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HEMODYNAMIC MONITORING : | . Active space -

Cardiovascular organ dysfunction : a™ most common organ dysfunction,
Con’cinuouslg obsewing chanses in phljsiologic variobles
¢ To monitor organ function.
* For prompt therapeutic interventions.
¢ To evaluate response to therapeutic interventions.
monilcor‘mg per se does not improve patient outcomes.
Timely applied right interventions can cause imrpovement in outeomes.

Assessing global and regional perfusion - 00:01:19
nitiad s’veps : Advonced mon'rtorina measures :
. Clinical assessment, . Cardioc oukpwc mon‘\’corins.
a. Basic monitoring and assessment & Assessment of cardioce con‘cmcﬁh’g.
o¥ global perfusion. 3. Assessment of fissue perfusion.
3. Prelood nﬁon‘s’cor‘ms and Suic
responsiveness.
Step 1 : Clinical assessment.
* Thirst * Tachypnoea, tochycardio.
¢ Cold extremities. ¢ Confusion.
B
* Poor peripheral pulses. ° Aitered skin perfusion.
* Impaired capiliary refil, * Oligurio.
Skin mo’c-tlins :

Important predictor of adverse outcome.
¢ Seore 0 No mo’c{hns.
* Score!: Small area. of motiling, localised o centre of knee.
® Score &t Modest mottling area thot does not extend beaond superior
border of kneecap.
® Seore 3: mild mottling area. that does not extend begjond the mid—-'chigh.
* Score 4 : Severe mottling area, not 9ing beyond the groin fold.
* Score S xtremely severe mottliing aren, extending beyond groin fold.
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2 - Basics of Critical Care Medicine

--- Active space ----- fdotiling scove

GRADE 2 MOTTLING

Step & : Basic monitoring and assessment of global perfusion :
* 14 lead €C&,
* Blood pressure : Non invasive and invasive.
* Pulse oximetry (5p0).
* Loctote levels.
* giochemical variobles.

Blood pressure monitoring
| Blood pressure
measurement
|
{ }
(arteln"‘:la;t“heter) Non-invaive
|
o i

method - manual: hand-held sensors
« automated: oscillometry - automated: electronically controlled
Sensors

Critical Care * v1.0 - Marrow Programme for Anaesthesia Residents



Hemodynamic Monitoring : | - 3

Mlﬁp ¢ !ﬂfermrﬁeﬂ‘h ..... Active space -----

| Meruwlnteritent | futorated mermittent

* Described by Korotkow in 1905, [* ased on oscillometry,
I Sphygmomanometer, cufs, and  [* cuftis coupled to an oscillometer. |

| stethoscope needed. ‘ *  The cufs inflated above

|*  Ruscultating sounds generated | systolic pressure — Then |
i by turbulent arterial blood Siow gradually deflotes. |
| beyond cuft. |* AP pressure ok peak amplitude

|* Systolic : First korotso®$ sound, of arterial pulsations.

|* Diastolic : efore disappearance. |* <8P § DBP : Derived Srom

| proprietary formulas (Rate of
change of pressure pulsations), |

Cuts Size
* plodder length : 80% of arm circumberence.
* Bladder width : 40% of arm circumterence.
* midline of cufs bladder should be positioned over the arterial pulsadion.

Patient - Recommended cuff size
Aduits !
{(by arm circumference)
2t026cm - 12 x 22 cm (small adult)
27 to 34 om - 16 x 30 cm (adutt)
35 to 44 cm . 16 X 36 cm (large adult)
45t052cm 16 x 42 cm (adult thigh)
BP cufs size
Comparison of blood pressure measurements vio. Korotko?S$ sounds and

OSC'\I\Ome’cYB :

ayatolia mean dizstolic
145 108 BO

Critical Care  v1.0 - Marrow Programme for Anaesthesia Residents



4 - Basics of Critical Care Medicine

Non invasive
CNRP ¢ Continuous noninvasive arteriol pressure.
volume clamp method (finger cufD

* inflotable finger cudS with infrared

. P\e’cthSmogmphg £ monitor,

* Adjusts its pressure multiple times per second o

--- Active space ----~

keep volume in %nger ar'ceqj constont.
e Produce o brachiol arteriol woveform.

T~ line SBS%em :

Based on applanation tonometry,
* Rodial ar'cerﬁ applonation :
* A pressure sencor applied over rodiol artery :
* Gently compresses artery : Applonates.
* The sensor is automatically moves over rodiod

artery until optimal waveform is recorded,

* external applonation leads to reconstruction of B waveform.
* meon BP measured directly (optimal woveSorm.

