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Objective: This study compares the risk of distal embolization of balloon-tip
guide catheters (BGCs) versus non-balloon-tip guide catheters (NBGCs) or Guide
sheath in mechanical thrombectomy to treat acute ischemic stroke.
Methodology: This retrospective comparative study analyzed patients treated
with mechanical thrombectomy for acute ischemic stroke at Rawalpindi
Institute of Cardiology, from July 2022 to November 2023 after ethical approval.
Patients were grouped based on balloon-tip guide catheters (BGC) versus non-
balloon-tip guide catheters (NBGC) or Guide sheath. The outcome was the distal
embolization rates during mechanical thrombectomy for stroke intervention.
Statistical analysis was conducted by the Statistical Package for the Social
Sciences (SPSS) version 25.

Results: A total of 209 patients were included, with 38 in the Balloon Tip (BGC)
group and 171 in the Non-Balloon Tip (NBGC) group or Guide sheath. The age
distribution, gender, and number of thrombectomy attempts were comparable
between the groups, with no significant differences (p > 0.05). Femoral access
was used in almost all cases. The BGC group had a slightly lower rate of distal
embolism than NBGC (7.9% vs. 9.4%), but the difference was not statistically
significant (p = 0.7767).

Conclusion: This study found no significant difference in distal embolism rates
between Balloon Tip and Non-Balloon Tip guide catheters in mechanical
thrombectomy for stroke. Despite theoretical advantages, BGCs did not show a
clear clinical benefit over NBGCs. Further research is needed to determine the
optimal guide catheter choice for improving patient outcomes.
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Introduction

Mechanical thrombectomy has emerged as a
transformative treatment modality for acute ischemic
stroke, especially for patients with large vessel occlusions
(LVOs).! The procedure has demonstrated remarkable
efficacy in restoring cerebral perfusion, leading to
improved neurological outcomes and reduced mortality.>

ODespite its success, one of the persistent challenges in
thrombectomy is the risk of distal
embolization—where clot fragments dislodge during the

mechanical

procedure and migrate to more distal cerebral arteries,
potentially leading to new areas of ischemia.’ This
complication can diminish the overall effectiveness of the
intervention and exacerbate the patient's condition,
making it crucial to explore methods that minimize the
occurrence of distal embolization.*

The selection of guide catheters is a critical consideration
in mechanical thrombectomy, as these devices facilitate
the introduction of thrombectomy tools into the cerebral
vasculature and can influence procedural outcomes. Two
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primary types of guide catheters are utilized in practice:
non-balloon guide catheters (NBGCs)/ guide sheath and
balloon tip guide catheters (BGCs).® Guide sheath have
traditionally been used in thrombectomy procedures due
to their simplicity and ease of use. However, they offer
limited control over blood flow during the intervention,
which could increase the risk of distal embolization as
clot fragments are more likely to be carried distally by
ongoing blood flow.®

Balloon tip guide catheters, on the other hand, have been
developed to address this very concern. By incorporating
a balloon near the catheter's tip, BGCs offer the unique
capability to temporarily occlude blood flow in the target
vessel while retrieving the thrombus.” This occlusion
theoretically reduces the risk of distal embolization by
preventing clot fragments from being carried away by the
bloodstream during the procedure. The potential benefits
of BGCs have led to their increasing adoption in
mechanical thrombectomy, particularly in cases where
minimizing distal embolization is deemed critical.
However, the clinical efficacy of BGCs in consistently
achieving this goal remains a topic of ongoing debate.®

Several studies have compared the effectiveness of BGCs
NBGCs or Guide sheath
thrombectomy, with varying results. The risk of distal
embolization during mechanical thrombectomy for acute
stroke intervention is an important consideration to
improve patient outcomes. To optimize the outcomes of
mechanical thrombectomy, it is crucial to compare
different techniques and devices used during the
procedure. This study was designed to provide a
comprehensive comparison of the risk of distal
embolization between guide sheath catheters and balloon

Versus in mechanical

tip guide catheters during mechanical thrombectomy for
stroke intervention. By critically evaluating the existing
literature, including key studies such as the PROTECT-
MT trial, the MR CLEAN registry analysis, and the
MaSQ-Registry study, this paper aims to clarify the role
of BGCs in reducing distal embolization and to assess
whether their use significantly enhances patient
outcomes. The ultimate goal is to contribute to the
ongoing discourse on optimizing thrombectomy
techniques, ensuring the patients receive the most
effective and safe interventions available.

