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Abstract

Thrombectomy devices played an important role in the success of endovascular treatment trials over the past five years. A
balloon guide catheter (BGC) is an adjunctive device used to arrest and reverse flow by inflating the balloon at its tip, which
allows for flow reversal in intracranial arteries during retrieval of thrombectomy devices by applying concomitant aspiration
through its lumen. Thereby, it can decrease the risk of clot fragmentation and distal embolization. Despite the numerous
benchtop and clinical observational studies showing the superiority of BGC to conventional guide catheters in improving
reperfusion quality and clinical outcome, its use is still low in clinical practice. The reasons behind this reluctance might be
related to technical and cost issues. Therefore, high level evidence data, i.e., a randomized clinical trial, are needed to increase
its implementation in thrombectomy procedures. Nonetheless, several obstacles and challenges can prevent the completion
of such a trial, and efforts are needed to overcome them. We provide an overview of the current opinions about BGCs in
the neurointerventional community and discuss the feasibility and challenges of a possible randomized trial to answer the

question “should a BGC be routinely used in endovascular treatment of acute ischemic stroke?”

Keywords Balloon guide catheter - Endovascular treatment - Randomized controlled trial

Observational evidence suggests improved results of endo-
vascular stroke treatment (EVT) when balloon guide cath-
eters (BGCs) are used [1]. Multiple in vitro and animal
studies show that BGC use reduces distal emboli in case of
clot fragmentation compared to conventional guide catheters
[2]. In most clinical studies, BGCs were associated with
improved reperfusion quality, greater first pass effect, shorter
procedure duration, and better clinical outcomes compared
to conventional guide catheters [3—8]. Only few studies, in
which combined stent-retriever and aspiration is used as
a first-line approach, showed no improved outcomes with
BGC use [9]. Current American and European guidelines
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state that “the use of a BGC [...] may be beneficial” [10] and
that “any EVT procedure should be performed preferably in
conjunction with a proximal BGC” [11].

Nevertheless, many interventionists report that they do
not routinely use BGCs. Recent studies showed that only 1
out of 4 neurointerventionalists routinely use a BGC when
performing EVT [12] and that BGC use is particularly
uncommon in low-volume centers [13]. What are the most
common reasons for this reluctance, despite the considerably
encouraging evidence available so far? Table 1 summarizes
arguments against BGC use that we commonly encounter in
discussions with colleagues.

If BGCs are really able to improve EVT outcomes, as
suggested by the available observational data, would they be
implemented in clinical practice? It seems that observational
data are not enough to change current practice patterns —
high level evidence from a randomized trial may be needed.
In theory, now would be a good time for such a trial: there
seems to be clinical equipoise and sufficient momentum,
since EVT indications are constantly expanding. But such a
trial would face several important challenges:

1) Which thrombectomy techniques and devices should be
allowed?
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Table 1 Commonly used arguments against BGC use and possible counterarguments

Arguments against BGC

Possible counterarguments

BGC:s are rigid and their trackability is poor. This complicates proper
BGC navigation and placement, particularly in tortuous vessels

BGC:s require large femoral sheaths, which increase the risk of
iatrogenic carotid dissections and groin complications compared to
conventional catheters, especially when IV thrombolysis is used

BGCs may increase the risk of vasospasm. Maybe, interrupting blood
flow to the ischemic hemisphere during balloon inflation will lead to
further infarction

The preparation and navigation of the BGC increases procedure time

Some large bore aspiration catheters are not compatible with the cur-
rently available BGCs

BGCs may not be necessary in M1 or distal occlusions since aspira-
tion catheters can be used to prevent embolization. Antegrade flow
through the circle of Willis may limit flow reversal by BGCs

BGCs cannot be used with radial access

BGCs are expensive

Newer BGCs are much more flexible than the older models [14, 15] and
will likely continue this improvement

Clinically significant groin complications with BGCs are rare (< 1%
even when > 8Fr sheaths are used) [16]. Most studies did not show any
difference in carotid or groin complications, including carotid dissec-
tions, with and without BGCs [4, 7]

So far, no studies have suggested an increased risk of either infarct
progression or vasospasm (though assessment is not standardized)
with BGC use [3-8]. Any risk of complications should weigh up to the
benefits of BGCs

Most studies reported significantly shorter (!) procedure times with
BGC usage [1, 4, 7, 17], possibly owing to its high efficacy in achiev-
ing recanalization on first pass. Delays can be avoided by preparing
the BGC during the waiting period after stent deployment or after
turning on the aspiration pump if contact aspiration is used

Endovascular technology is rapidly evolving; new BGCs that are com-
patible with the largest available aspiration catheters will be available
in the near future [18]

