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Abstract
BACKGROUND
Perioperative stroke is a rare but devastating complication. The risk factors for massive cerebral stroke in surgical patients include older age, male sex, prior cerebrovascular disease, hypertension, renal failure, smoking, diabetes mellitus, and atrial fibrillation.

CASE SUMMARY
We describe two cases of perioperative massive cerebral stroke following thoracic surgery and one case following bronchoscopy. Neurologic symptoms, including changes in mental status and hemiplegia, occurred within 10 h after surgery in the three patients. All three patients died after the surgery.

CONCLUSION
Perioperative massive cerebral stroke may be more likely to occur in thoracic surgical patients if there are pre-existing factors including previous stroke, hypotension, and hypoxemia. Sufficient pain control after surgery and timely neurology consultation and management are helpful for the diagnosis and control of stroke in high-risk patients.
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Core Tip: Perioperative stroke is a rare but devastating complication; however, the risk factors for perioperative stroke remain unclear. Two cases following thoracic surgery and one case following bronchoscope presented with perioperative massive cerebral stroke are documented in this case series. The risk factors for perioperative massive cerebral stroke in thoracic patients include previous stroke, hypotension, and hypoxemia. Sufficient pain control after surgery and timely neurology consultation and management are helpful for diagnosis and control of stroke in high risk patients.

INTRODUCTION
Perioperative stroke is a rare but devastating complication. Surgical patients are vulnerable to stroke due to alterations in the coagulation system resulting from stress responses to surgery. The risk factors for perioperative stroke include older age, male sex, prior cerebrovascular disease, hypertension, renal failure, smoking, diabetes mellitus, and atrial fibrillation. General anesthesia during surgery may also influence the risk of perioperative stroke[1]. The incidence of perioperative acute stroke after pulmonary lobectomy or pneumonectomy is approximately 0.4%-0.6%[2,3]. However, the risk factors for massive cerebral stroke in thoracic surgical patients remain unclear.
Here, we report perioperative massive cerebral stroke in two cases following thoracic surgery and one case following bronchoscopy. Written informed consent was obtained from the patients’ families for the publication of this case series and the accompanying images.

CASE PRESENTATION
Chief complaints
Case 1: A 65-year-old man presented with a chief complaint of shortness of breath lasting for 2 mo.

Case 2: A 58-year-old man presented with a chief complaint of difficulty swallowing lasting for 2 wk.

Case 3: A 61-year-old man presented with a chief complaint of coughing for 1 wk.

History of present illness
Case 1: There were no other symptoms.

Case 2: The patient presented with difficulty swallowing lasting for 2 wk, and there were no complaints of fever or any other symptoms.

Case 3: There were no other symptoms.

History of past illness
Case 1: The patient had a medical history of hypertension, diabetes mellitus, cerebral infarction, and stenoses of the bilateral carotid arteries, left subclavian artery, and bilateral iliac arteries. The patient had bilateral carotid stents and a left subclavian artery stent. His baseline blood pressure was approximately 130/80 mmHg.

Case 2: The patient had a medical history of cerebral infarction and myocardial infarction. Left vertebral stents and coronary stents were implanted. His baseline blood pressure was approximately 120/90 mmHg.

Case 3: The patient had a medical history of cerebral infarction for 3 mo and stenoses of the carotid artery and basilar artery. His baseline blood pressure was approximately 120/80 mmHg.

Imaging examinations 
Case 1:  Magnetic resonance imaging (MRI) (Figure 1A and B) and angiography (Figure 1C) performed 4 h after surgery showed right cerebral infarction, occlusion of the right internal carotid artery (ICA), and severe stenosis of the left ICA; Figure 1D and F shows computed tomography (CT) scans performed 1 d after surgery, which showed right cerebral infarction; Figure 1G-I showed CT scans performed 4 d after surgery, which showed right cerebral infarction progression.
 
FINAL DIAGNOSIS
Case 1: The patient was diagnosed with lung cancer in the right lower lobe.

Case 2: The patient was diagnosed with middle esophageal leiomyoma.

Case 3: The patient was diagnosed with multiple lung masses, an adrenal gland mass, and bone metastasis.

TREATMENT
Case 1: Video-assisted thoracic surgery was performed for lung cancer in the right lower lobe. After anesthesia induction, a double-lumen tube was placed, and maintenance of anesthesia was performed with a combination of 0.5 minimum alveolar concentration (MAC) sevoflurane, propofol 3 mg/kg/h, and remifentanil 0.1 mcg/kg/min infusions. The depth of anesthesia was adjusted to maintain the blood pressure and saturation. The surgery commenced and progressed unremarkably. During the surgery, the patient experienced a 20-min period with a blood pressure of 90/60 mmHg, which was corrected by rapid crystalloid and dopamine infusion. His blood pressure was maintained at approximately 120/90 mmHg until the end of surgery. One-lung ventilation (OLV) was performed for 1 h, and a 5-min period with a saturation of 85% occurred, which was then corrected by alveolar recruitment maneuvers and a higher inspired oxygen fraction.

