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HEM ODYNAMIC MONITO RING ----- Active space -----

Cardiovascular organ dystunction : 8" most common organ dystunction.
Con’dnuous\g observing changes in ph5s'\o\og'\c variobles

* To monitor orgon function.

°* For prompt theropeutic interventions.

* To evaluote response 1o theropeutic interventions.
nonitoring per se does not improve patient outcomes.

T'\melg app\'\ed r'\gh’c interventions can couse '\mrpoVemenJc N outcomes.

Assessing global and regional perfusion 00:01:19
Initial s&epg : Advanced mon\’cor\ng meosures :
. Clinical assessment. . Cordioc OUGCPUG( mon\’cor\ng.

a. posic mor\'\’cor\ng ond ossessment 4. Assessment of cardiac con’crach\i’cg.
of 5\0bal per%?us\on. 2, pssessment of tissue per‘?us\on.
2, Prelood mon'\’cor\ng ond Sluid

resmns\venes&.

Skep I : Clinical assessment.

° Thirst. ® Tachgpr\oea, ‘cachgcard'\a,
° (Cold extremities. ° confusion.
_—
° Poor per'\pheml pulses. ° pltered skin per?us\on.
* Impaired capillary refll. * Oligurio.
SKin mo’c{\'mg :

Important predictor of adverse outcome.
° Sceore O No mo’c{\'mg.
e <core | Small area of mottling, localised to centre of knee.
* Score a : Modest mottling areo thok does not extend begond superior
border of kneecap.
° Score 3 : mild mottling areo thot does not extend be5ond the m\o\—’dm'\gh.
* Score 4 Severe mottling area, not 9oing beSOr\d the groin fold.
° Score S &x’«eme\5 severe mottling area, ex’cend‘\ng begond groin fola.
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Basics of Critical Care Medicine

Groin

- Foot

GRADE 2 MOTTLING

Step & : Basic moni’corins and assessment of Slobod per¥usion :

* 13 lead eCa.

° Blood pressure : Non invasive and invasive.

* Pulse oximetry (spo).
® Loctote levels.
° Biochemical variables.

Blood pressure mon'\‘cor'\ng :

Blood pressure
measurement

l

Invasive
(arterial catheter)

Non-invaive

;

Intermittent

l

Inflatable occluding (upper arm) cuff

* manual: auscultatory + palpatory
method
+ automated: oscillometry

!

Continuous

|

* Volume clamp method (finger cuff)
* Arterial applanation tonometry
- manual: hand-held sensors
- automated: electronically controlled
Sensors
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NIBP : Intermittent.

Hemodynamic Monitoring

mMonual intermittent

Automoded intermittent

°  Described b5 Korotkow in 190S.

*  Sphygmomanometer, cuts, and
stethoscope needed.

°  Auscultating sounds 5enero&ed
by turbulent arterial blood flow
beyond cufs.

Bosed on osc\\\ome’r%.

Cuft is coupled to an oscillometer.
The cufs inflated above systol-

ic pressure — Then 8mdual\5
deSlotes.

MAP : pressure ot peak amplitude

of arterial pulsodions.
SeP § DBP : Derived from propri-
etory Sormulas Rote of chanoe

. S5sico\'\c : First korotko®S$ sound.

°  Diastolic : Before disoppearance. |

of pressure pulsafions).

Cufs Sice
* eladder length : 80% of arm circumference.
° plodder width : 40% of arm circumference.
* midline of cuft bladder should be positioned over the arterial pulsation.

Patient Recommended cuff size

Adults
(by arm circumference)

22 to 26 cm 12 x 22 cm (small adult)
27 to 34 cm 16 x 30 cm (adult)

35to 44 cm 16 x 36 cm (large adult)
45 t0 52 cm 16 x 42 cm (adult thigh)

BP cuss size

Comparison of blood pressure measurements Via khorotkods sounds and

osc\\\ome’crg :

Auscultatory
systolic
141

Auscultatory
diastolic
Korotkoff 78

sounds l 200

Cuff pressure

Guff pressure oscillations

Oscillometric
diastolic
145 106 80

Oscillometric Oscillometric
systolic mean
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Basics of Critical Care Medicine

Non invasive :
CNIAP : Continuous noninvasive arteriol pressure.
volume clamp method (finger cuf® :
* Inflatable finger cuft with infrared
. p\efhﬂsmogmphﬂ g monitor.
* Adjusts its pressure multiple times per second to
keep volume in ?mger artery constant.

°* Produce a brachial arteriol woveform.

