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HEMODYNAMIC MONITORING-PART 1

Introduction o 00:00:16

* ody here Cardiovaseular orgon dystunction : 3™ mosk common orgon
Assfncte |
* Continuoushy observing changes in physiokgic variables :
L. To monitor organ function,
&, For prompt therapeutic interventions.
3. To evaluate response to therapeutic interventions.
* Monitoring per se not improve potient outcomes.
* Timely applied right interventions can do.

Assessing global and regional perfusion 00:01:18
initial steps : Advanced monitoring measures :
L Clinical assessment. L. Cardiac output monitoring,
2. Basic monitoring and assessment a.assessmvtogcardiaccon{mctiit&
of global perfusion. 3. Assessment of tissue perfusion.
2. Predood monitoring and Suid
responsiveness.

sta_p;:ctiiednssessm

* Thirst * Tachypnoeo, tachycardia,
¢ Cold extremities, * Confusion
* Poor peripheral pulses. T« aitered skin perfusion.
* impaired capillary refil, * Oliquria.
important predictor of adverse outcome.

\d sw:egwomot-uhg
* Scorelfsmoliarea.wmotﬂhg,bcoﬁsediocemrao?m
. »&«ea:m@ammwmmmmmww

bordero\‘-i'meecap.



s Seore 3t Mild mottling area. thak does not extend beyond the mid—thigh.
N museveremungmmksmgbegohdmegmhm
* Score S extremely severe mottling area, extending beyond gron foid,

GRAE ) MOTTING

s{epa:easicmonitoﬁngandammento’}gbbalped‘-usion:
* 13 lead eC&
* Blood pressure : Non invasive and invasive.
: Pu.lseoxmkrg(spo)
* Loctote levels.
¢ piochemical variables.

lood pressure monitoring :
[ Blood pressure
measurement
| i
] l
ot i




NIBP ¢ intermittent

* Destribed by KOROTHOW 1905, |*

* meﬂ,m‘\d .

. qunsmsmed
by turbulent arterial biood Sow | *
beyond cuft.

| Wic:whmmuggsom

' Diastolic : eefore disappearance. |

Automated intermittent
Cufs I coupled o an osci =
The cuft inflates above systofic
pressure.

Then gradually deflates.

AP : pressure ot peak amplitude |
of arterial pulsations. |
SeP § D6 : Derived from propri-
etary formulas (rate of change of |
pressure pulsations). |

Cufs Size :
* mlengkh,mogm
circumberence.,
* pladder width : 40% of arm
circumference,
* midiine of cuf$ bladder should be

positioned over the arterial pulsation.

8P Culf size

J 12 x 22 om {smail ackult)
< 18 x 30 cm {adult) I
| 1838 om e ackt

' 1ém

Comparison of blood pressure measurements via. i

OSleomeh"tj:

CNAP : Continuous neninvasive arteriol pressure



vome clamp method (inger cuf®) «
* ilatoble fnger cudt with infrared plethysmo-
mﬁmmﬂor.
* Adjusts it pressure multiple times per second to
finger artery constont.

* Produce o brachial arterial woveform,

T—hes:,skem Based on applanation tonometry:

* Radial artery applanation :

* A pressure sensor applied over radial artery:
8 aenﬁgwnpress&arterynppimakes.

¢ Theserwisw{omﬁml\gmwermdu'
artergunﬁlopth\alwwe?ormisrecorded.

* exdtemal applanation leads to reconstruction of & waveSorm.

* mean &P measured directy (optimal woveform).

Oscillometric, volume-ciamp, and applanation tenometry
technol arterial BP

ART. PRESS

03 /4%
PPU 3L
Reconstruction of the brachial or radis! BP waveform

Aigoriwm using arm oulf osiibration Algorithm without externsl
MHMMW calibeation {T-ine)
Unscaled radial 8P wavelorm
Arterial well tengion sigrel

Finger oull housing 3 Rl anany applansied P oeducer
pholopisthyemograph

Bracalel

Invasive blood pressure !
* &id stondord Sor 8P monitoring !
* frterial cannuladion,
* Continuous pressure ransduction.

. wave%mdispa&



* Conventions ¢
Arversnl Ling rmnsguser Sotir

it it o srpdert 10 o9 i Ban 11 s

nvasive blood pressure : indications.
. Wb‘ebedpf&ssure/severel-gpofensm
* use of rapidiy acting vosoaetive drugs : Vasodiators, vosopressors,
notropes.
* Frequent sampling of arterial blood,

Relative contraindications : invasive arterial pressure monitoring,
d MWo‘#&wnmbolgthap& '
* Severe peripheral vascular disease preventing cotheter insertion.
' WmmzwmmW%mwm

Eagr\o.ud’s disease.

