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HEMODYNAMIC MONITORING-PART 1

Introduction 00:00:16

. e-odgherecnrdiovaswlarorgmdgs&mckbma’“mstwmmorsm
dgs%mc’ém
* Continuously observing changes in physiologic variables *
L. To monitor organ function.
4. For prompt therapeutic interventions.
3. To evaluote response to therapeutic interventions.
* Monitoring per se not improve patient outcomes.
* Timely appiied right interventions can do.

Assessing global and regional perfusion 00:01:19
inttiad steps : Rdvanced monitoring measures :
L Clinical assessment. I Cardiae output monitoring,
& Basic monitoring and assessment a.Ass%smn’co\‘—cordiaccontmctﬂ‘rtH.
of global perfusion. 3. Rssessment of tissue perfusion.
2. Prelood monitoring and Suid
responsiveness.

Step 1 : Clinical assessment

* Thirst . Tachyproea, tachycardio,
* Cold extremities. * Confusion.
* Poorperipherol pulses. . * itered skin perfusion.
¢ impaired capilory refil * Oliqurio.
Important predictor of adverse outcome,

B 5aorec=uom'cﬂir\3.

* Score |2 Small area. of mottling, bocalised 4o centre of knee.

* Seore &+ Modest motting area. thok does not extend beyond superior
border of kneecop,



* score 3+ mild mottiing area that does not extend beyond the mid-thigh.
* Score 4 ¢ Severe mottling area, not going begond&hegro‘n fold,
* Score S Exiremely severe mottiing oreo, extending beuond groin foid.

Ganeg 2 MoTTuneg

Step & : Basic monitoring and assessment of global perfusion :
* 3lead eCh,
* 8lood pressure : Non invasive and Invasive.

P onelry (50).

Loctoke levels.

* @iochemical variables.

Blood pressure monitoring :
|
. l
(e caet e
|
. |
__1__. S 1,__.

infiatabls oooluding (upper arm) cuft « Volume clamp method (finger cuff)

» manual; suscultatory + palpatory » Arterial applanation tonometry

maethod - manual: hand-held sensors

+ sutomated; osclllometry - gutomated: electronically controked
soN30rS



NIBP : intermittent
| _mowdictenitent | Automoted itermittent

. be;;ii;edbg HOROTHOW) 1905, * pased on oscmometrg.
*  The cufs nflates above systalic

stethoscope.
*  fuscultading sounds generated pressure,
by turbulent arteriol biood Slow | ¢ Then gradually deflates.
beyond cuft. * mMAP: pressure ot peak amplitude

*  Systolic : First Korotko™ sound. of arterial pulsations,
* Diastolic : 8efore disappearance. [* S&f § D8P : Derived from propri-

etarg%mubs(ro&eo?d\anseo?
L_ | pressure pulsations).
Cufs Siee
* eladder length : 80% of arm
circumference.
* pladder width : 40% of arm
circumberence,

* midiine of cuf$ bladder should be wdMem | texMempad
positioned over the arterial pulsafion. ~ %w4em ‘ '

comparison of blood pressure measurements via. Korotko?§ sounds and,
osci!ome’trg ¢

Lo !
LMAMMMAMM/U\/VMAAAA e PO

CNIAP : Continuous noninvasive arterial pressure



voume damp method (Rnger cuf®) : :]

. \n%ainb}e%nsercuﬂwiﬂﬂnﬁwvedpleﬁysmo-
graphy § montor

* Adjusts ts pressure multiple times per second to 5., R
%ﬂsermwm ""&

* Produce o brachiol arterial woveform,

T- line system : Based on applanation tonometry :

* Radial artery applanadion :

* A pressure sensor applied over radial artery :
¢ &enﬂgwnpressesarterg:npplamk%

o Thesensorisaufomoﬁml\gmweswermdw
aﬁu}jmﬁ\op{hnlwwe%isrewded.

* external applanation leads +o reconstruction of &P waveform.

