Role of Mixed Venous Oxygen
Saturation in 1.C.U Patients

Essay

Submitted for Partial Fulfillment for Master Degree
in Intensive Care

Presented By

Sherien Mohammed Ibrahim El Gazzar
(M.B.B.,Ch.)
Faculty of Medicine - Benha University

Supervised By

Prof. Dr. Bahaa El Din Ewees Hassan

Professor of Anesthesia and Intensive Care
Faculty of Medicine - Ain Shams University

Dr. Hadeel Magdy Abdel Hameed

Assistant Professor of Anesthesia and Intensive Care
Faculty of Medicine - Ain Shams University

Dr. Mai Mohsen Abdel Aziz

Lecturer of Anesthesia and Intensive Care
Faculty of Medicine - Ain Shams University

Faculty Of Medicine
Ain Shams University
2013






First of all, thanks to ALLAH for helping and guiding me in accomplishing this
work and for everything else I have.

I would like to express deep thanks and regards to my supervisor ®rof.
Bahaa El Din Ewees Hassan Professor of Anesthesia And Intensive Care, Faculty
of Medicine, Ain Shams University; for his generously guidance of my work, He
shows a high capability to deal logically with everything and pays attention to tiny

details to accomplish this study in a good manner.

I would liRe to express my deepest regards and appreciation to Dr. Hadeel
Magdy Abdel Hameed, Assistant Professor of Anesthesia And Intensive Care,
Faculty of Medicine, Ain Shams University; for her sincere guidance, continuous
encouragement, advice, offering every possible help in all occasions and for her

valuable notes in this study.

I would [like to express my deepest regards and appreciation to Dr. Mai
Mohsen Abdel Aziz, Lecturer of Anesthesia And Intensive Care, Faculty of
Medicine, Ain Shams University; for her patience, support, great help in all

occasions and for her valuable notes in this study.

I would also like to give all thanks and gratitude to My parents for their
unlimited support and help they offered me throughout my [ife.

Last but not least I would like to express my gratitude and greetings to
Those who inspired us by sacrificing their lives for their dignity.

Sherin El-gazzar



Contents

Title Page
¢ List of Figures I

¢ List of Tables VI

¢ List of Abbreviations VIl
¢ Introduction ... 1

¢ Aimofthe Work .....................oiiinnl. 3

¢ Chapter (1): The Physiology of Oxygen
Transport .........cooiiiiiiiiiiiiiii s 4

¢ Chapter (2): Monitoring of Mixed Venous
Oxygen Saturation ...............................L. 10

¢ Chapter (3): Clinical Applications of

Mixed Venous Oxygen Saturation .......... 86
¢ SUMMATLY ..ottt 120
¢ References ...............ooiiiiiiiiiiiiiiiiiiiinnn, 123




List of Figures

Figlolres Title PNaOge
The oxygen cascade. The effects of hypoventilation
Figure |are shown as the grey line and the effects of a 5
(1) pathological shunt are shown as a dashed line
(Richardson et al., 1995).
Graph to show perfusion and ventilation in different
Figure | segments moving up the lung. Arrow indicates area 8
(2) of lung with perfect matching of ventilation to
perfusion (West and Wagner, 1998).
a): Normal diffusion from alveolus to capillary
during passage of blood along the capillary. By 0.25s
the red cell hemoglobin is completely saturated and
the partial pressure of oxygen in the blood
Figure equilibrates with that in the alveolus and therefore
diffusion stops. (b): Diffusion of oxygen with 9
3) increased cardiac output (note the shorter timescale
on the x-axis). The red cell may only be in contact
with alveolar gas for 0.25s; however this will still
allow sufficient time to achieve full saturation (West
and Wagner, 1998).
Oxyhemoglobin equilibrium (dissociation) curve of
hemoglobin. The normal P50 value is indicated by
Figure | the dashed lines. The changes in position of the curve 13
(4) associated with various effector molecules are
indicated by the dashed arrows (Guyton and hall,
2010).
Specifies the normal partial pressures and contents
Figure | (or concentrations) for oxygen. It also describes the 17
(5) overall transfer of gas between the lungs and blood
and between the blood and tissue (Pittman, 2011).
Figure Gas transport in a healthy 70-kg adult breathing room
air (F102 of 0.21) at standard barometric pressure (10 | 19
(6) | kpa) (Archie, 1981).
Clinical measures of pulmonary gas exchange,
Figure | oxygen delivery, and oxygen consumption (Taylor 29