. Laﬂso?cdlo&emlblood%m»d‘sbang-(e&mdioiaﬁergprmg used for
P

modified Allen test :
* Used {0 assess adequacy of collateral circulation. [ /
* Reduced collateral Slow when polm remains
pole ? b 1o 10 seconds.

* Disadvantage : Sensitivity (10-80%),

y



Common sttes ¢

. Rodial.

a. Femoral.

3. Dorsalis pedis.

4. Posterior tibial,
Complications of Direct Arterial

Pressure Monitoring
Distal ischemia, pseudoaneurysm, arteriovenous fistula
Hemomrhage
Arterial embolization
Infection
Peripheral neuropathy
Misinterpretation of data
Misuse of equipment
Pressure mMonitoring System :

Pressure monitoring system

E .' P _L' i "— _— ' . Arterial Line Tramuducer Setup

l Pt 06 en-Cirnglant iubing: 60 A28 Bt 1.2 motee

2eroing § Levelling :
* At level of the right odrium * Levelling,
* Opening the tronsducer stopeock to admosphere.
* Stopeock of level of midoudliary line 44h ICS ¢
Ravostadic oxis.

* With the stopeock open, monitor displays O.




Fourier analysis of a complex waveform 00:20:27

* firterial wavetorm is a composite \/\/\
ot many wavetorms of increasing s

frequencies (harmonics). _
* 8-10 hormonics. ' J d Sovons Darmentc §t Hr)
W\/\Mf\ Toind bureonic £ 00
}\/‘\/\/\./\/\./\N\ Powth hmenic 4 ey
[ 1™ Y T
Naural frequency :
¢ Fteq;encgatuhicha%stem 1 [=P AP
osciloes, s toumney Jn = 5 [
Mosd di ‘
mm‘mn!ena’ch
Lowcoxrpl'w\ce
TheuuplrgsHskem:
L Huidbeh»eenortergand’mmsducerm{s as simple harmonic oscillator :
* Analogous 1o a. pendulum. The Coupting wysien

* when the pendulum is displaced, it B~ -~y
i

undergpes simple harmonic motion : \‘M W.M

it oscillates around the equilibrium
point.
* Resonance : Amplification of a signal
* when it's frequency is close to
natural frequency of a. system.

¢ Wnatural frequency of pressure transducer matehes with each peak of
arterial pressure wove *
* increase amplitude of the measured values.

* Transducer system must have a natural frequency well above the 8" har-
monic frequency of a. rapid pulse :



Damnping :
. ion of enerqy (ampittude) of oscilioions ¢
* Decreases ampiitude of woves.
* Reduces notural frequency of a system
* Tronsducer system must be adequotely damped :
* fmplitude should not change due to resonance.
* Diameter of the tubing has the greatest e¥Sect on damping,
* Damping increases by third power of any decrease in tubing diameter.

* Abiity of the system to accurately reproduce hemodynamic woveform.

Damping coefficient

How quickly an oscillating fluid
filled systern comes to rest

Naturat frequency
should be > highest frequency of

the incoming pulsatile signal

fiideatic Fast flush test

Arteriol line setup : Damping adequacy

The nataal rosonand fraquancy & the tme.
Detween asnllstans It shousd be sound J0iz
(0 timea pas sacond] ¥ gve an ecowsle signal

ot hast rates of scound 180 (3HI)

¢

00y - - Clots, Kinks, air
- —!
PPN o cepearcssinaninss h.:::“ [Wlm b“bb‘est
Woan - RN 315300 e AP o 1 sae i :
g e N compliant tubings,
L—r—J \l I bose connection
Shoed The Srors Qofy one ORHNON & o0n, $nd
RNs-okeg  atach 4 lom 1ren thay oo o, sbecrded by the
oriel waeokorm #r uible, clol, o whelewyr ties
B avadeng e olam




Arinrsal line setup: Damping sdeguacy

erchbuce 0ot

“ . Poper speed frvvas)
e

Wis 120w, §, = 200

Long ’cubna,
hgperdgnwnic
circulodion, ’cac!y—-
cardia, hyperten-
sion, atherosclerosis
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Mlmwhp:dgmm‘\crespor\se

* Atransducer is a. device which converts energy
from one form to another
. Presswehtoelectﬁcalenersg.

* 1 agts on the principle of Wheatstone
bridge.

. uheois’conebridaeﬂaectﬁca.lcircuitwith
one unknown resistor.

