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Abstract: Background: Vessel perforation during stent mechanical thrombectomy (MT) is a rare
and disastrous complication. A routine rescue strategy includes balloon occlusion for tamponade,
procedure suspension, and lowering or normalizing blood pressure. However, this complication
is still associated with poor outcome and high mortality. Objective: We present our experience
with intra-arterial injection of thrombin in the treatment of vessel perforation secondary to micro-
catheter/microwire perforation, which prevents further deterioration in clinical outcomes. Methods:
Cases with intraprocedural vessel perforation during mechanical thrombectomy were included in the
final analysis. Clinical data, procedural details, and radiographic and clinical outcomes were collected.
Results: Four patients with intraprocedural vessel perforation were included. Intraprocedural perfo-
rations occurred at the distal middle cerebral artery in two cases: the A2 segment in one case and the
internal carotid artery terminus in one case. The etiology of four cases was intracranial atherosclerotic
stenosis (ICAS). The ruptured vessels were effectively occluded in all cases. Endovascular therapy
was continued in three cases, and mTICI ≥ 2b recanalization was achieved in all cases. The culprit
artery was kept patent on CTA for 72 h post-operation. No active bleeding was detected on follow-up
CT post-operation. During the 90-day follow-up period, one patient died, modified Rankle Scare
(mRS) 3 was observed in two patients, and mRS 4 was observed in one patient. Conclusions: The
key benefit of this method is occluding the ruptured vessel without affecting the following MT. We
propose that intra-arterial injection of prothrombin may be simple yet effective in managing vessel
perforation complications during MT.

Keywords: acute ischemic stroke; vessel perforation; mechanical thrombectomy

1. Introduction

Endovascular therapy is a standard and effective treatment for acute intracranial large
artery occlusion (LAO) [1–7]. Complications of endovascular therapy include intracranial
hemorrhage (ICH), vasospasm, air emboli, emboli to new territories, arterial dissection, and
serious groin complications [8–10]. The mechanisms of ICH include direct endoluminal
trauma and shear forces on the perforator vessels, which cause subarachnoid hemorrhage
(SAH), ischemic and reperfusion injury, and parenchymal hematoma formation [11–13].
Vessel perforation during stent retriever thrombectomy is a rare and disastrous complica-
tion, and the rate is 0–4.0% [1–5,8,11,14–18]. When vessel perforation occurs, the routine
rescue strategy includes balloon occlusion for tamponade, vessel sacrifice with endovascu-
lar coil or glue, procedure suspension, and lowering or normalizing blood pressure.

In this paper, we describe a method of selective microcatheter injection of thrombin
to occlude vessel perforation secondary to microcatheters/microwires to prevent further
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neurologic deterioration. To the best of our knowledge, the aforementioned technique has
not been reported to treat ruptured vessels in acute ischemic thrombectomy.

2. Materials and Methods

We reviewed our prospectively collected database of MT for AIS due to large-vessel
occlusion from January 2015 to October 2019. This study was approved by our local
ethics committee (the number is ID 2021 LWB251). In total, 996 consecutive patients with
acute anterior large vessel occlusion underwent MT during this time in our institution.
The endovascular technique was selected by the attending neuro-interventionalist based
on the available therapies at the time of angiography. The strategies included mechani-
cal retrievable stent thrombectomy, direct aspiration, angioplasty via a balloon or stent,
or a combination of these approaches. Intraprocedural vessel perforation occurred in
14 patients, the procedure was aborted with no rescue endovascular treatment in 8 patients,
extravasations ceased when the microwire was gently withdrawn from the perforator in
4 patients, and extravasations continued in the other 4 patients, all of whom later died
(Figure 1).

Brain Sci. 2022, 12, x FOR PEER REVIEW 2 of 11 
 

In this paper, we describe a method of selective microcatheter injection of thrombin 

to occlude vessel perforation secondary to microcatheters/microwires to prevent further 

neurologic deterioration. To the best of our knowledge, the aforementioned technique has 

not been reported to treat ruptured vessels in acute ischemic thrombectomy. 

2. Materials and Methods 

We reviewed our prospectively collected database of MT for AIS due to large-vessel 

occlusion from January 2015 to October 2019. This study was approved by our local ethics 

committee (the number is ID 2021 LWB251). In total, 996 consecutive patients with acute 

anterior large vessel occlusion underwent MT during this time in our institution. The 

endovascular technique was selected by the attending neuro-interventionalist based on 

the available therapies at the time of angiography. The strategies included mechanical 

retrievable stent thrombectomy, direct aspiration, angioplasty via a balloon or stent, or a 

combination of these approaches. Intraprocedural vessel perforation occurred in 14 

patients, the procedure was aborted with no rescue endovascular treatment in 8 patients, 

extravasations ceased when the microwire was gently withdrawn from the perforator in 

4 patients, and extravasations continued in the other 4 patients, all of whom later died 

(Figure 1). 

 

Figure 1. Diagram of management and outcome of patients with intraprocedural vessel perforation. 

LVO: large-vessel occlusion; MT: mechanical thrombectomy; IA: intraarterial; BGC: balloon-guided 

catheter; mRS: modified thrombolysis in cerebral infarction; NA: not applicable. 

