0.21 I/min/m?

Acta Paediatr 85

Goedje et al, 1998 30 /150 (triple) 0.16 £ 0.31 I/min/m? 0.96

Chest 113 (4)

Goedje et al, 1998 30/810 0.26 £ 0.7 l/min 0.96

Thorac Cardiovasc Surg 46

Zollner et al, 1998 18 /160 (131 double / 29 triple) 0.03 £ 1.04 I/min 0.91

Anaesthesist 47 (11)

Goedje et al, 1999 24/ 216 (triple) -0.29 + 0.66 I/min 0.93

Crit Care Med 27 (11)

Sakka et al, 1999 371449 0.68 + 0.62 I/min 0.97

Intensive Care Med 25

Sakka et al, 2000 12/ 51 (triple) 0.73 + 0.38 I/min 0.98

J Cardiothorac Vasc Anesth 14 (2)

Bindels et al, 2000 45 /283 0.49 + 0.45 I/min/m?2 0.95

Crit Care 4

Holm et al, 2001 231218 0.32 + 0.29 I/min 0.98
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Beyin olumu gerceklesmis hastalarda gravimetrik metodlia EVLW ve
indikator dilusyonu metodu ile EVLW ol¢umleri karsilastiriimasi

EVLW
in vivo
ml
2990 ¢
leaa o
129
209 -
t
4660 $ Yy = 149 + 0.89 x
n =14
%] + ——t 4 ——+ + + + et
5} oaer legn 23R
m
EVLW-Grav.
(Ery-cr> ')

Sturm, In: Practical Applications of Fiberoptics in Critical Care Monitoring,
Springer Verlag Berlin - Heidelberg - NewYork 1990, pp 129-139
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S EVLW (I)

PiCCO - EVLW vs Gravimetrik EVLW (kopeklerde)

cardiogenic + noncardiogenic PE

E Fig 1
< 40 Fig 2
S y =0,8981x - 1,2685 L—u -
% 30 ] R2=0,9303 . r ___________
S
W 20 ®Le o B[ -
.% 0 & c? . _ ] ]
[ {1
'% / 8 2 ] = ™ .
(3 0 T T T : Py
0 10 20 30 40 s
PiCCO EVLW (ml/kg) e s T R T e T
(PICCO+Grav.) { 2

Katzenelson et al, SCCM 2002, Abstract
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Arterial Pulse Contour Analizi

\,

P[mmHg] |
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' ,. Aortik komplians

Aortanin karakteristik kompliansina bagh olarak Aortanin karakteristik kompliansina bagh olarak
kan basinci egrisindeki artma kan basinci egrisindeki azalma

e L e P(t

Sistol Diastol
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Hastaya bagli aortik kompliansin tesbiti C(p)

Termodiliisyondan gelen referans CO Ol(%tztl)e nM'fS l?\?g;m

] 2

Hastaya bagli aortik komplians C(p)
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PCCO =cal * HR » Jr(—P(!L+C(p)° A ) dt

SVR
Systole
i e e e
Hastaya ozel Kalp Basing  Aortik Basing
kalibrasyon faktori  Hizi egrisi komplians  egrisinin
(termodiliisyon altindaki sekli
esnasinda hesaplanir) alan

PCCO son 12 saniyenin ortalamasi

PULSION olarak gosterilir



1 ' ,, PCCO ve CO;p , karsilastiriimasi

Author n (patients / measurements) PCCO - COrppy r
bias + SD

Goedje et al, 1998 30/ 270 (triple) 0.11 £ 0.6 I/min 0.91

Thorac Cardiovasc Surg 46

Goedje et al, 1999 24 | 216 (triple) 0.07 £ 0.7 lI/min/m? 0.92

Crit Care Med 27 (11)

Buhre et al, 1999 12/ 36 (triple) 0.003 £ 0.63 I/min 0.94

J Cardiothorac Vasc Anesth 13 (4)

Goedje et al, 1999 20 /192 (triple) -0.1 = 0.42 l/min 0.91

Ann Thorac Surg 68 (4)

Zoliner et al, 2000 19 /76 (triple) 0.31 £ 1.25 l/min 0.88

J Cardiothorac Vasc Anesth 14 (2)