* Piezoresistive strain gouges is used to complete the circuit.

* wheatstone bridge used to measure the unknown resistance (of strain

AdT

opuge)
* Resistance of unknown resistor is determined b3 pressure.
h Prptone Nansduce
Slioons Layer with
| Thin dhaphrogm in
Rad _ R
B =
-— i \
L
Phezosactric - |

Arterial pulse waveform : Components
¢ Systolic phase : Rapid inerease in pressure o a peok.
* egins with opening of oortic valve.
* Corresponds to LV ejection.



* Dirotic noteh :

* Closure of aortic valve. /v\m_,_

¢ Diastolic phase .
* Qun-of% of blood into peripheral circulation / e

Aﬂerialpulsemve#mmﬂmgsis
* On 20§, R wave signals beginning of systole.
* Systolic upstroke does not occur immediotely Following systole.
. T’nereisbbo—iSOmilliseconddelag.

Systolic upstroke *
* Represents ventricular ejection.
* Corresponds to peak aortic blood flow, |
. Faotorsh%ncirgaorﬁc%owrm
offect it:
* Contractiity,
¢+ fortic valve Sow.,
* Peripheral resistance.

Peak systolic pressure :
* Mdmum pressure in centrol arteries generated during sgstolicqjectm
* LV contraction.
* Centol orterial complionce. MR 5 WIS C

¢ Refected pressure wove,

11



Augmentadion index :
* Wave reflected from per‘\pherg ‘o central Augmentation. mdas
oorta. wsmen’cs oortic pressure. \
. \'ciso.meaSureo‘r‘%skeMcoﬂeﬂal prussoisen
stitiness. e ‘,‘_{_,,_.__ ot
* Colculoted as rotio of ougmentation o essure
to pulse pressure.
Distal systolic pulse ampiification :
¢ Demonstrates chonse in%ﬁdhp'meonmng?ur&\er%mm oortic
root.

s due to action of reflected waves on systolic pressure.
* fecumulating more of reflected pressure waves on fop of systolic peak.

Compartng Artetal wavelorms in differsnt arteries

Arterial wavelorms in different artenes

$5stol%cdec|‘m=

* Qopid decline in pressure as ventricular

contraction ceases. , - e

o efflux of blood from centrol arterial - /m"
compartment is Saster thon infux of | {d X
blood from left ventricle.

* more rapid: LePt ventricular outQow tract Ot \ b ok onan

obstruction.

12
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Arterial puise wovetorm : Analysis Artortsh gutse wavetorm: Anatyse
As aortic valve closes, there is a. sudden increase in M
pressure -
\M
\/\'\M’——J
Fownw
\/\}:-\'
Diastolic run-of :

* Orop in pressure after aortic valve has closed.
* o Slow from the Lv ¢
® But pressure does not drop suddenly;
decreasessmmallg.
* Due to reservorr effect of aorto.
* Shape of reservoir pressure depends on
characteristics of reservor.

&nd diostolic pressure :
. Pressureexer’cedbngcularfreebo.cn
upon aortic valve. |
* Non-compliant vessels will raise it.
* vosoplegic patient : Low diastolic pressure. |

nNormal arterial line waveform :

Siormal artorial ine waveform

-

s i S0 SR 0 o « MAP
Eindes in o doliy of 100mnec
are: atenen
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Arterial wavetorm analysis | Card\acdgs'?w\cﬁon
Arterial wavetorm analysis

Pulsus alternans :
mtero&mo?beodsuﬂthhisheribmrpdsepr&s&m%hdbo&weo*meb%

Pulsus paradoxus : .
aagsemted inspiratory foll in sgstohc blood pressure 710 mm Hg,

Pulsus paradoxus

Aortic Regurgitation HOCM

P WM L e

o

Bisferiens pulse “Spike and dome”



* From waveform shape
* Slope of anacrotic limb : Rortic valve § LVOT Slow.
. surred/conapsi\gwe’%
. gapdsyskdncdedneuma
¢ Low dicrotic notch : Poor peripheral resistance.
* Quality of dicrotic notch : Damping coefticient

15
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CENTRAL VENOUS LINE AND CVP
MEASUREMENT

Need of CVP lines 00:00:33

* Physical examination of the neck veins has been o fundamental aspect o
cardiovaseuloy assessment,

* The bedside diagnosis of low, normal, or high CVP is often inaccurade,
porticuloriy in eritically il patients.

* Direct measurement of CVP is necessary in hemodynamically unstable
patients § those undergping major operations.

* 556 (301 deemphasiced the role of CVP as a.marker of Suid
responsiveness.

