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Abstract

BACKGROUND

Grade II and III meningiomas [World Health Organization (WHO) classification]
rarely have extracranial metastases via the blood circulation; however, we
experienced a case with a metaplastic atypical meningioma and local de-
differentiation that metastasized to the jugular vein, carotid artery and subclavian
artery at the cervicothoracic junction. Such cases have seldom been reported
before.

CASE SUMMARY

The patient was a 30-year-old man who developed right neck masses with
dysphagia, labored breathing, dizziness, and occasional earaches. Eight months
earlier the patient was diagnosed with a right parietal lobe neoplasm and
hemorrhage at a local hospital due to the sudden onset of headaches and left limb
weakness, and the post-operative pathology was a metaplastic atypical
meningioma (WHO grade II) with local de-differentiation (WHO III). Magnetic
resonance imaging revealed a calcified mass at the root of the neck on the right
and a large cystic mass in the right parapharyngeal space. Head and neck
angiography showed that the right common carotid artery was compressed and
completely occluded, and the jugular vein was enveloped by the tumor and
occluded. A balloon occlusion test showed no perfusion in the right common
carotid artery. Tumor resection, carotid artery ligation, and subclavian artery
reconstruction were performed. The tumor was a malignant meningioma. Post-
operatively, the patient had Horner's syndrome and hoarseness.

CONCLUSION

This case highlights the importance of the link between a large cervical mass and
a primary intracranial tumor. Malignant meningioma should not be considered
merely as an intracranial metastasis spread through cerebrospinal fluid, it can also
be transferred through the circulation to the parapharyngeal space and the
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Core Tip: Malignant meningioma is considered to have a low incidence, and metastases
to the cervical great vessels has been much less reported. We present herein, a rare case
of primary intracranial malignant meningioma metastasizing to the parapharyngeal
space, the common carotid artery and jugular vein in a young male patient. The
pathology of the surgically resected tumor confirmed malignant meningioma. This case
highlights the importance of the link between a large cervical mass and a primary
intracranial tumor. Malignant meningioma should not be considered merely as
intracranial metastasis spread through cerebrospinal fluid, it can also be transferred
through the circulation to the parapharyngeal space and the cervical great vessels.
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INTRODUCTION

A meningioma is the most common intracranial tumor in adults, accounting for
approximately 37% of all intracranial tumors!'l. Based on cell morphology and mitosis,
meningiomas are classified pathologically as benign [(World Health Organization
(WHO) grade I (approximately 90%)], atypical [WHO grade II, low-grade malignant
(5%-7%)], and malignant [WHO grade III (3%-5%)]". Malignant meningiomas can be
transmitted to intracranial sites, spinal canal, and extracranial sites via the
cerebrospinal fluid or blood, but this is rare in clinical practice. Moreover, malignant
tumors that metastasize to the cervical thoracic junction are closely related to the
surrounding blood vessels and nerves; therefore, the operation is difficult and high
risk, which may require the cooperation of multiple disciplines, such as neurosurgery,
head and neck surgery, vascular surgery, cardiothoracic surgery, and orthopedics.
Single disciplinary management is not conducive to complete resection of the tumor,
and serious complications may occur, which is a clinical challenge.

Herein we describe the diagnosis and treatment of a young man with a malignant
meningioma, jugular vein invasion, and carotid and subclavian artery extension. In
addition, the literature was reviewed regarding the clinical features, histopathologic
findings, and extracranial metastasis of malignant meningiomas, as well as carotid
artery resection and reconstruction, which will provide important clinical information
for the diagnosis and treatment of rare tumors in this anatomic region.

CASE PRESENTATION

Chief complaints
A 30-year-old male patient presented with a 5-mo history of right neck masses,
complaining of dysphagia and labored breathing.