Methodology

It was a retrospective comparative cross-sectional study
carried out at the Rawalpindi Institute of Cardiology after
ethical approval. A total of 209 patients who presented

with acute ischemic stroke and underwent mechanical
thrombectomy using either NBGCs/ guide sheath or
BGCs were included by convenient sampling after
obtaining informed consent. Data from medical records
and CDs of patients who had undergone acute stroke
interventions were reviewed to assess the comparison of
these catheter types. The analysis was based on records
from the previous year at the Rawalpindi Institute of
Cardiology (July 2022 to November 2023). Any patient
whose thrombectomy CD could not be reviewed was
excluded from analysis. Patient baseline characteristics,
vascular access anatomy, recanalization devices, and the
number of mechanical thrombectomy attempts with either
balloon-tip or non-balloon-tip/ guided sheath catheters
were recorded.

Statistical analysis was conducted by the Statistical
Package for the Social Sciences (SPSS) version 25.
Descriptive statistics (frequency & percentage) were used
to summarize the characteristics of the study population.
Chi-square test was employed to determine the relation
between qualitative and quantitative variables between
the two groups, respectively with significant p-value of
<0.05.

Results

The analysis compared patient demographics and
procedural techniques between the balloon-tip guided
catheter group (n = 38) and the non-balloon-tip guided
catheter group (n = 171). The age distribution was similar
between the two groups, with no significant difference (p
=0.299). In the balloon-tip group, 44.7% of patients were
aged 60 to 80 years, compared to 48.5% in the non-
balloon-tip group. Gender distribution showed that males
were more prevalent in both groups, comprising 68.4% in
the balloon-tip group and 57.3% in the non-balloon-tip
group, though this difference was not statistically
significant (p = 0.191).

Regarding the number of mechanical thrombectomy
attempts, the majority of patients in both groups
underwent a single procedure (50% in the balloon-tip
group and 40.9% in the non-balloon-tip group), with no
significant difference between the groups (p = 0.383).
The site of vascular access was predominantly femoral in
both groups, with femoral access used in 100% of cases
in the balloon-tip group and 99.4% in the non-balloon-tip
group, indicating no significant difference in the access
site (p = 0.637).
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Table I: Demographics and Technique Used.

Demographics and Balloon Tip n Non
Technique Used (%) Balloon Value
Tipn (%)

Age Categories 0.299
20 to 40 years of 6(15.7) 20(11.7)
age
40 to 60 years of 12(31.6) 64(37.4)
age
gge“’ 80 years of 17447)  83(48.5)
80 to 100 years of 3(7.9) 42.3)
age
Gender 0.191
Male 26(68.4) 98(57.3)
Female 12(31.6) 73(42.7)
Number of attempts 0.383
First attempt 19(50) 70(40.9)
Second attempt 11(28.9) 46(26.9)
Third attempt 8(21.1) 55(32.2)
Site of Access 0.637
Femoral 38(100) 170(99.4)
Brachial 0(0) 1(0.58)
Table 11: Type of Guide used.
Type of Guide used N %
Balloon Tip 38 18.18
Non Balloon Tip Guide / 171 81.82
Guide sheath
Total 209 100.00
Table 111: Type guide & Complications.
Complications Balloon Non-Balloon P

P Tip Tip Value
No complication 35(92.1) 155(90.6) 0.777
Distal embolism 3(7.9) 16(9.4) '

The analysis of complications revealed that the majority
of patients in both groups experienced no complications,
with 92.1% in the balloon-tip group and 90.6% in the
non-balloon-tip group (p = 0.777). The occurrence of
distal embolism was slightly lower in the balloon-tip
group (7.9%) compared to the non-balloon-tip group
(9.4%), but this difference was not statistically
significant.

Overall, the study found no significant difference in the
risk of distal embolization or other complications
between the balloon-tip guided catheter and non-balloon-
tip guided catheter during mechanical thrombectomy for
stroke intervention.

