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A B S T R A C T

Objectives: To evaluate the incidence and risk factors of systemic air embolism (SAE) depicted on systematic
whole thoracic CT performed after percutaneous lung biopsy.
Methods: A total of 559 CT-guided lung biopsies performed between April 2014 and May 2016 were retro-
spectively evaluated. SAE was defined by the presence of air in the aorta or left cardiac cavities seen on whole
thorax CT images acquired after needle withdrawal. Analyzed data focused on patient (age, sex, spirometry data,
emphysema on CT, therapeutics received), target lesion (location, depth, size and feature) and procedure (pa-
tient position, length of intrapulmonary needle path, number of pleural passes and of biopsy samples, operator’s
experience). A regression logistic model was used to identify risk factors of SAE.
Results: SAE was observed after 27 of the 559 lung biopsies, corresponding to a radiological incidence of 4.8%
(95%CI: 3.3–7.0). Clinical incidence was 0.17% (n= 1). For 21/27 patients (78%), a targeted acquisition in the
nodule area would not have included the cardiac cavities meaning SAE would have been missed. On multivariate
analysis, the independent risk factors were needle path length through ventilated lung (OR: 1.13, 95%CI:
1.02–1.25, p=0.024), number of samples (OR: 1.48, 95%CI: 1.01–2.17, p= 0.046) and prone position (OR:
3.12, 95%CI: 1.11–8.31, p=0.031) or right-sided lateral decubitus (OR: 6.15, 95%CI: 1.66–22.85, p=0.005).
Conclusions: Asymptomatic systemic air embolism can be depicted in almost 5% of post biopsy CT examinations,
when they are not limited to the targeted nodule area but include the entire thorax.

1. Introduction

The air inlet into a pulmonary vein secondary to a percutaneous CT-
guided lung biopsy can be expelled into the systemic circulation,
leading to a systemic air embolism (SAE).

SAE is traditionally considered as an extremely rare complication of
percutaneous lung biopsy, according to two large series that reported
an incidence of 0.02 [1] and 0.07% [2]. Current literature mainly in-
cludes case reports or small case series of SAE. The majority of pub-
lished cases report cardiac and/or neurological symptoms, frequently
with a fatal evolution, especially if diagnosis has been delayed [3–11].
However, its incidence might be underestimated in cases where SAE is
not associated with clinical symptoms. In 2007, Hiraki [7] was the first
author to describe SAE in asymptomatic patients and to emphasize the
necessity of a post-procedural CT scanning performed through the

whole thorax, in order to depict systemic air embolism. Immediate re-
cognition of SAE has been reported as the main factor to minimize se-
vere complications since specific management of patient can be in-
itiated earlier [7,12,13].

The purpose of this study was to retrospectively assess the incidence
of systemic air embolism depicted on whole chest CT acquisition, sys-
tematically performed after percutaneous lung biopsy, in a large cohort
of consecutive patients. The secondary objective was to determine risk
factors for this complication.

2. Materials and methods

2.1. Patients

This retrospective cohort study received the approval of the local
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Research Ethics Committee of our institution (2017_CLER-MPT_10-05),
which waived the need for patient consent.

All thoracic biopsies consecutively performed between April 2014
and May 2016 at our department were included, after query in our local
thoracic biopsy database. Biopsies had been scheduled after the weekly
thoracic oncology multidisciplinary team meeting. Among the 587
procedures, 28 patients presenting pleural (n=13), chest wall (n= 6)
or mediastinal lesions (n= 9) were excluded due to the absence of
intra-parenchymal needle path. The final cohort was composed of 559
patients; their characteristics are presented in Table 1.

2.2. Biopsy procedure

All biopsy procedures were performed by five staff radiologists, with
2–11 years of experience. The biopsies were performed under local
anesthesia except for three patients who required general anesthesia on
their personal request.

Blood pressure, heart rate, ECG and blood oxygen saturation were
monitored throughout the entire procedure.

Patient position was determined by the radiologist, in order to select
the safest access route to the lesion with regard to the shortest needle
track through the lung, avoiding fissure, large vessel or bullae.

