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Abstract: Background and objective: The left upper lobectomy as treatment for lung cancer has been identified as a risk 

factor for cerebral infarction. We analyzed cases of surgery for lung cancer to clarify factors that increase the risk for 

postoperative cerebral infarction. Methods: This study included patients with primary lung cancer who underwent lobectomy 

or segmentectomy with >ND1 lymph node dissection from 2008 to 2014 at Hachioji Medical Center of Tokyo Medical 

University. In total, 479 patients (294 males and 157 females) were examined. Cases of cerebral infarction occurring within 30 

days of surgery were retrospectively studied. All surgeries were performed under mini-thoracotomy with thoracoscopy support. 

Vessels >7 mm in diameter were amputated using a linear stapler. Results: Cerebral infarction occurred in four male patients, 

representing 0.8% (4/479) of all lung cancers and 1.4% (4/294) of all male patients. Of these four patients, three were in their 

60s (1.4% of 157 patients in their 60s) and one was in his 70s (0.5% of 215 patients in their 70s). Two cases involved 

adenocarcinomas, and two involved squamous cell carcinomas. One patient underwent right upper lobectomy, two underwent 

right lower lobectomy, and one underwent left upper lobectomy. The cerebral infarctions occurred in a branch of the vertebral 

artery. The pons was impaired in three cases, and the cerebellum was impaired in one. Three patients had pl2 disease, and one 

patient had pl3 disease. Operative time was 4–5 h in two cases, 5–6 h in one, and >6 h in one. Only pl factor significantly 

differed between patients with and without postoperative cerebral infarction. Conclusions: To prevent cerebral infarction, the 

following factors should be considered: preoperative smoking cessation, operative positioning to protect the vertebral artery, 

shortening of operative time, and stronger anticoagulant therapy for high-risk patients, such as those with past history of 

transient ischemic attack. 
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1. Introduction 

Cerebral infarction occurs at a high frequency in patients 

undergoing left upper lobectomy (LUL) for lung cancer [1-

6]. Thrombus caused by a long pulmonary vein (PV) stump 

is associated with an increased risk of cerebral infarction [1, 

4-9]. In our clinical experience, cerebral infarction is not 

more frequent after LUL compared with other operative 

methods. We analyzed cases of surgery for lung cancer to 

identify factors that increase the risk of postoperative 

cerebral infarction. 

2. Methods 

Among patients with primary lung cancer who underwent 

lobectomy or segmentectomy with >ND1 lymph node 

dissection from 2008 to 2014, excluding preoperative 

chemotherapy cases, 479 patients were examined. There were 

294 male and 157 female patients. Cerebral infarction cases 

occurring within 30 days after surgery were retrospectively 

studied. All surgeries were performed under mini-

thoracotomy with thoracoscopy support. Vessels >7 mm in 

diameter were amputated using a linear stapler. 

Data were collected from medical records of patients at the 
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Hachioji Medical Center of Tokyo Medical University with 

permission from the ethics committee (H-46). Written 

informed consent was waived because of the retrospective 

nature of this chart review. 

Statistical analysis 

Differences in clinical factors between patients with and 

without postoperative cerebral infarction were examined 

using analysis of variance. P values < 0.05 were accepted as 

statistically significant. 

3. Results 

 

Figure 1. Relationship of age with postoperative cerebral infarction. CI: 

cerebral infarction. 

 

Figure 2. Postoperative cerebral infarction and operative methodology. 

CI: cerebral infarction, RUL: right upper lobectomy, RML: right middle 

lobectomy, RLL: right lower lobectomy, RUML: right upper and middle 

lobectomy, RMLL: right middle and lower lobectomy, RP: right 

pneumonectomy, Rseg: right segmentectomy, LUL, left upper lobectomy, 

LLL, left lower lobectomy, LP: light pneumonectomy, Lseg: left 

segmentectomy. 