* mean 8P measured directly (optimal waveform).

Oscillometric, volume-clamp, and applanation tonometry
technol arterial BP

(AT

Romwolmomwwwm

mmum wmm
{CHAP) or not Dlextin ClearSight)
Unacaled radial BF wavelorm
Prossure in the finger eult Arteriel wall fenslon signal
(weping the photoplethyemograph signal attonusied by the surrounding tssue
ond thus finger vokame conetant)
Finger oull housing 8 o~ Prevsure Yanaduon
pholopiethysmograph bvhmnmmo-
Bincolel
Invasive blood pressure ¢
* &old stondord Jor 6P monitoring ¢
* frteriol cannulation,
* Continuous pressure transduction.

* waveform disloy,



] W\M’ms H
* Presiures aqmessed aS MHHO,.

* Referenced b0 pHebOSl‘AﬁC OXis, P ey ot —
* 2eroed to ambient pressure. \ m::::‘“

. \‘\ | = 1
| \ \ Protrs Nrwbtr
i\ i
' / sroraret

invasive blood pressure : Indicakions.
* Unstoble blood pressure/severe hypotension.
* use of rapidly acting vasoactive drugs : Vasodiodors, vasopressers,
* Frequent sampling of arterial blood,

Relodive contraindications : Invasive arterial pressure monitoring,
* fAnticipation of thrombolytic therapy,
* Severe peripheral vascular disease preventing catheter insertion.
* vaseular anomalies : v Ristula, local aneurysm, local haematoma,
Eagmad’sd'sease.
* Lagk of collageral blood Slow distally (e.g, radial artery previously used for
coronary artery biypass surgeryp.
modified Allen test : fég’: k
* used to assess adequacy of collaterol cireulotion. oy
* Reduced collateral Sow when pam remains o

pole » b to 10 seconds.
* Disadvantage : Sensitivity (10-80%).

o
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comyon sites @

. Rodial.

& Femoral

3. Dorsalis pedis.

4, Posterior tibial,
Complications of Direct Arterial

Pressure Monitoring
Distal ischemia, pseudoaneurysm, arteriovenous fistula
Hemorrhage
Arterial embolization
Infection
Peripheral neuropathy
Misinterpretation of data
Misuse of equipment
Pressure Monitoring sgstem :

Pressure monitoring system

r s: i Artoriad Ling Tronaducer Setup

P

Arterial cathster

J Fusd) Diod rem-cOMEinnt KABING: 40 MaR 10N 1.2 mavee

2eroing § Levelling :
* Rt level of the right atvium : Levelling,
* Opening the tronsducer stopeock to atmosphere.
* Stopeock of level of midoudliary line 440 ICS:
Poxostatic oxds.
¢ With the stopeocks open, monitor dlsphgso.




Fourier analysis of a complex waveform 00:20:27

* frterial waveform is o. composite \/‘\/\
of many waveforms of increasing -
frequencies (harmonics), o

*  8-10 harmonies. Socand havmpnic @ W)

NN A U TN itk ok
A N AT AV W U W W e R il 2L
et et T e T e P e P, Y TIOR3 M)

Nadural frequency :

* Frequency at which o system =1 [P AP
oscillotes. L wency I 2z \[dpL AV

moximum diometer
ONNITIMm lens’ch
Low COmplimce

* Fluid between artery and transducer aets as simple harmonic oscillator :
* Analogous to o pendulum. The Coupling system
* when the pendulum is displaced, it e -

undergoes simple harmonic motion: 1\ V&) W

it oscillates around the equilibrium

poin’(. Nkt Sommeny
* Resonance : Amplification of a. signal

* Wwhenit’s &eqmcg is close to
noturod frequency of a system.

¢ ¥ nodural Srequency of pressure transducer matches with each peak of
orterial pressure wave
* increose ompitude of the measured values.

