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Understanding hemodynamics with seven variables
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We read with great enthusiasm two excellent reviews on
monitoring in critically ill patients, which reinforces the
need to integrate different variables to better understand
the hemodynamic status of patients with circulatory shock
(1,2). This life-threating condition was classified by Weil
and Shubin, many years ago, in four types (hypovolemic,
cardiogenic, obstructive and distributive) considering
different pathophysiological mechanisms compromising
the cardiac output (3). Over the years, all these concepts
were revisited and expanded by adding more variables,
like SvO, and microcirculatory evaluation, explaining the
reasons for the reduced peripheral perfusion and setting
goals of hemodynamic support for each type of shock (4).
The hemodynamic resuscitation and investigation of the
cause of the circulatory failure is crucial to prevent organ
dysfunction and death.

In order to improve the outcomes of patients with
circulatory failure, bedside physicians must be able to make
an early recognition of this condition so that individualized
management is started. Many educational strategies were
developed over time to facilitate teaching and improve
understanding of the pathophysiology of shock states,
treatment strategies and goals [visual tools (5), mnemonics—
SOSD, VIP, ROSE (4,6), etc.]. We agree with Kattan
et al. (1) and Messina et 4l. (2) on the use of different
parameters to facilitate the understanding of hemodynamics
and we created one single graph (Figure 1) integrating seven
variables that are very helpful at the bedside, in order to
diagnose the type of shock, interpret hyperlactatemia and
suspect of tissue hypoperfusion, and also plan interventions.

When approaching the patient with circulatory shock,

evaluating as many variables as possible can help us
understand the hemodynamic state and to decide the best
treatment. We chose seven hemodynamic data that can give
us information about cardiac function, balance of oxygen
delivery and consumption, and cellular metabolism, which
are important even in settings where invasive monitoring
cardiac output is available. Each of these variables can be
briefly interpreted as follows:

ScvO,: Although ScvO, is not identical to SvO,,
particularly in shock situations, it could be used as a
substitute for O, extraction (7). Smaller values would mean
larger extractions that are usually present when smaller
oxygen supplies occur.

PCO, gap (7): This gradient is sensitive to blood flow
therefore it is elevated in a situation of reduced cardiac
output, or as a result of reduced microvascular blood flow and
increase in CO, production due to altered microcirculation
(for example: sepsis/septic shock).

Lactate (4): The elevation of lactate may reflect a state
of tissue hypoperfusion, however, there are several other
causes and interpretations. Among the several causes of
hyperlactatemia without hypoperfusion, the most frequent
are comorbidities such as cancer and liver diseases,
mitochondrial dysfunction (due to genetic diseases), vitamin
deficiency (B1) or excessive catecholaminergic release. In
these situations, lactate is generally the only altered variable,
with no other signs of tissue hypoxia.

CVP (7): Central venous pressure does not adequately
identify fluid-responsive patients, however, low values
reflect adequate contractile capacity to maintain low
pressures of the right atrium. Faced with a state of
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Figure 1 Understanding hemodynamics with seven variables. The ScvO,, Lactate, CVP and PCO, gap are shown on each side of the square;
dP/dt is represented by red lines (and the different slopes represent how fast the pressure is reached), the Mottling score is represented by blue
circles, each one reflecting a score and the Pv—aCO,/Ca—vO, <1.4 is identified by a yellow semicircle, the points within this area mean a ratio
less than 1.4. The position of the black dot represents a clinical presentation of each of the situation described, and in the graph at the bottom
right, we presented the change of the hemodynamic parameters after interventions aiming for the resolution of septic shock. SevO,, oxygen
saturation of the central venous blood; O,, oxygen; PCO, gap, central venous-to-arterial carbon dioxide tension difference; CVP, central
venous pressure; Pv—aCO,/Ca—vO,, ratio of the venous-to-arterial carbon dioxide tension difference over the arterial-to-venous oxygen content
difference; dP/dt, rate of change in pressure with time.
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circulatory shock, reduced right atrium pressure makes the
diagnosis of cardiogenic or obstructive shock unlikely. In
selected cases, considering a subjective assessment of the
dP/dT (below), the use of inotropic could be considered.

dP/dt (rate of change in pressure with time): It is a
measure that requires echocardiography, however, the
assessment of the arterial pulse waveform can be used as
surrogate. The greater the contractile capacity of the left
ventricle, the greater the dP/dt. Analyzing the arterial
waveform, the maximal first slope of the arterial pulse wave
would reflect the contractile capacity: systolic slope closer
to 90 degrees means good contractility (peak pressure is
achieved in less time) (8).

P,,CO,/C,_,0,: This is a surrogate of the respiratory
quotient. Increased values suggest a CO, production
greater than O, consumption, which may indicate anaerobic
metabolism (9). It may also identify patients that, being
fluid-responsive, will increase O, consumption with fluid
bolus. Thus, it could help to differentiate hyperlactatemia
due to tissue hypoxia (which can benefit from increase in O,
delivery) from hyperlactatemia due to other causes.

Mottling score (10): Cutaneous perfusion depends on
cutaneous perfusion pressure, so the presence of mottling
suggests hypoperfusion. The higher the mottling score is,
the earlier death occur. In situations where there is doubt
whether hyperlactatemia is due to oxygen transport deficit,
the absence of mottling would reinforce the idea of elevated
lactate due to another etiology or at least suggest it can be
safe watch and wait until we have more data at hand.

Combining these variables, it is possible to identify
different types of shock, to evaluate whether we are facing
a situation with clear signs of tissue hypoxia (representing
different positions in the graphic-see Figure 1), and to
decide the appropriate treatment.

Circulatory shock is a clinical syndrome associated
with multi-organ failure and high mortality. Prompt
identification of the main pathophysiological mechanism,
as well as clinical signs of tissue hypoxia is of extreme
importance in order to initiate an immediate and
appropriate treatment. Our graph is meant to illustrate
the hemodynamic parameters that could help with the
diagnostic approach, as well as to plan interventions.
However, there is often an overlap between different types
of shock which may make interpretation of the etiology
more difficult even using several integrated variables.

The use of graphs and figures to help understanding
the circulatory dynamics of shock syndromes is not new. In
1987, Shoemaker used a four-sided figure representing the
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four dimensions that characterize fluid systems (pressure,
volume, flow and function—which is best characterized
by oxygen consumption) in order to explain the
pathophysiology of different types of circulatory failure (5).
Similarly, the presented graph can be useful as an
educational tool, especially in teaching units and residency
programs.
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