History of present illness

Five months ago, two thumb-sized masses grew in the upper and middle parts of the
anterior right neck, then gradually enlarged, especially the tumor in the middle part,
which enlarged rapidly. The patient disregarded the masses and did not seek
evaluation and treatment. The patient subsequently developed dysphagia, labored
breathing, dizziness, and occasional earaches. He was diagnosed with right neck
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masses in another hospital and underwent neck exploratory surgery, but the masses
could not be removed due to severe bleeding. The two tumors continued to grow after
surgery. The upper tumor increased in size over the short term and eventually
developed into two adult fist-sized masses with associated symptomes.

History of past illness

The patient was diagnosed with a right parietal lobe neoplasm and hemorrhage at a
local hospital due to the sudden onset of headaches and left limb weakness 8 mo ago.
The patient underwent a craniotomy with hematoma removal and tumor resection,
and the post-operative pathology was a metaplastic atypical meningioma (WHO grade
II) with local de-differentiation (WHO grade III). Post-operatively, the patient had left
limb weakness and hoarseness, but did not receive radiotherapy as recommended by
the physician.

Personal and family history
No family history of meningiomas or neck tumors.

Physical examination

Two masses were identified in the upper and middle parts of the right neck, about 10
cm x 8 cm in the upper part and 8 cm x 5 cm in the middle part, and an 18.0-cm lateral
surgical scar was present between the two masses (Figure 1). The trachea was deviated
to the left and the right vocal cords were paralyzed. Grade 3 muscle strength was
demonstrated in the left upper and lower limbs.

Laboratory examinations
There were no obvious abnormalities in routine blood tests, coagulation function, liver
and kidney function, blood electrolytes and other blood biochemical tests.

Imaging examinations

Computed tomography and magnetic resonance imaging (MRI) revealed a right side
calcified mass and an unclear boundary at the root of the neck measuring 7.1 cm x 5.8
cm x 6.0 cm. Another large cystic mass was present in the right parapharyngeal space
and measured 5.9 cm x 9.2 cm x 8.1 cm. The two masses reached the right sublingual
space and extended downward to the thorax. The adjacent blood vessels were
displaced and the trachea, oropharynx, and hypopharynx were deviated to the left
(Figure 2). Head and neck angiography showed that the right common carotid artery
was compressed and completely occluded and the diameter of the internal carotid
artery was reduced. The jugular vein was enveloped by the tumor and occluded. A
balloon occlusion test (BOT) showed no perfusion in the right common carotid artery.
The anterior communicating artery was opened so that the left carotid artery could
compensate for the contralateral cerebral circulation.

FINAL DIAGNOSIS

The final diagnosis of the presented case was metastatic cervical malignant
meningioma with jugular vein invasion and carotid artery extension.

TREATMENT

Operation

(1) The original surgical scar was removed and separated upward and downward. The
right upper neck mass was removed and the skin flap was separated along the surface
of the mass. The upper medial part of the mass was closely adhered to the
submandibular gland, the lower part was adhered to the sub-cervical mass, and the
lateral part was adhered to the sternocleidomastoid muscle. The sternocleidomastoid
muscle was cut and separated upward and downward. The common carotid artery,
jugular vein, vagus nerve, cervical sympathetic nerve, and recurrent laryngeal nerve
were encased in the deep surface of the mass. The tumor was further separated deeply
facing up to the floor of the mouth and completely removed. During the separation,
the tumor leaked a dark red liquid, but there was no severe active bleeding; (2) the
right sub-neck tumor was resected. The internal jugular vein, common carotid artery,
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Figure 1 Appearance of the cervical masses. Two masses in the upper and middle portions of the right neck, approximately 10 cm x 8 cm in the upper
portion and 8 cm x 5 cm in the middle portion. An 18.0 cm lateral surgical scar was present between the two masses.

