ECCE

Edwards Critical Care Education

QUICK GUIDE ToO

Cardiopulmonary Care

3RD EDITION

I IND
(M=

\
A
Edwards




This reference guide is presented as a service to medical
personnel by Edwards Lifesciences. The information in
this reference guide has been compiled from available
literature. Although every effort has been made to report
faithfully the information, the editors and publisher cannot
be held responsible for the correctness. This guide is not
intended to be, and should not be construed as medical
advice. For any use, the product information guides, inserts
and operation manuals of the various drugs and devices
should be consulted. Edwards Lifesciences and the editors
disclaim any liability arising directly or indirectly from
the use of drugs, devices, techniques or procedures
described in this reference guide.

Note: Algorithms and protocols included in this book are
for educational reference only. Edwards does not endorse
or support any one specific algorithm or protocol. It is up
to each individual clinician and institution to select the
treatment that is most appropriate.

ISBN 978-0-615-96605-2



QUICK GUIDE TO

Cardiopulmonary Care

THIRD EDITION EDITORS

William T. McGee, MD, MHA
Director — ICU Performance Improvement
Critical Care Division — Baystate Medical Center/
Associate Professor of Medicine and Surgery
Tufts University School of Medicine
Jan M. Headley, BS, RN
Director of Clinical Marketing and Professional Education
Edwards Lifesciences, Critical Care — North America
John A. Frazier, BS, RN, RRT
Sr. Manager, Clinical Marketing and Professional Education
Edwards Lifesciences, Critical Care — Global

FIRST EDITION EDITOR

Peter R. Lichtenthal, M.D.
Director, Cardiothoracic Anesthesia
Arizona Health Sciences Center
University of Arizona



CONTRIBUTORS AND REVIEWERS

Jayne A.D. Fawcett, RGN, BSc, PgDipEd, MSc, PhD
Head of Education
Edwards Lifesciences, Critical Care — Europe

Diane K. Brown, RN, MSN, CCRN
Hoag Memorial Hospital Presbyterian
Newport Beach, California

Barbara “Bobbi” Leeper, MN, RN, CCRN
Clinical Nurse Specialist Cardiovascular Services
Baylor University Medical Center

Dallas, Texas




QuICK GUIDE TO CARDIOPULMONARY CARE

PERTINENT CLINICAL INFORMATION
DEDICATED TO THE CRITICAL CARE CLINICIAN

In 1998, the first Quick Guide to Cardiopulmonary Care
was published with the 2nd Edition of the Quick Guide being
released in 2009. The intent of the Quick Guide was to provide
a ready reference for hemodynamic monitoring and oxygenation
assessment of the critically ill. To date, over 250,000 versions of
the Quick Guide have been distributed globally through print
and digital platforms. In addition, the Quick Guide has been
translated into French, German, Italian, Spanish, Portuguese,
Japanese and Chinese.

The 3rd Edition of the Quick Guide reflects current practice
and changes in technology. Critical care is no longer a location
bound by four walls.

Critically ill patients are being cared for in many different
parts of the hospital now — especially as the patient population
ages and acuity increases. During the last 10 years, less and
noninvasive monitoring techniques have become part of routine
assessment and care. Decision trees and algorithms using
physiologic monitoring parameters have been published and are
used in daily practice.

In this edition, the order of content reflects current concepts
in assessment strategies and technology enhancements in which
to monitor the patient. Additionally, pertinent sections of the
Quick Guide to Central Venous Access have been incorporated
to make this edition a more comprehensive reference guide.




The Quick Guide is organized into sections that build upon
physiologic rationale. The first section begins with a review of
oxygen delivery and consumption, including the determinants,
implications of an imbalance, and the monitoring tools available.

More recent noninvasive technology is reviewed for the
continuous monitoring of blood pressure and cardiac output.
Basic monitoring techniques, including minimally-invasive
monitoring technologies and functional hemodynamic parame-
ters are presented in the next section. Advancements in technolo-
gy have allowed for less invasive or minimally-invasive techniques,
in both cardiac output and venous oxygen saturation assessment.
Published decision trees employing the use of parameters
obtained with less invasive technologies are provided.

The subsequent sections then present more advanced
monitoring techniques including the Swan-Ganz catheter, which
has been the hallmark of changing critical care practice since
the early 1970s. Catheters range from a two-lumen catheter to
an all-in-one catheter that provide the clinician with continuous
pressure, continuous cardiac output, continuous end-diastolic
volumes, and continuous venous oximetry. Many critically ill
patients require this type of advanced, continuous monitoring
and with the proper application of decision trees, patient
care can be enhanced.

Because the practice of critical care and its related
technologies are always changing and improving, the Quick
Guide is not meant to address all aspects and needs in this arena.
Rather, it has been written to provide a quick reference in which
to enable the clinician to provide the best care possible to
critically il patients.
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Anatomy and Physiology

Ensuring that the tissues receive adequate oxygen and
also that the tissues are able to consume the amount they
require, is an important part of assessing the critically ill
patient. Therefore, the goal of cardiorespiratory monitoring
is to evaluate the components of oxygen delivery and
consumption and to assess the utilization of oxygen at the
tissue level. Parameters obtained from the physiologic profile
are used to assess and optimize oxygen transport to meet the
tissue needs of the critically ill patient. Basic cardiac anatomy,
applied physiology, and pulmonary function are all
components of oxygen delivery. Threats to the process of
tissue oxygen balance can lead to inadequate utilization at
the cellular level. Intervention strategies are directed at
identifying the relationship of oxygen delivery to oxygen
consumption to potentially eliminate the development of
tissue hypoxia.



Oxygen Delivery
(DOZ = C02 X CO X 10)

DO, is the amount of oxygen delivered or transported to
the tissues in one minute and is comprised of oxygen content
and the cardiac output. The adequacy of oxygen delivery is
dependent upon appropriate pulmonary gas exchange, hemo-
globin levels, sufficient oxygen saturation and cardiac output.

OXYGEN DELIVERY (D0,)
[CARDIAC OUTPUT (CO) X ARTERIAL OXYGEN CONTENT (Ca0,)]

1
I 1

CARDIAC OUTPUT (CO) ARTERIAL OXYGEN CONTENT (Ca0,)
[Stroke Volume (SV) x Heart Rate (HR)] [(1.38 x gms Hemoglobin x Sa0,) + (Pa0, x .0031)]
—— r t 1
STROKE HEART Sa0, Pa0,
HEMOGLOBIN Arterial Oxygen Arterial Oxygen
VOLUME RATE Saturation Tension

i
I T 1

PRELOAD AFTERLOAD CONTRACTILITY

Oxygen Content (CO,): amount of oxygen carried in the
blood, both arterial and venous:

(1.38 x Hgb x SO,) + (0.0031 x PO,)
1.38: amount of O, that can combine with 1 gram of hemoglobin
0.0031: solubility coefficient of O, in the plasma*
Ca0, = (1.38 x Hgb x Sa0,) + (0.0031 x Pa0,)
Normal 20.1 mL/dL

CvO, = (1.38 x Hgb x SvO,) + (0.0031 x PvO,)
Normal 15.5 mL/dL
Oxygen Delivery (DO,): amount of oxygen transported in blood
to tissues. Both arterial and venous O, delivery can be measured:
Arterial oxygen delivery (DO,): CO x Ca0, x 10
5 L/min x 20.1 mL/dL x 10 = 1005 mL/minT

Venous oxygen return (DvO,): CO x CvO, x 10
5 /min x 15.5 ml/dL x 10 = 775 mL/min

*Oxygen carrying capacity has been referenced between 1.34-1.39. e

1 Assumes Hgb of 15gm/dL
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Oxygen Consumption

Oxygen consumption refers to the amount of oxygen used
by the tissues, i.e., systemic gas exchange. This value cannot
be measured directly but can be assessed by measuring the
amount of oxygen delivered on the arterial side compared
to the amount on the venous side.

OXYGEN CONSUMPTION
Oxygen Consumption (VO,) = Oxygen Delivery — Venous Oxygen Return

OXYGEN DELIVERY (DO,) VENOUS OXYGEN RETURN
[Cardiac output (CO) x [Cardiac output (CO) x
Arterial Oxygen Content (Ca0,)] Venous Oxygen Content (CvO,)]
(CO) x (1.38 x 15 x Sa0,) + (Pa0, x .0031) E— (C0) x (1.38 x 15 X Sv0,) + (PvO, x .0031)
5x20.1= 5x155=
NORMAL = 1005 mL 0,/min NORMAL = 775 mL O,/min

V0, = CO x (Ca0, - Cv0,) x 10
VO, = CO x Hgb x 13.8 x (Sa0, — Sv0,)
V0,=5x15x13.8x (.99 -.75)
NORMAL = 200 - 250 mL 0,/min

Oxygen Consumption (VO,)

Arterial Oxygen Transport — Venous Oxygen Transport
VO, = (CO x Ca0,) - (CO x Cv0Oy)

= CO (Ca0, - Cv0O,)

= CO [(Sa0; x Hgb x 13.8) — (SvO, x Hgb x 13.8)]

= CO x Hgb x 13.8 x (Sa0, — Sv0O,)

Normals: 200 — 250 mL/min
120 — 160 mL/min/m?

Note: 13.8 = 1.38 x 10

CONDITIONS AND ACTIVITIES ALTERING DEMAND AND VO,

Fever (one degree C) 10% Work of breathing 40%
Shivering 50-100% Post op procedure 7%
ET suctioning 7-710% MSOF 20-80%
Sepsis 50-100% Dressing change 10%
Visitor 22% Bath 23%
Position change 31% Chest X-Ray 25%

Sling scale weighing 36%



Other Assessment Parameters for
Oxygen Utilization

Arterial-Venous Oxygen Difference
C(a-v)O,: normally 5 vol %

20 vol % - 15 vol % = 5 vol %

Note: Vol% or mL/dL

Oxygen Extraction Ratio

O,ER: normally 22 - 30%

O,ER: Ca0, - CvO, / Ca0, x 100

Ca0, =20.1 CvO, =15.6
0O,ER=20.1-15.6/20.1x 100 = 22.4%

Oxygen Extraction Index

Dual oximetry estimates oxygen extraction ratio. Evaluates
the efficiency of oxygen extraction. Reflects cardiac reserve to
increases in O, demand. Normal range is 20%—-30%.
O,El = Sa0, — Sv0O, / Sa0; x 100 (Sa0, = 99, SvO, = 75)
O,El=99-75/99 x 100 = 24.2%

CO vs SvO, Correlations
SvO, reflects balance between oxygen delivery and
utilization relationship to Fick equation.
VO, =C(a-v)0, x COx 10
CO =VO0,/C(a-v)0,
C(a-v)0, =V0,/(COx10)
S(a —v)0; = VO,/ (COx10)

When Fick equation is rearranged, the determinants of SvO,
are the components of oxygen delivery and consumption:
If Sa0, = 1.0, then SvO, = CvO, / Ca0,
SvO, = 1-[VO,/(CO x 10 x Ca0,)]
SvO, =1-(VO,/D0O,) x 10

As a result, SvO, reflects changes in oxygen extraction and
the balance between DO, and VO,.
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VO, /DO, Relationships

The relationship between oxygen delivery and consumption
can theoretically be plotted on a curve. Since normally the
amount of oxygen delivered is approximately four times the
amount consumed, the amount of oxygen required is indepen-
dent of the amount delivered. This is the supply independent
portion of the curve. If oxygen delivery decreases, the cells
can extract more oxygen in order to maintain normal oxygen
consumption levels. Once the compensatory mechanisms
have been exhausted, the amount of oxygen consumed is
now dependent on the amount delivered. This portion of
the graph is called supply dependent.

NORMAL RELATION OXYGEN DEBT CONCEPT

0, Dependent 0, Independent Region
Region

Once 0, extraction has
been maximized, VO,

becomes dependent
on DO,

Pay back
Vo, interest
150

mLU/min

VO, usually 25% of DO, ; Tissues
take what they require. If DO,
decreases 0, ER increases

to meet tissue demand; provides
0, reserve

TIME
Do,

Oxygen debt occurs when the delivery of oxygen is insuf-
ficient to meet the body requirements. The implication of this
concept is that additional oxygen delivery must be supported
to “repay” this debt once it has occurred.

Factors Influencing Accumulation of O, Debt

Oxygen Demand > Oxygen Consumed = Oxygen Debt
Decreased oxygen delivery

Decreased cellular oxygen extraction

Increased oxygen demands



Functional Anatomy

For hemodynamic monitoring purposes, the right and left
heart are differentiated as to function, structure and pressure
generation. The pulmonary capillary bed lies between the
right and left heart. The capillary bed is a compliant system
with a high capacity to sequester blood.

The circulatory system consists of two circuits in a series:
pulmonic circulation, which is a low-pressure system with low
resistance to blood flow; and the systemic circulation, which
is a high-pressure system with high resistance to blood flow.

ANATOMICAL STRUCTURES

>

RIGHT AND LEFT HEART DIFFERENCES 2
. >
Right Heart Left Heart a
Receives deoxygenated blood Receives oxygenated blood 2
<

Low pressure system High pressure system >
Volume pump Pressure pump g
RV thin and crescent shape LV thick and conical shape L
T

Coronary perfusion biphasic Coronary perfusion during diastole <
("]

)

=

(]

]
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Pulmonary Circulation

Pulmonary

Artery Alveolus

Bronchus
I

Pulmonary Vein

Pulmonic Valve

Valve

Tricuspid
Valve

Systemic Circulation
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Coronary Arteries and Veins

The two major branches of the coronary arteries arise
from each side of the aortic root. Each coronary artery lies
in the atrioventricular sulcus and is protected by a layer of
adipose tissue.

Right Coronary Artery (RCA) Sinus Node 55%, AV Node 90%,
Bundle of His (90%)
RA, RV free wall
Portion of IVS

Posterior Descending Branch Portion of IVS

(Provided by RCA = 80%)

Diaphragmatic aspect of LV

Left Anterior Descending (LAD) Left anterior wall
Anterior portion of IVS
Portion of right ventricle

Left Circumflex Sinus node 45%, LA, 10% AV node
(Provides posterior descending branch < 20%) | ateral and posterior wall of LV

Thebesian Veins Directly into R and L ventricles
Great Cardiac Vein Coronary sinus in the RA

Anterior Cardiac Veins RA



CORONARY ARTERIES

Blood is supplied to heart tissues by
branches of the coronary arteries.

Superior

Vena Cava Pulmonary Trunk

Left Atrium

Right Atrium > Left Coronary Artery
Right Coronary Circumflex Artery
Artery

Left Anterior

. Descending
Marginal Artery

Left Ventricle

Posterior Descending

Artery Right Ventricle

CORONARY VEINS

Blood is drained by branches of the cardiac veins.

Superior
Vena Cava
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Left Ventricle

Inferior Vena
Cava

Right Ventricle
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Cardiac Cycle:
Electrical Correlation to Mechanical

Electrical cardiac cycle occurs prior to mechanical cardiac
cycle. Atrial depolarization begins from the SA node. This
current is then transmitted throughout the ventricles.
Following the wave of depolarization, muscle fibers
contract which produces systole.

The next electrical activity is repolarization which results
in the relaxation of the muscle fibers and produces diastole.
The time difference between the electrical and mechanical
activity is called electro-mechanical coupling, or the
excitation-contraction phase. A simultaneous recording of
the ECG and pressure tracing will show the electrical wave
before the mechanical wave.

ELECTRICAL - MECHANICAL CARDIAC CYCLE

i
i
|

I Atrial Vent | Ventricular
I"Depolarization  Depolarization Repolarization

|
|
|

| Atil Al
| Systole I Filling

|
i
|
I
I Ventricular

| Systole

Ventricular
Diastole




Mechanical Cardiac Cycle Phases

SYSTOLE

1. Isovolumetric Phase
Follows QRS of ECG

All valves closed

Majority of oxygen consumed

2. Rapid Ventricular Ejection
Aortic valve opens

Occurs during ST segment

2/3 or more of blood volume ejected

3. Reduced Ventricular Ejection
Occurs during “T" wave
Atria are in diastole

o

Produces “v” wave in atrial tracing

DIASTOLE

1. Isovolumetric Relaxation
Follows “T" wave

All valves closed

Ventricular pressure declines further
LV pressure dips below LA pressure
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2. Rapid Ventricular Filling

AV valves open

Approximately 70% of blood volume
goes into ventricle

3. Slow Filling Phase: End-Diastole
Atrial "kick”

Follows “P” wave during sinus rhythms
Atrial systole occurs

Produces “a” wave on atrial tracings
Remaining volume goes into ventricle
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Coronary Artery Perfusion

Coronary artery perfusion for the left ventricle occurs
primarily during diastole. The increase in ventricular wall
stress during systole increases resistance to such an extent
that there is very little blood flow into the endocardium.
During diastole there is less wall tension so a pressure
gradient occurs that promotes blood flow through the left
coronary arteries. The right ventricle has less muscle mass,
therefore less wall stress during systole, so that due to less
resistance, more blood flows through the right coronary
artery during systole. Optimal RV performance depends in
part on this biphasic perfusion. There must be adequate
diastolic pressure in the aortic root for both coronary
arteries to be perfused.

CORONARY ARTERY PERFUSION

Aortic Root
Pressure

Left

Coronary
Coronary Artery
Blood
Flow
l !
Right
Coronary

Arter
Yo [

Systole Diastole



Cardiac Output Definition

Cardiac output (liters/minute, L/min): amount of blood
ejected from the ventricle in a minute.

Cardiac Output = Heart Rate x Stroke Volume

Heart Rate = beats/min

Stroke Volume = ml/beat; amount of blood ejected from
ventricle in one beat

CcO = HR xSV

Normal Cardiac Output: 4 — 8 L/min
Normal Cardiac Index : 2.5 — 4 L/min/m?
Cl = CO/BSA

BSA = Body Surface Area
Normal Heart Rate Range: 60 — 100 BPM
Normal Stroke Volume: 60 — 100 mL/beat

Stroke volume: difference between end-diastolic volume
(EDV), [the amount of blood in the ventricle at the end of
diastole]; and end-systolic volume (ESV), [blood volume in the
ventricle at the end of systole]. Normal SV is 60 to 100 mL/beat.

SV = EDV - ESV SV also calculated by: SV = CO / HR x 1000

Note: 1000 used to convert L/min to mL/beat

When stroke volume is expressed as a percentage of end-
diastolic volume, stroke volume is referred to as the ejection
fraction (EF). Normal ejection fraction for the LV is 60 — 75%.
The normal EF for the RV is 40 — 60%.

EF = (SV / EDV) x 100
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DETERMINANTS OF CARDIAC OUTPUT

/ Cardiac Output
Heart Rate Stroke Volume
Preload Afterload / Contractility
7 7 ‘ 0
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Preload Definition and Measurements

Preload refers to the amount of myocardial fiber stretch
at the end of diastole. Preload also refers to the amount of
volume in the ventricle at the end of this phase. It has been
clinically acceptable to measure the pressure required to fill
the ventricles as an indirect assessment of ventricular preload.
Left atrial filling pressure (LAFP) or pulmonary artery occlusion
pressure (PAOP) and left atrial pressures (LAP) have been used
to evaluate left ventricular preload. Right atrial pressure (RAP)
has been used to assess right ventricular preload. Volumetric
parameters (RVEDV) are the preferred preload measure as they
eliminate the influence of ventricular compliance on pressure.

Preload
RAP/CVP: 2 - 6 mmHg
PAD: 8 - 15 mmHg
PAOP/LAP: 6 - 12 mmHg
RVEDV: 100 - 160 mL

Frank-Starling Law

Frank and Starling (1895, 1918) identified the relationship
between myocardial fiber length and force of contraction. The
more the diastolic volume or fiber stretch at the end of the
diastole, the stronger the next contraction during systole to a
physiologic limit.

FRANK-STARLING CURVE

Stroke
Volume

End-Diastolic Volume
Fiber Length, Preload



Ventricular Compliance Curves

The relationship between end-diastolic volume and end-
diastolic pressure is dependent upon the compliance of the
muscle wall. The relationship between the two is curvilinear.
With normal compliance, relatively large increases in volume
create relatively small increases in pressure. This will occur in a
ventricle that is not fully dilated. When the ventricle becomes
more fully dilated, smaller increases in volume produce greater
rises in pressure. In a non-compliant ventricle, a greater pres-
sure is generated with very little increase in volume. Increased
compliance of the ventricle allows for large changes in
volume with little rise in pressure.

Decreased Compliance
Stiffer, less elastic ventricle

Ischemia

Increased afterload
Hypertension

Inotropes

Restrictive cardiomyopathies
Volume Increased intrathoracic pressure
Increased pericardial pressure
Increased abdominal pressure
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Normal Compliance E
b / t Pressure/volume relationship >
is curvilinear:
Pressure / 2
a a: Large increase in volume = o
=" small increase in pressure v
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b: Small increase in volume = <
Volume large increase in pressure "
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Pressure

Increased Compliance

J Less stiff, more elastic ventricle
Pressure YA Dilated cardiomyopathies
’
= Decreased afterload

Vasodilators

Volume
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Afterload Definition and Measurements

Afterload refers to the tension developed by the myocardial
muscle fibers during ventricular systolic ejection. More com-
monly, afterload is described as the resistance, impedance, or
pressure that the ventricle must overcome to eject its blood
volume. Afterload is determined by a number of factors,
including: volume and mass of blood ejected, the size and
wall thickness of the ventricle, and the impedance of the
vasculature. In the clinical setting, the most sensitive measure
of afterload is systemic vascular resistance (SVR) for the left
ventricle and pulmonary vascular resistance (PVR) for the right
ventricle. The formula for calculating afterload include the
gradient difference between the beginning or inflow of the
circuit and the end or outflow of the circuit.

