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Abstract
Cardiac arrest due to air embolism is an infrequent complication. Air embolism can be associated with
procedures like endoscopic retrograde cholangiopancreatography, endoscopic variceal ligation, operative
hysteroscopy, laparoscopic surgery, pacemaker placement, cardiac ablation, fiberoptic bronchoscopy, and
decompression sickness. In rare cases, air embolus can be a catastrophic complication of computed
tomography (CT) guided lung biopsy, which can lead to cardiac arrest. We present a case of a 67-year-old
male chronic smoker with a left lower lobe pulmonary nodule who had a cardiac arrest due to air embolism
as a consequence of CT guided biopsy of the pulmonary nodule found on a CT scan of the chest. He was
successfully resuscitated and intubated for mechanical ventilation. He was managed conservatively and
discharged home in a stable condition.
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Introduction
Air embolism is an uncommon but potentially catastrophic event that occurs as a consequence of entry of
air into the vasculature. Surgery including laparoscopic surgery, vascular interventions, trauma, deep sea
diving, and barotrauma from mechanical ventilation are the commonly known causes of air embolism [1-4].
We present a case of cardiac arrest from air embolism in the left ventricle following fine needle lung biopsy.

Case Presentation
A 67-year-old male chronic smoker with medical history significant for chronic obstructive pulmonary
disease was admitted for imaging guided biopsy of a 1.2 cm left lower lobe lung nodule found recently on a
computed tomography (CT) scan of the chest. The nodule was highly suspicious for primary lung
malignancy. The patient was placed in a prone position and lung parenchyma in the posterior lateral left
chest was visualized. Under CT guidance, a 19-gauge guide was advanced into the left lower lobe and two
separate 20-gauge core biopsy specimens were obtained from the mass. There was no hemorrhage or
immediate post procedure complication. However, towards the end of the procedure, the patient started
complaining of sudden onset of chest pain and became unconscious. No palpable pulses were identified. A
code blue was called and cardiopulmonary resuscitation was begun according to Advanced Cardiovascular
Life Support guidelines. The patient subsequently demonstrated ventricular fibrillation which responded to
defibrillation shock and epinephrine. The patient had three cycles of chest compressions, one dose of
epinephrine, and a shock of 200 J. He was successfully resuscitated and intubated for mechanical
ventilation. A CT scan of the chest was obtained immediately after the resuscitation and it demonstrated
development of a small anechoic area in the left cardiac ventricle consistent with air embolus (Figure 1).
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FIGURE 1: Computed tomography scan of the chest showing air in the
left ventricle (arrowhead).

The vital signs recorded at the time were as follows: blood pressure of 130/80 mmHg, pulse rate of 90 beats
per minute, respiratory rate of 18 breaths per minute, and normal oxygen saturation of 92% on room air. The
patient was admitted to the intensive care unit. Bedside transthoracic echocardiogram (TTE) did not reveal
evidence of an air embolus. Additionally, no cardiac wall motion abnormalities were noted. The patient
remained hemodynamically stable for 24 hours, and he was successfully weaned off from the mechanical
ventilator next day and discharged home in a stable condition.

Discussion
Air embolism is an uncommon but potentially catastrophic event that occurs as a consequence of entry of
air into the vasculature. It can be venous or arterial. Venous air embolism occurs when air enters the
systemic venous circulation and travels to the right ventricle and pulmonary circulation. Arterial air
embolism occurs when air enters the systemic arterial circulation, which can cause ischemia of the systemic
organs. The different possible mechanisms of air embolism include direct communication between the
source of air and the vasculature, for example, a broncho-arterial fistula, or it can be a pressure gradient
favoring the passage of air into the circulation like in ear, nose, throat surgeries, and in neurosurgical
procedures when the incision is superior to the heart at a distance that is greater than the central venous
pressure. The negative venous pressure relative to the atmosphere favors the passage of air into the
circulation, especially when the patient is in a sitting position [5].

Computed tomography (CT) guided transthoracic needle biopsy is a frequently performed procedure by
interventional radiology for evaluation of pulmonary nodules because of its high diagnostic accuracy [6]. The
common complications related to this procedure are pneumothorax (10 to 17%) and hemorrhage assessed
clinically as hemoptysis (1 to 6.9%) [7,8]. Systemic air embolism during CT guided lung biopsy is a rare
complication with reported incidence ranging from only 0.02% to 0.06% [9,10]. It can be easily missed most
of the times, which could result in fatal consequences. Different risk factors that determine the risk of
cardiac embolism include large size of biopsy needle, location of pulmonary lesions especially in the lower
lobe, occurrence of parenchymal hemorrhage [11], and the consistency and type of lesion whether it is
bullous or cystic.
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The clinical symptoms depend upon the amount of air entering the circulation. Usually it is asymptomatic
and self-limiting with small amount of air entry into the vasculature. A large amount of air would clinically
manifest itself. Cardiac air embolism would typically present with symptoms of chest pain and shortness of
breath with potential of lodging in the brain, which presents with altered mental status, dizziness,
lightheadedness, and focal neurological deficits. The classic signs of cardiac air embolism include
tachycardia, bradycardia, hypotension, crackles, wheezing, tachypnea, jugular venous distension, and a
water-wheel or mill-wheel murmur, which is a splashing sound due to the presence of gas in the cardiac
chamber. It can also manifest as shock, hypoxemic respiratory failure, and cardiac arrest.

