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Immediate postoperative interventional therapy for
neurologic salvage when cerebral thromboembolism
complicates carotid endarterectomy

Chunlei Wang!2", Bingjie Zheng!'?", llgiz Gareev®', Ozal Beylerli®', Yan Gu', Shancai Xu'+2, ZhiyongJi':2, Pei Wu'!-2,

Huaizhang Shil»2*

! Department of Neurosurgery, The First Affiliated Hospital of Harbin Medical University, 150001 Harbin, Heilongjiang, China

2 Institute of Brain Science, Harbin Medical University, 150076 Harbin, Heilongjiang, China

3 Central Research Laboratory, Bashkir State Medical University, 450008 Ufa, Russia

*Correspondence: shihuaizhang@hrbmu.edu.cn (Huaizhang Shi)
t These authors contributed equally.

DOI:10.31083/j.rcm2204158

Thisis an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).

Submitted: 2July 2021 Revised: 6 August 2021  Accepted: 1 September 2021  Published: 22 December 2021

Acute ischemic stroke (AIS) continues to be one of the most impor-
tant medical and social problems in our country. Carotid endarterec-
tomy (CEA) is the standard and effective surgical treatment for AIS
prevention in patients with significant carotid artery stenosis. Even
though CEA is a safe procedure when performed by an experienced
surgeon, itis still associated with risks of operative complications in-
herent to any surgical intervention. Therefore, immediate postop-
erative appropriate adjuvant or neurological salvage therapy for AIS
patients after CEA is necessary. In this study,we report three patients
in our institution who received immediate post-operative interven-
tional therapy for neurological salvage, in the setting of cerebral em-
bolism after CEA.
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1. Introduction

Carotid endarterectomy (CEA) is an operation aimed at
removing an atherosclerotic plaque located on the inner wall
of the carotid artery. The operation is the restoration of the
disturbed blood flow in the carotid artery [1]. CEA is an op-
eration aimed at reducing the risk of acute ischemic stroke
(AIS) and associated death [1]. However, AIS is also the
most common complications. Perioperative AIS after CEA
can be caused by the following reasons: embolism with a
fragment of a plaque or thrombus, decompensation of cere-
bral blood flow against the background of clamping of the
carotid artery, acute thrombosis or occlusion of arteries after
surgery, dysfunction of a temporary intraluminal shunt [2].
The incidence of such complications currently ranges from
0.3 to 2.1%. About 80% of AIS patients happen within 24
hours after surgery [2, 3]. In the absence of technical equip-
ment for performing CEA, treatment is typically conserva-
tive, and the potential for complete neurologic recovery is not
good. Therefore, neurointerventional (endovascular) ther-
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apy may be an appropriate choice for AIS patients. For exam-
ple, digital subtraction angiography (DSA) and endovascular
mechanical thrombectomy [4], these measures may provide a
new pathway for improving the prognosis of patients. We re-
cently performed CEA on four patients who awakened with a
profound neurologic deficit believed to be a result of intraop-
erative thromboembolism. These patients were successfully
treated with interventional therapy for neurological salvage.

2. Case presentation
2.1 Case 1

A 48-year-old patient had dyskinesia in his right upper
limb for 9 days, so he sought treatment at a local hospital.
Ultrasound of the carotid arteries showed that the left inter-
nal carotid artery (ICA) was stenosis (50-69%). Physical ex-
amination: satisfactory condition, clear consciousness, clear
speech, absence of aphasia, sensitive light reflex, absence of
central facial and language paralysis, no neurological deficit.
The abdomen is soft, painless on palpation, the legs are free
of swelling, muscle strength and sensitivity are normal.