Introduction

* K is the pressure in thoracic veins near right adrium.

* major determinant of Nling pressure/ Preload of Rv.

* fPrelood = &nd diastolic volume,

¢ fAssumptions :
* Linear relationship between ventricular volume § Pressure.
* This relationship is constant.
* LV end diastolic pressure correlates with Atrial Pr / cve.
CcvP measures filing pressure of the right ventricle @),
CvP measures the interplay of the :
L Circulating blood volume.
3. venous tone.
2 Right ventrieular Sunction.

®

indications Sor central venous connulation :
¢ VP monitoring,
. Tempomrgﬂ).
* fspwokion of oir emboli
¢ Orug administrodion :
¢ Cnr\cetﬂfo&edvasoad'iveck‘ugs.
¢ fm
. (:hemoﬂ'\emﬂj.
* Proonged antibiotic therapy (eg, endocarditis.




* nodequate peripherol Iv access. 17
* Sampling site for repeated biood testing
* Transvenous cardiac pacing,

Choosing the catheter site, & method of central
venous cannulation . 00:0645

® Seven-French, 30-em multiport catheters.

3{05an3reateruhen&\ele$t

WV or 8JV are chosen versus the >0
rt v,

® Trouma : SV. Anfecubltal vein
anpl'gsema M.
wagulopoﬂy UV

* 8 important surface landmarks are identified,

* @, The course of the ICA is polpated,

* ¢ The LWV is punctured ot the apex of the triangle formed by & heads of
the scm muscle, with the needle tip directed toward the ipsilateral nipple.

¢ D, A guidewire is introduced through the thin walled needie into the vein.

* & The central venous cannula s inserted over the guidewire while making
sure thok the proximol end of the guidewire protrudes beyond the
catheter § is controlied by the operator.




Site selection for CVC ¢
Location selection
Loéaﬁon Advantages . Disadvantages

intemnal Jugular | - Most ultrasound compatible Difficult with tracheostomy l
- Straightest path into SVC - Difficult if pacer wires or old HD catheters

Femoral Vein - Highest success rate + Highest risk of DVT

» Least mechanical « Limits patient mobility
complications + Obesity increases difficulty
= No CVP monitoring

« Avoid if IVC filter
Subclavian Vein | - Most comfortable for patient | + Highest failure rate
« Lowest risk of thrombosis | - Highest risk for pneumothorax
« Lowest risk of infection i - Highest risk of arterial puncture
« Non-compressible bieeding
» Stenosis and thrombosis of HD catheters

usq guided central venous cannulotion :
* Fewer needle passes are required.
* Reduces the time required for cotheterization.
* Increases overall success rotes.
* Fewer complicadions

shortamus&innses&-\ouﬁrgztwimonwoﬁdaﬂerg:

Confirming cotheter position :

* Within the SVC, parallel to the vessel wal.

* fPositioned below the inferior border of the
davicles § obove the level of the ard rib/ T4 to
oterspace/o2u00s very/ the tracheal caring,
of the tokeott of the rt mainstem bronchus.

18



Complications of central lines

* mechanicol :
* Vasculor injury :
* frterial.
* venous.
* Haemothorax.
. Cardianw_npomde,

. nirwaﬂcompr%sion#romhematom,

¢ Preumothorox.

* Subcutaneous/mediastinal emphysema.

*  Thromboembolic :
* venous thrombosis.

* Mumargembdm

* frteriol thrombosis § embolism (oir, clob).
¢ Codrheterorg:.idewireeniooﬁsm
infectious risks (Max ot femoral site),

Physiologic consideradions for CvP

0 £ L] ®
Volume mi)
Diastolic P-v reladionships § transmural pressure ¢

00:12:30

* The relationship between ventriculor volume § lling pressure depends on
the portion of the P-v curve over uhich the patient’s heart Is operating 1

the shape or slope of the curve.

* Diastoiic dyshunction is present when changes in ventricular pressure are

19
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mwgmwwa\mwhmmvm

. u)esmﬂdno{eqmewdmm\hspmss\mw&thgmhmum
polients are functioning over wide ranges of their diastolic P-v curve or
under conditions in which diastolic stifiness is abnormal or changing rapidly,

Respiratory influences on the measurement of CVP :
: CMPshoNdberewdedat-gnd—expko&im.
1sec

PAP |

WWWW

50

© o

a wrgsmmusmmﬁmmmﬁmwm couses a decrease
in intrathoracic pressure, which is transmitted to both the CvP § PAP
waveforms.