Discussion

Mechanical thrombectomy is the treatment of choice for
emergency management of acute ischemic stroke.
However, it is associated with a considerable risk of

complications ranging from 4% to 31% in the literature.®
The results of a study conducted on an in-vitro model
showed that the occurrence of embolization in new
territories was significantly reduced by the BGCs,
compared to other devices.'°

The findings from this study provide valuable insights
into the ongoing debate over the use of BGCs versus
NBGCs or Guide sheath in mechanical thrombectomy for
stroke intervention. Despite the theoretical advantages of
BGCs in reducing the risk of distal embolization, our
analysis did not reveal any significant differences in
outcomes between the two catheter types. Firstly, the
demographic and procedural data showed no significant
differences between the BGC and NBGC or Guide sheath
groups, with both cohorts having similar age
distributions, gender ratios, and vascular access sites.
This homogeneity suggests that the comparison between
the two catheter types was conducted on comparable
patient populations, thereby enhancing the validity of our
results.

The primary outcome of interest—distal embolization—
was slightly lower in the BGC group compared to the
NBGC or Guide sheath group, but this difference was not
statistically significant. This finding aligns with some
previous studies, such as the MR CLEAN registry
analysis, which also found no significant differences in
clinical outcomes between patients treated with BGCs
and those treated with NBGCs or Guide sheath.!!
However, the analysis did reveal that BGCs might
perform better when used in conjunction with stent
retriever techniques, suggesting that the specific
thrombectomy  approach  might influence the
effectiveness of the catheter type.'> Contrary to the
findings from MR CLEAN, the MaSQ-Registry study
revealed a different perspective. This study specifically
examined the role of balloon in BGCs,
comparing outcomes between procedures where the
balloon was inflated versus those where it was not. The
results

inflation

indicated no significant clinical differences
between the two groups, challenging the assumption that
balloon inflation is a critical factor in reducing distal
embolization. These findings raise important questions
about the actual mechanisms through which BGCs might
influence procedural outcomes and whether the presence
of the balloon itself, rather than its inflation, might
contribute to any observed benefits. '3

The PROTECT-MT trial was designed to rigorously
assess the comparative effectiveness of BGCs against
conventional guide catheters. Early data from this trial
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suggested some advantages of BGCs, particularly in
reducing distal embolization. However, the trial faced
significant challenges, including safety concerns that led
to a temporary halt in recruitment due to adverse
outcomes observed in preliminary analyses. These
concerns highlight the complexity of using BGCs and
underscore the need for a thorough understanding of the
circumstances under which they might be beneficial or
detrimental.'* In a meta-analysis, the incidence of distal
embolization was less in BGC than non-BGC group but
not significantly.'> Chen et al. also reported no significant
difference in distal embolization between BGC and
Guide sheath groups.'® The Combined Thrombectomy
Study investigated the of mechanical
thrombectomy using a combined approach of aspiration
and stent retriever techniques, with both BGCs and
NBGCs or Guide sheath being employed. This study
found no significant differences in recanalization rates or
functional outcomes between the two types of catheters,
suggesting that the choice of catheter might not be as
critical as the overall thrombectomy strategy.'’

outcomes

Some studies also reported that BGCs are associated with
less risk of distal embolization. In a study by Friedrich et
al., distal embolization occurred in 8.8% of the patients
who underwent MT with non-balloon guide sheath as
compared to 3.1% in patients with balloon guide
catheters, with a marked difference.'® Another study
revealed that the incidence of distal embolization was
8.8% in BGC group and 14.9% in Guide sheath group,
with statistical significance.!” A meta-analysis showed
that distal embolization affected 7.5% of the cases with
BGCs and 11.5% of the cases with guide sheath with
statistically significant results.?? Distal embolization was
much lower in patients who underwent MT with BGC as
compared to Guide sheath in another study.?!

Conclusion

This study found no significant difference in distal
embolism rates between Balloon Tip and Non-Balloon
Tip guide catheters in mechanical thrombectomy for
stroke. Overall, the results of this study suggest that while
BGCs offer a theoretical advantage in preventing distal
embolization, this advantage may not translate into
significant clinical benefits in practice. The lack of
significant differences in outcomes between BGCs and
NBGCs or Guide sheath implies that the choice of
catheter may be guided more by operator preference,
specific case requirements, or other factors rather than a
clear superiority of one device over the other.