Case 2: The patient underwent thoracic surgery for middle esophageal leiomyoma. After anesthesia induction, a double-lumen tube was placed, and maintenance of anesthesia was performed with a combination of 0.5 MAC sevoflurane, propofol 3 mg/kg/h, and remifentanil 0.1 mcg/kg/min infusions. The depth of anesthesia was adjusted to maintain the blood pressure and saturation. OLV was performed for 2 h, and the lowest SPO2 was 92%, which was then corrected by a higher inspired oxygen fraction. There were no adverse events, such as intraoperative hypotension, hypertension, or hypoxia, throughout the operation.

Case 3: The patient underwent endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) for lymph node biopsy. After anesthesia induction, a laryngeal mask was inserted. The maintenance of anesthesia was performed with a combination of propofol 4 mg/kg/h and remifentanil 0.05 μg/kg/min infusions. There were no adverse events, such as intraoperative hypotension, hypertension, or hypoxia, throughout the operation.

OUTCOME AND FOLLOW-UP
Case 1: Three hours after the surgery, the patient suddenly presented left upper and lower limb weakness and unequal pupils (left:right 2.0:4.0 mm). An emergency CT scan showed right cerebral infarction. MRI and angiography showed right cerebral infarction, occlusion of the right ICA, and severe stenosis of the left ICA (Figure 1). Blood pressure management, intravenous fluids, aspirin, and atorvastatin were given. Recombinant tissue plasminogen activator (rt-PA) was not administered due to the risk of postoperative bleeding. Bilateral massive cerebral infarction was observed on a CT scan 12 d after the surgery. The patient died 14 d after the surgery.

Case 2: Ten hours after the surgery, the patient developed sudden left hemiplegia and unconsciousness. A CT scan showed right cerebral massive infraction. Blood pressure management, intravenous fluids, and atorvastatin were performed. Thirty-four hours after the surgery, right decompressive craniectomy was performed for brain herniation. The patient died 1 mo after the surgery.

Case 3: The patient presented with a consciousness disturbance and lethargy at the postanesthetic care unit. An emergency CT scan showed left cerebral infarction. Then, CT angiography was performed, and left insula and frontotemporal parietal lobe infarction was found. Rt-PA was not administered. Blood pressure management, intravenous fluids, and atorvastatin were performed. Twenty-four hours after the surgery, bilateral massive cerebral infarction was observed on a CT scan. The patient died 3 d after the surgery.