8. During PPV, the onset of inspiration causes an increase in introthoracic
pressure.

Pressure monitoring ¢
¢ Huid%ned'«ansd;mersgstm —
* Puid fled manometer.
. beveistopwd‘.a&r@'&mrm e f-._,-—:\
* used {0 measure cordioc Nims pressures. - L -
* OvP reflects the driving force for Hlling the rt adrium § ventricle
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* CvP monitoring is used for assessment of blood volume § right heart

00:21:50

function,
* Normal CVP in an awake, spontaneously breathing potient ranges between
110 7Tmm Hg.
* CVP as the downstream pressure for organ perfusion.
CVP waveform components
[' Waveform | Phase of Cardiac Mechanical Event
Component Cycle
awave End diastole Atrial contraction
. Earl tol Isovolumic ventricular contraction,
¢ wave ysystole | tricuspid motion toward the rt atrium
v wave Late systole Systolic fllling of the atrium
h wave Mid to late diastole Diastolic plateau
Atrial relaxation, descent of the base,
x descent Mid systole systolic collapse
de t Early ventricular filling, diastolic
y concen Early diastole rly coliapss B
%
0
" Waves | Rt Atrial Pressure Lt Atrial Pressure —;
awave 6(2-7) 10(4-16)
v wave 5(2-7) 12(6-21) '1.
— |
| Mean 3 (1 -5) 8(2-12)
', ] R
Waves | RtVentricle | Lt Ventrléle Pulmonuy Central
Pressure Pressure Artery Aortic
Pressute = Pressure
Pesk | 25(15-30) |130(90-140) 25(15-30) 130 (90-140)
~ Systolic '
'End Diastolic 6 (1-7) 8 (5-12) 9(4-12)  70(60-90)
Mean | | 15(9-19) 90 (70-105) |

Normal Cardiovascular Pressures(mm Hg)



CVP wavelorm can be considered to hove ¢

. 353s%diccowponerks(cmve,xdescen{*,vwoye)i
* & Diastolic components (y descent, a. wove).
* £0& R wove mark end-diastole § the onset of systole.

CVP Waveform Components

150

— A e

[

* A short €& PR interval causes fusion of the a § ¢ waves.

B Tad‘gwdiadecreases{helengtho\!dhs{deimeduaﬁono‘%heg
descent, which causes the v § a waves o merge.

* e»rad}jcardncameseachmve’cobecomemored\shnct with separote x §
X descents\ﬁsble’iamepmmnen’rhmve

Abnormol CVP waveform :

A} Atrlal Fibritlation D) Tricuspid Regurgitation

N =
L Hm. A

L lll

C)OompMOAVBlock | F) Constriotive Pericarditis

)y W

22



B Condition Characteristics
Atrial Fibrillation Loss of a wave
Prominent ¢ wave
AV Dissociation Cannon a wave
L . Tall systolic c-v wave
Tricuspid Regurgitation Lo%s 0T X doscart
N . Tall a wave
Tncuspafl S Attenuation of y descent
Tall a & v waves
Rt Ventricular ischemia Steep x & y descents
M or W configuration
Tall a & vwaves
‘Pericardial Constriction Steep x & y descents
M or W configuration
. Dominant x descent
Cardiac Tamponade Attenuated y descent
Respiratory variation during Measure pressures at end-
spontaneous or PPV expiration

23



CARDIAC OUTPUT MONITORING

Need for COP monitoring 00:00:31

* Traditional parameters of hemodynamic stability (heart rate and blood
pressure) ave poor predictors of the degree of cardias dustunction or
orgon faiure. '

* Phuysicions are poor predictors of hemodynamics in eritically i podients.

* Rs much as 18% of “hemodynasmically stable? sepsis patients (blood
pressure > 90 mmHg, lactate < 4 mmol/L) can progress to severe sepsic
ond septic shock within 73 hours.

elickman et al, feademic Emergency Medicine, 3010

Cardiae output :
* Totol blood Slow generated by the heart in one minute.
* COP=SVXHR,
* cuides Suid responsiveness and need Sor vasopressor therapy,
. mmme&mmm&sastmo%mddmmsbm

Factors affecting oxygen delivery and consumption

03 saturation rf w Basal metabolism
wgseess o e = - Sedetion
Botv shifts Cardiac output -~ 1 Pain
Carbonyhasmogiobi : ) Andety
Mathasmogiobin R Hormonel tactors
Shum
Tharmogenass
FHeart s Preload Contractiity Aherioad mﬁhﬂ
Arhythmia Biood volume Myocardial Op supply  intrathoracio pressure’ Catecholamines
Factors sflecting VO,  Venous capacitance intracaliutar Ca¢ Pedcardial pressure
Intratharacic pressure”  Acidosis LVES Intracavity pressure Exiornal work
Filing time Electrolyte imbalance  LVES wail thickness
A-V elscirical synchvony  Hypoglycaemia LVES dimangion Work of bregthing
Diastolic function Catecholamines Gerowth
Venlricular compiisnce  Sepels Trpuma
Pericargial restraint Cardiomyopsthy Cataholiem

