CAC PHUONG PHAP THEO DOI
HUYET PONG IT XAM LAN:
Nguyén ly, irng dung va do tin cay

Huynh Quang Dai, Lé Hitu Thién Bién, Pham Phi Ngoc Thao
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CAC PHUONG PHAP THEO DOI HUYET
PONG IT XAM LAN

1. Chon phuong phap nao?
2. Danh gia két qua do luong nhu thé nao?

3. Dién giai két qua do luvéng nhu’ thé nao?



CHON PHUONG PHAP NAO?



Phuong phap theo doi huyéet dong “xam lan”:
Phuong phap Fick

Rate of indicator out =
rate in + rate added

QxCo=QxCip+V

Bt
Q ‘ (Cou: - Cin)
( When O, is used as
C indicator:

VO,
Q = '
Ca 05 — CyOy
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Phuong phap theo doi huyéet dong “xam lan”:
Phuong phap Fick

VO,

CO= C.C.
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Phuong phap theo doi huyéet dong “xam lan”:
Phuong phap Fick

Output of Left Ventricle
Oxygen Uptake by lungs ml/min

Ao:- Voz

= 200 ml / min
200ml/L-160ml/L
Art blood - Venous blood
[Pul artery]

_ 200 ml/min

0, = 5000 mU/min 0, = 40ml / liter
160 mi/L 200 mi/L
rnght hean left hean

| . L

=5 L/min




Phuong phap pha loang chat chi thi
(indicator-dilution method)

e Phuong trinh Stewart-Hamilton
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Phuong phap pha loang nhiét xuyén tim
(trans-cardiac thermodilution)

Proximal Port
®

e Phuacng phap pha loang
522,;‘:3“ e e nhiét xuyén tim (trans-
R cardiac thermodilution),
phudng trinh Stewart-
Hamilton

Q_

f C(t)dt

Right Atrium

Right Ventricle

Phai dat catheter dong mach phai



Phucong phap pha loang nhiét xuyén tim
(trans-cardiac thermodilution)

Sml bolus of 0°C 5% Dextrose in Water
Cardiac Output=6.22 I/min

TBIood(Baseline) > TBIood(t) [OC]
Cold

Inject

From: Geddes L: Cardiac Output Measurement. In: Bronzino (Ed.):The Biomedical
Engineering Handbook. CRC Press, Boca Raton FL; 1995: 1212-1222



Cac phuong phap theo doi huyét dong
“xam lan”

Uu diém Han ché
e Phuong phap “chuan” e TON kém
e Cac thong sb do dugc: e Nhiéu bién ching

CO, CvO2, ap luc dong o

mach phoi

e Panh gia chic nang tim

phai (RVEF)

Phuc tap

Khong hoan toan chinh
xac (pha loang nhiét)
Khong lién tuc

Vincent. JCMC 2012;26:341
Marik. AIC 2013;3:38



Cac phuong phap theo doi huyét dong
“it xam lan”

e Bioimpedance va bioreactance
— NICOM: CO/SV/SWV
— BioZ: CO/SV
— ECOM: CO/SV/SWV
e Fick cai bién
— NICO: CO/sV

Hofer. Curr Opin Anesthesiol 2014;27:28

Phan tich biéu d6 sdng
huyét ap
— Nexfin: CO/SV/SVV

— Non-calibrated: Vigileo
(CO/SV/SVV)

— Calibrated: EV1000
(CO/SV/SVV/PPV), PiCCO
(CO/SV/SVV/PWV)

— LiCCO: CO/SV/SWV

Doppler

— TEE: CardioQ (CO/SV/PV/TFc)
— TTE: USCOM (CO/SV/dSV)



Phan tich biéu d6 séng huyét ap
cO dinh chuan
(calibrated arterial waveform analysis)

e MO hinh Windkessel

Blood Stored During Systole _ Lerng ma’u Chéy ra khc’)l d‘é‘)ng maCh

{av=C/ar)

chu bang lugng mau chay vao
— Luu lugng mau bi chi phoi bdi d6 dan
nd dong mach chu

SV =5V + SV = APy /R +
C/APdias

e Po SV bang phucng phap chuan

e Tinh SVR = MAP = CO

e Tinh C = Pg,(t) = P etRC

cal C

Rate of ventricle

Area under Aortic

pressure curve compliance pressure rising




Pha lodng nhiét xuyén phoi

Pulmonary artery dilution curve

etection

y " Time (sec)

