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Abstract

video-assisted thoracic surgery (VATS).

Background: Pulmonary vein thrombosis (PVT) and cerebral infarction are rare but critical complications after

Case presentation: We experienced two cases of massive middle cerebral artery infarction after VATS for the left
upper lobe. Although the precise source of their embolus was never identified, both cases were clinically suspected
PVT. Unfortunately, case 2 died because of progressive cerebral herniation. We decided to perform contrast-
enhanced computed tomography routinely after VATS for the left upper lobectomy (VATS-LUL) after these cases.
Case 3, a 79-year-old female patient, underwent VATS-LUL for lung cancer. She developed PVT in the stump of the
left upper pulmonary vein on postoperative day 4. Anti-coagulation therapy was begun immediately and continued
for 3 months. She was free of complications 7 months after the operation.

Conclusion: PVT and cerebral infarction may occur after VATS-LUL. Appropriate postoperative management is
required to recognize PVT and to prevent life-threatening stroke.

Keywords: Video-assisted thoracic surgery (VATS), Left upper lobe, Pulmonary vein thrombosis (PVT),
Thromboembolic complication, Cerebral infarction, Perioperative management

Introduction

Cerebral infarction caused by thrombus in the pulmon-
ary vein (PV) stump after lung resection is a rare but le-
thal complication. According to previous reports, left
upper lobectomy (LUL) is a risk factor for thrombus in
the PV stump after lung resection [1-3]. In this case
series, we describe different outcomes in three patients
who developed life-threatening cerebral infarction or
pulmonary vein thrombosis (PVT) after video-assisted
thoracic surgery (VATS) of the left upper lobe.
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Case presentation

Case 1

A 77-year-old female patient with hypertension, mild
diabetes mellitus, and glaucoma was hospitalized with
suspicion of lung cancer in the left upper lobe. She
underwent thoracoscopic left upper lobectomy (VATS-
LUL). General anesthesia was induced with propofol,
remifentanil, and rocuronium and maintained by total
intravenous anesthesia with propofol. Intercostal nerve
block with 50 mg/20 mL (0.25%) levobupivacaine was
performed for postoperative analgesia pain management.
The operation time was 172 min. During the operation,
20 mL of blood was lost and 1600 mL (11.3 ml/kg/h) of
fluid was infused. There was no perioperative complica-
tion including critical hypotension and arrhythmia, and
she was discharged directly home on postoperative day
(POD) 8. On POD 9, she suffered from sudden onset of
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left hemiplegia and was admitted to the emergency de-
partment. Head computed tomography (CT) revealed
right middle cerebral artery (MCA) occlusion and
massive cerebral infarction around the Sylvian fissure.
Magnetic resonance imaging (MRI) also showed massive
MCA stroke and MRI angiography revealed right in-
ternal carotid artery (ICA) occlusion (Fig. 1). She was
not a candidate for endovascular treatment because she
was home alone and symptom onset time was uncertain.
She was treated with combination of edaravone and hep-
arin. Electrocardiogram did not show perioperative
arrhythmia. Transthoracic echocardiography and plain
chest CT could not detect any thrombus. Her left hemi-
plegia slightly improved but remained.

Case 2

A 71-year-old female patient with dyslipidemia and a
history of cured non-tuberculous mycobacterial infection
underwent VATS segmentectomy of the left upper div-
ision of the left lung for lung cancer. General anesthesia
was administered, and intercostal nerve block for post-
operative pain relief was performed following protocols
the same as those used in case 1. The operation time
was 222 min. During the operation, 30 mL of blood was
lost, and 1100 mL (6.8 mL/kg/h) of fluid was infused.
There was no perioperative complication, and she was
free of perioperative hypotension and arrhythmia. She
developed sudden weakness in her left leg during walk-
ing in the ward and advanced to left hemiplegia on POD
4. Head CT did not detect any obvious sign of stroke,
but CT angiography revealed right ICA occlusion. Inter-
ventional radiology also showed right ICA occlusion
(Fig. 2a), and mechanical thrombectomy was attempted.
The following angiography showed recanalization of the
right ICA, but more distal vessels (M1 segment of the
MCA) was occluded. Head CT after intervention showed
massive MCA stroke and a hyperdense middle cerebral
artery sign (Fig. 2b). Contrast-enhanced computed tom-
ography (CECT) for chest was proposed to evaluate the
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source of thrombus, but it was refused by the family.
The life-threatening brain edema developed the next day
after endovascular intervention and she became uncon-
scious. Life-saving craniotomy was performed on POD
7, but she died due to the progression of intracranial
hypertension and cerebral herniation on POD 13.

Case 3

A 79-year-old female patient with hypertension and dys-
lipidemia was hospitalized with suspicion of the LUL
lung cancer. She underwent VATS-LUL. General
anesthesia was administered, and intercostal nerve block
for postoperative pain relief was performed following
protocols the same as those used in cases 1 and 2. The
operation time was 282 min. During the operation, 1100
mL of blood was lost because of pulmonary artery injury.
The total fluid infusion was 3800 mL (17.4 ml/kg/h); 5
units red blood cell (600 mL) and 1 unit fresh frozen
plasma (120 mL) were transfused. There was no sign of
perioperative hypotension and arrhythmia. Based on the
above two cases, we suspected PVT as the cause of
cryptogenic cerebral infarction after VATS of the left
upper lobe or division. Therefore, we performed CECT
on POD 4, which revealed a thrombus in the stump of
the left upper pulmonary vein (Fig. 3). Anti-coagulation
therapy with oral warfarin and intravenous heparin was
initiated immediately, and no thrombotic event occurred
during hospitalization. Three months after the beginning
of anti-coagulation therapy, the thrombus in the left PV
stump could not be detected on CECT and oral warfarin
was discontinued. She was free of any complications 7
months postoperatively.

