Sheffield Teaching Hospitals INHS |

MNHS Trust

CRITICAL CARE DIRECTORATE

Supporting Staff Nurse Step Competencies

Cardiovascular Guide

4

Version Two - Written by:
Samantha Cowan

Rebecca Parkinson

Page 1 of 45V1 10/23



Contents: Page Number:
Introduction 3
Cardiovascular System 4
Anatomy and Function of the Heart 5
Major and Minor Blood Vessels and Blood Flow 7
Cardiac Cycle and Conduction 10
Cardiac Arrest 13
Determinants of Blood Pressure 14
Fluid and Electrolytes 18
Central Venous Access / Pressure 21
Associated Pharmacology 22
Advanced Haemodynamic Monitoring - LiDCO 25
Effects of Ventilation on the Cardiovascular System: Delivery of Oxygen (DO2) 26
Sepsis 29
Shock 31
LiDCO 34
When to use LiDCO - Summary 39
LiDCO Calibration Step-by-Step Guide 40
LiDCO Guided Treatment Algorithm 44
Using LiDCO when a patient is in Atrial Fibrillation (AF) 44

Page 2 of 45 V1 10/23



Introduction

Haemodynamics involves studying the physiology of blood flow and circulation, with a particular focus on
homeostatic mechanisms that maintain perfusion to major organs and tissues within the body. Under
normal physiological conditions the heart should be able to maintain optimal function, adapting to
increasing oxygen demand, based on physical activity. However, in critical illness, this system can be
potentially compromised. This has particular importance in critical care where adequate cardiovascular
function is vital in sustaining perfusion to all organs and tissues. It is important to understand the principles
that effect cardiovascular performance and how cardiovascular function is maintained during critical
illness.

The purpose of this document is to provide entry level and refresher information on cardiovascular support
provided in general critical care and to outline some key principles relating to cardiovascular monitoring.
This document is not intended to be a comprehensive guide to cardiovascular management and is
designed to be used in conjunction with other educative resources and guidelines that are available.

Other Resources can include....

-Taught Induction Day Two Powerpoint on the Cardiovascular elements of an A-E assessment.
Accessible on Learning Zone.

-Greater Manchester Critical Care Skills Institute Anatomy and Physiology Workbook.

-Resources under the ‘Cardiovascular System’ Topic, found on Learning Zone by clicking on “Clinical
Information’.

-LiDCO Guidelines.
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Cardiovascular System

Key Parts and Functions of the Circulatory System

Key Parts

¢ Blood: Made up of cells and plasma.
¢ The Heart: A muscular organ that pumps blood to all parts of your body.

¢ Blood Vessels: A network of arteries, veins and capillaries to carry blood pumped by
your heart.

¢ Transport oxygen, nutrients, and hormones to your body’s cells to use for energy,

growth and repair.
¢ Remove carbon dioxide and other wastes your cells do not need.

¢ Perfuses major organs and tissues

There are two blood circulatory systems in the body:

Systemic Circulatory System: Main circulatory system that transports blood to the organs, tissues and
cells throughout the body.

Pulmonary Circulatory System: This system moves blood between the heart and lungs. It is where
oxygen enters the blood and carbon dioxide leaves the blood. This happens through a process known as
diffusion — Please see Respiratory Guide for more information.

Respiratory Package Version Three
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Anatomy and Function of the Heart

Position of the Heart

-Sits off-centre, to the left of the sternum.

. -Located within the mediastinum, sitting on the
intercostal

diaphragm.

=
=

N

| \:( e

-Overall diagonal shape narrowing towards a tip or

intercostal

space | aAPex.

|
/

Midline

k -This tip or apex lies in the 5th intercostal space in
most individuals.

Superior
Vena Cava

Structure of the Heart

Pulmonary
The heart has four chambers.
-Right Atrium -Right Ventricle - : Pulr\m;onary
-Left Atrium -Left Ventricle

Right )

The heart has four valves. A UL PN N - wﬁé
-Tricuspid Valve:
Rests between the right atrium and right ventricle. Pulmonary_\ k=" N Aortic

Valve "\ \ .. Valve
-Pulmonary vValve: T N N\
Rests between right ventricle and pulmonary artery. Trieuspid
-Mitral Valve (Aka Bicuspid Valve):
Rests between left atrium and left ventricle.
-Aortic Valve: Rests between left ventricle and aorta. Inferior Vena Cava

-The valves are thin but strong flaps of tissue, keep the blood flowing at the right time and in the right
direction. Each valve has flaps that open and close once per heartbeat.

-The valves create the sound of a heartbeat: Often described as a Lub and a Dub.

-If a heart valve does not work correctly, your heart might have to work harder to pump blood. This can be
related to age-related changes, congenital heart disease, infections or underlying conditions such as
diabetes.

-If valve problems occur, such as regurgitation which is the backward flow of blood due to a valve that
doesn’t close properly, they will likely need cardiac surgery and will be cared for on CICU.
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-The heart is composed of three layers; the epicardium, the myocardium, and the endocardium.

CORONARY VESSELS
1. EPICARDIVM

3. ENDOCARDIUM
* ENDOTF'{EUUN

|
AL ,-( ‘ CARDIAC
. " MUSCLE CELL
! N
: = CONNECTIVE
NN - TISSUE
W\ l « COLLAGEN

. : y « SUPPORTS MUSCLE

a. MYOCARDIUM

Three Layers of the Heart

* The outer layer of cells. * Consists of the heart

e The second layer is a muscle cells that make
membranous layered up the middle layer and
structure called the the bulk of the heart
pericardium that wall.
surrounds and protects
the heart.

® The Pericardium allows
enough room for
vigorous pumping, but
also keeps the heart in
place to reduce friction
between the heart and
other structures.

-The heart has its own blood vessels that
supply the heart muscle with blood.

-The coronary arteries branch from the
aorta and surround the outer surface of
the heart like a crown.

-They diverge into capillaries where the
heart muscle is supplied with oxygen
before converging again into the coronary

veins to take the deoxygenated blood back
to the right atrium where the blood will be

* The inner wall of the
heart lining.

re-oxygenated through the pulmonary
circuit.

The heart muscle will die without
a steady supply of blood.

-Atherosclerosis is the blockage of an artery by the build-
up of fatty plaques. This can be deadly in the coronary

arteries. The slowdown of blood flow and subsequent

Blood flow

Left Coronary Artery
oxygen deprivation causes severe pain, known as angina,
craumtexatery  @and complete blockage of the arteries will cause
myocardial infarction: the death of cardiac muscle tissue.
-Percutaneous Coronary Intervention (PCl) is a procedure

performed in the cath lab which helps open a clogged or

Left (obtuse)
Marginal
Artery
Diagonal blocked artery. A long, thin flexible tube (catheter) is
Arteries

Right Coronary
Artery . . . . .
inserted in a blood vessel, usually in the groin or wrist, and

Left Anterior

Descending
Artery

Right (acute)

Marginal Artery Posterior

Descending Artery

guided to the blockage. Then, a balloon on the tip of a
catheter can be inflated to open the artery. A mesh tube
(stent) is typically used to keep the artery open.
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Major and Minor Blood Vessels and Blood Flow

Major blood vessels that stretch
from your head to your upper chest.
Direct blood from head to heart.
Common CVAD site.

N\

Major artery of the
body that takes blood
away from the heart

Drains blood from the jugular

Major blood vessels
in the neck that
supply blood to the
brain, neck, and face.

vein that comes from the brain \ Jugular
and from the veins that come A\ )| veins
from the arms .
Carotid Carries
Aorta artery deoxygenated blood
Drains blood from the right side
from the Superior Pulmonary of the heart to the
veins:hat vena cava arteries lungs.
come from
organs and vena cava i Carries oxygen-
the legs _ vems —_, rich blood from
Brachial Heart your lungs to
arte .
. dA/ ry Thoracic your heart
ajor bloo i
vessel Basilic aorta
"y vein . Soft oxygenated
S;|pp§mg Hepatlc blood vessel that
you?’oup:)(:er Gastric artery \ supplies oxygen-
i . ich blood to th
arm, elbow, vein Superior e peocd o e
: liver, duodenum,
forearm and mesenteric
and pancreas.
hand ‘ artery
Main blood vessel that Renal Large blood vessels

carries blood from the
kidney and ureter to the

inferior vena cava Abdominal

aorta

lliac vein

/ Common
iliac artery
Blood
vessels in
your pelvis

jominal |

i
‘L(»_

A short artery transporting blood from the aorta

towards the pelvic region and lower extremity. /N

~. —

1" | thoracic aorta

Abd

% i

j |

artery —® that carry blood
from your heart to

your kidneys

Aorta segments

+ Ascending aorta
rAortic arch

Descending

Suprarenal

abdominal aorta
|

+Infrarenal aorta
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Function of the Heart - Oxygenated and Deoxygenated Blood Flow

The cardiovascular system contains a ‘double circulation’.

Systemic Circulatory System

Delivers oxygenated blood to organs and tissues and returns blood to the heart.

Pulmonary Circulatory System

Delivers de-oxygenated blood to the lungs and freshly oxygenated blood back to the heart.

