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Revisiting Lassen cerebral blood flow constancy with hysteresis
and 3D

Roh et al.1 present a unique case of severe, prolonged hypercapnic respira-
tory failure that triggered refractory global cerebral edema (GCE). This case report
is interesting because edema was not abatable by hyperventilation, despite
adequate reversal to a normocapnic state, and responded only to aggressive
osmotherapy.

The relationship between cerebral blood flow (CBF) and arterial partial
pressure of carbon dioxide (PaCO2) may thus be represented visually by an
S-curve with a delayed return in response to prolonged hypercapnia (figure 1).
At a certain threshold of PaCO2 that is sustained for a substantial duration, a state
of “vasoplegia” might be triggered, whereby reversal of PaCO2 levels is no longer
effective in decreasing CBF. In reality, regulation of CBF is a complex process2 that
can be further comprehended by examining correlations between cerebral perfu-
sion pressure (CPP) and CBF, and also between PaCO2 and CBF, with a 3D
interplay (figure 2). It is worth emphasizing that autoregulation, vasoreactivity,
and blood–brain barrier impermeability are nuanced physiologic functions, not
always directly related,3 and each can lead to dysregulated CBF and to GCE. Serial
measurements of CBF, CPP, and permeability, by neuroimaging and intracranial
probes, would have been ideal to scrutinize the effects during hyperventilation and
osmotic treatment in this patient.

Readers should not extrapolate these therapeutic suggestions for a noninjured
brain with acute on chronic hypoventilation to common cases of brief exposure to
severe hypercapnia. Finally, the fluid-attenuated inversion recovery image depicts
GCE with an intriguing predilection for subcortical U fibers and periventricular
CSF spaces, suggesting venular hypertension, rather than diffuse white and gray
matter involvement, as expected in global cerebral capillary vasoplegia.

ACKNOWLEDGMENT
The authors thank Julie D. Coats, medical illustrator, for her assistance in graphic design.

1. Roh D, Merkler AE, Al-Mufti F, et al. Global cerebral edema from hypercapnic
respiratory acidosis and response to hyperosmolar therapy. Neurology 2016;86:
XXX–XXX.

2. Lassen NA. Cerebral blood flow and oxygen consumption in man. Physiol Rev 1959;
39:183–238.

3. Donnelly J, Aries MJ, Czosnyka M. Further understanding of cerebral autoregulation
at the bedside: possible implications for future therapy. Expert Rev Neurother 2015;
15:169–185.

Gregory Kapinos, MD, MS
Heustein Sy, MD

From the Departments of Neurosurgery and Neurology, Hofstra North Shore-LIJ School of Medicine,
Manhasset, NY.
Study funding: No targeted funding reported.
Disclosure: The authors report no disclosures relevant to the manuscript. Go to Neurology.org for full
disclosures.

© 2016 American Academy of Neurology 1

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/lookup/doi/10.1212/WNL.0000000000002598


Figure 1 Effect of arterial partial pressure of carbon dioxide (PaCO2) onto cerebral blood flow (CBF) in usual
circumstances and in this acute on chronic prolonged hypercarbic case triggering hysteresis

Figure 2 Three-dimensional representation of the interplay among cerebral perfusion pressure (CPP), arterial
partial pressure of carbon dioxide (PaCO2), and cerebral blood flow (CBF)
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