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Recent breakthrough
iIn hemodynamics
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Minimally invasive hemodynamic
monitoring
lumunihazisdihsingaluduszulnaiou
lafia (hemodynamic monitoring) fianusuiuatnebs
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athafisswa Tuifagiunsla Pumonary Arterial Catheter
(PAC) luwaanmauaymmuamamn Luaammﬂu
’J‘ﬁﬂmmﬂ g1 iiiia  cardiac arrhythmia u.am
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TulifdAduandmaluladlng 9 lumsihsds
ssulna3uulafiafigeenniaanda (minimally invasive
hemodynamic monitoring)*** agliﬂmaﬁ'fi Bslvend
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Saldvismaasuulasas cardiac output wuusatiias

1J32130% preload status 174 global end diastolic volume

lu PICCO® system uazdszifiumsnauauasdan sl

nnle I@UQ stroke volume variation %38 pulse

pressure variation l@anene

Minimally invasive cardiac output
monitoring
finanmImawagnafiawIsaviawen  cardiac
output %138 stroke volume 'l laun
e Pulse wave analysis ﬁﬁ‘:\‘ll,l,uu Calibrated uac

Noncalibrated waveform analysis
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o Doppler measurement technique 14 Transesophageal
echocardiogram

o Partial carbondioxide rebreathing (applied
Fick’s principle)

Pulse wave analysis
81315877 pulse pressure analysis %38 pulse
contour analysis A1l ¥aNANIAB MIMEN stroke volume
udaiiassmAemeiRuAldnTwees arterial pressure
wave form %ammnﬁuﬁmﬂ'gmfj’lmﬂﬂﬁ'uuuﬂm‘uaa
pulse pressure %ua;jﬁ’un’mﬂa‘uuuﬂawao stroke
volume LLae arterial compliance %ﬁ‘ﬁmii{ﬁag‘i 2 3%
leun
1. Calibrated pulse contour waveform analysis
leun
« PICCO® system 33msfigtasmsmsls themister-
tipped catheter 71 femoral artery Tanruldsne central
line LafWITANN cardiac output #2833 transpulmonary
thermodilution technique Aawiuny calibrate %8930
HnLA3pIazeuIm cardiac output @aLitasfaes pulse
contour analysis wenaNil LA3eaIEANInAWITAN
Global end diastolic volume (GEDV) wanfiy preload
status A WITAeN Extravascular lung water (EVLW)
yanfsnzleauiuin  ewImen  pulse  pressure
variation, stroke volume variation L‘ﬁaﬂi‘:tﬁu fluid respon-

siveness baons
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o PulseCO ¥38 LIDCO 3msiidasmsmsls
peripheral arterial line T3NY venous line ﬁLLﬂJmﬁnm
antecubital fossa Laswiwmen cardiac output §e33
Lithium dilution technique fawdlums caliorate #&sNTEH
\w3asazFwIns cardiac output sielitasdeds pulse contour
analysis

2. Noncalibrated pulse contour waveform analysis
laun

e Flo-trac/Vigileo™ monitor Saiidamslafies
peripheral arterial line ugigia4snaNdany Flo-Trac sensor
éfi\‘ln‘]u arterial pressure transducer QW1 TN Vigileo™
monitor 1A3899XFWITARN stroke volume  Wae  cardiac
output athasaiiladeis pulse contour analysis fasan
Wifms calibrate ein  Fesndudaniufindnidnade
arterial compliance &g leuri 18y (wer FIUG imingn
Woldieasmmnenldashausiugh wananil Sssnansn
1§ central venous catheter w1z GeEnansaiadn SovO,
wudaiiadldeelasld Vigieo™ monitor

Doppler measurement technique
19 Transoesophageal echocardiography (TEE)
FNTNAWIUAAN stroke volume §IEMTIAANNT
20INTTUFLRATN LRAKT% aortic valve d28 pulse-wave
doppler uditmsiidaslifndanuiuazanuiiunygs
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Applied Fick’s principles : parial (:Da
rebre:=:hing