Afterload
Pulmonary Vascular Resistance (PVR): <250 dynes - sec - cm=>
PVR = MPAP-PAQP x 80
Cco
Systemic Vascular Resistance (SVR): 800-1200 dynes - sec - cm™
SVR = MAP-RAP x 80
Cco

Afterload has an inverse relationship to ventricular function.
As resistance to ejection increases, the force of contraction
decreases, resulting in a decreased stroke volume. As
resistance to ejection increases, an increase in myocardial
oxygen consumption also occurs.

VENTRICULAR FUNCTION

Stroke
Volume

Afterload



Contractility Definition and Measurements

Inotropism or contractility refers to the inherent property
of the myocardial muscle fibers to shorten independent of
preload and/or afterload.

Contractility changes can be plotted on a curve. It is
important to note that changes in contractility result in
shifts of the curves, but not the underlying basic shape.

Measurements of contractility cannot be directly obtained.
Clinical assessment parameters are surrogates and all include
determinants of preload and afterload.

Contractility

Stroke Volume 60 — 100 ml/beat
SV = (CO x 1000)/HR

SVI = SV/BSA 33 — 47 ml/beat/m?
Left Ventricular Stroke Work Index 50 — 62 g/m?/beat
LVSWI = SVI (MAP — PAOP) x 0.0136

Right Ventricular Stroke Work Index 5-10 g/m?/beat

RVSWI = SVI (PA mean — CVP) x 0.0136

VENTRICULAR FUNCTION CURVES

A: Normal Contractility
B: Increased Contractility
C: Decreased Contractility

Stroke
Volume

Preload
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Family of Ventricular Function Curves

Ventricular function can be represented by a family of curves.
The performance characteristics of the heart can move from
one curve to another, depending upon the state of preload,
afterload, contractility or ventricular compliance.

VENTRICULAR FUNCTION CURVES

B A
* c
A: Normal Compliance
Pressure B: Decreased Compliance
C: Increased Compliance

Volume

C: Decreased Contractility
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B
Stroke A A: Normal Contractility
Volume . B: Increased Contractility

Preload

A B ’
Strok c A: Normal Contractility
; roke * B: Increased Contractility
olume -
C: Decreased Contractility

Afterload




Pulmonary Function Tests

Definitions:

Total Lung Capacity (TLC): maximal amount of air within
the lung at maximal inspiration. (~5.8L)

Vital Capacity (VC): maximal amount of air that can be
exhaled after a maximal inspiration. (~4.6L)

Inspiratory Capacity (IC): maximal amount of air that can be
inhaled from resting level after normal expiration. (~3.5L)

Inspiratory Reserve Volume (IRV): maximal amount of air
that can be inhaled after a normal inspiration during quiet
breathing. (~3.0L)

Expiratory Reserve Volume (ERV): maximal amount of air
that can be exhaled from the resting level following a normal
expiration. (~1.1L)

Functional Residual Capacity (FRC): amount of air remain-
ing in the lungs at the end of normal expiration. (~2.3L)

Residual Volume (RV): volume of gas remaining in lungs
after maximal expiration. (~1.2L)

All pulmonary volumes and capacities are about 20-25% less
in women than men.

NORMAL SPIROGRAM

Ingpiration

Tejve |ic | v IRV
6.0L | 45L|30L| 250

g.\gL ,\ Resting Tidal Volume

ERV
75l ERV

FRC
3.0L FRC

AV AV
sl [1sL RV

Inspiration

>
4
>
-
(]
S
<
>
2
o
v
I
<
")
(]
r
(]
1]
<




ANATOMY AND PHYSIOLOGY

Acid Base Balance
Arterial Blood Gas Analysis

Simple acid base abnormalities can be divided into metabolic
and respiratory disorders. Values obtained from blood gas
analysis can assist in determining the disorder present.
Definitions
Acid: A substance which can donate hydrogen ions
Base: A substance which can accept hydrogen ions
pH: The negative logarithm of H+ ion concentration
Acidemia: An acid condition of the blood with pH < 7.35
Alkalemia: An alkaline (base) condition of the blood
with pH > 7.45
PCO,: Respiratory Component
PaCO,: Normal ventilation 35 — 45 mmHg

Hypoventilation > 45 mmHg
Hyperventilation < 35 mmHg
HCO;: Metabolic Component

Balanced 22 — 26 mEg/L
Base Balance -2 to +2
Metabolic Alkalosis > 26 mEg/L
Base excess > 2 mEq/L
Metabolic Acidosis < 22 mEg/L
Base deficit < 2 mEg/L

Normal Blood Gas Values

Component Arterial Venous
pH 7.40(7.35-7.45) 7.36(7.31-7.41)
PO, (mmHq) 80 -100 35-45
SO, (%) =95 60 - 80
PCO, (mmHQ) 35 -45 42 — 55
HCO; (mEg/L) 22 -26 24 - 28

Q Base excess/deficit -2 — +2 -2—+42



Oxyhemoglobin Dissociation Curve

The oxyhemoglobin dissociation curve (ODC) graphically
illustrates the relationship that exists between the partial
pressure (PO,) of oxygen and oxygen saturation (SO,). The
sigmoid-shaped curve can be divided into two segments. The
association segment or upper portion of the curve represents
oxygen uptake in the lungs or the arterial side. The dissociation
segment is the lower portion of the curve and represents the
venous side, where oxygen is released from the hemoglobin.

NORMAL OXYHEMOGLOBIN DISSOCIATION CURVE

Association

SO, 50

Dissociation

27
PO,

The affinity of hemoglobin for oxygen is independent of the
PO, — SO; relationship. Under normal conditions, the point at
which the hemoglobin is 50% saturated with oxygen is called
the P50 at a PO, of 27 mmHg. Alterations in the hemoglobin-
oxygen affinity will produce shifts in the ODC.

FACTORS SHIFTING OXYHEMOGLOBIN
DISSOCIATION CURVE

Leftward shift: Rightward shift:
Increased affinity Decreased affinity
Higher SO, for PO, so, Lower SO, for PO,
1 pH, Alkalosis | pH, Acidosis
Hypothermia Hyperthermia

1 2-3 DPG 12-3 DPG

PO,

The clinical significance of shifting the ODC is that SO, and
PO, assessment parameters may not accurately reflect the
patients’ clinical status. A shift of the ODC to the left can lead
to tissue hypoxia in spite of normal or high saturation values.
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Pulmonary Gas Exchange Equations

Assessing pulmonary function is an important step in
determining the cardiorespiratory status of the critically il
patient. Certain equations can be employed to evaluate
pulmonary gas exchange, to evaluate the diffusion of oxygen
across the pulmonary capillary unit, and to determine the
amount of intrapulmonary shunting. An alteration in any of
these will impact oxygen delivery.

Alveolar Gas Equation: PAO, is known as the ideal alveolar
PO, and is calculated knowing the composition of inspired air.
PAO, = [(PB — PH,0) x Fi0,] - PaC0, /0.8

Alveolar-arterial Oxygen Gradient
(A-a Gradient or P(A-a)0,)

P(A-a)0,: Assesses the amount of oxygen diffusion across the
alveolar capillary unit. Compares the alveolar gas equation to
the arterial partial pressure of oxygen.

[(PB — PH,0) x FiO,] — PaCO, x [FiO, + (1- FiO,) / 0.8] — (Pa0,)
Normal: < 15 mmHg on room air
Normal : 60 — 70 mmHg on FiO, 1.0

PB: Atmospheric pressure at sea level: 760
PH,O: Pressure of water: 47 mmHg

FiO,:  Fraction of inspired oxygen

PaCO,: Partial pressure of CO,

0.8:  Respiratory quotient (VCO,/VO,)

A-a GRADIENT CALCULATION

(Barometric Pressure — Water Vapor Pressure) x  Patient's FiO, — PaCO, — Patient's Pa0,
0.8
(760 - 47) X 0.21 - 40 - 90
0.8
713 X 0.21 - 50 - 90
99.73 - 90 =9.73
A-a Gradient = 10

Assumes breathing at sea level, on room air, with a PaCO, of 40 mmHg and PaO, of 90 mmHg.



Intrapulmonary Shunt

Intrapulmonary shunt (Qs/Qt) is defined as the amount of
venous blood that bypasses an alveolar capillary unit and does
not participate in oxygen exchange. Normally a small per-
centage of the blood flow drains directly into either the thebesian
or pleural veins which exit directly into the left side of the heart.
This is considered an anatomical or true shunt, and is approxi-
mately 1 — 2% in normal subjects and up to 5% in ill patients.

The physiologic shunt or capillary shunt occurs when there
are either collapsed alveolar units or other conditions where
the venous blood is not oxygenated.

Some controversies exist in regards to measuring Qs/Qt. A
true shunt is said to be accurately measured only when the
patient is on an FiO, of 1.0. Venous admixture which produces
a physiologic shunt can be determined when the patient is on
an FiO, of < 1.0. Both determinations require pulmonary artery
saturation values to complete the calculation.

Qs/Qt = CcO, — Ca0,
CCOZ - CVOZ

CcO; = Capillary oxygen content
(1.38 x Hgb x 1) + (PAO, x 0.0031)

Ca0; = Arterial oxygen content
(1.38 x Hgb x Sa0,) + (PaO, x 0.0031)

Cv0O; = Venous oxygen content
(1.38 x Hgb x SvO;) + (PvO; x 0.0031)

CcO, = 21 vols %
CcO, — Cao,

CcO, - CyO,

CvO, = Qs/Qt=

15 vols %
Ca0, = 20 vols %
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Ventilation Perfusion Index (VQI) has been described as a
dual oximetry estimate of intrapulmonary shunt (Qs/Qt).

Assumptions involved in the equation are:

1. Dissolved oxygen is discounted

2. 100% saturation of pulmonary end-capillary blood
3. Hgb changes are not abrupt

Limitations of VQI include:

1. VQI can only be calculated if Sa0, < 100%

2. Poor agreement with Qs/Qt if PaO, > 99 mmHg

3. Good correlation when Qs/Qt > 15%

Equation Derivations

Qs/Qt = 100 x [(1.38 x Hgb ) + (0.0031 x PAO; ) — Ca0;]
[(1.38 x Hgb) + (0.0031 x PAO;) — CvO;]

VQI =100 x [1.38 x Hgb x (1 — Sa0, / 100) + (0.0031 x PAO,)]
[1.38 x Hgb x (1 - SvO, / 100) + (0.0031 x PAO,)]

Dual Oximetry, Simplifies the Shunt Equation

VQl =SA0; -5a0; =1-5a0, or 1-5p0O,
SAQ; -SvO; =1-50;, or 1-50,
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Physiologic Pressure Monitoring

Pressure monitoring is a basic tool in the armament of the
clinician monitoring the critically ill patient. Disposable pressure
transducers (DPT) convert a mechanical physiologic signal (i.e.
arterial, central venous pressure, pulmonary artery pressure,
intra-cranial pressure) to an electrical signal which is amplified
and filtered and displayed on a bedside physiologic monitor in
both a waveform and numeric value in mmHg.

TRUWAVE DISPOSABLE PRESSURE TRANSDUCER COMPONENTS

Snap-Tab Device

Transducer Vent Port

L)
z
©
(o] —
! /- ‘
> To Patient To Monitor
o
E - -
B Components of a Physiologic Pressure
: Measurement System
= e Invasive catheter
e Edwards TruWave kit Non-compliant pressure tubing
Stopcocks

Transducer housing

3ml/hr flush device

Cable connection

Fluid administration set
¢ Normal saline flush solution (500 or 1000mL)

(Heparin per institutional policy)

Pressure infusion bag
(Appropriately sized for flush solution bag)

e Reusable pressure cable specific to TruWave
transducer and bedside physiologic monitor

Bedside physiologic monitor




Observation of best practices in set-up, calibration, and
maintenance of a physiologic pressure transducer system is
crucial in obtaining the most accurate pressure readings from
which diagnosis and interventions are made.

Best Practice in Setting Up a Physiologic Pressure
Measurement System for Intravascular Monitoring

1. Wash hands

2. Open TruWave disposable pressure transducer packaging
and inspect contents. Replace all caps with non-vented
caps and ensure that all connections are tight

3. Remove the TruWave transducer from its packaging and
insert into an Edwards Lifesciences mounting back-plate
that is secured on an IV pole

4. To de-air and prime IV flush
bag and TruWave transducer:
Invert normal saline bag
(anticoagulation per institution
policy). Spike IV bag with fluid
administration set, keeping
drip chamber upright. While
keeping IV bag inverted, gently
squeeze air out of bag with one hand while pulling flush
(Snap-tab) with the other hand until air is emptied from IV
bag and drip chamber is filled to desired level (V2 or full)
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5. Insert flush bag into pressure infuser bag (DO NOT
INFLATE) and hang on IV pole at least 2 feet (60cm)
above the transducer
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6.

10.

11.

12.

13.

With gravity only (no pressure
in Pressure Bag), flush TruwWave
transducer holding pressure
tubing in upright position

as the column of fluid raises
through the tubing, pushing air
out of the pressure tubing until
the fluid reaches the end of the
tubing (flushing under pressure creates turbulence
and increased occurrence of bubbles)

Pressurize the pressure bag until it reaches 300 mmHg

Fast-flush transducer tubing while tapping on tubing
and stopcocks to remove any residual bubbles

Connect non-disposable
pressure cable that is
compatible with bedside
monitor to disposable pressure
transducer and bedside
monitor

Connect tubing to arterial
catheter, and then aspirate
and flush system to assure
catheter is intra-vascular and remove residual bubbles

Level the stopcock just above the TruWave transducer to
the phlebostatic axis

Open the stopcock to atmospheric air. Zero pressure, per
bedside monitor’'s instructions for use

Inspect pressure trace on bedside monitoring screen to
confirm appropriate pressure scale, alarm settings, pressure
label, color coding, and physiologic waveform is present



Best Practice in Leveling and Zeroing a Physiologic
Pressure Transducer System

1.

Level the transducer’s closest stopcock (Vent port) to the
physiologic pressure source. Intra-vascular monitoring
should be level to the heart or the phlebostatic axis
(fourth intercostal space at the chest’s anterior-posterior
midpoint). This removes the effects of hydrostatic pressure
on the pressure transducer

Leveling should be performed with a carpenter’s level or
a laser leveler (PhysioTrac laser leveler). Leveling by visual
estimation is not recommended as it is proven to be
unreliable with significant inter-user variability

Zero referencing eliminates the effects of atmospheric
and hydrostatic pressure

Open the reference stopcock to air by removing the
non-vented cap, keeping sterility intact

After removing non-vented cap, turn stopcock off to
the patient

Initiate “Zero” function on bedside monitor and confirm
pressure waveform and numeric value display 0 mmHg

Once the “zero” is observed, turn the stopcock back to
the vent port and replace the non-vented cap
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Best Practice in Maintaining Physiologic
Pressure Transducer System

Keep transducers level:
Re-level transducer whenever the patient’s height or
position changes in relation with transducer

Re-zero transducer:
Periodic zeroing of physiologic pressure transducer
every 8 — 12 hours

Check pressure infuser bag:
Maintain a pressure of 300 mmHg to assure constant
flow of flush solution and system fidelity

Check flush bag volume:
Change < % full to assure constant flow of flush
solution and system fidelity

Check system integrity:

Assure system is free of bubbles that may develop over
time, stopcocks are properly aligned, connections are
tight, and catheter is free from kinking

Check frequency response:
Perform square wave test every 8 — 12 hours to assess
for over or under damping of system



Impact of Improper Leveling on Pressure Readings

Intravascular pressure readings may have error introduced
if alignment with the phlebostatic axis is not maintained. The
amount of error introduced is dependent upon the degree
of offset.

For every inch (2.5 cm) the heart is offset from the reference
point of the transducer, a 2 mmHg of error will be introduced.

|

Heart aligned with transducer = 0 mmHg error
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Heart 10” (25cm) LOWER than transducer = Pressure 20 mmHg erroneously LOW

1

Heart 10" (25cm) HIGHER than transducer = Pressure 20 mmHg erroneously HIGH
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Waveform Fidelity and Optimal Frequency Response

All physiologic pressure transducers are damped. Optimal
damping results in a waveform and displayed value that is
physiologically correct.

An overdamped physiologic pressure system will result in an
underestimated systolic pressure and an overestimated
diastolic pressure.

An underdamped physiologic pressure system will result in an
overestimation of systolic pressure and an under estimation of
diastolic pressure.

A square wave test can be used as a simple method of
evaluating the frequency response at the bedside.

Note: See page 54 for further information and examples of square wave tests.



Pressure Monitoring Systems

This schematic identifies the components of a standard
pressure monitoring system. The Edwards Swan-Ganz
catheter and arterial catheter can be attached to a pressure
monitoring line. The tubing must be non-compliant to
accurately transmit the patient’s pressure waves to the
transducer. The disposable pressure transducer is kept patent
by a pressurized solution (300 mmHg). An integral flush
device with a restrictor limits the flow rate to approximately
3 ml/hour for adults. Typically, heparinized normal saline
is used as the flush solution with a range of heparin from
0.25u/TmL to 2u/1TmL ratio. Non-heparinized solution has
been used with patients with a sensitivity to heparin.

PRESSURE SYSTEM

1. TruWave Transducers
2. Normal Saline flush bag in pressure bag
3. Radial Arterial line

4. Swan-Ganz catheter PA and RA ports

5. TruWave pressure cable / trifurcated

6. Bedside monitor

7. Trifurcated fluid administration line

W
>
[}
n
S
0
2
3
0
A
2
o




Y
2
-4
)
=
2
)
2
v
(]
<
-]

Determining Dynamic Response

Optimal pressure monitoring requires a pressure system
that accurately reproduces the physiologic signals applied to
it. Dynamic response characteristics of the system include the
natural frequency and damping coefficient. Activate the flush
device to perform a square wave test in order to measure the
natural frequency and calculate the amplitude ratio.

Perform a Square Wave Test

Activate the flush device by pulling the snap tab or pull
tab. Observe the bedside monitor. The waveform will
sharply rise and “square off” at the top. Observe the
tracing as it returns to baseline.

Calculate the Natural Response (fn)
Estimated by measuring the time of one full oscillation (mm).

fn = paper speed (mm/sec)
oscillation width/mm

AMPLITUDE RATIOS

A1 24mm




Determine the Amplitude Ratio

Estimate by measuring the amplitudes of two consecutive
oscillations to determine an amplitude ratio, A2 / A1.

Plot to Determine Damping Coefficient

Plot the natural frequency (fn) against the amplitude ratio
to determine the damping coefficient. The amplitude ratio
is on the right and the damping coefficient is on the left.

DYNAMIC RESPONSE GRAPH

-

DAMPED

OPTIMAL

UNACCEPTABLE

ADEQUATE

SR OO N® O
oo AW D =

DAMPING COEFFICENT %
AMPLITUDE RATIO

UNDER-
DAMPED

5 10 15 20 25 30 35 40 45
NATURAL FREQUENCY (fn)

50

Simple Evaluation of Dynamic Response

Determining the dynamic response characteristics of a
pressure monitoring system by calculating the amplitude
ratio and damping coefficient may not be feasible at the
bedside when a rapid assessment of the waveform is
required. A simple evaluation of dynamic response can be
obtained by performing a square wave test and by observ-
ing the resultant oscillations. In order to perform this
assessment accurately, a flush device that can be activated
rapidly and then released is required. A flush device that
does not close rapidly after activation (squeeze or press
type) may not close the restrictor quickly and may
produce erroneous results.
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Square Wave Testing
1. Activate snap or pull tab on flush device
2. Observe square wave generated on bedside monitor
3. Count oscillations after square wave

4. Observe distance between the oscillations

Optimally Damped:

1.5 — 2 oscillations before
returning to tracing. Values
obtained are accurate.

Underdamped:

> 2 oscillations. Overestimated
systolic pressure, diastolic
pressures may be underestimated.

Overdamped:
< 1.5 oscillations. Underestimation
of systolic pressures, diastolic may
not be affected.



Measuring Technique
Hydrostatic Zero Reference

To obtain accurate pressure measurements, the level of
the air-fluid interface must be aligned with the chamber or
vessel being measured.

The phlebostatic axis has been well defined as the appro-
priate landmark for intracardiac pressures. The phlebostatic
axis has most recently been defined as the bisection of the
4th intercostal space at the mid-point between the anterior
and posterior chest wall.

Physiologic pressures are measured relative to the
atmospheric pressure. Therefore, the transducer must be
zeroed to the atmospheric pressure to eliminate its impact
on the readings. Hydrostatic pressure occurs when the level
of the zeroing stopcock is not in alignment with the
phlebostatic axis.