* Tronsducer system must have o naturol frequency well above the §" har-
monic frequency of o rapid pulse |

e



mw H
X on of energy (ampiitude) of oscillodions ¢
* Decreases amplitude of woves.
* Reduces notural frequency of o system.
* Transducer system must be adequotely damped :
* Ampitude should not change due to resonance.
* Diameter of the tubing has the greatest eflect on damping,
* Damping increases by third power of any decrease in tubing diameter.

ngmic response
* Abiity ot the system to accurately reproduce hemodynamic woveform.

Damping coefficient

How quickly an oscillating fluid
filled system comes 10 rest

Natural frequency
should be > highest frequency of

the incoming pulsatile signal

44
> 24Hz needed Fast flush test

frteriol line setup : Damping adequocy

The netural imsonant frequency & the 1
Detwien oscdistons H should be sounds J0H:
{30 timas. per sacond| 10 gt an acourmy signal

t haent eatds Of around 180 (311

The thorotc actch 15 4— Fasl fush volve =/
cloar and deenct l " open

| T'
Only two oscliatons folow
1 roloase of the ush valve,
ha amplaude of sach caciliakon
must be 1o greater then 1734
of the prawous oECEzON
Time
Arterigl line setup: Damping adequacy
200wy Clots, kinks, air
= Fa At vaive —>|
* open SySMAe 1§ LNOWITAING bu'bb‘esp ow
AR sy |
ez ! ¢ 32000 e AR i e sa 3 ihi
S A e N compliant tubings,
J DINOMC 1 Overssralon
, ! loose connection
Shumes The Somc Oy o0 ORCHINON 1 $400, 7
oudes-ookag  noich & s e Thay d oF sbesroed by te
Wi weroen o bubols, Clo. o whathvir gise
2 dvirdensag thy nyvien




W adeguacy

etup: Damg

Long mbng,
hg,perdgnmmc
circulotion, ‘mnhﬂ-
cardia, ngeﬁen—

sion, atherosclerosis

Time
Detenn‘nins @
i N\ y 3
N 1% A
P rat12mml, = 20
—i e
om
Paak 1o Pesk
Amplitude Ratio :
|
. ' 08
Ll mesrepsavencaarerrarengns 0.7
—
\ - \ D2 | D1 05
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........................ o
02

oon
113
0.160
0218
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Arterial line setup * dgmm'\c response

Origing) waveform

AN

Pressure tronsducer

* A4ronsducer is a device which conver’(senergg

from one Yorm 40 another :

* Pressure into electrical energy,
* 1t acts on the principle of Wheatstone

brid.se.

* wWheotstone bridae : glectrical eircuit with

one unknown resistor.

* Piezoresistive strain gauges is used 1o complete the circuit.

* Wwheatstone bridge used to measure the unknown resistance (o strain

puge)

* pesistance of unknown resistor i determined b5 pressure,

Shcone Leyer with
meh

3 [,

Arteriol pulse waveform : Components
* Systolic phase ! Rapid inerease in pressure to o peak,
. %mwﬁhmigo?wﬁcm

" mrrestds %o Lv ejection.

10



* Dicrotic noteh :
* Closure of aortic volve. s
AV
* Diastoic phase : T A
* Run-of% of blood into peripheral circulodion. / \

Arterial pulse waveform : Analusis
* On £CK, R wave signals beginning of systole.
* Systolic upstroke does not occur immediately Sollowing systole.
* There is 10O-180 millisecond deloy,

Systolic upstroke :
* Represents ventricular ejection,
¢ Corresponds to peak aortic blood fow.
* Factors influencing oortic flow rates
offect it:
* Contractility,
* fortic Valve Slow.
* Peripherol resistonce,

Peok sgstolic pressure
* maximum pressure in central arteries generated during systolic ejection.
* maogor contributions : i
* LV condroction,

¢ Centvol orteriod complionee.
* Refected pressure wove.

11



msmen’cok‘m index :
* wave reflected from per’\pherg 1o centro) Augementation indes
oorto. msmen’cs oovtic pressure.