T-line 35$’cem :
Based on applanation ’vor\ome’crﬂ.
* Rodial ar’cerg applonation :
* A pressure sensor applied over radiol oﬁerg :
e e\en’clg compresses ar%erg * Applonates.
* The sensor is au’comoecical\g moves over rodial

ar’cerﬂ until optimal waveform ig recorded.
* external applanation leads to reconstruction of &P waveform.
* Mean f meosured directly (optimal waveSormy.

ART. PRESS

03 /42
(623

PPV 3%
Reconstruction of the brachial or radial BP waveform

Algorithm using arm cuff calibration Algorithm without external
(CNAP) or not (Nexfin ClearSight) calibration (T-line)
Finger BP waveform Unscaled radial BP waveform
Pressure in the finger cuff Arterial wall tension signal
(keeping the photoplethysmograph signal attenuated by the surrounding tissue

and thus finger volume constant)

Finger cuff housing a Radial artery applanated
photoplethysmograph by the pressure transducer

Bracelet

(et (CrmTr T
( Volume-clamp 5) ‘\Applanauon tonometry )

Invasive blood pressure :
° gold standard for &P rmonitoring :
— Arterial cannulation.
— Continuous pressure tronsduction.
- Waveform display,

Critical Care Medicine « v1.0 - Marrow SS Medicine
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Hemodynamic Monitoring

° Conventions :
- Pressures expressed as mmHg,
- Referenced to phiebostadtic axis.
- 2eroed to ambient pressure.

Pressurized bag of saline

Screwable Slow Flush Valve

Squeezable Fast Flush Valve —\

<— Phlebostatic axis —>
Midaxillary line, 4th intercostal space

Pressure Transducer

Fluid filled non-compliant tubing: no more than 1.2 metres

Indications :
* unstable blood pressure/ severe hﬂpo’cens\or\.
* use of rap'\d\5 acting vasooctive drugs : Vasodilodors, vosopressors, inctropes.
* Frequent sampling of arterial blood.

Relative contraindications for invasive arterial pressure mon'\’cor'ma :
* PAnticipation of thrombolytic therapy,
* Severe peripheral vascular disease pre\/er\hng cotheter ingertion.
* voscular anomalies : AV fistulo, local aneurysm, local haematomoa, Roynoud’s
disease.
* Lack of collateral blood flow distally (2q : Radial artery previously used for
coronary artery bypass surgerk)).

modified Allen test :
* Used to assess adequacy of collateral cireulodion.
* Reduced colloderal Slow when podm remains poJe > t0 10 seconds.
* Disadvantage : Sensitivity (10-80%).

Critical Care Medicine « v1.0 - Marrow SS Medicine




Basics of Critical Care Medicine

_____ . o Clinched
Active space blanched paim

5 B\ A
/ \ %
7 \ b
Ulnar artery '\ /
/ released and T
y, not patent - {
\
Radial artery |
occluded X

N— Ulnar artery
Radial artery released and
Inar artel
gcc?u:ed i occluded patent

Radial artery
occluded

Common sites :
l. Rodial.
a. Femoral.
2. Dorsalis pedis.
4. Posterior tibial.

Complications of direct arterial pressure mon\‘cor'mg :
* Distal ischemia, pseudoaneurysm, arteriovenous fistula.
e Hemorrhage.
® Arterial embolization.
* Infection.
* Peripheral neuropo@chg.
* Misinterpretation of dota.
° Misuse of equipment.

Pressure moni‘cor‘mg 35s’cem :

1 Signal ]

\ 4
I Arterial catheter I

\ 4
L Coupling system l

\ 4
[ Pressure transducer assembly ]

| Amplifier & signal conditioning |

L Analog to digital convertor —]

L Microprocessor *!

Bedside monitor

Critical Care Medicine + v1.0 + Marrow SS Medicine




Hemodynamic Monitoring

2eroing 7 levelling :
* Leveliing : At level of the right adrium, we
estoblish the O boseline..
® 2eroing: Opening the transducer stopcock to

oecmosphere.

* Stopeock of level of midaxillary line 4th ICS :
*  With the stopcock open, monitor d‘\sp\aﬂs 0.

Physics of arterial waveform 00:20:27

Fourier cmodgs'\s of¥ complex wowveform :

Arteriol woveform is o composite

of rnony woveforms of increasing
Srequencies (Harmonics). —
undamental frequency

« (1 Hz)
8-10 hormonics.

— O Second harmonic (2 Hz)

\/\/\/\/\N\ Third harmonic (3 Hz)
N DN NN NN NN NN\ Fourth harmonic (6 H2)

™ ™ e ~_~—~.  Fifth harmonic (5 Hz)

\\/V\/\ o of st harmonice

Notural frequency :
Frequency ok which o system oscillotes.

