
 

Radiology Case. 2017 Jun; 11(6):6-14 

Thoracic Radiology: Systemic Air Embolism after Percutaneous Lung Biopsy: A Manageable Complication Fiore et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g
y
C

ases.co
m

 

6 

Systemic Air Embolism after Percutaneous Lung 

Biopsy: A Manageable Complication 

Lucas Fiore1, Nathan Elie Frenk2, Guilherme Lopes Pinheiro Martins1,3,  

Publio Cesar Cavalcante Viana1,3, Marcos Roberto de Menezes1,2,3* 

1. Radiology and Image Guided Intervention Service, Instituto do Câncer do Estado de São Paulo, University of São Paulo, São Paulo, 

Brazil 

2. Radiology Department, Hospital das Clínicas, University of São Paulo, Sao Paulo, Brazil  

3. Radiology and Imaged Guided Intervention Service, Hospital Sírio Libanes, São Paulo, Brazil 

* Correspondence: Marcos Roberto de Menezes, PhD, Instituto do Câncer do Estado de São Paulo, University of São Paulo, São Paulo, 

Brazil; Hospital Sírio Libanes, São Paulo, Brazil 

(  menezesmr@gmail.com) 

 

Radiology Case. 2017 Jun; 11(6):6-14    ::    DOI:  10.3941/jrcr.v11i6.2990 

 

ABSTRACT 

CT-guided percutaneous biopsy is a resourceful and widely used tool to 

evaluate pulmonary nodules that frequently avoids costly and unnecessary 

surgeries. Severe complications occur in less than 1% of cases and include 

gas embolism, which is rarely documented. We report a case of gas 

embolism after transthoracic biopsies and discuss the pathophysiology and 

the benefits of early diagnosis and proper management. 

 

 

 

CASE REPORT 
 

 

 

 

 

 

A 57-year-old female with history of locally advanced 

squamous cell carcinoma of the larynx and tracheostomy 

underwent a routine cervical CT scan, which revealed a 

cavitary lung nodule in the right upper lobe, measuring 2.5 x 

1.4 cm, that was suspicious for malignancy (Figure 1). 

 

A biopsy was performed in an interventional suite with 

CT fluoroscopy capabilities (Brilliance 40 CT Scanner, 

Phillips, Netherlands). The procedure was performed with 

local anesthesia and a 16/18-gauge semi-automatic coaxial 

core-biopsy needle (QCS-18-15.0-10T, Cook, USA). No 

sedation was employed and the patient was placed in the prone 

position. 

 

Immediately after the needle was positioned inside the 

nodule (Figure 2), the patient developed cough, hemoptysis 

and agitation. Immediate imaging revealed gas inside the 

thoracic aorta (Figures 3, 4). The patient quickly developed 

cardiac arrest with pulseless electrical activity, and 

cardiopulmonary resuscitation procedures, including 

norepinephrine administration, were performed. Return to 

spontaneous circulation and blood pressure stabilization 

occurred within approximately five minutes. Decision was 

made to take the patient immediately to the intensive care unit 

for clinical management, and no CT of the brain was 

performed at that time. The clinical staff opted not to perform 

a CT of the brain later because the patient did not develop 

neurological deficits. A chest radiograph performed three 

hours after the procedure (Figure 5) showed no gas inside the 

thoracic aorta or coronary arteries. The patient remained 

hospitalized for thirteen days, and was discharged without any 

sequelae related to the gas embolism. 

 

Follow-up chest CT (Figure 7) two months after the 

procedure demonstrated spontaneous decrease in size of the 

lung nodule, suggesting a benign etiology. 

 

 

 

 

CASE REPORT 
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 Etiology & Demographics:  

 

Pulmonary nodules represent a challenge to daily medical 

practice [1]. Pulmonary nodule detection became common 

after the development of multidetector computed tomography 

(CT) scanners in the late 1990s [2], and cancer screening trials 

will likely result in the detection of an even greater number of 

pulmonary nodules in the near future [3]. 

 

Despite the importance of CT scans in the evaluation of 

pulmonary nodules (table 2), these nodules are often classified 

as indeterminate. An image-guided percutaneous biopsy is 

therefore an important resource for the evaluation of 

pulmonary nodules [2,4], with an overall accuracy of 95% and 

a positive predictive value for the diagnosis of malignancies of 

up to 99.3%, even for nodules smaller than 1.0 cm in size [5]. 