Figure 2 Computed tomography and magnetic resonance imaging. A: Computed tomography imaging revealed a right side calcified mass and an
unclear boundary at the root of the neck measuring 7.1 cm x 5.8 cm x 6.0 cm (orange arrow). Another large cystic mass was present in the right parapharyngeal
space and measured 5.9 cm x 9.2 cm x 8.1 cm (white arrow). The two masses reached the right sublingual space and extended downward to the thorax. The
adjacent blood vessels were displaced and the trachea, oropharynx, and hypopharynx were deviated to the left; B: The boundary between the upper and lower
cervical masses is blurred (orange arrow); C: The vertebral artery is very close to the tumor (orange arrow). The vertebral artery runs inside the cervical spine. If the
vertebral artery is injured during surgical resection of the tumor, it is likely to cause death due to the difficulty of hemostasis; D: Magnetic resonance imaging revealed
a discontinuity of the angiography at the junction of the right subclavian artery (orange arrow) and the common carotid artery, indicating that the tumor has invaded
the right subclavian artery.
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vagus nerve, cervical sympathetic nerve, and recurrent laryngeal nerve were
completely covered by the mass, which adhered tightly to the thyroid, trachea, and
esophagus. There was a large amount of hard calcified tissue in the tumor and brown
liquefied necrosis (Figure 3). The jugular vein and common carotid artery were
calcified. A calcified body was embolized to the jugular vein and common carotid
artery. The lumen of the jugular vein was destroyed and there was no blood flow. The
jugular vein was transected and ligated at the level of the common carotid artery
bifurcation. No embolism was noted in the ligated end. The reflux pressure of the right
common carotid artery was > 70 cm H,O. The right common carotid artery was ligated
1 cm below the bifurcation and resected at the level of the common carotid artery; no
embolism was noted. The vagus nerve was isolated and released. The thyroid, trachea,
and esophagus were isolated along the inside of the mass and the cervical sympathetic
nerve and recurrent laryngeal nerve, which were encased by the mass, were resected
and ligated; (3) further exploration revealed that there was remnant tumor tissue in the
cross between the right subclavian and common carotid arteries; the outer wall was
infiltrated by the tumor. The end of the common carotid artery was cut at the
bifurcation of the brachiocephalic trunk and the tumor tissue was removed until the
normal vascular wall was visualized; (4) the right common carotid artery was removed
and there was a 1 cm x 2 cm defect at the junction of the right subclavian artery and
the brachiocephalic trunk. The 1 cm X 2 cm vein wall of the residual end of the jugular
vein was secured and the defect was repaired by a continuous suture with 5-0 prolene;
and (5) the sternocleidomastoid muscle was fashioned into a muscle flap covering and
strengthening the vascular repair site. A drainage tube was placed, the incision was
sutured, and a compression bandage was placed. The operation lasted approximately
7 h.

OUTCOME AND FOLLOW-UP

Post-operatively, the incision healed normally and the patient had unobstructed
breathing, a good appetite, no headache, and no episodes of emesis. The left limb
muscle strength was unchanged from that pre-operatively. The right limb muscle
strength was grade 5. The head was slightly deviated to the right, the right eye was
sunken, and the pupil was small; together, the findings were consistent with Horner
syndrome. Microscopic pathology (Figure 4) showed the following: (1) A spindle cell
malignant tumor with local osteogenesis; and (2) vimentin (+), CK (-), EMA (+), CK5 /
6 (-), P40 (-), CD34 (-), S-100 (-), SMA (+), TTF-1 (-), calponin (small focus) (+), desmin
(-), PR (-), D2-40 (-), E-CAD (-), and Ki-67 [+ (50%)]. In situ hybridization showed
EBERs (-). The following diagnoses were considered: (1) Osteosarcoma; (2) Malignant
meningiomas with heterogeneous differentiation; (3) Tumor tissue noted in the
common carotid artery; (4) Tumor tissue noted in the brachiocephalic trunk; and (5)
One tracheoesophageal lymph node without metastasis (Figure 4). The consultation at
The First Affiliated Hospital of Sun Yat-sen University (Guangzhou City, China)
showed that the tumor cells were positive for vimentin, CD99, INI-1, and EMA;
desmin was slightly positive in some of the cells; Ki67 expression varied between 10%
and 30%; and was negative for S-100, PR, GFAP, CD34, Syn, NSE, MyoD1, and
myogenin. Based on the immunohistochemistry results, a malignant meningioma was
diagnosed. The patient was followed for 9 mo. Hoarseness was apparent, Horner's
syndrome was unchanged, the appearance of the neck had improved, and no signs of
tumor were noted (Figure 5). The right upper limb was normal, muscle strength was
grade 5, and the left upper limb muscle strength was grade 3 (unchanged since the
pre-operative assessment). A repeat computed tomography (CT) scan showed that
compared with the pre-operative CT, the tumor had been resected, pulmonary
nodules were present and the larger nodule was 0.7 cm x 0.6 cm with clear
enhancement.