14 NICO system (Novametrix Medical Systems,
Wallingford, USA) ®10130A W04 cardiac output
@unanm3ves Fick's principle ldmsdadn co,
production  (VCO,) naumsladie infrared uaz
airflow sensor fidaniuriazaewela e arterial co,
content (CaCO,) BeFwanine end-tidal co,
wasniweiasazrliife rebreathing CO, U8I@
maAsuuyssas CO, production uaz¢in end-tidal
co, nass e w1 Cardiac Output (CO) &3
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gﬂﬁ 1 Oesophageal Doppler (a) IL&a4 oesophageal doppler

4 : = :
probe 717198lunaaaamsBan descending aorta =
(b) snwoAzpRs velocity waveform Aiiaainidaning
MU descending aorta vmazvirladudny azld aortic
velocity (VAo)
ECG —A A
{ f
Vao
100 {f(cm/sec)
‘
o
Time (sec)
- = VTI = Velocity x Time integral = (cm/sec) X sec =cm
= stroke distance N
)

VTi /
77 o

V/A = A = aontic cross sectional Area=( 1 ﬁDAi;N

D =SV = Stroke Yolume = VTIx A
sUfl 2 uFAINIAIWIM stroke volume INMNTIA aortic
velocity (VAo)

& de o 3 2 “ 5 g 2
AunlanTwuas aortic velocity fa velocity time i

ntegral %38 VTI %38 stroke distance (cm)

4 v A oo S
LA UAILAUNNUIAATDY descending aorta 3¢

6 stroke volume
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Fick equation applied to carbon dioxide :

VCO
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CvCO,-CaCO,

@1 cardiac output LitReuutlasumend (N)
UuaztHe rebreathing CO, (R) ST

VOB oo NED
CvCO,-CaCO,
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CO=
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content (CvCO) liiAouulaindsan rebreathing
(fvnaenwly) aasiu

AVCO,

ACaCO,

; g &

mMIlfsuudasvad arterial CO, content 3:3u8Y
s a . [ o
nuMIUasuLLaIu8d end tidal CO, QmMaLANNTYH

284 carbondioxide dissociation curve (S) A3
AVCO,
S x AetCO,
Y o Qs ad : [l [l ° 1 d‘d
wadasrnavasitnisiaz liwiudr lugiend
s o s 4
WendEMwasLaauuy shunt 1w Kile ARDS iasann

. =
2 (CvCO,,-CaCO,,) - (CvCO,,-CaCO,,) ANURALNGUaS gas exchange ANAAIMIIAM co,
production (VCO,) uazfin end-tidal CO, Bauda
\flasan CO, Fwrhuaanannizusmfealdii g flflumadun duiu Salflddamzgied
N (5nh 0, 22 wh) Gariu 39fiot venous co, lasastromelauaziianufiaUndvasdealiun
W‘li’m‘ﬁ 1 a‘g‘l_lmiﬁ'l minimally invasive cardiac output monitoring
Invasiveness Intermittent Continuous Additional Limitations
Cco co variable
PiCCO® 1& Femoral Transpulmonary | 9n 3 I GEDV, Severe vascular
thermistor-tipped thermodilution EVLW,SVV,PPV disease, IABP
arterial catheter
Pulse CO Standard arterial line | Transpulmonary | Beat to beat Swv Arrhythmia
| \" lithium dilution (Svv, PPV-all
devices)
Flo—Trac/VigiIeoTM Standard arterial line | Not possible nn 20 wf SVvV, chO2 Arrhythmia
| TEE Oesophageal Complex QVLRREHEVGTER %uﬁ'umwﬂf’lmly
v placement e
Oesophageal Doppler | Oesophageal Possible ﬂmnﬂﬁuuuﬂm %uﬁumw'ﬁﬂmty
flow probe placement 283 aortic flow
Partial @any breathing Rebreathing cycles | Shunt calculation LQW']:v&'ﬂ’Judeia
CO, rebreathing circuit nn 3 wf Hemela
CO-cardiac output; EVLW -extra-vascular lung water; GEDV-global end diastolic volume; IABP-intra-aortic balloon pump; PPV-
pulse pressure variation; SVV-stroke volume variation
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@a151991 1 mavir l1Fuuy modular stepwise monitoring concept

| Monitoring

| minimally invasive HD monitoring

>

Consider level 20r 3if
" | Diuresis < 1 mikg®h®
Lactate > 102 mmoll®
=1 savo, < 70 %
: dupaganylnmﬂmdw