Thus, this method may help avoid costly and unnecessary 

surgeries [4]. 

 

The most frequent complication resulting from 

percutaneous pulmonary biopsies is pneumothorax (~35% of 

procedures) [6]. Known risk factors for pneumothorax include 

underlying chronic obstructive pulmonary disease, underlying 

moderate-to-severe emphysema, longer needle path (>4 cm), 

subpleural lesions, smaller lesions and wider insertion angle of 

the needle, among others [7,8]. Severe complications such as 

malignant seeding, tension pneumothorax, severe alveolar 

hemorrhage, hemothorax and gas embolism occur only in less 

than 1% of cases [9,10]. 

 

From January 2009 to October 2014, approximately 2750 

thoracic percutaneous biopsies were performed at the author’s 

institutions. To date, only two cases of arterial gas embolism 

have been diagnosed (0.07%). 

 

The incidence of arterial air embolism reported in the 

literature ranges from 0.02 to 0.4%. The actual rate is 

estimated to be approximately 3.8% because it is often 

asymptomatic and not diagnosed [11-13]. No large case series 

have been published. 

 

Air embolism is likely caused by a fistula between the 

pulmonary vein and the atmosphere or the airway (bronchi or 

alveoli) created by the biopsy needle. Factors that increase the 

pressure gradient between the airway and pulmonary vein, 

such as positive end-expiratory pressure ventilation, coughing 

during biopsy, obstructive pulmonary disease with air 

trapping, and the prone position, are thought to increase the 

risk of air embolism [11,12,14]. Lower lobe localization and 

larger caliber needles may also increase the risk of air 

embolism [15,16]. However, no controlled series has been 

published in the literature to establish definitive risk factors. 

The reported patient was in the prone position, with a 

relatively large-caliber coaxial needle, and coughed during the 

procedure. Given the association between alveolar hemorrhage 

and coughing, it is controverse to suggest cough as an 

independent risk factor. More importantly, cough is not 

actually preventable. In our institution, many lung biopsies are 

performed with patients in the prone position because it is 

usually less stressful for patients (who often become anxious 

when viewing the needles during the procedure). The prone 

position also facilitates promptly turning the patients biopsy 

side down after the procedure to reduce the risk of 

pneumothorax [17]. In addition, we believe that choosing one 

lesion as a target over another based on the risk of such a rare 

event, such as an arterial air embolism, instead of more 

practical technical issues (such as attempting to traverse fewer 

vessels and less parenchyma or choosing larger and easier 

targets or less necrotic lesions) might not be ideal. Given this, 

we believe that instead of being concerned with non-

modifiable, patient-related risk factors or debatable target-

related issues, interventional radiologists should be concerned 

with early recognition and the adequate treatment of air 

embolisms. 

 

The most serious concern regarding gas entering the 

arterial system is the occlusion of functional end arteries 

within the cardiac and cerebral circulation, which may result in 

severe morbidity or death [18,19]. Air bubbles in the coronary 

and cerebral arteries may cause mechanical obstruction, 

vasospasm induced by the intra-arterial air or air-induced 

platelet activation and thrombogenesis, or an inflammatory 

response in the endothelium resulting in impaired blood flow 

[19-21]. Again, the most critical issue in managing this 

situation is an accurate and early diagnosis. 

 

 

Clinical & Imaging Findings: 

 

The clinical manifestations are mainly related to air 

embolism in the coronary or brain circulation, and include 

neurologic alterations (focal neurologic deficits, seizures, and 

altered levels of consciousness) and manifestations related to 

heart ischemia (chest pain, hypotension, dyspnea, 

dysrhythmias, and cardiopulmonary arrest). Importantly, these 

signs and symptoms may occur either immediately or several 

minutes after the biopsy. Moreover, an under-recognized 

proportion of patients submitted to lung biopsy likely develop 

air emboli and are asymptomatic [14,15,19]. Given the non-

specific nature of these clinical alterations, we suggest that 

when these conditions are present, interventional radiologists 

should perform control CT scans that include the lung in the 

biopsied region, which is frequently performed, and include 

the heart and great vessels to search for intravascular and 

intracardiac air. This search might increase the detection of 

asymptomatic cases, and careful monitoring of these cases 

after biopsy may be important given the occurrence of delayed 

manifestations. However, performing control CT scanning 

should never delay emergency procedures, such as 

cardiopulmonary resuscitation, when indicated. 

