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The Mixed Venous Oxygen
Saturation Response to Weaning
From Mechanical Ventilation
We read with interest the review article,
“Critical Illness and Mechanical Ventilation:
Effects on the Diaphragm,” in the September 2006 issue of RESPIRATORY CARE.1 In
the article it was reported that, “weaningfailure patients develop a relative decrease
in oxygen delivery (due to an increase in
right and left ventricular afterload) associated with an increase in oxygen extraction,
leading to a substantial decrease in mixed
venous oxygen saturation,” which is a notion based on a landmark study by Jubran
et al.2 However, this response is actually
not observed in all patients who fail to wean.
Accordingly, we have recently shown that
in a mixed population of patients who fail
to wean after several spontaneous breathing
trials, 2 distinct patterns of hemodynamic
and global tissue oxygenation response are
observed.3 In patients who failed weaning
without increasing their oxygen consumption (n ⫽ 9) the increase in oxygen delivery
was accompanied by a decrease in oxygen
extraction (by 15 ⫾ 4%). In patients who
failed (n ⫽ 9) and increased their oxygen
consumption (by ⬎ 10%), this increase was
met mainly by an increase in oxygen extraction (by 30 ⫾ 7%). Mixed venous oxygen saturation increased (by 2 ⫾ 1%) in
the former patients, whereas it decreased
(by 20 ⫾ 5%) in the latter. Thus, the fall in
mixed venous oxygen saturation is not observed in all patients who fail to wean.
Furthermore, this fall of mixed venous
oxygen saturation is not specific for weaning failure. De Backer and colleagues studied relative changes in the cardiac index
and oxygen-extraction ratio during successful weaning in patients after cardiac surgery
(n ⫽ 52), cardiac transplantation (n ⫽ 17),
or abdominal aortic surgery (n ⫽ 11).4 The
cardiovascular changes were evaluated in
42 patients in whom oxygen consumption
(calculated by Fick’s equation) increased by
more than 10%. Oxygen extraction remained
stable in patients after aortic surgery, but
increased nonsignificantly after cardiac surgery (from 33.3 ⫾ 6.1% to 37.3 ⫾ 6.4%), and
significantly after cardiac transplantation
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(from 25.8 ⫾ 4.1% to 28.2 ⫾
4.0%, p ⬍ 0.05), with corresponding decreases in mixed venous oxygen saturation.4
Hence, the cardiovascular response to
weaning from mechanical ventilation is
complex,3,5,6 and the fall in mixed venous
oxygen saturation initially described by Jubran et al2 is observed in some but not all
patients who fail to wean and may also be
observed in patients who wean successfully.
Furthermore, in the discussion section of
Dr Jubran’s review paper,1 Dr Panitch wondered about the predictability of f/VT [the
ratio of frequency to tidal volume] in patients receiving prolonged mechanical ventilation and the potential use of the tensiontime index. We recently found that the f/VT
is the best predictor of weaning outcome in
patients who receive ⬍ 7 days of mechanical ventilation, whereas the ratio of mean
inspiratory airway pressure to peak inspiratory pressure (the major determinant of the
tension-time index) is the best predictor of
weaning outcome in patients who receive
⬎ 7 days of mechanical ventilation.7
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The author responds:
I thank Dr Vassilakopoulos and colleagues for their interest in my review article.1 Their comments highlight the complexity of the pathophysiology and
hemodynamic responses in patients who fail
to wean from mechanical ventilation.
Vassilakopoulos and colleagues point out
that not all weaning-failure patients develop
a decrease in mixed venous oxygen saturation. Their comments are based on their
study,2 in which they subdivided weaningfailure patients into 2 groups: (1) those in
whom a true increase in oxygen consumption (arbitrarily defined by the investigators
as ⬎ 10%) occurred between mechanical
ventilation and the end of the weaning trial,
and (2) those who did not develop such an
increase in oxygen consumption. They observed a decrease in mixed venous oxygen
saturation only in patients who developed
true increases in oxygen consumption;
mixed venous oxygen saturation did not
change in patients who did not increase oxygen consumption. Whether 2 such distinctive patterns in hemodynamics occur in
weaning-failure patients is questionable,
since Zakynthinos et al2 used calculated
(rather than measured) values for oxygen
consumption and they categorized patients
based on an arbitrarily defined oxygen consumption of 10%. Methodological errors as
a result of using derived oxygen consumption measurements have resulted in misinterpretation of numerous studies on oxygen
delivery and oxygen utilization by tissues in
critically ill patients.3– 8
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