Rescue endovascular treatment was adopted in six patients. One patient received 

rescue glue embolization with reperfusion therapy as aborted with modified thrombolysis 

in cerebral infarction (mTICI) 2A. The extravasations ceased after flow arrest with a 

balloon-guided catheter (BGC) in one patient, and reperfusion therapy continued to 

achieve mTICI 3 reperfusion. The other four patients received a selective microcatheter 

injection of thrombin. Technical details of each of the 14 thrombectomy cases, rescue 

approaches, and outcomes are described in Table 1 and Figure 1. The descriptions of the 

Figure 1. Diagram of management and outcome of patients with intraprocedural vessel perforation.
LVO: large-vessel occlusion; MT: mechanical thrombectomy; IA: intraarterial; BGC: balloon-guided
catheter; mRS: modified thrombolysis in cerebral infarction; NA: not applicable.

Rescue endovascular treatment was adopted in six patients. One patient received
rescue glue embolization with reperfusion therapy as aborted with modified thrombolysis
in cerebral infarction (mTICI) 2A. The extravasations ceased after flow arrest with a balloon-
guided catheter (BGC) in one patient, and reperfusion therapy continued to achieve mTICI 3
reperfusion. The other four patients received a selective microcatheter injection of thrombin.
Technical details of each of the 14 thrombectomy cases, rescue approaches, and outcomes
are described in Table 1 and Figure 1. The descriptions of the four patients who received
selective microcatheter injection of thrombin are given as follows.
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Table 1. Summary of technical details of thrombectomy, rescue approaches, and outcomes in patients with intraprocedural vessel perforation.

pt
Occlusion

Site
TOAST

IV rtPA before;
IV Heparin

during
Thrombectomy

General
Anaesthesia

Yes/No

Approach to
Thrombectomy

Stent Retriever
No. of Passes

Location of
Perforation

Suspected Cause of
Perforation

Rescue
Endovascular

Treatment

Postprocedure
CT Outcomes

1 R-M1P
ICAS IV heparin No

Stent retriever +
Balloon

angioplasty
1 RM1D

Perforation with mi-
crowire/microcatheter

when traversing
lesion site

IA thrombin No new
hemorrhage

mTICI 3, mRS 4 at
3 months

2 L-A3
ICAS IV heparin No NA NA L-A2

Perforation with mi-
crowire/microcatheter
when traversing clot

IA thrombin No new
hemorrhage

mTICI 0; death at
3rd days

after operation

3
L-ICA

terminus
ICAS

IV heparin No Balloon
angioplasty NA

L-ICA
terminus

Perforation with mi-
crowire/microcatheter

when traversing
lesion site

IA thrombin No new
hemorrhage

mTICI 3, mRS 3
at discharge

4 R-M1D
ICAS IV heparin No Stent retriever Solitaire 4 × 20

1 pass R M1D Resistance withdrawing
stent retriever IA thrombin No new

hemorrhage
mTICI 2b, mRS 3

at 3 months

5
L-ICA

terminus
CE

IV heparin No BGC + stent
retriever

Solitaire 6 × 30
1 pass LM1P

Perforation with mi-
crowire/microcatheter
when traversing clot

Flow arrest
with BGC

No new
hemorrhage

mTICI 3, mRS 2 at
3 months

6 L-M1D
CE IV heparin No Stent retriever Solitaire 4 × 20

4 passes L M3
Perforation with

microcatheter injection
to confirm location

IA glue No new
hemorrhage

mTICI 2a, mRS 3
at 3 months

7 R M2
CE IV heparin No Stent retriever Solitaire 4 × 20

1 pass RM3
Perforation with
microwire when
traversing clot

Procedure
aborted, blood

pressure
control

No new
hemorrhage

mTICI 2b, mRS 3
at 3 months

8 L-M2
CE IV heparin No NA NA L M3

Perforation with
microwire when
traversing clot

Procedure
aborted, blood

pressure
control

No new
hemorrhage

mTICI 0, mRS 5 at
discharge

9
L-ICA

terminus
ICAS

IV heparin No NA NA
L-ICA

terminus
Perforation with
microwire when

traversing lesion site

Procedure
aborted, blood

pressure
control

No new
hemorrhage

mTICI 0, mRS 4 at
3 months
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Table 1. Cont.

