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Abstract

Purpose To determine risk factors for systemic air

embolism by percutaneous computed tomography (CT)-

guided lung biopsy.

Methods This case-control study used data from 2216 per-

cutaneous lung biopsy procedures performed over 11 years at

12 institutions in Japan. Systemic air embolism was identified

by retrospective review of CT images obtained during and

immediately after the procedures. To fulfill our objective,

multiple variables were compared between cases and controls

with univariate analyses by using Student’s t test and Fisher’s

exact test for numerical and categorical values, respectively.

Multivariate logistic regression analysis was then performed

using selected variables.

Results Ten cases of systemic air embolism and 2,206

controls were identified. Univariate analyses showed that the

lesions in the lower lobe (P = 0.025) and occurrence of

parenchymal hemorrhage (P = 0.019) were significant risk

factors. Multivariate analysis showed that the use of a larger

biopsy needle was a significant risk factor (P = 0.014).

Conclusion Parenchymal hemorrhage during the proce-

dure, lesions in the lower lobe, and the use of larger biopsy
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needles may be risk factors for systemic air embolism by

percutaneous CT-guided lung biopsy. Our findings may

provide clues toward minimizing the risk of this

complication.

Keywords Air embolism � Complication �
CT-guided biopsy � Lung � Percutaneous

Introduction

Percutaneous computed tomography (CT)-guided lung

biopsy is a procedure that can provide high diagnostic

accuracy for pulmonary lesions [1]. Systemic air embo-

lism is a potentially fatal complication and is thus of

considerable concern. The risk of this complication was

thought to be quite low—0.02 to 0.07 % according to a

review of the literature [2–4]. However, some recent

studies show higher risks [5–8]. In 2007, Hiraki et al. [5]

reported four cases of this complication from a single

institution, for a risk of 0.4 % (4 of 1,010). Several

researchers subsequently reported multiple cases from

single centers with risks ranging from 0.16 to 0.27 %

[6–8]. Recognizing the risk factors for this complication

is important for minimizing the risk. In previous case

reports, various factors have been assumed to contribute

to this complication, including coughing during the pro-

cedure [9, 10], positive pressure ventilation [11, 12],

needle tip placement within a pulmonary vein [13], pro-

cedure for a cystic or cavitary lesion [14–16], patients

with vasculitis [17–19], and lesions exhibiting ground

glass opacity [5]. However, risk analysis has been rarely

performed because the rarity of this complication may

interfere with performing such an analysis restricted to

data from a single center. Therefore, we carried out a

multicenter case-control study to determine the risk fac-

tors for systemic air embolism by percutaneous CT-gui-

ded lung biopsy.

Materials and Methods

Study Design and Study Population

This was a case-control study using data collected between

April 2000 and April 2011 from 12 institutions in Japan.

These institutions were selected from 18 institutions in five

prefectures in Western Japan that employed members of

the Society of Angiography and Interventional Radiology

Okayama (SAIRO). These 12 institutions were selected

because members of SAIRO perform CT-guided lung

biopsy; the other six institutions were excluded because

they do not. During the 11-year period, a total of 2,216

procedures were performed, constituting the study popu-

lation. Transthoracic biopsies for mediastinal or pleural

lesions were excluded. This study included three cases of

systemic air embolism by CT-guided lung biopsies that

were reported previously [5]. Review board approval with

a waiver of informed consent for performing the present

study was obtained from the main institution (Okayama

University Medical School) as well as the other six insti-

tutions. The remaining five institutions did not require review

board approval for the use of data for the present study.

Percutaneous CT-guided Lung Biopsy Procedures

Informed consent, including acknowledgment of a risk of

systemic air embolism, was obtained from patients before

the procedure. Patients who received antiplatelet or antico-

agulant drugs were asked to stop taking those before the

procedure, if possible. Otherwise, the drugs were replaced by

intravenous heparin, which was then stopped 4 h before the

procedure. The patients with coagulopathy (e.g., platelet

count \30,000/ll or prothrombin time-international nor-

malized ratio[1.5) did not undergo the procedure.