CT guidance was performed using a 64-multidetector CT scan (VCT
LightSpeed 64, GE Healthcare, Milwaukee, Wis) until October 2015
(412 patients) or a 256-slices CT system (Revolution CT, GE Healthcare)
from November 2015 (147 patients). Repeated unenhanced axial CT
images were acquired over a limited length, with a 2.5-mm slice
thickness using the 64-slice unit and 1.25-mm using the Revolution CT)
for planning and monitoring the needle path. After local anesthesia, a
17-gauge coaxial needle (Co-Axial Introducer Needle; Argon Medical
Device; USA) was gradually inserted to reach the target lesion, ac-
cording to current guidelines [14]. When the coaxial needle was in
position, the internal stylet was removed and a 18-gauge core biopsy
needle (BioPince Full Core Biopsy instrument; Argon Medical Device;
USA) was immediately placed. The needle guide hub was occluded with
a finger during each transition between the stylet and the biopsy
needle. During this process, patients were instructed to breathe as
gently as possible or hold their breath according to their capabilities.

The notch length (13, 23 or 33mm) was set depending on the target
lesion size. Two or more samples were obtained for pathologic ex-
amination.

After the coaxial needle withdrawal, a CT acquisition of the whole
thorax was performed with the patient remaining in the same position,
in order to detect procedure-related complications.

2.3. Retrospective reading

A retrospective reading on PACS workstation (Advantage Window
7.7 GE Healthcare) was performed for all procedures by a chest radi-
ologist with 7 years of experience (VMB).

The target lesion characteristics were analyzed, including its greater
axial diameter, its density and feature (cavitary or not), its location
(subpleural, intrapulmonary or paramediastinal, upper and middle
lobes or lower lobe location, position relative to the left atrium center
and depth, defined as the shortest length from the peripheral pleura to
the nodule).

The presence or absence of emphysema on CT was also noted.
Procedure characteristics included the patient positioning, the

needle path length (Fig. 1) and the number of pleural passes (1 or> 1).
The notch length and the number of biopsy samples were retrieved from
the procedure report.

SAE was defined as the presence of air in the left cardiac cavities or
the aorta, visible on at least two consecutive slices, that was not present
on the pre-therapeutic CT. If air bubbles were already present in the
right cavities on the CT images performed prior to the biopsy, in con-
nection with a purge defect during the placement of the peripheral
venous pathway, these patients were not considered as part of “air
embolism group”.

Incidence of air embolism was also evaluated for each operator.
Procedure characteristics are summarized in Table 2.

2.4. Patient characteristics

Electronic medical records were used to collect the following in-
formation: age, gender, spirometry data (normal, obstructive or re-
strictive pattern), prior therapeutics received (ipsilateral surgery or
contralateral pneumonectomy, ipsilateral radiotherapy) and context or
not of vasculitis.

Patient characteristics are summarized in Table 1.

Table 1
Global population’s characteristics and results of univariate analysis for risk
factors of air embolism.

Characteristics Global
population
N=559

No air
embolism
N=532

Air
embolism
N=27

P value

Age (y) median(Q25-Q75) 65 (59-73) 65 (59-73) 669 (61-78) 0.11
Gender n (%) 0.83
Male 363 (64.9) 346 (65.0) 17 (63.0)
Female 196 (35.1) 186 (35.0) 7 (26.0)
Emphysema 0.66
Yes 226 (40.4) 214 (40.2) 12 (44.4)
No 333 (59.6) 318 (59.8) 15 (55.6)
Spirometry data n (%) 0.08
Normal 347 (62.4) 335 (63.3) 12 (44.4)
Obstructive pattern 186 (33.5) 173(32.7) 13 (48.2)
Restrictive pattern 23 (4.1) 21 (4.0) 2 (7.4)
Prior treatments
Ipsilateral surgery or

contralateral
pneumonectomy

0.38

Yes 27 (4.8%) 25 (4.7%) 2 (7.4%)
No 532 (95.2%) 507 (95.3%) 25 (92.6%)
Ipsilateral radiotherapy 0.16
Yes 15 (2.7%) 13 (2.4%) 2 (7.4%)
No 544 (97.3%) 519 (97.6%) 25 (92.6%)
Vasculitis 0.472
Yes 10 (1.8%) 10 (1.9%) 0 (0%)
No 549 (98.2% 522 (98.1%) 27 (100%)

Fig. 1. Different lengths of the needle trajectory. (a)Total intra pulmonary
path. (b)Needle path through ventilated lung. (c)Needle penetration depth in
the tumour.
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2.5. Other complications

The occurrence of other complications such as pneumothorax, intra
alveolar hemorrhage and hemoptysis was also analyzed.