Inject saline

- CVC: bdm nudc lanh, cam bién nhiét (dong mach trung tam:
dong mach dui, ddng mach canh tay)
- Phuong trinh Stewart-Hamilton, CO = m/AUC
« Dinh thap han (PAC), thai gian dai han
- Mat nhi€t nhiéu hon, tai tuan hoan nhiéu han — AUC tudng tu
« It bi anh hudng hd hap

Sangkum. J Anaesth 2016;30:461



Do tin cay cua PP phan tich b

iéu do

song huyét ap cé dinh chuan

Doi tugng PP Do sai lam
chuan GIED

Hadian (JCC  Phauthudt PAC  0.24 L/ph
2010;14:212)  tim

Peyton (Anes  Phan tich PAC 0.0 L/ph

2010;1153) gop

Monge (MA Ghép gan PAC  -0.45 L/ph
2014;80:1178)

Nguyén nhan

- Giam nhip tim do injectate (PAC)

- M4t nhiét (TPTD)

- RO loan chd'c nang that phai (PAC)

Do chinh
Xac
(precision)

1.22 L/ph

Ty I€ sai lam
(percentage of
error)

41%
41.3%

45%




Uu diém va han ché cua PP phan tich

= A2

biéu d6 song huyét ap cé dinh chuan

Uu diém
Chinh xac (tuong ducng
phuang phap chuan)
It xam 1&n
Theo doi cung lugng tim
lién tuc

Nhiéu théng s6 bd sung:
GEDV, EVLW

Han ché
Cung lugng tim thap
(<2L/ph): mat nhiét
HGS dong mach chu
NGi tat trong tim
Khong danh gia chic
nang that phai
Van con “hdi xam lan”



Phan tich song huyét ap
khong dinh chuan

(non-calibrated arterial waveform analysis)

/W=>/\\/‘\ AVAL

(b) (a)

The PICCO system The FloTrac system

- Phén tich biéu d6 sdng huyét ap trong sudt chu ky tim
- SV = khi * song mach

e  S6ng mach: tinh tu hiéu ap

« Hé so6 khi: phan anh siic can va d6 dan néd mach mau

Monnet.CCL 2015;31:25
Sangkum. J Anaesth 2016;30:461



Toan do FloTrac

/ \

oAP: dd léch chuan ap luc mach
« PP phan anh SV t6t hon MAP (it Yideal = SVp+0AP
bi anh hudng SVR) Yest =M(HR, C, BSA, Wy, Haaps

« D0 Iéch chuén han ché thay doi Hiapr Maap)
SV do thay ddi HA d6t ngot Flotrac tinh moi 10 phut
 FloTrac tinh cAP méi 20 giay tu (version 1,2), moi phuat
2000 diém mach (version 3,4)




Do tin cay cua phan tich biéu d6 séng
huyét ap khéng dinh chuan

Poi tugng PP Do sailam | DO chinh | Ty lé sai lam
chuan GIED) Xac (percentage of
(precision) error)

Senn 2009, F2 Phauthudt PAC  -0.3L/ph 1.1 L/ph
tim

Biancofiore Ghép gan PAC -1.3 L/ph 1.5 L/ph

2009, F2
De Backer, F2  SNT PAC -0.8 L/ph 0.4 L/ph
De Backer, F3 SNT PAC 0.0 0.3 L/ph

Flotrac 3.02: md rong dir liéu nén, cap nhat hé sb y tung phut
- Giam ty l€ sai lam
- It bi anh hudng bdi tinh trang giam SVR



Theo doi thay doi huyét dong bang
FloTrac

Conconance = 73%
(Exciusion zone 12%)
- Without exciusion Zone - 706:)

[Exciusion Zone 12%)
[Witnout exciusion zone-§3%)

FloTrac 3 c6 thé dung theo ddi dap (ng bu dich nhung chua
du chinh xac dé theo ddi dap (rng vdi thudc van mach

(Monnet . BJA 2012;108:615)



Theo do6i thay doi CO do phenylephrine

Table 3. Comparison of Four-Quadrant Plot Analysis and Polar-Plot Analysis for Data from the Present Study Using the Fourth-Generation
Software (Version 4.00) and Previous Study Data'® Using the Third-Generation Software (Version 3.02)

Version 3.02 (n = 40 patients) Version 400 (n = 23 patients)

Low SVRI Normal SVRI High SVRI Low SVRI Normal SVRI High SVRI
(n = 44) (n =63 (n = 48) (h=0) (n=85) (n=51)

Four-quadrant plot analysis
Concordance rate (%) } Ny
Polar-plot analysis

Mean angular bias (°) . 5. 5 7.8 0.2
Radial limits of agreement (°) : ;