All procedures at the main institution were performed

percutaneously under CT guidance by an experienced

radiologist or a radiology trainee under the direct super-

vision of an experienced radiologist. All procedures in

other 11 institutions were performed by radiologists who

had at least a few years of experience of CT-guided lung

biopsy in a main institution. Positive pressure ventilation

was not used during the procedure in any of the patients. A

cutting biopsy needle was used in all procedures. Although

two notch sizes (10 and 20 mm) were available, the notch

length was always set at 20 mm because we believed that

more specimens improving diagnostic accuracy could be

obtained with this notch length. Although a 20-gauge

coaxial biopsy needle system was selected in the majority

of the cases, needles larger than 20 gauge (18 or 16 gauge)

and noncoaxial methods were occasionally selected. The

exact reasons for such selections were not determined in

this retrospective study.

CT scans were obtained to target the lesion. Needle

paths that did not cross visible bronchi and relatively large

vessels were determined. After administration of a local

anesthetic, the biopsy needle was advanced through or

without an introducer needle until its tip was positioned in

front of the lesion. Because no pathologist was available on

site, specimen acquisition was repeated until the operators

considered the specimens adequate. Immediately after

the acquisition of the specimens, chest CT images were
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obtained to evaluate complications, including systemic air

embolism. No other interventions that could cause systemic

air embolism were performed.

Data Collection

The CT images obtained before, during, and after the

procedure, patient charts, and procedure records of 2,216

patients were retrospectively reviewed to collect data

between May 2011 and September 2011. For risk analysis,

multiple variables related to the patients, lesions, and

procedures were collected. The patient variables included

age, sex, and the presence of pulmonary emphysema.

Pulmonary emphysema was diagnosed if centrilobular or

panlobular emphysema, bullae, and blebs were observed

anywhere in the lung on CT images.

The lesion variables included size (long axis diameter),

lobar location (upper and middle lobes or lower lobe), distance

to the pleura, subtype of lesion (pure ground glass, partly solid,

or solid), and biopsy diagnosis (malignant or benign). The

distance to the pleura was the shortest length from the pleura to

the lesion. Ground glass opacity was defined as a homoge-

neous appearance on high-resolution CT with hazy increased

attenuation of the lung and preservation of the bronchial and

vascular margins [20]. The lesions with a ground glass opacity

component of [95 % were designated pure ground glass

opacity lesions, whereas those with a ground glass opacity

component of\5 % were designated solid lesions. The other

lesions were designated as partly solid lesions.

The procedure variables included the patient position, use

of a coaxial needle system, size of the biopsy needle used (20

gauge or larger [18 or 16 gauge]), number of specimens

obtained, duration of the procedure, operator’s experience of

the procedure, occurrence of pneumothorax, and occurrence

of parenchymal hemorrhage. Operator’s experience was

expressed as the number of years since the operator started

performing CT-guided lung biopsy. The duration of the pro-

cedure was estimated as the time between CT scanning to

target the lesion and CT scanning immediately after the pro-

cedure. Parenchymal hemorrhage was defined as new paren-

chymal infiltration on CT images obtained immediately after

the procedure. However, haziness only along the needle tract

was not considered to represent parenchymal hemorrhage.

Case Identification

To identify cases of systemic air embolism, CT images

obtained during and immediately after the 2,216 lung

biopsies were reviewed retrospectively. If a hypodense area

suspected to represent air was found in the systemic cir-

culation, the region of interest was placed on it. A Houns-

field unit value of less than -200 was indicative of

systemic air.

Data Analysis

The missing data in the controls were excluded from the

analysis. First, univariate analyses were performed by

Student’s t test and Fisher’s exact test for numerical and

categorical values, respectively. Second, crude and adjus-

ted odds ratios (ORs) were calculated using univariate and

multivariate logistic regression analyses, respectively. The

multivariate analysis was performed by including all but

one variable with zero value in a given category, which

would interfere with the accurate estimation of the P value

and OR. Third, supplementary analyses were subsequently

performed to address the issue of overadjustment. Thus, we

adjusted the variables for which the P value was \0.10 in

the univariate or the multivariate analysis sequentially for

patient factors, lesion factors, and procedure factors. The

variable with a value of zero in a given category was also

excluded from these supplementary analyses.

ORs were calculated with 95 % confidence intervals

(CIs). A P value of \0.05 was considered statistically

significant. Statistical analysis was performed by SPSS

software, version 19.0 (IBM, Armonk, NY).

