
assigned to early goal-directed therapy included
a central venous catheter capable of measuring
central venous oxygen saturation. Moreover,
during the initial 6 hours, these patients more
frequently received inotropic support. This
makes me think about the possibility that meas-
uring central venous saturation allowed the iden-
tification of inappropriate cardiac output in a
significant proportion of studied patients and
that this could be an important aspect to improve
the outcome.

Many methods to noninvasively measure car-
diac output are currently available for use in the
ICU. These include applications of the Fick prin-
ciple, Doppler technology, thoracic-electrical
bioimpedance, and pulse contour analysis
devices (see Table 1).13

Each of the methods in the Table has advan-
tages and disadvantages. The indirect Fick
methods are convenient and relatively easy to
apply to mechanically ventilated patients but
may not be accurate enough for initial diagnos-
tic information in a patient with significant
lung disease or multi-organ failure.  The
esophageal Doppler monitor, although more
invasive than others, may be a better alternative
for the critically ill patient. The bioimpedance
methods tend to lose accuracy in the setting of
intrathoracic fluid shifts, which may limit its
use in the intensive care setting. The pulse con-
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Figure 1

Theoretical ventricular pressure/volume loops for normal subjects

and for survivors and nonsurvivors of sepsis. In both survivors and

nonsurvivors, contractility is decreased by a decreased slope of the

end-systolic pressure-volume relationship. Diastolic ventricles of

survivors dilate as the normal compensatory response to decreased

systolic contractility. Pathologic alterations of the myocardium pre-

vent diastolic dilation in nonsurvivors. 

Adapted from: Walley KR. Ventricular Dysfunction During Sepsis.

Berlin, Germany: Springer; 1995.

Table

Features of Available Minimally Invasive Techniques for Monitoring Cardiac Output13

Estimate of Special
Method Accuracy Cardiac Preload? Considerations

Indirect Fick fair no Patient must be intubated;
Accuracy limited by pulmonary disease

Esophageal Doppler good yesa Patient movement is a 
problem; requires
specialized training

Thoracic electrical good no Decreased accuracy with
bioimpedance abnormal cardiac rhythm or

severe peripheral edema

Transpulmonary very good yesb Requires proximal
pulse contour access

Lithium dilution very good no Does not require catheter
in central circulation

a corrected flow time

b intrathoracic blood volume

Adapted from: Chaney JC, Derdak S. Minimally invasive hemodynamic monitoring for the intensivist: Current and emerging technology. 

Crit Care Med. 2002;30:2338-2345.


