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Cerebral embolic stroke caused by a thrombus in the pulmonary vein stump after left pulmo-
nary lobectomy is a serious complication. We retrospectively analyzed four patients who un-
derwent mechanical thrombectomy for large-vessel occlusion after left pulmonary lobectomy 
between January 2014 and March 2022. Two cases occurred after left upper lobectomy and 
the others occurred after left lower lobectomy. All patients presented with cerebral embolic 
stroke from the day after surgery to the 9th postoperative day, and successful reperfusion was 
achieved in all cases. Two patients had good outcomes at 90 days. Thrombus in the pulmonary 
vein stump is the probable cause of cerebral embolism, and mechanical thrombectomy is 
effective. Further studies are required to establish preventive measures and perioperative man-
agement strategies.
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INTRODUCTION

The incidence of acute cerebral embo-
lism in the perioperative period after 
pulmonary lobectomy is approximately 
0.4–0.6%.1,2 A thrombus in the pulmo-
nary vein stump (PVS) is considered to 
cause cerebral embolism, which can 
result in serious complications.3-6 In this 
case series, we report four cases who 
underwent mechanical thrombectomy 
(MT) for cerebral embolism due to the 
thrombus in the PVS following left pul-
monary lobectomy, with a discussion of 
the literature.

CASE SERIES 

This study retrospectively analyzed pa-
tients who underwent MT for large-ves-
sel occlusion after left pulmonary lobec-
tomy at our hospital between January 
2014 and March 2022. The diagnosis 
and treatment indications for MT were 
determined using magnetic resonance 
imaging at our hospital. We analyzed 
age, sex, imaging findings, endovascular 
treatment details, and angiographic and 
clinical outcomes from the medical re-
cords. The time from onset to puncture 
(O2P), time from puncture to reperfu-
sion (P2R), treatment device, and angio-
graphic reperfusion were examined. The 

Correspondence to: 
Yuichiro Tsuji, MD, PhD
Department of Neurosurgery, Osaka 
Medical and Pharmaceutical Universi-
ty, 2-7 Daigakumachi, Takatsuki, Osaka 
569-8686, Japan
Tel: +81-72-683-1221
Fax: +81-72-683-1221
E-mail: yuuichirou.tsuji@ompu.ac.jp 

Received: August 16, 2022
Revised: September 11, 2022
Accepted: September 12, 2022

neurointervention 

Copyright © 2022 Korean Society of 
Interventional Neuroradiology 
This is an Open Access article distributed under the terms of 

the Creative Commons Attribution Non-Commercial License 

(http://creativecommons.org/licenses/by-nc/4.0) which 

permits unrestricted non-commercial use, distribution, and 

reproduction in any medium, provided the original work is 

properly cited.

http://creativecommons.org/licenses/by-nc/3.0
http://crossmark.crossref.org/dialog/?doi=10.5469/neuroint.2022.00367&domain=pdf&date_stamp=2022-11-01


https://doi.org/10.5469/neuroint.2022.00367

Tsuji Y et al. Mechanical Thrombectomy after Left Pulmonary Lobectomy

169

degree of reperfusion was defined using the thrombolysis in 
cerebral infarction (TICI) classification. TICI2b was defined as 
reperfusion of at least 50% of the occluded vessel-dominant 
territory and TICI3 was defined as complete reperfusion. The 
modified Rankin Scale (mRS) at 90 days was used to evaluate 
clinical outcomes, with an mRS of 0–2 defined as a good 
outcome.

Technical Aspects
In our department, a 9Fr sheath is usually placed in the right 
femoral artery, and we navigated with a 9Fr balloon guid-
ing catheter (usually 9Fr Optimo; Tokai Medical Products, 
Aichi, Japan) and a 6Fr JB2 type coaxial catheter. Marksman 
(Medtronic, Minneapolis, MN, USA) was used for the micro-
catheter, and a 0.014-inch CHIKAI guidewire (Asahi Intecc Co., 
Aichi, Japan) was used for the microwire. Device selection, 
including the stent retriever and aspiration catheter, was de-
termined based on the vascular anatomy of the patient and 
the decision of the operator.