AV vaive compatency  Myoosrdiis Sepeis



Cardiae output monitoring devices ¢
| Metod [ MentoingSystem

Com eammminaeaoza iw

Transpulmonary
| thermodilution dilution

Transpulmonary indicator

| dilution

| Anterial pressure waveform-
derived

Oesophagsal Doppler

Echocardiography (TTE and |
TOE)

Applied Fick (Partial CO2

rebreathing)
f

| Bioimpedancs

e Bi’oz o smpene

PICCO

_ VolumeView

LiDCO

PICCO

LIDCO

Flotrac/Vigileo
Volume clamp method
{Finapres, Nexfin)

| CardioQ

NICO

HOTMAN

NICOM

Methods of measuring cardiac output

00:00:21

L Invasive- Pulmonary Merg Thermodilution
* Continuous.
* Intermittent.
a ml'wmll}:, invasive
* Flotrac.

Lithium Dilution Cardiac Output Monitoring LIDCO).
Pulse Index Cardiac Output Monitoring (PICCO).
NICO System.
Transesophageal echocardiography (Tee).
esophageal Dopper (e0)

* endotracheal Cardioe Output monitor (ECOMY.
3, WNon invasive :

s Echocardtogmp?g.

* Thoracie Bioreactance,

* Thoracke gicimpedance.

25



Invasive- Pulmonary Artery Thermodilution :
* Thermodiution is a modification of the indicotor dilution technioue.
* Kyjectate of known volume ond temperature is used to obtain the
thermodiution curve.
* €0 cokuloded from the areo. under the curve using the modified
Stewart-Hamitton equation.
Modified Stewari-Hamilton equation

FORILI LV} )
foik '\iudt

¢ Saline injected Hirough the proximal port of pulmonary artery catheter.

* Thermistor ot the distal end of catheter measures the change in blood
temperodure over time.

* frea. under the curve is inversely proportional o the rate of blood Slow

past the puimonary artery

Thermadiiution curve for pulmonary artery catheter

Sources of &rror with PAC based measurements :
Technicol errors
* Loss of indicator before, during, or after injection.
* Voriabiity of temperature and volume of injectate.
¢ Thermistor malfunction.
* Clot over the codheter tip or contact with a vessel.
* wWedged cotheter.

B COlhgonecaﬂwe'cer.

P‘f’gso\ogmiipaﬁ-obgwsmtes
‘ &:.rdmmdrespro&orgoscsha&bns.
* Rewarming in the initiol minutes after cardiac byposs.
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*  Simultaneous rapid intravenous infusions.
* Intracardiac shunts,

* Pulmonary and tricuspid valve insufSiciencies.

Continuous Thermodiution Cardioe owtput ¢

. Dcmﬁxervxal“\wnaﬁbcatedls-asw%m&\eca&hefert\pm&\erght
ven&ncularporhonoi“checodhe’cer

¢ &genemkesbw-ener%heatpulsesirmrﬁed*oswrwndnabbod.

¢ Thermistoro&ﬂwedis&alendo?cathetermeaswes&\eckmaehbbod
temperature over time,

* Updated every 20 to L0 see § represents the average value for the
cardiac output measured over the previous 3- b min.

T‘nermdiuﬁon-—-rﬂde*ag%=
* &old standard,
. widelgused.
o w»cardmmkpxtmelafedw&hnma&ginmdﬁptestudie&
* Readily available in ICu

Thermodiution — Disadvantages :
* Invasive With Potential infectious/mechanical Complications,
* Readings Moy vary with Skill of Reoder.
* dynamic variation Between Measurements,
* No Definitive Evidence that Use Improves Outeomes.

Minimally invasive methods 00:14:22

Pulse contour analysis :
* Principle !
* Stroke volume can be continuously estimated by analyzing the arteriol
pressure woaveform obtained from an arterial line.
* €O s cakuloted from the area. under the curve of the systolic portion
of the arterial pressure waxeform divided by the aortic impedance
multiplied by the heart rate.



