ACCURACY MATTERS: THE VALUE OF HEMODYNAMIC MONITORING
KEY
TAKEAWAYS

•

Clinical evidence and current guidelines recommend using hemodynamic monitoring to determine cause of circulatory shock.

•

Accurate hemodynamic data supports data driven care protocols, especially when tracking responses to vasoactive drug therapy.

•

Existing hemodynamic monitors have limitations that cause inaccuracies due to single-beat evaluation and algorithm design,
which may lead to under reporting cardiac output and suboptimal therapy decisions.

BACKGROUND
Hemodynamic monitors are useful in aiding the detection, diagnosis and titration of
therapy in response to circulatory shock. An emerging application is the use of
hemodynamic monitoring as the input for sophisticated predictive analytic algorithms to
help anticipate and prevent the transition of patients into shock. Refractory shock that
is not responsive to therapy has an in-hospital mortality of up to 66% and as such, is an
emergency.1-3
The current guidelines call for the use of bedside echocardiography upon the diagnosis
of shock to determine the cause of shock. Hemodynamic monitoring is then
recommended to help further determine the cause of shock and help guide therapy
upon the failure of the first line of therapy, typically fluids. However, it is well
established that 50% of critically ill patients do not respond to fluids and many require
both fluids and vasoactive drug therapy for resuscitation.3, 4
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The risks of over- and under-resuscitation are well established. Fluids are routinely administered to account for losses during surgery, to prevent
dehydration, and to maximize oxygen delivery to tissue. As shown below, however, there is a “sweet spot” (normovolemia), for fluid management. Too
little (hypovolemia) or too much (hypervolemia) fluids are both associated with increased rates of complications.
The clinical standard of administering fluids has been to administer fluids based on preoperative weight and “overfill” slightly to increase body weight by 3 – 6 kg. However, as
deviations from hemodynamic stability increase (caused by more invasive surgery and/or
more severe clinical conditions), it becomes more difficult to choose a fixed dose of fluids to
administer in order to achieve normovolemia. At this point, advanced monitoring and goaldirected fluid administration to maintain enough intravascular volume is recommended.

FIGURE 1:

As shown in the Figure 2 (the Starling curve) below, fluid challenges are administered in
combination with hemodynamic monitoring for stroke volume (which is Cardiac Output
divided by Heart Rate) changes. The goal is to reach Point B, where further administration of
fluids does not significantly increase stroke volume.
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FIGURE 2:

More than 32 independently-conducted studies have shown that optimized fluid and drug
management with accurate CO monitoring can lead to significantly improved outcomes
including reduced mortality, morbidity, and shorter length of hospital stay.3

WHY HEMODYNAMIC MONITORING ACCURACY MATTERS

Adapted from Grocott, Mythen, and Gan, 2005.

Some clinicians may argue that the choice of hemodynamic monitor used is unimportant, and
that following a fluid optimization protocol is what matters. For low-risk and some mediumrisk surgical patients who do not have co-morbidities, this approach will likely yield
acceptable results so long as the clinician errs on the side of over-resuscitation. Typically, the
risks of under-resuscitation are lack of sufficient oxygen delivery, rapidly leading to organ
failure, whereas the risk of over-resuscitation is edema, generally leading to impeded bowel
function and excess length of stay.5-7

For high-risk patients in the ICU and in high-risk surgeries, however, the situation is much different. These patients have fewer physiologic reserves with
which to tolerate pronounced variations in therapy and/or physiologic stressors. The risk of under-resuscitation in these patients is organ failure due to
lack of sufficient oxygen delivery. In patients with elevated cardiovascular risk (such as hypertension or heart failure), fluid overload may trigger heart
failure, potentially causing cardiac depression, especially in patients with septic cardiomyopathy.8
Taken together, these findings underscore the importance of implementing resuscitation protocols that are based on patients’ actual hemodynamic
status rather than adhering to generic weight-based protocols.

PRECISE GUIDANCE OF HEMODYNAMIC MANAGEMENT
Implementation of protocols based on patients’ hemodynamic status requires precise and accurate data. A key challenge in achieving this critical
objective is that many hemodynamic monitors do not perform well with respect to tracking changes in cardiac output in response to fluid and
vasoactive drug therapy, as shown below.
FIGURE 3:

As discussed in the How It Works section, cardiac output monitors that rely on
analysis of single beats produce results that are distorted by wave reflection
and do not provide accurate results during changes in vasomotor tone 9-11.
When titrating pressor therapy, some pressors can increase cardiac output,
others may have no effect, and still others may cause decreases in cardiac
output due to increased systemic vascular resistance. In these instances, an
inaccurate cardiac output, as shown in the left of Figure 3, can lead the
clinician to believe that the patient is in an acceptable hemodynamic state,
when in fact the patient may require an intervention such as additional fluid
support.

Other algorithms are also designed to under-respond to changes in cardiac output. Since many patients are stable for 80 to 90% of the time, a monitor
that does not react strongly to changes in cardiac output will have a greater likelihood of producing a plausibly “accurate” result. In the case of fluid
optimization, shown on the right of Figure 3, this type of algorithmic approach can cause a monitor to under-react to changes in cardiac output. As
shown in the figure, if the monitor reports a small change (under-reacts) in response to a fluid bolus, the clinician may stop administering fluids,
incorrectly assuming that the patient is on the flat portion of the Starling curve (Figure 2), whereas in reality, the patient may still require more fluids.
Yet another consideration is accuracy in low cardiac output states. In patients with low cardiac output, oxygen
delivery may or may not be sufficient. Accurate estimates of cardiac output may make the difference between
how aggressive or conservative a clinician will be in responding to the patient condition, such as choosing to
administer or change the dose of an inotrope. While these decisions are usually made in conjunction with
other patient data from physiologic monitors, laboratory results and clinical evaluation, it is clear that
accurate hemodynamic information is important to guide the diagnosis and therapy for high-risk patients.
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