Aorta

Left pulmonary
Right pulmonary arteries

arteries
Pulmonary trunk

Left atrium

Right pulmonary ——

veins .
veins
Pulmonar 5 ;
Sem”unary Aortic semilunar
valve valve
: : Mitral valve
Right atrium

Left ventricle

- Tricuspid valve
Right ventricle — 100}
Inferior vena cava ——
f o

4

Systemic Systemic
veins from capillaries
upper body gf gpper
ody
Systemic
Pulmonary arteries to
capillaries upper body
in lungs
Pulmonary
Right atrium trunk
Left atrium
Right
ventricle Left
ventricle
Systemic — ‘
veins from .
Systemic
loweibody arteries to
lower body
Systemic
capillaries

of lower body
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Description of Blood Flow

Pulmonary Circulation

De-oxygenated blood enters the heart through two
large veins, Inferior and Superior Vena Cava

Into the Right Atrium...

Atrium Contracts

Blood flows from the Right Atrium to the Right
Ventricle through the Tricuspid Valve

When full, the valve shuts, preventing backflow

Right ventricle contracts

De-oxygenated blood then leaves the heart through
the Pulmonary Valve into the Pulmonary Artery

Flows through the Pulmonary Artery into the lungs,
where it is oxygenated

Systemic Circulation

Pulmonary Vein empties oxygen rich blood from the
lungs

Into the Left Atrium...

Atrium Contracts

Blood flows from the Left Atrium to the Left Ventical
through the Mitral Valve

When full, the valve shuts, preventing backflow

Simultaneously...

Left ventricle contracts

Oxygen rich blood then leaves the Left
Ventricle/Heart through the Aortic Valve into the
Aorta

The Aorta then transports the oxygen rich blood to
the organs and tissues through a series of large and
small blood vessles
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Cardiac Cycle and Conduction

Normal Cardiac Cycle and Conduction

Electrical conduction of the Impulse from SA Node
heart begins in the causes the Atriums to Electrical signals arrive at
Sinoatrial (SA) Node in the contract, pushing blood Atrioventricular (AV) Node,
Right Atrium, which acts as through the valves into the which is located between
the hearts natural ventricles

pacemaker. (Atria Depolarization).

the two Atriums.

The signal then travels Signal continues to travel This causes the ventricles to
down the Bundle of His, through the Left and Right contract
which divides into the Left Bundle Branches and (Ventride Depolarization)
and Right Bundle Branches. through the Purkinje Fibers. ;

While the ventricles are being depolarized, the atria are
regaining their internal electrical negativity, a process

S ! Left Ventricle contracts slightly before right.
known as Repolarization. This allows them to relax.

Once the ventricles have fully depolarized, they too Blood from LS VNS s pumped through the
become Repolarized, at which point they relax as well. Aortic Valve to the rest of the body.

Blood from Right Ventricle is pumped through

the Pulmonary Valve and into the lungs.

CONDUCTION G

. AV Node

. Bundle of His

. R/L Bundle Branches
. Purkinje Fibers

SA Node ~— Bachmann's Bundle

Internodal Pathway

Left Bundle Branch
AV Node

S Purkinje Fibers
Bundle of His ‘ —

Right Bundle Branch

Purkinje Fibers
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Electrocardiography (ECG)

Electrocardiography is a method used to analyse the heart’s conduction system, which provides us
with information about the heart’s electrical activity.

- ‘ Sinoatrial (SA) node

e Bachmann's

' .."t ...... \--"¥Y bundle s 2
! itericad™. Atrioventricular (AV) node

; Atria '\‘pathways |
" @
/ ) \ Bundle of His
o A\ Left bundle branch

) Ventricles \/ﬁ‘“, Posterior fascicle
AN D Anterior fascicle

Right bundle branch

-

The conduction system

Purkinje fibers

T . P wave: depolarization of atrial myocardium

‘_ QRS-complex: depolarization of ventricular myocardium

) T wave: repolarization of ventricular myocardium

Q g

Impulse passes Purkinje fibers

Impulse passess bundle branches o ) o
Temporal association between impulse transmission

Impulse passes bundle of His in the conduction system and the ECG waves
Impulse arrives in the AV node

The sinoatrial node depolarizes J

-The P wave represents the depolarization (contraction) of the atria.

-The PR segment the transmission of the electrical impulse to the ventricles.
-The QRS complex represents depolarization (contraction) of the ventricles
-The T wave shows the repolarization (relaxation) of the ventricles.

When disturbances of the conduction system are present, this can be detected via abnormalities of
the spikes and waves on an ECG.
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Cardiac Rhythms

Normal Sinus Rhythm
® Regular.
e All aspects of P-Q-R-S-T present.

Bradycardia Causes: Treatment:

® Regular, Rate <60bpm. e Sleep e Treat underlying cause
* All aspects of P-Q-R-S-T present. e Medications (Clonidine) e Medication (Glycoprolate)
* Narrow QRS Complex. e Myocardial Infarction (Ml) e Pacemaker (PPM)
Tachycardia Causes: Treatment:
¢ Regular, Rate >100bpm. e Pyrexia/Infection e Treat underlying cause
* All aspects of P-Q-R-S-T present. e Anxiety/Pain /Medications e IV Fluid
* Narrow QRS Complex. e Hypovolemia (Hb/Fluid)
i 1 [ 3 | ‘I. ,i, {
J i i) i k i ! H | | '
ARG ',‘ f ———m.‘-.f'\_) L _,,_._w.n.}; /\__,"I l\ ',_Ajtj"u" i\ '.-*"""—”‘J—/-\"‘ i.\ ,__JJL_/\/J L .,_/\JLJ"\-/" ',\ e
‘I'J' W \ J .'\J 'U' '~u" T
Ectopic Beats Causes: Treatment:
* Indication of cardiac irritation e Hypoxia e Treat underlying cause

(Electrolyte, Fluid, or pH imbalance).

e Electrolyte Imbalances
e Could be Artial or Ventricular related.

e Metabolic Acidosis (Drug Toxicity)

Atrial Fibrillation Causes: Treatment:

* Irregular, Rate 100-180bpm e Hypoxia/Infection/PE e Anticoagulant Therapy
depending on AV conduction.

e Electrolyte Imbalances e Rate Control
e Absent P Waves.

e Chronic HTN / Diabetes / COPD (Digoxin/Amiodarone)

AWMWW‘A/\A

Atrial Flutter Causes: Treatment:

* Saw-tooth appearance. e Hypoxemia e Anticoagulation

* Rate >100bpm. e Pulmonary Embolism (PE) e Rate Control Medication
e Myocardial Infarction e Rhythm Conversion
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Cardiac Arrest

Life Threatening Cardiac Terminology

-Myocardial Infarction (MI) or ‘Heart Attack’ is the process of myocardial cell death due to ischemia, or

perfusion imbalance between supply and demand within the coronary arteries, resulting from acute
thrombosis.

-A Cardiac Arrest is where the HEART STOPS contracting effectively and ceases to pump blood.
Life Threatening Cardiac Dysrhythmias

;yfﬂﬂﬁ;wﬁﬁgﬂjfﬂhmhhﬂhhﬂmhfﬂﬁﬂﬂﬂﬂﬁﬂﬁV5“*
LAV VR TR TR RVRTARTRL R RV IR R SRSV VIRIRIAVR Y

S

Ventricular Tachycardia (VT) | Causes Treatment:
* Pulsed or Pulseless. e Electrolyte Imbalance e Pulsed: Medication or
* Absent P Waves. e Drug Intoxication cardioversion.
* Unstable Rhythm. e Myocardial Infarction (MI) e Pulseless: BLS/ALS Algorithm.
e 4 Hs & 4 Ts (Pulseless)
F\ f N A A '\ o
i e o AAL VLY NV A JA BN §1E0 RIS [\
R Vi R A IR IR E RN I8 YA TR AV ANE | R A
| \ Y [ W/ BV RR N | ALV \}" /1 V\ rAR\E
N 7 \¥ g I VT2
Ventrlcular Fibrillation (VF) Causes: Treatment:
* Irregular and Chaotic. e 4 Hs & 4Ts e Treat underlying cause
* Pulseless. e BLS/ALS Algorithm
* Absent P-Q-R-S-T.
B 1 1
i ¥' i i i i k % 1 1 | { \;’l;\v‘ i "? Aiﬂ‘?“
Pulseless Electrical Activity (PEA) Causes: Treatment:
e Rhythm that is normally associated e 4 Hs & 4Ts e Treat underlying cause
with an output. * BLS/ALS Algorithm
e PULSELESS.
—— ( e aa
Asystole Causes: Treatment:
* Undulating baseline. e 4 Hs & 4Ts e Treat underlying cause
* No evidence of electrical activity. e BLS/ALS Algorithm
aHs
e Hypoxia e Tamponade
¢ Hypovalemia e Thrombosis
¢ Hypothermia e Toxins

* Hypo/hyperkalemia « Tension Pneumothorax  Page 13 of 45V110/23



Determinants of Blood Pressure

-The hemodynamic determinants of Blood Pressure (BP) include cardiac output (CO), which is governed by
stroke volume (SV) and heart rate (HR), and systemic vascular resistance (SVR).