The phlebostatic axis is used for both intracardiac and
intra-arterial pressure monitoring. Accurate values can be
obtained with the patient supine and with the head of bed
up to 45 to 60 degrees as long as the zeroing stopcock has
been aligned with the phlebostatic axis.
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Intra-arterial Monitoring
Components of the Arterial Pulse

Peak systolic pressure: begins with opening of aortic
valve. This reflects maximum left ventricular systolic pressure
and may be termed the ascending limb

Dicrotic notch: reflects closure of the aortic valve,
marking the end of systole and the onset of diastole

Diastolic pressure: relates to the level of vessel recoil or
amount of vasoconstriction in the arterial system. May be
termed the descending limb

Anacrotic notch: A presystolic rise may be seen during
the first phase of ventricular systole (isovolumetric contrac-
tion). The anacrotic notch will occur before the opening of
the aortic valve

Pulse pressure: difference between systolic and diastolic
pressure

Mean arterial pressure: average pressure in the arterial
system during a complete cardiac cycle. Systole requires
one-third of the cardiac cycle, diastole normally during
two-thirds. This timing relationship is reflected in the
equation for calculating MAP. MAP = SP + (2DP)/3

COMPONENTS OF MEAN ARTERIAL
ARTERIAL PULSE PRESSURE

200

Y
2
-4
)
=
2
)
2
v
(]
<
-]

4 3

1. Peak Systolic Pressure
2. Dicrotic Notch

3. Diastolic Pressure

4. Anachrotic Notch

Bedside physiologic monitors use various algorithms to incorporate the area under the
curve for determining the mean pressure.




ABNORMAL ARTERIAL PRESSURE WAVEFORMS

Elevated systolic pressure

Systemic hypertension
Arteriosclerosis
Aortic insufficiency

Decreased systolic pressure

150—

120—
woM
80—

Aortic stenosis
Heart failure
Hypovolemia

Widened pulse pressure

Systemic hypertension
Aortic insufficiency

Narrowed pulse pressure

150—

120—
100—
85— T
80—

Cardiac tamponade
Congestive heart failure
Cardiogenic shock
Aortic stenosis

Pulsus bisferiens

150

H
]

Widened
pulso pressure

Pressure (mmHg)

Aortic insufficiency

Obstructive hypertrophic
cardiomyopathy

Cardiac tamponade
Chronic obstructive airway disease
Pulmonary embolism

Pulsus alternans

10—

Congestive heart failure
Cardiomyopathy
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Central Venous Access
Types of Central Venous Access Devices

A central venous catheter (CVC) is, by definition, a catheter
whose tip resides in the central circulation. There are many types:
tunneled, non-tunneled/percutaneously inserted, peripherally
inserted, and implanted. The following will focus on the non-
tunneled/percutaneously inserted central venous catheters. CVCs
come in multiple configurations to facilitate volume resuscitation,
simultaneous administration of multiple medications, as well as
monitoring of central venous pressure. In addition, CVCs are
manufactured with different materials and coatings to mitigate
thrombogenicity, as well as catheter-related blood stream infections.

Multi-lumen catheters allow for multiple therapies and moni-
toring to be performed through a single venous access insertion
site, and are often seen in the critical care environment. They are
often inserted for intermittent or continuous infusion of multiple
medications or fluid as well as intermittent or continuous central
venous pressure measurements. These multi-lumen catheters are
used for the administration of blood products, crystalloids, colloids,
medications and nutritional therapies. Increasing the number of
lumens with the same size outer diameter catheter (French size) may
decrease the individual lumen size, or increases the reported gauge
available, therefore, decreasing potential flow through the lumen.

Introducers are used to direct and place intravascular catheters,
especially pulmonary artery catheters (PAC), within a designated
blood vessel. They may be left in place to serve as a central
venous access after removal of the PAC. Introducers may be used by
themselves as a large bore central venous catheter for rapid volume
resuscitation.

Advanced Venous Access (AVA) devices combine the ability
of a sheath introducer to insert a pulmonary artery catheter and to
infuse multiple fluids in one multipurpose device.



Applications of Central Venous Access Devices

¢ Rapid fluid administration — for example, in cases of, or at
high risk of, high blood loss

- Multiple trauma

- Complex orthopedic surgery

- Large vascular surgery

- Extensive abdominal surgery

- Tumor de-bulking

- Sepsis

- Burns

e Administration of IV fluids requiring dilution within the

central circulation to avoid vascular damage (i.e., chemo-
therapy, total parenteral nutrition)

e Administration of vasoactive and/or incompatible drugs

e Frequent blood sampling (in patients without an arterial
line) and/or blood administration therapies

e Chronically ill patients in whom peripheral IV access is
limited or unavailable
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¢ Central venous pressure (C\VP) monitoring for assessment
of intravascular fluid status

e Measurement of oxygen saturation levels in blood returning
to the heart (ScvO,)

¢ Monitoring and access for either pre- or post-pulmonary
artery catheter insertion (same insertion site)




Relative Contraindications may Include Patients with
e Recurrent sepsis

e Hypercoagulable state where catheter could serve as a
focus for septic or bland thrombus formation

¢ Heparin coated catheters where patients have a known
sensitivity to heparin

Complications

e Carotid artery puncture or cannulation secondary to the
proximity of the internal jugular

e Pneumothorax (air in plural space collapsing lung), internal
jugular (1)) approach has a lower incidence of a pneumo-
thorax than a sub-clavian or low anterior (1)) approach.
Patients with overinflated lungs (i.e., COPD or PEEP) may
have an elevated risk of pneumothorax especially with a
sub-clavian approach

e Hemothorax (blood in plural space collapsing lung),
secondary artery puncture or laceration
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¢ Hemorrhage within chest (hemothorax, tamponade) or
from insertion site

e Thoracic duct puncture or laceration

e Air embolism, increased risk in patients who are
spontaneously breathing (negative pressure) as opposed
to mechanical ventilation (positive pressure)

e In-situ complications; vessel damage, hematoma, throm-
bosis, dysrhythmia, cardiac perforation, catheter migration
SVC to RA, or extravascular




Mitigating Complications
Mitigating catheter-related bloodstream infections:
¢ Hand hygiene
e Chlorhexidine skin antisepsis
e Sterile gown and gloves with hat and mask
e Maximal barrier precautions upon insertion

e Optimal catheter site selection, with subclavian veins as the
preferred site

Mitigating inadvertent carotid puncture/cannulation,
multiple sticks

¢ Ultrasound guided central line placement

Note: The tip of a CVC should never be placed within the
right atrium due to the risk of cardiac perforation resulting
in a tamponade.
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Central Venous Catheter Specifics
Polyurethane (Commonly Used for Catheter Body):

¢ Tensile strength, which allows for thinner wall construction
and smaller external diameter

e High degree of biocompatibility, kink and thrombus
resistance

¢ Ability to soften within the body
Lumens and Functionality:

e More than one lumen increases the functionality of the
CVC insertion single site

e Multi-lumen catheters may be more prone to infection
because of increased trauma at the insertion site or because
multiple ports increase the frequency of manipulation

e Quad or triple lumen 8.5 French (Fr) catheters have more
functional ports but are usually of a smaller lumen (i.e.,
8.5 Fr 18/18/18/16 gauge vs. 8.5 Fr 15/14 gauges)

e Double lumen 8.5 French (Fr) catheters have larger lumens
which are useful for rapid volume resuscitation but
have limited number of functional ports (i.e., 8.5 Fr
18/18/18/15 gauges vs. 8.5 Fr 15/14 gauges)
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8.5 Fr Double Lumen 8.5 Fr Quad Lumen
Catheter Cross Section Catheter Cross Section




Flow Characteristics

e Primarily determined by a catheter’s internal diameter and
length, but also affected by driving pressure (IV height or
pressure infuser bag) as well as fluid viscosity
(i.e., crystalloid vs. blood)

e |arger lumens are often used for higher viscosity fluids to
increase flow (i.e., TPN and blood)

Flow rates are usually calculated with normal saline at a
head height of 40” (101.6 cm).

Length

Central venous catheters come in varying lengths, the
most common of which are between 15 — 20 cm. Required
length is dependent upon patient size and site of insertion
to reach the desired catheter tip location approximately
2 cm proximal to the right atrium.

Solution for Excess Catheter, Box Clamp

When catheter placement is achieved with excess cathe-
ter between the backform and site of insertion a box-clamp
can be employed to anchor and secure the catheter at the
site of insertion. This prevents catheter pistoning in-and-out
of the skin and decreases chance of infection.

Figure 1 Figure 2 Figure 3
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Lumen Designations and Infusion Rates

CVC PORT DESIGNATION

Distal (or largest gauge) Medial Proximal
Blood administration TPN or medications Medication

administration
High volume fluids Blood sampling
Colloid fluid administration Drug therapy
Drug therapy

CVP monitoring

*These are suggestions only.

CVC PORT COLOR DESIGNATION

Port Double Triple Quad
Proximal White White White
Medial (1) Blue Blue Blue
Medial (2) Gray
Distal Brown Brown Brown

CVC INFUSION RATES

7 Fr Double Lumen and Triple Lumen Polyurethane Multi-Med Catheters

AVERAGE PERFORMANCE FLOW RATE

Catheter 16 cm Length 20 cm Length Cross-Section
(mL/hr) (mL/hr) Gauge Equivalence

Triple Lumen

Proximal 1670 1420 18

Medial 1500 1300 18

Distal 3510 3160 16

Double Lumen

Proximal 3620 3200 16

Distal 3608 3292 16

*Average flow rates shown are normal saline infusion, room temperature and 101.6 cm head height.



Infection Mitigation
Coatings

Catheter coatings may include the bonding of the catheter
surface with antimicrobial and/or antiseptic agents to decrease
catheter-related infection and thrombotic complications. Hepa-
rin-bonding process is one example; other agents reported in the
literature include antibiotics such as minocycline and rifampin, or
antiseptic agents like chlorhexidine and silver sulfadiazine.

“Oligon” Antimicrobial Catheter Material

Materials, in particular metals, that are antimicrobial in minute
amounts are called oligodynamic. One of the most potent of
these is silver, with the antimicrobial form being silver ions.

The bactericidal action of silver ions is effective against a broad
spectrum of bacteria, including the common strains which cause
infection and the more virulent antibiotic-resistant strains. Silver
has been in medical use for decades and was used in systemic
drugs before the advent of antibiotics. Today, silver is used
routinely in antibacterial salves (silver sulfadiazine), to prevent
infection and blindness in newborns (silver nitrate), and in
medical devices and catheters.
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Antibiotic- and antiseptic-coated catheters have demon-
strated reduced rates of catheter colonization and associated
bloodstream infection in some clinical trials, but it is important
to remember that heparin-induced thrombocytopenia
and/or allergy to the antibiotic used on a catheter could
result in patient morbidity.

Catheter and Accessory Features
e Soft tip to avoid injury or perforation

e Radiopaque for radiographic visualization in determining
catheter placement

e Depth markings on all catheters and guidewires
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Introducers as a Central Line

Sometimes an introducer is used for central venous access
when rapid volume resuscitation is needed or is left in place
following the removal of a pulmonary artery catheter.
Components of the introducer system usually include:

e Flexible polyurethane sheath

e Guidewire and dilator

e Side port

e Hemostasis valve

After insertion, the guidewire and dilator are removed,
leaving the sheath in place. Fluids may be administered through
the side port, while the hemostasis valve prevents bleedback
and/or air embolization.

A single-lumen infusion catheter can be used with the
introducer, placed through the hemostasis valve (after swabbing
the valve with betadine), to convert to a double-lumen access.
An obturator should be used to safely occlude the lumen as
well as to prevent air entry when the catheter is not in place.

AUTOMATIC HEMOSTASIS VALVE

Hemostasis Valve )
Dilator

Al Y

=
C 1 = - —=———
=

Sheath ~—— Sideport

TUOHY-BORST VALVE INTRODUCER (INSERTED)

Tissue Hemostasis Valve

Dilator

Guidevire
~<— Sideport



Infusion Catheter

The infusion catheter is a two-piece assembly consisting
of an infusion catheter and a stylet. With the stylet
removed, the infusion catheter permits access to the
central venous circulation via a percutaneous sheath intro-
ducer. The infusion catheter is indicated for use in patients
requiring administration of solutions, blood sampling and
central venous pressure monitoring. With the stylet in place,
the product serves as an obturator, ensuring patency of the
introducer valve and sheath.

INFUSION CATHETER

Adapter Cap

Introducer Assembly
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Insertion Sites

Typically, central venous catheters are inserted via the sub-
clavian or internal jugular (1J) veins. The subclavian vein begins
at the lateral border of the first rib and arches through the
space between the first rib and clavicle. It joins the internal
jugular to become the innominate (or brachiocephalic) vein,
which then flows into the superior vena cava to the heart.
The subclavian vein can be approached either infraclavicularly
(below the clavicle) or supraclavicularly (above the clavicle). Al-
ternative sites include the external jugular and femoral veins.

RELATIONSHIP OF CLAVICULAR LANDMARKS
TO VASCULAR ANATOMY

Sternocleido
Mastoid Muscle

External

Internal

Jugular
Vein

Common
‘ Carotid
rtery Anterior
Scalenus

Muscle

Trapezius
Muscle

Clavicle

Pectoralis
Major Muscle

Subclavian
Artery

Superior Subclavian
Vena Cava Vein

Note the natural “windows"” for supraclavicular veni-
puncture: 1) supraclavicular triangle formed by the clavicle,
trapezius, and sternocleidomastoid muscles; 2) clavicular
sternocleidomastoid triangle formed by the two bellies of
the sternocleidomastoid muscle and the clavicle.



ANATOMIC ILLUSTRATION OF SIDE PREFERENCE
RATIONALE FOR CLAVICULAR APPROACHES

Brachial

Plexus Thoracic
Duct Internal
Jugular
Vein

Common
Carotid Artery

Dome Of

Internal Pleura

External Phrenic Nerve

Note the close proximity of arterial and venous structure.
Venipunctures in the lateral region of the clavicle are more
prone to arterial puncture, brachial plexus injury, and pnemo-
thorax. Note the prominent thoracic duct and higher apex of
the lung on the left and the perpendicular entry of the
left 1 into the left subclavian vein.

ubclavian
Vein
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Catheter Tip Placement

Central venous catheters should be inserted so that the tip
is approximately 2 cm proximal to the right atrium (for right-
sided approaches) and similarly placed or well within the
innominate vein (for left-sided approaches), with the tip
parallel with the vessel wall. A chest x-ray must be done
post insertion, as it provides the only definitive evidence for
catheter tip location.

Probably the most important factor in the prevention of
complications is the location of the catheter’s tip. The pericar-
dium extends for some distance cephalad along the ascending
aorta and superior vena cava. In order to guarantee an extra-
pericardial location, the catheter’s tip should not be advanced
beyond the innominate vein or the initial segment of the
superior vena cava. (It is important to note that a portion of
the superior vena cava lies within the pericardium.)

Some practitioners may prefer a deep SVC placement
(within the lower third of the SVC), but nearly half the length
of the SVC is covered by pericardial reflection that slopes
downward toward its lateral edge. To avoid the risk of
arrhythmias and tamponade, the tip of a CVC should lie
above this reflection and not in the right atrium.

Tips to assure catheter tip not extravascular or against a
wall might include:

¢ Syringe aspiration yields blood freely
e \enous pressure fluctuates with respiration

e Advancement of the catheter is unhindered



Monitoring Central Venous Pressure

Central venous pressure (CVP) measurements are widely
used in both medical and surgical patients as a simple and
easily available guide to fluid therapy after hemorrhage,
accidental and surgical trauma, sepsis and emergency
conditions associated with blood volume deficits.

Central venous catheters are used to measure the
pressure under which the blood is returned to the right atrium
and to give an assessment of the intraventricular volume and
right heart function. The CVP is a useful monitor if the factors
affecting it are recognized and its limitations are understood.
Serial measurements are more useful than individual values,
and the response of the CVP to a volume infusion is a useful
test of right ventricular function. The CVP does not give any
direct indication of left heart filling but may be used as a
crude estimate of left-sided pressures in patients with good
left ventricular function. Preload, or the volume status of the
heart, has been measured as CVP or PAOP, for the right and
left ventricles, respectively.

However, there are many factors that influence CVP values,
for example, cardiac performance, blood volume, vascular
tone, intrinsic venous tone, increased inta-abdominal or intra-
thoracic pressures and vasopressor therapy. Therefore using
CVP to assess either preload or volume status of the patient
may be unreliable.
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CVP INTERPRETATION (CVP RANGE 2-6 MMHG)

Increased CVP Decreased CVP

Increased venous return from conditions Decreased venous return and hypovolemia
that cause hypervolemia

Depressed cardiac function Loss of vascular tone caused by vaso-
dilation (sepsis) which contributes to
venous pooling and reduced blood
return to the heart

Cardiac tamponade
Pulmonary hypertension
PEEP

Vasoconstriction

Normal CVP Waveform

Waveforms seen on the monitor reflect the intracardiac
events. The normal CVP waveform consists of three peaks
(a, c and v waves) and two descents (x and y). The a wave
represents atrial contraction and follows the P wave on the
ECG trace. This is the atrial kick that loads the right ventricle
just prior to contraction. As atrial pressure decreases, a ¢ wave,
resulting from closure of the tricuspid valve, may be seen. The
x descent represents the continually decreasing atrial presure.
The v wave represents the atrial events during ventricular
contraction — passive atrial filling — and follows the T wave
on the ECG. When the atrial pressure is sufficient, the tricuspid
valve opens, and the y descent occurs. Then the cycle repeats.

RIGHT ATRIUM

“a” = Atrial Contraction

“c” = Closure of Tricuspid Valve
y “y” = Passive Atrial Filling

“x” = Atrial Diastole

“y” = Atrial Emptying



Accurate recognition of these waves requires that they
be aligned with an ECG trace. As mechanical events follow
electrical events, the waveforms can be identified by lining
them up with the ECG events.

CVP WAVEFORM

Reading CVP waveforms with spontaneous inspiratory artifact

e
e
b

e

i

[ . L : N
Inspiratory artifact ‘ Inspiratory artifact
Location of A and V waves at end expiration
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The FloTrac System Algorithm
Arterial Pressure-Based Cardiac Output

The Edwards FloTrac system algorithm is based on the
principle that aortic pulse pressure is proportional to stroke
volume (SV) and inversely related to aortic compliance.

Standard Deviation of Arterial Pressure

Initially, the FloTrac system algorithm assesses pulse pressure
by using the standard deviation of the arterial pressure
(0,,) around the MAP value, measured in mmHg, making it
independent of the effects of vascular tone. This standard
deviation of the pulse pressure is proportional to the volume
displaced or the stroke volume. This is calculated by analyzing
the arterial pressure waveform over 20 seconds at 100 times
per second, creating 2,000 data points from which o, is
calculated.

Traditional: CO = HR * SV
FloTrac system:
APCO = PR x (0,, * X)
Where X = M (HR, o,,, C (P), BSA, MAP, Haopr Hagp - - - )

+ Oppr
0AP = standard deviation of arterial pulse pressure in mmHg is
proportional to pulse pressure.

Khi (X) = scaling multivariate parameter proportional to the
effects of vascular tone on pulse pressure.

M = multivariate polynomial equation.

BSA = body surface area calculated by Dubois’ equation for
body surface area.

MAP = mean arterial pressure calculated by taking sum of
sampled pressure point values over 20 seconds and dividing it
by the number of pressure points.



u = statistical moments determined by skewness (symmetry)
and kurtosis (distinctness of a peak) calculated along several
mathematical derivatives.

APCO = PR [sd(AP)* %
| |

o Measures pulse rate

e Beats identified by
upslope of waveforms

o Pulse rate computed
from time period of beats

 Based upon the basic
physiological principle of
pulse pressure’s (PP)
proportionality to SV

® sd(AP)* utilized to
compute a robust
assessment of key PP
characteristics

o Computed on a beat by

* Compensates for
differences in vascular
tone (compliance and
resistance)

* Patient-to-patient
differences estimated
from biometric data

© Dynamic changes
estimated by data

beat basis

and waveform analysis

Khi (X) and the Conversion of mmHg to mL/beat

The conversion of standard deviation of arterial pressures
(mmHg) into mL/beat is performed by multiplying it by a
conversion factor known as Khi (X). Khi is a multivariate
polynomial equation which assesses the impact of the
patient’s ever-changing vascular tone on pulse pressure. Khi is
calculated by analyzing the patient’s pulse rate, mean arterial
pressure, standard deviation of mean arterial pressure, large-
vessel compliance as estimated by patient demographics, and
skewness and kurtosis of the arterial waveform. Khi is updated
and applied to the FloTrac system algorithm on a rolling
60-second average.
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 Pulse rate: The patient’s pulse rate is calculated by counting
the number of pulsations in a 20-second period and
extrapolated to a per minute value.

¢ Mean arterial pressure (MAP): An increase in average
pressure often indicates an increase in resistance, and vice
versa.

* Standard deviation of arterial pressure (g, ): Pulse
pressure is proportional to g, and to stroke volume. Increases
and decreases in the standard deviation also provide
information on pressure amplitude. When this pressure
amplitude is correlated with kurtosis, it compensates for
differential compliance and wave reflectance that vary
from one arterial location to another. This then allows the
monitoring of cardiac output from different arterial locations.

e Large vessel compliance: Work reported by Langewouters
found a direct correlation among age, gender, and MAP
with respect to aortic compliance. An equation was derived
from these studies by which a patient’s compliance could be
estimated with the inputs of age and gender. According to
Langewouters et al, the arterial compliance (C), as a function
of pressure, could be estimated using the following equation:

Amax
.77,"P1

1+ PP
Py

A hax = @ortic root cross sectional area maximum

c(P)=L- 5
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L = estimated aortic length

P = arterial pressure
P, = pressure at which compliance reaches its maximum

P, = the width of compliance curve at half of maximum compliance.
Additional measures of weight and height (BSA) were also found to
correlate with vascular tone and were added to enhance the calculation
of aortic compliance




* Younger VS. « Older
* Male VS. * Female

« Higher BSA VS. * Lower BSA

For the same

volume =3 '

« Compliance inversely affects PP

* The algorithm compensates for the
effects of compliance on PP base on
age, gender, and BSA

Skewness (a measure for lack of symmetry, p,_ ):
Symmetry characteristics on arterial pressure can indicate

a change in vascular tone and/or resistance. Two different
functions may have the same mean and standard deviation
but will rarely have the same skewness. For example, an
arterial pressure waveform in which the data points increase
quickly in systole and fall slowly can result as an increase in
vasoconstriction and would have increased skewness.