(7)

and Weibel, 1981).
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Graph showing the balance between oxygen delivery
and oxygen consumption. The horizontal solid line
shows the extent to which oxygen delivery can be
_ reduced and compensated by an increase in oxygen
Figure | extraction (normally between 20-30%, between A 38
(8) and B). Point C shows the point beyond which
compensation is insufficient and oxygen consumption
is limited by delivery (supply-dependent), and
anaerobic metabolism, producing lactic acid, results
(Law and Bukwirwa, 1999).
Fiqure Schematic representation of the four types of acute
99 circulatory failure. Importantly, several types of | 39
(9) shock may coexist (Lim et al, 2003).
Figure :
(10) Pulmonary artery catheter (Steingrub et al., 1991). 44
Figure | Features of the pulmonary artery catheter (Karahan et 44
(11) al., 2008).
Figure | Features of the pulmonary artery catheter (Cruz and 45
(12) Franklin, 2001).
Fgl;)r € Reflection spectrophotometry (Reinhart et al., 2004). 47
Fl(gl]z)re Technique of insertion (Kern, 2011). 49
Figure | Choice of the site of insertion (Summerhill and 59
(15) Baram, 2005).
Shows the proper orientation of the pulmonary artery
_ catheter when inserted through the left subclavian
Figure | vein, the curvature of the catheter is oriented so that it 56
(16) will facilitate passage of the catheter through the
cardiac chambers and into the pulmonary
artery(Lefrant et al., 2000)
Figure | Modified Seldinger technique for central venous 57

(17)

access (Rudy, 1993).
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Figlolres Title PNaOge
Shows the appearance of a pulmonary artery (Swan-
Ganz) catheter tip with the balloon at full inflation
Figure | (top) and at less than full inflation (bottom),the tip of 60
(18) the catheter protrudes beyond the balloon when the
balloon is less than fully inflated (Johnston et al.,
1986).
Waveforms by location of the pulmonary artery (PA)
catheter tip, tracings obtained in the right atrium or
pulmonary capillary wedge position share similar
morphology, the transition from the right ventricle to
Figure | the pulmonary artery tracing can be identified by the 62
(19) increase in diastolic pressure and the presence of a
dicrotic notch, the diastolic "step-up™ results from the
transducer crossing the pulmonic valve, the dicrotic
notch reflects closing of the pulmonic valve.
(Marino, 1991).
Shows the different components of the right atrial
Figure | pressure tracing, a simultaneous ECG is shown to 63
(20) demonstrate the timing of the different components
(Mark, 1998b).
Figure | Trans-bronchial monitoring of (SvO2) (Brimacombe 73
(21) et al., 2000).
Minimally invasive algorithm breaking down
Figure | components of oxygen delivery and consumption 92
(22) followed by sub-components investigating root cause
of imbalance (Zaja, 2007).
SvO2 /hemoglobin (Hb) relation for VO2 at 200 ml
Figure | O/min. The variations in cardiac output (Q) are 99
(23) accompanied by large variations in SvO2 (Sadaka et
al., 2011).
SvO2 recording after surgery, the effects and the
Figure treatment of shivering and the relationship between
SvO2, cardiac output (CO) and metabolic rate (V x | 100
(24) | 02) (Richard et al., 2011),
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Effect of changing frequency of counter-pulsation
Figure from1:1(counter-pulsation with each heart beat) to
1:2(counter-pulsation with every other heart beat) on | 107
(25) SvO2 (Gore and Sloan, 1984).
Abrupt change in pulmonary arterial SvO2 in
Figure dobutamine-dependent patients whose intravenous
line accidently became disconnected and response to | 109
(26) reinstituting treatment (Gore and Sloan, 1984).
Sodium nitroprusside infusion was started at the time
Figure | marker. SvO2 and cardiac output rose as blood 110
(27) concentration increased (Divertie and McMichlan,
1984).
Falling levels of SvO2, witll increased PEEP. “Best
Figure | PEEP”was 5cm H20= 7" 0. Note influence of 111
(28) raised intrathoracic pressure with cough(Divertie and
McMichan,1984).
SvO2/cardiac index (CI) relation according to the
equation of Fick. The SvO2/Cl is curvilinear. Thus,
for constant VO2, the variations in CI induce large
Figure variations in SvO2if the initial CI value is low. By
contrast, if the initial CI value is high, the variations | 112
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al., 1998).
A small and then a larger drop in SvO2, accompanied
Figure | turning and tracheobronchial suctioning respectively. 113
(30) Level remained depressed and preceded cardiac arrest

by 15 to 20 minutes (Divertie et al., 1983).
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The contribution of SvO2 to arterial hypoxemia in
the setting of significant shunt (or V/Q mismatch) is
Figure | illustrated. The effect of a large change in SvO2 is 115
(31) shown to highlight the impact of SvO2. In this
example, there will be a change in SaO2 equivalent
to half the increase in SvO2 (Walley et al., 1988).
Arterial and venous oxygen saturations in various
Figure vascular regio_ns, arterial oxygen saturations are
(32) shown on the right, and venous ones on the left. The | 118

numbers shown are percentages (Reinhart et al.,
1994).
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