Systemic Vascular

Blood Pressure Cardiac Output :
Resistance

*BP is the pressure of the blood eAmount of blood ejected from *The resistance in blood vessels
in the circulatory system. the heart each minute. of the systemic ciculation
*When the heart contracts, it *CO =SV xHR *A normal SVR implies the blood
forces blood out of the heart eNormal Value: 4-8L/min vessels are not too constricted
via ventricles and into arteries or too dilated.

(Systole). * SVR = (MAP - CVP) =+ CO
*When the heart relaxes, it fills eNormal Value: 800 to 1200
with blood from the veins dynes s/cm5

(Diastole).

eNormal Value: Systolic >90

-Advanced haemodynamic monitoring can help inform your clinical decisions and optimise your patient from
a cardiovascular perspective.

Mean Arterial Pressure (MAP) measures the flow, resistance, and pressure in your arteries

during one heartbeat. The Normal MAP is 65-100 mm Hg.
A MAP of at least 60 mm Hg is necessary for adequate cerebral perfusion.

Map = Systolic BP + 2 x Diastolic BP
3

-MAP is a product of flow (CO) and resistance (SVR). CO % SVE = MAP

-Itis important to know that MAP is not always the sole indicator

for perfusion or the delivery of oxygen. Patient A bx1200=72

-This can be demonstrated using the adjacent table. Patient B 2% 3600=72
-Patient A has a normal CO and normal SVR.

-However, despite achieving the same MAP, Patient B has a low CO and high SVR. This would indicate
that they are on too many vasoconstrictive drugs and would benefit from some fluid.
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Physiology Tree

-Follow the numbers to see what factors must be considered when assessing cardiovascular status.

@ Perfusion is the delivery of oxygenated blood.
When your patient is not perfusing, you may see
MHR, M Lactate, { Urine output.

This therefore affects your CO.

Delivery of

Oxygen (DO2)

Oxygen delivery (DO2) refers to the
amount of oxygen that is actually delivered
to the tissues by the blood per minute.

I
IIIIIHIIIII

@ Haemaglobin (Hb) is a protein found in
RBCs. Hb contains iron, which allows it to
pick up oxygen and transport it around the
body. Particulary important for perfusion.

CO

(@ cO =SV xHR.

|

@ Oxygen is required for tissue
perfusion. If there is evidence of hypoxia,
there is likely evidence of poor perfusion.
Oxygen interventions may be required.

@ Stroke Volume is the |
amount of blood ejected

from the ventricle during SV
systole per heartbeat.

This can be affected by

the three determinants
below.

|
@ HR is number of
HR heart beats per
minute.

Preload Contractility

Preload refers to the
amount of myocardial
fibre stretch or the
amount of volume in the
ventricles at the end of
diastole.

Intervention or Cause

— FLUIDS

Contractility is the
strength of the heart’s
contraction during
systole.

A number of factors can influence these determinants of SV. See next page.

DRUGS

(Inotropes /

Electrolytes)

I
Afterload

Afterload is the amount
of pressure the heart
must overcome to eject
blood into the systemic
circulation during

Intervention or Cause

systole.

Intervention or Cause

BINVIEN
(Vasopressors /

Vasodilators)
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Cardiac Output or Stroke Volume

Determinants of CO (CO = HR x SV (Preload, afterload, contractility).
-CO is determined by SV and HR.
-Manipulation of either of these factors will result in alteration to CO.

-CO can increase fivefold in healthy individuals to meet the metabolic demands of the body.
-CO can be assessed clinically as part of the ABCDE approach;

-Common signs of low cardiac output include; (C) cold clammy skin, prolonged capillary refill,
tachycardia, and poor urine output (<0.5ml/kg/hour); (D) Confusion, restlessness and dizziness.

-Common signs of high cardiac output include; (C) warm / flushed appearance, tachycardia, bounding
pulse, brisk capillary refill; pyrexia.

Low cardiac output will result in poor organ perfusion and lead to
single/multi-organ failure if left untreated.

@ Heart Rate

-Under normal circumstances the heart rate is determined by the rate of impulse generation in the sino-

atrial (SA) node, this is the hearts pacemaker. This is in turn regulated by autonomic control.

Q Preload

-Preload refers to the amount of myocardial fibre stretch or the amount of volume in the ventricles at the
end of diastole.

-A reduced volume in the ventricle at the end of diastole correlates with a reduced degree of stretch within
the cardiac muscle fibres. This in turn leads to a decrease in cardiac output.

-An increase in preload has the potential to increase cardiac output.

-Factors influencing Preload;

Factors causing a reduction in Preload Factors causing an increase in Preload
(Decreases in circulating volume) (Increases in circulating volume)

e Hypovolemia e Hypervolaemia

¢ Vasodilation e Vasoconstriction

¢ Tachycardia e Bradycardia (Increases ventricular filling
e PEEP (Raised Intra-Thoracic Pressure) time)

» Heart Valve regurgitation

Frank-Starling Law

-Frank and Starling identified the relationship between

_] myocardial fibre length and force of contraction.

Increased cardiac function

] -The more the diastolic volume or fibres stretch at the end of the

weemenene, NOrmal cardiac function

—] diastole, the stronger the next contraction during systole up to a

s, Decrease cardiac function phV5i0|08ica| limit.
-It is important to remember that there is an optimal range of

stretch, beyond which, force of contraction is reduced rather

] than increased e.g. fluid overload.

[ TTTTTTTTTTTTT I -In a clinical situation, when increased quantities of blood flow

End Diastolic Volume into the heart (increasing preload), the walls of the heart stretch.
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@ Afterload

-Afterload is the amount of pressure the heart must overcome to eject blood into the systemic circulation

during systole.
-Clinical conditions that lead to vasoconstriction will increase afterload as the left ventricle needs to generate

a higher pressure in order to eject blood into the systemic circulation.
-Clinical conditions that lead to vasodilation will reduce afterload.
-Factors influencing Afterload;

Factors causing a reduction in Afterload Factors causing an increase in Afterload
(Vasodilation) (Vasoconstriction)

e Vasodilator Medication (e.g. Labetalol, GTN) e Vasopressors (e.g. Noradrenaline, Vasopressin)
e Sepsis e Hypovolemia

e Anaphylactic Shock e Cardiogenic Shock

e Neurogenic Shock e Arteriosclerosis

¢ Heart Failure
e Aortic Valve Stenosis

(@) contractility
-Contractility is the strength of the heart’s contraction during systole.
-Factors that influence contractility can either be;
-Intrinsic (e.g. preload and afterload)
-Extrinsic (e.g. sympathetic responses from physical and emotional experiences, pathological

effects such as ischaemia or chemical effects such as acidosis).
-Contractility of the heart may also be influenced by prescribed pharmacological agents.

Factor Increasing Contractility

Factors Decreasing Contractility

* Myocardial Ischemia / Damage * Inotropic drug therapy (e.g. Milrinone,
¢ Hypocalcaemia Dobutamine)

* Hypovalemia * Hypervolaemia

e Hypoxia e Hyperthyroidism

e Catecholamine Release

Preload Contractility Afterload
Diastolic ——Arterial
ﬂ||iﬂg pressure

— Fiber Ventricular
size

stretch
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Fluid and Electrolytes

Fluid Compartments

Approximately 60-70% of Human Body Weight is composed of water.

-There are two major fluid compartments: Intracellular and Extracellular.
-Extracellular is then broken down into two compartments:
Intravascular and interstitial.

-Intracellular fluid is defined as all the body water within cells and are
made up of protein, water, electrolytes, and solutes.

-The extracellular compartment is the fluid that lies outside of the cells.
-The extracellular compartment is further divided into two areas -
intravascular (fluid inside the blood vessels) and interstitial (fluid outside

the blood vessels and between the cells). 7 /\

-Fluid movement is controlled through osmosis. Osmosis is water

water

Extracellular
(interstitial) water

movement through a semipermeable membrane, from an area of lesser solute concentration to an area of

greater solute concentration, in an attempt to equalize the solute concentrations on either side of the

membrane.

Types of Fluid

s Crystalloid

e First choice in fluid replacement therapy research has shown that crystalloids are
superior in initial fluid resuscitation.

¢ Small molecules that can easily cross cell membrane.

¢ Up to two thirds of the infused volume will move into the tissues.

e Carry an increased risk of oedema.

® 0.9% Sodium Chloride, Hartmanns, Plasmalyte or Glucose Solutions

= Colloid

e Colloids contain large molecules that don't pass through semipermeable membranes.
Colloids stay in the intravascular spaces for longer than crystalloids.

® Because colloids pull fluids from the interstitial space to the vascular space, the patient is
at risk for developing fluid volume overload.

e Albumin

Altered Fluid Status: Two Types of Fluid Imbalances that may necessitate Fluid Intervention.

Excessive Fluid Volume (Hypervolemia) Deficient Fluid Volume (Hypovalemia)

eHeart Failure eDiarrhoea

eRenal Failure *\/omiting

¢Cirrhosis ePyrexia / Excessive Sweating / Sepsis
*Pregnancy *Poor Fluid Intake

eSymptoms include: pitting oedema, ascites, eSymptoms include: Headache, Dry Mouth, Dry
dyspnea and crackles from pulmonary oedema. Skin, Dark Concentrated Urine and Tachycardia.
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Electrolytes and their Roles

Calcium

-Helps with muscle contractions, nerve signalling, blood clotting, cell division and forming/maintaining bones

and teeth.