The benefit of a BGC is not so much in aspirating the clot itself, but in
preventing distal embolization of clot fragments during the retrieval
process, as larger clots, once they get sucked into the tip of an aspira-
tion catheter, block the tip of the aspiration catheter. If clot fragmenta-
tion occurs in such a situation, flow arrest and reversal with a BGC
in addition to distal aspiration might be beneficial as it prevents distal
embolization of clot fragments [19]

New low-profile BGCs were tested successfully on the radial artery and
will probably become available soon [20]. In addition, benefit of radial
access over femoral access in EVT is not proven: will its benefit be
larger than the benefit of BGCs? [21]

Compared with the overall cost of an EVT procedure, the costs of an
additional BGC are rather low. Furthermore, in the USA, the net mon-
etary benefit per patient per 1% increase in complete reperfusion is on
average $17,000 [22], although this number differs among countries.
When translating the angiographic outcomes reported in previous
studies into cost savings, the benefit of BGC probably outweighs
the initial expenses by far. Generic, less expensive BGCs may also
become available soon

Abbreviations: BGC balloon guide catheter, EVT endovascular treatment

The three broad categories of EVT techniques are
primary stent-retriever, primary aspiration, and primary
combined approaches (stent-retriever with distal aspira-
tion). In order to minimize the risk of bias related to
differences in thrombectomy techniques in the control
and intervention arms of a hypothetical BGC trial, one
would have to ensure equal and balanced distribution
of the three techniques in the BGC arm and the control
arm, for example, through minimization algorithms that
are built in the randomization scheme.

2) What should the control arm consist of?

The most straightforward control arm to compare
EVT with BGC would be EVT with a conventional
guide catheter. Alternatively, a BGC could be mandated
in both arms, with balloon inflation in the intervention
arm only. However, this could put the control arm at a
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disadvantage, as there could be additional perceived dif-
ficulties associated with BGC use, such as more difficult
access to the target vessel, or an increased risk of vessel
dissection and vasospasm.
3) What should the primary outcome of the trial be?
While the ultimate goal is clearly to improve patients’
clinical outcomes, a randomized BGC trial will unlikely
show a statistically significant improvement in clinical
outcomes, given the small differences in 90-day mRS
in previous observational studies comparing EVT with
BGC to without BGC. The sample size needed may sim-
ply be too large and the associated costs too high [7-9].
It therefore seems reasonable to use a surrogate angio-
graphic outcome, such as successful reperfusion (eTICI
2b/3), near-complete reperfusion (eTICI 2¢/3), and/or
first pass effect, as primary outcome [23]. While this
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4)

5)

would obviate the need for long-term clinical follow-up
and thereby substantially reduce trial costs, one question
remains: are there reliable data on how technical suc-
cess (reperfusion rate) translates into clinical outcome?
A recent meta-analysis found an 11% increase in good
outcome (mRS 0-2) and a 17% increase in excellent out-
come (mRS 0-1) with every 10% increase in TICI 2b-3
rates [24], which seems overoptimistic and suggests sub-
stantial bias in the available literature, begging the ques-
tion of whether angiographic outcomes should be used
as a surrogate for clinical outcomes in the first place.
Furthermore, there is no consensus on which magnitude
of improvement in angiographic outcomes is needed to
change clinical practice (see discussion below).

What is the minimally clinical important difference
(MCID)?

If a BGC trial would use an angiographic outcome
(e.g., first pass eTICI 2¢/3), what should the difference
in first pass eTICI 2¢/3 rates be in order to be consid-
ered clinically meaningful? In other words: what is the
minimally clinically important difference (MCID), i.e.,
the effect that an intervention (use of BGC in our case)
should have to be worthwhile, according to physicians,
patients, or both? [25] Determining the MCID is a pre-
requisite for determining an adequate sample size, and
with that an adequate trial. Determining the MCID is
not straightforward: it may vary between cultures and
healthcare systems and depends on the costs and risks
of the intervention, which may change over time as tech-
nology evolves. Stroke experts suggested an MCID for
non-inferiority of new thrombectomy devices on reper-
fusion of 3.1 to 5% [26], which seems like a reasonable
estimate if the goal is to get a new device approved.
However, the MCID that would cause operators to
change their personal EVT technique and broadly adopt
BGC is likely higher. A recent meta-analysis reported
a difference of 15% in first-pass reperfusion and 12%
in successful final reperfusion (eTICI 2b/3) with BGC
[1], suggesting that an MCID in the range of 10-15%
for successful reperfusion could be a reasonable choice.
But whether this number truly is a good estimate, and
whether and how it translates into improvements in clini-
cal outcomes remains to be seen.

What should the secondary and safety outcomes of the
trial be?