DISCUSSION

The annual incidence of malignant meningiomas is approximately 0.17/100000 per
year, including three subtypes (anaplastic, rhabdoid, and papillary). Anaplastic
meningioma is the most common malignant meningioma, accounting for
approximately 1.0%-2.8%. Malignant meningiomas grow rapidly, and have high
invasion, recurrence, and mortality rates. Malignant meningiomas can damage the
arachnoid membrane, infiltrate into the brain tissue and the full-thickness of the dura
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Figure 3 Surgical findings. A: Shows a tumor thrombus in the right common carotid artery (left black arrow). Tumor invasion at the junction of the common
carotid artery and the subclavian artery was also observed (right black arrow); B: Shows the removed tumor thrombus. The tumor thrombus in the artery is columnar
in shape, the width of which is consistent with the inner diameter of the blood vessel, and there is a large amount of calcified tissue in the tumor.
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Figure 4 Microscopic pathology. A spindle cell malignant tumor with local osteogenesis; and vimentin (+ ), CK (), EMA (+), CK5/ 6 (-), P40 (-), CD34 (-), S-100
(-), SMA (+), TTF-1 (-), calponin [small focus] (+), desmin (-), PR (-), D2-40 (-), E-CAD (-), and Ki-67 [+ (50%)]. In situ hybridization showed EBERS (-). The following
diagnoses were considered: (1) Osteosarcoma; (2) Malignant meningiomas with heterogeneous differentiation; (3) Tumor tissue noted in the common carotid artery;
(4) Tumor tissue noted in the brachiocephalic trunk; and (5) One tracheoesophageal lymph node without metastasis.

mater and destroy the skull”. A study™ reported that the 2- and 5-year survival rates
for malignant meningiomas were 70% and 28% after total resection, 44% and 0% after
subtotal resection, 100% and 57% after total resection plus radical radiotherapy, and
87% and 0% after subtotal resection plus radical radiotherapy, respectively. The
median survival time of recurrences was 18 mo after re-operation and 34.1 mo after re-
operation plus radiotherapy. Meningioma cells can detach in the cerebrospinal fluid
and cause ventricular metastasis or dissemination of the subarachnoid space, or enter
the spinal canal and cause extracranial implantation in the cervical, thoracic, lumbar,
sacral, and cauda equina. A study has shown that 8 patients with meningiomas
developed cerebral spinal cord metastases after multiple surgeries, accounting for 4%
(8/200) of meningiomas at the same timel"l.
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Figure 5 Postoperative follow-up. After surgery, the appearance of the neck had improved, and no signs of tumor were noted.
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Extracranial metastases of meningiomas via the blood are rare. A medical checkup
of the brain by MRI scanning in a 59-year-old male revealed asymptomatic intracranial
tumors in the right occipital area, which invaded the right transverse and sigmoid
sinuses. The upper portion of the tumor was removed by temporoccipital craniotomy.
To avoid the risk of damage to the Labbe vein, the intravenous sinus tumor was not
removed. The patient received postoperative radiotherapy for the residual tumor in
the intravenous sinus. Despite radiation, the residual tumor developed caudally and
eventually extended to the right internal jugular vein. The average regeneration rate of
the extracranial mass was 3.6 mm/month. The patient underwent surgery for
recurrent tumors located in the transverse sinus, sigmoid sinus, jugular bulb, and
internal jugular vein. The pathological characteristics of both operations were the
same: WHO grade I meningiomal..

