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Macrocirculation and Microcirculation: The “Batman
and Superman” Story of Critical Care Resuscitation

Ashish K. Khanna, MD, FCCR FCCM,*t and Kunal Karamchandani, MD, FCCP%+

GLOSSARY

Cl = cardiac index; CRT = capillary refill time; ICU = intensive care unit; MAP = mean arterial pres-
sure; MFI = microvascular flow index; OPS = orthogonal polarization spectrum; PPV = proportion
of perfused vessels; RBC = red blood cells; SDF = sidestream dark field

he goal of circulatory resuscitation in critically ill
patients is to restore adequate oxygen delivery,
tissue perfusion, and ultimately cellular metab-
olism. The circulatory system is tasked with provid-
ing adequate blood flow to deliver oxygen and other
nutrients and removing end products of metabolism at
the tissue level. To do so, it has to generate adequate
perfusion pressure to drive blood into the capillaries. It

should on
and in what priority order. While a pre-
defined mean arterial pressure (MAP) is recommended
by international guidelines' and is the most common

is that the 2 circulations
during states of - This
between the macro-
and microcirculatory function creates a conundrum
for the practicing intensivist who must manage
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hemodynamics at the systemic level as well as at the
level of end-capillaries. In such a scenario, clinicians
must not only decide whether to prioritize the macro-
or microcirculation initially but also identify clear
metrics for transitioning between optimizing these 2
at different times of critical illness.
The composed o
is the circulatory element in direct
contact with parenchymal cells. Under physiological
conditions, the

and waste removal from tissues.
To fulfill this role, it needs to direct adequate blood
flow to tissue regions with higher metabolic demands.
However, durin
changes due to
altered

red blood cells , and imbalance
between the levels of vasodilating and vasoconstrict-

ing substances may all
flow o ssue demand, Clearly ihe

acts as a tissue perfusion * " and should be
prioritized during resuscitation. However, optimizing
microvascular perfusion is complicated by the need to
erfuse just some of the beds, some of the time—with

Although specialized imaging can evaluate micro-
opor-
tion of perfused vessels crovascular flow
dex have been proposed, this technology is
not universally available. Recent studies evaluating
automated quantification of microcirculatory vari-
ables as well as incorporating real-time techniques
as part of intensive care unit (ICU) nurse routine sur-
veillance are steps in the right direction.*> A limita-
tion of is that it
tissue, which

circulatory performance and metrics such as
and

most commonly
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Macro Versus Microcirculation-Guided Resuscitation

may not respond to fluid in the same way as other
microvascular territories.® Furthermore, both

the and the and application
of by the probe - E the
of the readings.” A potential alternative to

monitoring the microcirculation via sublingual imag-
in i to assess capillary refll me (CRT) The CKT
measures the amount of time necessary for the skin to
return to baseline color after applying a pressure on a

soft tissue (most commonly the fingertip).® Although
CRT measurement may also be challenging,’

In addition to challenges in measurement, -
e treat. microcirculatory abrormalities i+ sl

1 Almost all treatment modalities that address
microcirculatory changes also affect the microcircula-
thl’l An example is the use of the
assoc1ated w1th sepsis.
Altho h they ﬂow
they exert a effect that
their microcirculatory effect.!? The arrival of a micro-
circulation-specific therapy with no or minimal effect
on the macrocirculation may address this issue.

In such a situation, blood pressure—guided resus-
citation that targets the may be a
_i The use of blood pressure

to assess tissue perfusion in critically ill patients has
the largest experience and evidence base, associa-
tions between hypotension and poor outcomes are
robust in the critical care environment, and potential
adverse consequences of vasoactive medications are
well known.'® A logical next step would be to

citation on the
address blood

patients with
In addition to an uncertain relationship between
blood pressure optimization and microcirculatory
adequacy, optimal macrocirculatory targets for resus-
citation are also unclear. Based on trials finding fewer
cardiac arrhythmias, less vasopressor use, and simi-
lar mortality at higher and lower MAP targets, the
2016 Surviving Sepsis guidelines recommend tar-
eting a minimum MAP of 65 mm Hg.! However,

injury, acute

2 www.anesthesia-analgesia.org
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between

similar

and major
events
7 While prospec-
her MAP for end organ

has been reported
tive randomized tests of hi

prudent to adjust the macrocirculatory variables such
as MAP to meet perfusion requirements, without des-
ignating an absolute value as normal or as a target of
resuscitative efforts.

So, what should the 2020 clinician do to assess and
manage the adequacy of hemodynamic resuscitation?
Although few data exist to guide the integrated use
of both macro- and microcirculatory targets, a

approach might be to
This is especially relevant in the
stages of septic shock, when the is
functionally — and early resuscitation
with maneuvers that restore the macrocirculatory vari-
ables (cardiac output, MAP, etc) may improve micro-
circulatory flow.? If the patient improves clinically, no
microcirculatory monitoring or intervention is likely
needed. However, .he patient does
if end organ function deteriorates, it

ations, interventions

at this point,
instituting interventions

resuscitation are reasonable. Considering the
robust clinical - around

such interventions should only be con-

The Figure depicts an algorithm
suggesting a macrocirculation- and microcirculation-
based resuscitation strategy in patients with septic

and the emerging role of
as a readily available, bedside tool that

eeds further exploration.
.he macto- or microcifeu-

lation to guide has persisted for the last
2 decades without resolution. Two challenges defy
resolution. The first is the lack of coherence between
and microcirculato erformance. That

macro-

vice versa), and that
tory performance suggests that
both circulations need addressing during resuscita-
tion. The second challenge is that

actually In this way, the
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Septic shock

Organ dysfunction

\

Measure the
macrocirculation
(MAP, Cl etc.)
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Continue
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Figure.
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—p] > Activated
Protein C
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Cl indicates cardiac index; MAR

mean arterial pressure; OPS, orthogonal polarization spectrum; SDF, sidestream dark field.

macro- and microcirculations may be like “Batman”
and “Superman.” Both fight the crime of sepsis-induced
hemodynamic instability, but differ in their approach
and methods. Clearly, Batman and Superman are both
superheroes in their own right, and share a vital rela-
tionship without which we would not know the world
as we know it today! &5
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