pt
Occlusion

Site
TOAST

IV rtPA before;
IV Heparin

during
Thrombectomy

General
Anaesthesia

Yes/No

Approach to
Thrombectomy

Stent Retriever
No. of Passes

Location of
Perforation

Suspected Cause of
Perforation

Rescue
Endovascular

Treatment

Postprocedure
CT Outcomes

10 L-M2
CE IV heparin Yes NA NA L M3

Perforation with
microwire when
traversing clot

Procedure
aborted, blood
pressure control

No new
hemorrhage

mTICI 2b, mRS 4
at 3 months

11 L-Carotid T *
CE IV heparin No NA NA L M1P

Perforation with
microwire when
traversing clot

Procedure
aborted, blood
pressure control

Severe brain
hemorrhage

mTICI 0; death
in hospital

12 L-Carotid L **
CE IV heparin Yes NA NA

L-ICA
terminus

Perforation with wire
when advancing
guiding catheter

Procedure
aborted, blood
pressure control

Severe brain
hemorrhage

mTICI 0; death
in hospital

13 R-Carotid-L
CE

IV heparin + IV
rt-PA Yes NA NA R M1P

Perforation with
microwire when
traversing clot

Procedure
aborted, blood

pressure
control

Severe brain
hemorrhage

mTICI 0; death
in hospital

14 L-M1P
CE IV heparin Yes NA NA

L anterior
choroidal

artery

Perforation with
microcatheter went into

anterior choroidal
artery

Procedure
aborted, blood
pressure control

Severe brain
hemorrhage

mTICI 0; death
in hospital

Pt indicates patient; Toast indicates Trial of Org 10172 in Acute Stroke Treatment; IV, intravenous; No, number; R, right; L, left; M1P, proximal segment of middle cerebral artery; ICAS,
intracranial atherosclerotic stenosis; mTICI, modified Thrombolysis in Cerebral Infarction; mRS, modified Rankin Scale; A3, A3 segment of anterior cerebral artery; A2, A2 segment of
anterior cerebral artery; ICA, internal carotid artery; NA, not available; M1D, distal segment of middle cerebral artery; CE, cardiac embolism; BGC, balloon guiding catheter; M2, M2
segment of middle cerebral artery; M3, M3 segment of middle cerebral artery. * indicates terminal ICA plus Middle cerebral artery and anterior cerebral artery, ** indicates terminal ICA
plus middle cerebral artery.
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3. Cases 1 and 2: Middle Cerebral Artery (MCA) M1 Occlusion

Case 1: In this case of acute stroke from a right MCA M1 occlusion, a 73-year-old male
smoker with hypertension and hypertriglyceridemia presented with left limb weakness; the
patient had an NIHSS score of 12 (Figure 2). Catheter angiography demonstrated persistent
occlusion of the right MCA M1 segment (Figure 2A). During the procedure, the micro-
catheter “first-pass effect” [19] was observed, which indicated the MCA atherosclerosis-
related occlusion. Then, an intravenous injection of tirofiban at a rate of 0.3 mg/h was
administered after 0.5 mg intravenous bolus. After one thrombectomy pass with the
4–20 mm device (Medtronic), the right MCA M1 was recanalized with focused severe
stenosis at the distal MCA, and angioplasty via a 2.0–15 mm balloon (Boston) was per-
formed. Perforation at the M1/2 segment probably occurred due to the movement of the
microwire. Angiography revealed severe contrast extravasation into the parenchyma after
the microwire was retrieved back into the vessel (Figure 2B). The first step was to stop
the administration of intravenous tirofiban. The second step was to advance the micro-
catheter into the place around the perforating site and subsequently retrieve the microwire.
The third step was to inject 3 mL of thrombin (total dose of 400 u) into the microcatheter.
Then, no contrast extravasation was detected during the observation time (Figure 2C). Ten
minutes later, Solitaire 4–20 mm was re-unsheathed at the occlusion site; 20 min later, the
intravenous injection of tirofiban was restarted at a rate of 0.25 mg/h; 1 h later, the stent was
dethatched with mTICI 3 reperfusion achieved (Figure 2D). Hyperdensity within the Syl-
vian fissure and ventricle was detected on C-arm CT during the procedure (Figure 2E). No
hemorrhage was detected by dual-energy CT performed after the procedure (Figure 2F,G).
CTA performed 36 h post-procedure showed the culprit artery was patent (Figure 2H).
Magnetic resonance angiography (MRA), performed 8 days post-procedure, showed right
cerebral hemisphere hemorrhagic infarction with patent right MCA. The mRS was 2 at
3 months.

