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Patient monitoring is one of the core values of the
anesthesiologist. The ASA seal has the word “Vigilance”
inscribed above the lighthouse, and the modern day logo
of the ASA shows an EKG trace. From the earliest days,
anesthesiologists used their senses with a finger on the pulse,
ear on the chest and eyes on the patient. As technology
has entered the other aspects of life, so has it entered the
practice of anesthesiology. In regard to patient monitoring,
anesthesiologists have often led the way in introducing new
monitoring technology. Though cardiologists and intensivists
might disagree, the typical introduction of new monitoring
techniques has a well-worn path from the O.R./procedural
areas, to the ICU/PACU, to the ER, to the wards, and finally to
the home. The pulse oximeter is a good modern-day example.

Evolution of Patient Monitoring
Patient monitoring has continued to evolve. This evolution,
like the natural one, has not been characterized by smooth
and gradual change. Given the fact that anesthesiologists
pride themselves on being in a scientific-based specialty, one
would suppose that changes in monitoring could be traced to
clear evidence of improved patient outcomes. The reality is far
different. It is exceptionally rare that well designed prospective
studies have demonstrated any impact on patient outcomes by
monitoring. Even more discouraging is the observation that
monitoring might worsen outcomes.1 This observation has been
a source of much soul searching on the part of the anesthesia
community. One of the products of this soul searching has been
a shift in philosophy regarding cardiovascular monitoring.

Philosophical Shifts
This new emphasis on functional hemodynamics has been
accompanied by, and complements, the concept of early goaldirected therapy.3 It emphasizes the importance of proactive
interventions, moving away from a reactive stance. It is
natural that clinical researchers and medical device
manufacturers would respond to these philosophical shifts.
One of the first successes of this new type of thinking has
been the identification and application of fluid responsiveness
measurement. While not a new concept,4 it has required an
enormous amount of work to bring it to its present form.5
The future of this technology is intriguing and promising.6
There are, though, serious limits. At present, fluid responsiveness technology appears to be undergoing its “rifle range to
jungle” transition. Like other new monitoring approaches,
this technology has a “good story” and works well in “the lab”
(e.g., carefully controlled studies), but real-world experience is
still lacking.
In many ways this is the story behind all the new,
developing, noninvasive cardiac monitors. We have an
interesting array of new technology, including bioimpedance
(or “bioreactance”), pulse contour analysis, Doppler-base
systems and photoplethysmography. Within each of these
technologies we have competing companies. Despite the
superficial confusion, the clinician should be reassured that
this type of technical competition makes for a very healthy
environment for generating innovation and sorting out the
advantages, and disadvantages, of each approach.
Noninvasive Technology
Whatever technology finally reigns, there are characteristics
we can expect. A key feature is that the technology will be
noninvasive. The moving target is the question, what does the
term “noninvasive” mean? Clearly, the standard of invasiveness
is the pulmonary artery catheter, but this leaves unresolved the
degree of invasiveness of an arterial catheter or an esophageal
probe. With new technology, the amount of training/skill
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A new emphasis on individual optimization has taken center
stage in recent years.2 It is based upon the observation that the
cardiac, respiratory and autonomic systems interact and that
this interaction may give clues regarding optimal care.
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required to use it will be an important consideration. In
addition, two factors that will be important for the success of a
new method of monitoring will be cost and complication rates.
The essential feature of the hemodynamic monitors of the
future will be the generation of clinically actionable data. It
is now recognized that an isolated cardiac output or absolute
blood volume in itself is of limited use. Ultimately, monitors in
themselves do not change patient outcomes; it is only change
in therapy (i.e., giving fluids or diuretics) that can do that.
Research in early goal-directed therapy is helping to determine
what parameters we should be following. The three parameters
taking the lead at the moment include fluid status, vascular tone
and adequacy of cardiac function.

there is a disconnect between our science and our practice. In
this case, I side with our practice and believe science has lost
sight of what the term “outcome” means as well as the multiple
forms it can come in. “Outcome” can refer to much more than
patient mortality and morbidity (i.e., cost, ease of use, reduction
of physician stress).
What Does the Future Hold?
To conclude, I believe it is worthwhile to examine the
market forces that will help introduce this new technology.
An excellent book that examines the impact of technical
advancement on the marketplace is The Innovator’s Dilemma
by Clayton Christensen (Harper, 2003). He coins the term
“disruptive technology” to emphasize the upheaval that can
occur as one approach supplants another. It is clear that
cardiovascular monitoring has a number of disruptive
technologies facing off against each other.
The medical device marketplace is a complex one with
notoriously tight profit margins. Physicians can be a fickle
lot; one moment being unconscionably conservative, the
next demanding the latest breakthrough. In addition,
hospital administrators make it their business to keep costs
down. Into this mix, add rapid technical advances with the
backdrop of a litigious society, and the future becomes difficult
to predict.

“The medical device marketplace is a complex
one with notoriously tight profit margins.
Physicians can be a fickle lot; one moment
being unconscionably conservative, the next
demanding the latest breakthrough.”
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Lack of Studies
The element that is presently lacking, which would foster
the advancement of monitoring, are well-designed clinical
studies. Fluid responsiveness took center stage when someone
designed the “responder versus non-responder” study. This type
of study allowed people to quickly compare competing methods
of monitoring to determine which one had the best sensitivity
and specificity in predicting changes in cardiac output with
fluid infusion. This type of study is difficult to design and can be
costly to implement.
The concept of outcome studies, while intellectually
attractive, can be a source of a great deal of confusion and
misdirected effort. A classic monitoring outcome study is the
large prospective trial during the introduction of the pulse
oximeter.7 This study failed to find a significant change in
outcome with the use of the pulse oximeter, despite being
powered with over 20,000 patients. A Cochrane Review8 goes
so far as to say “…it is unclear if there is any real benefit from
the application of this technology in patients….” Based upon
this report, I have heard otherwise quite intelligent people
suggest that routine pulse oximeter use be reexamined and
potentially be eliminated as a possible source of complications!
Suffice it to say, it is a rare modern-day anesthesiologist who
would be willing to perform an anesthetic without one. Clearly,
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