Electrolyte
(Normal Adult Range)

Reasons for Abnormal Findings

Deficiency

Excess

Calcium
ABG: 1.12-1.29mmol/L
Lab: 2.20 — 2.59mmol/L

Hypocalcaemia

e Hypoparathyroidism
e Acute Pancreatitis

e Hyperphosphatemia
e Thyroid carcinoma

e Vitamin D deficiency

Hypercalcaemia

¢ Prolonged immobilisation
e Hyperparathyroidism

e Malignancy of bone

Potassium

-Keeps blood pressure levels stable, regulates heart contractions and helps with muscle functions.

Potassium
ABG: 3.70-5.30mmol/L
Lab: 3.50 — 4.69mmol/L

Electrolyte Reasons for Abnormal Findings
(Normal Adult Range) Deficiency Excess
Hypokalemia Hyperkalemia

e Excessive loss through vomiting,
urination, perspiration or diarrhoea
e Use of Drugs

e Poor intake of potassium

e Renal failure
e Use of drugs
e Excessive intake of potassium

Magnesium

-Needed for muscle contractions, proper heart rhythms, nerve functioning, bone building and strength,

reducing anxiety, digestion and keeping a stable protein-fluid balance.

Electrolyte
(Normal Adult Range)

Reasons for Abnormal Findings

Deficiency

Excess

Magnesium
Lab: 3.50 — 4.69mmol/L

Hypomagnesemia

e Excessive loss from Gl tract
e Use of Drugs

e Chronic alcoholism

¢ Diabetic ketoacidosis

Hypermagnesemia

e Renal disease and failure

e Treatment with magnesium and
magnesium-containing medications

Sodium

-Helps maintain fluid balance, needed for muscle contractions, and helps with nerve signalling.

Electrolyte
(Normal Adult Range)

Reasons for Abnormal Findings

Deficiency

Excess

Sodium
ABG: 135-144mmol/L
Lab: 135-144mmol/L

Hyponatremia

e Excessive loss through diarrhoea,
sweating, vomiting and diuretics.

e Excessive water intake

e Heady Injury

Hypernatremia

e Deprivation of water
e Excessive salt intake
e Diabetes insipidus

e Heat stroke
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Chloride

-Maintains fluid balance.

Electrolyte
(Normal Adult Range)

Reasons for Abnormal Findings

Deficiency

Excess

Chloride
Lab: 91-107mmol/L

Hypochloraemia

e Diarrhoea

e VVomiting.

e Metabolic Alkalosis

e Respiratory Acidosis

Hyperchloremia

e Cardiac decompensation
e Uraemia

e Metabolic Acidosis

e Respiratory Alkalosis

Phosphate

-Build and repair bones and teeth.

Electrolyte
(Normal Adult Range)

Reasons for Abnormal Findings

Deficiency

Excess

Phosphate
Lab: 0.69-0.93mmol/L

Hypophosphatemia

o Alkalosis

e Diabetes

e Chronic alcoholism

e Recovery from malnutrition

Hyperphosphatemia
e Renal Failure

e Hypoparathyroidism
e Trauma

e Heat Stroke

Mg*
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Central Venous Access / Pressure

-A Central Venous Access Device (CVAD) provides access to central blood vessels and are used for the
delivery of IV medication, fluids, parenteral nutrition, and central venous pressure monitoring.

-Insertion Sites for CVADs include:

Right or Left
Internal Jugular
Vein

Right or Left Right or Left

Subclavian Vein Femoral Vein

-Placement via femoral veins avoided where possible. This is due to the increased
risk of infection.

-PICC lines may also be inserted via the antecubital area or veins in the upper arm.
-The CVAD tip will always be placed in the proximal or distal superior vena cava, or
proximal right atrium.

Central Venous Pressure (CVP)

&m,{";i%

4 &

»

/

- CVP is the systemic venous pressure at the level of the superior vena cava just before it enters the right

atrium. It shows the mean right atrial pressure and it can indicate how well ‘filled’ your patient is, however

it should not be used in isolation as can be inaccurate.

-Measured by lying patient flat and ‘zeroing’ CVP line. Should be measured at least once per shift.

CVP Waveform

Diastole -

Right atrium section represents.
Right atrial emptying
contraction Tricuspid valve Right atrium R :
closing relaxingand  Right atrium

filling full

Determinants of Central Venous Pressure

Normal CVP Range: 2-16mmHg

-The peaks and troughs of the CVP waveform
represent pressure changes in the right atrium.
-See adjacent image to indicate the appearance
of a normal CVP waveform and what each

-Its principal determinants are intravascular volume, right heart function, and venous tone.

Cardiac Competence Blood Volume Intra Aortic and Intra Systemic Vascular
Peritoneal Pressure Resistance
*Reduced eIncreased Venous eTricuspic and eIncreases in

Ventricular
Function raises CVP

oE.g. Heart Failure

Return raises CVP Pulmonary Valve
«E.g. Over Hydration Disease
/ Vasodilation *Raises CVP
eDecreased Venous
Return lowers CVP
*E.g. Hypovalemia /
Fluid Depletion
. J . J . J

pressure /
vasoconstriction

*E.g. Vasopressors
e Raises CVP
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Associated Pharmacology

-There are several medications that help the cardiovascular system in different ways.

-First line treatment for hypotension is the administration of IV Fluids to increase circulatory flow.

Inotropes (Positive)

-Drugs that improve heart performance through increasing contractility.

-Positive inotropes make the heart muscle contractions stronger, raising cardiac output to a normal level

and thereby increasing the amount of blood the heart can pump out.

-Effects: Increased CO | Increased Myocardial oxygen demand | Tachycardia | Does not necessarily *BP.

-Cautions: Active Ischemia | Can worsen hyperglycaemia | Lactic Acidosis.

-Indications:

Cardiogenic Shock

Septic Shock

Heart Failure

Pulmonary
Hypertension

Post-Operatively
after open-heart
surgery

Bradycardia

-Examples include:

Vasopressors

Dobutamine

Milrinone

Dopamine

-Increase blood pressure through vasoconstriction.

-Vasopressors increase systemic vascular resistance (SVR), reducing the diameter of blood vessels and

therefore reduces the amount of blood required to fill them to achieve an acceptable BP.

-Effects: Increased Preload / Afterload | Increased MAP | Increased Myocardial oxygen demand.

-Cautions: Hypovolemia | Peripheral Ischemia | Excessive vasoconstriction.

-Indications:

-Examples include:

Inotropes increase CO by
increasing HR and Stroke

Volume

Vasodilation Management of
(E.g. Sedation / Cardiogenic Shock '8 Anaphylaxis
Raised ICP
SIRS)
Noradrenaline Vaso.pre55|'n/ Metaraminol Adrenaline
Argipressin

SV depends on preload and
afterload.
(SV will increase to a certain
point, before the muscle fibres

become overstretched and there
is a failure (i.e. Starling’s Law)).

MAP = CIO X S\IIR

l

Vasopressors increase SVR/afterload
by causing resistance to flow.
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Vasodilators

-Reduces blood pressure through vasodilation.

-Vasodilators affect the muscles in the walls of the arteries and veins, preventing the muscles from tightening
and the walls from narrowing. Blood flows more easily through the vessels and the heart doesn’t have to
pump as hard, reducing blood pressure.

-Effects: 'SVR | Reduced pressure in blood vessels or on heart.

-Cautions: Hypotension | Bradycardia

-Indications:

Preeclampsia or
Postpartum
Preeclampsia

Pulmonary

Angina Hypertension

Hypertension Heart Failure

-Examples include:

Labetalol GTN Nicardipine Esmolol Hydralazine

Normal Blood Vessel Dilated Blood Vessel

Vasodilation

Decreased

transport of
o blood pressure
Nutrients / Remaoval of
Glucose cellular waste products
Anti-Arrhythmic Medication

-Drugs that prevent and treat a heart rhythm that’s too fast or irregular.
-They reset your heart to a normal rhythm or prevent episodes of arrhythmia by acting on the heart’s various
electrical channels.

-Effects: If effective, controlled heart rhythm.
-Cautions: Other Arrhythmias | Cardiogenic Shock.
-Indications:

Ventricular

Atrial Fibrillation . Ventricular
Atrial Flutter Fibrillation (VF)

(AF) Tachycardia (VT)

-Examples include:
= Beta Blockers slow down the heart rate, often by blocking hormones such as adrenaline. They reduce
the heart’s workload and the hearts output of blood and so can also reduce a patient’s blood pressure.
= Potassium Channel Blockers prevent potassium from getting through cell membranes, which can
slow down electrical impulses in all the heart’s cells.

Beta Blocker: Beta Blocker: Beta Blocker: Potassium Channel Digoxin
Atenolol Bisoprolol Metoprolol Blocker: (VHR &
P P Amiodarone M Contractility)
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Anti-Hypertensive Medication

-Drugs that reduce blood pressure.
-Cautions: Hypotension | Monitor electrolytes | Monitor HR.