Results

We identified 10 cases of systemic air embolism at five

institutions for an overall risk of 0.45 % (10 of 2,216). The

remaining 2,206 procedures were served as controls. In the

five asymptomatic cases, an operator incidentally noticed

systemic air on CT images obtained immediately after

biopsy. In four of the five symptomatic cases, an operator

suspected systemic air embolism from the patients’

symptoms and then confirmed systemic air on CT images.

In the remaining symptomatic case, an operator suspected

systemic air embolism but did not detect it on the CT

images. However, systemic air was found when the CT

images were retrospectively reviewed at the time of this

study.

The characteristics of the 10 cases are summarized in

Tables 1 and 2. Briefly, systemic air was demonstrated in

the left chamber of the heart (Figs. 1, 2), the aorta (Figs. 1,

2), and the coronary artery (Fig. 3). In two cases, systemic

air was also detected in the cerebral or cerebellar artery on

brain CT images obtained after the chest CT scan (Fig. 3).

Patient symptoms and signs varied from no symptoms to

signs to rapid manifestation of shock status with loss of

consciousness. The treatments also varied among the cases

and included no treatment, 100 % O2 administration,

hyperbaric oxygen therapy, and suction of aortic air though

a catheter. Regardless, all 10 cases were nonfatal with no

sequelae.
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Table 1 Characteristics of patients, lesions, and procedures in 10 cases of systemic air embolism

Patient Lesion Procedure

Patient no./age

(years)/sex

Pulmonary

emphysema

Lobar

location

Size

(mm)

Subtype Position Biopsy needle Coughing

episode

Parenchymal

hemorrhage

Biopsy

diagnosis

1/68/M Yes Lower 9 Solid Prone 20-gauge coaxial

system

Yes Yes Malignancy

2/71/M Yes Lower 12 Part solid Prone 20-gauge coaxial

system

Yes Yes Malignancy

3/75/F No Lower 13 Solid Prone 20-gauge coaxial

system

Yes Yes Benign

4/66/F No Lower 25 Pure

ground

glass

Prone 20-gauge coaxial

system

Yes Yes Malignancy

5/75/F No Lower 12 Solid Prone 18-gauge coaxial

system

No Yes Malignancy

6/71/F No Lower 30 Solid Prone 20-gauge coaxial

system

Yes Yes Malignancy

7/68/F No Upper 12 Solid Supine 20-gauge

noncoaxial

system

No Yes Benign

8/80/M Yes Upper 25 Solid Supine 18-gauge coaxial

system

No Yes Malignancy

9/53/M No Lower 18 Solid Lateral 20-gauge coaxial

system

NA Yes Malignancy

10/71/M No Lower 13 Solid Prone 20-gauge coaxial

system

No Yes Malignancy

NA data not available

Table 2 Summary of 10 cases of systemic air embolism

Patient

no.

Location of systemic

air on CT

Patient symptoms and signs Treatment Patient

outcome

1 Left atrium, descending

aorta

Loss of sight 100 % O2 administration Alive

without

sequelae

2 Left ventricle Epigastric pain 100 % O2 administration,

hyperbaric oxygen therapy

Alive

without

sequelae

3 Left atrium, descending

aorta

Asymptomatic 100 % O2 administration,

hyperbaric oxygen therapy

Alive

without

sequelae

4 Left ventricle,

descending aorta

Asymptomatic 100 % O2 administration Alive

without

sequelae

5 Left atrium Asymptomatic 100 % O2 administration Alive

without

sequelae

6 Descending aorta, left

atrium

Asymptomatic 100 % O2 administration Alive

without

sequelae

7 Left ventricle, right

cerebral artery

Hypotension, hemiplegia, eye deviation,

convulsion, loss of consciousness

100 % O2 administration Alive

without

sequelae

8 Ascending aorta, right

coronary artery

Hypotension, eye deviation, loss of consciousness,

ST-segment elevation on electrocardiogram

100 % O2 administration, suction

of aortic air through catheter

Alive

without

sequelae
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Table 3 lists the distributions of all variables in both the

cases and the controls and shows the results of univariate

analyses by Student’s t test or Fisher’s exact test. The lobar

location of the lesion and occurrence of parenchymal

hemorrhage were significant risk factors (P = 0.025 and

0.019, respectively).