Case 2: In this case of acute stroke from a right MCA M1 occlusion, a 76-year-old
male patient with hypertension, diabetes mellitus, and atrial fibrillation presented with
left limb weakness; the patient had a NIHSS score of 10 (Figure 3). Catheter angiography
demonstrated persistent occlusion of the right MCA M1 segment (Figure 3A). The micro-
catheter “first-pass effect” was positive; then, an intravenous injection of tirofiban at a rate
of 0.3 mg/h after 0.5 mg intravenous bolus was administered. After one thrombectomy
pass with the 4–20 mm device (Medtronic), the occluded artery was opened (Figure 3B), but
perforation at the M2 segment probably occurred due to retracement of the stent (Figure 3C).
The first step was to stop the infusion of tirofiban. The second step was to advance the
microcatheter over the microwire to the site near the perforator, retrieve the microwire,
and inject 2 mL of thrombin (total dose of 200 u) into the microcrater. In the third step, the
microwire was re-advanced into the distal segment and maintained in place. Then, the
microcatheter was advanced into the distal site and immediately retrieved back to the M1
segment over the microwire. Angiography showed no contrast extravasation with patent of
the culprit artery (Figure 3D). Five minutes later, the infusion of tirofiban was restarted at a
rate of 0.25 mg/h. During the 30-min observation period, no new hemorrhage was detected,
and mTICI grade 3 was achieved. Hyperdensity within the cisterna ambiens and sylvian
cisterna was detected on C-arm CT during the procedure (Figure 3E). The hyperdense area
was gradually dismissed on follow-up CT (Figure 3F), and CTA performed on the 8th day
post-operation showed patent right MCA (Figure 3G). MRA performed on the 14th day
post-operation showed right cerebral hemisphere hemorrhagic infarction with patent right
MCA (Figure 3H). The mRS was 3 at 3 months.
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Figure 2. (A) DSA shows occlusion of the M1 segment of the right MCA. (B) A microcatheter is
advanced into the M1/2 branch (the arrow indicates the tip of the microcatheter), where active
contrast extravasation pointing to the location of vessel perforation can be observed (indicated with
arrow). (C) After the injection of 400 U thrombin via the microcatheter and no following contrast
extravasation, the contrast extravasation is stopped. (D) mTICI 3 reperfusion was achieved after the
detachment of the stent retriever and administration of intravenous tirofiban. (E) Severe hyperdensity
within the Sylvian fissure and ventricle was observed on C-arm CT performed during the procedure.
(F,G) The hyperdense area was dismissed on follow-up CT and disappeared on dual-energy CT,
which indicates that it was a contrast agent but not a blood product. (H) Patency of the culprit artery
was observed on the follow-up CTA. MCA: middle cerebral artery; mTICI: modified thrombolysis in
cerebral infarction; CTA: computed tomography angiography.
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black arrow). (D) No contrast extravasation after injection of 200 U thrombin via the microcatheter.
mTICI 3 reperfusion was achieved when the microcatheter was re-advanced into the inferior trunk of
the MCA over the microwire and retrieved back into the proximal segment of the MCA while the
microwire remained in place. (E) Hyperdensity within the Sylvian fissure and ventricle was observed
on C-arm CT performed during the procedure. (F,G) Hyperdense area dismissed on follow-up
CT. (G,H) Patency of the culprit artery was observed on follow-up CTA and MRA. DSA: digital
subtraction angiography; MCA, middle cerebral artery; mTICI: modified thrombolysis in cerebral
infarction; CTA: computed tomography angiography.

4. Case 3: Internal Carotid Artery (ICA) Terminus Occlusion

In this case of acute stroke from the left ICA terminus occlusion, a 74-year-old female
patient with hypertension and diabetes mellitus presented with right limb weakness; the
patient had a NIHSS score of 21 (Figure 4). Catheter angiography demonstrated persistent
occlusion of the left ICA terminus (Figure 4A). Perforation at the ICA terminus probably
occurred because the microwire and microcatheter were mistakenly advanced into the
parenchyma (Figure 4B). The first step was to maintain the microwire in place, retrieve
the microcatheter back to the perforated orifice, and subsequently inject 2 mL of thrombin
(total dose of 200 u) into the microcatheter. The second step was to advance another
microwire (Boston) using the microcatheter (Enchelon10, EV3) through the occlusion site,
and angioplasty via 2.0–15 mm balloon (Boston) was performed. The third step was to
retrieve the first microwire. Ten minutes after the inflation of the balloon, the microcatheter
was gently retrieved. Twenty minutes later, the balloon was deflated, and no contrast
extravasation was detected during the entire observation period (Figure 4C). Twenty-five
minutes later, an intravenous injection of tirofiban was administered at a rate of 0.25 mg/h
after 0.375 mg intravenous bolus. The anterograde blood flow through the lesion site
improved, and mTICI 2b was achieved 15 min after the tirofiban administration. The
bilateral anterior cerebral artery was supplied by the left ICA (Figure 4D). The systolic
pressure was strictly controlled at 130 mmHg. Hyperdensity within the Sylvian fissure
and cisterna ambiens was detected on C-arm CT during the procedure (Figure 4E). The
hyperdense area was gradually dismissed on the follow-up CT, but a bilateral frontal lobe
large infarction was detected on the follow-up CT (Figure 4F,G). CTA performed 48-h
post-procedure showed that the culprit artery was patent (Figure 4H). The patient was
discharged on the fourth-day post-operation, and the mRS score was 5 at discharge.
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Figure 4. (A) DSA shows occlusion of the left ICA terminus. (B) Active contrast extravasation was
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observed when the microcatheter attempted to advance into the MCA, which indicates that vessel
perforation occurred at the left carotid artery terminus. (C) After the injection of 200 µ thrombin via a
microcatheter plus inflation of the balloon for 20 min, contrast extravasation was stopped, and the
occluded left carotid artery terminus was opened. (D) mTICI 3 reperfusion was achieved 10 min
after the administration of intravenous tirofiban. (E) Hyperdensity within the Sylvian fissure and
cisterna ambiens was observed on C-arm CT performed during the procedure. (F,G) The hyperdense
area was dismissed on follow-up CT and disappeared on dual-energy CT, which indicates that it
was a contrast agent but not a blood product. (H) Patency of the culprit artery was observed on
follow-up CTA. ICA: internal carotid artery; DSA: digital subtraction angiography; mTICI: modified
thrombolysis in cerebral infarction; CTA: computed tomography angiography.