Cerebral infarction occurred in four male patients, representing 

0.8% (4/479) of all lung cancers and 1.4% (4/294) of all male 

patients. Of these four patients, three were in their 60s (1.4% of 

157 patients in their 60s) and one was in his 70s (0.5% of 215 

patients in their 70s) (Figure 1). Two of these cases involved 

adenocarcinomas (0.6% of 347 adenocarcinomas), and the 

remaining two involved squamous cell carcinomas (2.1% of 95 

squamous cell carcinomas). One patient underwent right upper 

lobectomy (RUL, 0.7% of 144 RULs); two underwent right lower 

lobectomy (RLL, 1.9% of all RLLs), and one underwent left 

upper lobectomy (LUL, 1.0% of 96 LULs) (Figure 2). Two 

patients were diagnosed with stage IB. disease (1.3% of all 153 

with stage IB), one with stage IIA disease (2.0% of all 51 

with stage IIA), and one with stage IIB disease (3.0% of all 

33 with stage IIB). In terms of tumor size, one was 10–20 

mm in diameter (0.8%), two were 20–30 mm in diameter 

(1.5%), and one was >70 mm in diameter (7.1%). Three 

patients had pl2 disease (2.5%), and one had pl3 disease 

(3.7%) (Figure 3). Operative time was 4–5 h in two cases 

(1.4%), 5–6 h in one (1.4%), and >6 h in one (2.0%) (Figure 

4). Only pl factor significantly differed between patients with 

and without postoperative cerebral infarction (Table 1). 

 

Figure 3. Postoperative cerebral infarction and degree of pleural invasion. 

CI: cerebral infarction. 

 

Figure 4. Postoperative cerebral infarction and operative time. CI: cerebral 

infarction. 
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Table 1. Characteristics of patients with and without postoperative cerebral infarction. 

Male/Female 4/0 290/185 0.111 

≤60ys/>60ys 0/4 58/417 0.456 

ad/sq/others 2/2/0 345/93/37 0.296 

OP methods 
   

RU/RM/RL/other 1/0/2/0 143/28/106/21 
0.867 

LU/LL/other 1/0/0 95/68/13 

Size 
   

<30mm/ ≥30mm 3/1 290/185 0.569 

p-Stage 
   

0 0 26 

0.645 

IA/IB 0/2 147/151 

IIA/IIB 1/1 50/32 

IIIA/IIIB 0/0 62/3 

IV 0 4 

OP ≤4H/>4H 0/4 216/259 0.069 

pl 
   

0/1/2/3 0/0/3/1 263/71/115/26 0.022 

CI: cerebral infarction, ad: adenocarcinoma, sq: squamous cell carcinoma, OP: operation, RU: right upper lobectomy, RM: right middle lobectomy, RL: right 

lower lobectomy, LU: left upper lobectomy, LL: left lower lobectomy 

Considering individual cases of postoperative cerebral infarction (Table 2), three were smokers and one was a current 

smoker. The pons was impaired in three cases, and the cerebellum was impaired in one. 

Table 2. Clinical characteristics of patients with postoperative cerebral infarction. 

 Sex Age Op Path SI Stage POD PH Site Note outcome 

1 M 69 RLL Ad 1020 1B 1 App. Pons 
 

71.2m Alive PS0 

2 M 63 RLL Sq 860 2A 4 Colon ca. Pneumothorax Cerebellum 
 

9.1m Dead 

3 M 76 RUL Sq 800 2B 11 Gastric ca. Pons Current smoker 2.2m Dead 

4 M 68 LUL Ad 0 1B 1 AP TIA Subdural hematoma Pons Heparinization 21.2m Alive PS4 

M: male, OP: operative methods, RLL: right lower lobectomy, RUL: right upper lobectomy, LUL: left upper lobectomy, Path: pathology, ad: adenocarcinoma, 

sq: squamous cell carcinoma, SI: smoking index, POD: post-operative day, PH: past history, App: appendectomy, ca.: carcinoma, AP: angina pectris, TIA: 

transient ischemic attack, m: months 

Two cases had a past history of malignant disease. Despite 

being a nonsmoker, one case had a past history of transient 

ischemic attack (TIA), angina pectoris, and subdural 

hematoma. Therefore, heparinization was perioperatively 

performed for this patient. One patient died 2.2 months after 

surgery, and one died 9.1 months after surgery. One patient 

completely recovered without complications, and the other 

was alive 21.2 months after surgery with loss of 

consciousness. 

