
S
pring and summer travel sea-
son is about to ramp up. I
expect a lot of attention to be
devoted to fuel prices and the
effects of a supply-and-

demand economy on travel patterns. The
brain has its own supply and demand
economy when it comes to energy. Rather
than petroleum distillates, the required
“fuels” are oxygen and glucose. Like vaca-
tioners, the central nervous system pays a
high price when fuel demand exceeds
supply. Instead of a few more dollars at
the pump, the brain pays in the form of
neuronal loss and cognitive dysfunction. 

This exact issue came up in my office
recently when a family reported to me
that their loved one’s dementia became
evident following extracorporeal shock-
wave lithotripsy for kidney stones. This
was a new scenario for me, and I
explained that I’d never heard of that link
before. A quick MedLine search on
“lithotripsy” and “dementia” also drew a
blank. Both my exam and the neuropsy-
chological evaluation obtained prior to
the visit with me supported a diagnosis of
Alzheimer’s disease, but his family was
adamant that the kidney stone procedure
was the cause. Serial follow-up has con-
firmed a symptom pattern and course
strongly suggestive of AD, and his family
has accepted that as my diagnosis.
Although they haven’t voiced the opinion
directly to me, I get the strong sense that
they’ve agreed to disagree with me about
lithotripsy as the trigger for his dementia. 

Gas Guzzler
There was, of course, a third variable in

his equation between the lithotripsy and
dementia: his procedure was done under
general anesthesia. Inhaled anesthesia for
surgical procedures has been examined as
a dementia risk in several studies over the
last 15 years, which generally found little
impact. For example, a case-control study
of 115 AD patients and 230 controls
found that neither anesthesia in the one
or five years prior to dementia onset nor
cumulative lifetime surgical exposure
increased the risk for AD.1

Of course, not all cognitive impair-
ment is AD, and bad cognitive outcomes
can clearly be related to surgical proce-
dures in some cases. Discernable cogni-
tive decrements that persist after acute
anesthetic effects are expected to be gone
have been termed post-operative cogni-
tive dysfunction (POCD). There are no
universally accepted criteria for POCD
and, as might be expected from a syn-
drome with variable definitions, preva-
lence estimates vary widely (from less
than five percent to more than 75 per-
cent).2 A large international study of
POCD found that 27 percent of 1218
enrolled patients were impaired at one
week post-operatively, and 10 percent
remained impaired three months after
surgery. Although many general medical
factors contributed to deficits at the one
week time point, age was the only one
that contributed to the three month risk.3

Coronary artery bypass graft surgery
(CABG) appears to be the worst culprit,
with more than half of patients showing a
20 percent decline in cognitive scores at
hospital discharge, improving to approxi-
mately 25 percent at six months, and

climbing back to 42 percent at five years.4

Critics have pointed out that these num-
bers might make things look worse than
they really are, because they fail to
account for the rate of cognitive impair-
ment developing over the same time span
among unoperated people with similar
vascular burden. 

Conventional wisdom has blamed cir-
culatory bypass devices as the source of
the problem in CABG, but that may not
be the case. For instance, one recent study
found no differences in the incidence of
cognitive impairments three months after
CABG performed in 120 patients ran-
domized to either off-pump or conven-
tional circulatory bypass techniques.2 The
failure to identify differences in cognition
between patients with on-pump and off-
pump CABG points out that the exact
mechanism of POCD remains unknown,
and probably varies across patients.
Microemboli are suspected as the primary
culprit, particularly during cardiovascular
procedures, but paradoxical fat embolism
is also known to complicate orthopedic
procedures. Other predictable conse-
quences of inhaled anesthesia like
hypotension and hypoxemia are probably
contributing factors in some patients as
well.

The problem of interpreting post-op
cognitive decline in light of a significant
potential for cognitive decline in unoper-
ated patients is further reinforced by the
comparative CABG study.2 Fully one-
fifth of otherwise eligible subjects were
excluded from that study because their
baseline Mini Mental State Exam score
was <24/30. Such a high rate of baseline
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impairment suggests that at least some of
those folks are on the path to a progres-
sive dementia, which might not be recog-
nized in the typical thoracic surgery pre-
operative evaluation. Incipient—but
unrecognized—AD also might help
explain why POCD prevalence increases
from 23 percent after six months to more
than 40 percent by five years after CABG. 

The potential links between POCD
and AD were explored in a 2006 review
paper.5 Perioperative hypoxia and hypo-
capnia are identified as significant neu-
ronal stressors that might trigger the
development of AD-specific pathology.
Furthermore, inhaled anesthetics them-
selves can enhance the expression of the
oligomeric forms of amyloid beta protein
that are especially toxic to neurons and
synapses. People with the ApoE4 allele, a
major risk factor for late-onset AD, also
may be at higher risk for POCD.6 It is
therefore worth noting that older studies
looking for links between anesthesia and
AD were done before the role of ApoE4
as a driver of AD risk was understood.
The evidence that ApoE4 magnifies
dementia risk in patients with with cere-
brovascular disease raises the question
whether patients with ApoE4 might be
more likely to develop AD following
anesthesia, but this remains unanswered.

Your Mileage May Vary
So, what about my patient? Could his
family be right, and his dementia result
from the lithotripsy procedure? Especially
if we allow for the intermediary of anes-
thesia in our calculation, I think the
answer is a qualified “yes.” We can agree
that he crossed the threshold of function-
al impairment and met the criteria for
dementia only after the lithotripsy; that
probably means something bad happened
during the procedure but we don’t know
what it was. 

I don’t think the links between anes-
thetic agents and amyloid metabolism are
well developed enough to draw that con-
clusion right now, but a tantalizing hint

at that possibility was seen in an old AD-
anesthesia study, which suggested that
anesthetic exposures prior to age 50 were
associated with an earlier age of dementia
onset.7 Based on the CABG experiences,
another speculative mechanism might be
embolism. Arterial embolic complica-

tions of shock wave lithotripsy have been
reported, but strokes have not. I lean
toward neuronal loss resulting from sub-
tle hypoxia or hypotension as the most
likely complicating events, but these
would not lead to the progressive amnes-
tic-pattern dementia that we called AD.
Hypoxic/ischemic stressors on cortical
neurons might however, have been the
straw that broke the camel’s back, allow-
ing a previously compensated and clini-
cally silent incipient AD to become evi-
dent. In essence, the procedure may have

moved forward the date of onset of an
otherwise inevitable dementia. 

Admittedly, these conjectures don’t
allow me to offer anything different to
my patient after his lithotripsy, but they
do raise questions about what we might
want to know before our patients under-
go surgery. For instance, perhaps we
should be thinking about cognitive as
well as cardiopulmonary risks when we
consider the pros and cons of anesthesia
and surgical procedures in our older
patients. The mechanistic ties between
POCD and AD also make me worry a bit
more about those folks who are slow to
recover cognitively after procedures. 

While pre-operative cognitive testing
for everyone is both practically and eco-
nomically infeasible, careful considera-
tion of risk factors like family history of
dementia, concomitant cerebrovascular
disease, and subtle cognitive impairments
might allow us to better predict cognitive
complications of surgery. This would help
us steer our patients toward the safest
possible outcomes and—maybe—spare
them the high price of gas. PN
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A tantalizing hint was seen
in an old AD-anesthesia
study, which suggested

that anesthetic exposures
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associated with an earlier
age of dementia onset.


