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51 Vessel Rupture Complication due to
Ballooning of the Distal Segment of
a JET 7 Xtra Flex Reperfusion
Catheter during Angiogram

Takanori Sano,” Koichi Hakozaki,” Kazuto Kobayashi,? Tomonori Ichikawa,’ Hiroshi Tanemura,’ Tomoki Ishigaki,’
and Fumitaka Miya’

Case
Report

Objective: We present a case of intraprocedural device malfunction related to the JET 7 Xtra Flex reperfusion catheter
during mechanical thrombectomy.

Case Presentation: A 92-year-old man presented with sudden right hemiparesis with a National Institutes of Health
Stroke Scale score of 22. His left middle cerebral artery (M1) was occluded, and emergency mechanical thrombectomy
was performed. After partial recanalization was achieved, angiography through a JET 7 Xtra Flex was attempted. After
manual injection of contrast media via a 10-mL syringe through the JET 7 Xtra Flex, the catheter moved, jumping forward,
and the distal tip of the catheter expanded and ruptured. This resulted in intracranial vessel damage and subsequent
patient death.

Conclusion: Contrast media must not be injected through the JET 7 Xtra Flex. If contrast media needs to be injected for
angiography during mechanical thrombectomy with a reperfusion catheter, it should always be through the guide catheter.
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| Introduction

Mechanical thrombectomy for emergent large vessel occlu-
sion rapidly became common after its efficacy was demon-
strated by several randomized controlled studies in 2015.9
To quickly recanalize occluded vessels, the advancement of
therapeutic devices for mechanical thrombectomy is essen-
tial, for which device manufacturers have newly developed
many stent retrievers with different diameters, lengths, and
structures. On the other hand, many large-bore reperfusion
catheters with excellence in guidance have recently been
developed and become used at clinical settings. JET 7 Xtra

!Department of Neurosurgery, Ise Red Cross Hospital, Ise, Mie, Japan
’Department of Neurology, Ise Red Cross Hospital, Ise, Mie, Japan

Received: March 31, 2021; Accepted: July 11,2021
Corresponding author: Takanori Sano. Department of Neurosurgery,
Ise Red Cross Hospital, 1-471-2, Funae, Ise, Mie 516-8512, Japan
Email: tsano126(@gmail.com

*The abstract of this report was presented at the 36th Annual
Academic Meeting of NPO organization, the Japanese Society
for Neuroendovascular Therapy, Kyoto, 2020.

This work is licensed under a Creative

\> | Commons Attribution-NonCommercial-
NoDerivatives International License.

i > s
BY NC ND

©2022 The Japanese Society for Neuroendovascular Therapy

‘ 218 ‘ Journal of Neuroendovascular Therapy Vol. 16, No. 4 (2022)

Flex (Penumbra, Alameda, CA, USA) is a new reperfusion
catheter launched in Japan since January 2020. Although it
has a large lumen diameter of 0.072 inches, it is excellent
for guidance and easily reaches intracranial occluded ves-
sels, being launched as a new device capable of rapidly
acquiring recanalization.

We report a case of intraprocedural device malfunction
related to the JET 7 Xtra Flex reperfusion catheter. The
catheter tip ruptured after partial balloon-like expansion
when angiography was performed through the JET 7 Xtra
Flex placed in the intracranial internal carotid artery. As the
event resulted in rupture of a vessel and caused serious
complications, we present the case to provide information
to neuroendovascular therapists.

| Case Presentation

A 92-year-old man presented with sudden disturbance of
consciousness, aphasia, and right hemiparesis with a
National Institutes of Health Stroke Scale score of 22. His
past medical history was significant for atrial fibrillation,
hypertension, and cerebral infarction. On plain CT, old
cerebral infarction was noted in the left parietotemporal
lobe. On CT perfusion, delay of time-to-maximum of
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Fig. 1

On plain CT (A and B), old cerebral infarction was present in
the left parietotemporal lobe. On CT perfusion, delayed T,.., (C and
D) was noted in the left middle cerebral artery territory but no

residue function (T,,,,) was observed in the left middle cere-
bral artery territory without a decrease in the cerebral blood
volume (CBV) in this area (Fig. 1). Inmediate mechanical
thrombectomy was decided to perform because a penumbra
region was present in the left middle cerebral artery territory.