A 14-year-old girl had headaches, dizziness, and neck pain for 6 mo, accompanied
by abnormal hearing and smell. CT and MRI examinations revealed that a tumor of
the right posterior temporal and occipital lobes encroached upon the transverse sinus,
sigmoid sinus, and jugular bulb. The internal jugular vein was blocked to the C2 Level.
The intracranial lesions were removed in the first stage of surgery, and the pathologic
evaluation was shown to be a meningioma (WHO grade I). In the second stage, the
right transverse sinus, sigmoid sinus, jugular bulb and jugular vein were removed,
and the stump of the jugular vein was ligated. Due to the high recurrence rate, no
venous reconstruction was performed!l.

A 68-year-old man developed back pain for 4 mo with sudden left lower limb
weakness. MRI revealed a tumor in the spinal cord (C7-T2) that had invaded the
mediastinal lymph nodes. After surgical resection, the post-operative pathologic
evaluation showed a highly malignant anaplastic meningioma. The patient declined
radiotherapy after surgery, and had dysfunction of the left fingers, hypoesthesia of the
forearm, groin, and bladder, and grade 5 muscle strength in the lower limbs!"..

A 45-year-old woman had persistent headaches. MRI and CT revealed that a large
tumor eroded the occipital bone, resulting in complete occlusion of multiple sinuses,
including the bilateral transverse sinus, straight sinus, and posterior one-third of the
superior sagittal sinus. The tumor activated compensatory reflux pathways and
reshaped an extensive venous network within the brain. The tumor was removed
palliatively via surgery and the residual part was removed using a gamma knife. The
post-operative pathologic evaluation was shown to be a meningioma (WHO grade I)I"l.

All of the above cases suggest that meningiomas, whether malignant or benign, can
invade the intracranial venous system and can directly infiltrate or penetrate the
arterial and venous walls, causing extracranial dissemination via the circulation®”'". In
the current case, it was considered that after the spontaneous rupture of the primary
intracranial meningioma, the tumor metastasized to the jugular vein via the superior
sagittal sinus, transverse sinus, and sigmoid sinus, gradually blocked the vein, and
infiltrated into the surrounding anatomic content. Finally, the tumor invaded the
common carotid artery and the brachiocephalic trunk, leading to occlusion of the
common carotid artery. The hematogenous metastasis in this case was invasive and
destructive, which was also indicated by the post-operative imaging findings of
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suspicious metastatic tumors in the lungs.

The histologic morphology of malignant meningiomas resembles melanomas,
carcinomas, and sarcomas!'; however, meningiomas can be identified based on
different immune phenotypes. The cell proliferation marker, Ki-67, is positively
correlated with meningioma classification and the Ki-67 marker index is 11.3% + 4.08%
in malignant meningiomas, ranging from 7%-46%. When the proliferation index is >
20%, the mortality rate is extremely high!'. Because of the rapid growth, malignant
meningiomas can display cystic changes, necrosis, and bleeding. It has been reported
that cystic changes are a characteristic of atypical and anaplastic meningiomas(*l.
Malignant meningioma cyst walls are mostly uneven in thickness and mural nodules
may appear inside. Necrosis is a pathologic phenomenon that occurs when a tumor is
rapidly growing and the blood supply in the tumor is insufficient, which is an
indicator of malignancy. The larger the meningioma area of necrosis, the more
irregular the shape, the greater the possibility of malignancy. The tumor in this case
showed significant cystic changes, including a large amount of calcifications, necrosis,
hemorrhage, and uneven thickness of the capsule wall with rough nodules. Moreover,
the results of immunohistochemistry were not consistent with a carcinoma or
melanoma, and Ki-67 was positive in 10%-30% of cells. Each of the above histologic
findings were consistent with the characteristics of a malignant meningioma.

