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Aortic Biomechanics: 
Comment

To the Editor:

We read with interest the recent review of aortic 
biomechanics and their clinical applications by 

Gregory et al.1 The authors should be congratulated for 
addressing this important but often underappreciated sub-
ject. Nevertheless, we are obligated to mention that the 
authors did not acknowledge or discuss a series of perti-
nent studies conducted in chronically instrumented dogs 
describing the effects of anesthetics on aortic biomechan-
ics. This canine model is highly relevant to the review,1 
because the cardiovascular effects of anesthetics are virtu-
ally identical in dogs and humans. We and others used aor-
tic input impedance spectra in the frequency domain2 that 
were interpreted with a three-element Windkessel model 
of the arterial circulation, incorporating aortic mechanical 

properties,3 to quantify the effects of anesthetics on left 
ventricular afterload.4–13 We first demonstrated that iso-
flurane reduces total arterial resistance in a concentra-
tion-dependent manner and modestly increases total 
arterial compliance (primarily determined by the aorta 
and proximal great vessels14), but does not affect character-
istic aortic impedance (the resistance of the aorta itself).4 
In contrast, the potent vasodilator sodium nitroprusside 
decreased total arterial resistance and markedly increased 
total arterial compliance when the drug was administered 
at infusion rates that resulted in levels of hypotension 
equivalent to those observed during the administration of 
isoflurane. The findings with sodium nitroprusside con-
firmed previous observations in dogs15 and humans.16,17 
Taken together, these data indicated that the primary 
effect of isoflurane on the determinants of left ventricular 
afterload was related to its well-known actions on arteri-
olar resistance vessels and not on the aorta itself, whereas 
sodium nitroprusside altered left ventricular afterload 
through its effects on both arteriolar vasomotor tone and 
the mechanical properties of the aorta. Similar findings 
with isoflurane were also reported in an acutely instru-
mented open-chest swine model.13 We further showed 
that desflurane also reduces total arterial resistance but 
does not substantially affect total arterial compliance and 
characteristic aortic impedance, actions that were indis-
tinguishable from those of isoflurane.6 However, sevoflu-
rane did not affect total arterial resistance but caused small 
increases in total arterial compliance and characteristic 
aortic impedance,6 observations that mirrored those seen 
with the obsolete volatile anesthetic halothane.4

Isoflurane increased aortic distensibility (concomi-
tant with reductions in aortic pressure) and did not affect 
characteristic aortic impedance when these parameters 
were calculated using simultaneous measurements of 
aortic diameter, pressure, and blood flow.5 These find-
ings reinforced the conclusion that alterations in the 
aortic mechanical properties are not responsible for the 
actions of isoflurane on left ventricular afterload. In con-
trast to the findings with isoflurane in dogs with normal 
left ventricular function, this volatile anesthetic did not 
exert beneficial changes in total arterial resistance, char-
acteristic aortic impedance, and total arterial compliance 
in a canine model of heart failure with reduced ejection 
fraction induced by chronic rapid ventricular pacing.7 We 
conducted additional investigations in normal and cardio-
myopathic dogs with the anesthetic noble gas xenon,8 and 
with the intravenous anesthetics propofol,9,10 etomidate,11 
and dexmedetomidine12 that revealed unique insights into 
the actions of these medications on the contributions of 
altered aortic mechanics to left ventricular afterload in 
vivo. These studies document that the impact of anesthet-
ics on aortic biomechanics has been examined previously 
in clinically relevant animal models, contrary to the arti-
cle’s assertion.1
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Aortic Biomechanics: Reply 

In Reply:

We thank the authors for their thoughtful letter and 
informative review regarding the effects of anes-

thesia on the cardiovascular system.1 This previous work 
using animal models has been foundational in framing our 
understanding of arterial physiology and the effects of anes-
thetic agents. Our omission of these previous works in our 
recently published review on aortic biomechanics was not 
meant to diminish their importance.2 Rather, the purpose 
of our review was to focus on concepts related to the mate-
rial properties of the aorta itself in health, disease, surgery, 
and anesthesia, and to propose that local aortic changes may 
have both physiologic and clinical ramifications through 
the aorta’s relationship with the heart and distal arteries.

Certainly, the previous studies highlighted by Dr. Pagel 
et al., using a three-element Windkessel model in animals, 
have provided important details on the effects of anesthesia 
on aortic biomechanics. But we respectfully submit that it 
may not tell the whole story. First, compliance, as calcu-
lated in the Windkessel model, is total arterial compliance, 
not exclusively aortic.3 The contribution of small arteries 
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to compliance is considerable and, in humans, increases 
with age-related aortic stiffening, thereby “blurring the 
distinction between large and small artery function.”4 
As such, the described changes to compliance from the 
Windkessel model likely cannot be attributed to the aortic 
biomechanical properties alone. Second, we disagree with 
the contention that characteristic aortic impedance is “the 
resistance of the aorta itself.” Although aortic impedance 
has the units of resistance, it exists only with pulsatile flow 
and pressure and is a function of the modulus of elasticity 
and radius.3 Similar to compliance, there is no exact ana-
tomical aortic correlate to aortic impedance, although it 
characterizes the vessel in close proximity to the measure-
ment. Therefore, although we agree that left ventricular 
afterload can be modeled using the Windkessel, we believe 
that aortic biomechanics as defined by the authors is only 
partly responsible.

Aortic biomechanics, at the level of local aortic micro-
structure and mechanical behavior, has until now been 
limited to bench-top testing on excised tissue. With recent 
advancements in imaging technology, there are new oppor-
tunities to explore the aorta in vivo and hopefully gain new 
insights into local aortic biomechanical properties in the 
clinical anesthesia environment. As we assert in our review, 
this work has yet to be done.

Our understanding of cardiovascular physiology has 
greatly benefitted from the previous scientific work of 
Dr. Pagel and others who have published using similar 
arterial system models. They have put together much of 
the puzzle as it pertains to anesthesia and cardiovascular 
physiology. We believe that the additional perspectives 
on aortic biomechanics described in our review hold 
potential to add a piece to said puzzle, not replace it 
altogether.
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A Picture Is Worth 
a Thousand Words: 
Infographics in the New Era 
of Medical Education

To the Editor:

As first-year resident physicians, we are still at the 
beginning of our journey to becoming conscientious 

consumers of research and data. This, combined with our 
appropriately basic knowledge and context for anesthesiol-
ogy topics at this stage of training, makes it somewhat diffi-
cult to envision how to apply concepts from today’s research 
to our future practices. One page of Anesthesiology 
that we can turn to in this early stage of training is the 
“Infographics in Anesthesiology” section.

Infographics can distill complex concepts or large 
amounts of data into easily understood and easily remem-
bered visual representations.1 The recall ability of visually 
presented information is often explained by the picture 
superiority effect. The picture superiority effect suggests 
that 6.5 times more information is retained after 3 days 
when presented with a relevant picture compared with 
text alone.2

Medical students and medical educational companies 
today have harnessed the power of the picture superior-
ity effect. The most popular resources are picture-based 
and video-based programs aimed at increasing retention. 
Anecdotally, many medical students find these visual learn-
ing tools to be far more effective than reading traditional 
textbooks. Trainees are now entering residency from the 
highly visual-based learning environment of medical 
school. As with all resources, caution must be practiced 
when interpreting infographics, as a recent cross-sectional 
study demonstrated that the majority of infographics do 
not sufficiently report study findings.3

Integrating infographics from trusted sources of infor-
mation as Anesthesiology has done is a great way to meet 
our new generation of trainees in the way that they have 
learned. As a new resident myself, I find the infographics 
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