RECOMMENDATIONS OF THE STUDY: Further research,
potentially incorporating larger sample sizes or different
thrombectomy strategies, may be necessary to fully elucidate
the role of catheter type in stroke intervention outcomes. The
conditions under which BGCs might offer clinical advantages
and to understand better the variables that most significantly
impact outcomes in mechanical thrombectomy should be
explored.

References

1. Ospel JM, Menon BK, Qiu W, Kashani N, Mayank A, Singh
N, Cimflova P, et al. A detailed analysis of infarct patterns
and volumes at 24-hour noncontrast CT and diffusion-
weighted MRI in acute ischemic stroke due to large vessel
occlusion: results from the ESCAPE-NA1 trial. Radiology.
2021;300(1):152-9.
https://doi.org/10.1148/radiol.2021203964

2. Raha O, Hall C, Malik A, D'Anna L, Lobotesis K, Kwan J,
Banerjee S. Advances in mechanical thrombectomy for
acute ischaemic stroke. BMJ Med. 2023;2(1):e000407.
https://doi.org/10.1136/bmjmed-2022-000407

3. Lapergue B, Blanc R, Costalat V, Desal H, Saleme S, Spelle
L, Marnat G, et al. Effect of thrombectomy with combined
contact aspiration and stent retriever vs stent retriever
alone on revascularization in patients with acute ischemic
stroke and large vessel occlusion: the ASTER2 randomized
clinical trial. JAMA. 2021;326(12):1158-69.

4. Salsano G, Pracucci G, Mavilio N, Saia V, Bandettini di
Poggio M, Malfatto L, et al. Complications of mechanical
thrombectomy for acute ischemic stroke: Incidence, risk
factors, and clinical relevance in the lItalian Registry of
endovascular treatment in acute stroke. Int J Stroke. 2021
Oct; 16(7):818-27. doi: 10.1177/1747493020976681.

5. Zakeri A, Schreiber C, Shah V, VonEnde E, Granger J,
Minnema AJ, et al. Utility of the novel guide catheter in
mechanical thrombectomy for emergent large vessel
occlusion stroke. Interv Neuroradiol. 2024 Jun; 30(3):336-
41. doi: 10.1177/15910199221084483.

6. Yeo LLL, Jing M, Bhogal P, Tu T, Gopinathan A, Yang C, et
al. Evidence-based updates to thrombectomy: targets,
new techniques, and devices. Front Neurol. 2021 Sep 9;
12:712527. doi: 10.3389/fneur.2021.712527.

7. Yi HJ, Lee DH, Sung JH. Comparison of FlowGate2 and
Merci as balloon guide catheters used in mechanical
thrombectomies for stroke intervention. Exp Ther Med.
2020 Aug; 20(2):1129-36. doi: 10.3892/etm.2020.8757.

8. Aghamiri SH, Mansouri B, Mehrpour M, Karani SMH,
Ghaffari M, Lima BS, et al. Efficacy of mechanical
thrombectomy in stroke patients with large vessel
involvement. Eur J Transl Myol. 2022 Jun 22; 32(2):10456.
doi: 10.4081/ejtm.2022.10456.

9. Kimura R, Nakagawa I, Fukutome K, Kawai H, Okumura Y,
Nakase H. Feasibility and efficacy of a 9-Fr balloon-guiding
catheter sheathless insertion to reduce access site
complications during mechanical thrombectomy for acute
ischemic stroke. World Neurosurg. 2020 Aug; 140:e266-
e272. doi: 10.1016/j.wneu.2020.05.014.

10. Chueh JY, Kang DH, Kim BM, Gounis MJ. Role of balloon
guide catheter in modern endovascular thrombectomy. J

Ann Pak Inst Med Sci

April-June 2024 Vol. 21 No. 4 740


https://doi.org/10.1148/radiol.2021203964
https://doi.org/10.1148/radiol.2021203964
https://doi.org/10.1136/bmjmed-2022-000407
https://doi.org/10.1136/bmjmed-2022-000407

11.

12.

13.

14.

15.

16.

Ann Pak Inst Med Sci

doi. 10.48036/apims.v20i4.1133

Korean Neurosurg Soc. 63(1):14-25. doi:
10.3340/jkns.2019.0114.

