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COMMENTARY

Balloon Occlusion Tests and Therapeutic Vessel Occlusions
Revisited: When, When Not, and How

he concept of therapeutic occlusion of arteries to and in the

brain is old, with Cooper describing a carotid artery ligation
performed in 1805,' and Matas, a vertebral artery sacrifice in
1893.% The potentially deleterious effect of losing a carotid artery
was even known in ancient Greece, because they named this artery
“karos,” meaning to stupefy or plunge into deep sleep. Leonardo
da Vinci (1452-1519) described the vessels of the neck and sug-
gested that compression of the carotid artery, which at that time
usually was called the “soporal artery,” could rapidly lead to un-
consciousness. Unselected carotid artery sacrifice without revas-
cularization will lead to potentially lethal cerebral infarction in
about two-thirds of individuals. Sacrifice or damage to the verte-
bral artery was earlier considered a “no man’sland” as reflected in
the citation by Sanson from 1836: “The vertebral artery cannot be
ligated, on account of its great depth, nor compressed, because of
the osseous canal which protects it; it can still less be cauterized.
The wounds of this vessel are beyond the resources of art” (cited in
Matas?).

The apprehension of the risk of therapeutic artery sacrifice has
urged preprocedural risk evaluations, which, since Serbinenko’s
invention of balloon catheters in the early 70s,” usually are per-
formed by angiographic balloon test occlusion (BTO). BTO with
clinical surveillance considerably reduced the incidence of post-
operative stroke compared with unselected carotid artery sacrifice
but still carries a 5%—40% stroke rate.*” In an attempt to enhance
the prognostic validity of a BTO with clinical surveillance, a large
battery of adjuvant assessments evolved. These include hypoten-
sive challenges, stump pressure measurements, electroencepha-
lography and evoked potentials monitoring, cerebral oximetry by
using near-infrared spectroscopy, blood velocity measurements
applying transcranial Doppler ultrasonography (TCD), evalua-
tion of cerebral blood flow with technetium Tc99m hexamethyl-
propyleneamine oxime single-photon emission CT, positron-emis-
sion tomography, xenon-enhanced CT, and/or MR perfusion
imaging.

This vast diversity of BTO protocols reflects the lack of a con-
sensus as to a specified method clearly superior to others. This
may be due to the persisting significant number of failures to
predict hemodynamic stroke at carotid artery sacrifice, despite

advanced but not necessarily adequate protocols. For instance,
relative changes in CBF comparing the occluded with the nonoc-
cluded hemisphere (qualitative evaluation) may introduce an er-
ror due to the nonoccluded side undergoing changes in CBF dur-
ing the BTO as well (ie, the contralateral hemisphere cannot be
used as a constant reference). Hence, up to 20% of patients may
not tolerate ICA sacrifice, even though having symmetric BTO
scan findings.®® Quantitative CBF analysis during BTO using xe-
non-enhanced CT lowers the rate of false-negative BTO findings
but they still remain between 3% and 10%.>%'°

In addition to the imperfection of the predictive value of
many BTO protocols, there is a procedural risk of 3%—-4% in
performing a BTO,'"™"? which needs to be addressed. Many
complications are related to intimal damage, potentially re-
sulting in arterial dissection and/or pseudoaneurysm forma-
tion and consecutive thromboembolism.'> A common factor
for most carotid artery BTO protocols is occlusion times rang-
ing from 15 to 30 minutes along with the need for transporting
the patient, with catheters in place, to a different suite. The rate
of complications increases with the length of the angiographic
procedure'? or, in other words, the longer the BTO occlusion
time, the higher the procedural risk.

In light of this reality, there is actually no good reason to
still perform prolonged carotid artery occlusion tests because
there are very swift BTO methods requiring no more than
60-90 seconds of occlusion time: The venous phase BTO,'*'?
with or without ultraswift TCD evaluation,'® hence carries a
very low procedural risk (0%—0.7%) (ie, it does not exceed the
risk of diagnostic cerebral angiography per se). In addition, the
positive predictive value of the latter method of BTO, ranging
from 98% to 100%, is unsurpassed by any other protocol. Be-
ing nonclinical, this type of BTO does not lose any of its high
predictive value when performed with the patient under gen-
eral anesthesia. Venous phase BTO requires bilateral catheter-
ization, but an increase in inguinal complications has yet not
been reported. This method measures the synchronicity (not
symmetry!) of venous filling between the occluded and nonoc-
cluded hemispheres. A delay of <0.5 seconds in venous filling
is considered safe for permanent vessel occlusion.'* Carotid
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artery sacrifice can actually be performed uneventfully in pa-
tients with a delay in venous filling of <2 seconds, whereas
patients with a delay of 3 seconds may be prone to hemody-
namic ischemia in conjunction with hypotensive episodes.'”