 

Some authors have even suggested the acquisition of 

systematic control images, including the entire aortocardiac 

region [22] or the entire chest [16], after every biopsy. 

However, it is unclear whether the benefits of performing this 

procedure for asymptomatic cases outweigh the resulting 

increase in radiation exposure for patients, given the extreme 

rarity of this complication. Moreover, we disagree with the 

suggestion by Rott and Boecker [16] of imaging the entire 

chest before repositioning the patient after biopsy to search for 

DISCUSSION 
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intravascular or intracardiac gas bubbles that could migrate 

when turning the patient; promptly turning the patient puncture 

side down significantly reduces the risk of pneumothorax [17], 

which is a much more common complication than gas 

embolism.  

 

 

Treatment & Prognosis: 

 

If an air embolism is detected, the ideal management 

includes stopping the procedure, readying cardiopulmonary 

resuscitation procedures, warning the rapid response team, 

placing the patient in the right lateral decubitus position, 

supplying oxygen at 100%, and, if possible, arranging 

placement in a hyperbaric chamber within 4-6 hours. The right 

lateral decubitus position prevents air bubbles from entering 

the systemic circulation. Hyperbaric chambers may improve 

oxygenation in the ischemic tissue (Henry’s law) and reduce 

the dimensions of the gas bubbles (Boyle’s law). The chamber 

may also dissolve the bubbles (nitrogen reabsorption) and 

prevent cerebral edema [11]. It should be noted that most of 

these management steps, which have been published in the 

literature, are based on theories and personal experience. The 

good results observed in our patient and in others reported in 

the literature in which no hyperbaric chamber was available 

attest to the fact that the absence of this device should not be 

seen as a predictor of poor outcome. 

 

In conclusion, arterial air embolism is a rare, non-

predictable and non-avoidable potentially severe complication 

that is associated with percutaneous lung biopsies. Therefore, 

all interventional radiologists who perform this procedure must 

be prepared for early detection and proper initial treatment. 

While an arterial air embolism remains a potentially serious 

complication, the risk should not discourage interventional 

radiologists from performing well-indicated lung biopsies. 

 

 

Differential Diagnoses: 

 

General imaging differential considerations for solitary 

pulmonary nodules include benign and malignant conditions. 

Among the benign etiologies, the most common are 

granulomas and hamartomas [6]. The most common malignant 

etiologies are divided between primary lesions, such as 

bronchioloalveolar carcinoma and squamous cell carcinoma 

[23], and solitary metastases (melanoma, osteosarcoma, 

testicle, colon, and others). Characteristics such as cavity wall 

thickness greater than 16mm, irregular speculated edge, size 

greater than 3 cm, history of malignancy, standardized uptake 

value higher than 2.5 on positron emission tomography (PET) 

and patient’s age over 70 years old, present likelihood ratios 

for malignancy above 4, whereas benign calcification pattern 

at CT, volume doubling time greater than 465 days and 

volume doubling time inferior than 7 days present likelihood 

ratios for malignancy below 0.01 [6]. 

 

Air embolism might be seen in association with surgery, 

trauma, intravascular catheters, barotrauma and rapid ascent in 

scuba divers [24]. Among those, notable causes are 

neurosurgical and otolaryngological procedures, penetrating or 

blunt trauma to the chest, intravenous injections of contrast 

media, insertion or removal of intravascular catheters, positive 

pressure mechanic ventilation and, as previously mentioned, 

rapid ascent without exhalation on scuba diving (table 3). 

 

More rarely, macroscopic fat emboli can also be seen on 

CT [25,26]. In those cases, the filling defect shows a negative 

attenuation coefficient between -120 and -60 HU [27]. 

 

 

 

 

Arterial air embolism is a rare, non-predictable and non-

avoidable potentially severe complication of percutaneous 

lung biopsies. It is exceedingly rare but might be associated 

with high morbidity and mortality and therefore all 

interventional radiologists who perform this procedure must be 

prepared for detection on procedural images and adequate 

management. 
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Figure 2: 57 year old female with systemic air embolism after percutaneous lung biopsy.  

FINDINGS: Axial CT scan (A) and reformatted images (coronal-B and sagittal-C) shows the thoracic aorta (asterisk) in the 

beginning of the procedure, without abnormalities. Axial CT scan (A) shows the inferior portion of the lung nodule (black arrow). 