Goldhoorn RB, Duijsters N, Majoie CBLM, Roos YBWEM,
Dippel DWJ, van Es ACGM, et al. Balloon guide catheter in
endovascular treatment for acute ischemic stroke: results
from the MR CLEAN Registry. J Vasc Interv Radiol. 2019
Nov; 30(11):1759-64.e6. doi: 10.1016/j.jvir.2019.05.032.
Knapen RMM, Goldhoorn RJB, Hofmeijer J, Nijehol JCL,
van den Berg R, van den Wijngaard IR, et al. Balloon guide
catheter versus non—balloon guide catheter: A MR CLEAN
Registry analysis. Stroke Vasc Interv Neurol. 2024;
4:€001103. doi: 10.1161/SVIN.123.001103.

Knapen RRMM, Celen M, Pinckaers FME, Wagemans
BAJM, van Zwam WH, van Oostenbrugge RJ, et al.
Comparison of clinical and radiological outcomes between
different (balloon) guide catheter with and without
inflated balloon in acute ischemic stroke patients: a
MaSQ-Registry Study. Cardiovasc Intervent Radiol. 2024
Jul; 47(7):918-28. doi: 10.1007/s00270-024-03718-9.

Liu J, Zhou Y, Zhang L, Li Z, Chen W, Zhu Y, et al. Balloon
guide catheters for endovascular thrombectomy in
patients with acute ischaemic stroke due to large-vessel
occlusion in China (PROTECT-MT): a multicentre, open-
label, blinded-endpoint, randomised controlled trial.
Lancet. 2024 Nov 30; 404(10468):2165-74. doi:
10.1016/50140-6736(24)02315-8.

Ahn JH, Cho SS, Kim SE, Kim HC, Jeon JP. The effects of
balloon-guide catheters on outcomes after mechanical
thrombectomy in acute ischemic strokes: a meta-analysis.
J Korean Neurosurg Soc. 2019 Jul; 62(4):389-97. doi:
10.3340/jkns.2018.0165.

Chen Z, Liu Y, Li B, Yuan C, Hou K, Chen L, et al. Comparing
the conventional and balloon-guided catheter-assisted

2020 Jan;

17.

18.

19.

20.

21.

SWIM technology for the treatment of acute ischemic
stroke. Front Neurol. 2022 Jul 13; 13:866673. doi:
10.3389/fneur.2022.866673.

Meder G, Zuchowski P, Skura W, Pteszka P, Dura M,
Rajewski P, et al. Mechanical thrombectomy in stroke-
retrospective comparison of methods: aspiration vs. stent
retrievers vs. combined method- Is aspiration the best
starting point? J Clin Med. 2024 Mar 4; 13(5):1477. doi:
10.3390/jcm13051477.

Friedrich B, Boeckh-Behrens T, Krussmann V, Monch S,
Kirschke J, Kreiser K, et al. A short history of
thrombectomy - procedure and success analysis of
different endovascular stroke treatment techniques.
Interv  Neuroradiol. 2021 Apr; 27(2):249-56. doi:
10.1177/1591019920961883.

Orscelik A, Kallmes DF, Bilgin C, Musmar B, Senol YC,
Kobeissi H, et al. Comparison of balloon guide catheter
versus non-balloon guide catheter for mechanical
thrombectomy in patients with distal medium vessel
occlusion. J Neurointerv Surg. 2024 May 21; 16(6):587-94.
doi: 10.1136/jnis-2023-020925.

Podlasek A, Dhillon PS, Jewett G, Shahein A, Goyal M,
Almekhlafi M. Clinical and procedural outcomes with or
without balloon guide catheters during endovascular
thrombectomy in acute ischemic stroke: a systematic
review and meta-analysis with first-line technique
subgroup analysis. AINR Am J Neuroradiol. 2021 Aug;
42(8):1464-71. doi: 10.3174/ajnr.A7164.

Pederson JM, Reierson NL, Hardy N, Touchette JC, Medam
S, Barrett A, et al. Comparison of balloon guide catheters
and standard guide catheters for acute ischemic stroke: a
systematic review and meta-analysis. World Neurosurg.
2022 Apr; 160:149. doi: 10.1016/j.wneu.2022.01.073

Oct-Dec 2024 Vol. 20 No. 4

741