5. Case 4: Anterior Cerebral Artery (ACA) A2 Segment

In this case of acute stroke from the left ACA A2 segment occlusion, a 76-year-old
female patient with hypertension presented with left limb weakness; the patient had an
NIHSS score of 6 (Figure 5). Catheter angiography demonstrated persistent occlusion of the
left ACA A2 segment. Perforation at A1/A2 probably occurred because the microwire and
microcatheter were mistakenly advanced into the parenchyma (Figure 5A). Microcatheter
angiography revealed contrast extravasation into the parenchyma, which confirmed artery
perforation at A2. First, a microwire was placed back in the parenchyma, and the micro-
catheter was retrieved back to the site around the perforator. Second, the microwire was
retrieved, 2 mL of thrombin (total dose of 300 u) was injected into the microcatheter, and
the ruptured vessel was immediately sealed (Figure 5B). Endovascular therapy was termi-
nated. A hyperdense area within the cisterna ambiens and sylvian cisterna was detected
on C-arm CT during the procedure (Figure 5C). Bilateral frontal lobe infarction and brain
edema occurred, but no new hemorrhage was detected on dual-energy CT post-operation
(Figure 5D). The patient was discharged on the second day and died on the third day after
the operation.
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Figure 5. (A) Vessel perforation occurred when attempting to advance the microcatheter into A3; the
microcatheter was in the parenchyma (the black arrow indicates the tip of the microcatheter). DSA
shows the occlusion of the A2 segment of the left anterior cerebral artery. (B) This ruptured vessel was
immediately sealed with 2 mL of thrombin (total dose was 300 u). (C) C-arm CT showed hyperdensity
in the cisterna ambiens and sylvian cisterna. (D) Post-procedure dual-energy CT showed bilateral
frontal lobe infarction without new hemorrhage or brain edema.

6. Discussion

Vessel perforation is a rare and serious complication of endovascular therapy, and it
requires urgent management because patients are at high risk of hemorrhagic stroke and
further deterioration. Moshayedi proposed an approach to control cerebral vessel perfora-
tion and summarized it as follows. When intraprocedural vessel perforation occurs, the first
step is to reverse the anticoagulants with reversal agents, reduce the blood pressure, and
gently withdraw the offending hardware. If extravasations continue, intracranial balloon
inflation is used to tamponade the perforation. If extravasations continue, super-selective
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catheterization of the perforation site and perforation sealing with Onyx glue injection is
performed, or vessel sacrifice with endovascular coil or glue should be performed if these
interventions do not work [20,21]. Flow arrest with a balloon-guided catheter is another
method [14].

Two key factors should be considered in treating patients with vessel perforation:
effective sealing of the vessel perforator and patency of the occluded artery. Studies
have shown glue embolization of vessel perforation with preserved vessel patency during
mechanical thrombectomy for acute ischemic stroke [20,21]. However, glue is a cohesive
liquid, the microcatheter may adhere to the vessel, which makes it difficult to withdraw,
and the microcatheter may be occluded by glue. Additionally, the parent artery of the
perforating site may be occluded due to glue liquid reflux; thus, glue injection requires a
selected technical note and should be performed by an experienced neurointerventionist.

Thrombin is one of the most potent platelet activators and a direct promoter of fibrin
clot formation. Thrombin is most often used as a topical hemostatic agent. Three types
of topical thrombin are available: human plasma-derived (h-thrombin), bovine plasma-
derived (b-thrombin), and recombinant (r-thrombin) [22]. The hemostasis rate within
10 min of thrombin application was 88% [22]. Although all three forms of topical thrombin
carry a specific warning of “do not inject” due to concern for intravascular thrombus propa-
gation, they are used off-label for percutaneous injections to cause thrombosis primarily of
iatrogenic femoral pseudoaneurysms [23,24]. The catheter-delivered endovascular use of
thrombin to cause thrombosis of deep artery pseudoaneurysms was also reported [22,25,26].
Catheterization-related arterial perforation can be sealed by the catheter-delivered endovas-
cular use of thrombin [27–29]. To the best of our knowledge, our case series is the first
study to show the effectiveness and safety of intra-arterial injection of thrombin in sealing
cerebral arterial perforation caused by microwires/microcatheters. This technique offers
certain advantages. First, its effectiveness in hemostasis to arterial perforation is highly
important. Second, the simplicity of this technique indicates that it can be widely used
to treat arterial perforation. Third, compared with glue embolization, we do not fear the
complication of the viscous liquid. Fourth, this technique precludes the need to hold the
concomitant use of antithrombotic or antiplatelet agents [27].