If an angiographic primary outcome is chosen, func-
tional 90-day outcome should be included as a second-
ary outcome measure. Relevant other secondary out-
comes would be the total procedure time, intracranial
access rate, groin puncture to intracranial access time,
and short-term neurological status changes (National
Institutes of Health Stroke Scale).

6)

7)

8)

Importantly, a BGC trial should address the raised
concerns about procedural complications but should also
include safety outcomes reflecting the possible benefi-
cial effects of BGCs on complications like thrombus
fragmentation and embolization. As such, safety out-
comes should include (symptomatic) intracranial hem-
orrhage rates, mortality, infarct progression, and proce-
dural complications like vasospasm, carotid dissection,
embolization to new or downstream territories, groin
hematomas, or pseudoaneurysms. Intracranial hemor-
rhage should be assessed using established methods like
the Heidelberg Bleeding Classification [27], and infarct
progression should be clearly defined (e.g., neurological
deterioration not explained by intracranial hemorrhage).
Crucially, procedural complications should be adjudi-
cated based on angiography imaging by an independ-
ent core laboratory of interventionists not involved in
patient management, using clear definitions for target
downstream territory for assessment of embolization
to new/downstream territories [28]. Previous studies
showed a lower rate of angiographic safety concerns in
BGC including distal embolization and emboli to new
territory and no difference in procedural technical com-
plications (dissection, perforation, and groin complica-
tion) compared to conventional guide catheters [3-8,
16]. The use of BGC was associated with a lower rate
of mortality in several studies [1, 3, 9], with no differ-
ences in symptomatic intracranial hemorrhage.

Which centers/operators should participate?

Operator and center experience with BGC use may
play an important role in device results and study pro-
tocol implementation. Basic, pre-defined criteria for
centers and operators to participate in the trial could
benefit study execution and data quality. For example, a
minimum number of procedures performed with BGCs
could be defined, in addition to being familiar with the
manufacturer’s training and instructions.

Which patients should be included?

The most pragmatic approach would be to include all
patients eligible for EVT with an anterior circulation
occlusion, following the current guidelines. This would
allow for generalization of the study results and increase
enrolment speed. That being said, BGC efficacy may
vary with occlusion location, and therefore subgroup
analyses should be pre-specified in the trial design to be
able to detect possible heterogeneity of treatment effect
over occlusion locations.

How should changes in treatment technology be
accounted for?

BGCs are constantly improved, and new devices
are developed at a rapid pace. Substantial technologi-
cal advances may be made over the course of a trial,
which may change interventionalist’s willingness to use
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BGC:s from the perspective of offering the best possible
patient care. For instance, aspiration catheters that can
completely ingest the clot, rather than holding the clot
at their tip when thrombus size exceeds catheter diam-
eter, may potentially obviate the need for proximal flow
arrest and flow reversal. Furthermore, adoption of radial
access as standard access for acute stroke interventions
may decrease BGC usage. When that happens, we will
have to re-evaluate the added value of BGCs. Therefore,
a trial with a relatively short enrolment period would be
needed to prove BGC efficacy.
9) How can such a trial be funded?

Randomized trials are expensive. The likelihood of a
BGC trial being funded by traditional peer-reviewed grant-
ing agencies such as the National Institutes of Health or
similar agencies seem very low, as the question will likely
be perceived to be a “niche topic” or too sub-specialized.
Additionally, most of the previous major EVT trials were
funded (partially) by industry, and as such, public fund-
ing agencies may feel that a BGC trial should be funded by
industry as well. Indeed, industry partners would probably
be willing to sponsor such a trial if they thought that the
trial had a high chance to show results that increase BGC
use — though these expectations should not translate into a
(suspected) risk of bias, jeopardizing credibility of the trial
results. On the other hand, industry partners may perceive
an expected improvement in successful reperfusion of 15%
as too ambitious.

In summary, substantial observational pre-clinical and
clinical data point towards a beneficial effect of BGCs, but
only a minority of neurointerventionalists routinely uses
BGCs. The reasons for this discrepancy may include con-
cerns about the efficacy, safety, trackability, and cost-effec-
tiveness of BGCs. To date, no large-scale high-evidence-
level data are available to support or refute these concerns.
A randomized trial could provide an answer to the question
“should a BGC be used during EVT?” and would be fea-
sible, though it would face several challenges. The stroke
community should consider:

a) Do we have the collective will to conduct a randomized
trial?

b) Can the trial be completed within a reasonable time
frame and using a reasonable budget?

¢) What should the primary outcome be: should it be an
angiographic or a clinical one?

d) What is a realistic and acceptable MCID?

e) How can such a trial be funded?

Despite these challenges, we think the only way to

ensure appropriate broad adoption of BGCs is through well-
designed and -conducted randomized trials.
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