Angular concordance rate (%) ; g ; ; 84.8

- Flotrac 4: b6 sung hé s6 K., vao toan do

. BN phau thuat tim: 100 mcg phenylephrine khi tut huyét ap
*  COfytrac — COpac = -0.66 L/ph, ty 1€ sai [am 55.4%

« PO tuong dong cua Flotrac 4 tot hon Flotrac 3

Suehiro. JCVA 2015;29:656



Uu diém va han ché cia PP phan tich

biéu d6 song huyét ap khong dinh chuan

Uu diém Han ché
e Rat it xam lan e Khdng chinh xac khi
e Theo doi CO lién tuc trueng luc mach mau,
e Cac thdng s6 bd sung: cung lugng tim qua thap
SVV o It thdng sb bd sung

e TON thai gian lap dat:
CVC, IBP



Doppler xuyén thu'c quan
(TEE: trans-esophageal echocardiography)

SV = area x distance
(rr2) x VTI

- Dau do phat xung Doppler 4 MHz 30-45 cm
« Godc dau do 45° vai dong mach chu xubng



Cd sa cua TEE

Luu lugng dong mach chu xuong = 70% cung
lugng tim

Cung lugng tim tdm truong khéng dang ké
Dong chay flat

Dién tich mat cat dong mach chu khéng thay doi
trong thi tam thu



Cac thong so cua CardioQ

o
=
Q
Q
-
Ww
b

Stroke Distance
+

Peak

Mean Velocity

| Acceleration |

Flow fime

Stroke distance (VTI:velocity
time integral)

Dién tich mat cat DMC: toan
d6 tudi, chiéu cao, can ning
— SV = stroke distance*CSA
Cac thong so danh gia chuc

nang co bop

— PV: toc do dong t6i da

— FTc: thai gian dong chay hiéu
chinh



Po tin cay cua TEE

Poi tugng PP Do sailam | Ty I€ sai Trending
chuan GIED) lam ability

Dark (ICM Phan tich PAC 0.19 L/ph 50% 86%
2004;30:2060) gop

Sorensen CABG PAC -0.22 38.6% 53.6%

(Acta Scand
2014;58:80)

- Sai so: toén,d‘c“) CSA danh gia khong chinh xac mat cat dong mach
chu, thay doi phan bo luu lugng DMC
- Trending kém: thay d6i vi tri dau do anh hudng ca VTI va CSA



Uu diém va han ché cua TEE

Uu diém Han ché
e Danh gid cau tric tim e Kho s dung trén bénh
nhan tinh

e Khong xam lan, dung Jan e N
dugc khi cac PP phan tich ¢ Can kiem tra vi tri dau do

bi€u d6 séng huyét ap bi thuGng xuyeén
chdng chi dinh e Tai phan phoi luu lugng
e Cac thdng s6 bo sung: mau DMC xudng trong

PV, FTC soc, thuoc van mach



Doppler xuyén thanh nguc
(USCOM: ultrasonic cardiac output
monitoring)

- Nguyén ly tueng tu EDM
- Dau do trén xucng Uc do
luu lugng BDMC xudng/

quai DMC
- Dién tich mat cat bMC
tinh theo toan do

][ Co w 58 |a®
“_ 80 72 |
5.8 1111




Po tin cay cua Doppler xuyén thanh ngu'c

Tan (BJA
2005;94:287)

Knirsch (ICM
2008;34:1060)

Chong 2012

Poi tugng PP Sai sO D0 chinh Ty I€ sai sO
chuan (IED) Xac (percentage of
(precision) error)

CABG PAC 0.18L/ph 0.82 L/ph NA

Thong tim PAC 36.4%
phai
Phan tich
gop

-0.13 L/ph  1.34 L/ph

PAC

-0.39 L/ph

1.27 L/ph 42.7%

- Bias am ggi y khong bat dugc phoi Doppler tdi da nhat Ia khi cung
lugng tim cao )

« Chua co nghién ctru dung USCOM trén bénh nhan HSTC, soc nhiém
trung (CO cao)



Uu diém va Han ché cua TTE

Uu diém Han ché
e Hoan toan khéng xam Ian ¢ Kho bat dugc pho Doppler
e C4 thé dung cho tré em fﬁ; trén BN lon tuoi, tho
e Thuc hién nhanh, ngay Ay , , .
tai c&p cUru e DO c‘hmb xac phu thuoc
NguaGi su dung
e Chua dudc kiém chiing
trén bénh nhan HSTC



