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THE ROLE OF
PRESSURE SENSORS

Limitations of
Implantable Pressure

Sensors for EVAR

Before this technology can be widely accepted, issues with respect

to reimbursement and efficacy must be addressed.

BY GEOFFREY H. WHITE, MD

Scientific knowledge regarding pressure

within an abdominal aortic aneurysm

(AAA) sac after treatment by endovascular

grafting (EVAR) is currently limited, but clin-

ical research and understanding of this tech-

nology is increasing.™ Any technological
modality that improves our knowledge in this area is a
positive advance and should be encouraged, especially if
noninvasive monitoring of pressure changes can be reli-
ably achieved on a regular basis in long-term studies. This
element promises to be a major attribute of intrasac pres-
sure sensor devices, along with any particular benefits to
the individual patient. Remote pressure sensing technolo-
gy shows great promise, but there is much to be learned
before widespread acceptance is advocated.

The current obstacles facing the use of implantable pres-
sure sensors are summarized in Table 1. These negative fac-
tors are primarily a reflection of the relative newness of the
pressure sensing devices and the current lack of long-term
performance data, as well as the existence of a borderline
or in-between range of pressures, the significance of which
is not yet known. The questions facing interventionists
today are: How can these devices be used most effectively
and/or most cost effectively? What should be done when a
borderline pressure profile is obtained?

PREDICTIVE POTENTIAL AND LIMITATIONS
There is no doubt that EVAR results in marked reduction
of sac pressure in most patients.“® Early clinical trials of two
implantable devices have shown that remote AAA sac pres-
sure sensing is feasible and can be performed easily and safe-
ly.”® Pressure measurements proved to be accurate, and sta-
tistically significant differences in pulse pressures were docu-

TABLE 1. NEGATIVE ASPECTS
OF AAA PRESSURE SENSORS

+ Cost
- Lack of long-term function studies
- Lack of reimbursement

- May only change management in a
small subset of patients

- Suspected pressure compartmentalization
in AAA sacs

- Possibility of undetected sudden changes between pres-
sure measurement intervals

- Acute device complications (infection, migration, mal-
position, etc)

- Possibility of device degradation and/or failure

- Possibility of device/biological interactions

- Not all graft complications are reflected
in pressure changes

- May lead to overtreatment of minor problems
(eg, type Il endoleaks)

+ No long-term validation that pressure sensors can con-
firm continuing effective treatment of AAA

mented in groups of patients before and after exclusion of
aneurysms.® However, measurements in the indeterminate
range have been documented from patients with both
major and minor endoleaks and other disorders. Therefore,
it is apparent that there will be problems in interpretation of
such readings from pressure sensors in the individual patient
and in decision making as to how measurements in each
case should be acted upon. In other cases, the real need
may be to obtain prior warning of any device events that
would warn of pressure changes before the event. It
remains to be proven whether the application of pressure
sensors will be effective in preventing AAA rupture.
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PROCEDURAL COST IMPACT

Implantation of a wireless pressure sensor adds to the
cost of an endovascular AAA repair procedure. At present,
medical insurance companies are not reimbursing the
costs of these devices on the basis that they are considered
to be “experimental and investigational, because of inade-
quate published evidence of their clinical effectiveness.””°

CLINICAL QUESTIONS REMAIN

Reports to date from both direct pressure
measurements'? and wireless pressure transducers have
raised new questions.>” Why are sac diastolic pressures high-
er than systemic diastolic pressures? Why do pulse pressures
in the excluded sac change with time? Will all endoleaks
result in significantly elevated pressure measurements? If
there is no endoleak, why doesn't the pressure drop below
recognized safe levels in all instances? How often will suspi-
cious pressure measurements lead to additional imaging
studies that may be unnecessary under current guidelines?
Will pressure sensors be helpful in the management of
patients who have AAA sac enlargement without endoleak
(ie, endotension)?

Pressure sensing devices seem to be reliable and accurate
at the time of implantation and in the short to intermediate
term, but long-term functionality and durability are
unproven. It is the late-phase surveillance during which non-
invasive monitoring could have the greatest benefit. There is
evidence that pressures obtained within an aneurysm sac
may be affected by a range of factors, such as distribution
and consistency of thrombus, site of retrograde flow from
patent lumbar arteries, type of endograft used, and patient
position. Nevertheless, in one study, AAA sac shrinkage after
endograft implantation was found to correlate with chronic
sac pressure measurement, and also that the pressures con-
tinued to decrease over time."" However, the absence of sac
shrinkage does not imply persistent pressurization of the
sac, and data linking low pressure in the aneurysm with safe-
ty from rupture in the long-term do not yet exist.

Further experience will be required to determine which
pressure levels are significant when above the baseline
range. There will also need to be correlation of findings
from pressure measurement with the measurements of
wall stress and 3D morphology of various aneurysms.

Will the use of implanted pressure sensors truly relieve
physicians of the need to perform regular CT scans for sur-
veillance? Graft migration is one of the major predictors of
graft failure®'? pressure sensors may not detect migration
until a late stage when the sac becomes re-pressurized, and
plain radiographs are notoriously difficult to interpret with
respect to lesser degrees of migration. Thus, the recom-
mended combination of pressure monitoring and abdomi-
nal x-ray may prove to be insufficient, especially in high-risk

66 | ENDOVASCULAR TODAY | NOVEMBER 2006

subgroups such as patients with difficult aortic anatomy.
Variations in sac pressure transmission due to sac con-
tents and endograft structure have been studied.® This
study provided evidence that graft material did have
effects on aneurysm exclusion and that permeability of
some graft fabrics allowed circulating clotting factors and
macrophages to enter the sac, with some related changes
in pressure profiles. Further knowledge of these influ-
ences will help guide interpretation of the results
obtained from implanted sensors in different patients.
Finally, there remains doubt that pressures measured at
one site within an aneurysm sac would always accurately
reflect the pressure profiles elsewhere in the sac.’>'
Compartmentalization may be a factor, and it is possible
that multiple sensors may be required in some
situations.’ Further experience will be required to ulti-
mately prove whether recognition of a pressurized
aneurysm sac will change patient outcomes in a signifi-
cant manner. Until these factors are determined, it seems
that pressure sensors may be used as an adjunct to cur-
rent imaging modalities, rather than as a replacement. B
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