F Decreased Skewness
Low Resistance
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e Kurtosis (a measure of how peaked or flat the
pressure data points are distributed from normal
distribution, p4ap): Pressure data with high kurtosis has the
pressure rise and fall very quickly relative to the normal pulse
pressure and can be directly associated with large vessel
compliance.

1) A high kurtosis value will indicate a distinct peak near the
mean, with a drop thereafter, followed by a heavy “tail.”

2) A low kurtosis value will tend to indicate that the function
is relatively flat in the region of its peak and suggests
decreased central tone, as is often seen, for example, in the
neonatal vasculature.

1 T T T T T

L]

- Low Compliance of
Large Vessels

mmHg

JM [

A

Tim

Khi (X) mmHg to mL/beat

Taking all of these variables into consideration, the FloTrac
system algorithm continuously assesses the impact of vascular
tone on pressure every 60 seconds. The result of the analysis is
a conversion factor known as Khi (X). Khi is then multiplied by
the standard deviation of the arterial pressure to calculate stroke
volume in milliliters per beat. This stroke volume is multiplied by
the pulse rate to obtain cardiac output in liters per minute.
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Stroke Volume (ml/beat) = o,, (mmHg)* X (mL/mmHg)




No Manual Calibration Needed

Other arterial pressure cardiac output devices (pulse contour
or pulse power) require calibration as they cannot auto correct
for the patient’s changing vascular tone. Since the FloTrac
system algorithm continuously adjusts for the patient’s
ever-changing vascular tone, it does not require manual
calibration. As a component of the calibration, Khi auto
corrects for changes in vascular tone through a complex
waveform analysis. This feature also eliminates the need for
a central or peripheral venous line, required for indicator
dilution methods used in manual calibration.

Technical Considerations

The FloTrac system algorithm is dependent upon a high
fidelity pressure tracing. Attention to best practice in pressure
monitoring is important by: priming with gravity, pressure bag
kept to 300 mmHg, adequate I.V. bag flush volume, sensor
stopcock is kept level to phlebostatic axis, and periodic testing
of optimal dampening with a square wave test. FloTrac sensor
kits are especially configured to optimize frequency response
therefore adding additional pressure tubing or stopcocks is
highly discouraged.

>
v)
<
>
2
n
m
v)
2
2
2
>
-
-
<
E
<
>
("]
<
m
2
(]
2
-
(]
A
2
1}




Y
2
©
(o}
=
4
]
2
w
>
"]
g
>
2
>
-l
-l
<
2
2
2
a
]
v
2
<
>
[a]
<

The FloTrac System 4.0

The FloTrac system algorithm has evolved based on a broad
and expanding patient database that allows ongoing system
performance improvements. In this latest evolution (v.4.0),
Edwards continues to expand the database to include a more
diverse surgical patient population in order to continuously
inform and evolve the algorithm. Specifically, more of
the following high-risk surgical patients were added to
the database including, but not limited to gastrointestinal,
esophageal, pancreaticoduodenectomy (whipple), kidney
transplant, nephrectomy, hip replacement and esophagectomy.
The expanded patient database has informed the algorithm
to recognize and adjust for more patient conditions.

These updates are in addition to changes made in FloTrac
systems 3rd generation software which continuously assess the
arterial waveform for characteristic changes associated with
hyperdynamic and vasodilated conditions. As part of this effort,
additional physiologically-based variables (see image below)
were added to the algorithm’s vascular tone Khi factor in order
to adjust automatically for hyperdynamic and vasodilated pa-
tients. Once identified it accesses a specially designed algorithm
to account for such conditions.

Pulsatility of the waveform (bottom)
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In addition to a broader database the FloTrac System 4.0
algorithm adjusts for rapid changes in pressure that occur
during vasopressor administration through Khi-fast. Khi-fast is
assessed every 20 seconds and is inversely affected by pressure.
Khi continues to assess vascular tone every 60 seconds and
Khi-fast every 20 seconds resulting in a more physiologic
response to changes in resistance.

FloTrac System Algorithm Evolution

1st Generation Algorithm

e Introduced Automatic Vascular Tone
Adjustment (10 min avg)

e Data Base Patients: primarily cardiac patients

2nd Generation Algorithm

* Improved Automatic Vascular Tone Adjustment (1 min avg)
¢ Added fluid optimization screen enhancements

 Data Base Patients: includes high risk surgical patients

3rd Generation Algorithm
e Adjusted for hyperdynamic patients
e Includes certain sepsis patients and liver resection

Limited Release Algorithm
(Enhanced SVV)
e Adjusted for certain types of arrhythmias

DONIHOLINOI IAISVANI ATITVINININ @da3IDNVvAAQVv

FloTrac System 4.0 Algorithm
® CO/SV better matches physiology
after vasopressors

2005 2006 2008 2011 2013
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FloTrac Sensor Setup

1. Open FloTrac sensor packaging
and inspect contents. Replace p

all caps with non-vented caps ,‘:‘l ' -
and ensure that all connections s
are tight. m—
i AT,
\ )

2. Remove the FloTrac sensor from
packaging and insert into an
Edwards Lifesciences mounting
back-plate that is secured on
an V. pole.

3. To de-air and prime I.V. bag
and FloTrac sensor: Invert normal
saline I.V. bag (anticoagulation
per institution policy). Spike I.V.
bag with fluid administration set,
keeping drip chamber upright.
While keeping I.V. bag inverted,
gently squeeze air out of bag
with one hand while pulling flush
tab with the other hand until air
is emptied from I.V. bag and drip
chamber is filled half-way.

4. Insert l.V. bag into the Pressure Bag
and hang on L.V. pole (do not inflate).

5. With gravity only (no pressure in
Pressure Bag), flush FloTrac sensor
holding pressure tubing in upright
position as the column of fluid raises
through the tubing, pushing air out
of the pressure tubing until the fluid

reaches the end of the tubing.



Pressurize the Pressure Bag until it
reaches 300 mmHg.

Fast-flush the FloTrac sensor and tap
on tubing and stopcocks to remove
any residual bubbles.

Connect the green FloTrac
connecting cable to the green
capped connector on the FloTrac

sensor. Then connect the opposite
end of the cable to the FloTrac
connection on the back of the Edwards monitor.

Connect the bedside monitor’s arterial pressure cable to
the red cable connector on the FloTrac sensor.

. Connect tubing to arterial catheter, then aspirate and

flush system to assure no residual bubbles remain.

. Level the FloTrac sensor to the phlebostatic axis. Note:

It is important to keep the FloTrac sensor level to
the phlebostatic axis at all times to ensure
accuracy of cardiac output.

e Open the stopcock to
atmospheric air.

e Select Zero Arterial Pressure,
then select and press Zero.

e Zero the arterial channel on the
bedside monitor.

. Cardiac output will display within \[

40 seconds and will update every
20 seconds thereafter.

. Inspect arterial pressure trace on bedside monitoring

screen or the waveform confirmation screen on the
Edwards monitor.
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FloTrac Sensor EV1000 Clinical Platform Setup

1. Connect the power adapter and
ethernet cable for both EV1000
panel and databox. Press the
¢ button on the panel.

2. When the boot up is complete,
enter new patient data (patient
ID, gender, age, height, and
weight) or continue same patient.

3. If entering new patient data, use
the touch screen to select and enter
values. Press Home to continue.

4. Connect the FloTrac trifurcated
databox cable to the back of the
EV1000 databox. Then connect
the green FloTrac connecting cable
to the green capped connector
on the FloTrac sensor.
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5. Connect the bedside monitor’s
arterial pressure cable to the
red cable connector on the
FloTrac sensor.




10.

11.

Touch Clinical Actions and then
touch Zero & Waveform.

Open the FloTrac sensor to
atmospheric air. Touch -0- for
arterial channel. Then touch
Home. Close the FloTrac sensor
to atmospheric air.

Cardiac output will be
displayed within 40 seconds
and will update every 20
seconds thereafter.

Monitor patient in real-time
with one of the available
screens.

Choose parameters to view
on screen by touching outside
of the parameter globe.
Displayed parameters are
outlined, whereas the selected
parameters are circled with
blue fill.

Visual targets and alarms
can be set by touching inside
parameters globe.

89900
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Vigileo Monitor Setup and Zeroing

1. Press the X9 button on the front
panel to turn the Vigileo monitor
ON. The screen will display an
opening message, indicating that a
Power-On Self-Test (POST) is being
performed.

2. When the POST is complete, patient
information (gender, age, height,
and weight) must be entered before
cardiac output monitoring can occur.

3. Use the navigation knob to select
and enter values. Press Continue
to continue selection and open the
Home screen.

4. Connect the FloTrac connecting
cable to the FloTrac cable connector
at the back of the Vigileo monitor.
Align the arrows at the top of the
cable connector on the monitor to
the arrow on the FloTrac connecting
cable.
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5. Connect the other end of the FloTrac
cable to the green capped FloTrac

I
sensor. —L

6. Rotate navigation knob until the CO
frame is outlined in yellow and then
press the knob to open CO menu.




7. From the CO Menu, rotate the
navigation knob until Zero Arterial
Pressure is highlighted and then
press the knob. The Zero Arterial
Pressure screen will appear.

8. Open the FloTrac sensor to
atmospheric air. Rotate the
navigation knob on the Vigileo
monitor to Zero and press the knob.
Select Return to exit screen. Close
the FloTrac sensor to atmospheric air.

9. Cardiac output will be displayed
within 40 seconds after arterial
pressure is registered by the
FloTrac sensor.
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Stroke Volume Variation
Trending Dynamic Parameters

Hemodynamic monitoring can be obtained continuously or
intermittently and using either static or dynamic parameters.
Static parameters are single snapshots taken at specific points
in the cardiac or respiratory cycle. Dynamic parameters
should be trended to assess rapid changes in the cardio-
vascular status over short periods of time. The table below
shows examples of both static and dynamic parameters used
to assess volume status and fluid responsiveness. Stroke
volume variation (SVV) is a dynamic parameter and a sensitive
indicator for preload responsiveness in controlled-ventilated
patients.

HEMODYNAMIC PARAMETERS FOR ASSESSING VOLUME
STATUS AND FLUID RESPONSIVENESS

Static Parameters Dynamic Parameters

Avrterial pulse pressure (NIBP) Systolic pressure variation (SPV)
Mean arterial pressure (MAP) Avrterial pulse pressure variation (PPV)
Central venous pressure (CVP) Stroke volume variation (SVV)

Pulmonary artery occlusion pressure (PAOP)
Heart rate

Urine output



Advantages of Trending SVV with Cardiac Output

Clinicians understand the vital role of fluid balance in
critically ill patients. Static pressure indicators such as those
shown prior may not be sensitive enough to predict hypo-
volemia or a patient’s response to fluid administration. Instead,
trending the flow-based parameters SVV and cardiac output
together provides both an indication of fluid responsiveness
and a means of verifying that fluid is beneficial to the patient’s
status. The latest FloTrac system software gives the option of
trending any two flow parameters, including SVV.

FLOTRAC SYSTEM - ADVANCED SVV TRENDING SCREENS

SVV uses calculations of left ventricular stroke volume from
the pressure waveform to perform beat-to-beat analysis over
the course of a breath. A number of studies have demonstrated
the potential of SVV for predicting responsiveness to fluid
challenge.

SVV is increasingly used to determine fluid responsiveness
and to monitor the effects of volume therapy. Successful
optimization is linked to improved patient outcomes including
shorter hospital stays and lower morbidity rates. As a result,
tools such as the FloTrac system are being adopted to provide
insight into fluid optimization, blood flow and oxygen delivery.
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The FloTrac system provides dynamic insight using an
existing arterial catheter. The system includes advanced SVV
trending screens that provide vital information enabling early
action while complementing the clinical workflow.

FLOTRAC SYSTEM - ADVANCED SVV TRENDING SCREENS

Using Fluid to Improve Hemodynamics

“The ability of the SVV variable to predict the responsiveness
to such a small volume load and the continuous measurement
of SV and SV are of utmost clinical importance . . .

The receiver-operating curve (ROC) also demonstrated the
superiority of SV over SBP as a predictor of fluid
responsiveness.” Berkenstadt



Calculating Stroke Volume Variation

Stroke volume variation is a naturally occurring phenomenon
in which the arterial pulse pressure falls during inspiration
and rises during expiration due to changes in intra-thoracic
pressure secondary to negative pressure ventilation (spontane-
ously breathing). Variations over 10 mmHg have been referred
to as pulsus paradoxus. The normal range of variation in
spontaneously breathing patients has been reported between
5-10 mmHg.

Reverse pulsus paradoxus is the same phenomenon with
controlled mechanical ventilation, however, in reverse.
Arterial pressure rises during inspiration and falls during
expiration due to changes in intra-thoracic pressure secondary
to positive pressure ventilation. In addition to reverse pulsus
paradoxus, it has also been referred to as paradoxical pulsus,
respiratory paradox, systolic pressure variation and pulse
pressure variation. Traditionally SVV is calculated by taking the
SVmax — SVmin / SV mean over a respiratory cycle or other
period of time.

Airway
Pressure 1o

7000 2000 3000 000 5000 5000 7000 8000 9000 10000

Arterial
Pressure

1000 2000 3000 000 5000 5000 7000 8000 9000 10000

Expiration
Controlled Ventilation

Inspiration
Controlled Ventilation
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SVV and Assessing Fluid Response

SVV and its comparable measurement, pulse pressure varia-
tion (PPV), are not indicators of actual preload but of relative
preload responsiveness. SVV has been shown to have a very
high sensitivity and specificity when compared to traditional
indicators of volume status (HR, MAP, CVP, PAD, PAOP), and
their ability to determine fluid responsiveness. The following
table of studies demonstrates SVV sensitivity and specificity
in predicting fluid responsiveness against a specified infused
volume and defined criteria for a fluid responder.

Study Patients  Volume  Tidal Parameters R? Def. of Sensitivity ~ Specificity
Volume  Tested Responder
mL/Kg (Artery)

Michard Sepsis 500 mL 81012 APP(RorF) 085 ACO=15% 94 96
Berkenstadt, ~ Neuro 100 mL 10 ASW 0.53 ASV=5% 79 93
etal Surgery

Reuter,etal  Cardiac 10 x BMI 10 ASW 0.64 ASV=5% 79 85

Application of SVV

Normal SVV values are less than 10-15% on controlled
mechanical ventilation. The following figures demonstrate
using SVV as a guide for volume resuscitation with a goal SVV
of < 13%. SVV increased to 19% with a stroke volume (SV)
of 43 ml/beat, blood and normal saline were given to obtain
a SV of 6% and a SV of 58 ml/beat.

2:17p 232p 247p \_3:02p 317p
~

PRBC & NaCl given when SV SV 6% & CO 45/pm after
19% and CO 34lpm infusion is complete:




Stroke Volume Variation Limitations
Although a powerful tool in managing your patients’ volume
resuscitation, traditionally SVV has the following limitations:

¢ Mechanical ventilation: Currently, literature supports
the use of SVV on patients who are 100% mechanically
(control mode) ventilated with tidal volumes of more
than 8 ml/kg and fixed respiratory rates.

e Spontaneous ventilation: Currently, literature does
not support the use of SVV with patients who are
spontaneously breathing.

¢ Arrhythmias: Historically arrhythmias have dramatically
affected SVV and its ability to be used to guide fluid
resuscitation. SVVxtra limits this limitation with the
exception of severe arrhythmias such as atrial fibrillation.

e Other considerations while using SVV to guide

fluid resuscitation:

— Heart rate (HR) <150 beats per minute

— Heart rate to respiratory rate ratio below 3:1

— Respiratory rate (RR) of <35

— Chest must be closed

— No right ventricular failure

— Good arterial waveform required

— Raised intra-abdominal pressure may exaggerate the
cardio-pulmonary interaction

— Raised intra-thoracic pressure may exaggerate the
cardio-pulmonary interaction
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SVVxtra
Limiting Limitations with the FloTrac Algorithm

Historically arrhythmias have been considered a contraindica-
tion in apply SVV to guide fluid resuscitation. SVVxtra within
the FloTrac algorithm allows the clinician to continue to use SVV
despite the presence of premature atrial or ventricular contrac-
tions. SVVxtra restores the respiratory component of the arterial
pressure curve so that SVV continues to reflect the physiological
effects of mechanical ventilation on the heart.

The SVVxtra algorithm is based on five consecutive steps:

detection

rejection

interpolation

restoration

calculation

If the frequency of arrhythmias has exceeded the algorithms
ability to filter these arrhythmias then a “Yellow Heart” icon
will appear.
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Interventional Effects on SVV

e PEEP
Increasing levels of positive end expiratory pressure
(PEEP) may cause an increase in SVV, the effects of which
may be corrected by additional volume resuscitation
if warranted.

e Vascular Tone
The effects of vasodilatation therapy may increase
SVV and should be considered before treatment with
additional volume.

Summary

When used within its limitations SVV is a sensitive tool
that can be used to guide the appropriate management of
the patient’s preload to achieve optimal DO, to assist with
fluid optimization. SVV is an available parameter with the
FloTrac sensor and Vigileo monitor.

NOTE: Limitations associated with SVV are not limitations of the FloTrac system
in calculating cardiac output. The FloTrac sensor can be used to monitor cardiac
output, stroke volume and systemic vascular resistance in the spontaneously
breathing patient or the mechanical ventilated patient.
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FloTrac/Vigileo System SVV Algorithm

<10%

No fluid

(Inotropes, vasodilators...)

Modified from Michard. Anesthesiology 2005,103:419-28.

Passive Leg Raising
or Fluid Challenge
Maneuver

Fluid

(or less aggressive
ventilation)




Fluid Challenges and FloTrac/Vigileo System

FloTrac/Vigileo System Passive Leg Raising (PLR)
Maneuver

Patients who are preload responsive will usually see a
maximal effect within 30-90 seconds and will reach a 10-15%
increase in SV. PLR that induced an increase in stroke volume
by more than 10% also predicted a volume induced increase
in stroke volume by more than 15% with very good sensitivity
and specificity.

1. Patient in a semirecumbent position (45° head up)
or supine position

Note FloTrac system SV - T1 time on % change calculator
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3. Simultaneously recline head and/or elevate feet
(45° feet up)
4. Wait 1 minute
5. Note FloTrac system SV — T2 time on % change calculator
6. SV % increase > 10-15% = preload responsive
7. SV % increase < 10-15% = preload responsive
8. Repeat as needed
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Concerns or Limitations

Concern about the actual effects of performing a PLR on
other pathologies such as neurologic injuries should be taken
into consideration before a PLR maneuver is performed.
Patients whose volume challenges represent a greater risk
(ALI, ARDS, ARF), may be managed with a PLR percent
increase that clearly exceeds 15%. In cases where a patient's
actual “recruitable” preload is affected by vasoconstriction
associated with hypovolemia or cardiogenic shock, traditional
indicators of preload (CVP, EDV) can be evaluated, or
performing a fluid challenge can be considered.

FloTrac/Vigileo System Fluid Challenge Maneuver

Perform a fluid challenge with a known volume (i.e. 250-500
mL) and note percent change:

—_

. Note FloTrac system SV — T1 time on % change calculator
. Infuse bolus of 250-500 mL

. Note FloTrac system SV — T2 time on % change calculator
. If SV % increase > 10-15% = preload responsive

. Consider additional fluids

. Repeat FloTrac/Vigileo system fluid challenge maneuver

~N OO o b WwN

If SV % < 10-15% = preload responsive = stop fluids



Venous Oximetry Physiology and
Clinical Applications

Physiology and Venous Oximetry

Maintaining the balance between oxygen delivery (DO,)
and consumption (VO,) to the tissues is essential for cellular
homeostasis and preventing tissue hypoxia and subsequent
organ failure. Traditional monitoring parameters (HR, blood
pressure, CVP, and SpO,) have been proven to be poor
indicators of oxygen delivery and secondary to compensatory
mechanisms. Moreover, patients have demonstrated continued
signs of tissue hypoxia (increased lactate, low ScvO,) even after
they have been resuscitated to normalized vital signs.

ScvO, = EARLY WARNING AND PREVENTION

0 Hour 1.5 Hours 3 Hours
Traditional monitoring parameters failed to alert
clinicians to cardiac tamponade in this case

Continuous fiberoptic venous oximetry is a valuable tool
for monitoring the balance between oxygen delivery and
consumption at the bedside. Continuous venous oximetry is
a sensitive real-time indicator of this balance, which can be
applied as a global or regional indicator — with mixed venous
oxygen saturation (SvO,) and central venous oxygen saturation
(ScvO,) being the most commonly monitored. SvO, is a true
reflection of the global balance between oxygen delivery and
consumption since it is measured in the pulmonary artery, where
venous blood returning to the right heart from the superior
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vena cava (SVQ), inferior vena cava (IVC) and the coronary sinus
(CS) have mixed. SvO, has been extensively studied and used
clinically to monitor the global balance between DO, and VO,.
SvO, monitoring has been available through either co-oximetry
laboratory analysis or through continuous fiberoptic monitoring
with advanced technology pulmonary artery catheters since the
1970s and mid-1980s, respectively.