Selected problems may remain a concern, e.g., the injection dose, injection concentra-
tion, and injection techniques. The injection dose is 250–5000 U [22,25,27,28,30], and the
dose in our cases was 200–400 U. The injection concentration was 100–1000 U/mL [22,28,30],
and the injection concentration was 100 U/mL in our cases. Certain skills are required in
injecting thrombin. Thrombin was mixed with the patient’s blood to make a “thrombin-
blood patch” (TBP), and the TBP was selectively injected through a microcatheter to the
target site to occlude flow through the perforation track. This approach was believed to
minimize the risk of embolization to the distal vessels [27]. When the infusion of thrombin
was complete, a notably small (0.5 mL) bolus of air was intentionally injected through the
microcatheter to further diminish the retrograde movement of thrombin or anterograde
blood flow into the diagonal branch. The microcatheter was flushed with 2 mL of normal
saline to clear any residual air and/or thrombin from the lumen [28]. The microcatheter
was flushed with 2 mL of normal saline in our cases.

The clinical outcome may be more likely to be positive in patients with vessel prefor-
mation if at least partial recanalization (TICI 2a or higher) is achieved and hemorrhage is
controlled [14]. Successful reperfusion was achieved in three of our four cases, mRS grade
3 was achieved in two patients, and the clinical outcome of one patient was poor due to the
strictly controlled blood pressure and multiple cerebral artery stenoses. This case also hints
that the blood pressure cannot be controlled too low in a case with a poor cerebral artery.

Vessel perforation is a rare complication of stent retriever thrombectomy, and the rate
is approximately 1.6% in five recent endovascular trials [14]. The vessel perforation rate in
our study was 1.4%, which is consistent with a previous study.

This study is limited by the small number of patients. Additionally, the optimal
volume, dose, and technique of administration of endovascular thrombin are unclear.
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However, due to its effectiveness, simplicity, and ease of mastery, the catheter-directed en-
dovascular application of thrombin is feasible rescue therapy in treating vessel perforation
during mechanical thrombectomy.

Author Contributions: Conceptualization, T.Y., W.C., Z.P., D.L. and R.C.; Data curation, T.Y., Z.P.,
X.L., D.L., R.C. and X.Z.; Formal analysis, X.L.; Funding acquisition, W.C.; Methodology, T.Y., Y.W.,
Z.P. and X.Z.; Writing—original draft, T.Y.; Writing—review and editing, W.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by National Health commission capacity building and continuing
education centre, grant number: GWJJ2021100203.

Institutional Review Board Statement: This study is approved by the ethics committee of Zhangzhou
Affiliated Hospital of Fujian Medical University; the number is ID 2021 LWB251.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not available.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Berkhemer, O.A.; Fransen, P.S.S.; Beumer, D.; van den Berg, L.A.; Lingsma, H.F.; Yoo, A.J.; Schonewille, W.J.; Vos, J.A.; Nederkoorn,

P.J.; Wermer, M.J.H.; et al. A randomized trial of intraarterial treatment for acute ischemic stroke. N. Engl. J. Med. 2015, 372,
11–20. [CrossRef]

2. Jovin, T.G.; Chamorro, A.; Cobo, E.; de Miquel, M.A.; Molina, C.A.; Rovira, A.; San Roman, L.; Serena, J.; Abilleira,
S.; Ribo, M.; et al. Thrombectomy within 8 Hours after Symptom Onset in Ischemic Stroke. N. Engl. J. Med. 2015, 372,
2296–2306. [CrossRef]

3. Saver, J.L.; Goyal, M.; Bonafe, A.; Diener, H.-C.; Levy, E.I.; Pereira, V.M.; Albers, G.W.; Cognard, C.; Cohen, D.J.; Hacke, W.; et al.
Stent-retriever thrombectomy after intravenous t-PA vs. t-PA alone in stroke. N. Engl. J. Med. 2015, 372, 2285–2295. [CrossRef]

4. Campbell, B.C.V.; Mitchell, P.J.; Kleinig, T.J.; Dewey, H.M.; Churilov, L.; Yassi, N.; Yan, B.; Dowling, R.J.; Parsons, M.W.;
Oxley, T.J.; et al. Endovascular Therapy for Ischemic Stroke with Perfusion-Imaging Selection. N. Engl. J. Med. 2015, 372,
1009–1018. [CrossRef]

5. Goyal, M.; Demchuk, A.M.; Menon, B.K.; Eesa, M.; Rempel, J.L.; Thornton, J.; Roy, D.; Jovin, T.G.; Willinsky, R.A.; Sap-
kota, B.L.; et al. Randomized assessment of rapid endovascular treatment of ischemic stroke. N. Engl. J. Med. 2015, 372,
1019–1030. [CrossRef]

6. Nogueira, R.G.; Jadhav, A.P.; Haussen, D.C.; Bonafe, A.; Budzik, R.F.; Bhuva, P.; Yavagal, D.R.; Ribo, M.; Cognard, C.; Hanel,
R.A.; et al. Thrombectomy 6 to 24 Hours after Stroke with a Mismatch between Deficit and Infarct. N. Engl. J. Med. 2018, 378,
11–21. [CrossRef]

7. Albers, G.W.; Marks, M.P.; Kemp, S.; Christensen, S.; Tsai, J.P.; Ortega-Gutierrez, S.; McTaggart, R.A.; Torbey, M.T.; Kim-Tenser,
M.; Leslie-Mazwi, T.; et al. Thrombectomy for Stroke at 6 to 16 Hours with Selection by Perfusion Imaging. N. Engl. J. Med. 2018,
378, 708–718. [CrossRef]