Endovascular treatment

Under local anesthesia, a 9-Fr 90-cm Branchor (Asahi
Intecc, Aichi, Japan) was guided to the left internal
carotid artery through the right femoral arterial approach.
Angiography was performed, and occlusion of the left
middle cerebral artery (distal M1) was confirmed (Fig.
2A and 2B). When the JET 7 Xtra Flex was advanced to
the occluded region over a microcatheter (Velocity; Pen-
umbra) and 0.014-inch micro guide wire (CHIKAI; Asahi
Intecc), it reached the thrombus and thrombectomy by
direct aspiration using a suction pump (Penumbra
ENGINE; Penumbra) was performed. Partial recanaliza-
tion was noted on angiography performed later, but resid-
ual occlusion was present in the M2 superior branch of
the left middle cerebral artery, for which a stent retriever

decrease in CBV (E and F) was noted in the same area. CBV: cere-
bral blood volume; T, time-to-maximum of residue function

(Trevo ProVue 3 X 20 mm; Stryker, Kalamazoo, MI, USA)
was applied to the thrombus in the M2 superior branch.
During aspiration through the JET 7 Xtra Flex with the
ENGINE, the Trevo ProVue stent retriever was retrieved
without resistance by pulling it into the JET 7 Xtra Flex.
Angiography was then performed through the JET 7 Xtra
Flex placed in the intracranial left internal carotid artery,
but complete recanalization was not noted and an avascu-
lar area remained in the frontal lobe over the parietal lobe
(Fig. 2C and 2D). After investigation of continuation of
the procedure for partial recanalization, secondary angi-
ography through the JET 7 Xtra Flex positioned in the left
carotid siphon was decided. Angiography was performed
after confirming back flow of blood into a 10-cc syringe
connected to the JET 7 Xtra Flex, but contrast medium
did not flow out from the tip. The JET 7 Xtra Flex tip
instead exhibited jump-like movement, followed by bal-
looning of the catheter and rupture (Fig. 3). Immediately
after rupture, blood flow in the cervical left internal
carotid artery was temporarily occluded by a balloon of
the guiding catheter and heparin was simultaneously
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Fig. 2 Angiography (A and B) at initiation of the procedure. The distal M1 of the left middle cerebral artery
was occluded. Angiography (C and D) immediately before the accident. A residual avascular area was present
in the left frontal lobe over the parietal lobe on angiography through the JET 7 Xtra Flex positioned at the left
carotid siphon.

neutralized. The patient became comatose and his breath-
ing weakened, for which anesthetic management with tra-
cheal intubation and a ventilator was performed.
Cone-beam CT was performed after vital signs stabilized,
and the presence of extensive subarachnoid hemorrhage
was confirmed. It was considered that the left internal
carotid artery over the middle cerebral artery (M1) rup-
tured due to the abnormal expansion of the JET 7 Xtra
Flex. To stop the bleeding from the injured vascular
region, a microcatheter, SL-10 (Stryker) was guided to
M1 using a CHIKAI micro wire, but it was difficult
because the lumen structure of the JET 7 Xtra Flex was
broken. The SL-10 microcatheter was guided to M1 by
passing through the broken side wall of the JET 7 Xtra
Flex (Fig. 4A), and its presence in M1 was confirmed by
angiography through the SL-10 microcatheter. M1 over
the intracranial internal carotid artery was filled with

‘ 220 ‘ Journal of Neuroendovascular Therapy Vol. 16, No. 4 (2022)