2.6. Statistical analysis

Patients' characteristics are presented using median and inter-
quartile range (Q25-Q75) for continuous variables and frequencies with
proportions for categorical variables. The characteristics of the 2
groups, with and without SAE, were compared using Wilcoxon rank test
for continuous variables and Chi-square or Fisher test for categorical
ones. Multivariate logistic regression was performed to identify risk
factors for SAE. The dependent variables were included in the model
according to significance level or clinical coherence. A backward

selection was used; the α-to-enter and the α-to-exit were set, respec-
tively, at 0.20 and 0.10. Missing data have not been replaced. Statistical
bilateral significance threshold was set at 5%. Analyses were performed
using SAS version 9.1 (SAS Institute, Cary, North Carolina).

3. Results

3.1. Radiological and clinical features of air embolism

Whole thoracic CT acquisition after needle withdrawal, revealed
SAE in 27 of the 559 patients included (4.8% [95%CI: 3.3–7.0]).

Air was detected in the left atrium for thirteen patients (48%), in the
left ventricle for nine (33%), both in the left atrium and the left ven-
tricle for four and in the descending aorta for one.

For 21/27 patients (78%), the nodule area was outside the level of
the cardiac cavities, meaning that a targeted post procedural CT ac-
quisition limited to the nodule area would have missed the SAE.

The biopsy had been performed under general anesthesia in 3 cases
including one of the 27 patients with SAE.

The incidence of SAE was not different according to the operator,
respectively of 4.8%, 3.9%, 3.5%, 5.6% and 3.8% (p=0.98), even for
younger less experienced operators.

All SAE had been detected by the operator on the last whole thoracic
CT acquisition, allowing adapted management.

All but one were asymptomatic, so the clinical incidence was 0.17%.
The symptomatic patient was in prone position during the biopsy. At
the end of the procedure, after the last CT acquisition, the patient
moved his arm for a more comfortable position while the radiologist
was reading the CT images showing SAE in the left cardiac cavities
(Fig. 2). The patient experienced a sudden chest pain, with no ST
change on ECG monitoring, and developed a right hemiplegia. He was
immediately administered 100% oxygen through a mask and mobili-
zation was prohibited. On the control CT performed 4min later, a
complete resorption of air was observed. A brain CT scan was per-
formed and did not depict cerebral air embolism. Hyperbaric oxygen
therapy was performed at 3 atm absolute with 100% oxygen for 90min,
allowing right hemiplegia resolution. The patient was discharged after
one night of hospitalization.

The twenty-six other patients were asymptomatic. Their manage-
ment included initiation of 100% mask oxygen therapy, monitoring of
cardiac and respiratory parameters, prohibition of position changes and
repeated CT scans until air collection disappearance. All were dis-
charged on the same day of procedure except four patients who re-
quired chest tube placement for associated pneumothorax.

3.2. Risk factors for SAE

Tables 1 and 2 summarize the results of univariate analysis com-
paring patients who presented air embolism (n= 27) and those who
did not (n=532). The position of the patient (prone and right lateral
decubitus), the number of biopsy samples and the needle path length
through lung parenchyma differ significantly between the 2 groups. No
significant differences were observed for nodule size or nodule feature.
Only 2 of the 48 cavitary lesion biopsies were complicated by SAE.
Neither the lobar location nor the position of the target above the level
of the left atrium influenced the occurrence of SAE. The notch length
did not significantly differ between the 2 groups. No significant dif-
ferences were observed in prior treatment between the two groups even
if 7.4% of patients with SAE had a prior ipsilateral radiotherapy versus
only 2.4% of control group. Only 10 patients had vasculitis but none of
them presented air embolism.

The following variables were included in the multivariate model:
age, prior ipsilateral radiotherapy, length of needle path through ven-
tilated lung, number of biopsy samples number of pleural passes> 1,
position, spirometry data and emphysema. Depth, length of in-
trapulmonary path and location of lesion were not introduced in the

Table 2
Target lesion and procedure data and results of univariate analysis for risk
factors of air embolism.