-Indications:

Hypertension

-Effects and Examples include:
= ACE inhibitors help the body produce less angiotensin, which helps the blood vessels relax and open

up, which, in turn, lowers blood pressure.

= Alpha Blocker drugs reduce the arteries’ resistance, relaxing the muscle tone of the vascular walls.

= Calcium Channel Blockers prevent calcium from entering the smooth muscle cells of the heart and
arteries. When calcium enters these cells, it causes a stronger and harder contraction, so by decreasing
the calcium, the hearts' contraction is not as forceful. Calcium channel blockers relax and open
narrowed blood vessels, reduce heart rate and lower blood pressure.

Beta-Blocker: Beta-Blocker: Beta-Blocker: ACE Inhibitor: Calcium Channel Calcium Channel
Atenolol Bisoprolol Metoprolol Ramipril Blocker: Blocker:
Amlodipine Nicardipine
Alpha Blocker: Combined IV Hydralazine
Doxazosin Alpha/Beta GTN (Vasodilator)
Blocker: Labetalol
Diuretics

-Drugs that help the body get rid of excess sodium (salt) and water and help control blood pressure.
-Effects: Increased Urine Output | Reduced Potassium level.
-Cautions: Hypotension | Electrolyte Imbalance.

-Indications:
Post Acute Phase Pulmonar Post-Operatively
Shock Heart Failure H ertensiZn after open-heart
(Fluid Overload) yp surgery
-Examples include:
Potassium- Potassium-
Loop Diuretic: Loop Diuretic: Thiazide Diuretic: Thiazide Diuretic: Sparine Diuretic: Sparing Diuretic:
Furosemide Bumetanide Bendroflumethazide Metalozole paring ’ IV Potassium
Spironolactone
Canrenoate
Carbonic Glomerulus Na‘CI- _
Thiazides
anhydrase (5 %) s
inhibitors =
J K*-sparing
diuretics
Na* DCT
(65-70 %) (1-5 %)
Na*
TAL >
Cortex LB KN
.............................................. T, O e R
Medulla ( Na K Loop ‘
2Cl diuretic Collecting
(25 %) duct
Loop of ’
Henle  /J Urine 45V110/23
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Advanced Haemodynamic Monitoring - LIDCO

Heart Rate cvp Delivery of Oxygen (DO2)

*The rate at which the myocardium eSystemic venous pressure at the level of *The amount of oxygen in the blood
contracts as determined by the rate of the superior vena cava just before it leaving the heart and is dependent upon
impulse generation in the sinoatrial enters the right atrium. Gas exchange
node. eNormal Range: 2-16mmHg Haemoglobin level

*Normal Range: 60-100bpm Cardiac output

*An inadequate DO2 can lead to organ
dysfunction, multiorgan failure and
death.

eNormal Value: 900-1100ml/min

Oxygen Consumption (VO2) Stroke Volume (SV) Stroke Volume Index (SVI)

*Oxygen taken up by the cells to sustain *The amount of blood ejected from the eStroke volume indexed to patient body
cellular metabolism and is dependent ventricle during systole per heartbeat. surface area.
upon DO2 eNormal Range: 60-100mls/beat eNormal Range: 33-47ml/m2/beat

¢ Ability of cells within the tissues to
extract the oxygen.

eNormal Value: 200-290ml/min

eDuring critical illness value can rise to
700-800ml/min.

Cardiac Output (CO) Cardiac Index (Cl) Systemic Vascular Resistance (SVR)
*This is the volume of blood from each eCardiac output is commonly *The resistance that is generated by the
ventricle every min. individualised to body size by dividing systemic vasculature (incl pulmonary
¢4-8L/min the cardiac output by the body surface circulation). Increase in SVR = increase
area. afterload = increase workload =

2.5-41/min/m2 decrease in stroke volume.

eNormal Range: 800-1200dynes.sec/cm5

Systemic Vascular Resistance Index Stroke Volume Variation (SVV)
(SVRI) e|s the change in the amount of blood ejected from the left ventricle into the aorta with
eIndividualised (patient specific) index of each heartbeat.

systemic vascular resistance generated *This is reflected by arterial blood pressure changes in relation to the pattern of

by dividing the SVR by CI. respiration (arterial swing being a key factor)
*Normal Range: 1970- *For ventilated patients only.

239dynes.sec/cm5/m2 eDeterminant of fluid responsiveness.

*Normal Range: <10% unlikely to be preload responsive. >13-15% likely to be preload
responsive.

LIDCO
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Effects of Ventilation on the Cardiovascular
System: Delivery of Oxygen (DO2)

-The prime function of the cardiovascular and respiratory system is the transportation of oxygen and
nutrients to organs and tissues to meet metabolic demand.

-Any patient with a compromised cardiovascular system may have poor tissue perfusion and inadequate
tissue oxygenation. Ensuring that tissues are well perfused with oxygen should be a target for treatmentin

the critically ill patient to prevent tissue hypoxia and organ failure.

-In health, oxygen supply and demand are well matched. Increased demand, for example during exercise, is
rapidly balanced by an increase in oxygen delivery through raised cardiac output.

-Oxygen debt occurs when cell oxygen requirements are greater than delivery, or an impaired cell ability to
extract oxygen.

-Optimisation is the prevention of a prolonged oxygen debt by maximising oxygen delivery and consumption.

The process by which oxygen moves from the atmosphere and into the tissues and conditions which affect each
stage and may lead to impaired oxygen delivery.

@ External Respiration: Oxygen is
diffused across the alveolar capillary

f \ membrane to the blood, and binds to
eAsthma the haemoglobin of red blood cells.

eSpinal Cord Injuries
eNeuro-Muscular Conditions «ARDS

*Chest Tnjauma ePulmonary Aspiration
eHead Injury ePneumonia
*COPD oPE

ePulmonary Embolism (PE) elnhalation Burns

*COPD

@ Air and the oxygen contained eHaematological Disorders
within it, moves from the atmosphere \

to the alveolus. This is the process of
ventilation.

@ Internal Respiration: Oxygen diffuses

/ \ from arterial blood into the tissues.
eHypovolemia

eCardiogenic Shock / Acute MI / HF
eTension Pneumothorax

eCardiac Tamponade

eHypovalemia
*HF / Cardiogenic Shock

*Sepsis eSepsis

°PE I eMajor Trauma

*Profound Yasodllatlon (e-g. eDisseminated Intravascular
Anaphylaxis)

Coagulation (DIC)

eAny clinical condition leading to
\ @ Oxygenated blood is ejected from \ inadequate tissue perfusion /

the left ventricle to the tissues (cardiac
output).
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Delivery of Oxygen (DO2) refers to the amount of oxygen that is delivered to the tissues

by the blood per minute. It depends on blood flow and oxygen carrying capacity of the
blood.

Oxygen delivery is affected by pulmonary gas exchange, haemoglobin levels, oxygen
saturation and cardiac output.

The Normal DO2 is 901100 ml/min.
D02 = CO x Ca02 (1.34 x Hb x Sa02) x 10

-Ca02 is the arterial oxygen content.
-It considers the following:
-1.34 is the amount in mls of oxygen carried by 1 g of haemoglobin (Hb).
-Sa02 is the oxygen saturation of arterial blood.
-Multiplying by 10 ensures oxygen content is in ml/litre and not ml/dl of blood.

From this equation, there are three physiological variables; cardiac output, haemoglobin count and arterial

oxygen saturation, which can be manipulated to improve oxygen delivery.

Optimisation

¢ Maintain Arterial Sa02 >94% ¢ Optimise Preload

® Regular Chest Physiotherapy ® Reduce Afterload

¢ Clearance of Bronchial Secretions e Increase Contractility

¢ Humidification of Oxygen e Maintain Haemoglobin >85g/L

* Drug Therapy, such as Nebulisers

Ventilation / Perfusion Mismatch

-Gas exchange in the pulmonary capillaries is not always efficient.

-Blood may return to the left side of the heart without being adequately oxygenated.
-This may be caused by several conditions that affect either ventilation or pulmonary
perfusion, such as those identified on the previous page.

-When blood returns to the left side of the heart without being oxygenated, it is referred
to as a ventilation/perfusion mismatch or shunt.

-This has implications for oxygen delivery
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Oxygen Consumption (VO2) refers to the amount of oxygen removed from the blood for
use by the tissues per minute.

The Normal VO2 is 200-290 ml/min.
VO2 = DO2 - Venous Oxygen Return

-To assess the balance between oxygen supply and demand, consideration has to be given to consumption
or utilisation of oxygen by the tissues.

-In a healthy person, the total consumption of oxygen per minute (VO2) is constant over a wide range of
oxygen delivery values. This value is determined by measuring the amount of oxygen delivered on the
arterial side compared to the amount returned on the venous side.

Venous oxygen return is determined by measuring the 02 saturation of a
mixed venous blood sample from a central venous catheter.

-Normal venous saturations should be 75%.

-Patients in a shocked state may have reduced venous saturations (<75%) due to oxygen demand being
greater than oxygen delivery.

-Itis important to understand the conditions and activities that can affect oxygen demand and consumption,
and take steps to alleviate these in the critically ill patient.