Table 4 presents the results of the univariate and mul-

tivariate logistic regression analyses. The univariate

logistic regression analyses showed that the risk for sys-

temic air embolism was 5.25 times higher for lesions in the

lower lobe than for those in the upper and middle lobes,

and it was infinitely higher for procedures accompanied

with parenchymal hemorrhage than for those without. The

variable of parenchymal hemorrhage was excluded from

the multivariate logistic regression analysis because it

accompanied all cases and absence of parenchymal

hemorrhage in cases thus had zero value. The multivariate

analysis showed that the use of biopsy needle [20 gauge

was a significant risk factor (P = 0.014), posing a 10.1

times higher risk than the use of a 20-gauge needle.

Smaller lesion size tended to increase the risk, although

this trend was not significant (P = 0.08).

In the supplementary analyses, the effects of the lesion

size, lobar location of the lesion, and size of the biopsy

needle were adjusted sequentially for patient factors, lesion

factors, and procedure factors. The variable of parenchy-

mal hemorrhage was excluded from the analyses. The

supplementary analyses yielded adjusted ORs of 0.93 to

0.95, 3.12 to 8.21, and 3.25 to 5.30 for procedures on larger

Table 2 continued

Patient

no.

Location of systemic

air on CT

Patient symptoms and signs Treatment Patient

outcome

9 Left ventricle Asymptomatic Conservative therapy Alive

without

sequelae

10 Right coronary artery,

left cerebellar artery

Hypotension, bradycardia 100 % O2 administration Alive

without

sequelae

CT computed tomography

Fig. 1 Patient 1. CT fluoroscopic image obtained during biopsy with

the patient in the prone position showing air (large arrows) in the left

atrium and the descending aorta. The arrowhead denotes the biopsy

needle. Note the parenchymal hemorrhage (small arrows) ahead of

the tip of the biopsy needle Fig. 2 Patient 6. CT fluoroscopic image obtained during biopsy with

the patient in the prone position showing air (large arrows) in the

descending aorta and the left atrium. The large arrowhead denotes the

biopsy needle being introduced into the solid tumor (small arrow-

head). Note the parenchymal hemorrhage (small arrows)
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lesions, the use of biopsy needles[20 gauge, and lesions in

the lower lobe, respectively.

Discussion

Our study suggested that the use of a larger biopsy needle,

parenchymal hemorrhage, and lesion in the lower lobe

were risk factors for systemic air embolism. Among these,

the use of a larger biopsy needle is an avoidable factor. The

use of a larger biopsy needle as a risk factor can easily be

explained by the creation of larger bronchovenous fistulas

as a result of using larger biopsy needles, increasing the

risk of systemic air embolism. Parenchymal hemorrhage

was an important risk factor, with a crude OR of ?.

Parenchymal hemorrhage cannot always be avoided, but its

risk may be reduced. Parenchymal hemorrhage may indi-

cate injury of the pulmonary vessels. Alveolar air may be

introduced into the pulmonary vein through the injured

venous wall. Furthermore, parenchymal hemorrhage may

promote the coughing up of blood. Although the pulmon-

ary vein pressure is normally only 10 cm H2O, intrapul-

monary pressure rises markedly to 180 cm H2O or even

higher during the early phase of coughing before glottic

opening [21]. Given these facts, coughing induced by

parenchymal hemorrhage may facilitate the migration of

alveolar air into the pulmonary vein as a result of the

marked elevation of the pressure gradient. In fact, a

coughing episode was observed in five of the 10 patients.

Furthermore, parenchymal hemorrhage is theoretically

attributable to a considerable extent to cutting of the lung

parenchyma, which increases the risk of the creation of a

bronchovenous fistula.

Location of the lesion in the lower lobe is another risk

factor, but this is inevitable. The vessels are much larger in

the lower lobes than those in other lobes. Thus, procedures

performed in the lower lobe may pose a higher risk of

injuring the veins and thereby causing systemic air embo-

lism. Greater respiratory motion, which is more likely to

enlarge the needle tract, occurs during the procedure in the

lower lobe. Greater respiratory motion of the lung may also

make the procedure more difficult and necessitate a greater

number of redirections of the needle to reach the lesion.

Injury to the pulmonary vein and airway by needle

bFig. 3 Patient 10. A CT fluoroscopic image obtained during biopsy

with the patient in the prone position showing a coaxial biopsy needle

(arrow) being introduced into the solid lesion (arrowhead). B CT

image obtained immediately after biopsy with the patient in the prone

position showing air (arrows) in the right coronary artery. C Brain CT

image obtained after biopsy showing air (arrow) in the left cerebellar

artery
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redirection and enlarged needle tracts may possibly

increase the risk for systemic air embolism. Lobar location

of the lesion is related to patient positioning during the

procedure. Thus, the patient positioning was prone in seven

cases because most of the patients with a lesion in the

lower lobe were placed in the prone position. However,

patient positioning was not significantly associated with the

occurrence of systemic air embolism.

