HEMODYNAMIC MON ITORIN G'PART I Active space --—@

Introduction 00:00:16

* Body here Cardiovascular organ dysfunction : 3™ most common organ
dgs%nc’don.
. (:onﬁmwslﬂ obser\fms changes in ph5$iologic variables :
I To monitor organ function.
a. For prompt therapeutic interventions.
2. To evoluote response to therapeutic interventions.
. moni’toring per se not improve patient outcomes.
* Timely applied right interventions can do.

Assessing global and regional perfusion 00:01:19
Initial steps : Advanced mon'\’(or‘\ns measures
l. Clinical assessment. . Cardiac output mon'rkor'\ns.
3. Basic monitoring and assessment . Assessment of cardiac controctility,
of global perfusion. 3. Assessment of tissue perfusion.
3. Preload monitoring and Suid
responsiveness.

S{'ep I : Clinical assessment

* Thirst. ' . Tachgpnoea, kacthardim
* Cold extremities. * Confusion.
—_—
* Poor peripheral pulses. * pltered skin per?us‘\on
* Impaired capillary refill. * Oliguria.
SKin Mlin3=

Important predictor of adverse outcome.
¢ Score O0:No mo’ct\ing.
* Score | : Small area of mottling, localised to centre of knee.
* Score 4 : Modest mottling area. that does not extend begond superior
border of kneecap.
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* Seore 3: mid mo’d\‘mg area that does not extend be50nd the m‘\d-&h'gh.

* Score 4 : Severe mottling area, not going beyond the groin fold.
* Score S: extremely severe mottling area, extending beyond groin fold.

GRADE 2 MOTTLING

Step & : Basic monitoring and assessment of global perfusion :
* 1d lead eCs.
* Blood pressure : Non invasive and Invasive.

Pulse oximetry (sp0).

Lactote levels.

Biochemical variables.

Blood pressure mni’coring :
Blood pressure
measurement

|
S

Invasive
(arterial catheter) |

Non-invaive

. |
o !

Intermittent ‘ Continuous

l o

_~lnflatable occluding (upper arm) cuff | '~ +Volume clamp method (finger cuff)

| »manuar: auscultatory + palpatory |« Arterial applanation tonometry
. method | - manual: hand-held sensors
+ automated: oscillometry | - automated: electronically controlled
- sensors

G



NIBP : Intermittent

mManual intermittent

Rutomated intermittent

Deseribed bH OROTHOW 1905,
Sphygmomanometer, cufs, and
stethoscope.

R&u}tofmg sounds generated
by turbulent arterial blood Slow
beyond cuft.

Systolic : First Korotko? sound.
Diastolic : Before disappearance.

Based on osci\\ometrg.

CufS is coupled to an oscillometer.
The cuft inflates above sustolic
oressare.

Then gradually deflates.

MAP : pressure at peak amplitude
of arterial pulsatiors.

S8P § DeP : Derived from propri-
etary formulas (rate of change of
pressure pulsations).

Cuss Size :

* gladder length : 80% of arm
circumterence.

* eladder width : 40% of arm
circumference.

* midline of cuft bladder should be

positioned over the arteriol pulsation.

m
0
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Patient Recommended cuff size

Adults
(by arm circumference)

22026 cm 12 x 22 cm (small adult)
271034 cm 16 x 30 cm (adult)

3544 cm 16 x 38 cm (large adult)
45t052em 16 x 42 cm (adult thigh)

Comparison of blood pressure measurements via. Korotko?s sounds and
oscil\ome{rg :

CNAP : Continuous noninvasive arterial pressure
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volume clamp method (finger cufs) :
* Inflatable finger cuft with infrared plethysmo-
graphy § Monitor,
* Adjusts its pressure multiple times per second to
finger artery constant.
* Produce a brachial arterial woveform.