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

&'E / ‘E
(EEJ

Rowmmeﬁonolw bnchhlorndtelal'mform

mmwﬂm wmw
MNMMW calibration (F-ine)

Finger BP wavelorm Unscaled radiat BP waveform

Pressuns In the finger cult Arterial wail tonsion signat

{Kkeeping the phatoplethysmogreph signal sttenuated by the surrounding tissus

" Voumechnp | “Applanation tonomeny

invasive blood pressure
* gold standard for &F monitoring *
- frteriol cannulodion.
~ Continuous pressure tronsduction.
~ waveform display.

Critical Care * v1.0 » Marrow Programme for Anaesthesia Residents



Hemodynamic Monitoring : | - 5

¢ Conventions :
- Pressures expressed as mmMHg.
- Referenced to phlebostatic axis.
- Zeroed to ambient pressure,

Pressurized bag of saline

Screwable Slow Flush Vaive

Squeazabls Fast Flush Valve

<— Phlebostatic axis —3
Midaxillary lins, 4th Intercostal space

Pressure Trensducer

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

Indications :
* Unstable blood pressure/severe hypotension.
* useot mpidlg acting vasoactive dmss : Vasodilotors, VasSOpressors, inotropes.
* Frequent sampling of arterial bicod,

Relative contraindications for invasive arterial pressure monitoring :
* Anticipation of ‘chrombolg’dc H’\emp&
* Severe peripheral vasculor disease preventing cotheter insertion.
* Vascular anomalies : AV Rstula, local aneurysm, local haemotoma, Rownoud’s
disease.
* Lack of colladeral blood Siow distally (&g : Radiol artery previously used for
coronary artery bypass surgerﬂ).

modified Alien test :
* used to assess adeouacy of collateral cireulation.
* Reduced colloteral Sow when palm remains pale 6 to 10 seconds.

* Disadvantage : Sensitivity (10-80%).

Critical Care « v1.0 - Marrow Programme for Anaesthesia Residents
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6 - Basics of Critical Care Medicine

--~ Active space

Common sites :
I. Rodial.
a. Femoral.
3. Dorsalis pedis.
4, Posterior tibial.

complications of direct arteriol pressure monitoring *
* Distal ischemia, pseudooneirysm, arteriovenous fistulo.
* Hemorrhoge.
* Arterial embolizakion.
* Infection.
. Peripheml neuropo&ha.
* misinterpretotion of doto.
* misuse of equipment.

Pressure mon‘u’coring sgs&em :

Pressure monitoring system

T ]

| Ampiifier & signal conditioning

I N—

| Analog to digtal convertor
I

| Microprocessor

Bedside monitor 1

Critical Care - v1.0 « Marrow Programme for Anaesthesia Residenis



Hemodynamic Monitoring : | - 7

Zeroing £ levelliing :
* Levelling : At level of the right odrium, we
establish the 0 baseline.
* Zeroing Opening the transducer stopeock to
admosphere,
* Stopeock ot level of midoxdillary line 4th ICS

* With the stopcock open, monitor disp!aﬂs c.

Physics of arterial waveform 00:20:27
Fourier analﬂsis o? complex wavetorm :
Arterial wavelorm is o comnposite
of many waveforms of increasing a
’/
$frequencies (Harmonics). \/ \/ /\ \
8-10 hormonics. N By o
Second harmenic {2 Hz)
| Third hasmeonic (3 Hap
N N N N NN Fourth hanmonic 6 He)
Fth harmonic {$ Nx)

\'\/’\\/\\mm‘m

I | D Ap
Natural frequency f;. = 3;' m"'z'i;

Natural frequency :
Frequency at which o system oscillodes.

Dependent on

*  mMoximum diameter.
*  minimum leng’ch.

* Low compliance.

The coupling system:
Fluid between ar’cerg and transducer
acts as simple harmonic oscillodor
* Analogous o a. pendudum.
* Wwhen the pendulum is displaced, it
undergoes simple harmonic motion it
oscillotes around the equilibrium point.

Critical Care * v1.0 - Marrow Programme for Anaesthesia Residents
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8 - Basics of Critical Care Medicine

* Resonance : Amplificodion of o signal.
Occurs when it's frequency is close to nodural frequency oF a. system.

