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Systemic air embolism (SAE) is a rare but serious complication of percutaneous core
needle biopsy (PCNB) of the lung. Incidence of clinically apparent SAE is estimated at
0.061%, while clinically silent SAE may be as high as 3.8%. We present the complication
of a small SAE during PCNB of the lung in a 78-year-old patient, which resulted in a
transient myocardial ischemic event. This case highlights the importance of under-
standing the mechanism, frequency, and management of rare complications of PCNB
of the lung; these complications should be considered in preoperative risk stratifica-
tion. Regarding evaluation of postbiopsy computed tomography, operators should

= percutaneous biopsy

= CTguidedlungbiopsy Level of Evidence:

CT-guided percutaneous core needle biopsy (PCNB) of the
lung is a common diagnostic procedure in interventional
radiology. While pneumothorax and pulmonary hemorrhage
are more frequently encountered complications, systemic air
embolism (SAE) is a rare, serious complication which can
result in myocardial infarction, stroke, and death. The inci-
dence of clinically apparent SAE following PCNB is estimated
between 0.02 and 0.06%,' > while clinically silent SAE may be
at least as high as 3.8%.% The following case describes a small
SAE following PCNB of the lung, resulting in a transient
myocardial ischemic event. This report presents an uncom-
mon complication of a common procedure with a review of
the established literature and guidelines for management.
Institutional review board approval was not required for this
report.

Case Report

A 78-year-old female with a history of myocardial infarc-
tion, hyperlipidemia, and non-insulin-dependent type 2
diabetes mellitus underwent a screening chest CT, demon-
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utilize a systematic search pattern to assess for complications.
Level 4, Case Report.

strating a 2.0-cm spiculated nodule in the right lower lobe
(=Fig. 1). Subsequent positron emission tomography (PET)
CT demonstrated minimally increased FDG avidity within
the lesion of interest (maximum SUV 2.12). The patient
was referred to interventional radiology for a diagnostic
PCNB.

On the day of procedure, the patient was placed in the
prone position; preoperative CT confirmed the lesion in the
superior segment of the right lower lobe. Conscious and local
sedation were administered. Under intermittent CT gui-
dance, a 19-gauge coaxial biopsy needle was positioned in
the lesion (=Fig. 2a). Two 20-gauge core needle samples
were obtained; the introducer hub was manually covered
during stylet and biopsy needle exchange. During biopsy
acquisition, breathing instructions were provided to
decrease the risk of air entry into the thorax; however,
episodic coughing limited patient compliance. Intraopera-
tive histopathologic analysis confirmed adequate tissue
sample. The coaxial system was removed uneventfully. Initial
review of postoperative CT demonstrated mild perilesional
parenchymal hemorrhage (~Fig. 2b).
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Fig. 1 Axial CT lung window demonstrating the spiculated lesion in
the right lower lobe (arrow).

During transfer from the CT gantry, the patient experi-
enced rapid-onset substernal chest pain and diaphoresis;
both spontaneously resolved in approximately 10 minutes.
Further review of the postoperative CT demonstrated small
volume air within the left atrium and trace air within the
descending thoracic aorta (=Fig. 3). There was no visible air
in the coronary arteries. Blood pressure was mildly elevated
(170/79); paced heart rate and rhythm were normal on
electrocardiography (=Fig. 4). Inmediate postoperative tro-
ponin-I was 0.20 and 0.23 four hours later (normal: <

0.04). Full neurologic exam and head CT were within
normal limits. Repeat CT chest at 6 hours postoperative
demonstrated resolution of cardiosystemic air. The patient
was monitored overnight and remained asymptomatic. She

Fig. 2 Axial CT lung window demonstrating position of the intro-
ducer tip within the lesion and postbiopsy parenchymal hemorrhage.

Fig. 3 Axial CT lung window demonstrating air within the left atrium.

was discharged home with strict return precautions. Tropo-
nin levels obtained 3 months later normalized.

Discussion

CT-guided percutaneous lung biopsy is a common diagnostic
modality of pulmonary nodules. While more frequently
encountered complications such as pneumothorax and par-
enchymal hemorrhage are relatively minor, severe compli-
cations occur at a reported rate of 0.75%.' These
complications include SAE, tumor seeding of the biopsy tract,
severe pulmonary hemorrhage, hemothorax, and tension
pneumothorax. Regarding all SAE, there are three large
retrospective reviews within the current literature. Cumula-
tively, these reviews demonstrate the risk of clinically appar-
ent SAE to be 0.08% (~Table 1).">* In the presence of proven
SAE, mortality is estimated at 0.018% and permanent mor-
bidity at 0.009% with one patient having permanent neuro-
logic deficits.