TECHNIQUE: Axial non-enhanced CT, 300mAs,120kV, 3mm slice thickness. 

 
 

Figure 1: 57 year old female with systemic air embolism after percutaneous lung biopsy.  

FINDINGS: Axial CT scan (A) and reformatted images (coronal-B and sagittal-C) shows a cavitary lung nodule (black arrow) in 

the right upper pulmonary lobe, suspicious for malignancy. 

TECHNIQUE: Axial non-enhanced CT, 300mAs,120kV, 3mm slice thickness. 
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Figure 3: 57 year old female with systemic air embolism after percutaneous lung biopsy.  

FINDINGS: Axial CT scan (A) and reformatted images (coronal-B and sagittal-C) shows the coaxial needle positioned inside the 

nodule (black arrow). 

TECHNIQUE: Axial non-enhanced CT, 300mAs,120kV, 3mm slice thickness. 

 
 

Figure 4: 57 year old female with systemic air embolism after percutaneous lung biopsy.  

FINDINGS: Postprocedural axial CT scan (A) and reformatted images (coronal-B and sagittal-C) shows alveolar hemorrhage 

(black arrow) adjacent to the biopsied nodule and a significant amount of gas inside the thoracic aorta (asterisk), compatible with 

air embolism. 

TECHNIQUE: Axial non-enhanced CT, 300mAs,120kV, 3mm slice thickness. 

 

 

 

 

 

 

 

 

Figure 5 (left): 57 year old female with systemic air embolism 

after percutaneous lung biopsy.  

FINDINGS: Postprocedural axial CT scan shows alveolar 

hemorrhage (black arrow) adjacent to the biopsied nodule and 

a significant amount of gas inside the thoracic aorta. The 

finding is confirmed with the ROI inside the aorta 

demonstrating the density of -856 Hounsfield Units, which is 

corresponds to air density (air embolism). 

TECHNIQUE: Axial non-enhanced CT, 300mAs,120kV, 3mm 

slice thickness. 
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Etiology Systemic air embolism after percutaneous lung biopsy. 

Incidence 0,02 to 0,4%. 

Presumed Risk factors -Positive end-expiratory pressure ventilation. 

-Coughing during biopsy. 

-Obstructive pulmonary disease with air trapping. 

-Prone position during biopsy. 

-Large caliber biopsy needle. 

Treatment -Stop the procedure. 

-Ready cardiopulmonary resuscitation procedures. 

-Warn the rapid response team. 

-Place patient in right lateral decubitus. 

-Supply oxygen at 100%. 

-If available, arrange placement in a hyperbaric chamber within 4-6 hours. 

-Perform control CT scans that include the biopsied region, heart and great vessels (although these 

measures should never delay emergency procedures). 

Prognosis Majority of cases reported in literature are non-fatal, with full recoveries. 

Findings on imaging Intravascular and intracardiac air. 

 

Table 1: Summary table for Systemic Air Embolism after Percutaneous Lung Biopsy. 

 
 

Figure 6: 57 year old female with systemic air embolism after 

percutaneous lung biopsy.  

FINDINGS: Chest radiograph performed 3h after the 

procedure in the ICU shows no gas detectable inside the 

thoracic aorta or coronary arteries. 

TECHNIQUE: Radiography, 3.6 mAs, 85 kV, 200 mA. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7: 57 year old female with systemic air embolism after 

percutaneous lung biopsy.  

FINDINGS: axial CT scan performed two months and 

fourteen days after the procedure shows significant volumetric 

reduction of the lung nodule (black arrow). The patient was 

not under chemotherapy, suggesting a benign nature of the 

nodule. 

TECHNIQUE: Axial non-enhanced CT, , 300mAs,120kV, 

3mm slice thickness. 
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Group Diagnosis CT Presentation 

Malignant 

neoplasms 

Adenocarcinoma Usually peripheral solid nodule. May also present as subsolid or ground-

glass nodule. 

Squamous cell carcinoma Most common carcinoma to cavitate. When central, often results in 

intraluminal obstruction. When peripheral, may be associated with 

mucocele and other obstructive changes. 

Bronchioloalveolar carcinoma Variable appearance, ranging from consolidation to multifocal subsolid 

nodules or masses. 

Small cell carcinoma Early metastases, particularly nodal. Most common primary lung 

malignancy to cause superior vena cava obstruction. Necrosis and 

hemorrhage are common. May appear similar to lymphoma. 