- Active space -----

The Coupling system

Amphified waveform {sum of
both

s

AATFA ].m
\J \J

|lo—|
Natural frequency of
the tranaducer

EVAVAW,

* 1§ naturol $requency of pressure transaucer motches with each peak of
arteriol pressure wave —» Increase amplitude of the meosured volues,

* Transducer system must have a nodural frequency well above the g"
hawrmonic frequency of o rapid pulse : 734+Hz (Taking HR upto 180/ miry.

Damp‘ms H
* Absorption of energy (Amplitude) of oscillakions :
~ Decreases amplitude of waves.
- Reduces natural frequency of a. system.
* Adequately domped —> Amplitude should not change due to resonance.
* Diameter of the tubing has the greatest efSect on damping,
* Damping increases by third power of any decrease in tubing diameter.

Dgnamic response :
Ab'\lihj ot the system %o accurately reproduce hemodﬂmmic wavelorm,

Domping coefficient ¢

To assess how quickly an oscilating Sluid flled system comes to rest.
Test : Fost flush test.

Critical Care * v1.0 + Marrow Programme for Anaesthesia Residents



Hemodynamic Monitoring : | - 9

fArterial line setup : Damping edequacy. Active space ----

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)

I

e yresmmeas

Pressure
g
2
1o}
@
"l
L

i

Nice, normal-looking

erterial waveforms : Only two oscillations follow
': 1 the release of the flush valve,
: i the amplitude of each oscillation
: :  mustbe no greater than 1/3™
5 : of the previous osgillation
Time
Over damped 35s*cem :

...............

Fast fush valve —»
is open

- Diastolic is overastimated

Pressure

Only one oscillation Is seen, and

rounded-locking  notch is lost then they glie 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 compliant tubingg, loose
connection,

Critical Cara » v1.0 + Marrow Programme for Anaesthesia Residents



10 - Basics of Critical Care Medicine

Uno\erdamped s5s’cem :

-- Active space

Pressure

D el o

--------------- sacseesmnemnmnd-men==-- Systolicis
overestimated

MAP remains
the same

- Diastolic is
underestimated

Overshooting X “Ringing"; multiple

arterial waveform oscillations are seen;

they reverberate around
the underdamped circuit

Time
occurs in : Long tubing, haperdgnamic circulation, tachycardia, hypertension,
odherosclerosis.

Determining frequency of a. system

Determining f,
Paper speed (mm/sec)
£y =
! T (time of one cycle) mm
P It = 1.2 mm, f, = 20Hz
One cycle
Peak to Peak

Critical Care « v1.0 - Marrow Programme for Anaesthesia Residents



Hemodynamic Monitoring : | - 1

nmpli’cude rotio At
-«--- Active space -
Height of wowes generated ?ol\owing o fost Slush test.

Amp Ratio Damping
(D2/D1) coefficient
— i 09 0.034
08 0.071
0.7 0.113
0.6 0.160
0.5 0.215
0.4 0.280
0.3 0.358
0.2 0.456
0.1 0.591 ‘]

0.690 |
|

Pressure transducer :

* A {ronsducer is a device which
converts energy from one form 4o
another : Pressure into electrical
energy.

* W acts on the principle of wWheatstone
br'sdge.

* Wheadstone bridge : glectrical circuit
with one unknown resistor.

Critical Care « v1.0 « Marrow Programme for Anaesthesia Residents



12 - Basics of Critical Care Medicine

~= Active space ----- mechonism :

* piezoresistive strain gouges is used 1o comp\e’ce the cireuit.
¢ whealstone bridge is uged 1o measure the unknown resistance (OF strain
gauge).

¢ pesictance of unknown resistor is determined bg pressure.

Silicone Layer with ]

_/| Thin disphragm in
[omaer _—
thin Gapiragm
{n oanter
b WL
I presmEe
Plezoelectric _il
Layer to sense Puzasisctrio
deflection I leyer 10 senes
Components of arterial pulse waveform 00:33:21
OOmponen’cs ¢
i S}jstohc Phase : Dicrotic notch

° Ro.p‘xd increose in pressure to o peok.
* Beqgins with opening ot oortic valve,
* Oorresponds to LV e\jec’c'\on.

i, Dicrotic noteh ¢
Closure of oortic valve.

Systolic peak Dinstobe peak

ill. Diostolic phase :
Arterial pressure waveform

Run-o%$ of blood into peripheral circuladion.

Anodas'\s v
* On £0&, R wave signals beginning of
sgsto\e.
¢ 533%0\'\0. upstroke does not occur
immediotely following systole. There is
1O-180 millisecond delaﬂ.
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