Data Global
population
N=559

No air
embolism
N=532

Air
embolism
N=27

P value

Nodule size (mm)
median(Q25-Q75)

21 (13-42) 21 (13-43) 18 (14-33) 0.77

Nodule feature n (%) 0.25
Solid 455 (81.3) 435 (81.8) 20 (74.1)
Partially solid 34 (6.1) 30 (6) 4 (14.8)
Ground glass 22 (3.9) 21 (4) 1 (3.7)
Cavitary 48 (8.6) 46 (8.6) 2 (7.4)
Lesion location n (%)
Lobar location 0.26
Upper and middle lobes 347 (62.1) 333 (62.6) 14 (51.9)
Lower lobe 212 (37.9) 199 (37.4) 13 (48.1)
Topography 0.14
Sub pleural 242 (43.3) 234 (44.0) 8 (29.6)
Intrapulmonary or

paramediastinal
317 (56.1) 298 (56.0) 19 (70.4)

Location above the level
of left atrium

435 (77.8) 413 (77.6) 22 (81.5) 0.64

Depth (mm) median
(Q25-Q75)

7 (0-17) 7 (0-17) 13 (0.22) 0.07

Position n (%) 0.03
Right lateral decubitus 47 (8.4) 42 (7.9) 5 (18.5)
Prone 276 (49.4) 259 (48.7) 17 (63.0)
Supine 195 (34.9) 190 (35.7) 5 (18.5)
Left lateral decubitus 41 (7.3) 41 (7.7) 0 (0.0)
Length of the needle

trajectory (mm)
median(Q25-Q75)
Total intrapulmonary

path
19 (10-33) 19 (19-32) 28 (17-39) 0.03

Needle path through
ventilated lung

14 (0-30) 13 (0-30) 25 (15-36) 0.04

Needle penetration
depth in the tumour

2 (0-7) 2 (0-7) 3 (0-8) 0.71

Location of the needle
tip to the lesion

0.96

Outside 184 (32.9) 175 (32.9) 9 (33.3)
Inside 375 (67.1) 357 (67.1) 18 (67.7)
Number of pleural

passes> 1 n (%)
117 (20.9) 108 (20.3) 9 (33.3) 0.10

Number of biopsy
samples

3 (2-3) 3 (2-3) 3 (2-4) 0.03

median(Q25-Q75)
Notch length n (%)
13mm 458 (82.2) 437 (82.5) 21 (77.8) 0.63
23 mm 90 (16.2) 84 (15.9) 6 (22.2)
33mm 9 (1.6) 9 (1.7) 0 (0.0)
Post procedure

complications n (%)
Pneumothorax 58 (10.4) 54 (10.2%) 4 (14.8) 0.51
Hemoptysis 35 (6.3) 35 (6.6) 0 (0.0) 0.17
Alveolar opacities 171 (30.6) 161 (30.3) 10 (37.0) 0.46
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Fig. 2. (a) 62-year-old woman with a left lower lobe nodule, biopsied in prone position. (b) Post-procedure CT scan control performed on the whole thorax shows a
systemic air embolism in the left atrium (white arrow) and the left ventricle (black arrow). (c) CT scan control performed 4min later shows a complete resorption of
air.
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model because there were strongly correlated with length of needle
path through ventilated lung.

Logistic regression results (Table 3) confirmed that the most im-
portant risk factors for air embolism were position (ORRLD* vs. Other**:
6.15 (95% CI: 1.66–22.85) and ORProne vs. Other**: 3.12 (95% CI:
1.11–8.76)), length of needle path through ventilated lung and number
of biopsy samples. Thus, for each additional biopsy sample or for each
increase of 5mm of the length, the probability of air embolism was
multiplied by respectively 1.48 (95% CI: 1.01–2.17) and 1.13 (95% CI:
1.02–1.25). Age had also an important prognostic value with a multi-
plication of air embolism probability by a factor of 1.20 for each in-
crease of five years (95% CI: 0.99–1.46).