Target coils (Stryker) backward, with which the broken
JET 7 Xtra Flex was also pulled back little by little. There
was resistance, but it was able to be removed and retrieved
from the body. After stopping bleeding from the hemor-
rhagic region with detachable coils and the absence of
bleeding from the guiding catheter was confirmed by left
internal carotid artery angiography, the procedure was
completed (Fig. 4B and 4C). On postoperative CT, dif-
fuse subarachnoid hemorrhage, intraventricular hema-
toma, and ventricular enlargement were observed (Fig.
4D). The retrieved JET 7 Xtra Flex was broken by 25
mm at a site 5 mm from the tip toward the proximal side,
the outer layer polymer was torn in a 20-mm range, and
the coil wind was fully stretched and popped out (Fig. 5).
Ventricular drainage was performed on the same day and
whole-body management was performed thereafter, but
the patient died on the 10th hospital day.
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Fig. 3 Angiography (frontal view: A-D, lateral view: E-H) at rupture from the catheter tip (A and E). The JET 7 Xtra Flex tip instead exhib-
of the JET 7 Xtra Flex. The JET 7 Xtra Flex tip was positioned at the left ited jump-like movement, and then expanded like a balloon (B, C, F,
carotid siphon. When contrast medium was injected, it did not flow out and G) and ruptured (D and H). White arrows: JET 7 Xtra Flex tip.

Fig. 4 (A) An SL-10 microcatheter passed through the broken side extravasation from the injured vessel was noted. (D) Head CT imme-
wall of the JET 7 Xtra Flex and it was guided to the left middle cere- diately after endovascular surgery: Diffuse subarachnoid hemor-
bral artery (M1). (B) Internal trapping by detachable coils from the left rhage, intraventricular hematoma, and ventricular enlargement were
middle cerebral artery (M1) to the left internal carotid artery. (C) Angi- observed. White arrow: JET 7 Xtra Flex tip.

ography of the left internal carotid artery at the end of procedure: No

Fig. 5 Damaged JET 7 Xtra Flex. The JET 7 Xtra Flex was broken at a site 5 mm from the tip by 25 mm
toward the proximal side, the outer layer polymer was torn in a 20-mm range, and the coil wind was fully
stretched and popped out.
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| Discussion

The JET 7 Xtra Flex became reimbursed by health insurance
on January 1, 2020, and was launched on January 6, 2020 in
Japan. It is a new reperfusion catheter with a large bore
diameter of 0.072 inches. Regarding the structure, in addi-
tion to a helical coil wind made of stainless steel and nitinol,
and a full-length polytetrafluoroethylene (PTFE) liner of the
tip over the hand region, a new flexible polymer was adopted
for the catheter tip, which enabled retention of the lumen
while being flexible. This was the first case of a disruptive
accident after its launch in Japan. As of June 2020, serious
accidents in which ballooning of the JET 7 Xtra Flex
occurred and the catheter ruptured have been reported in 3
cases (all died) in Japan and 8 cases in other countries. Thus,
the domestic agent, Medico’s Hirata Inc. (Osaka, Japan), volun-
tarily suspended shipment in Japan from June 18, 2020. As dis-
ruptive accidents continued to be reported in the US,
Penumbra Inc. issued the following notification approved by
the US Food and Drug Administration on July 27, 2020.?
The main content was as follows: 1) Please do not inject
contrast medium using a syringe through the JET 7 Xtra
Flex and 2) please do not use stent devices of other compa-
nies because the safety and efficacy have not been con-
firmed. It remained as a notification to users, and its sale
continued. Adverse events due to abnormal expansion have
been reported thereafter’* and recall information was posted
on the home page of the manufacturer, Penumbra Inc., that
the JET 7 Xtra Flex may expand like a balloon and rupture
on December 15, 2020, in the US, and the product was
urgently recalled.> According to the announcement by Pen-
umbra Inc., the company confirmed 17 cases (0.056%) of
adverse events due to expansion or rupture of the catheter tip
and 14 cases (0.046%) of death out of more than 30000
cases of the use of the JET 7 Xtra Flex.