Results
This study included four patients, and their baseline char-
acteristics are summarized in Table 1. The median age was 
73 years, and all patients were female. The median National 
Institutes of Health Stroke Scale (NIHSS) score was 15 and the 
median Diffusion-Weighted Imaging-Alberta Stroke Program 
Early Computed Tomography Score (DWI-ASPECTS) was 
7. All four patients were postoperative for left lung cancer, 
including two patients who underwent left-sided upper lo-
bectomy (LUL) and two patients who underwent left-sided 

lower lobectomy (LLL). All patients presented with cerebral 
embolism from the day after surgery to postoperative day 
(POD) 9, and recombinant tissue plasminogen activator (rt-PA) 
was not applicable. Three patients had middle cerebral ar-
tery (MCA) occlusion and one had internal carotid artery (ICA) 
occlusion. Case 4 involved a patient who was transferred 
from another hospital. All four patients underwent MT with 
successful reperfusion; the median O2P was 171 minutes and 
the median P2R was 35 minutes. Two patients had a good 
outcome with mRS ≤2 at 90 days.

We describe two representative cases in detail.

Case 1
An elderly patient underwent a LUL for lung cancer. On POD 
6, the patient presented with disturbance of consciousness 
and paralysis of the right upper and lower limbs. The NIHSS 
score was 16, and DWI-ASEPCTS score was 9 (Fig. 1A, B).  
Emergency magnetic resonance angiography (MRA) revealed 
left ICA occlusion (Fig. 1C). Digital subtraction angiography 
(DSA) revealed left ICA occlusion (Fig. 1D). After 2 passes of 
Penumbra ACE68 aspiration catheter (Penumbra, Alameda, 
CA, USA), TICI3 reperfusion was performed (Fig. 1E). The 
thrombus was characterized as a red fibrin thrombus. A chest 
contrast-enhanced computed tomography (CT) scan suggest-
ed a residual thrombus in the left PVS (Fig. 1F). The patient was 
treated with oral anticoagulants (apixaban) and discharged to 
her home. The mRS was 0 after 90 days.

Case 2
An elderly patient underwent video-assisted thoracoscopic 

Table 1. Summary of clinical characteristics of patients who underwent mechanical thrombectomy

Case
  no.

NIHSS 
score

DWI-
ASPECTS

Occluded 
vessel

Post 
operative 

period

Operation of
lung cancer

O2P 
time
(min)

P2R 
time
(min)

Device
TICI 

grade
sICH

mRS at
90 days

1 14 7 Right M1 9 days VATS LUL 121 11 Catalyst 6 3 No 3

2 14 7 Right M1 1 day VATS LLL 183 35
Catalyst 6/TRON  

2×15 mm
3 No 2

3 16 9 Left ICA 6 days
Thoracotomy 

LUL
160 41 Penumbra 5Max/3Max 3 No 0

4 30 3 Left M1 2 days
Thoracotomy 

LLL
280 36

Catalyst 6/Solitaire  
3×20 mm

2b No 5

NIHSS, National Institutes of Health Stroke Scale; DWI-ASPECTS, Diffusion-Weighted Imaging-Alberta Stroke Program Early Computed 
Tomography Scores; O2P, onset to puncture; P2R, puncture to reperfusion; TICI, thrombolysis in cerebral infarction; sICH, symptomatic 
intracerebral hemorrhage; mRS, modified Rankin Scale; M1, M1 segment of the middle cerebral artery; VATS, video-assisted thoracoscopic 
surgery; LUL, left-sided upper lobectomy; LLL, left-sided lower lobectomy; ICA, internal carotid artery.
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surgery for LUL for lung cancer. On POD 9, the patient pre-
sented with disturbance of consciousness and right conju-
gate deviation. The NIHSS score was 14 and DWI-ASPECTS 
score was 7 (Fig. 2A). MRA revealed right MCA occlusion  
(Fig. 2B). We performed emergency MT and DSA revealed 
right M1 occlusion (Fig. 2C). TICI3 reperfusion was obtained 
with a single pass using Catalyst 6 (Stryker, Kalamazoo, MI, 
USA) (Fig. 2D). A chest contrast-enhanced CT scan showed 
no thrombus in the left PVS (Fig. 2E). The patient was treated 
with oral anticoagulants (rivaroxaban) and transferred to a 
recovery rehabilitation hospital on POD 40. The mRS was 3 
after 90 days.