Natural frequency f;z =

Dependen% on:
° MmMoximum diometer.
°  Minimum \eng’ch.

° Low compl\ance.

The coupl'ma SBS{:em .
Fluid between ar‘cerﬂ ond transducer acts

Frictionless systom oscillates In the presencae of friction, oscillations

as simple harmonic oscillaor ¢ i Geseis

LA T | W e
UVl Y

I —
Natural frequency

° F\nodogous to o per\dulum.

* when the pendulum is displaced, it

undergoes s'\mp\e hoxrmonic motion it

oscillokes around the equilibrium point.

Critical Care Medicine « v1.0 » Marrow SS Medicine




8 1 Basics of Critical Care Medicine

* Resonance : Amplification of a signal.
Occurs when it's frequency is close to naturol Frequency of a. system.

Amplified waveform (sum of
both waveforms)

AVAWA e I
o/ s

—— |
Natural frequency of
the transducer

Measured wave

:

* ¥ nadural frequency of pressure transducer modehes with each peak of
arterial pressure wove — Increase amplitude of the measured values.

* Transducer system must have a natural SFrequen% well above the 8"
harmonic frequency of a. rapid pulse : 734z (Taking HR upto 180/mir.

Damp'mg :
* Absorption of energy (Amplitude) of oscillations :
- Decreases amplitude of waves.
~ Reduces notural frequency of o system.
* Adequotely damped — Amplitude should not change due to resonance.
* Diameter of the tubing has the greatest effect on damping,
* Damping increases bg third power ot any decrease in ’tub'mg diameter.

Dgnam‘\c response :
F\bil‘\’rﬂ ot the SBSJcem to accuroeceB reproduce hemodgnamic waveform.

Danmping coetficient :

To assess how quickly an oscilating Suid filled system comes +o rest.
Test : Fast Slush test.

Critical Care Medicine * v1.0 - Marrow SS Medicine



Hemodynamic Monitoring = 9

Arterial line setup : Damping adequacy,

The natural resonant frequency is the time
between oscillations. It should be around 30Hz
(30 times per second) to give an accurate signal
at heart rates of around 180 (3Hz)

The dicrotic notch is |<— Fast fush valve =/
clear and distinct is open i

Pressure

Nice, normal-looking
arterial waveforms

Only two oscillations follow
. the release of the flush valve,
. . the amplitude of each oscillation
: ' must be no greater than 1/3"d
i of the previous oscillation

Fast fush valve —»
Bapen Systolic is underestimated

g ....... B, N of O S e S & e e B e SRS Sareas MAP remains the same
3 B e T R S I .
8 A e Diastolic is overestimated
'
o

Slurred The dicrotic Only one oscillation is seen, and

rounded-looking notch is lost then they die off, absorbed by the

arterial waveform ’ air bubble, clot, or whatever else
‘ is overdaming the system

Time

Occurs in cases of : Clots, Kinks, air bubbles, low compliont qudo‘mgs, loose

connection.

Critical Care Medicine * v1.0 - Marrow SS Medicine



Basics of Critical Care Medicine

Pressure

underdamped sgs%em :
R e e
________ Systolic is
overestimated
_______ MAP remains
the same
- Diastolic is

underestimated

Overshooting

b e “Ringing”; multiple
arterial waveform

oscillations are seen;
they reverberate around
the underdamped circuit

Time
Occurs in ¢ Long tubing, h5perd5nam'\c circulodion, %achgcoxd\a, hgperkension,

otherosclerosis.

Determining frequency of o system

Paper speed (mm/sec)

T (time of one cycle) mm

Ift=1.2 mm, f, = 20Hz

One cycle
Peak to Peak

Critical Care Medicine - v1.0 * Marrow SS Medicine



Hemodynamic Monitoring 11

Amplitude rotio: Active space -----
Height of waves oeneroted ¥ol\ow'\r\8 o Fost Slush test.
Amp Ratio Damping
(D2/D1) coefficient
0.9 ' 0.034
0.8 0.071
------------------------ 0.7 0.113
0.6 0.160
9 | B 05 0.215
0.4 0.280
"""""""""""""" 0.3 0.358
0.2 ' 0.456
0.1 0.591
0.05 0.690

Prterial line se’cup : Dgnam'\c response.

Original waveform

N

5

&

£

Damping Coefficient
o
>

R

Natural Frequency (Hz)

Pressure tronsducer :
° A fransducer is a device which c
converts energy $rom one form to R1 Ra
another : Pressure into electrical + -

energb.

* It acks on the principle of Luheatstone Px

by \dqﬁe. * il °
° wWheatstone br'\dge : glectrical circuit

with one unknown resistor.