Smaller lesions tended to increase the risk for systemic

air embolism. Biopsy for a smaller lesion is more likely to

be accompanied with a cutting of the parenchyma that

causes creation of a bronchovenous fistula. Especially for

lesions \20 mm in size, the procedure could be accom-

panied with cutting of the parenchyma because we always

selected 20 mm as the notch size of the biopsy needle

regardless of lesion size.

The results of the present study may provide clues for

designing methodological precautions to minimize the risk of

systemic air embolism. Given that cutting the parenchyma

causes parenchymal hemorrhage, specimens should be

obtained only from the lesion, rather than from parenchymal

areas, whenever possible. Therefore, the notch size of the

biopsy needle should be set at 10 mm rather than 20 mm for

lesions\20 mm in size. One might suggest that 20-mm notch

size is preferable because the larger the tissue sample, the

better it is for diagnosis; indeed, additional specimen is

required especially for examination via immunohistochem-

istry and for analysis of gene mutation. In our opinion,

however, greater sample can be obtained by repeating spec-

imen acquisition with a 10-mm notch rather than by selecting

Table 3 Characteristics of cases and controls

Variable Cases

(n = 10)

Controls

(n = 2,206)

P valuea

Patient factors

Age (years) 0.67

Mean ± SD 69.8 ± 7.2 68.4 ± 10.9

Sex 0.34

Male 5 (50 %) 1,422 (64 %)

Female 5 (50 %) 784 (36 %)

Pulmonary emphysema 1.00

Yes 3 (30 %) 751 (34 %)

No 7 (70 %) 1,438 (65 %)

NA 0 (0 %) 17 (1 %)

Lesion factors

Size (mm) 0.11

Mean ± SD 16.9 ± 7.2 25.5 ± 17.1

Lobe 0.025

Upper and middle 2 (20 %) 1,250 (57 %)

Lower 8 (80 %) 952 (43 %)

NA 0 (0 %) 4 (0 %)

Distance to pleura (mm) 0.31

Mean ± SD 4.7 ± 5.0 8.1 ± 10.6

Subtype 0.89

Solid 8 (80 %) 1,851 (84 %)

Part solid 1 (10 %) 196 (9 %)

Pure ground glass 1 (10 %) 142 (6 %)

NA 0 (0 %) 17 (1 %)

Biopsy diagnosis 0.73

Benign 2 (20 %) 552 (25 %)

Malignant 8 (80 %) 1,331 (60 %)

NA 0 (0 %) 323 (15 %)

Procedure factors

Positioning 0.20

Supine 2 (20 %) 959 (43 %)

Prone and lateral 8 (80 %) 1,242 (56 %)

NA 0 (0 %) 5 (0 %)

Use of coaxial needle 1.00

Yes 9 (90 %) 1,946 (88 %)

No 1 (10 %) 194 (9 %)

NA 0 (0 %) 66 (3 %)

Size of biopsy needle

(gauge)

0.16

20 8 (80 %) 1,981 (90 %)

[20b 2 (20 %) 155 (7 %)

NA 0 (0 %) 70 (3 %)

No. of specimens 0.30

Mean ± SD 2.4 ± .8 2.8 ± 1.1

Duration of procedure

(min)

0.16

Mean ± SD 38.1 ± 13.6 31.1 ± 14.0

Table 3 continued

Variable Cases

(n = 10)

Controls

(n = 2,206)

P valuea

Operator’s experience

(years)

0.47

Mean ± SD 7.8 ± 3.4 9.1 ± 5.5

Pneumothorax 0.35

No 4 (40 %) 1,213 (55 %)

Yes 6 (60 %) 936 (42 %)

NA 0 (0 %) 57 (3 %)

Parenchymal hemorrhage 0.019

No 0 (0 %) 741 (34 %)

Yes 10 (100 %) 1,397 (63 %)

NA 0 (0 %) 68 (3 %)

Missing data are excluded from analysis

SD standard deviation, NA data not available
a P value was obtained by univariate analysis by Student’s t test or

Fisher’s exact test
b Size of biopsy needle was 18 gauge in 2 cases and 154 controls, and

16 gauge in 1 control
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the 20-mm notch. A coaxial needle system may facilitate

repetition of specimen acquisition. When the specimen is

deemed nevertheless inadequate, a 20-mm notch size may be

selected. Furthermore, operators should use 20-gauge biopsy

needles rather than larger needles. Despite the acquisition of a

larger sample with the use of larger needles, Hiraki et al. [1]

showed 95 % diagnostic accuracy with the use of 20-gauge

needles for 1,000 lung lesions.