2.1.1 Operation

Under general anesthesia, the left common carotid artery
(CCA), ICA and external carotid artery (ECA), superior thy-
roid artery (STA) were exposed. After detecting a blockage of
the carotid artery, its anterior wall is dissected. The intima of
the internal carotid artery was carefully treated to remove the
remaining plaque. Suture the carotid artery with a continu-
ous suture, layer-by-layer suturing of the wound and install a
drainage system in the projection of the carotid artery. After
the operation, the patient did not wake up. Blood pressure
(BP) 160/90 mmHg. Both pupils are round, slow to respond
to light, the neck is soft; there are no signs of pathology from
the heart and lungs. Poor activity of the left limb, the level of
muscle strength is 0, the pathological reflex is positive.
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After the patient was satisfied with local anesthesia, the
right femoral artery (RFA) was punctured according to the
Seldinger technique, and the 6F guide tube was placed in the
petrosis segment of the right ICA. DSA (Philips Medical Sys-
tems Nederland B.V., Eindhoven, Netherlands) showed the
distal end of the upper trunk of the middle cerebral artery
(MCA) (Fig. 1). After superselective angiography (Philips
Medical Systems Nederland B.V., Eindhoven, Netherlands)
confirmed that the distal artery free, the solitaire stent 4 x
20 was implanted into occlusion segment, the second study
angiography showed that the blood vessel was opened, the
thrombus stent was removed once, the second study angiog-
raphy showed that the outdoor segment of the blood vessel
was again occlusion, the stent was again implanted in occlu-
sion segment of a blood vessel, the second study angiography
showed that the blood vessel has been opened, waiting for 10
minutes showed, that the blood vessel was well opened, the
stent and microcatheters were removed, the fascicular oper-
ation was successful, the RFA was exoseally closed. After the
operation, the patient woke up, the muscle strength of the
right limb was 2 degrees, and the pathological reflex was pos-
itive.

2.1.2 Hospital discharge

The patient had no neurological deficit, round pupils on
both sides, sensitive reflex, muscle strength of left upper limb
was about 3 degrees, muscle strength of left lower limb was 4
degrees, right muscle tension was normal, and no pathologi-
cal reflex was found.

2.2 Case 2

A 48-year-old man had clearly impaired movement of his
right upper limb 9 days ago. Color Doppler imaging (CDI, GE
Medical System, Chicago, IL, USA) of the left ICA showed
stenosis (50-69%). Physical examination: the right upper
limb was paralyzed for 9 days. No other obvious positive
signs. Hypertension for 2 years, oral antihypertensive drugs
for 2 years, diabetes mellitus (DM) for 2 years, coronary heart
disease (CHD), no hepatitis and tuberculosis, no history of
drug allergy.

2.2.1 Operation

Under general anesthesia, the left CCA, ICA and ECA,
STA were exposed. After the blockage of the artery, the
anterior wall of the carotid artery is dissected. The plaque
was presented as cloudy unstable, the intima of the ICA
was carefully treated and fragments of the plaque were re-
moved. Suturing the carotid artery with a continuous su-
ture. Layer-by-layer suturing of the wound. The right lower
limb was inhibited, and the femoral membrane was well
fixed. The tension in the muscles of the limbs was normal.
After the operation. The patient underwent a Computed
Tomography (CT, Siemens, Forchheim, Germany) scan of
the head, which ruled out intracerebral hemorrhage (ICH).
DSA (Philips Medical Systems Nederland B.V., Eindhoven,
Netherlands) has demonstrated that embolus forms during
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CEA (Fig. 2). Then, through the 6-French introducer sheath
in the RFA and after the introduction of heparin (3000 U),
the 6-French guide catheter (Cordis Corporation, Bridge-
water, NJ, USA) was advanced into the proximal left CCA;
the thrombotic plaque disappeared after the introduction of
0.5 mg of tirofiban (Grandpharma, Wuhan, China) into the
artery. Postoperative arteriogram of the left ICA was found
to be normal.

2.2.2 Hospital discharge

At the time of discharge, the patient was in stable con-
dition, clear consciousness, mild aphasia, grade I muscle
strength of the right upper limb and grade IV muscle strength
of the lower limb.

2.3Case 3

A 48-year-old patient presented with the acute transient
right upper limb weakness two months later. Medical history
was significant for hypertension, DM and ischemic heart dis-
ease(IHD). Chest and abdominal CT scans, and an echocar-
diogram. All the results were negative. At the first neuro-
logic examination a 90% stenosis of the ICA was diagnosed
by Doppler study for more than two months. Cerebral an-
giography showed 90% stenosis at the junction of left ICA
stenosis and about 50% stenosis at left vertebral artery (LVA)
stenosis. There was no associated nausea, vomiting, visual
ghost, vertigo, unconsciousness and dyskinesia. DSA showed
stenosis of left ICA stenosis (>90%) and LV A stenosis (50%).
Computed tomography perfusion imaging (CTP) showed the
perfusion of left hemisphere was significantly higher than
right hemisphere perfusion and right cerebellar hemisphere
was significantly higher than left cerebellar hemisphere per-
fusion.