2

-The table below highlights some examples. 38;“;)/ ) Q
v Condition and Activities % Increase in Oxygen
Demand
Shivering 50-100%
Sepsis 50-100% )
Work of Breathing 40% \ e
Chest Physiotherapy 35% ) <4 ‘
Position Change 31% 4
Endotracheal Suction 27% / /
Visitors 22%
Fever (of 1°C) 10% —
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Sepsis

SEPSIS ‘Sepsis is characterised by a life-threatening organ
TRUST dysfunction due to a dysregulated host response to infection.’

Sepsis Pathophysiology

-Widespread activation of inflammatory cascades and cytokines in response to infection.

-This causes vasodilation and increased vascular permeability resulting in a redistribution of circulating
blood volume and subsequent hypotension.

-There is also widespread activation of the clotting cascade with depletion of clotting factors and
subsequent disturbance of coagulation.

**SEPSIS CLAIMS MORE LIVES THAN LUNG CANCER, AND MORE THAN

BOWEL, BREAST AND PROSTATE CANCER COMBINED**

PREVIOUS Sepsis Terminology / Guidance
(Currently in Step Competency Framework but will be updated to reflect 2016 Sepsis Guidance (See next page)).
-Systemic Inflammatory Response Syndrome (SIRS).
-Characterised by >2 criteria exceeding thresholds for temperature, HR, RR and WCC.
-Formerly used in combination with infection to identify ‘sepsis’ but now discarded as often
represents an appropriate (i.e. non-pathological) host response to any inflammatory (i.e. non-
specific for infection) insult.
-Sepsis - Life-threatening organ dysfunction caused by a dysregulated host response to infection.

-Severe Sepsis - Outdated terminology combining SIRS + organ dysfunction; now replaced by ‘sepsis’.
-Red Flag Sepsis - A term used to describe the presence of any one or more Red Flag criterion.

Non-
Laboratory
Severe
Sepsis

Sepsis

+
+

THR
TRR
NZA\%Y)

Signs of
Organ
Dysfunction

Severe Sepsis Criteria
Red Flag Sepsis Criteria
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2016 Guidance for Sepsis Screening / Treatment
(Please visit Sepsis-Manual-Sixth-Edition.pdf (sepsistrust.org) for more information).

Red Flag Sepsis is not a formal ‘diagnosis’ of sepsis: it is a bedside tool that suggests it is highly likely the
patient has a degree of organ dysfunction, and which empowers health professionals to act.

SEPSIS SCREENING TOOL ACUTE ASSESSMENT | AGE 12+

PATIENT DETAILS: DATE:

MAME:
DESIGNATION:
SIGMATURE:

START THIS CHART IF THE PATIENT LOOKS
UNWELL OR NEWS2 IS 5 OR ABOVE

RISK FACTORS FOR SEPSIS INCLUDE:

[ Age=75 [] Recent trauma / surgery / invasive procedure
[[] Impaired immunity (e.g. giabetes, sterids, chernatherapy) [[] indwelling lines / IVDU { broken skin

COULDTHISBE ¥ <epsis
DUE TO AN INFECTION? UNLIKELY,

CONSIDER
LIKELY SOURCE: OTHER

[] Respiratory [[] Urine [[] Skin / joint f wound ] Indwelling device
[ Brain [ Surgical ] Other DIAGNOSIS

AN DED FLAG

[] Objective evidence of new or altered mental state

[] Systalic BP < 90 mmMg (or drop of =40 from narmal)
[] Heart rate = 130 per minute
[] Respiratory rate = 25 per minute

[] Needs O: to keep Sp0: = 92% (88% in COPD)
[] Mon-blanching rash / mottled [ ashen / cyanotic
[] Lacrate = 2 mmaol/ START

[] recent chemotherapy
[[] Mot passed urine in 18 hours (<0.5ml/kg/hr if catheterised) S E PS Is S I x

ANY AMEER v
FLAG PRESENT? FURTHER REVIEW

[] Relatives concerned about mental status REQU I RED H

[ Acute deterioration in functional ability
[ Immunosuppressed
[1 Trauma / surgery / procedure in last 8 weeks - SEND BLOODS AND REVIEW RESULTS

L[] Respiratory rate 21-24 - ENSURE SENIOR CLINICAL REVIEW within 1HR
[ systolic BF 91-100 mmHg

[ Heart rate 91-130 or new dysrhythmia TiME oF REVIEW: I :
[] Temperature <36°C ANTIBIOTICS REQUIRED:
[] Clinical signs of wound infection Hye: HNo

NO AMBER FLAGS = ROUTINE CARE / CONSIDER OTHER DIAGNOSIS l

COMPLETE ALL ACTIONS WITHIN ONE HOUR
ENSURE SENIOR CLINICIAN ATTENDS

MOT ALL PATIENTS WITH RED FLAGS WILL NEED THE "SEPSIS &' URGENTLY. A SENIOR DECISION D D i D D
MAKER MAY SEEK ALTERMATIVE DIAONOSES/ DE-ESCALATE CARE. RECORD DECISIONS BELOW

NAME: GRADE:

OXYGEN IF REQUIRED OO0
IF AT RISK OF HYPERCARBIA AM FOR SATURATIONS OF B.02% C 1
OBTAIN IV ACCESS, TAKE BLOODS OO0

BLOOD CULTURES, BLOOD GLUCOSE, LACTATE, FBC, ULEs, CRP AND CLOTTING
LUMBAR PUNCTURE IF INDICATED

GIVE IV ANTIBIOTICS
0000
COMEIDER: LUCAL POLICY/ ALLEROYSTATUS { ANTIVIRALS C_ |

GIVE IV FLUIDS OO0

GIVE FLUID BOLUS OF 10 mU/kg if age <14, S500ml if 16+
NICE RECOMMENDS USING LACTATE TO GUIDE FURTHER FLUID THERAPY

MONITOR OO0
USE MEWS2. MEASURE URINARY OUTPUT: THIS MAY REQUIRE A URIMARY CATHETER REPEAT LACTATE
AT LEAST ONCE PER HOUR IF INITIAL LACTATE ELEVATED OR IF CLINICAL CONDITION CHANGES :l

RED FLAGS AFTER ONE HOUR - ESCALATE T0O CONSULTANT Now  T:LRVAR b X}


https://sepsistrust.org/wp-content/uploads/2022/06/Sepsis-Manual-Sixth-Edition.pdf

Shock

-Shock occurs when there is inadequate blood flow (CO) and oxygen delivery (DO2) to meet demands.
-Shock can be broken into four categories: Distributive, Obstructive, Cardiogenic, and Hypovolemic.

Distributive Shock

-Distributive shock or vasodilatory shock is a medical emergency where the body can't get enough blood to
the heart, brain, and kidneys. This happens because blood vessels are extremely dilated, which causes
hypotension and reduces how much blood can get to organs (affecting SVR).

There are Three Types of Distributive Shock:

Anaphylactic Shock | Septic Shock | Neurogenic Shock

Anaphylactic Shock O GUIDELINES
-Anaphylactic shock is a complication of a severe allergic reaction Anaphylaxis

known as anaphylaxis.
-Allergic reactions occur when your body mistakenly treats a wraey [ =evesting [ = ieataton. [ =cosanmy [l = cpomes
harmless substance as harmful, and this triggers a dangerous +svs g DlonOS - lookfor,

immune response. e

-Anaphylaxis is characterised by: Cll resunciatonsesm o ambulance

eSudden onset and rapid progression of symptoms. eyl vl e SN |
gt © 2 ®

eAirway and/or Breathing and/or Circulation problems.

Give intramuscular (IM) adrenaline®

eUsually, skin and/or mucosal changes (flushing, urticaria, [ s
- « Establish airway
angioedema). o=l Tiain..

Apply monitoring: pulse eximetry, ECG, blood pressure

'Treatment: If no response:

+ Repeat IM adrenaline after 5 minutes
= IV fluid bolus®

-Call for Help Early.

1 no improvement in Breathing or Circulation problems'
despite TWO doses of IM adrenaline:

-Use the ABCDE approach to recognise and treat problems. = ot ot ety b
-Resuscitation Council UK Anaphylaxis Algorithm. Lt tvestening 2 ramsaar (M sarensine .10k htenge

n
RBirway ul ! -5 m) Adults:  500-1000 mL

Emergency treatment of anaphylactic reactions: Guidelines for & _ Eany S s

healthcare providers | Resuscitation Council UK

Airway problems Breathing problems: Circulation problems:
s Airway swelling + Increased work of + Signs of shock:
(throat and tongue breathing

swelling causing difficulty o pale, clammy

in breathing/swallowing;
patients may feel their

+ Bronchospasm (wheeze)

and/or persistent cough o significant tachycardia

(increased heart rate)

throat is closing) + Patient becoming tired o h .
. . ypotension
* Hoarse voice :::Hgt::}eﬁurt of breathing (low blood pressure)
« Stridor (a high-pitched H . » Dizziness, decreased
N . + Hypoxaemia .
pepraony nosecaused | (Sp0 <ot wnicn may | Sono0 vl orloss o
obstruction) cause confusion and/or
cenfral cyanosis «  Arrhythmia
* Respiratory arrest » Cardiac arrest
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https://www.resus.org.uk/library/additional-guidance/guidance-anaphylaxis/emergency-treatment
https://www.resus.org.uk/library/additional-guidance/guidance-anaphylaxis/emergency-treatment

Septic Shock (see pages 29 and 30).