-
* s ameasure of systemic arteria T
* Colculoted as rotio of augmentation e I essure
%o pulse pressure.
Distod systolc pulse ampification o
* Demonstrotes change in systolic pressure on moving Surther $rom aortic
voot.

* Due to action of reflected waves on systolic pressure.
* fecumulating more of reflected pressure waves on top of systolic peak.

Comgaring Artenal Diferent artees

Systolic decline :
* Rapid decline in pressure as ventricular o
controction ceases. /m.....
o efllux of blood from central arterial s ol
compartment is faster than influx of \ K
blood from left ventricle.
* more rapid: Lebt ventriculor outSow troct bt oo e

obstruction.

12



Arterial pulse waveSorm : Analysis
s aortic valve chses, there is a. sudden increase in
pressure

Diastolic run-of :

* Drop in pressure after aortic valve has closed.

* o fow from the Lv
. eukpr&uredoesnotdropwddeﬁlgs

decreasesgmmo.l\g,

* Due to reservoir eftect of aortos

* Shape of reservoir pressure depends on
characteristics of reservoir.

&nd diastolic pressure
* Pressure exerted by vascular tree back
upon aortic valve.
* Non-compliant vessels will raise it.
* Vasoplegic patient : Low diastolic pressure. |

Eng-tamic pissmrs
] e —"*\mwav-ua . MAP
Tivtww o & doday ot 110ma0c
Tha arcs Sotaden i B wdnt 970 1'e
APWSES of pysiole § e Y By

8 i e St 0
Ly L st
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Arterial waveform anolysts : Cardiae dWm

Arterial waveform analysis
Qiurpd gredual st
wysiolic vpetroke  (ReIOMC hotoh

'”5 sames

pulés pressure

Prosaure (mmHg) ———e—p

Pulsus ofternans :
Aiteradion oF beats with higher % lower pulse pressures indicative of severe le?t

Pulsus paradoxus * :
ao.gsem&ed inspira&org £all iy 55sto\ic blood pressure 710 mm Hg.

Pulsus paradoxus

_]']moaau:n_l Bxaton | inspeaton |

Aortic Regurgitation HOCM

AP ST Y

o WM L o

Bisferiens puise “Spike and doma”

14
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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 a. fundamental aspect of
cordiovaseulor assessment.

g Thebedsidedio.gmsisoi’low,mrmal,orh‘ghw?isoﬂenmo&e,
porticularly i eritically il patients.

. Dredmemmnm%o?wisnecesswghhemdgnwnwgmsmble
patients § those undergoing major operations.

* 536 (301) deemphasieed the role of CVP as a.marker of Suid
responsiveness.

Introduction
* ttis the pressure in thoracic veins near right atrium.
* major determinant of filling pressure/- Preload of RV.
* Preload = end diastolic volume,
* Assumptions
* Linear relationship between Ventricular volume § Pressure.
* This relationship is constant,
* LV end diastolic pressure comelates with Atrial fr / VR
* CvP measures filling pressure of the right ventricle (R4).
* CvP measures the interplay of the :
L Circuloting blood volume.
a. venous tone,
2. Right ventricular function.

indicotions for central venous cannuladion
* CvP monitoring,
d Tempororg HO,
* fspirotion of air emboli
* Orug administration :
* Concentrated vasoactive drugs.
* efm,
. chemoihera,m.
* Prolonged antibiotic therapy (64, endocarditio),




fArterial woveform : Information
* From measurements :
* Heart rote.
. sashlcp'&s&m
* Diastoiic pressure.
* meon arterial pressure.
* Pulse pressure.
* Changes in ompltude with respiration.

* From wavetorm shape :
. swpeo¢amu'oticm=mm\e‘iw%u
* Slurred/collapsing wove : AS.
* Ropid systolic decline : LVOTO.
* Low dicrotic notch : Poor peripheral resistance.
* Quality of dicrotic noteh : Damping coetficient.

15