2.3.1 Operation

Under general anesthesia, the left CCA, ICA and ECA,
STA were exposed. After blocking up the artery, the ante-
rior wall of the carotid artery is incised. The plaque pre-
sented as unstable, the intima of the ICA was carefully treated
and the fragments were removed. Suture the carotid artery,
leave a needle without ligation. The carotid sheath was su-
tured layer by layer, the right lower limb was braked, and
the femoral sheath was fixed well. The muscle tension of
limbs was normal. After operation, the patient had a head
CT scan, which ruled out an ICH. DSA demonstrated that the
left MCA was occlusion (Fig. 3). Then, through a 6-French
introducer sheath in the RFA and after the administration of
heparin (3000 U), a 6-French guiding catheter (Cordis Cor-
poration, Bridgewater, NJ, USA) was advanced in the prox-
imal left CAA. DSA show that embolus was formed in a po-
sition with a large angle of CEA on left ICA. The imaging
of ICA was significantly improved after 0.5 mg tirofiban was
administered to the artery.
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Fig. 1. Images of Case 1. (A) Preoperative right common carotid artery (CCA) arteriogram revealed a severe proximal internal carotid artery (ICA) stenosis.

(B) Preoperative right middle cerebral artery (CMA) and anterior cerebral artery (ACA) arteriogram revealed normal. (C) The endometrium of the CCA

was dissected longitudinally and presented as muddy unstable plaques. (D) Completed removal of plaque. (E) Incision suture. (F) Close the carotid sheath.

(G) Intimal plaque. (H) Postoperative right CCA arteriogram revealed the M1 segment of the right MCA is occluded. (I,]) Superselective angiography of a

microcatheter through an occluded segment reveals a distal image of the occluded vessel. (K,L) Solitaire 4 X 20 stent was used to remove the emboli.

2.3.2 Hospital discharge

At the time of discharge, the patient was in stable condi-
tion. Physical examination: conscious clear, slightly clumsy
speech, movement of the limbs, good healing of the postop-
erative wound, no signs of inflammation, no swelling.

3. Discussion

Our results show that patients with acute ischemic events
that occurred after CEA has an advantage in terms of func-
tional recovery when treated with mechanical thrombectomy
or arterial thrombolysis. In our result, time is the most
important factor in the whole process. Meanwhile, rapid
restoration of blood flow helps to improve the prognosis in
patients with acute ischemic events treated with thrombolysis
or mechanical thrombectomy. Although endarterectomy can
effectively treat ICA stenosis, a certain proportion of compli-
cations still exist [5]. Therefore, these therapeutic measures
can further reduce complications and improve the prognosis
of patients.

Volume 22, Number 4, 2021

However, the size of embolus shedding directly affects the
size of the ridge plug caused by cerebral vascular occlusion. It
directly affects the prognosis of patients with AIS. Therefore,
different types of embolus may require different approaches
[6]. Intra-arterial therapy can be broadly divided into the
chemical dissolution of clots with locally delivered throm-
bolytic agents and clot retrieval or thrombectomy with me-
chanical devices. Although early randomized trials and sub-
sequent meta-analyses showed a benefit of treatment with
pro-urokinase or urokinase, their results are not directly ap-
plicable to current decision making about treatment because
the control groups did not include intravenous alteplase, and
mechanical approaches have largely replaced locally applied
thrombolytic agents as first-line therapy [7]. Intra-arterial
treatment in patients with AIS caused by a proximal intracra-
nial occlusion of the anterior circulation was effective and
safe when administered within 6 hours after stroke onset.
The recent success of endovascular stroke treatment has her-
alded a new era in the management of AIS with significantly
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Fig. 2. Images of Case 2. (A,B) Preoperative left middle cerebral artery (MCA) and anterior cerebral artery (ACA) arteriogram revealed normal. (C,D)

Preoperative left common carotid artery (CAA) arteriogram revealed a severe proximal internal carotid artery (ICA) stenosis. (E) Exposure of diseased vessel.