- | - Contraindications/limitation of

Echocardiographic evaluation

Modular stepwise monitoring concept. CEDVI, continuous end-diastolic volume index : C, cardiac index : CVP, central venous pressure SEVIWL
extravascular lung water index ; GEDVI, global end-diastolid volume index : HD, haemodynamic ; HR, heart rate ; MAP , mean arterial pressure ; PCWP,
pulmonary capillary wedge pressure ; PPV , pulse pressure variation ; ScvO, central venous oxygenation ;SvO,, mixed venous oxygenation ;SW,
stroke volume variation. *Level 1 :parameters assessed by blood gas analysis withdrawn from central venous and arterial line. *Level 2 : parameters
(CCOmbo CCO/SvO2/CEDV catheter 774HF75 Edwards Lifescience LLC, irvine, USA).

Modular stepwise monitoring
concept

ANTU1 minimally invasive hemodynamic monitoring
T lEmenafinanansaviiuwifa modular stepwise monitoring

9 1 = v d v

concept lullumsguadiheingald Wedasmns
o : £ o A A
Tayamd hemodynamics ¥NIUAINTINN 1 D9
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Fluid Responsiveness : The End
Expiratory Occlusion Method
ﬁagﬁumiﬂs:Li‘lummauauaa@iami‘lﬁmﬁh
lugdiheniinmetan Qnﬁwﬁ'ua{l’mLstfﬁmﬂlmaaﬁma
A o o aad o @A R o A '
mm"l,wmmﬁwagnmwgmﬂl’nmsaa’mumﬂla
gl uaziheldiun1s monitoring azlvagihe 1w

Ly A9 § . [l o . kg
dihofilieTastaomisle Ll cardiac arrhythmia 1a

Sumsld arterial line Aigunsalden pulse pressure
variation anunsmielalumsdsnfinle lasgieidn
pulse pressure variation gumImelasnnnin 13%
1 L2 ; 1 v !.’
RIBAMNIN gﬂ'z:mﬂua:@auauawamﬂﬂmsms
=1 o a = J’ . . 3
AuswlalauinsiinTuuas cardiac index ¥1ANIN
o v ‘0’ 1 1 1 A
159 mandsmsbiman wiensdidiheldldlaesas

gramela  lesumslé  PICCO® system ifiata
continuous cardiac output AF1TAN passive leg
rasing test™’ Ltﬁagmsmﬁammawae cardiac index
UM finiuaes cardiac index w1 10%
WY passive leg rasing test NwuNsANNILLIY
ufzaausuasdamsliasinsuiu uwazlutlagiin
fmsfaduitlni 9 lumsdsziliunmsnausuasdanis
a3 Fedmudidumsldendiiu dynamic variable
w3a1lu functional hemodynamic naM@a azdaslit
intervention moashoﬁ'ugﬂaﬂLﬁialﬁﬁnﬂiLﬂﬁnuLtﬂaa
984 cardiac preload Ltﬁagnmﬂﬁﬂuuﬂawaa cardiac
output 153 Fussduuananmameladn ialwiinns
wWasuulseas cardiac preload LLﬁugmnﬂﬁwuﬂm
284 cardiac output tUue%

inmsanslull 2009 §m3l935 end expiratory
occlusion method® tieysziliunsnauauatdan sl
a'mf'flugﬂamﬁldm‘%'aamﬂma'lmhmu 34 au @28
wanmsvasmsiasuutss  cardiac preload T
meladeeiastemelefaduussduuin luwnemsl
11 venous return WAz cardiac preload TAARI ATIN®
drutuddemelesen  lasawizagrabanisyi  end
expiratory occlusion tiuiian 15 Jwfl (milaunuas
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Responders (n = 23) Nonresponders (n = 23)
Sepsis (n) 22 10
ARDS (n) 18 S
Tidal volume (mL/kg) 6.8+1.1 6.8x1.1
Total PEEP (cm H,0) 8+3 T+2
LV ejection fraction (%) 53+9 33£S
Pao/Fio, (mm Hg) 123257 195 122
I/E ratio 04+0.1 0.3+0.1
Patients receiving norepinephrine (n) 18 5
Rate of norepinephrine infusion (Ug/kg/min) 1.0+0.3 1.1+£04