Disetols '

‘Eimedm': Reflected wave
{Systolic Phass) {Diastolic Phase)

PICCO system: Stroke volume s the area under systolic portion of arterlal pulse wavetorm (shaded). i
Stroke volume is calculsied = {area under systofic phase {shadsd) + aoric complicance) x shape of pressure cune. |

frterial woveform analysis :

Each of the technologies anlyse the arterial waveform In a different way:

I~

AU
Y N

Analyses area under Pulse power analysis. 'Dynamic tone
systolic portion of curve. uDco™ technology”: muttiple
picco™ me::furemnu along
waveform,
\ / Flotrac/Viglieo™
Stroke Volume
* Prerequisites :

* &0od arteriol waveform signol is o. must,
* Correct identification ot dierotic notch.

* Limitokions
* Linear relakionship between Pressure § volume.
* Poor correlafion with gold standard In low SVR.
* Can't be used with 1A8P due to altered wavetorm
* Urrelioble In arrythmios.
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mmmmhﬁng%rﬁedidbno?vmwnezemweness:
* mﬁmnMN&PobseNeddurthPvare%hemsfwdegsfudied

dynamic marker of volume responsiveness.

. MWWMWiﬂiﬂk&&WMﬁcgessurei lung volume tho
occur during the respiratory eycle.

tin
Intrathoracic
pressure

|inSVR&rt
vertricular

Preload

Compresses &

| rt ventricular
ejectior: during
inspiiation

During early
expiration, it
leads to jed It
ventricular
filling

| in Intrathoracic
pressure

les PVR thereby
lingrt
ventricular
Afterioad

displaces the
pulmonary venous

‘__J

Propels blood into the It
heart chambers

—

les It
ventricular
Afterload

[ in it ventricular SV & an
[ in systemic arterial

pressure
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Pulse pressure variation :

Pulse Pressure Variation

PPy = 150 - 70 = 80
PPy = 120 - 60 = 60

PPV = PPy - PP Py + P2
PPV = 80 - 60480 + 60)/2) = 29%

¢ pifference between the maximal (PPMax) § minimol (PPMin) puise
pressure values during oe mechanical respiratory eycle, divided by the
average of these two ves.

¢ aormal PPV should not exceed 13%

syshol'c pressure variation

Sppioas Yariates

3.-/“ )_...‘.'.‘.._-(
- ' B — | P
~J
"®

14

. manwmmugmmdpo&m,mmlsw/swm%ommn&
* SPV/SW 710 indicaties hupovolemio. even though systolic arterial pressure §
ﬁ'\emarerelahvelgnorm




Calibroded vs Non calibrated devices :
Calibroted | fon calibrated

*  Device perform transpulmo- |‘ * 0o not perform TPTD.
nory /indicoh)ra thermodiu- | * Analyse arterial waveform § gives
ton (TPTL) . reading of CO. |
*  Have calibrotion. *  Reliobility decreoses on extreme
*  Done of specific intervals. ‘ vosoplego.
* Better devices in sepsis,
septeshocs, / .

AoTrae/ Vusileo :

8 ﬂdvan'maes !
¢ Continuous CO measurement.
* No colibration/ autocalibration.
* Many validation studies.

* Additional variables : SV, SVR, C\.

* Invasiveness : frterial line,

* Limitations :
* Requires good %delrtg of arterial waveform
* Not reliable in extreme vasoplegio.
* Perform poorly with tachyarrhythmio,

* Vahular pathology prevents accurate reading of CO.

Lithium Dilution Cardiae Output monitor(Lioco) :
* Lithium Indicator Dilution : for calibration.
* Central/peripheral venous and arteriol catheters,
* Injectote is on isotonie (SO MM solution of lithium chloride (015 -0.30 ol
for an average adutd.

W oL
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Indicator dilution curve

Advantages :
* Continuous CO measurement,
* useful in goal directed theropy,
* Safe, simple to use.
Additional variables : SV, SW, SVR.
* nvosiveness :
* frterial line,
¢ eﬁphemlorwwtro.lverws!m.
* Limitations :
. Rean&ssood%delitgo?-m'terialwo.ve%
* Requires transpulmonary lithium dilution calibration.
& Cal‘xbro&ionoﬁectedbgneurmscmarbm'sers.
. C»nimhdico&edhh{hunﬂ\empg,%rsﬂm\esker@preanmcg.

Pulse Index Cardias Output Monitor (PICCO) :

* Pulse contour analusis with intermittent thermodiution measurement.
Y " hemoduarmic monkoring using

* Femoral or oxdllary artery cotheter.