T- line sBS‘rem * Based on applanation ’conome’nr5 :

* Radial ar’cer5 applanadion :

* Apressure sensor applied over radial ar’cerg :
* Gently compresses artery : Applanates.

* The sensor is automatically moves over radial
artery until optimal wavetorm is recorded.

* &xternal applanation leads %o reconstruction of &P waveform.

* mean &P measured directly (optimal waveform).

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

RRT. PRESS

103 /42
(62)
PPV 3%
Reconstruclion of the brachial or radial BP waveform

Algorithm using arm cuff calibration Algorithm without external
(CNAP) or not (Nextin ClearSight) calibration (T-line)
Finger BP waveform U radial BP m
Pressure in the finger cuff Arterial wall tension signal
(keeping the photopleth graph signal attenuated by the surrounding tissue
and thus finger volume constant)
Finger cutf housing a * Radial nrtery applanated Pressure transducer

photoplethysmograph by the pressure tranaducer

(__ volumo-clamp ) (‘Apolanation tonometry )

Invasive blood pressure
* &old stondard for &P monitoring :
* Arteriol cannulotion.
* Continuous pressure transduction.
* Waveform display,



* Conventions :
* Pressures expressed os mmHg,
* Referenced to phlebostatic axis.
* Zeroed to ambient pressure.

Anterial Line Transducer Setup

Fud fad nos-complant LG /0 Mom B 1.2 metes

Invasive blood p?essure : Indicotions.
* Unstable blood pressure/severe hypotension.

use ot rapidly acting vasoactive drugs : Vasodilators, Veseprezasssg

inotropes. '
* Frequent sampling of arterial blood,

Relotive contraindicotions : Invasive arterial pressure monitoring,
* Anticipation of thrombolytic theropy,
* Severe peripheral vascular disease preventing catheter insertion.
* vascular anomalies : AV fistula, local aneurysm, local haematoma,
Raynoud’s disease.
* LacK of collaeral blood flow distally (e.g, radiol artery previously used $or
coronary artery byposs wse@.

modified Allen test :
* Usedto assess adequagy of colloteral cireulation.
* Reduced collateral flow when palm remains
pale > b 1o 10 seconds.
* Disadvantage : Sensitivity (10-80%).
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Common sites ¢
I Radial.
a. Femoral.
3. Dorsalis pedis.
4, Posterior tibial,

M

Complications of Direct Arterial

Pressure Monitoring

Distal ischemia, pseudoaneurysm, arteriovenous fistula
Hemorrhage

Arterial embolization

Infection

Peripheral neuropathy

Misinterpretation of data

Misuse of equipment

Presswé moni’corina s5s’cem :

Pressure monitoring system

| Signal ] Arterial Line Transducer Setup
| Arterial catheter
l -‘J Pressunzed bag of saline

[ Coupling system | Screwadia Siow Fsn Vaive

l -3 Squeezabis Fast Flush Vaive
[ Pressure transducer assembly | A _\

«— Phlebostatic axis —» .

R

[ Analog to digtal convertor

| -

1

Bedside monitor |

P

l Microprocessor

Flugg tlad non-complant tubang 10 mare 1han 1 2 meves

Zeroing 4 Levelling :
* At level of the right atrium : Levelling,
* Opening the transducer stopeock to admosphere.
* Stopeock ot level of midoxillary line 4th 1CS :
Flovostadic oxis.
with the stopeock open, monitor d\sPla5s 0.

Amplifier & signal conditioning | \ Widsxilary tne, 4th ntsccostal spece IP—L




* Arterial waveform is o composite
of many woveforms of increasing
Fundamantal fracuancy

frequencies (harmonics). ‘ } PR

Fourier ana_l_ysis ofa compl_ex waygf(_)rm 00:20:27 - Active space @

* 8-10 h&rn’\on.\cs. ’ S o Sacond harmoniz (2 Hi)
\/\/\/W\/\ Third haemonie; (3 Hai

NN NN NN NN Fourth harmonic (4 M)

N e T NS T e e L Fifth Rarmonic (3 H)

\,\/I\'\//\/\sum s .