Continuous fiberoptic ScvO, monitoring became available in
2003 on an 8.5 Fr central venous catheter platform (Edwards
PreSep catheter). With the tip of the PreSep central venous
catheter placed in the SVC, ScvO, can be measured and
displayed on either a Vigileo or Edwards Vigilance Il monitor.
This capability is also available via 4.5 Fr and 5.5 Fr central
venous oximetry catheters (Edwards PediaSat catheter) for

pediatric use.

8.5 Fr 20cm 18/18/16 gauge with Oligon* antimicrobial material

Proximal Lumen

Sheath

Optical Module
Connector e

4
Suture Ring
Suture Wings

Medial Lumen

PEDIASAT OXIMETRY CATHETER

4.5 Fr 5cm 20/23 gauge

Optical Mudu\e
Connector

Vo

Distal Lumen

N\
/ Suture Ring

Suture Wings

* PreSep Oligon oximetry catheters contain an integrated Oligon antimicrobial material. The activity of the
antimicrobial material is localized at the catheter surfaces and is not intended for treatment of systemic
infections. In vitro testing demonstrated that the Oligon material provided broad-spectrum effectiveness

(= 3 log reduction from initial concentration within 48 hours) against the organisms tested: Staphylococcus
aureus, Staphylococcus epidermidis, Klebsiella pneumoniae, Enterococcus faecalis, Candida albicans,
Escherichia coli, Serratia marcescens, Acinetobacter calcoaceticus, Corynebacterium diphtheriae, Enter-
obacter aerogenes, GMRSa, Pseudomonas aeruginosa, Candida glabrata and VRE (Enterococcus faecium).



Difference Between SvO, and ScvO,

Since SvO, and ScvO, are affected by the same four factors
(cardiac output, hemoglobin, oxygenation, and oxygen
consumption), and trend together clinically, they are considered
clinically interchangeable.The exception is when calculating
global physiologic profiles that use SvO,, such as VO,.

SvO; is a global indicator of the balance between DO, and
VO, as it is a reflection of all venous blood; IVC, SVC, and
CS. Scv0; is a regional reflection (head and upper body) of
that balance. Under normal conditions ScvO; is slightly lower
than SvO, due in part to the mixing and amount of venous
blood returning. In hemodynamically unstable patients, this
relationship changes with ScvO, being higher than SvO, by
approximately 7%. This difference can widen in shock states,
up to 18%, but the values trend together more than 90% of
the time.

Global Venous Oximetry
SvO, — mixed venous oximetry

Regional Venous Oximetry
ScvO; — head and upper extremities
SpvO, — peripheral venous oximetry

Organ Specific Venous Oximetry
SjvO, — cranial jugular bulb oximetry
ShvO, — hepatic venous oximetry
ScsO, — coronary sinus oximetry

Continuous ScvO, Monitoring Technology

All venous oximetry is measured through reflection
spectrophotometry. Light is emitted from an LED through one
of the two fiberoptic channels into the venous blood; some of
this light is reflected back and received by another fiberoptic
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channel, which is read by a photodetector. The amount of
light that is absorbed by the venous blood (or reflected back)
is determined by the amount of oxygen that is saturated

or bound to hemoglobin. This information is processed by
the oximetry monitor, and updated and displayed every two
seconds as a percent value on the monitor.

FIBEROPTIC VENOUS OXIMETRY SYSTEM

OXIMETER MONITOR

VENOUS
OXYGEN
SATURATION
(SVO,/ Scv0,)

PULMONARY
ARTERY

LIGHT EMMITING DIODES



Accuracy of Edwards Fiberoptic Continuous
ScvO, Compared to Co-oximetry

In a laboratory bench environment continuous fiberoptic
venous oximetry monitoring accuracy is approximately + 2%
at oximetry range of 30-99% as compared to a co-oximeter.
With oxygen saturations from 9% to 100%, the results of
the fiberoptic oximetry systems correlated significantly
(P < 0.0001) with the standard blood gas co-oximetry system
(r=10.99). Clinical comparison measurements also showed a
significant correlation (Pr = 0.94, P < 0.001) and close linear
relationship as determined by regression analysis (r* = 0.88,
P < 0.001). Difference of means (bias) was - 0.03% with
a = 4.41% precision per Liakopoulos et al.

Interference with ScvO, Readings

Technical issues and therapeutic interventions may affect
fiberoptics. Both the large distal lumen and the
sending/receiving optics reside at the tip of the catheter.
Therefore, tip position may influence signal quality (SQI) and
readings if the tip is positioned against a vessel wall. Fluids
infused through the distal lumen may also influence SQI and
readings (e.g., lipids such as TPN or propofol, green or blue
dyes, and crystalloid infusions at high flow rates). Catheter
kinking may also result in a high SQI.
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Interpreting Venous Oximetry (SvO, and Scv0O,) Values

Normal range values for SvO, are 60-80% and 70% for
Scv0,. ScvO, usually runs 7% higher than SvO, in critically ill
patients. Low oximetry readings usually indicate either low
oxygen delivery (DO,) or an increase in consumption (VO,).
Significantly elevated levels (> 80%) may indicate:

* | ow metabolic demand

e |nability to use oxygen delivered to the tissues (sepsis)

e Significantly high cardiac output

¢ Shunting of oxygenated blood past tissue

e Technical errors
When Change is Significant

ScvO, and SvO, values are not static and fluctuate
approximately = 5%. These values may show significant
changes with activities or interventions such as suctioning;
however, the values should recover within seconds. Slow
recovery is an ominous sign of the cardiopulmonary system’s
struggle to respond to a sudden increase in oxygen demand.
When monitoring ScvO,, clinicians should look for changes of
+ 5-10% that are sustained for more than 5 minutes and then
investigate each of the four factors that influence ScvO,:

e Cardiac output

e Hemoglobin

e Arterial oxygen saturation (Sa0,) and
e Oxygen consumption

The first three (above) are indicators of DO,, while the fourth
is an indicator of VO,.



Clinical Applications of ScvO,

ScvO, and SvO, are affected by the same four factors and
trend together more than 90% of the time. Thus most of the
research and clinical applications documented for SvO, should
apply to ScvO,.

The figure below provides examples of clinical situations
where ScvO, monitoring may be helpful in identifying
imbalances between DO, and VO,.

CLINICAL USES OF ScvO, MONITORING

Cardiac Output

Hypovolemia Hemoglobin
Left ventricular failure Bleeding

CHF Internal bleeding
Pacing Coagulopathies
High CO — early sepsis Transfusion

Low CO - late sepsis

ScvO,

0, Consumption
Oxygenation Burns
Ventilation Fever
Oxygenation Shivering
Failure to tolerate Seizures
extubation Work of breathing
Sepsis
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Scv0O; is best used adjunctively with cardiac output
monitoring, allowing the clinician to determine the adequacy
of oxygen delivery and to differentiate between issues of
oxygen delivery vs. oxygen consumption.

MINIMALLY-INVASIVE ALGORITHM
DO, = CO x CaO,

FloTrac CCO Hemoglobin

[ Bleeding |

Metabolic Demand

Shivering

l Hemodilution l Fever

l |
l |
[ Anemia | Fio, |
l |
l |

l |
l |
[ Anxiety |
l |
l |

Ventilation Pain
PEEP Muscle Activity
[ optimal iR | [ prefoad | [ Afterload | [ contractility
l Pacing l l cvp l l SVR l l svI l
[ Optimal R-R ] [ SV ] [ SVRI ] [ Lvswi ]
| Oxygen Delivery | |Oxygen Consumption
Minimally-invasive algorithm breaking down components
of oxygen delivery and consumption followed by
sub-components investigating root cause of imbalance
Summary

Continuous venous oximetry (ScvO,) monitoring is an early,
sensitive, and real-time indicator of the balance between
DO, and VO, that can alert clinicians to an imbalance when
traditional vital signs may not. ScvO, monitoring with the
PreSep or PediaSat catheter is a practical tool which is no more
invasive than a traditional central venous catheter. Venous
oximetry is best used in conjunction with cardiac output
monitoring. Moreover, keeping ScvO, values above 70% has
been proven to lead to better patient outcomes.

* SWV is an indicator of preload responsiveness.



VolumeView System

The VolumeView system expands the application of
thermodilution technology through transpulmonary
thermodilution. It uses these familiar concepts to measure
and derive key elements of oxygen delivery such as cardiac
output and volumetric variables to assess components of
cardiac output such as preload and contractility. In addition,
lung water measurements are available that can assist the
clinician in treating patients with lung injury and cardiac failure.

Transpulmonary thermodilution cardiac output uses
the same principles as right heart thermodilution except the
thermal bolus is injected into the central venous system and
moves across the right heart, lungs, left heart and out into
the arterial tree where the thermal change is measured over
time by an embedded thermistor on a catheter inserted
into the femoral artery.

Transpulmonary thermodilution with the VolumeView system
allows for the measurement and derived calculations of the
elements that affect oxygen delivery through:

e Intermittent transpulmonary thermodilution cardiac
output

Calibrated continuous cardiac output

Intermittent or continuous assessment of systemic
vascular resistance

Global End Diastolic Volume

Global Ejection Fraction

Cardiac Function Index
In addition:
e Extra-Vascular Lung Water

e Pulmonary Vascular Permeability Index
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VolumeView System Setup

System Setup

o EV1000 monitor

o VolumeView sensor

o VolumeView femoral arterial catheter
o VolumeView thermistor manifold
e TruWave pressure transducer

e



Intermittent Cardiac Output Calculation
with the VolumeView System

Transpulmonary thermodilution uses the same modified
Stewart-Hamilton equation to measure cardiac output that
right heart thermodilution uses where the patient’s blood
temperature, as well as the injectate temperature,
is continuously monitored by a computer with each bolus.
A computation constant is derived by the computer from
an injectate solution of a known temperature, volume, and
specific weight. The clinician enters the injectate volume
into the computer.

Stewart-Hamilton Equation

Injectate Temp .
Blood Temp / Injectate Volume

N\ i

(T,-T)xV,x K

CO =
Computation

0
f Constant
AT, dt
Cardiac Output
0

Area Under the Curve

After injection, the computer analyzes the area under the
transpulmonary thermodilution curve to calculate cardiac
output. The area under the curve is inversely proportional
to the cardiac output. A series of boluses are performed and
edited to obtain an average value. Once edited the measured
and derived calculations are displayed and time stamped for
retrospective review.
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e Blood Temperature is monitored and collected through
an embedded thermistor on the VolumeView femoral
arterial catheter.

e The injectate temperature is collected and monitored
through an in-line thermistor on the VolumeView
thermistor manifold.

e The volume of the injectate is entered into the
computer by the clinician.

e The area under the curve is calculated and analyzed by
the computer by measuring the change in temperature
over time in the femoral artery.

Once the values are accepted the continuous monitoring
of cardiac output, SVV and other derived values are initiated
by the VolumeView sensor and displayed on the far right
hand side of the monitoring screen. The averaged TPTD values
are displayed; intermittent cardiac output (iCO), intermittent
Stroke Volume (iSV), Global End Diastolic Volume Index (GEDI),
Extra Vascular Lung Water Index (EVLWI), Global Ejection
Fraction (GEF), Intra Thoracic Blood Volume (ITBV), Pulmonary
Vascular Permeability Index (PVPI), intermittent Systemic
Vascular Resistance (iSVR) along with the globes which
indicate where the values are within the target ranges.



Continuous Cardiac Output with VolumeView

VolumeView technology uses a calibrated arterial pressure
based cardiac output (APCO) for its continuous cardiac output
calculation. This pulse contour analysis is calibrated against the
measured TPTD cardiac output and uses similar wave shaped
variables to maintain the accuracy between calibrations as
the FloTrac algorithm. The VolumeView algorithm adjusts the
calculated continuous cardiac output display by a percent
change based on its proprietary algorithm against the
measured cardiac output.

Calculating Global End Diastolic Volume

The transpulmonary thermodilution measurement used to
calculate cardiac output can also be used to calculate other
physiologic parameters such as Global End Diastolic Volume,
Global Ejection Fraction, and Extra Vascular Lung Water.
These parameters are useful in evaluating and guiding volume
resuscitation, ventricular performance, and changes in lung
water that develops from disease or interventions.

Global End Diastolic Volume is closely related to the volume
within all four chambers at the end of diastole. It can be used
to assess preload and manage a patient’s volume resuscitation.
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GEDI 680 - 800 ml/m?

In order to calculate GEDV, Intra Thoracic Thermal Volume
(ITTV) is calculated by identifying the beginning of the
injection cycle from a pressure spike measured in the central
venous pressure from the VolumeView CVC manifold. The
VolumeView system’s TPTD algorithm then identifies the peak
indicator concentration followed by its immediate downslope
which is an indication of the mean transit time. Once cardiac
output is known and the mean transit time is known, Intra
Thoracic Thermal Volume can be calculated by multiplying
cardiac output times the mean transit time. The downslope
time is representative of the flow time through the lungs.

Intra Thoracic Thermal Volume is the first calculation of the
cardiopulmonary volumes calculated from the TPTD procedure.
It represents the total dilution volume within the thorax, which
consists of the heart, lungs, and vasculature, that is calculated
by the VolumeView TPTD algorithm.

Injection ITTV=CO * MTt

cl)

Recirculation




61TV= COx M'I?

The GEDV is a reflection of the volume within all four
chambers at the end of diastole. The rate of change of the
upslope and downslope of the thermodilution waveform is
used to calculate the slope function which appropriately scales
down ITTV to account for Pulmonary Thermal Volume in order
to calculate GEDV. GEDV is computed by calculating ITTV and
multiplying it against a scale that accounts for PTV.

Slope Function
==
s1/‘ \sz @]@

Slope Function x ITTV = GEDV

‘@ITV-COxu'@i 1:(7 PTV ] )> (GEDV-CO:MTtx'(SZIsﬁ)
GEDI is indexed against body surface area to give the Global
End Diastolic Volume Index, or GEDI.
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Global Ejection Fraction

Global Ejection Fraction, or GEF, can be used to assess global
cardiac function. Stroke Volume is multiplied by 4 to account
for the four chambers of the heart then divided by GEDV

Cardiac Output / Pulse Rate = Stroke Volume
Stroke Volume * 4 / GEDV = Global Ejection Fraction

Global Ejection Fraction normal range is between 25-35%

Extra Vascular Lung Water

VolumeView system can calculate the amount of Extra
Vascular Lung Water or EVLW, which is an assessment of

pulmonary edema.

EVLW

Extra Vascular Lung Water is calculated by subtracting
the Pulmonary Blood Volume from the Pulmonary Thermal
Volume, leaving the thermal volume within the lungs.
EVLW can be used to assess the level of pulmonary edema
which may be the result of heart failure, volume overload,
or lung injury and can interfere with the ability of the lungs
to oxygenate the blood. This is indexed against the patient’s
predicted body weight to obtain Extra Vascular Lung Water
Index or EVLWI. EVLW can be used to assess the level of
pulmonary edema.



Injection

c(l)
==
Recirculation ==
Time (1) PTV
PTV = CO * DSt
DSt
e W —
NS="s —

PBV = 0.25 * GEDV

The “normal” value for EVLWI is reported to be 3-7 mL/kg.
Values above 10 ml/kg indicate pulmonary edema and values
as high as 15-20 ml/kg indicate severe pulmonary edema.
EVLW is a useful indicator of pulmonary edema and challenges
with oxygenation.

DONIHOLINOI IAISVANI ATITVINININ @da3IDNVvAAQVv



Pulmonary Vascular Permeability Index

Pulmonary vascular permeability index, or PVPI, is also
another tool that the clinician may use in assessing lung
function. PVPI is calculated by dividing extra vascular lung
water by pulmonary blood volume.

0.25* GEDV

EVLW

PVPI helps the clinician to differentiate which mechanisms
are responsible for increased EVLW: PVPI is increased (> 3) in
patients with increased pulmonary permeability due to lung
injury and normal in patients with hydrostatic and cardiogenic
pulmonary edema.
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Quick Reference

ADVANCING CRITICAL CARE
THROUGH SCIENCE-BASED EDUCATION

SINCE 1972

Note: The following algorithms and protocols are for educational reference only.
Edwards does not endorse or support any one specific algorithm or protocol. It is up to
each individual clinician and institution to select the treatment that is most appropriate.



Advanced Technology Swan-Ganz
Catheter Algorithm

SvO,
60-80%

Hemoglobin Oxygenation Metabolic
Hb 12-16 g/dL 5a0, 98% Demand
Hct 35-45% Pa0, >80 mmHg VO,
200-250 mL/min

i
| Hemodilution | | Pao, |
HR
| Anemia | | FiO, |
u
4 | Preload | | Afterload | | Contractility |
u
E pacng
w RVEDVI 800500 RVEF
: Optmal R | | 0100 mUm | gynes sec-cms 40-60%
.
Optimal P-R
SVRI
5 PAOP 1970-2390 R;’_ﬁ"g"
- 6-12 mmHg dynes-sec-cm-m?| Gm-m/m%beat
=
(*4
PVR Svi
PADP <250 33-47
8-15 mmHg dynes-sec-cm™ mL/beat/m?
cvpP
2-6 mmHg

. Oxygen
Oxygen Delivery ccnsuyrgption
DO,=Ca0, x CO x 10 V0,=200-250

950-1150 mL/min mL/min




Advanced Minimally-Invasive Algorithm

FloTrac CCO Hemoglobin Oxygenation Metabolic
4-8 Ipm Hb 12-16 g/dL Sa0; 98% Demand
Hct 35-45% Pa0, >80 mmHg Vo,
200-250 mL/min

| Bleeding | | , |
| Hemodilution | | Pao, |
60-100 bpm [ Anemia ] [ Fo, ]
:
| Preload | | Afterload | | Contractility | - ;
Pacing Muscle Activity A
SV SVR SvI
139% 8001200 33-47 E
Optimal R-R dynes-sec-cm™® mUl/beat/m? m
M
m
CvP 1970-2390 m
2-6 mmHg dynes-sec-cm-m 2
n
o m
= xygen
Oxygen Delivery consuyngp“an
D0,=Ca0, x CO x 10 =
950-1150 mL/min B




Advanced Swan-Ganz Catheter
Goal-Directed Protocol

Resuscitate to a mean arterial pressure of >65 mmHg

Normal
(60-80%)

Low
(<60%)

High
(>80%)

|

et

T~

Evaluate Tissue
Oxygenation
Lactate levels

Base deficit
w
v Low Normal (>95%)
E (Hypoxemia) (Increased O,ER)
4
w /
t Oxygen therapy,
™ Increase PEEP
¥ Cardiac Output
v
-]
© High cI Low Cl
(>2.5 L/min/m?) (<2.0 L/min/m?)
Hemoglobin PAOP/RVEDVI
PAOP >18mmHg
>8gm/dLstress, | | g4 | |RVEDVI>140 mLm?| | PAOP <10 mmHg
anxiety, pain f f RVEDVI <80 mL/m?
(high VO ) anemia myocardial h lemi
9 2 dysfunction ypovolemia
Analgesia Blood ; Fluid
Sedation Transfusion R s Challenge

@ Modified from Pinsky & Vincent. Critical Care Med. 2005,33:1119-22.




Advanced Minimally-Invasive
Goal-Directed Protocol

Resuscitate to a mean arterial pressure of >65 mmHg

Normal
(>70%)

Low
(<70%)

High
(>80%)

Do Nothing

|

\

Evaluate Tissue

Oxygenation
Lactate levels

Base deficit
Low Normal (>95%)
(Hypoxemia) (Increased O,ER)
Oxygen therapy,
Increase PEEP
FloTrac
Cardiac Output
High Cl Low Cl
(>2.5 L/min/m?) (<2.0 L/min/m?)
Hemoglobin
>8 gm/dL stress, <8 gm/dL **SVV <10% *SVV >15%
anxiety, pain anemia myocardial hypovolemia
(high VO,) dysfunction
Analgesia Blood ; Fluid
Sedation Transfusion DX UL Challenge

*

Used within the limitations of SVV as a guide for fluid responsiveness.

** Cardiac Output response to fluid challenge or passive leg raising when

SWV cannot be used.

Modified from Pinsky & Vincent. Critical Care Med. 2005;33:1119-22.
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EGDT In the Treatment of Sepsis or Septic Shock

Protocol for Early Goal-Directed Therapy

Supplemental oxygen =
endotracheal intubation &
mechanical ventilation

!

Central venous & arterial
catheterization

¥

Sedation, paralysis

(if intubated), or both
Crystalloid
<8 mmHg
CvP
Colloid
8-12 mmHg
<65 mmHg
[ 12" [}
EGSarggan >90 mmHg
<90 mmHg
<70% X >70%
SO Transfusion of red cells <70%
b, |- until hematocrit =230% °
<—| Inotropic agents -
=70%

4| Goals achieved |
No

Yes

| Hospital admission |

Rivers, Emanuel, Nguyen, Bryant, et al; Early Goal-Directed Therapy in the
Treatment of Severe Sepsis and Septic Shock: N Engl J Med, Vol. 345, No. 10, 2001.