There are three types of surgical approaches for tumors that invade the common
carotid arterial wall (tumor dissection with the artery intact, carotid artery resection
plus ligation, and carotid artery resection plus reconstruction). Regarding the first
method, simply stripping the malignant tumor violates the surgical principle of radical
tumor resection. Huvos et al'"* performed a histopathologic examination on 64 cases of
carotid artery invasion after surgical resection and reported that 37 cases (57.8%) had
microscopic invasion of the artery wall. McCready et al™! performed a histopathologic
examination on 16 carotid artery specimens and found that 37.5% had tumor invasion.
If the tumor and the invaded artery cannot be completely removed, the patient will
most likely die in the short term due to tumor recurrence or arterial rupture. Kennedy
et all®l reported that the local recurrence rate of tumor dissection alone is as high as
46% in patients with malignant tumors invading the common carotid artery, the
distant metastasis rate is 67%, and the 5-year survival rate is 7%. Therefore, active
surgical treatment with complete tumor resection can yield a greater probability of
survival for these patients!”]. Due to extensive local spread and potential distant
metastasis, most malignant tumors that invade the carotid artery have exceeded the
field of radical surgical resection and may not be able to retain effective safety limits.
The surgery for such patients is actually a palliative surgical resection. This palliative
procedure can relieve pain symptoms, improve the quality of life, and extend the
survival time. Some patients can even achieve long-term survival.

Whether reconstruction of the carotid artery should be performed after resection of
an invaded carotid artery is controversial. Studies supporting carotid artery
reconstruction have revealed that the internal carotid artery passes 350 mL of blood
per minute, and bilateral internal carotid arteries supply 85% of all blood in the brain.
Reconstruction of the carotid artery after resection is significant because reconstruction
helps maintain brain blood circulation and reduce post-operative complications.
Meleca et al" reported that in 12 cases of resection and ligation of the common carotid
artery, 7 had neurologic complications (5 cases had cerebrovascular accidents and two
had transient ischemic attack), while in 8 cases of reconstruction of the common
carotid artery, only one case had a cerebrovascular accident 3 mo after surgery.
Katsuno et al"! reviewed a total of 148 cases in 11 studies and found that the mortality
associated with invaded carotid artery resection and reconstruction was only 6.8%,
and the incidence of neurologic dysfunction was only about 10%, suggesting that head
and neck surgeons should actively perform carotid artery resection and reconstruction.
Ozer et al®™ reviewed 18 cases of carotid artery resection and reconstruction and
reported a stroke rate of only 5.5%. Zheng et al”! published a comparison between 17
cases of carotid artery resection and ligation and 11 cases of carotid artery resection
and reconstruction. The incidence of neurologic complications of ligation was 50%,
while only 9.1% for the vascular reconstruction group. Ricco et al* reported 42 cases
of carotid artery resection and reconstruction. No strokes or death occurred within 30
d after surgery; 19% had transient dysphagia, 14.3% had vocal cord paralysis, 4.8%
had delayed wound healing and 2.4% had local flap necrosis. The above studies
suggest that although carotid artery resection and ligation provide a possibility for
complete tumor resection, carotid artery resection and ligation increases the risk of
post-operative mortality and neurologic complications, and carotid artery
reconstruction has a lower incidence of complications and is thus worth consideration.