* Centrol venous cotheter,

* Adult or pediadric potients who have '%:“
ormagdeve\oppwmomrgedam
wmmwelketgcandmke&

L]

vy bk b wppded By FULIION Wadnsei Sysierme A0
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PICLO measures
L Vi Continuous pulse contour cardioc aml_cjsis :
* frteriol blood pressure (BF).
* Heart rate (HR).
* Stroke volume (SV).
* Stroke volume variaion (SWD.
* Systemic vascular resistance (SVR).
3. Vi intermittent transpuimonary thermodilution :
* Transpuimonary cardiae output (C.O).
* Introthoracie blood volume (ITewv).
* &xdravascular lung water VW),

~%Coldsanne ‘%Dve
| [emmenm

&
|°ﬁ[ Water ]‘- o
EVIW =.ITTV - T8V

vmumuu;n}mn |
end-chstole inge of cankec el
tharmaddoten fterowtrnily

, kd - L4
Poetele N I
e / Madsutid by pulse Lontiur
| dssaiyim (on 1t Luma)

I-u.. " p
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Clinical oppiications :

= Cmﬁwangmaorcardncw’cpu&.

* Pulse contour devices also measure 62OV (gjobal end diastolic volume) ¢
* GOV ITTV - PTV.
* 1TV (ntrathoracic thermal vol) : CO x MTT.
¢ PV (puimonary thermal voD : COx t.

* \TeV (ntrathoracic blood vo : 1S X GEDV.

* eV (extravaseular lung waten) : ITTV - ITEV.

Rk of indechon e ¢
Foak o artermi punctise Yoo Ho
Foak of pulmonary sriery rupiund Yoo No
i
Rk of ar embokus Yos No
Pumonary atery cathater RAP Right sl et

OCLIURON PrstEue RVEDQY Rapht vemtncudar e -ChANICHG vOume.
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Advantages and disadvantages of ditterent variables

'!'-E:E C Varabhe Main advantages
Qortisee duiput mowaid by TPTD As habl a3 puimonary anmodiukon
ot outpd maenmsd by pules Conbruous messurerent

Assesses shori-tam and small changes
Glodal #01c-ceastoht, vokame Batter relects cardac proload than
presaure markers of preioad
Seroke vokume yanstion Gonsnuous autometed assassmint of
fisd responsivensss
Cardiac furcoon e, Can be used a5 8n slam %oy decreessd
Fobal gection fraction LV systobc unction
Exromscids bng water Divnctly estimates the volume of kng osdema
Distinguishes hydeostate: Fom parmestiky
puimonany ohdems
Fick's Principle :
* Carbon dioxide rebreathing technique.
* Advantages : tase of use.
* Additionol variables
* Shunt,
i venﬁlatorg variobles,
* invasiveness ¢
* endotracheoal intubation.
* \valid onl5 with PaCO3 > 30 MmHg,
* Limitations :

Does it provicke n coniuous méssursman
Roquires raguldy recaliCraticn

Dosa nof distinguish betwaen the right and lef venticise
Loes cirucily reflacts thé risk of pimonary osdeme

than PAOP
cmhwdhmdwmm@
anhytheies wnd ARDS
Overastimate LV sysiofc function n case of aght

Tndiract markers of caniiac systolic kinchon

Do not precissly 859865 candiac structuns and functon

Unpeliable in c258 of puimonary smboksm, king reseciion,
lrpe ploural effusions

Seme a8 for extravescular lung water

. M’-‘:ectedbgchmsesindeadspaceorv/qmming.

esophageal Oappler ¢

* measurement of blood flow velocity in
medescend'ngaormo&ﬂweﬁpoﬂhe
Slexible probe.

¢ 4 mHz continuous or S MHz pulsed wove.

* measures CO, SV, HR.
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Knter pretation of dota
* qvis measured b3 stroke
distance x aortic root . - bbbl
diameter. g_ velocity
i
Stroke
distance
tart Endt N Time (9)
systole systole Flow time
Preload recucion Proload Increase

Al 2 il

* Advantages:
* Continuous cardiae output monitor.
* useful in goal-directed therapy,
* Invasiveness : esophageal probe.
* Limitations :
* needs intuboted potient.
* measures only descending aortic Slow.
* Assumptions about aortic size may be erroneous.
* Operator dependont.

endotracheal Cardiag Output monitor(eCom) :
¢ meosures CO using impedonce S
plethysmography. )

s T‘neo.scendsrgaortaues’ur\dose ) t"\%
proximity 4o trachea. >/ P g
* using the principle of bioimpedonce, a. |

current of amA ond 200 KHz is delivered ¢ .
from electrodes attached to a standard endotracheal tube.

* Sensing electrodes on the cuf detect the change in impedance secondary
{0 aortic blood Jow,