Critical Care Medicine - v1.0 « Marrow SS Medicine
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mechanism :

° Piezoresistive strain gouges is used to comp\e’ce the circuit.

° heotstone br'\dge is used o measure the unknown resistonce (O strain

Sauge)

° pegictonce of unknown resistor is determined bg pressure.

center

Silicone Layer with
Thin diaphragm In

Arterial
Pressure

deflection

Piezoelectric
Layer to sense

Components of arterial pulse waveform

Silicone layer with
thin
in center

Arterial
pressure

Piezoelectric
layer to sense
deflection

00:33:21

COmponen’cs s

i Sgs%ol\c phase :

L Qap'\d increase in pressure to a peok.
° 2egins with opening of aortic valve.

® Corresponds to LV ejection.

i. Dicrotic noteh :

Closure of oortic volve.

ill. Diostolic phase :

Run—0%§ of blood into peripheral circulodion.

nnodljs‘\s :
* On el R wave signals beginning of

SBS’(O\@.

. Sgs’cohc ups&rohe does not occur
\mmed\o&elg %\\ow'\ng SSSJ(O\Q. There i

1O-180 millisecond de\ag.

Dicrotic notch

4

Diastolic phase

Systolic phase

Systolic peak Diastolic peak

Arterial pressure waveform

Critical Care Medicine » v1.0 « Marrow SS Medicine



Sgs’co\ic upstroke :
® Represents ventricular ejection.
* Corresponds to peok aortic blood Sow.
* Foctors '\r\%uenc'\ng oortic Slow rotes
ofSect it:
- C)on’crac’c'\\'\’rg.
- Portic valve Slow.

- Per'\pheml resistonce.

Peok 353%0\'\0 pressure :
® Moximum pressure in central arteries
Ser\eroiced dur'\ng 353’(0\'@ ejection.
® Moyor contributions :
- LV controction.
- Central arterial compl'\ance.

- Reflected pressure wove.

ngmen’co&don index :

* Loave reflected from per'\phe% to

central oorta augmen’cs oovrtic pressure.

* Itis o measure of systemic arterial
stifEness.

* Coleuloted as rofio of augmentation
pressure o pulse pressure.

Digtal sgs&o\‘\c pulse amp\'\%caﬁon :

Hemodynamic Monitoring

Systolic peak pressure

/ Systolic decline

e Dicrotic notch

Systolic
upstroke

Diastolic runoff End-diastolic pressure

Reflected wave ———

Forward wave

Augmentation
Pressure, AP
| Anacrotic notch
| (inflection point)

Systolic Pressure

Dicrotic notch
(closure of aortic valve)

Pulse
Pressure, PP

Diastolic Pressure — Y 4

Heart beat

° Demonstrotes change n sgs‘co\'\c pressure on mov'mg Qurther from oortic

root.

* Due to action of reflected waves on sgs’co\\c pressure.

. Qccmuloec\ng more of reflected pressure woves on top of 35s’col‘\c peak.

Critical Care Medicine ¢ v1.0 « Marrow SS Medicine
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14 1 — Basics of Critical Care Medicine

MM Hg
230

Dorsalis
Pedis
200 Mean 230
Pressure = Diastolic + K (Syst - diast)
Femoral = Diastolic + K (Pulso pressure) 200
Aorta, o
I
E
E 150
150
AORTIC MEAN K-0.41
FEMORAL MEAN 1 = = 2
RALVEANKC O, 00 Aortic waveform Femoral arterial Dorsalis pedis
D-PMEANK =024 waveform arterial waveform

Sﬂs%ol\c decline :

Systolic peak pressure

/ Systolic decline

/— Dicrotic notch

e Qap\d decline in pressure as ventriculor
controction ceoses.
Systolic
° e8lux of blood $rom central arteriol S

compartment is faster than influx of

blood from left ventricle.

Diastolic runoff End-diastolic pressure

* more ropid: Left ventricular outSlow
troct obstruction.

Dicrotic noteh :
As oortic valve closes, there is o sudden increase in -

PV@&&AVQ. Subclavian
Axillary

Brachial

Radial

Femoral

il

Dorsalis
pedis

Diastolic run—ofs :
* Drop in pressure after aortic valve hos
closed,

° I\lo S\"\OW ‘?rom ‘H"\e LV /Aonicpresaurewavelorm

- put pressure does not drop

Arterial reservoir pressure

Sudden\g, decreases gradually.
- Due to reservoir effect of aorto.

* Shape of reservoir pressure depends on

Reflected backward travelling pressure wave

chovrocteristics of reservoir,

Forward travelling pressure wave
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