Discussion

Perioperative cerebral infarction is a critical complica-
tion, and its incidence is dependent on the specific type
of surgery performed [4, 5]; incidence of ischemic stroke
and the in-hospital mortality rate associated with peri-
operative stroke after lobectomy or segmentectomy has

indicate the right internal carotid artery with defect

Fig. 1 Magnetic resonance imaging (MRI) of case 1. a Diffusion weighted MRI revealing edema following a right lobe cerebral infarction
(arrowheads). b Maximum intensity projection of MRI showing complete occlusion of the right internal carotid artery by a thrombus. Arrowheads
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internal carotid artery; ECA, external carotid artery

Fig. 2 Thrombosis of the right internal carotid artery (ICA) in case 2. a Angiogram of the right cerebral circulation showing occlusion of the right
ICA (arrow). b Head computed tomography after thrombectomy revealing cleared ischemic lesion (white arrowheads) and a thrombus at the
right middle cerebral artery (yellow arrowhead). IA, innominate artery; SA, subclavian artery; CCA, common carotid artery; VA, vertebral artery; ICA,

J

been reported to be 0.6% and 32.6%, respectively [4].
Since the first case was reported in 1989, several cases of
cerebral infarction after VATS-LUL have been reported
[6-8]. Recent studies have reported the incidence of
PVT and the resulting cerebral infarction after VATS-
LUL as 6.7-17.9% [3, 9, 10] and 1.9-4.6% [1, 3], respect-
ively, and revealed that LUL was an independent risk
factor of perioperative stroke [1]. Its etiology of PVT has
not been completely solved; several mechanisms of
thrombus formation, such as the PV stump after VATS-
LUL was longer than the other PV stumps and lower
bloodstream velocity and more turbulent flow in the dis-
sected PV stump than that in other PV stumps, were
suggested [3, 9, 11]. Endothelial injury or surgical staples
also can play an important role in thrombogenesis in the
PV stump after lung resection [12]. A recent study
showed that central vascular ligation of PV stump may
reduce intravascular exposure of the staple and

Fig. 3 Contrast-enhanced computed tomography showing a
thrombus in the left upper pulmonary vein stump in case
3 (arrowhead)

contribute to a short PV stump and then contribute to
reduce incidence of PVT [10].

Optimal antithrombotic therapy and preventive ap-
proaches for PVT remains unestablished, it should be
noted that early recognition of PVT and anticoagulant
therapy is important to prevent massive cerebral embol-
ism [12]. The induction time and the duration of anti-
coagulation therapy are difficult to determine because
PVT can occur even after the next day of discontinu-
ation of anticoagulant therapy [13, 14] and can be a pos-
sible cause of cerebral embolism anytime after lung
resection. In some institutions, they had implemented
routine postoperative anti-coagulation therapy in pa-
tients following VATS-LUL. Along with those protocols,
they changed the perioperative pain management strat-
egy from epidural anesthesia to intercostal nerve block
to prevent epidural hematoma in those patients [15].

The incidence of cerebral infarction after VATS-LUL
(1.9-4.6%) is similar to the incidence of stroke caused by
atrial fibrillation (approximately 5% 2-year age-adjusted
incidence) [16]. Lifelong anti-coagulation therapy has
been shown to reduce the risk of atrial fibrillation [17];
therefore, it may be a promising option for preventing
cerebral infarction after VATS-LUL as long as the risk
of bleeding is acceptable.

We report three patients who underwent VATS for
left upper lobe and developed thromboembolic compli-
cations. The patients in case 1 and case 2 developed life-
threatening massive cerebral infarction without obvious
cues of PVT. They had no clinical manifestation of peri-
operative atrial fibrillation, which is one of the major
causes of stroke. Clinicians should consider PVT when
patients present with cryptogenic stroke or systemic em-
boli after VATS-LUL [1, 2]. An early definitive diagnosis
is critical to rescue the patient and to prevent severe
complications. The patient in case 3 had asymptomatic
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PVT confirmed by CECT. We experienced case 1 and
case 2 within a month, which made us change the
follow-up strategy to evaluate PVT after VATS-LUL.
This helped to detect PVT and prevent the stroke in
case 3. Most cases of PVT are detected unexpectedly at
postoperative follow-ups [7] while searching for the
cause of nonspecific symptoms using CECT [18] or due
to a high level of plasma D-dimer [19]. Thus, PVT is
overlooked and its incidence is underestimated [8]. Our
hospital performed 215 VATS pneumonectomy/lobec-
tomy/segmental lung resection from 2015 to 2019; the
number of VATS including left upper lobe was 30 LUL,
13 segmentectomy, and 1 left pneumonectomy. The 5-
year incidence rate of cerebral infarction was 4.5% and
that of clinically confirmed PVT was 2.3%, respectively.
These data revealed that incidence rate of thrombo-
embolic complications after VATS for the left upper
lobe in our hospital was equivalent to those of previously
reported. Although clinical evidence that shows its effi-
cacy is limited, we currently perform CECT on POD 4
after VATS-LUL to evaluate the presence of PVT be-
cause thromboembolic complications would be critical
to patients’ prognosis. According to the trends in peri-
operative major adverse cerebrovascular event associated
with non-cardiac surgery, the incidence of ischemic
stroke has increased over recent years [20]. LUL is a
new risk factor of perioperative stroke, and it is import-
ant to diagnose and treat PVT after VATS-LUL.

In conclusion, we reported three cases of postoperative
PVT and cerebral infarction after VATS for left upper
lobe. The diagnosis and treatment of PVT after VATS-
LUL remain challenging. An evidence-based guideline
for the detection and management of PVT after VATS-
LUL is urgently needed.
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