There are three postulated mechanisms for SAE following
PCNB of the lung. These include direct communication of
atmospheric air with pulmonary veins, bronchovenous fis-
tula, and, theoretically, right-to-left arteriovenous shunt
allowing air to bypass the mechanical barrier of the capillary
bed.” Given the immediate perioperative presentation and
absence of concomitant vascular anomalies, the presumed
mechanism of SAE in this patient is direct intraoperative
inspiration of atmospheric air into pulmonary veins from the
access needle. Originally confined to the left atrium, the air
embolus ultimately resulted in a transient clinical myocar-
dial ischemic event, though air was never demonstrated
within the coronary arteries.

In a retrospective analysis, Freund et al® identified multi-
ple independent variables that increase the risk of SAE during
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Fig. 4 Postprocedural EKG demonstrating normal sinus rhythm without QRS or T wave abnormalities.

Table 1 Review of SAE in PCNB

Article No. of PCNB No. of SAE Complications
Tomiyama et al’ 9,783 Symptomatic: 6 Permanent neurologic deficit: 1
Asymptomatic: N/A Death: 1
Full recovery: 4
Freund et al? 610 Symptomatic: 3 Death: 1
Asymptomatic: 20 Full recovery: 2
Hiraki et al* 1,010 Symptomatic: 1 Full recovery: 1
Asymptomatic: 3
Total 11,403 biopsies 10 symptomatic SAE Mortality: 2/11,403

Permanent morbidity: 1/11,403
Full recovery: 7/11,403

Abbreviations: PCNB, percutaneous needle biopsy; SAE, symptomatic air embolism.

PCNB of the lung. These include general anesthesia, prone
position, lesion location above the left atrium during biopsy,
and extralesional position of the introducer tip (this allows
for multiple passes through lung-tumor interface). We pos-
tulate two, patient and procedural, variables that may have
contributed to SAE in this patient. Based on lesion location
and morphology, we opted for a posterior approach via prone
position; this placed the lesion above the left atrium. Original
considerations of an anterolateral approach via supine posi-
tion were deferred due to the likelihood of traversing the
minor fissure and increasing the risk of pneumothorax.
Given the significantly lower incidence of SAE, risk-benefit
considerations favored our selected approach.

Another potential procedural risk factor for SAE is biopsy
technique and choice of air lock. Several case reports of SAE
describe a water-seal technique, in which sterile saline is
dripped into the introducer during stylet and biopsy needle
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exchange. In the event of negative intrathoracic pressure
during coaxial manipulation, this theoretically substitutes
sterile fluid for air.® Other operators utilize manual coverage
of the introducer hub during exchange. Additionally, breathe-
hold maneuvers may help decrease the risk of air entry.” In this
patient, immediate exchange and breathe-hold techniques
were selected, but compromised by patient discomfort and
coughing. Associated decreased intrathoracic pressure during
cough is suspected to have contributed to SAE.

Finally, this patient highlights the importance of careful
postoperative image analysis to identify and manage
complications. As little as 2 mL of air in the cerebral
circulation and 0.5 to 1.0 mL of air in the coronary
circulation can be fatal.® If arterial air is recognized, the
source of air should be removed, supplemental oxygen
administered, and positional techniques to decrease risk
of embolization should be performed. Supplemental
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oxygen can be administered conservatively via non-
rebreather mask or via hyperbaric therapy.”-° Hyperbaric
oxygen therapy has proved beneficial and may help
resolve symptoms; administration of 100% oxygen for
120 minutes at 3.1 atmospheres is preferred.* Both
approaches reduce the size of the air embolus by promot-
ing counter-diffusion of oxygen into the nitrogen bubble
and facilitating nitrogen resorption.”® There is contro-
versy regarding optimal positioning of patients with
known SAE. Some investigators opt for right lateral decu-
bitus and Trendelenburg positions to promote air reten-
tion in the left ventricular apex and prevent efflux into the
left ventricular outflow tract (LVOT).'%1! Others recom-
mend supine position, as they believe the buoyancy of gas
is not sufficient to counteract blood flow.'>'3

In summary, SAE is a rare but serious complication of
PCNB of the lung that should be considered during perio-
perative risk stratification and procedural planning. Regard-
ing analysis of immediate postbiopsy chest CT, operators
should utilize a detailed, systematic search pattern to
identify possible complications, including rigorous evalua-
tion of cardiac and arterial structures. In the event of SAE,
operators should be familiar with appropriate clinical
management.
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