3.3. Other complications

Pneumothorax developed in 90 patients. Among them, 58 were
treated with a chest tube (10.4%) of whom 4 in “air embolism group”
(14.8%, p=0.51).

Parenchymal hemorrhage was detected on CT in 171 patients
(30.6%) of whom 10 in “air embolism group” (37%, p= 0.46).
Hemoptysis occurred in 35 patients (6.3%) within the global popula-
tion, none in the “air embolism group” (p=0.17). All were self-lim-
iting.

There were no significant differences in terms of associated com-
plications between patients with or without post-biopsy air embolism.

4. Discussion

This study showed an almost 5% systemic air embolism incidence
after percutaneous lung biopsy, when a post procedural CT acquisition
of the entire thorax is systematically performed. Prone and right lateral
position, numerous biopsy samples and longer needle path length were
independent risk factors for SAE in our study.

This incidence founded herein is significantly higher than expected.
In most previous retrospective studies reporting less than 1% SAE in-
cidence, the control CT scan was either limited to the target area or the
length of the CT acquisition was not specified. For example, a study led
by Ibukuro [15], in which he clearly outlines the limitations used i.e.
focusing on a target area and not on the entire chest, found a 0.21%
incidence of SAE. Similarly, a retrospective study of 2216 patients led
by Ishii [16] found an overall 0.45% SAE rate after biopsy, but there
was no mention as to whether their analysis extended to the whole

chest or focused on the target area. Conversely, in the study by Freund
[13], who performed a whole thoracic CT acquisition, the reported
incidence of SAE was 3.8%, which is in phase with our results. For 21 of
the 27 patients who presented SAE in our study (78%), the nodule area
did not correspond to the level of the cardiac cavities. By limiting the
volume of the post procedure CT scan to the target area, our SAE rate
would have been only 1% instead of 5%. The radiation exposure in-
crease related to the increase in acquisition volume must be weighed
against the expected benefit of an early diagnosis of air embolism. The
performance of an additional ultra-low dose acquisition could be
evaluated in a further prospective study.

In order to reduce the number of pleural and intra-parenchymal
passes, we always used a coaxial needle of 17 G so this factor could not
be analyzed. Furthermore, large pathological samples are needed for
pathology diagnosis and fingerprint analysis regarding guideline re-
commendations. Theoretically, larger needle size could increase the risk
of air embolism but it is noteworthy that many cases described in the
literature have occurred with small needle and non-coaxial techniques
[5,7,17,18]. In a large meta-analysis of Heerink [19], needle size was
not a significant risk factor for major complications.

Identifying air bubbles in the cardiac cavities before their migration
into the systemic arteries allows specific management to limit clinical
complications. The non-mobilization of patients during the first min-
utes of oxygen therapy and the CT assessment of air disappearance
before mobilization, may contribute to reduce air migration and sys-
temic complications [11,13,20]. The fact that the only patient who
developed symptoms in our study had prematurely moved, confirms the
importance of these management measures.

Two main mechanisms are recognized as potential causes of air
embolism during percutaneous lung biopsy. The first one is a direct
communication between a pulmonary vein and the needle lumen when
the coaxial needle stylet is removed. Occurrence of SAE depends on the
gradient between air and pulmonary vein. Atmospheric pressure being
constant, only a decrease in venous pressure can lead to air intake,
especially during deep inspiration, which should absolutely be avoided
during transition maneuvers. However, this implies that the tip of the
needle is unintentionally misplaced in a pulmonary vein instead of
being inside the target lesion. This is more likely to happen for small
lesions, however the target lesion size was not found to be a risk factor
for SAE in our study. Secondly, the needle path through aerated lung
may create a fistula between the airways and the pulmonary veins.
Then, any pressure increase in the airways may promote air embolism.

Table 3
Results of univariate and multivariate analysis of risk factors of air embolism.