In contrast, a series of studies have shown that resection and reconstruction of a
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carotid artery invaded by tumor does not improve the occurrence of complications
and prolong the survival of patients. Verhaeghe et al*! analyzed 59 cases of carotid
artery resection and ligation and 213 cases of carotid artery resection and
reconstruction, and found that the peri-operative mortality of carotid resection and
ligation was 0%-30%, and the stroke rate was 0%-25%. Peri-operative mortality in
patients undergoing resection plus reconstruction is 0%-33% and the stroke rate is 0%-
22%. Aslan et al*! summarized 28 cases of resection of invaded carotid arteries and
compared the neurologic complications of patients undergoing arterial reconstruction
and non-reconstruction, and found that there was no difference in neurologic
complications between the two groups of patients. Snyderman ef al” compared the
incidence of central nervous system complications in patients with and without carotid
artery reconstruction after carotid artery resection, and concluded that there was no
statistical difference between the two groups. Németh et al*! was of the opinion that
resection of the tumor and the invaded carotid artery and simultaneous carotid artery
reconstruction did not improve the long-term survival of patients. In addition, after
reviewing 58 patients, Freeman et al® found that among 41 patients who underwent
carotid resection and reconstruction, eight had a stroke (20%); however, no stroke
occurred in six cases after carotid artery resection and ligation. A list of the
complications reported™* for carotid artery ligation or reconstruction is shown in
Table 1.

These studies suggest that the occurrence of post-operative neurologic
complications may not depend on whether the carotid artery is reconstructed, rather
there are more important factors, such as the collateral circulation compensation of the
circle of Willis in the brain. If the arterial reconstruction is performed indiscriminately,
reconstruction will increase the financial burden on patients, waste medical resources,
and the risks of post-operative cerebral ischemia, thrombosis, and carotid anastomotic
rupture are not reduced. Therefore, under the premise that the technology, materials,
and equipment meet the requirements, the patient is a candidate for surgery, the
financial status and psychological preparation of the family are adequate, the pre-
operative BOT is negative, and the carotid return pressure (carotid artery residual end
pressure) exceeds 50-70 mmHg, which reflects good compensation of cerebral
circulation after carotid artery occlusion, then carotid artery resection and ligation can
be selected. In the current case involving a recurrent metastatic malignant
meningioma, the pre-operative examination confirmed that the right common carotid
artery was completely occluded and the BOT was negative. Additionally, intra-
operatively it was shown that the tumor completely enveloped the common carotid
artery and caused an arterial embolism, the arterial wall was violated and the structure
was incomplete. The carotid return pressure was monitored and exceeded 70 cmH,O
(approximately 52.6 mmHg). To remove the tumor as completely as possible, better
local control was obtained without increasing the risk of post-operative neurologic
deficits, and the quality of life was improved, and the right common carotid artery was
removed. Considering that the posterior brain circulation was well-compensated, the
pathology showed extracranial metastasis of a malignant meningioma with invasion of
the subclavian artery, which is difficult to repair, and post-operative radiotherapy may
be required, thus a carotid artery reconstruction was not selected.

Although the subclavian artery has more collateral circulation around the shoulder,
ligation of the subclavian artery generally does not cause limb necrosis, but often
results in symptoms of limb ischemia, so the subclavian artery should be repaired as
much as possible. The principles and methods are the same as other arterial injury
repairs, and can be directly sutured. For minor arterial defects, autologous vein or
deep fascia can be repaired in sheets and wrapped around the arterial opening for
sealing and suturing. Obtaining materials is easy for this method and there is no
bleeding after suturing. The method is especially suitable for repair of the first
segment of the subclavian artery. If the arterial defect is large (> 2 cm in diameter) or
most of the defect has detached, the arterial defect should be cut off and pruned, and
an end-to-end anastomosis should be performed without tension. If there is tension, an
autologous great saphenous vein or artificial vessel transplantation should be applied.
A balloon can be used to occlude the artery pre-operatively when necessary™ .. In this
case, the defect involving the right subclavian artery was approximately 1 cm after
tumor resection, thus a 1 x 1 cm jugular vein wall was directly sutured to repair the
defect. No thrombosis, infection, or limb ischemia occurred post-operatively and the
repair was satisfactory.