PCCO - CO;p,

Gadje et al, 2002* 24 | 517 (triple) -0.2 +2.10/-2.50 I/min 0.88
CCM 30 (1)
* New PiCCO algorithm during hemodynamic instability
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Goedje et al, Thorac Cardiovasc Surg 46: 242-249, 1998
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Sol ventrikul kontraktilite indeksi

P [mm Hg] I '\/\I\

’ | tls]

A\
N

dPmx = dP/dtmax (arteryal basing egrisi)

Sol ventrikul basing hizindaki artigin tahmini
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sV = Vmac

SV

mean

min

SV

v SV_. veSV
v" Yalnizca kontrollii mekanik ventilasyondaki hastalarda uygulanabilir

max qin 0N 30 saniye Uzerinden hesaplanir
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SVV: volum degisikliklerine kalbin cevabinin tahmini

SV4

SVV disuk
A SV,

A SV,

A EDV, A EDV, EDV

Preload volumdeki artis : A EDV, = AEDV,
ASV, >> A8V,
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Uygulama
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Kardiyak preload indikatoru olarak basin¢lar

A CI (Vmin'm?)
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Lichtwarck-Aschoff et al, Intensive Care Med 18: 142-147, 1992
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Kardiyak preload indikatoru olarak ITBV

A CI (Vmin-m?2)

3
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Lichtwarck-Aschoff et al, Intensive Care Med 18: 142-147, 1992
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Preload indikatorlerinin SVI ve Cl (A) korrelasyonu

All patients Single patients
Correlation ASVlart AClart AClart
coefficient, r = (lowest-highest)
ACVP 009 0.00 ~0.01-0.33
APCWP -0.02 -0.01 -0.36-0.03
ARAEDVI 0.28 -0.11 -0.02-0.37
ARVEDVI 0.03 -0.02 0.02-0.03
mm)> AITBVI 0.76 0.83 0.67-0.91
mmmm)p> AGEDVI 0.82 0.87 0.70-0.93

SVlart, stroke volume index derived from arterial thermal dilution; Clart,
cardiac index derived from arterial thermal dilution; CVP, central venous
pressure; PCWP, pulmonary capillary wedge pressure; RAEDVI, right
atrial end diastolic volume index; RVEDV]I, right ventricular end diastolic
volume index; ITBVI, mtrathorac:c blood volume index; GEDVI global

end diastolic volume index; A, changes of values from one time-point to
the next.

Goedje et al, Eur J Cardiothorac Surg 13 (5): 533-539;discussion 539-540, 1998
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Intratorasik Kan Volumu (ITBV)

Kardiyak Preload Volumdur
Basing DEGIL

Volum yonetimi
volum olgumunu gerektirir
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WS SVV - Klinik galigmalar

Volum yukleme etkisinin tesbiti i¢in en yuksek sensitivite ve spesifite
saglar.

Sensitifity

c 0.5 1
Specificity

Berkenstadt et al, Anesth Analg 92: 984-989, 2001
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WS SVV - Klinik uygulama

v SVV dinamik bir parametredir, siirekli olarak ol¢iliir

v" Sadece kontrollii mekanik ventilasyondaki hastalarda uygulanabilir

v" SVV kalbin voliim yiiklemeye reaksiyonunun tespit edilebilmesini saglar ve
Frank — Starling egrisinin egimi ile dogrudan iligkilidir.

Berkenstadt et al, Eur J Anaesthesiol 17 (19): 49, 2000
Reuter et al, Eur J. Anaesthesiol 17 (Suppl 19): 163, 2000

Reuter et al, Britisch Journal of Anaesthesia 88 (1) 124-6, 2002
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EVLW

Extravascular Lung Water

v ml cinsinden kantitatif sonuc
v" Akcigerlerdeki su miktari

v Yiiksek dogruluk

v' Hastabasinda hizli ve glivenilir sonug
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EVLW ve gogus X-ray karsilastirmasi