DISCUSSION

Herein, we report four patients who underwent MT for cere-
bral embolism after pulmonary lobectomy. The causes of ce-
rebral embolism in the perioperative period after pulmonary 
lobectomy are air embolism, paradoxical embolism, atrial 
fibrillation, and thrombus in the PVS.4-6 It has been reported 
that atrial fibrillation occurs at a rate of 10–30% after pulmo-
nary lobectomy; however, no paroxysmal atrial fibrillation 
was detected with Holter electrocardiography in any of the 
four patients in this study.7,8 No other stroke risk factors (dia-
betes mellitus, congestive heart failure, or carotid artery ste-
nosis) were identified. We considered that these cases were 

Fig. 1. (A) Diffusion-weighted imaging showing acute ischemic stroke in the left caudate head and insular ribbon (arrows). (B) Fluid-attenuated in-
version recovery showing hyperintense vessels in the middle cerebral artery (arrowheads). (C) Magnetic resonance angiography showing complete 
occlusion of the left internal cerebral artery (ICA) (arrow). (D) Left carotid angiography showing left ICA occlusion. (E) Left carotid angiography show-
ing complete reperfusion. (F) Axial chest contrast-enhanced computed tomography showing a suspected thrombus in the pulmonary vein stump 
(arrowhead).
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likely to be cerebral embolism due to thrombus in the PVS, 
judging from the clinical course and post-left pulmonary lo-
bectomy.

Ohtaka et al.4 reported a thrombus in the left PVS in sev-
en of 193 patients (3.6%) after pulmonary lobectomy, and 
all seven patients had received LUL. It has been suggested 
that thrombus formation is related to the PVS length.9 To 
prevent congestion of blood flow in the PVS, the length of 
the PVS can be shortened, but this is associated with the risk 
of serious complications, such as hemorrhage and cardiac 
tamponade.10,11 The Japanese Society of Pulmonary Sur-
geons revealed that thrombi in the PVS develop in the early 
postoperative period and are significantly more frequent 
in left-sided surgery (particularly after LUL). The odds ratio 

of cerebral infarction within 90 days for LUL to LLL was 2.07, 
suggesting that LUL is also involved in cerebral infarction.12 In 
our series, two cases occurred after LUL, and the other two 
cases occurred after LLL. Usui et al.13 reported a case of cere-
bral embolism caused by a thrombus in the PVS after LLL.

In this series, thrombus in the PVS was suspected on im-
aging in only one case. In contrast, a previous report did not 
show evidence of thrombus in the PVS in any case.14,15 Xie 
et al.14 reported thrombosis of the PVS in five of eight stroke 
patients who underwent contrast-enhanced chest CT, while 
three patients had no thrombosis in the PVS. Morinaga et 
al.15 also excluded other embolic sources and concluded that 
PVS thrombus caused cerebral embolism, although they did 
not perform contrast-enhanced CT. Treatment (including the 

Fig. 2. (A) Diffusion-weighted imaging (DWI) showing hyperintense signals in the right deep white matter, M4 and M5 evaluated with diffusion im-
aging (arrow). (B) Magnetic resonance angiography showing occlusion of the right middle cerebral artery (MCA) (arrow). (C) Right carotid angiogra-
phy showing left MCA occlusion. (D) Right carotid angiography showing complete reperfusion after aspiration. (E) Coronal chest contrast-enhanced 
computed tomography showing no thrombus in the pulmonary vein stump. DWI-ASPECTS, Diffusion-Weighted Imaging-Alberta Stroke Program 
Early Computed Tomography Scores.
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prevention of recurrence) is generally anticoagulation using 
heparin and warfarin. In our four cases, direct oral anticoagu-
lants were introduced after MT in all four patients, and Mori-
naga et al.15 reported that dabigatran (Boehringer Ingelheim, 
Ingelheim, Germany) was introduced in two patients, and 
there was no recurrence for 12 months. However, the inci-
dence of stroke after pulmonary lobectomy varies from one 
day to seven years, and there is currently no consensus on 
the appropriate duration of anticoagulation.5,16 Three cases 
occurred within one week after pulmonary lobectomy, so rt-
PA was not available and there was a significant role for MT. 
Although the postoperative risk of cerebral infarction after 
lung cancer surgery is not widespread in the field of stroke, it 
is necessary to continue providing warnings of stroke.

This study has the following limitations. First, the presence 
of a thrombus in the PVS was not proven in three cases. 
Second, contrast-enhanced CT scans of the chest could not 
be performed in two cases after MT. Third, we have no data 
on cases of cerebral infarction after lung cancer surgery that 
were treated with conservative therapy.

We present a case series of patients who underwent MT 
due to cerebral embolisms after left pulmonary lobectomy. 
Thrombus in PVS is the probable cause of cerebral embo-
lism, and MT is an effective treatment. Although this is a rare 
condition, neuroendovascular surgeons should be aware of 
the possibility of stroke after pulmonary lobectomy. Further 
studies are needed to determine its preventive and periop-
erative management.
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