8. Gascou, G.; Lobotesis, K.; Machi, P.; Maldonado, I.; Vendrell, J.F.; Riquelme, C.; Eker, O.; Mercier, G.; Mourand, I.; Arquizan,
C.; et al. Stent retrievers in acute ischemic stroke: Complications and failures during the perioperative period. AJNR Am. J.
Neuroradiol. 2014, 35, 734–740. [CrossRef]

9. Akins, P.T.; Amar, A.P.; Pakbaz, R.S.; Fields, J.D. Complications of endovascular treatment for acute stroke in the SWIFT trial with
Solitaire and Merci devices. Am. J. Neuroradiol. 2014, 35, 524–528. [CrossRef]

10. Goyal, M.; Menon, B.K.; van Zwam, W.H.; Dippel, D.W.J.; Mitchell, P.J.; Demchuk, A.M.; Dávalos, A.; Majoie, C.B.L.M.; van der
Lugt, A.; de Miquel, M.A.; et al. Endovascular thrombectomy after large-vessel ischaemic stroke: A meta-analysis of individual
patient data from five randomised trials. Lancet 2016, 387, 1723–1731. [CrossRef]

11. Yoon, W.; Jung, M.Y.; Jung, S.H.; Park, M.S.; Kim, J.T.; Kang, H.K. Subarachnoid hemorrhage in a multimodal approach heavily
weighted toward mechanical thrombectomy with solitaire stent in acute stroke. Stroke 2013, 44, 414–419. [CrossRef] [PubMed]

12. Khatri, P.; Wechsler, L.R.; Broderick, J.P. Intracranial hemorrhage associated with revascularization therapies. Stroke 2007, 38,
431–440. [CrossRef] [PubMed]

13. Gupta, R.; Sun, C.H.J.; Rochestie, D.; Owada, K.; Khaldi, A.; Johnson, A.K.; Horn, C.M. Presence of the hyperintense acute
reperfusion marker on MRI after mechanical thrombectomy for large vessel occlusion is associated with worse early neurological
recovery. J. Neurointerv. Surg. 2017, 9, 641–643. [CrossRef]

14. Mokin, M.; Fargen, K.M.; Primiani, C.T.; Ren, Z.; Dumont, T.M.; Brasiliense, L.B.; Dabus, G.; Linfante, I.; Kan, P.;
Srinivasan, V.M.; et al. Vessel perforation during stent retriever thrombectomy for acute ischemic stroke: Technical details and
clinical outcomes. J. Neurointerv. Surg. 2017, 9, 922–928. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa1411587
http://doi.org/10.1056/NEJMoa1503780
http://doi.org/10.1056/NEJMoa1415061
http://doi.org/10.1056/NEJMoa1414792
http://doi.org/10.1056/NEJMoa1414905
http://doi.org/10.1056/NEJMoa1706442
http://doi.org/10.1056/NEJMoa1713973
http://doi.org/10.3174/ajnr.A3746
http://doi.org/10.3174/ajnr.A3707
http://doi.org/10.1016/S0140-6736(16)00163-X
http://doi.org/10.1161/STROKEAHA.112.675546
http://www.ncbi.nlm.nih.gov/pubmed/23287788
http://doi.org/10.1161/01.STR.0000254524.23708.c9
http://www.ncbi.nlm.nih.gov/pubmed/17234988
http://doi.org/10.1136/neurintsurg-2016-012498
http://doi.org/10.1136/neurintsurg-2016-012707
http://www.ncbi.nlm.nih.gov/pubmed/27688267


Brain Sci. 2022, 12, 760 11 of 11

15. Saver, J.L.; Jahan, R.; Levy, E.I.; Jovin, T.G.; Baxter, B.; Nogueira, R.G.; Clark, W.; Budzik, R.; Zaidat, O.O. Solitaire flow restoration
device versus the Merci Retriever in patients with acute ischaemic stroke (SWIFT): A randomised, parallel-group, non-inferiority
trial. Lancet 2012, 380, 1241–1249. [CrossRef]

16. Nogueira, R.G.; Lutsep, H.L.; Gupta, R.; Jovin, T.G.; Albers, G.W.; Walker, G.A.; Liebeskind, D.S.; Smith, W.S. Trevo versus Merci
retrievers for thrombectomy revascularisation of large vessel occlusions in acute ischaemic stroke (TREVO 2): A randomised trial.
Lancet 2012, 380, 1231–1240. [CrossRef]

17. Penumbra Pivotal Stroke Trial Investigators. The penumbra pivotal stroke trial: Safety and effectiveness of a new generation of
mechanical devices for clot removal in intracranial large vessel occlusive disease. Stroke 2009, 40, 2761–2768. [CrossRef]

18. Smith, W.S. Safety of mechanical thrombectomy and intravenous tissue plasminogen activator in acute ischemic stroke. Re-
sults of the multi Mechanical Embolus Removal in Cerebral Ischemia (MERCI) trial, part I. Am. J. Neuroradiol. 2006, 27,
1177–1182. [CrossRef]