Physiologic Algorithm Using SVV, SVI and ScvO,

Volume Responsive:
SVV >13%

No

SVI Normal SVI Low

| ScvO; evaluate O, extraction |

| ? Pressor** | ? Inotrope*

Re-evaluate DO,, O,
extraction, SVV & SVI
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* If O, extraction is high, an inotrope may be required to provide perfusion support.

** As individual organ perfusion may also depend on blood pressure, a MAP
target > 60-65 mmHg may require a vasopressor even when O, extraction is normal.
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Physiologic Optimization Program
Using SVV and SVI In Hypotensive and/or
Oliguric Patients

Volume Responsive:
SVV >10-15%

S

| Fluid Infusion | | SVI Normal| | SVI Low | | SVI High |
Pressor Inotrope/ Diuretic
Vasodilator
Pathway 1 Pathway 2 Pathway 3

Volume responsive patients: SVV > 10-15% receive volume
therapy titrated against both SVV and SVI.

For non-volume responsive patients, SVV < 10-15% the
physiology is interrogated at the level of cardiac performance
on a beat to beat basis. Ultimately with this approach, many
patients will develop a SVI = normal (pathway 1). This represents
resuscitated septic shock, and these patients may be safely
placed on a vasopressor knowing that volume resuscitation has
been accomplished and additional volume is not helpful.

Pathway 2 patients typically have poor cardiac performance
related to either systolic or diastolic heart failure. Echocardio-
graphy is important in defining appropriate therapy in this
subset of patients. Inotropes are not indicated in those with
good ejection fraction.

In Pathway 3 volume therapy is stopped and diuretics will be
beneficial for those who go on to develop ALI / ARDS typically
after the initial resuscitation phase. (McGee, 2009).

McGee WT, Mailloux PT: Applied physiology and the hemodynamic management of
septic shock utilizing the Physiologic Optimization Program. Chapter 12 In: Severe
Sepsis and Septic Shock. INTECH Publisher, Croatia. 2012, pp. 255-272.



Early Goal-Directed Therapy in Moderate to
High-Risk Cardiac Surgery Patients

> d<25

Cvs'i/f/i’;‘(’)ﬁ/:'g/ L | 100 mL Colloid

CVP >6, MAP <90, Vasoactive agents and
SVRI <1500, SVI <30 Inotropic agents

[sa0, [ 7o | rstiten et sedcets Lo [

ScvO,
=270%

—| Goals achieved
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Malholtra PK, Kakani M, Chowdhury U, Choudhury M, Lakshmy R, Kiran U. Early
goal-directed therapy in moderate to high-risk cardiac surgery patients. Ann Card
Anaesth 2008;11:27-34.




Typical Hemodynamic Profiles in Various
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Charts, Classifications, Scales and Systems

NEW YORK HEART CLASSIFICATION OF
CARDIOVASCULAR DISEASE

Class Subjective Assessment

Normal cardiac output without systemic or pulmonary congestion;
asymptomatic at rest and on heavy exertion

Normal cardiac output maintained with a moderate increase in
I pulmonary systemic congestion; symptomatic on exertion

Normal cardiac output maintained with a marked increase in
1l pulmonary-systemic congestion; symptomatic on mild exercise

Cardiac output reduced at rest with a marked increase in pulmonary-

% systemic congestion; symptomatic at rest
L]
c
FORRESTER CLASSIFICATION HEMODYNAMIC n
SUBSETS OF ACUTE MYOCARDIAL INFARCTION =
e o )
Subset Clinical Cardiac index  PAOP Therapy m
Description L/min/m? mmHg m
2
m
2
n
| No Failure 2.7+05 12+7 Sedate m
Il Isolated 23+04 23+5 Normal BP:
Pulmonary Diuretics
Congestion 1 BP:
Vasodilators
Il Isolated 1.9+04 12+£5 1 HR: Add volume
Peripheral I HR: Pacing
Hypoperfusion
IV Both Pulmonary 1.6 + 0.6 27 +8 I BP:
Congestion and Inotropes
Hypoperfusion Normal BP:

Vasodilators




GLASGOW COMA SCALE

Neurological Function Points
Eye Opening Spontaneous 4
To sound 3
To pain 2
Never 1
Best Motor Response Obeys commands 6
Localizes pain 5
Flexion (withdraws) 4
Flexion (abnormal) 3
Extension 2
None (flaccid) 1
Best Verbal Response Oriented 5
Confused conversation 4
Inappropriate words 3
Incomprehensible sounds 2
None 1
]
v
E ATLS CHART
5 Estimated Fluid and Blood Requirements in a 70kg Male
t INITIAL PRESENTATIONS
[
¥ Class | Class Il Class Ill Class IV
v
= Blood loss (mL) <750 750-1500 1500-2000 >2000
o Blood loss (% <15% 15%—-30% 30%—-40% >40%
blood volume)
Pulse rate (bpm) <100 >100 >120 >140
Blood pressure Normal Normal Decreased Decreased
Pulse pressure Normal or Decreased Decreased Decreased
(mmHg) increased
Respiratory rate (opm) ~ 14-20 20-30 30-40 >35
Urine output 30 or more 20-30 5-15 Negligible
(mL/hr)
CNS-Mental Slightly Mildly anxious ~ Anxious and ~ Confused and
status anxious confused lethargic
Fluid replacement  Crystalloid Crystalloid Crystalloid +  Crystalloid +

blood blood




FLUID CHALLENGE GUIDELINE CHART

BASELINE VALUES

<12 mmHg 200 mL or 20 cc/minute <6 mmHg
12-16-18 mmHg 100 mL or 10 cc/minute 6-10 mmHg
>16-18 mmHg 50 mL or 5 cc/minute >10 mmHg

® Re-profile at the end of 10 minutes or fluid challenge

® Discontinue challenge if PAOP increased >7 mmHg or CVP increased >4 mmHg

® Repeat challenge if PAOP increased <3 mmHg or CVP increased <2 mmHg

® Observe patient for 10 minutes and re-profile if PAOP increased >3 mmHg, but
<7 mmHg or CVP increased >2 mmHg or <4 mmHg

® Observe SVI and RVEDVI if RV volume values are available

® Discontinue challenge if: SVI fails to increase by at least 10% and RVEDVI increases by
25% or RVEDVI is >140 mL/m? and PAOP increases >7 mmHg

Optional Baseline RVEDVI Value Guidelines:

® |f RVEDVI <90 mL/m? or mid-range 90-140 mL/m?, administer fluid challenge

® |f RVEDVI >140 mU/m?, do not administer fluid challenge
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* References differ on PAOP and CVP ranges




APACHE Il SEVERITY OF DISEASE CLASSIFICATION SYSTEM

High Abnormal Range Low Abnormal Range

+4 +3 +2 +1 0 +1 +2 +3 +4

Temperature- 241° | 39-40.9° 385°-38.9° | 36°-38.4° | 34°35.9° [ 32°-33.9° | 30°-31.9° | <29.9°
rectal (°C)

Mean Arterial =160 | 130-159 | 110-129 70-109 50-69 <49
Pressure - mmHg

Heart Rate 2180 | 140-179 | 110-139 70-109 55-69 40-54 <39
(ventricular
response)

Respiratory =50 | 3549 25-34 12-24 10-11 6-9 <5
Rate (bpm)
(non-ventilated or
ventilated)

Oxygenation
A-aDO, or Pa0,
(mmHg

a.fl0,=20.5 =500 | 350-499 | 200-349 <200
recordz A-aDO,
b.FIO, <0.5 P0O,>7 | PO,61-70 PO, 55-60 | PO, <55
record only Pa0,

Arterial pH =77 | 76-769 157159 | 7.33-7.49 7.25-132 | 7.15-1.24 | <715

Serum Sodium =180 | 160-179 | 155-159 150-154 130-149 120-129 111-119 <110
(mMol/L)

Serum =7 6-6.9 55-5.9 3.5-54 3-34 25-29 <25
Potassium
(mMol/L)

Serum 235 | 234 15-1.9 0.6-14 <06
Creatinine
(mg/100 mL)
(Double point
score for acute
renal failure)
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Hematocrit (%) | =260 50-59.9 46-49.9 30-45.9 20-29.9 <20

White Blood =40 20-399 | 15-199 3-149 1-2.9 <1
Count (total/
mm3) (in 1,000s)

Glasgow Coma
Scale (GCS)
Score = 15 minus
actual GCS

A. Acute Physiology Score (APS):
Sum of the 12 individual variable points from the chart above.

Serum HCO, 252 | 41-51.9 32-40.9 22-319 18-219 | 15-179 <15
(venous-mMol/L)
[Not preferred,
use if no ABGs|




B. Age Points: Age (years) Points

Assign points to age as shown <4 0
in chart at right: =

45-54 2
C. Chronic Health Points:
55-64 3
If the patient has a history of
. . 65-74 5
severe organ system insufficiency
6

or is immunocompromised, assign 275
points as follows:
a. for nonoperative or emergency postoperative patients - 5 points
or
b. for elective postoperative patient - 2 points

Definitions

Organ insufficiency or immunocompromised state must have been evi-
dent prior to this hospital admission and conform to the following criteria:

Liver: Biopsy-proven cirrhosis and documented portal hypertension;
episodes of past upper Gl bleeding attributed to portal hypertension;
or prior episodes of hepatic failure/encephalopathy/coma.

Cardiovascular: New York Heart Association Class IV.

Respiratory: Chronic restrictive, obstructive, or vascular disease
resulting in severe exercise restriction, i.e., unable to climb stairs or
perform household duties; or documented chronic hypoxia, hyper-
capnia, secondary polycythemia, severe pulmonary hypertension
(>40 mmHg), or respiratory dependency.
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Renal: Receiving chronic dialysis.

Immunocompromised: Immunosuppression, chemotherapy,
radiation, long-term or recent high-dose steroids, or has a disease
that is sufficiently advanced to suppress resistance to infection,
e.g., leukemia, lymphoma, AIDS.

APACHE Il Score

Sumof A+B+C A. APS points
B. Age points
C. Chronic health points

Total Apache ll




ACC/AHA 2004 Guidelines
Pulmonary Artery Catheter and
Arterial Pressure Monitoring

Recommendations for Pulmonary Artery
Catheter Monitoring:

Class |

1. Pulmonary artery catheter monitoring should be
performed for the following:

a. Progressive hypotension, when unresponsive to
fluid administration or when fluid administration
may be contraindicated

b. Suspected mechanical complications of STEMI,
(i.e., VSR, papillary muscle rupture, or free wall rupture
with pericardial tamponade) if an echocardiogram
has not been performed

Class lla

1. Pulmonary artery catheter monitoring can be useful
for the following:
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a. Hypotension in a patient without pulmonary
congestion who has not responded to an initial
trial of fluid administration

b. Cardiogenic shock

C. Severe or progressive CHF or pulmonary edema
that does not respond rapidly to therapy

d. Persistent signs of hypoperfusion without hypotension
or pulmonary congestion

e. Patients receiving vasopressor/inotropic agents




Class Il

1. Pulmonary artery catheter monitoring is not recommended
in patients with STEMI without evidence of hemodynamic
instability or respiratory compromise.

Recommendations for Intra-arterial Pressure Monitoring:

Class |

1. Intra-arterial pressure monitoring should be performed for
the following:

a. Patients with severe hypotension (systolic arterial
pressure less than 80 mmHg)

b. Patients receiving vasopressor/inotropic agents
¢. Cardiogenic shock
Class Il

1. Intra-arterial pressure monitoring can be useful for patients
receiving intravenous sodium nitroprusside or other potent
vasodilators.

Class Ilb

1. Intra-arterial pressure monitoring might be considered in
patients receiving intravenous inotropic agents.

Class Il

1. Intra-arterial pressure monitoring is not recommended for
patients with STEMI who have no pulmonary congestion
and have adequate tissue perfusion without use of
circulatory support measures.
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Normal Hemodynamic Parameters
and Laboratory Values

NORMAL HEMODYNAMIC PARAMETERS - ADULT

Parameter Equation Normal Range
Arterial Blood Pressure (BP) Systolic (SBP) 100-140 mmHg
Diastolic (DBP) 60-90 mmHg
Mean Arterial Pressure (MAP) SBP + (2 x DPB)/3 70-105 mmHg
Right Atrial Pressure (RAP) 2-6 mmHg
Right Ventricular Pressure (RVP) Systolic (RVSP) 15-30 mmHg
Diastolic (RVDP) 0-8 mmHg
Pulmonary Artery Pressure (PAP) Systolic (PASP) 15-30 mmHg
Diastolic (PADP) 8-15 mmHg
Mean Pulmonary Artery Pressure (MPAP) PASP + (2 x PADP)/3 9-18 mmHg
Pulmonary Artery Occlusion Pressure (PAOP) 6-12 mmHg
3 Left Atrial Pressure (LAP) 4-12 mmHg
E Cardiac Output (CO) HR x SV/1000 4.0-8.0 L/min
5 Cardiac Index (Cl) CO/BSA 2.5-4.0 L/min/m?
t Stroke Volume (SV) CO/HR x 1000 60-100 mL/beat
: Stroke Volume Index (SVI) CI/HR x 1000 33-47 mU/m?/beat
2 Stroke Volume Variation (SVV) SVmax-SVmin/SVmean x 100~ <10-15%
g Systemic Vascular Resistance (SVR) 80 x (MAP-RAP)/CO 800-1200 dynes-sec-cm~
Systemic Vascular Resistance Index (SVRI) 80 x (MAP-RAP)/CI 1970-2390 dynes-sec-cm~°-m?
Pulmonary Vascular Resistance (PVR) 80 x (MPAP—PAQP)/CO <250 dynes-sec-cm=
Pulmonary Vascular Resistance Index (PVRI) 80 x (MPAP-PAOP)/CI 255-285 dynes-sec-cm=>-m?
Left Ventricular Stroke Work Index (LVSWI) SVIx (MAP-PAOP) x 0.0136 5062 g/m?/beat

Right Ventricular Stroke Work Index (RVSWI) SVI x (MPAP—CVP) x 0.0136  5-10 g/m?/beat

Coronary Artery Perfusion Pressure (CPP) Diastolic BP~PAOP 60-80 mmHg
Right Ventricular End-Diastolic Volume (RVEDV) ~ SV/EF 100-160 mL
Right Ventricular End-Diastolic Volume RVEDV/BSA 60-100 mL/m?
Index (RVEDVI)

Right Ventricular End-Systolic Volume (RVESV) EDV-SV 50-100 mL

Right Ventricular Ejection Fraction (RVEF) SV/EDV x 100 40-60%




OXYGEN PARAMETERS - ADULT

Parameter

Partial Pressure of Arterial Oxygen (Pa0,)
Partial Pressure of Arterial CO, (PaCO,)
Bicarbonate (HCO,)

pH

Arterial Oxygen Saturation (Sa0,)

Mixed Venous Saturation (SvO,)

Central Venous Oxygen Saturation (ScvO,)
Arterial Oxygen Content (Ca0,)

Venous Oxygen Content (CvO,)

A-V Oxygen Content Difference (C(a-v)0,)
Oxygen Delivery (DO,)

Oxygen Delivery Index (DO, )

Oxygen Consumption (VO,)

Oxygen Consumption Index (VO,|)
Oxygen Extraction Ratio (O,ER)

Oxygen Extraction Index (O, El)

Extra Vascular Lung Water (EVLW)
Extra Vascular Lung Water Index (ELWI)

Global End Diastolic Volume (GEDV)
Global End Diastolic Volume Index (GEDI)

Global Ejection Fraction (GEF)
Cardiac Function Index (CFI)

Intra Thoracic Blood Volume (ITBV)
Intra Thoracic Blood Volume Index (ITBI)

Pulmonary Vascular Permeability Index (PVPI)

Cardiac Power (CPO)
Cardiac Power Index (CPI)

Equation

(0.0138 x Hgb x Sa0,) + 0.0031 x PaO,
(0.0138 x Hgb x Sv0,) + 0.0031 x PvO,
Ca0,-Qvo,

Ca0,x COx10

Ca0,xClx 10

C(av)0,xCOx 10

C(a-v)0,x Clx 10

(Ca0, - Cv0,)/Ca0, x 100

(Sa0, - Sv0,)/Sa0, x 100

CO x DSt - 0.25 GEDV

EVLW/PBW

Predicted Body Weight (PBW):
Female: 45.5 = 0.91 x (Height-152.4)
Male: 50 = 0.91 x (Height-152.4)

CO x MTt x f(S1/52)
Clx MTt x f(S1/52)

SVx4/GEDV
1000 x CO / GEDV

ITBV = 1.25 x GEDV
ITBI = 1.25 x GEDI

EVLW/0.25 x GEDV

COxMAPx K
Clx MAP x K

Normal
Range

75-100 mmHg
35-45 mmHg
22-26 mEg/L
7.34-7.44
95-100%

60-80%

70%

16-22 mL/dL

15 mL/dL

4-6 mL/dL
950-1150 mL/min
500-600 mL/min/m?
200-250 mL/min
120-160 mL/min/m?
22-30%

20-25%

3-7 mlkg

680-800 mL/m?
>20%

4.5-6.6 1/min

850-1000 mL/m?

<3

0.5-0.7 W/m?
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Test

Chemistry Studies

Sodium (Na)

Potassium (K)

Chloride (Cl)

Carbon Dioxide (CO,)
Glucose (BS)

Blood Urea Nitrogen (BUN)

Creatine kinase (CK)

Creatinine

Calcium (Ca)
Magnesium (Mg)
Bilirubin (direct/indirect)
Amylase

Lipase

Anion Gap

Lactate

Alanine Aminotransferase
(ALT, GPT)

Aspartate Aminotransferase
(AST, GOT)

Hemotologic Studlies

Red Blood Cells

White Blood Cells (WBC)
Hemoglobin (Hgb)

Hematocrit (Hct)

NORMAL BLOOD LABORATORY VALUES

Conventional Units
(Reference Values)

135145 mEq/L
3.5-5.0 mEq/L
100108 mEq/L
22-26 mEqg/L
70-100 mg/dL
8-20 mg/dL

Males: 55-170 U/L
Females: 30-135 U/L

0.6-1.2 mg/dL
8.2-10.2 mEq/L
1.3-2.1 mg/dL
<0.5-1.1 mg/dL
25-85 U/L

<160 U/L

8-14 mEqg/L
0.93-1.65 mEq/L
8-50 IU/L

7-46 U/L

Males: 4.5-5.5 million/uL
Females: 4-5 million/uL

4,000-10,000/uL

Males: 12.4-17.4 g/dL
Females: 11.7-16 g/dL

Males: 42%-52%
Females: 36%—-48%

SI Units

135-145 mmol/L
3.5-5.0 mmol/L
100-108 mmol/L
22-26 mmol/L
3.9-6.1 mmol/L
2.9-7.5 mmol/L

Males: 0.94-2.89 ukat/L
Females: 0.51-2.3 ukat/L

53-115 umol/L
2.05-2.54 mmol/L
0.65—1.05 mmol/L
<6.8-19 umol/L
0.39-1.45 pkat/L
<2.72 ukat

8-14 mmol/L
0.93-1.65 mmol/L
0.14-0.85 pkat/L

0.12-0.78 pkat/L

4.5-5.5x 10"%/L
4-5x10"/L

4-10x 109/L

124-174 g/L
117-160 g/L

0.42-0.52
0.36-0.48



NORMAL BLOOD LABORATORY VALUES [CONT.]

Test Conventional Units SI Units
(Reference Values)

Lipids/Lipoproteins Studies

Total Cholesterol: Males: <205 mg/dL <5.3 mmol/L

Desirable Range Females: <190 mg/dL <4.9 mmol/L

LDL Cholesterol: Desirable Range <130 mg/dL <3.36 mmol/L

HDL Cholesterol: Males: 37-70 mg/dL 0.96-1.8 mmol/L

Desirable Range Females: 40-85 mg/dL 1.03-2.2 mmol/L

Triglycerides Males: 44180 mg/dL 0.44-2.01 mmol/L

Females: 11-190 mg/dL 0.11-2.21 mmol/L

Coagulation Studies

Platelet Count 150,000-400,000/mm?

Prothrombin Time (PT) 10-13 sec

International Normalized 2.0-3.0 for pts. on warfarin 0

Ratio (INR) therapy; 2.5-3.5 for pts. with [

mech. prosthetic heart valves a

Plasma Thrombin Time (PTT) 60-70 sec A
A

Activated Partial 3545 sec m

Thromboplastin Time (APTT) ;

Activated Clotting Time (ACT) 107 + 13 sec :
2

Fibrin Split Product (FSP) <10 ng/mL <10 mg/L n
m

D-dimer Neg. or <250 ug/L

Fibrinogen 200-400 mg/dL 2-4 g/l

SI Units = International Units
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NORMAL BLOOD LABORATORY VALUES [CONT.]

Test

Cardiac Biomarkers

Creatine kinase (CK)

CK isoenzymes:
CK-MM (muscle)
CK-MB (myocardial)
With AMI CK-MB:
Onset: 4-6 hours
Peak: 12-24 hours
Duration: 2 days

Troponin |
With AMI:
Onset: 4-6 hours
Peak: 10-24 hours
Duration: 7-10 days

Myoglobin
With AMI:
Onset: 2—4 hours
Peak: 8-12 hours
Duration: 24-30 days

Other Cardiac Tests

High sensitivity C-reactive
Protein (hs-CRP)

B-type natiuretic peptide (BNP)

SI Units = International Units

*Reference Values vary by regional laboratory techniques and methods.