Regarding the cause of catheter tip expansion, an inter-
view with the manufacturer and operator, and investigation
by the Internal Accident Investigation Committee were
performed. Penumbra Inc. stated in an online conference
with our hospital that although similar cases at clinical set-
tings have been confirmed, the cause was unclear. How-
ever, they mentioned the following possible cause: In this
event, the inner liner of the catheter was damaged at some
point during the procedure and the condition became pres-
surized at the time of contrast medium injection, which
may cause catheter expansion. Pulling the stent retriever
into a JET 7 Xtra Flex may cause damage, but the event
may occur even if no stent retriever is used, i.e., the event
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may occur even when the procedure is performed using
only a reperfusion catheter. Furthermore, abnormal events
are common at the time of contrast medium injection and
when the inner liner is damaged, and may occur at the time
of injection of liquid other than contrast medium (blood or
saline). The operator in the present case was a resident, but
he had already experienced dozens of cases of mechanical
thrombectomy and was familiar with handling the devices,
including reperfusion catheters. In the interview with the
operator, backflow of blood was confirmed and subsequent
contrast medium injection by pushing by hand was sensed
as usual without resistance. Therefore, no abnormality,
such as pressure on the hand, was noted in this event,
suggesting that the catheter readily expanded due to an
abnormality without sensing resistance. The time from
expansion, which was generated in the catheter and enabled
it to rupture, was 4 frames or approximately 1 second;
therefore, it may be difficult to avoid rupture even if the
abnormality is noticed when expansion starts. For safety, a
method confirming patency of the catheter, for example, 1)
confirmation of backflow of blood and 2) injection of a
small volume of contrast medium from the tip, may enable
safe angiography. On the other hand, occurrence of a simi-
lar event has been reported even though patency of the
lumen of JET 7 Xtra Flex was confirmed by these methods;
thus, these are not effective means to confirm the safety. In
the present case, it is possible that vulnerability of the cath-
eter itself was involved and it was difficult for the operator
to avoid this complication. At our hospital, the Internal
Accident Investigation Committee was established imme-
diately after the accident, aiming at investigation of the
cause and recurrence prevention measures, and performed
the investigation. Based on the online conference with
Penumbra Inc. and accident investigation, the operation at
the time of accident was standard and damage beyond
expectation may have occurred. The catheter used in this
case at our hospital was the JET 7 Xtra Flex, in which the
material at the catheter tip was different from the initial
model, JET 7 Standard Tip, sold in other countries, and
only JET 7 Xtra Flex was introduced in Japan. According
to the report from Penumbra Inc., the device for which rup-
ture accidents have been reported is only JET 7 Xtra Flex
and no similar case has occurred in the preceding model,
JET 7 Standard Tip or the earlier generation model ACE68
(Penumbra), suggesting that the rupture accident in the
present case was a characteristic phenomenon of the JET 7
Xtra Flex and it was presumed to be due to vulnerability of
the structure of the catheter tip.



At present, a combined technique concomitantly using a
reperfusion catheter and a stent retriever in mechanical
thrombectomy has widely spread,®® but this complication
was an accident highlighting the risk of device damage by
the combined technique and angiography through the
reperfusion catheter. When the combined technique is
used, the possibility of damaging the lining membrane of
the reperfusion catheter by friction of pulling a stent
retriever into the catheter is always present, and the risk
may increase as the frequency of pulling back increases. In
addition, each device company uses the latest technology
to retain flexibility and lumen of reperfusion catheters with
a large bore, but the tip may become vulnerable and dam-
aged due to such a large bore. As the size and location of
the thrombus are confirmed by this combined technique,
angiography through a reperfusion catheter and microcath-
eter, i.e., the sandwich angiography technique, is becoming
an accepted practice at clinical settings, and contrast
medium injection through the reperfusion catheter guided
into the intracranial vessels has become increasingly per-
formed because the time of the procedure is shorter and
angiography is clear. Therefore, as manual angiography
through the reperfusion catheter is often performed at clin-
ical settings, each manufacturer has set a pressure resis-
tance limit to be endured in manual angiography as a
criterion. However, these are results of in vitro experiments
and no lumen damage related to the procedure was
expected. Therefore, it cannot be said that there is no risk
of expansion or rupture of reperfusion catheter products of
other companies other than JET 7 Xtra Flex.