Po tin cay cua cac PP theo doi it xam
Ely

e Tat ca cac PP it xam lan déu giam chinh xac trén BN
huyét dong khong on dinh (vd: SNT)
— Bién ddi khang trd mach mau: SVR, compliance
— DU liéu nén chua day du

e PP phén tich biéu d6 séng huyét cd dinh chuan
(PiCCO, VolumeView) chinh xac nhat



Cac yéu to quyét dinh lua chon
phuong phap theo doi huyét dong

e Cd sd vat chat/nhan luc e Bénh nhan

— Phuang tién san c6 — MUc do bénh
— Kinh nghiém/thanh thao — Loai bénh ly
— Tudng thich vaGi hé thong — Thong so can theo doi
monitor hién nay — Ch6ng chi dinh
e Dung cu — Can thiép/phac dob diéu tri
— Tin xam lan

— DO chinh xac
— Uu diém & han ché
— Chi phi

Alhashemi. CC 2011;15:214



Lua chon PP theo doi huyét dong (1)
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Lua chon PP theo doi huyét dong (2)

| acute circulatory failure I
AP, PPV

[tsntralusnauscathetsr] [Elinical assessment] [Ls:tate] [Eshsmrdiﬂgraphy] [Ar:srialcstheter] PaCo,
Pa0,, 530,

associated severe ARDS ?

-~

* Transpulmanary thermodilution systems

positive response insufficient response ot

(especially in case of RV dysfunction)

5

Continue with same hemodynamic monitoring

until shock resolution

Teboul. ICM 2016:42:1350



DIEN GIAI KET QUA NHU
THE NAO?



“GIA” hay “TRE"

Tim “cut off” d& phdn nhodm BS “gia” hay “tré”
vd: “cut off” = 40 tudi

39.5 > tré
40.5 = qia

“ALL” or “NONE”



PPV trong tién doan dap irng bu dich

e “cut off” = 13%
— PPV = 14% - c6 kha nang dap Ung bu dich
— PPV = 12% - khbéng dap ung bu dich




Y NGHIA CUA “"CUT OFF” TRONG CHAN
DOAN
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AUC =0.72 [0.68-0.77] AUC = 0.64 [0.59-0.69]

1 - specificity 1 - specificity

Biais et al. Critical Care 2014, 18:587



KHAI NIEM “GREY ZONE"

Without
disease

With disease

Coste et al. International Journal of Epidemiology 2003;32:304-313



KHAI NIEM “GREY ZONE"

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Coste et al. International Journal of Epidemiology 2003;32:304-313



“CUT OFF"” and "GREY ZONE"
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15 20 25 30 % . 10 15 20 25 30mmHg
Blue curve: Sensitivity Red curve: specificity Green curve: percentage of patients

Biais et al. Critical Care 2014, 18:587




“CUT OFF"” and "GREY ZONE"

AUC ROC Optimal
Bordeaux (n=153) ' 95% Cl threshold (%)

V{/IBW (ml/kg)
<8 (n = 280) 069 (0.64-0.73)
>8 (n = 276) 077 (0.73-081)°

Toulouse (n=97)

Orleans (n=102) Driving pressure (cm H,0)
< 20 (n = 356) 067 (063-0.72)
>20 (n = 51) 0.78 (0.74-082)"
Csers (mL/cm H,0)

<30 (n = 145) 060 (0.51-0.70)
Others (n=108) 11 >30 (n = 262) 0.73 (0.67-0.79)
HR/RR

All patients (n=556) 4&17 <36 (n=114) 065 (0.54-0.76)

. : >3.6 (n = 384) 0.73 (0.68-0.78)
0 5 10 15 20 25

Figure 5 Grey zone according to the centre (centres in which
the number of inclusion was under 70 were pooled together) Yes (n = 249) 0.70 (0.66-0.75)
and factors influencing on the ability of PPV to predict fluid
responsiveness. Each bar represents the grey zone of the

Nimes (n=96)

Vasopressor

No (n = 307) 0.72 (0.69-0.77) 10

Biais et al. Critical Care 2014, 18:587




Tom tat

Theo doi huyét dong rat quan trong: xac dinh co
ché soc, danh gia dap Ung diéu tri

Cac phuong phap theo doi huyét dong ngay
cang it xam lan

Lua chon phudng phap theo doi huyét dong: tuy
dieu kién BV va muc do nang BN

MOt tri sO huyét dong rat kho giup dua ra mot
quyét dinh diéu tri.
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