Conventional Units
(Reference Values*)

Males: 55-170 U/L
Females: 30-135 U/L

95-100%
0-5%

0-0.2 ng/mL

Males: 20-90 ng/mL
Females: 1075 ng/mL

Low: <1.0 mg/L
Average: 1.0-3.0 mg/L
High: >3.0 mg/L

<100 pg/mL



References

ADVANCING CRITICAL CARE
THROUGH SCIENCE-BASED EDUCATION

SINCE 1972



v
w
v
2
w
-4
w
w
w
©

References

ANATOMY AND PHYSIOLOGY
Alspach JG. Core curriculum for critical care nursing. 6th ed. St. Louis: Saunders Elsevier; 2006.

Braunwald E. Heart disease: a textbook of cardiovascular medicine. 7th ed. Philadelphia:
Elsevier Saunders; 2005.

Dantzker DR, Scharf SM. Cardiopulmonary critical care. 3rd ed. Philadelphia: WB
Saunders Company; 1998.

Darovic GO. Hemodynamic monitoring: invasive and noninvasive clinical application.
3rd ed. Philadelphia: Saunders; 2002.

Fink MP, Abraham E, Vincent JL, Kochanek PM. Textbook of critical care. 5th ed.
Philadelphia: Elsevier Saunders; 2005.

Guyton AC, Hall JE. Textbook of medical physiology. 11th ed. Philadelphia: Elsevier Inc.; 2006.

Headley JM. Strategies to optimize the cardiorespiratory status of the critically ill.
AACN Clinical Issues in Critical Care Nursing. 1995;6(1):121-134.

Headley JM, Diethorn ML. Right ventricular volumetric monitoring. AACN Clinical Issue.
1993;4(1):120-133.

McGee WT, Jodka P: Oxygen transport and tissue oxygenation. In: Higgins TL, Steingrub
JS, Kacmarek RM, Stoller JK. Cardiopulmonary Critical Care. BIOS Scientific Publishers,
Ltd. Oxford UK; 2002. pp. 35-46.

McGee WT, Veremakis C, Wilson GL. Clinical importance of tissue oxygenation and
use of the mixed venous blood gas. Res Medica. 1988;4(2):15-24.

Perret C, Tagan D, Feihl F, Marini JJ. The pulmonary artery catheter in critical care.
Cambridge: Blackwell Science Inc.; 1996.

Thelan LA, Davie JK, Urden LD, Lough ME. Critical care nursing: diagnosis and
management. 2nd ed. St. Louis: Mosby; 1994.

Woods SL, Froelicher ESS, Motzer SU, Bridges EJ. Cardiac nursing. 5th ed. Philadelphia:
Lippincott Williams & Wilkins; 2005.

ADVANCED NONINVASIVE MONITORING

Broch O, Renner J, Gruenewald M, Meybohm P, Schottler J, Caliebe A, Steinfath
M, Malbrain M, Bein B. A comparison of the Nexfin(R) and transcardiopulmonary
thermodilution to estimate cardiac output during coronary artery surgery.
Anaesthesia 2012 Apr;67(4):377-83.

Chen G, Meng L, Alexander B, Tran NP, Kain ZN, Cannesson M. Comparison of
noninvasive cardiac output measurements using the Nexfin monitoring device and
the esophageal Doppler. J.Clin.Anesthesia 2012 Jun 1;24(4):275-83.

Eeftinck Schattenkerk DW, van Lieshout JJ, van den Meiracker AH, Wesseling KR,
Blanc S, Wieling W, van Montfrans GA, Settels JJ, Wesseling KH, Westerhof BE.
Nexfin noninvasive continuous blood pressure validated against Riva-Rocci/Korotkoff.
Am_J.Hypertens. 2009 Apr;22(4):378-83.



Kalmar AF, Vos JJ, Weening M, Mooyaart EA, Poterman M, Struys MMRF, Scheeren,
TWL, Validation of Continuous Noninvasive Arterial Blood Pressure Measurements During
General Anesthesia, abstract presented at the Anesthesiology Annual Meeting, 2012.

Martina JR, Westerhof BE, van GJ, de Beaumont EM, Truijen J, Kim YS, Immink RV,
Jobsis DA, Hollmann MW, Lahpor JR, et al. Noninvasive continuous arterial blood
pressure monitoring with Nexfin. Anesthesiology 2012 May;116(5):1092-103.

Sterr J, Scholz S, Habicher M, Krdamer M, Treskatsch S, Sander M, Comparison of the
continuous noninvasive Nexfin monitoring system with conventional invasive methods
to measure arterial blood pressure in high risk hip surgery, abstract presented at
Euroanesthesia, 2013.

van der Spoel AGE, Voogel AJ, Folkers A, Boer C, Bouwman RA. Comparison of
noninvasive continuous arterial waveform analysis (Nexfin) with transthoracic Doppler
echocardiography for monitoring of cardiac output. J.Clin.Anesthesia 2012 Jun
1;24(4):304-9.

BASIC MONITORING
Pressure Monitoring
Civetta JM, Taylor RW, Kirby RR. Critical care. 2nd ed. Philadelphia: J.B. Lippincott; 2002.

Daily EK, Schroeder JS. Techniques in bedside hemodynamic monitoring. 5th ed. St. Louis:
Mosby; 1994.

Darovic, GO. Hemodynamic monitoring: invasive and noninvasive clinical application.
3rd ed. Philadelphia: Saunders; 2002.

Fawcett J. Hemodynamic Monitoring Made Easy. 1st ed. Baillere Tindall; 2005. 240p.

EPRIEREEER|

Headley, JM. Advanced Monitoring of Critical Functions. Springhouse Corporation;
1994. Chapter 3, Techniques of Pressure Monitoring.

Headley, JM. Advanced Monitoring of Critical Functions. Springhouse Corporation;
1994. Chapter 5, Monitoring Pulmonary Artery and Central Venous Pressures.

Imperial-Perez F, McRae M, Gawlinski A, Keckeisen M, Jesurum J. AACN protocols for
practice: Hemodynamic Monitoring. 1998.

Mims BC, Toto KH, Luecke LE, Roberts MK, Brock JD, Tyner TE. Critical care skills: a clinical
handbook. 2nd ed. St. Louis: Saunders; 2004.

Woods SL, Froelicher ESS, Motzer SU, Bridges EJ. Cardiac nursing. 5th ed. Philadelphia:
Lippincott Williams & Wilkins; 2005.

Central Venous Access

Ayres SM, Grenvik A, Holbrook PR, Shoemaker WC. Textbook of critical care. 3rd ed.
Philadelphia: WB Saunders; 1995.

Baranowski L. Central venous access devices: current technologies, uses and management
strategies. J Intravenous Nurs. 1993;16:167-194.

Calkins DR, et al. 5 million lives campaign. Getting started kit: prevent central line
infections how-to guide. Cambridge, MA: Institute for Healthcare Improvement; 2008.

@



v
w
v
2
w
-4
w
w
w
©

Darouiche RO, Raad |, Heard J, Thornby JI, Wenker OC, Gabrielli A, et al. A comparison
of two antimicrobial-impregnated central venous catheters. Catheter Study Group.
N Engl J Med. 1999;340(1):1-8.

Hanna H, Bahna P, Reitzel R, Dvorak T, et al. Comparative in vitro efficacies and
antimicrobial durabilities of novel antimicrobial central venous catheters. Amer Society
Microbiology. 2006;50(10):3283-3288.

Haxhe JJ, D'Hoore W. A meta-analysis dealing with the effectivensss of chlorhexidine and
silver sulfadiazine impregnated central venous catheters. J Hosp Infect. 1998;40(2):166-168.

Kaplan JA. Cardiac anesthesia. 3rd ed. Philadelphia: WB Saunders; 1993.

Laster J, Silver D. Heparin-coated catheters and heparin-induced thrombocytopenia.
J Vasc Surg. 1988;7(5):667-672.

Maki DG, Stolz SM, Wheeler S. Prevention of central venous catheter-related
bloodstream infection by use of an antiseptic-impregnated catheter. A randomized,
controlled trial. Ann Intern Med. 1997;127(4):3257-266.

Maschke SP, Rogove HJ. Cardiac tamponade associated with a multi-lumen central
venous catheter. Crit Care Med. 1984;12(7):611-613.

McGee WT, Mallory DL. Cannulation of the internal and external jugular veins. In: Kirby
RR, Taylor RW. Problems in Critical Care. Philadelphia: JP Lippincott Co; 1988. pp. 217-
241.

McGee WT, Steingrub JS, Higgins TL. Techniques of vascular access for invasive
hemodynamic monitoring. In: Higgins TL, Steingrub JS, Kacmarek RM, Stoller JK.
Cardiopulmonary Critical Care. Oxford UK: BIOS Scientific Publishers; 2002. pp. 381-399.

Mermel L, Stolz S, Maki D. Surface antimicrobial activity of heparin-bonded and
antiseptic-impregnated vascular catheters. J Infect Dis. 1993;167:920-924.

NICE: Guidance on the use of ultrasound locating devices for placing central venous
catheters. National Institute for Clinical Excellence. Tech Appraisal No. 49.

O’Grady NP, Alexander M, Dellinger EP, et al. Guidelines for the prevention of
intravascular catheter-related infections. MMWR. 2002;51(RR-10):1-29.

Pemberton LB, Ross V, Cuddy P, et al. No difference in catheter sepsis between standard
and antiseptic central venous catheters. A prospective randomized trial. Arch Surg.
1996;131(9):986-989.

Raad Il. Vascular catheters impregnated with antimicrobial agents: present knowledge
and future direction. Infect Control Hosp Epidemiol. 1997;18(4):227-229.

Randolph AG, Cook DJ, Gonzales CA, Andrew M. Benefit of heparin in central venous
and pulmonary artery catheters. CHEST. 1998;113:165-71.

Russell LM, Weinstein RA. Antimicrobial-coated central venous catheters-icing on the
cake or the staff of life? Crit Care Med. 1998;26(2):195-196.

Veenstra DL, Saint S, Saha S, et al. Efficacy of antiseptic-impregnated central venous
catheters in preventing catheter-related bloodstream infection: a meta-analysis. JAMA.
1999;281(3):261-267.



ADVANCED MINIMALLY-INVASIVE MONITORING

Akiyoshi K, Kandabashi T, Kaji J, Yamaura K, Yoshimura H, Irita K, Hoka S. Accuracy of
arterial pressure waveform analysis for cardiac output measurement in comparison with
thermodilution methods in patients undergoing living donor liver transplantation. J
Anesth. 2011 Apr;25(2):178-83. Epub 2011 Jan 19.

Benes J, Chytra I, Altmann P, Hluchy M, Kasal E, Svitak R, Pradl R, Stepan M. Intraoperative
fluid optimization using stroke volume variation in high risk surgical patients: results of
prospective randomized study. Crit Care. 2010;14(3):R118. Epub 2010 Jun 16.

Biais M, Bernard O, Ha JC, Degryse C, Sztark F. Abilities of pulse pressure variations and stroke
volume variations to predict fluid responsiveness in prone position during scoliosis surgery.
British Journal of Anaesthesia 2010;104:407-413.

Biais M, Nouette-Gaulain K, Cottenceau V, Revel P, Sztark F. Uncalibrated pulse
contour-derived stroke volume variation predicts fluid responsiveness in mechanically
ventilated patients undergoing liver transplantation. Br J Anaesth. 2008 Dec;
101(6):761-8. Epub 2008 Oct 12.

Biais M, Nouette-Gaulain K, Quinart A, Roullet S, Revel P, Sztark F. Uncalibrated stroke
volume variations are able to predict the hemodynamic effects of positive end-expiratory
pressure in patients with acute lung injury or acute respiratory distress syndrome after liver
transplantation. Anesthesiology 2009; 111:855-862.

Biais M, Nouette-Gaulain K, Roullet S, Quinart A, Revel P, Sztark F. A comparison of stroke
volume variation measured by Vigileo FloTrac system and aortic Doppler echocardiography.
Anesthesia & Analgesia 2009; 109:466-469.

Biais M, Vidil L, Sarrabay P, Cottenceau V, Revel P, Sztark F. Changes in stroke volume
induced by passive leg raising in spontaneously breathing patients: comparison between
echocardiography and Vigileo/FloTrac device. Critical Care Medicine 2009;13:R195.

Biancofiore G, Critchley LA, Lee A, Yang XX, Bindi LM, Esposito M, Bisa M, Meacci L, Mozzo
R, Filipponi F. Evaluation of a new software version of the FloTrac/Vigileo (version 3.02) and
a comparison with previous data in cirrhotic patients undergoing liver transplant surgery.
Anesth Analg. 2011 Sep;113(3):515-22. Epub 2011 Jun 16.

Breukers R-MBGE, Sepehrkouy S, Spiegelenberg SR, Groeneveld ABJ. Cardiac Output
Measured by a New Arterial Pressure Waveform Analysis Method Without Calibration
Compared With Thermodilution After Cardiac Surgery. Journal of Cardiothoracic and
Vascular Anesthesia 2007, 21; 5:632-635.

Bridges E. Arterial pressure-based stroke volume and functional hemodynamic monitoring.
Journal of Cardiovascular Nursing 2008, 23; 2:105-112.

Broch O, Renner J, Gruenewald M, et al. A comparison of third-generation semi-invasive
arterial waveform analysis with thermodilution in patients undergoing coronary surgery.
Scientific World Journal. 2012;2012:451081. Epub 2012 Jul 31.

Button D, Weibel L, Reuthebuch O, Genoni M, Zollinger A, Hofer CK. Clinical evaluation of
the FloTrac/Vigileo system and two established continuous cardiac output monitoring devices
in patients undergoing cardiac surgery. Br J Anaesth. 2007 Sep; 99(3):329-36. Epub 2007 Jul
12.

Cannesson M, Attof Y, Rosamel P, Joseph P, Bastien O, Lehot JJ. Comparison of FloTrac CO
monitoring system in patients undergoing coronary artery bypass grafting with pulmonary
artery CO measurements. European Journal of Anaesthesiology 2007;24:832-839.

A
m
m
m
A
m
2
n
m
"]




v
w
v
2
w
-4
w
w
w
©

Cannesson M, Musard H, Desebbe O, Boucau C, Simon R, Hénaine R, Lehot JJ. Ability of
stroke volume variations obtained with Vigileo/Flotrac to monitor fluid responsiveness in
mechanically ventilated patients. Anesthesia & Analgesia 2009; 108:513-517.

Cecconi M, Fasano N, Langiano N, et al. Goal Directed Haemodynamic Therapy during
elective total hip arthroplasty under regional anaesthesia Critical Care 2011; 15:R132.

Chakravarthy M, Patil TA, Jayaprakash K, Kalligudd P, Prabhakumar D, Jawali V. Comparison
of Simultaneous Estimation of Cardiac Output by Four Techniques in Patients Undergoing
Offpump Coronary Artery Bypass. Annals of Cardiac Anaesthesia 2007; 10:121-126.

Chakravarthy M, Rajeev S, Jawali V. Cardiac index value measurement by invasive, semi-invasive
and non invasive techniques: a prospective study in postoperative off pump coronary artery
bypass surgery patients. J Clin Monit Comput. 2009 Jun;23(3):175-80. Epub 2009 May 2.

Chatti R, de Rudniki S, Marqué S, Dumenil AS, Descorps-Declére A, Cariou A, Duranteau J,
Aout M, Vicaut E, Cholley BP. Comparison of two versions of the Vigileo-FloTrac system (1.03
and 1.07) for stroke volume estimation: a multicentre, blinded comparison with oesophageal
Doppler measurements. Br J Anaesth. 2009 Apr;102(4):463-9. Epub 2009 Feb 25.

Collange O, Xavier L, Kuntzman H, Calon B, Schaeffer R, Pottecher T, Diemunsch P, Pessaux
P. FloTrac for monitoring arterial pressure and cardiac output during phaeochromocytoma
surgery. Eur J Anaesthesiol. 2008 Sep; 25(9):779-80. Epub 2008 May 14.

Davinder S. Ramsingh, Chirag Sanghvi, Joseph Gamboa, Maxime Cannesson, Richard L.
Applegate II. Outcome impact of goal directed fluid therapy during high risk abdominal
surgery in low to moderate risk patients: a randomized controlled trial. The Journal of Clinical
Monitoring and Computing (online). 2012.

De Backer B, Marx G, Tan A, Junker C, Van Nuffelen M, Hu"ter L, Ching W, Michard F,
Vincent JL. Arterial pressure-based cardiac output monitoring: a multicenter validation of
the third-generation software in septic Patients. Intensive Care Med DOI 10.1007/s00134-
010-2098-8.

de Waal E, Kalkman C, Rex S, Buhre W. Validation of a new arterial pulse contour-based
cardiac outputdevice. Critical Care Medicine 2007; 35:1904-1909.

Derichard A, Robin E, Tavernier B, Costecalde M, Fleyfel M, Onimus J, Lebuffe G, Chambon JP,
Vallet B. Automated pulse pressure and stroke volume variations from radial artery: evaluation
during major abdominal surgery. British Journal of Anaesthesia 2009; 103:678-684.

Desebbe O, Henaine R, Keller G, Koffel C, Garcia H, Rosamel P, Obadia JF, Bastien O, Lehot
JJ, Haftek M, Critchley LA. Ability of the third-generation FloTrac/Vigileo software to track
changes in cardiac output in cardiac surgery patients: a polar plot approach. J Cardiothorac
Vasc Anesth. 2013 Dec;27(6):1122-7. Epub 2013 Sep 3.

Eleftheriadis S, Galatoudis Z, Didilis V, Bougioukas I, Schon J, Heinze H, Berger KU,
Heringlake M. Variations in arterial blood pressure are associated with parallel changes in
FlowTrac/Vigileo-derived cardiac output measurements: a prospective comparison study.
Crit Care. 2009;13(6):R179. Epub 2009 Nov 9.

Ghneim MH, Regner JL, Jupiter DC, Kang F, Bonner GL, Bready MS, Frazee R, Ciceri D, Davis
ML. Goal directed fluid resuscitation decreases time for lactate clearance and facilitates early
fascial closure in damage control surgery. Am J Surg. 2013 Dec;206(6):995-9; discussion
999-1000.

Headley, JM. Arterial Pressure Based Technologies: A New Trend in Cardiac Output
Monitoring. Critical Care Nursing Clinics of North America. Elsevier Saunders; 2006.



Healy D, Hargrove M, Doddakulla K, Hinchion J, O'Donnell A, Aherne T. Impact of pacing
modality and biventricular pacing on cardiac output and coronary conduit flow in the
postcardiotomy patient. Interactive CardioVascular and Thoracic Surgery 2008; 7:805-808.

Hofer CK, Button D, Weibel L, Genoni M, Zollinger A. Uncalibrated radial and femoral arterial
pressure waveform analysis for continuous cardiac output measurement: an evaluation in
cardiac surgery patients. Journal of Cardiothoracic and Vascular Anesthesia 2009; 24:257-264.

Hofer CK, Senn A, Weibel L, Zollinger A. Assessment of stroke volume variation for prediction
of fluid responsiveness using the modified FloTrac and PiCCOplus system. Crit Care. 2008;
12(3):R82. Epub 2008 Jun 20.

Haiseth L@, Hoff IE, Myre K, Landsverk SA, Kirkebgen KA. Dynamic variables of fluid
responsiveness during pneumoperitoneum and laparoscopic surgery. Acta Anaesthesiol
Scand. 2012 Jul;56(6):777-86. Epub 2012 Jan 31.

Isosu T, Obara S, Ohashi S, Hosono A, Nakano Y, Imaizumi T, Mogami M, lida H, Murakawa
M. Fukushima. Examination of the usefulness of non-invasive stroke volume variation
monitoring for adjusting fluid supplementation during laparoscopic adrenalectomy in patients
with pheochromocytoma. J Med Sci. 2012;58(1):78-81.

Jo YY, Song JW, Yoo YC, Park JY, Shim JK, Kwak YL. The uncalibrated pulse contour cardiac
output during off-pump coronary bypass surgery: performance in patients with a low
cardiac output status and a reduced left ventricular function. Korean J Anesthesiol. 2011
Apr;60(4):237-43. Epub 2011 Apr 26.

Kobayashi M, Ko M, Kimura T, Meguro E, Hayakawa Y, Irinoda T, Takagane A. Perioperative
monitoring of fluid responsiveness after esophageal surgery using stroke volume variation.
Expert Rev Med Devices. 2008 May; 5(3):311-6.

Kobayashi M, Koh M, Irinoda T, Meguro E, Hayakawa Y, Takagane A. Stroke volume variation
as a predictor of intravascular volume depression and possible hypotension during the early
postoperative period after esophagectomy. Ann Surg Oncol. 2009 May;16(5):1371-7. Epub
2009 Feb 14.

Kungys G, Rose DD, Fleming NW. Stroke volume variation during acute normovolemic
hemodilution. Anesthesia & Analgesia 2009;109:1823-1830.

Li J, Ji FH, Yang JP. Evaluation of stroke volume variation obtained by the FloTrac™/Vigileo™
system to guide preoperative fluid therapy in patients undergoing brain surgery. J Int Med
Res. 2012;40(3):1175-81.