-Septic shock occurs when bacteria and their toxins cause serious damage to tissues/organs in the body.
-Treatment: Sepsis Six.

Neurogenic Shock

-Neurogenic shock is caused by damage to the central nervous system.
-The autonomic nervous system is damaged resulting in the blockage of the
sympathetic nervous system, which is supposed to speed up the vitals and

vasoconstrict. Only the parasympathetic system is intact, which puts the breaks A'\,‘Bl\g{/RE,E';'Sé
on the vitals, causing widespread vasodilation and hypotension.

-We see hypotension and bradycardia as vasodilation makes it difficult for blood B HYPOTENSION
to return to the heart and leads to decreased blood flow out of the heart (|, CO).

-Decreased CO means less oxygenated blood is being delivered to organs, M BRADYCARDIA

leading to poor organ perfusion and impaired cell metabolism which if left
untreated can result in multi-organ failure and death.

-Symptoms:
-Hypotension -Blue Lips and Fingernails.
-Bradycardia -Lack of full consciousness.
-Flushed, warm skin that gets cold and clammy later. -Body Temperature Changes.
-Causes:
-Spinal Cord Injury (Most common cause). -Guillain-Barré Syndrome.
-Spinal Anaesthesia. -Autonomic Nervous System Toxins.
-Cerebral Ischemia / Subarachnoid Haemorrhage. -Meningitis.
(A CT or MRl is likely required to diagnose neurogenic shock).
-Treatments:

-Stabilise the spine. Cervical/neck collar to avoid further spinal injury.
-Fluids for hypotension / Medication for bradycardia.
Neurogenic shock symptoms can last four to five weeks.

Obstructive Shock

-Obstructive shock is a condition that prevents blood and oxygen from getting to your organs.

-Symptoms:
-TMRR. -Hypotension.
-Tachycardia. -Altered consciousness.
-Cool and clammy skin. -Chest or Abdominal Pain.
-Causes:
-Tension Pneumothorax. -Vena cava compression syndrome.
-High PEEP. -Thromboembolism in the pulmonary artery.
-Pericardial Tamponade. -Aortic Dissection. —
-Treatments: i i

-Physical Exam / ABCDE Assessment. Treat cause of obstructive shock.

Chronic embolus lodged
in left pulmonary artery
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Tension pneumothorax

Cardiogenic Shock

Inspiration Expiration

-Life- threatening condition where
the heart is unable to pump enough blood to rest of the body.
-The hearts lack of ability to pump the blood properly will lead to the back up of blood and congestion in
the lungs and right side of the circulatory system. This affects CO and tissue perfusion, despite adequate
intravascular volume in the cardiovascular system.

-Symptoms:

-Chest Pain that lasts for more than a few minutes or goes away and comes back.

-Pain or discomfort in upper body / down left arm. -Trouble Breathing.

-Sweating or cold sweats. -Fast or Irregular HR.

-Feeling very weak, lightheaded, confused / anxious. -Hypotension / Tachycardia.
-Causes:

-Myocardial Infarction (Most common cause). -Myocarditis,

-Endocarditis. -Arrhythmia.

-Cardiac Tamponade. -Pulmonary Embolism.
-Treatments:

-Fluids and medications to improve contractility and CO

(e.g., Inotropes and vasopressors).

-Diuretics to remove excess fluid and help improve blood flow.

-Potential surgical procedure depending on initial cause of cardiogenic shock.

%

-Hypovolemic shock is a dangerous condition in which there is a decrease in the intravascular blood
volume to such an extent that effective tissue perfusion cannot be maintained.
Symptoms:

-Weakness / Fatigue / Dizziness. -Hypotension.
-Tachycardia (Weak and Thready Pulse). -Rapid / Shallow
breathing.
-Confusions / Restlessness / Anxiety. -Oliguria.
-Causes:
-Bleeding/Trauma. -Burns. -Vomiting / Diarrhoea.
-Treatments:
-Treat underlying cause of the severe bleeding or fluid loss.
-Fluid resuscitation / 02 therapy / Blood transfusion if applicable.
-Position: Supine with the legs elevated.
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LiDCO Monitors

LiDCO
-Lithium Dilution Cardiac Output Monitoring.

e What is LIDCO?

* Non-invasive cardiac output monitoring is the concept of analysing
cardiovascular function and performance to optimize fluid status and guide
titration of pharmacological management.

LiDCO Monitors within Critical Care
-There are two modes to choose when considering LiDCO; Non-Calibrated and Calibrated.
-The PulseCO™ algorithm converts beat-to-beat blood pressure into its constituent parts.

\

Resistance

These are scaled to each patient's

age, height, and weight.

(SVR)
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Trend Notifications Internal Battery

Alerts user to significant haemodynamic For portability around
changes (>10%) to encourage an immediate the bed space and
response to patient deterioration seamless transition to

¢ different clinical areas
Short-term Trend :
2-MINEWINHOW TOF: #eisiieissusssstivassosntassassassssnanssonsuuspes s
greater focus on the
immediate response
to interventions

SV Inressed by 1%
suggesting Muid responsive

Long-term Trend 3 ol it 41%)

Facilitates interpretation ' m

P B 4%

of trends from the start of ;10

monitoring, which can be v —

customised to show only B 1% )

the parameters you need » NG

Event Response
Allows you to mark and
monitor specific events,
like a fluid challenge

Day/Night Mode

Switch between day and
night mode to best suit your
environment

Guided Protocols

To help you assess fluid
responsiveness (Fluid Challenge,
Passive Leg Raise and New
Ventilator Tests)

Education

On-screen educational
screens for calibration

Preload Response

Displays volume status
indications for Pulse Pressure
Variation (PPV%) and Stroke
Volume Variation (SVV%)
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Haemodynamic Monitoring including
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Uncalibrated LiDCO

Uncalibrated LiDCO

e Uses arterial waveform analysis and the PulseCO algorithm to convert blood pressure to
its constituent parts of flow (CO, SV) and systemic vascular resistance (SVR).

e Displays nominal values since they are estimated rather than directly measured.

* May not be as accurate when used in patients with past medical history such as chronic
hypertension, arteriosclerosis and diabetes mellitus.

e Generally used to monitor trends following an intervention such as a fluid bolus or
vasopressors.

e MUST have a reliable Arterial Line.
e Used predominantly in the initial 12-24hrs after high-risk surgery.

Calibrated LiDCO

e Calibrated LiDCO

* Combines single point lithium indicator calibration with arterial waveform analysis.
* Lithium is used as a bolus indicator to calibrate the PulseCO software.

* A small dose of lithium chloride is injected via a designated lumen on the central line,
using the park and ride line. This results in a lithium concentration-time curve which is
recorded by withdrawing blood past the lithium sensor attached to the patients existing
arterial line.

* Provides a real-time continuous display of haemodynamic parameters and enables
effective and accurate titration of fluids and drugs.

e MUST have an Arterial Line and reliable central (preferable) or peripheral venous access.

*Lithium calibration should not be performed within 120 minutes after either an atracurium or rocuronium bolus. Calibration
should not be performed for at least two hours after stopping the infusion and the presence of a train-of-four count checked.

Key Points
-Lithium calibration should be avoided during haemodynamically unstable periods.

-LiDCO recommends that re-calibration should be considered every 24 hours.

-In more stable patients, this is probably sufficient. However, more frequent recalibration
should be considered if the patient is unstable or if the haemodynamic parameters do not
match clinical/echocardiography assessment.

-LiDCO haemodynamic parameters are more accurate within the 4-hr period after calibration.
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When to use LIiDCO — summary

Consider LiDCO in the following:

Patients requiring frequent fluid
boluses.
(1.5L in 2hrs)

Tachyarrhythmia (E.g.,
uncontrolled AF,
frequent ectopics)

Patients with escalating Patients who do not meet
cardiovascular support contraindications

Severe peripheral Severe structural heart Aortic valve
vascular disease disease regurgitation

Severe peripheral
arterial Hypothermia (<34°C)
vasoconstriction.

Patients with a highly | An intra-aortic balloon
dampened arterial line | pump if ratio is not 1:1

Indications for:

Uncalibrated LiDCO Calibrated LiDCO

Noradrenaline Whenc;ﬁsrgfigah:l;m for
0.15-0.3mcg/kg/min L Noradrenaline Patient on more than 1
Metaraminol contraindicated >0.3mcg/kg/min vasopressor
(See pg.6 of guideline ' '
4-6mgs/hr :
for details)
Patients requiring Increasing Patients on Inotropes OOHCA hypotensive
frequent fluid boluses. vasopressor (Dobutamine or patients from the Cath-
(1.5L in 2hrs) requirements Milrinone) lab

Contraindications to Lithium (Calibrated LiDCO)

Muscle relaxants* (See Pg. 6 of

Weight <40k Patient on Lithium th
guideline for details) 9 gs atient on Lithium therapy

Ketamine infusion / IV

First trimester of pregnancy Aortic valve regurgitation Lidocaine
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LiDCO Calibration Step-by-Step Guide

LiDCO CALIBRATION

Hemodynamic Monitoring STE p = BY-STE p G U I D E

@) Before calibration

« Lithium chloride must be prescribed. Standard dose is 0.300mmol, 2.00ml.