Table 4 Results of univariate and multivariate logistic regression analyses

Variable Univariate analysis Multivariate analysis

Crude odds ratio (95 % CI) P value Adjusted odds ratio (95 % CI) P value

Patient factors

Age 1.01 (0.95–1.08) 0.67 1.02 (0.95–1.10) 0.60

Sex

Male 1.00 Ref 1.00 Ref

Female 1.81 (0.52–6.28) 0.35 1.46 (0.29–7.36) 0.65

Pulmonary emphysema

Yes 1.00 Ref 1.00 Ref

No 1.22 (0.31–4.73) 0.78 1.00 (0.15–6.60) 1.00

Lesion factors

Size 0.95 (0.88–1.01) 0.11 0.91 (0.82–1.01) 0.08

Lobe

Upper and middle 1.00 Ref 1.00 Ref

Lower 5.25 (1.11–24.8) 0.036 3.86 (0.53–28.1) 0.18

Distance to pleura .96 (0.88–1.04) 0.32 0.95 (0.86–1.05) 0.29

Subtype

Solid 1.00 Ref 1.00 Ref

Part solid 1.13 (0.14–8.96) 0.91 1.03 (0.11–9.91) 0.98

Pure ground glass 1.60 (0.20–12.7) 0.66 1.44 (0.14–14.5) 0.76

Biopsy diagnosis

Benign 1.00 Ref 1.00 Ref

Malignant 1.66 (0.35–7.84) 0.52 1.85 (0.33–10.2) 0.48

Procedure factors

Positioning

Supine 1.00 Ref 1.00 Ref

Prone and lateral 3.09 (0.65–14.6) 0.15 0.92 (0.13–6.81) 0.94

Use of coaxial needle

Yes 1.00 Ref 1.00 Ref

No 1.12 (0.14–8.84) 0.92 1.37 (0.12–15.5) 0.80

Size of biopsy needle

20 gauge 1.00 Ref 1.00 Ref

[20 gauge 3.20 (0.67–15.2) 0.14 10.1 (1.59–64.7) 0.014

No. of specimens 0.70 (0.36–1.36) 0.29 0.65 (0.32–1.31) 0.23

Duration of procedure 1.03 (0.99–1.06) 0.16 1.03 (0.99–1.08) 0.20

Operator’s experience 0.96 (0.85–1.08) 0.47 0.93 (0.80–1.09) 0.38

Pneumothorax

No 1.00 Ref 1.00 Ref

Yes 1.94 (0.55–6.91) 0.30 1.80 (0.40–8.04) 0.44

Parenchymal hemorrhagea

No 1.00 Ref NA NA

Yes – 0.99 NA NA

CI confidence interval, NA data not available, Ref reference value
a The variable of parenchymal hemorrhage was excluded from multivariate analysis
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Our findings must be interpreted with caution because of

the inherent and unavoidable limitations in the study. The

data were collected from the institutions belonging to a

specific society. Thus, the results might not be generaliz-

able to other institutions. Data were missing for several

variables. The rarity of this complication resulted in a small

number of cases, leading to large CIs. Multiple testing is

associated with an inflated type I error rate. Another lim-

itation is the potential for residual confounders. For

example, coughing during the procedure was not evaluated

because of the considerable amount of missing data in the

control group. Furthermore, parenchymal hemorrhage was

excluded from the adjusted models but may act as a

residual confounder. Therefore, we recognize that the

present study is a preliminary one. Further larger studies

are required to confirm or refute the present findings.

In conclusion, parenchymal hemorrhage during the

procedure, the use of larger biopsy needles, and lesions in

the lower lobe may be risk factors for systemic air embo-

lism by percutaneous CT-guided lung biopsy. Our findings

may provide clues toward minimizing the risk of this

complication.
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