Equally important is post-operative management, the key to which lies in the
prevention and treatment of complications. Within 48 h after resection of the carotid
artery, the patient may present with mild hemiplegia and aphasia. Cerebral
thrombosis may occur within 48 h to several weeks after surgery. Local infection, a
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Table 1 Complications of carotid artery resection + ligation and carotid artery resection + reconstruction

. Number of I Year of
Type of operation Complications L
cases publication
Carotid artery resection + 88 22 cases of common carotid artery ligation: 41% neurologic complications, 36% mortality; 1955

ligation

156

12

7

18

20

59

17

17

Carotid artery resection + 8
reconstruction

148

213

41

11

18

13

10

19

31

42

66 cases of internal carotid artery ligation: 47% neurologic complications, 29% mortalitylm

Death or coma, 15.4%; Death, coma, or hemiplegia, 30.1%; Transient cerebral dysfunction, 1981
10.3%

Cerebrovascular accident, 42%; TIA, 17%; Mortality, 8%[17] 1994
Cerebrovascular accident, 29%; Mortality, 299> 1994
Cerebrovascular accident, 33%; Mortality, 17% 1995
Peri-operative mortality, 10%; Neurologic deficits, 30%1 2002
Peri-operative mortality, 0-30%; Stroke incidence, 0-25% ! 2003
Stroke incidence, 20% (graft occlusion, 12.2%)[2"] 2004
Neurologic complications, 50% ! 2007
Cerebrovascular accident, 13%; Mortality, 0% 1994
Neurologic complications, 4.7%; Mortality, 6.8%"] 2001
Peri-operative mortality, 12.5%; Neurologic dysfunction, 25% ! 2002
Peri-operative mortality, 0%-33%; Stroke incidence, 0-22%; Local infection, 11%-33%; 2003
Anastomotic rupture, 0%-33%; Pharyngeal fistula, 0%-33%*1

Stroke, 17.6% ! 2004
Neurologic complications, 9.1%*"! 2007
Carotid artery rupture, 5.5%; Stroke, 5.5% ") 2008
Graft rupture, 7.7%; Stroke, 7.7%!] 2008
Mild hemiplegia, 10%; Pharyngeal fistula, 10%! 2011
Stroke, 5.3%; Pharyngeal fistula, 5.3%; Local infection, 10.5%; Local flap necrosis, 10.5%; 2014

Local hematoma, 10.5%'°]

Transient dysphagia, 19.4%; Vocal cord paralysis 9.7%; Local wound dehiscence 6.5%; 2016
Local flap necrosis 3.2%; Stroke and thrombosis, 0%!*’]

Transient dysphagia 19%; Vocal cord paralysis, 14.3%; Wound healing delayed, 4.8%; Local 2017
flap necrosis, 2.4%; Stroke, 0%

TIA: Transient ischemic attack.
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pharyngeal fistula, and a carotid artery stump ligation rupture can occur
approximately 1 wk post-operatively. Therefore, in view of the possible complications,
adequate pre-operative evaluation of the cerebral circulation compensation is
required. In this case, controlled hypertension and systemic heparinization were
applied, and a myocutaneous flap was obtained to cover the operative area. Post-
operatively, low-molecular-weight heparin and low-molecular dextran were
administered systemically to prevent thrombosis, and mannitol, furosemide, and
albumin were used to prevent cerebral edema. Papaverine and alprostadil improve the
local circulation. Strengthening anti-infection, strong systemic nutritional support, and
careful observation of the nervous system is necessary, which includes consciousness,
the pupils, phonation, muscle tension, and pathologic reflexes.

CONCLUSION

Here we report a rare case of a malignant meningioma with hematogenous metastasis
to the cervical-thoracic junction and invaded the jugular vein and common carotid
artery causing complete occlusion of the two vessels. The diagnosis needs to be
combined with the medical history, imaging, surgical observation, and post-operative
pathologic evaluation. The key to successful surgical resection lies in mastering the
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vessels and nerves in this area and grasping the indications for vascular reconstruction
and proper management of the peri-operative complications. Even though neck
metastatic meningiomas are rare and reported in individual cases worldwide, there
are still rules to follow. As the literature accumulates, our knowledge of cervical
metastatic meningiomas will continue to grow.
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