ARDS, acute respiratory distress syndrome ; PEEP. positive end-expiratory pressure; LV, left ventricular; I/E, inspiratory over
expiratory.
Values are mean + SD.

M¥i@ auto-PEEP) azvil cardiac preload tRiaiu s SRR
. P NRNIANINLIN NE{I")U 14 a1 937N 23 ﬂulu

t!l “ s o ' " l}l
Luaammaa@'lﬂanaumgmnanuawmlamnmu ﬂi‘jll responders WURN®IAE “overshoot” 284 arterial

@ o ° 2 =2 & °
AXIUNUNIINA fluid challenge IINNITANWIWITNINNT pressure UMY end expiratory occlusion 1%?5’.1\‘1 2.3

wWisufisunuds passive leg :aising test Fafwsnms 3%’1ﬁ§3@ﬁ’m g{q?ﬂﬁ 3 lwwmeiivassn 9 7o g
anonuAan1Ionadaeniresdialiouisiion ek aRL
A7 fluid challenge tiasannyilwEnmsiAa cardiac

preload LTwN% Imﬂgmnﬂﬁﬂmmawaa cardiac index PP
WA pulse pressure lasl¥ Picco® system dﬁuﬁﬁ‘ﬂﬁ
;jﬂ';mwiamﬂ"?iﬁ acute circulatory failure  3:AaIgNY
intervention sNating WaiSoufisuin léun passive
leg raising test , end expiratory occlusion uazlwans

#1500 mL enuaay lasim3daen cardiac index Las

Acway pressure

pulse pressure TIAWWATWAINIIYI intervention UAaT o 4
. = : SR
2t lapflahgthefinausuasdemslifansin (volume
= 1 AA 2 = a
responders) AN Qﬂ’;ﬂﬂum cardiac index LW

g ' s v - %
PWANNIT 15% AURIINITIWAEIIUT 500 mL 1119 0
ARAALREAAT  IINNTANWINLIN ﬁ;jﬂ’mﬁmauaum

@amslia1Iun (responders) 23 1o linauauasse 4 e s
gﬂ‘n 3 UFGINIIUUNN arterial pressure waveform Wisuiisy

v ‘0’ Qs d‘
mﬂv&m'im 11 g (nonreSponder) aINTWN 2 nu airway pressure waveform Uty end-expiratory

ll;d‘ﬂ')ﬂ ARDS (acute respiratory distress syndrome) pause ITWLANWIAT “overshoot” V89 arterial pressure
sauagﬁau 23 N (gner) 'l@‘i‘lupjﬂmﬁﬂauauam'amﬂﬁmsﬁw (responders)
14 1% 23 au
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namsUszdiumasumuasdemsiami (prediction
of fluid responsiveness) WuN

& gﬁﬁmﬂﬁuﬁmae pulse pressure = 5% VMUY
end-expiratory occlusion #aN&Td Lﬂuﬁgﬁﬁl:
aavanasdamslimsin fenulious: 87
fanuawiziagaz 100

2. rjﬁﬁmstﬁm{maa cardiac index = 5% VN
end-expiratory occlusion #aN8T4 Lﬂugﬁﬂ:
aavauasden sl danaliosss 91
Januawiziasas 100

3. Qﬁﬁmnﬁuﬁwaa pulse pressure = 11% U
passive leg raising test wunufi Lﬂusjﬁa:
aausuasdamsliain Janwlifous: 48
Januawziosas 91

4. Qﬁﬁmnﬁuiﬁmaa cardiac index = 10% VY
passive leg raising test GG Lﬂuéﬁﬂ:
aavanasdamsliasin denwlfess: 91
Januawiziesas 100