Lu JK, Zhu C, Jing H, Wang YJ, Qing EM. Application of intraoperative arterial pressure-based
cardiac output monitoring for patients undergoing coronary artery bypass grafting surgery.
Chinese Medical Journal (Engl). 2012 Jun;125(12):2099-103.

Manecke GR. Edwards FloTrac sensor and Vigileo monitor: easy, accurate, reliable cardiac
output assessment using the arterial pulse wave. Expert Rev Med Devices. 2005 Sep;
2(5):523-7.

Mayer J, Boldt J, Mengistu AM, Réhm KD, Suttner S. Goal-directed intraoperative therapy based
on autocalibrated arterial pressure waveform analysis reduces hospital stay in high-risk surgical
patients: a randomized, controlled trial. Crit Care. 2010;14(1):R18. Epub 2010 Feb 15.

McGee W, Horswell J, Calderon J, et al. Validation of a continuous, arterial pressure-based
cardiac output measurement: a multicenter, prospective clinical trial. Critical Care. 2007
11(5):R105.

A
m
m
m
A
m
2
n
m
"]




v
w
v
2
w
-4
w
w
w
©

McGee WT, Mailloux PT: Applied physiology and the hemodynamic management of septic
shock utilizing the Physiologic Optimization Program. Chapter 12 In: Severe Sepsis and
Septic Shock. INTECH Publisher, Croatia. 2012, pp. 255-272.

McLean AS, Huang SJ, Kot M, et al. Comparison of cardiac output measurements in
critically ill patients: FloTrac/Vigileo vs transthoracic Doppler echocardiography. Anaesth
Intensive Care. 2011;39(4):590-8.

Mehta Y, Chand RK, Sawhney R, Bhise M, Singh A, Trehan N. Cardiac output monitoring:
comparison of a new arterial pressure waveform analysis to the bolus thermodilution
technique in patients undergoing off-pump coronary artery bypass surgery. J Cardiothorac
Vasc Anesth. 2008 Jun; 22(3):394-9.

Meng L, Tran NP, Alexander BS, et al The impact of phenylephrine, ephedrine, and increased
preload on third-generation Vigileo-FloTrac and esophageal doppler cardiac output
measurements. Anesth Analg. 2011;113(4):751-7. Epub 2011.

Metzelder S, Coburn M, Fries M, Reinges M, Reich S, Rossaint R, Marx G, Rex S.
Performance of cardiac output measurement derived from arterial pressure waveform
analysis in patients requiring high-dose vasopressor therapy. Br J Anaesth. 2011
Jun;106(6):776-84. Epub 2011 Mar 25.

Monge Garcia MI, Gil Cano A, Diaz Monrove JC. Brachial artery peak velocity variation to
predict fluid responsiveness in mechanically ventilated patients. Critical Care Medicine 2009;
13:R142.

Monnet X, Anguel N, Jozwiak M, Richard C, Teboul JL. Third-generation FloTrac/Vigileo
does not reliably track changes in cardiac output induced by norepinephrine in critically ill
patients. Br J Anaesth. 2012 Apr;108(4):615-22. Epub 2012 Jan 19.

Mutoh T, Ishikawa T, Kobayashi S, et al. Performance of Third-generation FloTrac/Vigileo
system during hyperdynamic therapy for delayed cerebral ischemia after subarachnoid
hemorrhage. Surg Neurol Int. 2012;3:99. doi: 10.4103/2152-7806.100195. Epub 2012.

@stergaard M, Nielsen J, Nygaard E. Pulse contour cardiac output: an evaluation of the
FloTrac method. Eur J Anaesthesiol. 2009 Jun;26(6):484-9.

Ping W, Hong-Wei W, Tai-Di Z Effect of stroke volume variability-guided intraoperative fluid
restriction on gastrointestinal functional recovery Clinical, Surg. Tech. 2012; 59(120).

Pratt B, Roteliuk L, Hatib F, Frazier J, Wallen RD. Calculating arterial pressure-based cardiac
output using a novel measurement and analysis method. Biomed Instrum Technol. 2007
Sep-Oct; 41(5):403-11.

Qiang Fu, Weidong Mi, Hong Zhang. Stroke volume variation and pleth variability index
to predict fluid responsiveness during resection of primary retroperitoneal tumors in Hans
Chinese. BioScience Trends. 2012; 6(1):38-43.

Scheeren T, Wiesenack C. Performance of a minimally invasive cardiac output monitoring
system (FloTrac/Vigileo). British Journal of Anaesthesia 2008;101 (2):279-286.

Scheeren TW, Wiesenack C, Gerlach H, Marx G. Goal-directed intraoperative fluid therapy
guided by stroke volume and its variation in high-risk surgical patients: a prospective
randomized multicentre study. J Clin Monit Comput. 2013 Jun;27(3):225-33. Epub 2013
Apr 5.



Senn A, Button D, Zollinger A, Hofer CK. Assessment of cardiac output changes using
a modified FloTrac/Vigileo algorithm in cardiac surgery patients. Critical Care Medicine
2009;13:R32.

Slagt C, Beute J, Hoeksema M, Malagon |, Mulder JW, Groeneveld JA. Cardiac output derived
from arterial pressure waveform analysis without calibration vs. thermodilution in septic shock:
evolving accuracy of software versions. Eur J Anaesthesiol. 2010 Jun;27(6):550-4.

Slagt C, Malagon |, Groeneveld AB. Systematic review of uncalibrated arterial pressure
waveform analysis to determine cardiac output and stroke volume variation. Br J Anaesth.
2014 Jan 14.

Sotomi Y, Iwakura K, Higuchi Y, Abe K, Yoshida J, Masai T, Fujii K. The impact of systemic
vascular resistance on the accuracy of the FloTrac/Vigileo™ system in the perioperative period
of cardiac surgery: a prospective observational comparison study. J Clin Monit Comput. 2013
Dec;27(6):639-46. Epub 2013 Jun 8.

Staier K, Wiesenack C, GUnkel L, Keyl C. Cardiac output determination by thermodilution and
arterial pulse waveform analysis in patients undergoing aortic valve replacement. Canadian
Journal of Anesthesia 2008, 55; 1:22-28.

Suehiro K, Tanaka K, Funao T, Matsuura T, Mori T, Nishikawa K. Br. Systemic vascular
resistance has an impact on the reliability of the Vigileo-FloTrac system in measuring cardiac
output and tracking cardiac output changes. J Anaesth. 2013 Aug;111(2):170-7. Epub 2013
Mar 10.

Tsai YF, Su BC, Lin CC, et al. Cardiac output derived from arterial pressure waveform
analysis: validation of the third-generation software in patients undergoing orthotopic liver
transplantation. Transplant Proc. 2012;44(2):433-7.

Vasdev S, Chauhan S, Choudhury M, et al. Arterial pressure waveform derived cardiac output
FloTrac/Vigileo system (third generation software): comparison of two monitoring sites with
the thermodilution cardiac output. J Clin Monit Comput. 2012;26(2):115-20. Epub 2012.

Wang P, Wang HW, Zhong TD. Effect of stroke volume variability- guided intraoperative
fluid restriction on gastrointestinal functional recovery. Hepatogastroenterology. 2012 Nov-
Dec;59(120):2457-60.

Zhang J, Chen CQ, Lei XZ, Feng ZY, Zhu SM. Clinics (Sao Paulo). Goal-directed fluid
optimization based on stroke volume variation and cardiac index during one-lung
ventilation in patients undergoing thoracoscopy lobectomy operations: a pilot study. 2013
Jul;68(7):1065-70.

Zhang Z, Lu B, Sheng X, Jin N. Accuracy of stroke volume variation in predicting fluid
responsiveness: a systematic review and meta-analysis. J Anesth. 2011 Dec;25(6):904-16.
Epub 2011 Sep 4. Review.

Zimmermann A, Kufner C, Hofbauer S, Steinwendner J, Hitzl W, Fritsch G, Schistek R,
Kirnbauer M, Pauser G. The accuracy of the Vigileo/FloTrac continuous cardiac output
monitor. J Cardiothorac Vasc Anesth. 2008 Jun; 22(3):388-93. Epub 2008 Jan 22.

Zimmermann M, Feibicke T, Keyl C, Prasser C, Moritz S, Graf BM, Wiesenack C. Accuracy of
stroke volume variation compared with pleth variability index to predict fluid responsiveness
in mechanically ventilated patients undergoing major surgery. European Journal of
Anaesthesiology 2010; 27:555-561.

%
m
n
m
A
m
2
n
m
]




")
w
)
2
w
©
]
w
w
[

SWAN-GANZ CATHETERS ADVANCED
AND STANDARD TECHNOLOGY

Alspach JG (ed.). Core Curriculum for Critical Care Nursing. 6th ed. St. Louis: Saunders
Elsevier; 2006.

Daily EK, Schroeder JS. Techniques in bedside hemodynamic monitoring. 5th ed. St.
Louis: Mosby; 1994.

Darovic, GO. Hemodynamic monitoring: invasive and noninvasive clinical application.
3rd ed. Philadelphia: Saunders; 2002.

Headley, JM. Invasive Hemodynamic Monitoring: Applying Advanced Technologies.
Critical Care Nursing Quarterly. 1998;21:3:73-84.

Headley, JM. Puzzled by Continuous Cardiac Output Monitoring? Nursing ‘97. 1997;
32aa - 32dd.

Headley, JM. Special Pulmonary Procedures; Continuous Mixed Venous Oxygen
Saturation Monitoring. In: Lynn-McHale DJ, Carlson KK. AACN Procedure Manual for
Critical Care. 5th Edition. Philadelphia.: W.B. Saunders Company; 2005.

Imperial-Perez F, McRae M, Gawlinski A, Keckeisen M, Jesurum J. AACN protocols for
practice: Hemodynamic Monitoring. 1998.

Leeper B. Monitoring right ventricular volumes: a paradigm shift. AACN Clin Issues.
2003 May; (14):208-19.

Mims BC, Toto KH, Luecke LE, Roberts MK, Brock JD, Tyner TE. Critical care skills:
a clinical handbook. 2nd ed. St. Louis: Saunders; 2004.

Perret C, Tagan D, Feihl F, Marini JJ. The pulmonary artery catheter in critical care.
Cambridge: Blackwell Science Inc.; 1996.

Pinsky MR, Vincent JL. Let us use the pulmonary artery catheter correctly and only
when we need it. Crit Care Med. 2005 May;33(5):1119-22.

Thelan LA, Davie JK, Urden LD, Lough ME. Critical care nursing: diagnosis and
management. 2nd ed. St. Louis: Mosby; 1994.

Vincent JL, Pinsky MR, Sprung CL, Levy M, Marini JJ, Payen D, Rhodes A, Takala J.
The pulmonary artery catheter: in medio virtus. Crit Care Med. 2008 Nov;36(11):3093-6.

Woods SL, Froelicher ESS, Motzer SU, Bridges EJ. Cardiac nursing. 5th ed. Philadelphia:
Lippincott Williams & Wilkins; 2005.

Zink W, Noll J, Rauch H, Bauer H, Desimone R, Martin E, Bottiger BW. Continuous
assessment of right ventricular ejection fraction: new pulmonary artery catheter versus
transoesophageal echocardiography. Anaesthesia. 2004 Nov;59(11):1126-32.



PERIOPERATIVE GOAL-DIRECTED THERAPY

Benes J, Chytra I, Altmann P, et al. Intraoperative fluid optimization using stroke volume
variation in high risk surgical patients: results of prospective randomized study. Crit Care.
2010;14(3):R118.

Bellamy MC. Wet, dry or something else? Br J Anaesth. 2006;97(6):755-757.

Bratzler DW, Hunt DR. The surgical infection prevention and surgical care improvement
projects: national initiatives to improve outcomes for patients having surgery. Clin Infect
Dis. 2006;43(3):322-330.

Brienza N, Giglio MT, Marucci M, Tommaso F. Does perioperative hemodynamic
optimization protect renal function in surgical patients? A meta-analytic study. Crit Care.
2009;37(6):2079-2090.

Cecconi M, Fasano N, Langiano N, et al. Goal directed haemodynamic therapy during
elective total hip arthrosplasty under regional anaesthesia. Crit Care. 2011;15(3):R132.

Chytra |, Pradl R, Bosman R, Pelnar P, Kasal E, Zidkova A. Esophageal Doppler-guided
fluid management decreases blood lactate levels in multiple-trauma patients: a
randomized controlled trial. Crit Care. 2007;11(1):R24.

Conway D, Mayall R, Abdul-Latif MS, Gilligan S, Tackaberry C. Randomised controlled
trial investigating the influence of intravenous fluid titration using oesophageal Doppler
monitoring during bowel surgery. Anaesthesia. 2002;57(9):845-849.

Corcoran T, Rhodes J, Clarke S, Myles P, Ho K. Perioperative fluid management strategies
in major surgery: a stratified meta-analysis. Anesth Analg. 2012;114(3):640-651.

Dalfino L, Giglio M, Puntillo F, Marucc M, Brienza N. Haemodynamic goal-directed
therapy and postoperative infections: earlier is better a systematic review and
meta-analysis. Crit Care. 2011;15:R154.

Donati A, Loggi S, Preiser JC, et al. Goal-directed intraoperative therapy reduces
morbidity and length of hospital stay in high-risk surgical patients. Chest.
2007;132(6):1817-1824.

Gan TJ, Soppitt A, Maroof M, et al. Goal-directed intraoperative fluid administration
reduces length of hospital stay after major surgery. Anesthesiology. 2002;97(4):820-826.

Giglio MT, Marucci M, Testini M, Brienza N. Goal-directed haemodynamic therapy and
gastrointestinal complications in major surgery: a meta-analysis of randomized controlled
trials. Br J Anaesth. 2009;103(5):637-646.

Hamilton M, Cecconi M, Rhodes A. A systematic review and meta-analysis on the use of
preemptive hemodynamic intervention to improve postoperative outcomes in moderate
and high-risk surgical patients. Anesth Analg. 2011;112(6):1392-1402.

Kuper M, Gold SJ, Callow C, et al. Intraoperative fluid management guided by
oesophageal Doppler monitoring. BMJ. 2011;342:d3016.

McKendry M, McGloin H, Saberi D, Caudwell L, Brady A, Singer M. Randomised
controlled trial assessing the impact of a nurse delivered, flow monitored protocol for
optimisation of circulatory status after cardiac surgery. BMJ. 2004;329(7460):258.

Mythen MG, Webb AR. Perioperative plasma volume expansion reduces the incidence
of gut mucosal hyperperfusion during cardiac surgery. Arch Surg. 1995;130(4):423-429.

%
m
n
m
A
m
2
n
m
]




")
w
)
2
w
©
]
w
w
[

Noblett SE, Snowden CP, Shenton BK, Horgan AF. Randomized clinical trial assessing
the effect of Doppler-optimized fluid management on outcome after elective colorectal
resection. Br J Surg. 2006;93(9):1069-1076.

Ping W, Hong-Wei W, Tai-Di Z. Effect of stroke volume variability-guided intraoperative
fluid restriction on gastrointestinal functional recovery [published online ahead of print].
Hepatogastroenterology. 2012;59(120). doi:10.5754/hge12283.

Ramsingh DS, Sanghvi C, Gamboa J, et al. Outcome impact of goal directed fluid therapy
during high risk abdominal surgery in low to moderate risk patients: a randomized
controlled trial. J Clin Monit Comput. DOI 10.1007/s10877-012-9422-5.

Shoemaker WC, Appel PL, Kram HB, Waxman K, Lee TS. Prospective trial of
supranormal values of survivors as therapeutic goals in high-risk surgical patients. Chest.
1988;94(6):1176-1186.

Sinclair S, James S, Singer M. Intraoperative intravascular volume optimization and length
of hospital stay after repair of proximal femoral fracture: randomised controlled trial. BMJ.
1997;315(7113):909-912.

Venn R, Steele A, Richardson P, Poloniecki J, Grounds M, Newman P. Randomized
controlled trial to investigate influence of the fluid challenge on duration of hospital stay
and perioperative morbidity in patients with hip fractures. Br J Anaesth. 2002;88(1):65-71.

Wakeling HG, McFall MR, Jenkins CS, et al. Intraoperative oesophageal Doppler-guided
fluid management shortens postoperative hospital stay after major bowel surgery. Br J
Anaesth. 2005;95(5):634-642.

QUICK REFERENCE SECTION

Abramo L, Alexander IV, Bastien D, Bussear EW, et al. Professional guide to diagnostic
tests. Philadelphia: Lippincott Williams & Wilkins; 2005.

Alspach JG. Core curriculum for critical care nursing. 6th ed. St. Louis: Saunders Elsevier;
2006.

Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA guidelines for the management
of patients with ST-elevation myocardial infarction. Circulation. 2004;110:588-636.

Chulay M, Burns SM. AACN essentials of critical care nursing pocket handbook.
McGraw-Hill, 2006.

Field JM, Hazinski MF, Gilmore D. Handbook of emergency cardiovascular care.
American Heart Association. 2006.

Forrester JS, Diamond G, Chatterjee K, Swan HJC. Medical therapy of acute myocardial
infarction by application of hemodynamic subsets. NEJM. 1976;295(24):1356-1362.

Frishman WH, Cheng-Lai A, Nawarskas J. Current cardiovascular drugs. 4th ed.
Philadelphia: Current Medicine; 2005.

Headley JM. Strategies to optimize the cardiorespiratory status of the critically ill.
AACN Clinical Issues in Critical Care Nursing. 1995;6(1):121-134.

Knaus WA, Wagner DP,Draper EA, et al. The APACHE Il Prognostic System: risk prediction
of hospital mortality for critically ill hospitalized adults. Chest 1991;100:1619-36.

McGee WT, Mailloux P, Jodka P, Thomas J. The pulmonary artery catheter in critical care.
Seminars in Dialysis. 2006;19(6):480-491.




Malholtra PK, Kakani M, Chowdhury U, Choudhury M, Lakshmy R, Kiran U. Early
goal-directed therapy in moderate to high-risk cardiac surgery patients. Ann Card
Anaesth 2008;11:27-34.

Mims BC, Toto KH, Luecke LE, Roberts MK, Brock JD, Tyner TE. Critical care skills:
a clinical handbook. 2nd ed. St. Louis: Saunders; 2004.

Opie LH, Gersh BJ. Drugs for the heart. 6th ed. Philadelphia: Elsevier Saunders; 2005.

Perret C, Tagan D, Feihl F, Marini JJ. The pulmonary artery catheter in critical care.
Cambridge: Blackwell Science Inc.; 1996.

Pinsky MR, Vincent J. Let us use the pulmonary artery catheter correctly and only
when we need it. Crit Care Med. 2005;33(5):1119-1121.

Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy in the treatment
of severe sepsis and septic shock. N Engl J Med. 2001;345(19):1368-1377.

Vallet B, Tytgat H, Lebuffe G. How to titrate vasopressors against fluid loading in
septic shock. Advances in Sepsis. 2007;6(2):34-40.

Wilson RF. Critical care manual: applied physiology and principles of therapy. 2nd ed.
Philadelphia: FA Davis Company; 1992.

Woods SL, Froelicher ESS, Motzer SU, Bridges EJ. Cardiac nursing. 5th ed. Philadelphia:

Lippincott Williams & Wilkins; 2005.

%
m
n
m
A
m
2
n
m
]




AV ER-EEER |

Notes
&



ACKNOWLEDGEMENTS

A special thank you to Christine Endres for her support to
Anijali Berry, Diane K. Brown, RN, Pom Chaiyakal, Amanda
Gage, Erin Glines-Foorman, RN, Sheryl Stewart and Susan
Willig, for their guidance and expertise.

For professional use. CAUTION: Federal (United States) law restricts
this device to sale by or on the order of a physician. See instructions
for use for full prescribing information, including indications,
contraindications, warnings, precautions and adverse events.

Edwards Lifesciences devices placed on the European market meeting the essential
requirements referred to in Article 3 of the Medical Device Directive 93/42/EEC
bear the CE marking of conformity.

Edwards, Edwards Lifesciences, the stylized E logo, Advanced Venous Access, AMC
Thromboshield, Chandler, ControlCath, CCOmbo, CO-Set, CO-Set+, EV1000, FloTrac,
Hi-Shore, Multi-Med, Paceport, PediaSat, PreSep, Swan-Ganz, TruWave, Vigilance II,
Vigileo, VIP, VIP+ and VolumeView are trademarks of Edwards Lifesciences Corporation.
All other trademarks are the property of their respective owners.

William McGee, Diane Brown and Barbara Leeper are paid consultants of
Edwards Lifesciences.

© 2014 Edwards Lifesciences Corporation.
All rights reserved. AR11206



A heritage of developing leading solutions that
advance the care and treatment of the acutely ill

Since the introduction of the Swan-Ganz catheter in the early 1970s,

Edwards Lifesciences has partnered with clinicians to develop products and
systems that advance the care and treatment of the acutely ill. What has resulted is an
extensive line of hemodynamic monitoring tools including catheters, sensors and bedside
patient monitors that continue to build on this gold standard in critical care medicine.

Critical care clinicians around the world have used Edwards products to clinically
manage more than 30 million patients. Hemodynamic monitoring products such
as the Swan-Ganz catheter, FloTrac system and PreSep oximetry catheter enable
clinicians to make more informed and rapid decisions when treating patients
in surgical and critical care settings.

For additional educational resources visit:
edwards.com/education

Edwards Lifesciences | edwards.com
Irvine, California 92614 USA

Edwards