DISCUSSION
Perioperative stroke is an important source of morbidity and mortality associated with noncardiac, nonvascular surgery, especially in elderly patients. Perioperative stroke has a mortality rate that ranges from 26% to as high as 87% in patients who have had a previous stroke compared to stroke in the general population, which has a mortality rate of 12.6%[2-5]. Here, we report three cases of massive cerebral stroke that occurred postoperatively in the thoracic department. Neurologic symptoms, including changes in mental status and hemiplegia, occurred within 10 h after surgery in the three patients; none of the patients received intra-arterial thrombolysis, and one patient underwent decompressive craniectomy. All three patients died after the surgery. 
Intracranial atherosclerotic stenosis is a major cause of ischemic stroke, and all three patients in this case series had a medical history of intracranial atherosclerotic stenosis and cerebral infarction. Patients with pre-existing cerebrovascular disease demonstrate reduced cerebrovascular reserve and impaired cerebrovascular autoregulation, whereby vascular dilation is maximized distal to the sites of anatomical occlusion. Additional deleterious events such as hypotension and hypocapnia/hypercapnia throughout such vascular beds during surgery may further predispose these patients to hypoxic-ischemic injury[6]. In addition, patients with cerebral arterial stenosis may demonstrate increased oxygen extraction, compromised cerebral blood flow, and inadequate cerebral perfusion. These physiological vulnerabilities may lead to perioperative stroke in high-risk patients. Therefore, the Society for Neuroscience in Anesthesiology and Critical Care has suggested delaying elective surgical cases for at least 9 mo after a prior stroke in their newest guideline[6,7]. In this case series, case 3 had a previous stroke 3 mo before the surgery. If surgery needs to take place sooner, the patient’s blood pressure should be meticulously monitored during and after the surgery, and anesthesiologists should monitor the possibility of cerebral ischemia using transcranial Doppler, cerebral oximetry, or neurophysiology such as electroencephalography and evoked potentials[8]. In patients with severe symptomatic carotid artery stenosis, revascularization by carotid artery stenting or endarterectomy should be offered before elective surgery.
Hypoperfusion is believed to be the most common cause of perioperative stroke for high-risk patients. Case 1 in this case series experienced hypotension during surgery. However, because of the rarity of stroke, the lack of standardized definitions for baseline blood pressure and intraoperative hypotension, and the time period during which hypotension may be most deleterious (i.e., intraoperative vs postoperative), some cohort studies have shown that hypotension during surgery is not a risk factor for perioperative stroke[2,9]. In general, the maintenance of mean or systolic blood pressures within 20% of baseline during surgery is an adequate target for cerebral perfusion pressure[8]. Hypotension will augment the injury produced by embolism or other causes, and this may be especially important in the postoperative period, during which monitoring is not nearly as attentive as in the operating room[10].
[bookmark: OLE_LINK9]Intraoperative hypoxemia is a common complication during OLV for thoracic surgery. This is commonly associated with profound pathophysiological changes in OLV. Case 1 in this series had suffered from hypoxemia for 5 min. Protective lung ventilation strategies, including recruitment maneuvers and ventilation with sufficient positive end-expiratory pressure, may be helpful for the improvement of hypoxia. Tidal volumes of no more than 6 mL/kg should be set. Hyperventilation should be avoided, and the remaining normocarbic levels may prevent any further risk of cerebrovascular compromise[11]. Since hypoxic pulmonary vasoconstriction is inhibited by volatile anesthetics, some anesthesiologists preferentially select total intravenous anesthesia to avoid hypoxemia due to intrapulmonary blood shunting[12]. Shelley et al[13] reported an incidence of 2.3% of unplanned intensive care unit (ICU) admission among 7431 cases of lung resection performed in 16 United Kingdom thoracic surgical centers. Multivariate analysis indicated that unplanned ICU admissions were less frequent in patients receiving intravenous anesthesia than in those receiving inhalational anesthesia. However, the notion that anesthetic techniques may modulate perioperative stroke risk in certain patient populations certainly deserves further investigation[9].
Regional techniques such as thoracic epidural anesthesia or paravertebral blockade may be an advantageous anesthetic strategy for thoracic surgery[14]. Multimodal opiate-sparing regimens can reduce the dosage of analgesics and the concentrations of volatile anesthetics, avoid depressed cardiac output, and decrease blood pressure during surgery. Furthermore, it can provide superior analgesia during the first three postoperative days. Insufficient pain control may increase the risk of stroke during the postoperative period due to depression of the sympathetic nerve activity and affect locomotor and respiratory muscle function[15,16].
EBUS-TBNA is believed to be a minimally invasive and highly safe procedure, and the evidence has shown that it is flexible in patients with malignant space-occupying brain lesions[17], but whether it is safe in patients with cerebrovascular disease, especially in those who have had a previous stroke, is unclear. General anesthesia was performed in case 3 to decrease the incidence of coughing, hypercapnia, and sympathetic stimulation. However, moderate or deep sedation may be acceptable for high-risk patients to avoid hemodynamic fluctuations during EBUS-TBNA[18].
[bookmark: OLE_LINK10]Continued clinical recognition of stroke symptoms along with timely neuroimaging is paramount for high-risk patients. A multidisciplinary consultation involving neurology, the primary surgical service, interventional neuroradiology, and anesthesiology should ensue. Providers should seek expeditious evaluation and resource mobilization, as perioperative stroke may be associated with higher rates of death and disability than stroke occurring in the nonoperative setting[19]. Possibilities for antithromboembolic treatment or mechanical thrombectomy should be considered in stroke patients. The risk/benefit balance of antithromboembolic interventions varies depending on the patient, the severity and location of the stroke, and the type of surgical intervention. Continued anticoagulation therapy after surgery may be necessary for patients with a lower risk of bleeding[20]. Urgent mechanical thrombectomy should be performed for surgical patients with a large thrombus in the major vessel as soon as possible if the criteria are met. All three patients in this series did not undergo urgent mechanical thrombectomy because their infarct volumes were too large.
Perioperative covert stroke is an acute brain infarction detected on MRI after surgery without any stroke symptoms. Most postoperative covert strokes are not diagnosed because they are not clinically apparent. The NeuroVISION study (Perioperative covert stroke in patients undergoing non-cardiac surgery) described that it was more common that covert stroke was associated with an increased risk of cognitive decline and overt stroke or transient ischemic attack 1 year after noncardiac surgery. Embolic events and perioperative hemodynamic variations may have contributed to postoperative covert stroke in this study[21]. Covert stroke and overt stroke both need more research to investigate the risk factors and to establish prevention and management strategies in the perioperative setting.

CONCLUSION
Perioperative massive cerebral stroke may be more likely to occur if there are pre-existing factors, including previous stroke, hypotension, and hypoxemia, in thoracic surgery patients. Sufficient pain control after surgery and timely neurology consultation and management are helpful for the diagnosis and control of stroke in high-risk patients.
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[bookmark: _GoBack]Figure 1 Magnetic resonance and computed tomography images of case 1. A-C: Magnetic resonance imaging (A and B) and angiography (C) performed 4 h after surgery showed right cerebral infarction, occlusion of right internal carotid artery (ICA), and severe stenosis of left ICA; D-F: Computed tomography (CT) scans performed 1 d after surgery showed right cerebral infarction; G-I: CT scans performed 4 d after surgery showed right cerebral infarction progression.
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