Effects of end-expiratory pase  Effects of end-expiratory pause Effects of passive leg raising
on cardiac index on pulse pressure on cardiac index
% 50+ % 504 % 901
0 80- 0
401 o 404 o
¢}
301 9 301 0 i
e] 50 o}
0
2 20 & 407
o % 8

R

e
NR

plﬁ 4 mydfowuaswes  cardiac  index wmMY  end-
expiratory occlusion (iﬂﬂqﬂ) mawasuuses pulse
pressure V=11 end-expiratory occlusion (A3INAIY)
wsznsLAsuuLaIa cardiac index UMY passiveleg
raising test (221§0) Tﬂuuﬂmﬂunziuﬁmauauawiams
Timai (responders-R) ﬁ'unéuﬁ'laiﬂauauam'ami
Wi (nonresponders-NR)

lawag MIvi1 end-expiratory occlusion lugilas
AfnmsFenusslaeiostiomela Twiisgihe ARDS
sl fduitnsssiiumsaeuauasdamsiians
wldaghausiug laganvazliiTmIganusmie overshoot

a4 arterial pressure ﬁ%aﬂﬂ’mﬂﬁlﬂuuﬂawm cardiac
index 3NNI1 5% NIGAT continuous cardiac output
monitoring ﬁamagmsmﬁﬂuuﬂawaa pulse pressure
i 5% Ald lunsdiifawnz arterial blood
pressure monitoring %ﬁ‘ﬁqﬂﬁﬁﬂﬁﬁmwuﬂuﬁwmnn'ﬁﬁ
passive leg raising test LLST’Jg}mmJalauuﬂawao pulse

pressure i8N

Septic Shock : Effectiveness of
Treatments for Severe Sepsis
N2 sepsis LA septic shock Lﬂummqmadmi
= = A o Qs Qi ‘J A Q
Fetlansdnyludihefidasueulsamena sanms
a a iday
\Feiinenagetle 20-549°"°"" lulindiuwaniing
Qo d. I3 [l [ ) A
Snsduanaspulnd g annane lddenduEes
mybizndjFucatiTiaiuasinanzay early goal-
directed therapy (EGDT) M3LE corticosteroids M31E
recombinant human activated protein C N1IAIVAA
seauuIaawidaa ntsmelauuy lung protective
4 o ' ) o
strategies  TIRIMUANMIANINDUIUTIEATINIIIAG
Aa 4 & ° o S 5 s
FAANUINUK WRESWINDI Surviving Sepsis Campaign
A 1 e Qs o v
(scC)'®”  FujninnzandanmuFsiasliinie
25% lull 2009
= A . Qs L=
Tull 2009 Fnsfinwjniazginansinm
A1y sepsis waz septic shock'* lasgdanmaiedia
MunaINNdmIlE SCC bundles NUBEIIUWINAY
=< & « . n .
msaneiuuuy prospective multicenter observational
study lémunteysvesdihenimue 2,796 o lu
77 1.C.U. fidhialu Edusepsis study'® laswiain 3
Z290an lelA 2 i@awnaw implementation (W.1.-5.9.
2005), 4 Ldaunas implementation (¥.9.-.2.2006)
P a
a2 long term follow up A1 1 I (W.0.-.8.2007)
a2 oA v A an &
Hamsdnwud IfihoFsdiansvue 1,164
a I3 e = aa A 1 A
o AadudanmafeTia 41.6% Jsgenifiananany
' L A A Aa A 3 '
WU 1un§umaum61umm;uum’uaﬂiﬂmnn'nama
o o a . ' [ ' ' A
fpeeny smluwdvasmsinmnuihduiyufivhaule
AN nanAe Mt IvEn SovO, = 70%
UsrRunaESANLY 34.8% M lRszauinaaln
1880 < 150 mg/dL UszaUNaELILNLY 48.2% M3