19. Chen, W.; Wu, Y.; Zhang, M.; Zhan, A.; Chen, Y.; Wu, Z.; Shi, Y.; Chen, B. Microcatheter “First-Pass Effect” Predicts Acute
Intracranial Artery Atherosclerotic Disease-Related Occlusion. Neurosurgery 2019, 84, 1296–1305. [CrossRef]

20. Moshayedi, P.; Desai, S.M.; Jadhav, A.P. Extravasation control with preserved vessel patency after wire perforation during
neurothrombectomy: Case report and literature review. J. Clin. Neurosci. 2019, 65, 151–153. [CrossRef]

21. Xu, H.; Guan, S.; Liu, C.; Wang, L.; Yan, B.; Han, H.; Quan, T. Rescue Glue Embolization of Vessel Perforation During Mechanical
Thrombectomy for Acute Ischemic Stroke: Technical Note. World Neurosurg. 2019, 121, 19–23. [CrossRef]

22. Maybody, M.; Madoff, D.C.; Thornton, R.H.; Morales, S.A.; Moskowitz, C.S.; Hsu, M.; Brody, L.A.; Brown, K.T.; Covey, A.M.
Catheter-directed endovascular application of thrombin: Report of 3 cases and review of the literature. Clin. Imaging 2017, 42,
96–105. [CrossRef]

23. Mishra, A.; Rao, A.; Pimpalwar, Y. Ultrasound guided percutaneous injection of thrombin: Effective technique for treatment of
iatrogenic femoral pseudoaneurysms. J. Clin. Diagn. Res. 2017, 11, TC04–TC06. [CrossRef]

24. Padidar, A.M.; Kee, S.T.; Razavi, M.K. Treatment of femoral artery pseudoaneurysms using ultrasound- guided thrombin injection.
Tech. Vasc. Interv. Radiol. 2003, 6, 96–102. [CrossRef]

25. Sablani, N.; Jain, G.; Hasan, M.M.; Sivakumar, K.; Feuerwerker, S.; Arcot, K.; Farkas, J. A novel approach to the management of
carotid blowout syndrome: The use of thrombin in a case of failed covered stenting. BMJ Case Rep. 2016, 8, e49. [CrossRef]

26. Jargiello, T.; Durakiewicz, M.; Sojka, M.; Czekajska-Chehab, E.; Szczerbo-Trojanowska, M. Saccular aneurysm of superior vena
cava treated with percutaneous, transcatheter thrombin injection. Cardiovasc. Intervent. Radiol. 2014, 37, 529–532. [CrossRef]

27. Maluenda, G.; Mitulescu, L.; Ben-Dor, I.; Sardi, G.; Romaguera, R.; Satler, L.F.; Pichard, A.D.; Waksman, R.; Bernardo, N.L.
Transcatheter “thrombin-blood patch” injection: A novel and effective approach to treat catheterization-related arterial perforation.
Catheter. Cardiovasc. Interv. 2012, 80, 1025–1032. [CrossRef]

28. Fischell, T.A.; Moualla, S.K.; Mannem, S.R. Intracoronary thrombin injection using a microcatheter to treat guidewire-induced
coronary artery perforation. Cardiovasc. Revasc. Med. 2011, 12, 329–333. [CrossRef]

29. Damm, C.; Degen, H.; Stoepel, C.; Haude, M. Vorgehen bei einer katheterinduzierten Pulmonalarterienperforation. Dtsch. Med.
Wochenschr. 2010, 135, 1914–1917. [CrossRef]

30. Maluenda, G.; Waksman, R.; Bernardo, N.L. Accepted TCT challenging case: Common femoral artery perforation after primary
percutaneous coronary intervention successfully treated with a novel transcatheter “thrombin-blood patch” injection technique.
Catheter. Cardiovasc. Interv. 2012, 79, 805–808. [CrossRef]

http://doi.org/10.1016/S0140-6736(12)61384-1
http://doi.org/10.1016/S0140-6736(12)61299-9
http://doi.org/10.1161/STROKEAHA.108.544957
http://doi.org/10.1016/s0513-5117(08)79192-0
http://doi.org/10.1093/neuros/nyy183
http://doi.org/10.1016/j.jocn.2019.03.024
http://doi.org/10.1016/j.wneu.2018.09.131
http://doi.org/10.1016/j.clinimag.2016.11.018
http://doi.org/10.7860/JCDR/2017/25582.9512
http://doi.org/10.1053/tvir.2003.36447
http://doi.org/10.1136/bcr-2015-012121
http://doi.org/10.1007/s00270-013-0658-3
http://doi.org/10.1002/ccd.24389
http://doi.org/10.1016/j.carrev.2010.12.002
http://doi.org/10.1055/s-0030-1263338
http://doi.org/10.1002/ccd.22882

	Introduction 
	Materials and Methods 
	Cases 1 and 2: Middle Cerebral Artery (MCA) M1 Occlusion 
	Case 3: Internal Carotid Artery (ICA) Terminus Occlusion 
	Case 4: Anterior Cerebral Artery (ACA) A2 Segment 
	Discussion 
	References