Primary pulmonary lymphoma Many presentations, ranging from interstitial infiltrates to masses. 

Primary pulmonary carcinoid Usually central lesions in association with bronchial obstruction. Often 

homogeneous contrast enhancement. Eccentric calcification can occur. 

When peripheral, usually an incidental finding, presenting as a small 

solitary nodule. 

Solitary metastasis Typically a well circumscribed rounded lesion, more often in the 

periphery of the lung. 

Benign 

neoplasms 

Hamartoma 

 

 

Well-circumscribed pulmonary nodule without significant growth in 

control images. May contain intralesional fat or calcification (popcorn 

configuration). 

Chondroma Well-circumscribed mass with calcified components 

Arteriovenous malformation Homogeneous, well-circumscribed nodule. May be associated with 

phleboliths. Contrast-enhanced CT demonstrates feeding and draining 

vessels 

Fibroma Pleural based mass, usually with intense contrast enhancement 

Neural tumor (schwannoma, 

neurofibroma) 

Well-circumscribed round or elliptic mass in the paravertebral region or 

along the nerves courses. May erode adjacent bone and calcify 

Pulmonary pneumocytoma 

(sclerosing hemangioma) 

Well-defined juxta-pleural intraparenchymal nodule or mass, with 

inhomogeneous enhancement. May have areas of calcification. 

Infectious 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Granuloma 

- Mycobacteria 

- Fungal (Histoplasmosis, 

Coccidiodomycosis, Blastomycosis, 

Cryptococcosis, Aspergillosis) 

- Dirofilaria immitus 

Calcified pulmonary nodules (calcification may be central or diffuse). 

 

Bacterial (Nocardia, Actinomycosis, 

round pneumonia) 

Several patterns, which include solitary lung mass (may cavitate). 

 

Abscess Thick irregular walls, abruptly interrupt the bronchovascular structures. 

Septic embolus Peripheral nodules with feeding vessels, associated with lung abscesses, 

or subpleural nodular lesions (may contain necrosis/cavitation). 

Others Sarcoidosis Many presentations. May present with small nodules or large opacities or 

consolidation. 

 
Lipoid pneumonia 

 

 

 

Fat-containing consolidations. May be associated with  ossification 

Amyloid Many presentations. May present with slowly growing nodule, with 

smooth or lobulated contours, and central or irregular calcification. 

Subpleural lymph nodule 

 

 

 

Measures 3.0-8.5 mm, may show a thin tag extending to the pleura. 

Rheumatoid arthritis Many presentations. May present as peripheral nodule. May cavitate. 

Granulomatosis with polyangiitis Usually multiple nodules, may cavitate. 

Pulmonary infarction Wedge-shaped (or rounded) juxtapleural opacification without 

bronchograms (“Hampton hump”) 

Congenital 

 

Bronchogenic cyst Well-circumscribed spherical or ovoid mass of variable attenuation. May 

present calcium oxalate (“milk of calcium”). Usually no enhancement 

after contrast injection 

Bronchial atresia with mucoid 

impaction 

“Finger in glove” appearance. Distal lung parenchyma can be 

hyperlucent. 

Sequestration Lung parenchyma with systemic arterial supply. Usually not aerated. 
 

Table 2: Differential diagnosis table for solitary pulmonary nodules and main features on CT. 
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Surgical 

procedures 

 Neurosurgery 

 Craniotomy, shunt placement 

 Head and neck procedures 

 Orthopedic surgery 

 Arthroscopy, endoprosthesis placement 

 Obstetric and gynecology procedures 

 Hysteroscopy, cesarean section 

 Cardiothoracic surgery 

 Cardiopulmonary bypass, lung resection, lung transplantation, needle biopsy of lung 

Intravenous 

catheterization 

 Central lines 

 Hemodialysis 

 Angioplasty 

 Pacemaker placement 

 Radiofrequency cardiac ablation 

Radiologic 

procedures 

 Intravenous contrast injection 

 Arthrography 

Trauma  Head and neck injuries 

 Penetrating or blunt chest trauma 

 Blunt abdominal trauma 

Other  Positive pressure ventilation 

 Decompression sickness 
 

Table 3: Notable conditions associated with air embolism. 

 

 

 

 

 

 

 

 

CT = Computed tomography 

 

 

 

 
 

Computed tomography; Lung tumor; CT guided lung biopsy; 

Air embolism; Gas embolism 
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