TenyfFmelvviulu 3 Falususn wuiies 39 %
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Variable All patients Nonsurvivors Survivors
(n=2,796) (n=1,164) (n=1,632) P Value
CVP = 8 mm Hg for persistent hypotension despite fluid 1,496 (79.7) 676 (78.7) 820 (80.5) 0.341
resuscitation and/or lactate > 36 mg/dL (n = 1,878), n (%)
Scv_,2 70 % for persistent hypotension despite fluid 654 (34.8) 272 (31.7) 382 (37.5) 0.008
resuscitation and/or lactate > 36 mg/dL (n = 1,878), n (%)
Blood glucose : lower limit of normal but < 150 mg/dL (n = 2,796), n (%) 1,347 (48.2) 495 (42.5) 852 (52.2) <0.001
IPP < 30 cm H,0 for mechanically ventillated patients (n = 1,642), n (%) 1,391 (84.7) 697 (82.0) 694 (87.6) 0.002
Variable All patients Nonsurvivors Survivors
(n=2,796) (n=1,164) (n=1,632) P Value
Broad-spectrum antibiotics (n = 2,776), n (%) 0.001
0-1h 510(18.4) 175 (15.1) 335(20.7)
1-3h 572 (20.6) 228 (19.7) 344 (21.2)
3-6h 290 (10.4) 123 (10.6) 167 (10.3)
Previous antibiotic 989 (35.6) 441 (38.1) 548 (33.8)
No antibiotic in the first 6 h 415(14.9) 189 (16.3) 226 (14.0)
Fluid challenge in the event of hypotension and/or lactate > 36 mg/dL
(n=2316),n (%) 2,109 (91.1) 918 (91.3) 1,191 (90.9) 0.778
Low-dose steroids for persistent hypotension despite fluid resuscitation
and/or lactate 995 (53.0) 480 (55.9) 515 (50.5) 0.021
>36 mg/dL (n = 1,878), n (%)
Drotrecogin alfa (activated) in multiorgan failure (n = 2,545), n (%) 165 (6.5) 66 (6.0) 99 (6.9) 0.365
@19197 4 UAAI propensity score analysis VBIHAMTINATFDFATINTELT 0
Variable Odds Ratio 95 %
Confidence Interval P Value
Broad-spectrum antibiotics
0-1h 0.67 0.50-0.90 0.008
1-3h 0.80 0.60-1.06 0.127
3-6h 0.87 0.62-1.22 0.419
Previous antibiotic 0.89 0.69-1.15 0.383
No antibiotic in the first 6 h 1.00
Fluid challenge in the event of hypotension and/or lactate > 36 mg/dL 1.01 0.73-1.39 0.966
Low-dose steroids for persistent hypotension despite fluid resuscitation
and/or lactate > 36 mg/dL 1.04 0.85-1.28 0.688
Drotrecogin alfa (activated) in multiorgan failure 0.59 0.41-0.84 0.004
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NNNWITERE I propensity score analysis mswmmmawé”@mnmﬁm%"‘mlu@ﬂa21 severe sepsis
wudmsinndldnsdfigalumsandannadedie mnjaLﬁu'lul,‘%'aan’]ﬂﬁmﬂﬁ’imzaﬂns’mL§1Lﬂu§a
demsbitnfFvemoly 1 Fluusn wWisuidiey ffty §mSumalik activated protein C Sefifaanifios
AulaldenufFuenisly 6 92lus (odds ratio 0.67 fwduadrsunidszlontlunsaagannafedia
:P=0.008) uazM3l# activated protein C lugﬂmﬁﬁ diasannsdnmarinaniinelduazlalduszlas
multiorgan failure (odds ratio 0.59 ;P=0.004) &% nmsanmiinuindsasnisld activated protein C
M%7 fluid challenge Wazn3LH low dose steroids bl A 6.5% LLa:'Lu;Eﬂmii”]muf:maﬁ selection bias 310
IerdseTomfl damnsefi 4 arikiiig Lﬁaamn‘lﬂﬁmﬂﬁuﬁagaL?imﬁ'u comorbidity

lagagomnmstinswui naldnjimzadne vasihe vlilisansnagylafwaduesnisli activated
a5 UM severe sepsis FIWNINRATATINT protein C NnmMsdnEd
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