Univariate analysisa (N=559) Multivariate analysis (N=556)

ORraw 95%CIraw Praw ORadjust 95%CIadjust Padjust
Age (for 5 years) 1.03 [0.99 1.07] 0.116 1.04 [1.00 1.08] 0.062
Ipsilateral radiotherapy 3.19 [0.68 14.93] 0.14 NS
Length of needle path through ventilated lung (for 5 mm) 1.10 [0.99 1.22] 0.087 1.13 [1.02 1.25] 0.024
Number of biopsy samples (1 unit) 1.45 [1.007 2.076] 0.046 1.48 [1.01 2.17] 0.046
Number of pleural passes
>1 1.96 [0.86 4.49] 0.110 NS
1 1
Position 0.028 0.013
Right lateral decubitus (RLD) 5.35 [1.49 19.27] 0.010 6.15 [1.66 22.85] 0.005
Prone 3.02 [1.10 8.31] 0.033 3.12 [1.11 8.76] 0.031
Otherb 1 1
Spirometry data 0.145
Obstructive pattern 2.10 [0.97 4.70] 0.072 NS
Restrictive pattern 2.66 [0.56 12.66] 0.219
Normal 1
Emphysema
Yes 1.19 [0.55 2.59] 0.663 NS
No 1

a Wald chi-2.
b Other= supine or left lateral decubitus.
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This is the case when patients are coughing or present severe COPD and
air trapping [8,21,22]. Unfortunately, we could not evaluate the im-
portance of coughing because this parameter was not systematically
reported. A higher frequency of airflow obstruction was observed in
patients with SAE in our study, even though this was not significant.
Some authors hypothesized that tumour location at a level higher than
that of the left atrium, could promote the occurrence of SAE by in-
creasing the gradient between airway and pulmonary vein pressure,
especially in prone position [13]. They recommended to perform
transthoracic biopsy with the patient in an ipsilateral-dependent posi-
tion to prevent SAE [23]. We found a higher incidence of SAE in prone
position but also in right lateral decubitus. This can be explained by an
increased vertical gradient in blood flow in right lateral decubitus [24].
Nevertheless, the gradient theory is probably insufficient in itself. Other
parameters are likely to increase the risk of fistula between the airways
and the pulmonary veins, such as longer needle path length through
ventilated lung or higher number of biopsy samples, both appearing as
independent risk factors in our study.

Certain conditions such as post-inflammatory changes in a portion
of the lung traversed by the needle, increase vascularity, vasculitis or
friable lung tissue, can interfere with the normal hemostatic mechan-
isms and result in prolonged exposure of the vessel lumen to the airway
[8,18,25]. We have only found a trend of higher risk in case of prior
ipsilateral radiotherapy (7.4 versus 4.8%) but this was not significant
(p=0.16) maybe because of the small number of irradiated patients.
Similarly, we did not find any associated with vasculitis, but this again
might be explained by the limited number of cases.

In a recent retrospective study of 1014 patients, of which half had post
biopsy CT scan performed on the entire thorax Jang H et Al [26] identified
location of the needle tip outside of the lesion and pulmonary hemorrhage
as significant risk factors for SAE. These two parameters were not asso-
ciated with an increased risk of SAE in our study. Patient positioning was
not associated with the occurrence of SAE in the study by Jang et al but
they used different definitions, with a distinction between prone and ob-
lique prone position which could partly explain our different results.

4.1. Limitations

Our study had several limitations. First, the design was retro-
spective. Therefore, some risk factors such as coughing could not be
assessed because they were not systematically reported. Second, even if
the sample size was relatively high, it did not allow to reach statistically
significance for infrequent risk factors. Third, it was a monocentric
study. However, the procedures used correspond to standard practice.

The last limitation concerns the lack of proof that early management
in asymptomatic SAE patients significantly decreases the complication
rate. This would require a randomized study which is not possible to
undertake in view of the rarity of SAE. Furthermore, it would not be
ethical to not apply preventive measures in one SAE patient group.

In conclusion, we showed that post lung biopsy systemic air em-
bolism is a more frequent complication than expected, when per-
forming whole thoracic CT acquisition, with a radiological incidence of
4.8%. A control CT scan of the whole thorax should thus systematically
be performed after lung biopsy, before patient mobilization with par-
ticular attention to detect the slightest presence of air in the left cardiac
cavities or aorta, in order to prevent systemic complications by adapted
management. Several factors are likely to favor the occurrence of SAE
such as prone and right lateral position, higher number of biopsy
samples and longer needle path length through ventilated lung. Being
aware of these risk factors could contribute to reduce SAE incidence,
the most severe complication of percutaneous lung biopsy.
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