The venous phase BTO can be further enhanced by concomi-
tant TCD evaluation,'® which can depict a subgroup of individu-
als who fail the venous phase test but still can safely undergo
carotid artery sacrifice when passing the Doppler criteria.'® Given
the unexcelled level of safety and predictive value of TCD-guided
venous phase BTO, this procedure should be considered “state of
the art” in the preoperative evaluation of therapeutic carotid ar-
tery occlusion. It is good practice to perform a baseline TCD be-
fore the BTO, including a digital carotid compression test. If the
ipsilateral middle cerebral artery velocity drops to <<30% of base-
line on carotid compression, an angiographic BTO can be omitted
because it is obvious that the cerebral collateral capacity is insuf-
ficient. This does, though, not apply if the underlying pathology is
a carotico-cavernous fistula or a highly vascularized neck or skull
base tumor.

Regarding BTO in the vertebrobasilar circulation, there is not
yet a reliable ultraswift protocol. This test is still clinical, in the 15-
to 30-minute range. BTO in the vertebrobasilar circulation
should only be performed with bilateral vertebral artery (VA)
occlusion, unless the patient has merely 1 sole vertebral artery (ie,
the contralateral vertebral artery is aplastic, occluded, or supplies
its posterior inferior cerebellar artery [PICA] only). In other
words, vertebral BTO should only be performed to test the collat-
eral capacity of the circle of Willis, not to visualize retrograde
ipsilateral vertebral filling alone. With 2 vertebral arteries joining
at the vertebrobasilar junction, a unilateral vertebral BTO is ob-
solete, even if dominant vertebral artery sacrifice is planned. The
article of Zoarski and Seth'” in the present issue of the American
Journal of Neuroradiology provides further evidence of the feasi-
bility of permanent occlusion, even of a dominant vertebral ar-
tery, without a preceding BTO.

Bilateral VA BTO can be well-tolerated, even in the presence of
2 very slim posterior communicating arteries (PcomAs) or a sin-
gle PcomA only (ie, the anatomy of the circle of Willis cannot
always predict the feasibility of therapeutic bilateral vertebral [or
basilar] occlusion). With TCD, insonation of the P1 segment will
show an increase and reversal of flow velocity with a functional
PcomA on bilateral VA BTO, whereas there is a drop in P2 veloc-
ity. The exact limit for this drop with respect to tolerance to bilat-
eral VA or basilar artery occlusion is yet to be established. Never-
theless, concomitant insonation of the P1 or P2 segment during
VA BTO is useful because it immediately detects possible slacken-
ing of the balloon. The risk of a false-negative test due to incom-
plete balloon occlusion can hence be reduced, and continuous
Doppler surveillance would be superior to repeated contrast
injections.

The most common indication for bilateral VA BTO is to test
whether flow reversal for a large basilar tip aneurysm that cannot
be treated otherwise at reasonable risk is possible. In that situa-
tion, the BTO may be performed at a different site (both VAs)
than the one on which the actual permanent occlusion will be
performed (either VAs pre-/post-PICA or clip ligation across the
basilar artery). In general, a BTO should always be performed as
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close as possible to the point of intended permanent vessel clo-
sure. This is, in particular, important in the following situations:

1) Where the ophthalmic artery retrogradely fills the internal
carotid artery and supraclinoid ICA occlusion is planned. BTO
should then be performed beyond the ophthalmic artery.'®

2) In carotico-cavernous fistulas that require balloon place-
ment distal to the site of shunting. Ballon placement proximal to
the fisula measures the compound effect of the capacity in the
circle of Willis and the fistulous shunting.

3) In richly vascularized tumors of the neck or skull-base, the
balloon must be placed distal to the tumor in order to prevent
steal phenomena.'® On common carotid artery occlusion, blood
may flow in a retrograde fashion from the ICA to the bifurcation
and supply the tumor through the external carotid artery. This
will affect the BTO result significantly.

When it comes to therapeutic vessel occlusion, it should be
considered as the integrated art of the optimal choice of the site
of occlusion; mode of occlusion; risk assessment regarding he-
modynamic and thromboembolic events; as precisely as possi-
ble, the estimation of success rate compared with other treat-
ment modalities; and finally, postoperative surveillance and
care. Such a procedure hence requires interdisciplinary coop-
eration among endovascular therapists, neurosurgeons, and
neurointensive care staff, including those with expertise in ce-
rebral hemodynamics.

