General Thoracic and Cardiovascular Surgery (2019) 67:880-883
https://doi.org/10.1007/s11748-019-01112-8

ORIGINAL ARTICLE q

Check for
updates

Influx of air into the left atrium during lung resection
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Abstract

Objectives In this study, we aimed to determine conditions associated with the development of air bubbles in the pulmonary
veins during lung resection.

Methods A total of 28 patients who underwent lung resection at our institution between October 2016 and March 2018 were
included in the study. An intraoperative transesophageal echocardiography was conducted, and the influx of air bubbles in
the orifice of the pulmonary vein leading to the left atrium was observed during lung resection.

Results The median age of all patients was 75 years. The study included 13 men and 15 women. Moreover, seven, 14, and
seven patients underwent wedge resection, segmentectomy, and lobectomy, respectively. The presence of air bubbles was
observed in 15 patients and was detected when the lung parenchyma was cut (13 patients) or compressed (3 patients) using
staplers and when an energy device was used (1 patient). No postoperative organ infarction occurred in any patients.
Conclusions Although the presence of air bubbles was noted in the pulmonary vein during lung resection via transesopha-
geal echocardiography, the clinical condition of the patients in our study did not deteriorate. The clinical significance of air

bubbles is not clear. Therefore, more data about such events must be collected in future.
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Introduction

Cerebral infarction is a complication observed in 0.3-0.6%
cases post-lung resection [1-3]. This condition is most fre-
quently caused by a thromboembolism, and air embolism
(AE) is considered a cause of cerebral infarction. AE is
caused by air that enters into the artery, thereby blocking
blood flow. It may cause organ ischemia and can occasion-
ally lead to serious complications and death. Such events
can be observed by computed tomography (CT)-guided pul-
monary marking, CT-guided needle lung biopsy, and other
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methods. However, only few reports have shown the devel-
opment of AE during lobectomies. Recently, the number of
cases of segmentectomy that involves cutting a large portion
of the lung parenchyma has increased. Thus, the incidence of
AE might increase. Moreover, it may occur due to the pres-
ence of bubbles during compression or cutting of the lung
parenchyma, and the incidence of AE might be reduced if
the conditions and risk factors associated with the develop-
ment of air bubbles are elucidated. Thus, in this study, we
aimed to analyze the conditions correlating to the develop-
ment of air bubbles during lung resection.

Patients and methods

We conducted an observational study of air bubbles via an
intraoperative transesophageal echocardiography (TEE)
and found emboli in the pulmonary vein during lung resec-
tion. A total of 28 patients who underwent lung resection
at our institution between October 2016 and March 2018
were included. An intraoperative TEE was conducted, and
the influx of air bubbles in the orifice of the pulmonary
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vein leading to the left atrium was observed during lung
resection. We selected patients who could provide informed
consent for the assessment of the left atrium via TEE dur-
ing lung resection. During induction of general anesthesia,
an anesthesiologist inserted a probe and observed the left
atrium when we sutured the vessels or treated the lung paren-
chyma during surgery. When the anesthesiologist or thoracic
surgeon identified air bubbles during TEE, the patient was
considered positive for air bubbles (Fig. 1). During sur-
gery, we assessed for the presence of air bubbles when the
lung parenchyma or pulmonary vessels and bronchus were
compressed or cut and when an energy device was used. A
single-center prospective analysis of data obtained from a
prospective database at our institution was conducted during
the study period. The following demographic, clinical, and
surgical data were collected: age, gender, body mass index,
presence of chronic obstructive lung disease (COPD), res-
piratory function, Brinkman index, type of surgical approach
used, type of resection, time of surgery, number of staples,
complications, and tumor location.

Surgical technique

The surgeries were performed while the patient was in lat-
eral position and was on general anesthesia and one lung
ventilation. The pulmonary vein, pulmonary artery, and
bronchus were individually divided and separated by staplers
or ligated appropriately. The lung parenchyma was separated
by staplers or energy devices and ligated. Data collection
and analyses were approved by the institutional review board
(IRB No0.2016-399), and the need for a written informed
consent from each patient was waived.

