Hemodynamic Monitoring
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How multiple individual readings can be presented visually. A Synthetic Vision converts complex flight data into a digital twin of the view out the windscreen. B Visual
Patient converts multiple vital signs into an avatar. Visual-Ratienttechnotogy was initialty*developedatthetniversity Hospital Zurich, Switzerland




3 Visual Patient. A Vital signs that are visualized by Visual Patient and locations of their appearance

u Braim activity
Airway pressure &
Exspiratory C02 & Respiratory rate
Respiratory rate
Cardiac index
Tidal volume & ECG heart rate
Respiratory rate
Pulse rate
Pulse rate,
Blood pressure, al Segrment
Cxygen stauration &
Neuromuscular relaxation
Central wenous pressure
Body temperature
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B, C Visual Patient showing various vital signs deviations and their verbal explanations
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Vital sign status:

Pulse rate*

# Oxygen saturation
ECG heart rate*

v ECG ST-Segment

¥ Blood pressure

v Central venous pressure
Respiratory rate®

¥ Airway pressure

§ Tidal volume

§ Exspiratory CO2

§ Body temperature

& Brain activity

& Neuromuscular relaxation

\/Cardiac index
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Vital sign status:
Pulse rate*
W Oxygen saturation
ECG heart rate*
§ ECG ST-Segment
# Blood pressure
B Central venous pressure
Respiratory rate*
W Airway pressure

# Tidal volume
¥ Exspiratory CO2

¥ Body temperature

4% Brain activity
¥ Neuromuscular relaxation

# Cardiac index
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From: Human-centered visualization technologies for patient monitoring are the future: a narrative review

A Name Hidden

MRN: 900003062
Room: 5D-12

Age: 22 years
Sex: M

Weight / BMI: 126 kg / 38
Ideal Weight: 78 kg

LOS: 76.0 days
Diagnosis: Acute respiratory fa
ilure with hypoxia (Primary Dx...
On Vent: 75.8 days
Urinary Cath: 1.7 days
Acuity Level: Not Set

/0O Balance; +607 mL

102 Ne Pata

INR

© Normal

37.1°C

! o

Ventilated
Mode PC-IMV+ /BilLovel

20 em

[37m)
N RR not avadadio
m o1
PEEP 10.0 em
PaCO Sp0 ar 100
/A\ ‘RO, 0%
/L\ i PIF Ratio 88 [div]
/ﬁml‘m 97 0%
‘ -
, BP Art Line

109/ 53
$pO, HR=86 bom
Creats1.40 ' . \ \ leues
=€ o |[(D=
CCE11e S/ | .
Lactate  Plat  Hgb  WBC K+ Glu

iriad = 5 = g Abnofeat <&

Ol Qb o) i Ol

8 O

Active Alerts W <)

Flow resistance 32% above
initial 24 hour baseline (9.41).

COVID-19 test ordered. [9:34
PM]

Possible sepsis. gSOFA=1,
SOFA=14, Lactate=4.1,
Vasopressors=0

CAUTION: Installation
testing. Do not use for clinical
care decisions,

« No Risk

~ Organ at Risk
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An alternative :

user-centered medical visualization technology
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Concept of Monitoring —
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Key Point

Airplane Model in Critical Care Nursing

/Stable- Maintenance
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/Capillary refill \

_pulse volume |

-

Heart rate ;

(HR)

Pulse pressure :

(PP) 2. Cardiac output
Blood

pressure (BP)

Respiratory . : : >
rate (RR) 4. Respiratory compensation for tissue hypoxia

Hemodynamic Assessment - Clinical Parameters

Parameters

f;ﬂ’,';f‘”“s 3a. Organ perfusion (brain)

—
time

Extremities

(color, temp) 1. Peripheral perfusion

Peripheral

Urine output 3b. Organ perfusion (kidney)

Gt 5 Ol Sy asle o8l ale il pme (5 )dea 8 dena
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Hemodynamic Assessment - Stable Circulation

Parameters Stable Circulation

Conscious level Clear and lucid 3a. Normal Brain Perfusion

-

[ capillary refill time Brisk (<2 seconds)

Extremities (color, temp) Warm and pink &= 1. Normal Peripheral perfusion

Good volume

' Peripheral pulse volume

\

Z —
/Heart rate (HR) ) Normal HR for age

Pulse pressure (PP) Normal PP for age —=— 2. Normal Cardiac output

Blood pressure (BP) Normal BP for age

\_ S —

Respiratory rate (RR) Normal RR for age

4. No Respiratory compensation

Urine output Normal 3b. Normal kidney perfusion
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Parameters

Conscious level

Vi

[ Capillary refill time

Extremities

Peripheral pulse
\ volume

Heart rate (HR)
Pulse pressure (PP)
Blood pressure (BP)
Respiratory rate (RR)

Urine output

Stable Circulation

Clear and lucid

Brisk (<2 seconds)

Warm and pink

Good volume

Normal HR for age

Normal PP for age

Normal BP for age

Normal RR for age

Normal

Hemodynamic Assessment — Compensated Shock

Compensated shock

Clear and lucid ~ 3a. Normal brain perfusion

Prolonged (>2 sec)

Cool peripheries s Reduced

peripheral

Weak & thready perfusion

———

Tachycardia for age

Normal systolic pressure Reduced cardiac
rising diastolic pressure output

Narrowing PP
Postural hypotension

"Quiet” tachypnea Tissue acidosis

Reducing trend -~ Reduced kidney perfusion
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Hemodynamic Assessment — Hypotensive Shock (cont.)