The site of occlusion should be chosen from the perspective
of maximal therapeutic effect and minimalization of a “blind
stump,” where thrombus may form in the artery and give raise
to thromboembolism. The BTO can provide safety against he-
modynamic events but cannot prevent or predict ischemia due
to thromboembolism. This is, in particular, true regarding
small perforating vessels. Therapeutic vessel occlusion requires
antithrombotic prophylaxis with platelet inhibitors (75-mg
acetylsalicylic acid) in conjunction with low-molecular hepa-
rin. Often, endovascular occlusion techniques may be chosen
because they are less invasive than a neurosurgical approach.
On the other hand, the latter provides a more precise and
“cleaner” occlusion, which can be especially beneficial in ther-
apeutic occlusion in the posterior circulation or whenever sec-
ondary thrombosis of perforating arteries is feared. Combined
approaches may be chosen, like balloon or coil embolization of
one VA proximal to the PICA and clip ligation of the other VA
distal to the PICA for flow-reversal treatment of midbasilar or
basilar junction aneurysms. Thus, inflow into the aneurysm
may be maximally reduced, whereas the “blind stump” is kept
at a minimum and the anterior circulation has a smaller addi-
tional vascular territory to supply.

The prevailing indications for therapeutic vessel occlusion
are giant, fusiform dissecting, or very small (blister) aneu-
rysms. The mode of action is either parent artery occlusion
leading to immediate aneurysm flow stagnation and secondary
thrombosis with consecutive shrinkage or flow reversal in the
parent artery leading to changes in inflow into the aneurysm.
In the latter, intra-aneurysmal flow is often preserved on flow
reversal and intra-aneurysmal thrombosis may occur in a de-
layed fashion. An initial increase in intra-aneurysmal flow has
been observed but can still result in a favorable long-term out-



come. Flow reversal in the parent artery is often chosen for
giant untreated or failed basilar tip aneurysms. Thrombosis of
giant aneurysms may lead to an initial increase in mass effect,
which can be alleviated with steroids. Dissecting aneurysms at
the PICA branching may respond well to flow reversal on prox-
imal VA occlusion but may also require trap ligation, especially
if ruptured. Likewise, the treatment of ruptured blister aneu-
rysms represents a management conundrum. Preferably, these
aneurysms should be repaired (surgically or endovascularly) or
wrapped in the acute phase. Therapeutic occlusions performed
in the acute phase of aneurysm rupture have the potential of
vast hemodynamic infarction if complicated by vasospasm
(even if the BTO was passed and the collateral circulation was
deemed excellent).?°

Postoperative treatment includes triple or double hyper-
tensive, hypervolemia, hemodilution therapy. The level of hy-
pertensive treatment is individualized in accordance with ar-
terial blood pressures registered during the BTO. Surveillance
of the hemodynamic status of the patient is performed with
TCD, and both the triple H therapy and grade of postoperative
mobilization can be tailor-made with the aid of Doppler
sonography.'® This approach allows therapeutic vessel occlu-
sion even in patients with a BTO indicating a border zone for
tolerance.

In general, whenever possible, a vessel-preservation approach
is preferable over deconstructive solutions. Recently, low-poros-
ity tubular stent-like implants, so-called flow diverters, have
evolved. That type of stent may provide complete thrombosis of
giant aneurysms without the need to fill the aneurysm with coils
(and increase the mass effect) with preservation of the parent
vessel. Flow diverters hence may represent another good treat-
ment option for complex aneurysms that usually would be se-
lected for treatment with therapeutic vessel occlusion. However,
serious complications in the use of flow diverters have been
reported, including stent and perforator occlusions, ipsilateral
parenchymal hemorrhage (8.5%),”' and delayed aneurysm
rupture.zz’23

The combined mortality/morbidity rate connected to the
use of flow diverters is approximately 10% in unruptured an-
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which represents a far higher risk than with ther-
apeutic vessel occlusion. Delayed aneurysm rupture does not
occur in therapeutic vessel occlusion. The efficacy of flow di-
verters in terms of total aneurysm occlusion is 73.6%* and
hence lower than that of therapeutic vessel occlusion. The lat-
ter is extremely effective, both in terms of short- and long-term
results. The fear of de novo aneurysm formation after thera-
peutic artery occlusion has sometimes been overempha-
sized."®?* Increased collateral flow and, hence, hemodynamic
stress are present only in the acute phase after therapeutic ves-
sel occlusion because the vessel diameter increases due to
higher flow, thereby normalizing hemodynamic stress. Cere-
bral perfusion is not impaired during a prolonged time after
ICA sacrifice in patients who passed the BTO.>®

The evolution of new surgical and endovascular devices and
skills in the future may change our treatment armamentarium
and preferences, but at present, therapeutic vessel occlusion still is

an efficient and safe treatment option, in particular when apply-
ing ultraswift venous phase TCD-guided BTO for preprocedural
evaluation.
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