Fig. 1 Air bubbles were detected in the left atrium on transesopha-
geal echocardiography. The patient was a 64-year-old man with mul-
tiple metastases to the lung with renal cell carcinoma, who underwent
the resection of seven nodules from the right lung. We performed
wedge resection via video-assisted thoracoscopic surgery. When the
lung parenchyma was cut using a stapler, we identified air bubbles
during transesophageal echocardiography

Results

Table 1 shows the characteristics of the patients and clin-
icopathological factors. The median age of all patients was
75 years. The study included 13 men and 15 women. A
total of 8 (29%) patients had COPD, and the median Brink-
man index of the group was 400. Regarding intraoperative
factors, there were 24 (86%) video-assisted thoracoscopic
surgery (VATS) and 4 (14%) open thoracotomies, and as
for the type of resection, lobectomy, segmentectomy, and
wedge resection were performed in seven, 14, and seven
patients, respectively. The median surgery time was 170
(interquartile range, 140-210) minutes. The pathological
diagnoses were primary lung cancer (18 patients), metastatic
lung tumor (6 patients), and benign disease (4 patients). The
average number of staples used for cutting the lung paren-
chyma was 4.4, and as for complications, atrial fibrillation
was observed in one patient. However, postoperative organ
infarction was not observed in any patients. A total of 15
patients presented with air bubbles, and the video detecting
air bubbles is following (Online video 1). The patient was a
64-year-old man with multiple metastases to the lung with

Table 1 Characteristics of the patients and clinicopathological factors

n=28
Age, median (IQR), (years) 75 (66-80)
Gender (men/women) 13/15
BMI, mean+SD, (L) 23+3
COPD 8 (29%)
FEV1.0, mean+SD, (L) 1.9+0.6
FEV1.0%, mean + SD, (%) 70+10
Brinkman index, median (IQR) 400 (0-900)

Type of surgical approach
Open thoracotmy/VATS 4/24
Type of resection
7/14/17
170 (140-210)

Lobectomy/segmentectomy/wedge
Surgery time, median (IQR), (min)
Histological type

Primary lung cancer/metastasis/benign 18/6/4
Tumor location

RU/RM/RL/LU/LL 5/1/7/11/5

The number of staples, mean+SD 44+2.5
Complication

Af 1

Organ infarction 0

Values are presented as mean +standard deviation or median (inter-
quartile range) or n

BMI body mass index, COPD chronic obstructive pulmonary disease,
FEV forced epiratory volume, VATS video-assisted thoracoscopic sur-
gery, Af atrial fibrillation, RU right upperlobe, RM right middlelobe,
LU left upperlobe, LL left lowerlobe
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renal cell carcinoma who underwent the resection of seven
nodules from the right lung. We performed wedge resection
via video-assisted thoracoscopic surgery. When the lung
parenchyma was cut using a stapler, we identified air bub-
bles during transesophageal echocardiography.

The detailed characteristics of such patients are shown in
Table 2. The type of resection, for these patients included
lobectomy (n=1), segmentectomies (n=7), and wedge
resections (n=7). The presence of air bubbles was observed
in 13 patients when their lung parenchyma was cut using
staplers, in three patients when their lung parenchyma was
compressed, and in one patient when an energy device was
used. Overlapping cases were partly observed. A total of
14 patients underwent lung resection for malignant tumors.
Air bubbles were detected in 18 of 124 staplings in the lung
parenchyma.

Discussion

AE is a rare but potentially life-threatening complication.
Systemic AE (SAE) is caused by the following mechanism:
circulating air bubbles that obstruct blood flow, leading to
organ ischemia. Moreover, it can occasionally cause seri-
ous complications. This condition is a complication of some
clinical procedures, in the field of pulmonology, which
includes CT-guided pulmonary marking, CT-guided needle
lung biopsy, pleurodesis, and pulmonary resection. The inci-
dence rate of SAE during CT-guided pulmonary marking is
approximately 0.015-1.9% [4-7] and that during CT-guided
needle lung biopsy is approximately 0.002-0.007% [4, 8, 9].
Mortality associated with CT-guided pulmonary marking
or CT-guided needle lung biopsy is approximately 0.002%
[10]. In addition, studies showing that SAE is caused by lung
resection are extremely limited. However, there are several
case reports. Yamashita et al. [10] have reported a case of