Parameters
Conscious
level

o~
Capillary
refill time
Extremities
Peripheral
\_pulse volume/

Heart rate
(HR)

Blood
pressure
(BP)

Pulse
pressure

Respiratory
rate (RR)

Urine output

2023-10-17

Stable
Circulation

Clear and lucid

' Brisk (<2 sec)

Warm and pink

Good volume

Normal HR for age

Normal BP for age

Normal PP for age

Normal RR for age

Normal

Compensated
shock

Clear and lucid

Prolonged (>2 sec)

Cool peripheries

Weak & thready

Tachycardia for age

Normal systolic
pressure, rising
diastolic pressure

Narrowing PP
Postural hypotension

"Quiet” tachypnea

Reducing trend

Hypotensive shock

Restless, combative Reduced brain perfusion

Very prolonged, mottled skin |
Reduced

"~ peripheral
perfusion

Cold, clammy

Feeble or absent

Severe tachycardia or

bradycardia in late shock
Reduced

Hypotension cardiac
Unrecordable BP output

Narrowed pulse pressure
(<20 mmHg)

Severe tissue acidosis
|

No kidney perfusion

Kussmaul breathing

Oliguria or anuria
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Blood Pressure
krotkof Sounds

e Systole
* Diastole
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Mean blood pressure
MAP

2D+1S
3

MAP =
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Low Pulse pressure

R = (pulse pressure) s JLid | Jsiuby 5 J stum (G A
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High Pulse pressure

toad Jlis o Wb -
(&) 4o paa (il 381 ShlAG) A5, —
bogin NS e @50 Gl ()5 A ) Gl 58 8 22100 mmhg b alle jjf -
LS e
20 e Jla i an 434883 10 (e 2 g i Al a By —
»‘}?ﬂ‘ FL uﬂ)w o9 S’b *
hal el b 5 Sl 5 5l —
sl Gsamlion 5 85 b Gl (A, U —
o s R g —
ol —
<)yl —
(S5 (s st Sl (S ) paee Sy ) b i ) sSanS 55 it ) —
M Gyl 81 (mat Loy A 5L ) Se (38 8 5 ) 51 sandl iy ) S ) —




2023-10-17

W\JULJUM}JM&JSDJ‘L‘
G Ol oAby DL a4l
On Glagle (51 (ALS

Gy 5 Ol (S asle o8l ale L gae (5 Mia L deas

73




CVP Monitoring

4.10 » Leveling of the PA Catheter

Stopcock open Midaxillary Line
to atmosphere (where distance “A” = distance “B")

Typical leveling of PA catheter with stopcock attached to the transducer for mounting on a pole. The stopcock close to the
transducer is opened to atmospheric pressure (air) horizontal to the fourth ICS at the midaxillary line.
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Figure 3: The phlebostatic axis, marked
on the patient’s chest, is the precise
anatomical point of origin of the
hemodynamic pressures being measured.
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Pressure bag
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pressure
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Patient with invasive catheter

Bedside monitor
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Indications for direct
arterial pressure monitoring
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Technique of arterial pressure Monitoring

1.

S Y e

Patient Positioning

Identify Phelbostatic Axis
Leveling transducer

Square Wave Test (Falashing )

Obtain pressure Reading



To monitor
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oo | Pressre / pressure
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Arterial

B pressure
tracing

Arterial Pressure Tracing

Dicrotic notch

100 =

50 =

O._

QRS with Systolic End-diastolic
corresponding
arterial waveform
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DIGROTIC .
120~ NOTCH Systole  Diastole

//’WWMMM

Normal pulse

pressure (mmHg)

60-

Dicrotic notch signifies the closure of the
aortic valve.
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Invasive Hemodynamic Monitoring
PCWP

e PCWPS Caua

* |_aPCWP ¥
Swan - Ganz
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INVASIVE HEMODYNAMIC

MONITORING

Systolic
Systolic

INIAWA
A =

Diastolic

Right atrial pressure Right ventricular pressure Pulmonary artery pressure Pulmonary artery

0-8 mm Hg Systolic: 20-30 mm Hg Systolic: 20~30 mm Hg wedge pressure
Diastolic: 0-8 mm Hg Diastolic: 8-15 mm Hg 8-12 mm Hg
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Pulmonary hypertension
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RRT af Jsui
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Key point

Many of the drugs we administer will affect
Preload, Afterload, SVR/PVR, Cardiac Output

BP=COxSPVR
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