(F) The endometrium of the CCA was dissected longitudinally and presented plaque. (G) Completed removal of plaque. (H) Incision suture. (I) Embolus was

formed in carotid endarterectomy (CEA). (J) The thrombotic plaque disappeared after 0.5 mg tirofiban was administered to the artery. (K,L) Postoperative

left ICA arteriogram revealed normal.

improved outcomes for patients. A large number of pa-
tients may be amenable to this new treatment and as the evi-
dence expands, the number of patients eligible for mechanical
thrombectomy continues to increase [8]. There are several
different treatments for acute stroke embolic lesions. A series
of studies conducted in Europe, North America, and Australia
demonstrated the effectiveness of mechanical thrombectomy
with stent retrievers in restoring blood flow in occluded ves-
sels, with subsequent improvement in functional outcome
and reduced mortality, compared to intravenous thromboly-
sis (IVT) with recombinant tissue plasminogen activator (rt-
PA) [9].
of patients with suspected emergent large vessel occlusion
(ELVO), and mechanical thrombectomy is now recognized
as the gold standard of care. It is therefore essential that clin-
icians and related health professionals are aware of the new
methods and the impact they can have on a large number
of patients [10]. Table 1 (Ref. [11-14]) demonstrates some

This has led to a major shift in the management
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studies with postoperative therapy for cerebral thromboem-
bolism complicates internal CEA.

In addition to the risk of acute ischemia, patients with
carotid endarterectomy will also face the risk of intracere-
bral hemorrhage after intervention due to the invasive na-
ture of the procedure and mandated use of antithrombotic
therapy. Although we have no cerebral hemorrhage in these
cases, there is still a risk of bleeding. Recent studies [15-
17] have found that among patients receiving percutaneous
coronary intervention (PCI), the academic research associa-
tion high bleeding risk standard (ARC-HBR) provides a cer-
tain standard for identifying patients with high bleeding risk.
The study of Gragnano’s team [15] shows that the ARC-HBR
framework is less well for acute coronary syndrome (ACS)
patients due to bleeding risk underestimation among no def-
inite criterion. Meanwhile, female sex also may be an inde-
pendent predictor for overall bleeding events after percuta-
neous coronary intervention [16]. The factors affecting in-
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Fig. 3. Images of Case 3. Color Doppler ultrasonography of carotid artery on admission showed initial severe stenosis of the left internal carotid artery (ICA).

The stenosis is greater than 90%. (A) Each branch was blocked by exposed responsibility carotid artery. (B) The endometrium of the common carotid artery
(CCA) was dissected longitudinally and presented plaque. (C) Incision suture. (D) Intimal plaque. (E,F) Embolus was formed in a position with a large angle
of carotid endarterectomy (CEA). (G,H) The imaging of ICA was significantly improved after 0.5 mg tirofiban was administered to the artery.

Table 1. Some studies with postoperative therapy for cerebral thromboembolism complicates internal carotid

endarterectomy (CEA).
Study Cases,  Postoperative Endarterectomy  Postoperative Results
n complication lesion therapy

Perler et al., 2020 [11] 1 Thrombosis of MCA Left ICA Urokinase The patient made a nearly complete neurologic recov-
ery after 48 hours

Barr etal., 1995 [12] 1 Occlusive intraluminal Right ICA Urokinase The patient neurological examination at that time was

thrombus within the remarkable only for a new, mild, right upper extremity
proximal MCA pronator drift and right side strength of 4/5

Comerota and Eze, 1996 [13] 1 Thrombosis of ACA Left ICA Urokinase A repeat arteriogram demonstrated patency of the left
anterior cerebral artery, with complete clot dissolution
and resolution of the right hemiplegia on awakening

Eckstein et al., 1995 [14] 1 Thrombosis of MCA Left ICA Urokinase At discharge from the hospital, the patient was free

of complaint. A last neurologic examination indicated
only a slight weakness of a facial branch and signs of

dysdiadochokinesia of the right arm

Abbreviations: CEA, internal carotid endarterectomy; ICA, internal carotid artery; MCA, middle cerebral artery; ACA, anterior cerebral artery.

tracerebral hemorrhage are still controversial. Therefore, the
ARC-HBR criterion may provide reference for the risk fac-
tors after CEA in the future. However, any technique also
has its own characteristics, embolisms in different conditions
can be resolved in different ways, thereby reducing the risk
of treatment, as well as improving the prognosis of patients.
There are several preventive measures to minimize the fre-
quency of postoperative complications associated with CEA.
Our results show that these studies are a valuable guideline
for improving the prognosis of these patients.
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