Please note: Dose should not be limited to 2ml (locked), as additional doses may be needed in one
calibration. Maximum dose allowance is 20ml in 24 hours (10 calibrations).

€) Initiate calibration on screen

« Using the Navigation Menu [ select [l
» Enter recent Hb, sodium and press large green 1i|:k;

® F F B B OF OF F F B W R B FF F R F W R E SRR R FE RN E R R EEEEREEFEF RN W EEF W

€) Collect items

* Flow regulator. _ /)g/ |
« Lithium. N A e H ” ||
Sensor (30 minutes before to reach room temperature). =* .

b
Injectate kit.
4 x luer lock syringes (1 already in kit).

L I T R I T T I I I I I I R I I I B I I I I T I L I L A O LI

= Fill all four syringes each with 20ml saline.

* Label and set aside on clean area.

(If your unit does not have luer lock syringes you can fill the
one provided and refill when needed, keeping on clean area )

€ Prepare lithium

« Withdraw all 10mis lithium from vial, using 10mil
syringe and safety straw.
« Attach safety valve as shown and add 3ml
syringe.
» Draw up the standard dose 0.300mmol,
2.00ml ithium into 3ml syringe.
* Label (provided) and set both syringes aside on clean area.
You may need to draw a second dose.

LB B D B L D O D I L R R I A L L D R O

@ Prime sensor

= Attach 20mis syringe of saline fo opposite end of red cap and leave red cap on
(as shown in picture).

« Keeping sensor upright, flush with saline to wet and remove air bubbles.
Keep red cap on.

= Catch saline in dish.
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€) Connect and flush sensor with saline

= Remove syringe and attach drain bag to sensor. -
= Attach other sensor port to 3 way tap on arterial line. ‘ﬂ
= Close 3 way tap to patient and flush sensor from transducer
bag, to remove any new air bubbles.
= Turn tap back to patient and re-establish BFP trace.
= Remove red cap and attach black sensor interface cable
from LiDCO (push fit). Sensor interface cable connects to interface pod and then to monitor, you will
now notice 2 green ticks on screen.
Please note: you do not need an additional 3 way tap, as shown in picture.

€ Fit tube to pump

= ==
= Fit tube of drain bag to pump, as shown in picture. m @ @ @
= Insert large red lug into large slot on pump with prong facing up. A= L ' |
= Press clamp and push tubing around wheel. — e — —
= Insert small red lug into small slot, prong up.

 F B B B % B F B FE B S F F F E S S FF FE S S S EEEFEEF R E S EEFEEFE S S E R EFEE SRR EFFREEEEFE R W

€©) Prime park & ride

* Remove tubing labelled 'park & ride’ from kit.

= Attach second 20ml syringe of saline and flush.

= Attach other end of tubing to venous access port.

* Ensure no other pharmacological substance is in the port/iine.

& R R R R R R F R R R R R EE R RR R EEF R R R R REF R F R R RR R FE R R R

& Inject lithium into line

» Remove 20mil syringe from park & ride and attach 3ml syringe, containing
2ml lithium previously prepared.

= Push lithium into park & ride {(which will now sit inside the park & ride).

= Attach 3rd 20ml saline syringe to park & ride—DO NOT INJECT YET.

LA I L O R O T O L R R L

& Prime sensor with blood

= Open the 3 way tap to allow blood to pass over the sensor.

= Squeeze clamp on flow regulator and allow blood to pass over
the sensor for a few seconds.

= You will notice the screen on LIDCO temporarily displays ‘stabilising’.
This will return to 2 green ticks once clamp is released.

® F FR B B R OB FF R EFEEFE N EEEFE SR EEFE R EEEEEREEEEEW

12 Injecting the lithium

= Turn on the flow pump which will draw blood over the sensor and
wait for the signal to stabilise and display inject.

+ Press INES and inject the full 20ml of saline which will push the
2ml of lithium into the patent.

= You will see the curve start to appear.

= Flush the sensor and arterial line when instructed remembering to
squeeze the flow pump clamps to allow saline to flow. e
Then re-establish the arterial trace.

» Press ‘Auto Calibrate’ and wait. You may be required to repeat the ¥ ™
calibration to confirm the readings. Go back to step 10.

* Press 'Finish Calibration'.

= Calibration recommended again in 24 hours.
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Assessing the arterial line tracing

The accuracy of the haemodynamic values obtained using LIDCO are dependent upon the arterial line
trace. If the arterial waveform is severely damped, the values obtained may be misleading.

It is recommended that a square test is performed in order to check the system is correctly damped.
Damping is required in order to reduce natural vibrations and friction of the fluid system, but overdamped
and underdamped traces can give incorrect results and may impact on patient management.

How to perform a square test

Pull the tab on the arterial line transducer for one second and then release pie
it. The pressure will rise rapidly then will instantly fall, creating a square et L e
waveform. There will be two oscillations before the arterial waveform

resumes.

R e

Normal wavelorm Two oscillation:

Square test on an overdamped trace

Overdamped waveform

With an overdamped trace the waveform loses its characteristic landmarks
and appears unnaturally smooth, with a diminished or absent dicrotic
notch. This can lead to a falsely low systolic and falsely high diastolic
reading.

300 mmHg

Loss of
dicrotic
Syslolic notch

Normal

When performing a square test on an overdamped system, there will only
: be only one oscillation.

Diasiolic g

Square test on an underdamped trace

Underdamped waveform

With an underdamped trace the waveform displays an exaggerated systolic
pressure with a rapid systolic slope. This results in an overestimated systolic
pressure and an underestimated diastolic pressure.

Square test of an underdamped system In an underdamped SyStem there WI” be
I multiple oscillations after the square wave,

Abnormal
e

If the waveform is found to be either underdamped or overdamped following a square test,
then please check the following. The arterial cannula positioning (if the arterial line is in the
Diasioic radial artery, is the wrist bent?). Check for air bubbles or clots in the system, remove if any
are identified. Check the patency of the arterial line. Check that the transducer is set up
correctly.

LiDCO Guided Treatment Algorithm
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Hypotensive Patient (Meeting Uncalibrated LiDCO Criteria)

Please have regular communication with medical staff throughout this pathway

\

Assess fluid responsiveness.

(250mls crystalloid bolus @1200mls/hr or perform a passive leg raise).

:

>10% increase in Stroke volume (SV)?

NO YES

Consider starting / increasing vasopressor. Consider further fluid boluses.

250ml crystalloid @ 1200mls/hr
Increase as required up to 0.3mcg/kg/min of ( y @ /hr)

Noradrenaline or 6mg/hr of metaraminol, get Assess response and bolus as required up to

Hypotensive Patient (Meeting Calibrated LiDCO Criteria)

Assess fluid responsiveness.

(250mls crystalloid bolus @1200mls/hr or perform a passive leg raise).

'

>10% increase in Stroke volume (SV)?

NO YES

Check Cardiac Index Consider further fluid boluses
(1) (250ml crystalloid @ 1200mls/hr)

Cl <2.5 Cl >2.5 Assess SV response and repeat as

+ + required up to 1000mls, get senior

review at this point.

Consider starting an Consider increasing
Inotrope. noradrenaline, add vasopressin
(Dobutamine/ Milrinone) when Noradrenaline

Assess response. >0.5mcg/kg/min.

*Senior review = ACCP/ICM REG/Consultant.
Using LiDCO when a patient is in Atrial Fibrillation (AF).
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LiDCO can be used in those patients with either rate-controlled AF (Heart rate less than 100) or controlled
AF (if the heart rate variance on the LIiDCO screen is not above 10%). However, to ensure the data
provided by LIDCO is as accurate as possible consider adjusting the beat detector threshold (found on the
main menu) by adjusting the averaging time within in the LIDCO settings. See below for instructions on how
to do this.

Beat Detector Threshold

Adjust the threshold below and click
the tick to apply

Threshold A 4 50% A

HrR 50
7]
a If the heart rate displayed on the

primary monitor is lower than displayed
here, press the up arrow to raise the
detection threshold until the heart rates
match.

n If the heart rate displayed on the
primary monitor is higher than displayed
here, press the down arrow to lower the

detection threshold until the heart rates
match.

SVV and PPV should not be used to assess fluid responsiveness for those patients in AF as the additional
variance of AF, in addition to the variance of SV during a ventilation cycle, affects the accuracy of this data.

Please use ‘Haemodynamic Monitoring in General Critical Care using calibrated Lithium Dilution Cardiac
Output (LiDCO) and uncalibrated LiDCO’ Guidelines for more information regarding;

-LiDCO Monitors within Critical Care -Volume Responsiveness v Volume Tolerance
-Lithium Calibration-How does it work? -Administering a Fluid Challenge

-Lithium Chloride Dose -Performing a Passive Leg Raise

-Lithium Toxicity -Effects of Mechanical Ventilation

-Nursing Care -End- Expiratory Occlusion Test

-Assessing the arterial line tracing -Advanced Haemodynamic Variables
-Assessing Fluid Responsiveness -Central Venous Saturations (ScVO?)
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