Kaynak Karsilagtirma Korrelasyon
Baudendistel et al, 1982 X-ray score vs.EVLW 77 %
J Trauma 22: 983
Sibbald et al, 1983 comparison cardiac edema r=0,66
Chest 83: 725 comparison non cardiac edema r=0,7
Sivak et al, 1983 X-ray score vs EVLW 64 %
Crit Care Med. 11: 498 A X-ray score vs. A EVLW 42 %
Laggner et al, 1984 X-ray score vs. EVLW r=0,84
Intensive Care Med. 10: 309
Halperin et al, 1985 A X-ray score vs. r=0,51
Chest 88: 649 A EVLW
Haller et al, 1985 X-ray score vs. EVLW 66 %
Fortschr. Rontgenstr. 142: 68
Eisenberg et al, 1987 X-ray score vs. EVLW 76 %
Am Rev Resp Dis 136: 662
Takeda et al, 1995 X-ray score vs. EVLW X-ray insensitive
J Vet Med Sci 57 (3): 481
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Bock, Lewis, In: Practical Applications of Fiberoptics in Critical Care Monitoring,
Springer Verlag Berlin - Heidelberg - NewYork 1990, pp 129-139
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S EVLW ve mortalite

100
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¥

Sturm, In: Practical Applications of Fiberoptics in Critical Care Monitoring,
Springer Verlag Berlin - Heidelberg - NewYork 1990, pp 129-139
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* — %
o 22 giin
15 guin
RHC grubu RHC grubu
Ventilasyon suresi ICU suresi

After: Mitchell et al, Am Rev Resp Dis 145: 990-998, 1992
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Artan PVPI

Normal PVPI
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Extravascular Lung Water - Sonug¢

v'Gravimetrik EVLW ile yiiksek korrelasyon,
oksijenasyon ve chest X-ray ile dusuk korrelasyon

v'ARDS siddeti ve mortalite ile yiiksek korrelasyon

v" PVPI pulmoner vaskiiler permeabiliteyi yansitir

v'EVLW + ITBV birlikte kullanimi: optimal volume y6netimi;
daha kisa ICU ve ventilasyon sureleri

Artmis akciger sivisini azaltmak oncelikle onu olgmeniz gerekir !!!
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s Normal degerler

Parametre

Aralik Birim
> Cl 3.0-5.0 |/min/m?
> Svi 40 - 60 mi/m2
> SVRI 1200 - 1800 dyn*s*cm-5*m
> MAP 70-90 mmHg
> GEF 25-35 %
> CFI 4.5-6.5 1/min
> HR 60 - 90 1/min
> GEDVI 680 — 800 ml/m?
> ITBVI 850 — 1000 ml/m?
> SvV <10 %
> EVLWI 3.0-7.0 mi/kg
> PVPI 1.0-3.0

PULSION

Medical Systems



CI (/min/m2) <3.0 >3.0

N N

ITBVI (ml/m2) /<850\ />850\ /<850\ />850\

EVLWI (ml/kg) <l10 >1£) <10 >1l0 <10 >10 <1l0 >10

Terapi V+ V+! Cat Cat V+ V+ OK! V-
Cat V-

Hedef gegici gegici gegici gegici

ITBVI 850-1000 750-850 750-850 850-1000 750-850 750-850

CFI >4.5 >5.5 >4.5 >5.5

EVLWI (yavas <10 <10 <10 <10 <10

cevap verir)

V+ = volum yukleyin (! = dikkatlice) V- = volum ¢ekin Cat = katekolaminler / kardiyovaskuler ajanlar
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¢,y PiCCO - Avantajlar

v" Sag kalp kateteri kullanmadan (RHC)
Dinamik ve daha az invaziv ,,atimdan atima“ olgum
v" Akis, preload, afterload and kontraktilite olclimleri

v' Kantitatif extravascular lung water

v" Yorum gerektirmeyen, klinik olarak dogrudan uygulanabilir parametreler

v" Yogun bakim siirelerinin ve maliyetlerin azaltiimasi

v" TD-Kateteri: Kisa siirede yerlestirilir; 10 giine kadar kullanilabilir;
Hizli ve basit kullanim; Kisa cevap suresi

v Pediatrik hastalarda kolay kullanim
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