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Intracranial Elastance versus Intracranial Compliance:
Terminology Should Agree with That of Other Disciplines

To the Editor:—In clinical medicine and research, it often is beneficial
to describe the relationship between the forces of pressure acting on
a body—or, alternatively, the pressure within a space—and the volume
of the body or space. In the respiratory system, changes in lung volume
in response to changes in transpulmonary pressures are used to char-
acterize lung mechanics.!? Similarly, in neurology, neuroanesthesia,
and neurosurgery, one often assesses the well-being of the intracranial
contents by describing the changes in intracranial pressure in response
to changes in intracranial volume.** For example, a large increase in
pressure in response to a small increase in volume suggests that the
compensatory reserves of the intracranial contents are reaching or
have exceeded their limits, and suggests the presence of underlying
pathology such as an intracranial mass lesion.

The standard terminology used to describe pressure-volume rela-
tionships, or alternatively, volume-pressure relationships, has existed
in the literature for decades.” By convention, elastance is defined as
AP/AV (where AP = a change in pressure and AV = a change in
volume).>® Compliance is defined as AV /AP*® and thus is the reciprocal
of elastance.5®

With this as background, it is thus surprising that among neuro-
anesthesiologists, neurosurgeons, and neurointensivists the terminology
for pressure-volume relationships has so frequently been misused.
Specifically, the relationship in figure 1A is typically described inap-
propriately as an intracranial compliance curve. For example, this ter-

minology has previously been misused by one of us (WLL) in a report
to this journal.” In addition, in a recently published anesthesiology
text, the authors of the chapters addressing cerebral physiology® and
intracranial hypertension* initially (and correctly) state that the rela-
tionship AP/AV is that of elastance.*® Then, acknowledging the “well
entrenched misuse of terminolbgy,"a they revert to traditional neu-
roanesthesia terminology*® and label a figure demonstrating AP/AV
as one of “compliance”.* The confusion in terminology in neurolog-
ically impaired patients is further compounded if the relationship in
figure 1A is referred to as a “‘cerebral compliance curve.” The rela-
tionship is not between the volume and pressure of the cerebrum, but
instead between the volume and pressure of the intracranial space.

Others who are perhaps aware of these controversies and do not
wish to perpetuate the error have relied on yet other terminology.
Neuroscientists have introduced indices calculated from pressure and
volume measurements, e.g., the so-called *“pressure-volume index.”®

>

FIG. 1. The relationship between volume and pres-
sure of the intracranial space. A: Intracranial elastance,
defined as a change in pressure in response to a change
in volume. B: The same data have been rearranged to
depict intracranial compliance, defined as a change in
volume in response to a change in pressure. Clearly,
the relationship depicted in 4, the intracranial elastance
curve, is the more clinically relevant and is the more
often used of the two relationships. Once the compen-
satory reserves of the intracranial space are exceeded,
there will be large increases in pressure in response to
small increases in volume (4, dashed line). This state
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This path of least resistance in terminology has been observed in other
medical disciplines as well. In reference to the eye, authors have referred
to the ocular AP/AV relationship as that of ocular “distensibility.”*’
Some cardiovascular researchers, perhaps wishing to avoid the con-
troversy altogether, have used the term “pressure-volume relation-
ship.”!! Aside from these alternative approaches, it is of interest that,
when used in reference to systems other than the intracranial space,
there are few published examples of misuse of the elastance /compliance
terminology.!'?

To improve communication among scientists and practitioners of
medicine, it is important that all parties use similar terminology to
describe similar events. Thus, the term compliance should be used to
describe the relationship AV/AP, and the term elastance should be
used to describe the relationship AP/AV, Specifically, the term *in-
tracranial elastance” should be used to describe the slope of the curve
shown in figure 1A. (The reader will note that an alternative to changing
the terminology is to retain the *‘compliance” terminology and change
the shape of the curve to that in figure 1B. This is not recommended
since pressure becomes the independent variable and volume becomes
the dependent variable, rendering the display of the curve physiolog-
ically less valid.)

Clinicians will recognize that the dashed portion of the curve in
figure 1A represents a large increase in pressure in response to a small
increase in volume. This has been referred to previously as a state of
reduced cerebral compliance or reduced intracranial compliance.* In
place of this incorrect use of terminology, we suggest that the state be
more appropriately called “increased intracranial elastance,” or if this
is unpalatable, “abnormal intracranial elastance.”
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of “increased elastance” is easily remembered because
the elastance increases as the slope of the line increases.
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Intensive Analgesia Reduces Postoperative Myocardial Ischemia? |

To the Editor:—An article by Mangano et al.! demonstrates that the
incidence of severe ischemic episodes is decreased in patients who re-
ceive intravenous sufentanil for postoperative pain control. Overall
outcome, however, was not improved. The incidence of myocardial
infarction and left ventricular failure was not statistically different from
one group to another.

To demonstrate clearly that any treatment would decrease the in-
cidence of adverse outcome, a large study is needed. For example,
patients undergoing peripheral vascular surgery have a 40% incidence
of postoperative ischemia, and 30% of those develop a bad outcome
(death, myocardial infarction, or death).*™* If a therapy is to reduce
the incidence of complications from 30 to 20%, approximately 3,000
patients would be required to demonstrate that aggressive therapy is
useful (power of 0.80 for a 33% reduction in complications). Thus,
unless a multicenter study enrolling a significant number of patients
is planned, definitive conclusions will be difficult to draw.

The incidence of postoperative ischemia may be closely related to
the activation of the neuroendocrine response. In fact plasma norepi-
nephrine and renin levels are higher during episodes of silent ischemia.®
In healthy humans, the coronary vessels dilate due to endothelium-
derived relaxing factor and prostacyclin produced in response to ace-
tylcholine and norepinephrine. When atherosclerosis is present, this
stimuli will result in coronary vasoconstriction.’ Moreover, postoper-
ative hypercoagulability is experienced by patients with atherosclerotic
disease.” This vasoocclusive phenomenon acting synergistically with a
high adrenergic tone may be responsible for the high incidence of
postoperative myocardial ischemia and bad outcome in patients with
coronary artery disease.

We suggest that postoperative epidural analgesia using a local an-
esthetic and opioid in low doses may be associated with a better outcome

in this high-risk population.®® Moreover, a short-acting 8 blocker and/
or calcium-channel blocker, when indicated, may further reduce the
incidence of ischemia associated with supply-demand or spasm.!!!

The use of intravenous opioids, on the other hand, not only provide
inferior analgesia when compared with epidural opioids but are also

unable to suppress hemodynamic and hormonal responses even when
high doses are used.'? Since no improvement in cardiac outcome could
be derived from postoperative infusions of sufentanil, based on these
data, one must evaluate the effects of these infusions (cost, intubation
time, complications, ete.) with the potential benefits (improved clinical
outcome).
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