Table 2 Detailed characteristics of the 15 patients with air bubbles

Variables
Patients presented with air bubbles 15/28 patients
Type of resection

Lobectomy/segmentectomy/wedge 1/7/7

The situation of detecting air bubbles
Cutting by staplers 13/15 patients
3/15 patients

1/8 patients

Compression parenchyma by staplers
Using energy devices

Fook wire marking 1/6 patients
Total number of scenes detecting air bubbles

13/1/1

18/124 staplers

1 scene/2 scenes/3 scenes

The number of scenes detecting air bubbles using
staples
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cerebral AE after the administration of anticancer drug or
pleural lavage liquid to the pleural cavity [10-13]. In trau-
matic cases, TEE is effective for the early assessment of
air bubbles in the circulation and is considered a sensitive
procedure [14, 15]. With reference to lung resection, only
Hemmerling et al. [16] have reported regarding SAE during
wedge resection of the lung. TEE was conducted because the
patient had underlying dilated cardiomyopathy. When the
patient underwent wedge resection using a stapler, micro-
bubbles were suddenly visible on the TEE screen. Hemmer-
ling et al. [16] have hypothesized that this event was caused
by low pulmonary venous pressure and increased airway
pressure. Kawaguchi et al. [17] have reported a case of SAE
that occurred during a double-sleeve left upper lobectomy
for lung adenocarcinoma. After the sealing test follow-
ing bronchoplasty and pulmonary angioplasty, the cardiac
function of the patient deteriorated. TEE revealed several
air bubbles in the left atrium. However, in our study, the
presence of air bubbles could not be detected during vas-
cular or lung parenchymal resection via TEE during sleeve
left upper lobectomy. Yuki et al. [18] have reported a case
of SAE in a patient who underwent VATS bullectomy for
pneumothorax. TEE led to the detection of numerous air
bubbles in the left ventricle, and the presence of air bubbles
caused myocardial ischemia. In our study, 6 of 14 patients
who underwent VATS segmentectomy presented with air
bubbles. Two mechanisms associated with SAE have been
suggested: communication between the pulmonary vein and
the atmosphere and communication between the bronchus
or bronchiole and the pulmonary vein [7]. In our study, air
bubbles were detected in various situations. Our report may
be similar to the first one showing the presence of air bub-
bles during compression of the lung parenchyma and when
energy devices are used. We assumed that former was attrib-
uted to communication between the bronchus or bronchiole
and the pulmonary vein. The latter may be caused by an
influx of air bubbles into the pulmonary vein generated by
the energy devices. However, there is still room for con-
sideration. Regarding the risk factors associated with the
presence of air bubbles, because there was a tendency for
air bubbles to be detected more frequently in segmentec-
tomy or wedge resection than in lobectomy, we expected that
stapling of the segmental plane might be associated with a
higher risk of developing air bubbles because there are more
veins that can be compressed by the stapler in the segmental
plane than in lobar fissure. COPD or age might influence the
development of air bubbles. Therefore, a detailed study must
be conducted in future.

The volume of air bubbles in our study was considered
low and was not enough to cause embolism in any organs.
However, the presence of some bubbles in the pulmonary
veins during lung resection must be identified because
they may cause some serious complications via temporary
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ischemia of organs. This study had several limitations. First,
the study was conducted at a single institution, and the sam-
ple size of the study was small. Second, this observational
study of air bubbles was dependent on the anesthesiologist’s
skills. Third, the quantification of air bubbles was challeng-
ing, and this is a problem that must be addressed in future.

Conclusion

The presence of air bubbles was observed in the pulmonary
vein during lung resection via TEE; however, the clinical
condition of the patients in our study did not deteriorate. The
clinical significance of air bubbles is not clear. Thus, more
data about such events must be collected in future.
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