Natural frequency f;x =

Natural frequency :
* Frequency af which a system

oscillotes.

Moximum diameter
Minimum length M

Low Comphomce

The Coupling 55s’cem :
° Fluid between artery and transducer acts as simple harmonic oscillator
° F\nodogous to a pendulum. The Coupling system
* when the pendulum is displaced, it e —— e

undergoes simple harmonie motion:  \ A\ A\~
it oscillates around the equilibrium 1\/ VY

Po‘mt

Ampified wavetorm (sum of
Both wavetorms|

* Resonance nmpl\%caﬁon of a. signal
* When it’s frequency is close to
nodural frequency of a. system.

* 1§ notural frequency of pressure transducer matches with each peak of
arteriol pressure wave :
* Increase omplitude of the measured volues.

* Tronsducer system must have a. natural frequency well above the 8" har-
monic frequency of a ropid pulse :
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* Absorption of eneray (amplitude) of oscillations :
* Decreases amplitude of waves.
* Reduces natural frequency of a system.
* Transducer system must be adequately darmnped :
¢ Amplitude should not change due to resonance.
* Diameter of the tubing has the greatest effect on domping,
* Damping inereases by third power of ony decreose in tubing diameter.

D}jnc\m'\c response :
. nb'\\'\’qj of the sgs’cem to accwo&e\g reproduce hemodgnamic waovetorm.

Damplng coefficient:

RIS How.quickly:an'oscillating fltid

should be > highestifrequency:of: filled'system comes to rest

the incomingipulsatile signal

>24Hz needed Fast flushtest

Arterial line setup : Damp'\ng adequacy

The natural resonant froquency is the tme
batween ascillations. It should ke around 30Hz
(30 times per second) to give an eccurate signal
f at heart rates of around 180 (3Hz)

< Fast fush valve ==/ *

|
; The dicretic notch is
i i5 6pan

clear and distnct

3 A
7
NG
o
Nice, normal-locking ]
arteral waveforms . Only two osgillations follow
| ; . thereleass of the flush valve,
{ ! the amplitude of each escillation
. mustbe no groator than 1/3
i ol the pravious oscillation
Time
Arterial line setup: Damping adequacy
|
OO o 7o s s ST v P e e S A C‘OJ(S, K\ﬂKS, ar
Fast fush valve —»
is open Systolic is underestmated bubb‘es) low
Systoc
sonan Y 2, SETHY RSP rR b & b by o Y \ 1
R e G s = MAP fomains the sama compliant ’mbmgs,
3 rastolc -- \_ X )
Diastoiic i3 overestimated .
£ loose connection
Slumed The dicrots Only ono oscilation @ seen, and
rounded-lookng  notchis lost then they dia cff, absorbed by the
onterial wavelorm cir bubble, clot, or whatever else
is overdaming tha systam

Time



Arterial line setup: Damping adequacy

AAAAAMAASAANASSassscacnsonnss

«— Fast fush valve —» '
................................... Systolic is

overastimated
MAP remains

the same

* Diastolic is
underestimated

Pressure

| Overshooting
{ arterial waveform

" “Ringing”; multiple
oscillations are seen;

i they reverberate around

the underdamped circutt

Time

Dekemw‘ming fn:

Paper spead (mmv/sec)
f, =

= —
T (time of one cycle) mm

Kt=12mm,f, - coi

Ona cycle
Peak to Peak

Amplitude Rodio :
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Long mbing,
hBPerdHnam'\c
circuloation, ’rachg—
cardia, hgper‘(en—

sion, atherosclerosis

Amp Ratio Damping
(D2/D1) coofficient
0.9 0.034
08 0.071
0.7 0.113
056 0.160
05 0215
0.4 0.280
03 0.358
0.2 0.455
0.1 0.591
0.05 0.680