During investigation of the medical accident, first,
regarding the combined technique, as the safety of and cau-
tion for concomitant use are not described in the package
insert of each device, the combined technique is regarded
as a treatment method independently judged by physicians,
although it is conventional, and evidence for the safety and
efficacy is not established. Indeed, the manufacturer com-
mented that co-treatment with a stent retriever from other
company is not recommended. Moreover, regarding angi-
ography in cases using a reperfusion catheter, the package
insert states to perform angiography through the guiding
catheter after removing the reperfusion catheter, injection
with a high pressure by an automatic injector is the only
contraindication, and manual angiography through the
reperfusion catheter is not recommended, although it is not
contraindicated. Accordingly, the manufacturer com-
mented that angiography through the reperfusion catheter
is not recommended because the JET 7 Xtra Flex acquired
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pharmaceutical approval for its specific use for thrombus
suction; i.e., when a medical accident occurs, even though
the procedure is a conventional treatment method fre-
quently described in reports and academic meetings, it may
be regarded as performed based on the independent judg-
ment made by a physician as off-label use, to which atten-
tion should be paid. It was also necessary in the present
case to perform confirmation angiography after thrombec-
tomy through the guiding catheter as a procedure recom-
mended in the package insert.

The combined technique is roughly divided into 2 types:
The stent retriever is not pulled back into the reperfusion
catheter and it is retrieved as a unit, such as in the continu-
ous aspiration prior to intracranial vascular embolectomy
(CAPTIVE) method® and stent retriever assisted vacuum-
locked extraction (SAVE) method,” and the a stent-
retrieving into an aspiration catheter with proximal balloon
technique (ASAP) method® in which the stent retriever is
pulled back into the reperfusion catheter and the reperfu-
sion catheter is left in the intracranial vessels. The present
adverse event was caused by angiography after the stent
retriever was pulled into the JET 7 Xtra Flex and retrieved.
The reperfusion catheter was not removed from the body
and left in the intracranial vessels in consideration of the
next procedure being able to be promptly performed in
case recanalization cannot be achieved. However, based on
this accident, the combined technique of leaving the reper-
fusion catheter in the intracranial vessels cannot be recom-
mended, i.e., there are some points that require attention,
such as that angiography must not be performed through
the reperfusion catheter and damage of the reperfusion
catheter cannot be confirmed after pulling the stent retriever
into the catheter. Therefore, at present, we choose the pro-
cedure for the combined technique in which the stent
retriever is not pulled back into the reperfusion catheter
and angiography is performed through the guiding catheter
as a unit after retrieval.

We reported an unexpected adverse event, expansion of
the JET 7 Xtra Flex. The Internal Accident Investigation
Committee presumed that it was a complication characteris-
tic to the JET 7 Xtra Flex, but many harmful accidents have
occurred before the product was recalled. It is necessary to
prevent similar accidents by making this case well known,
and we want to emphasize the following 2 points: Angiogra-
phy must not be performed through a JET 7 Xtra Flex and
angiography should be performed through the guiding cathe-
ter in cases using a reperfusion catheter other than a JET 7
Xtra Flex.
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| Conclusion

We reported an unexpected disruptive accident that is con-
sidered characteristic to the JET 7 Xtra Flex. Angiography

must not be performed through a JET 7 Xtra Flex. In treat-

ment using the combined technique, attention should be

sufficiently paid to damage of the devices and angiography

should be performed through the guiding catheter when a

reperfusion catheter is used.
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