4. Discussion 

Thrombosis in the PV stump can cause cerebral infarction 

and/or thrombosis in other vital organs [10-11]. Ohtaka et al. 

[7] reported that among 193 patients with primary lung 

cancer who underwent lobectomy, thrombus developed in the 

PV stump in seven (3.6%) patients. Amazingly, all patients 

with thrombus had undergone LUL; this group of patients 

accounted for 13.5% of all LULs. These findings suggest that 

the length of the left superior PV stump is involved in 

thrombus formation. After lobectomy, the length of the left 

superior PV stump is longer than that of any other PV stump. 

Yamamoto et al. [1] reported six cases of cerebral infarction 

out of 562 lobectomies for lung cancer, including five 

patients who underwent LUL. Hattori et al [6] reported 10 

patients with cerebral infarction out of 1670 patients who 

underwent lobectomy or more intervention. Among them, 5 

patients underwent LUL. According to our results, 

postoperative cerebral infarction is not always frequent after 

LUL but was frequent after RUL. Because there were only a 

few cases, we could not sufficiently compare between 

patients with and without postoperative cerebral infarction. 

Therefore, only pleural invasion was significantly different 

between the groups. In each of these four cases, cerebral 

infarction occurred in a branch of the vertebral artery. One of 

three cases with basilar artery infarction died, and one had 

severe conscious disturbance. One patient with cerebellar 

infarction died within approximately 9 months 

postoperatively. Because the vertebral artery ascends in the 

intervertebral foramen, it narrows as it posteriorly bends, 

thereby facilitating thrombus formation. There may have 

been an issue with the intraoperative neck positioning in the 

cases included in the present study. These patients with 

cerebral infarction were elderly men; one was a current 

smoker, which may have increased the risk of cerebral 

infarction, and another patient had no history of smoking but 

had a history of TIA. Cerebral infarction occurred despite 

preventive therapy with heparin. Nakano et al. [12] also 

reported cases with postoperative cerebral infarction after 

lobectomy despite using anticoagulant therapy. 

Yamamoto et al. [1] reported no relationship between 

operative time and the risk of cerebral infarction. However, 
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increased operative time indicates increased time in the 

lateral position, thereby increasing the risk of cerebral 

infarction. Pleural invasion and adhesion to the chest wall 

also lead to excessive operative time. Cerebral infarction 

developed after 2013 in three of four cases. The surgical 

wound decreases in size every year. The angle at which the 

automatic stapler was used on the PV may also have 

increased the risk of cerebral infarction. The PV may be 

ligated at the bottom via traditional ligation methods. 

However, in the context of video-assisted thoracic surgery, 

the PV can be amputated only at a certain angle and position. 

Although ligation is performed in the same plane as the 

surface of the vascular intima, the stapler penetrates through 

the vascular intima. These factors may also contribute to 

thrombus formation. 

We recommend that physicians seeking to prevent cerebral 

infarction should consider the following factors: preoperative 

smoking cessation, use of an operative position that protects 

the vertebral artery, shortening operative time, and use of 

stronger anticoagulant therapy for high-risk patients, such as 

those with a past history of TIA. 

5. Conclusions 

To prevent cerebral infarction, the following factors should 

be considered: preoperative smoking cessation, operative 

positioning to protect the vertebral artery, shortening of 

operative time, and stronger anticoagulant therapy for high-

risk patients, such as those with past history of transient 

ischemic attack. 
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