It can be avoided by careful selection of insertion site with less exposure to lung parenchyma, minimizing
entry of external air to pulmonary veins, instructing the patient to avoid breathing deeply and avoiding
cough and straining during the course of the procedure, occluding the introducer needle by the inner stylet,
saline drops, or the operator’s finger, and avoiding a kink in the coaxial biopsy system [12].

Diagnosis depends upon high clinical suspicion and imaging modalities. Laboratory results can show
thrombocytopenia and elevated cardiac enzyme. Electrocardiogram can show findings of acute ischemia or
myocardial infarction. Arterial blood gas panel may indicate hypoxemic or hypercapnic respiratory failure.
Chest X-ray could be normal or it may demonstrate atelectasis or intracardiac air. In case of massive air
embolism, ventilation perfusion (VQ) scan could show VQ mismatch. CT of the chest can show air embolism
in the central veins, right ventricle, pulmonary artery, or heart. Echocardiography could sometimes be used
to rapidly identify air in the cardiac chambers or great veins, right ventricular dilatation, or pulmonary
hypertension.

Treatment includes airway support, volume resuscitation, vasopressors, intubation with mechanical
ventilation, hyperbaric oxygen chamber therapy, withdrawal of air from the cardiac chamber usually from
the right heart with a Swan-Ganz catheter, close chest cardiac massage, and putting the patient in left lateral
decubitus and/or Trendelenburg position. Another recommendation is a head down position. However, in
our case, the patient was placed in a supine position because that is less prone to cause cerebral edema [13-
15]. Early identification and treatment of this condition is the key to prevention of fatal consequences.

To our knowledge, only a few cases of fatal cardiac arrest complicating transthoracic lung biopsy have been
reported in the literature. Most of the times, these patients had multiple cancer metastases, chronic
diseases, or had hemoptysis or cough during the needle biopsy, which could have led to cardiac air embolism
[16-20]. Nevertheless, we think that cardiac air embolism during CT guided lung biopsy is a rare adverse
event, but its true incidence is probably underestimated.

Conclusions
CT guided transthoracic needle biopsy is a resourceful and widely used tool to evaluate pulmonary nodules.
Cardiac air embolism is one of its rare but potentially fatal complications. Due to its life-threatening nature,
early identification and treatment requires prudent clinical judgement. When performing CT guided
transthoracic needle biopsy, nursing staff and physicians should be aware of the risk factors, classic clinical
signs and symptoms. Prompt emergency treatment is with airway support, volume resuscitation,
vasopressors, intubation with mechanical ventilation, and hyperbaric oxygen chamber therapy. Adequate
management can save lives.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Kim IS, Jung JW, Shin KM: Cardiac arrest associated with carbon dioxide gas embolism during laparoscopic

surgery for colorectal cancer and liver metastasis: a case report. KJA. 2012, 63:469-472.
10.4097/kjae.2012.63.5.469

2. Heckmann JG, Lang CJG, Kindler K, Huk W, Erbguth FJ, Neundorfer B: Neurologic manifestations of cerebral
air embolism as a complication of central venous catheterization. Crit Care Med. 2000, 28:1621-1625.

3. Leitch DR, Green RD: Pulmonary barotrauma in divers and the treatment of cerebral arterial gas embolism .
Aviat Space Environ Med. 1986, 57:931-938.

4. Morris WP, Butler BD, Tonnesen AS, Allen SJ: Continuous venous air embolism in patients receiving
positive end-expiratory pressure. Am Rev Respir Dis. 1993, 147:1034-1037. 10.1164/ajrccm/147.4.1034

5. Gale T, Leslie K: Anaesthesia for neurosurgery in the sitting position . J Clin Neurosci. 2004, 11:693-696.

2018 Viqas et al. Cureus 10(9): e3295. DOI 10.7759/cureus.3295 3 of 4

https://dx.doi.org/10.4097/kjae.2012.63.5.469
https://dx.doi.org/10.4097/kjae.2012.63.5.469
https://www.ncbi.nlm.nih.gov/pubmed/10834723
https://www.ncbi.nlm.nih.gov/pubmed?term=3778391
https://dx.doi.org/10.1164/ajrccm/147.4.1034
https://dx.doi.org/10.1164/ajrccm/147.4.1034
https://dx.doi.org/10.1016/j.jocn.2004.05.007


10.1016/j.jocn.2004.05.007
6. Takeshita J, Masago K, Kato R, Hata A, Kaji R, Fujita S, Katakami N: CT-guided fine-needle aspiration and

core needle biopsies of pulmonary lesions: a single-center experience with 750 biopsies in Japan. AJR Am J
Roentgenol. 2015, 204:29-34. 10.2214/AJR.14.13151

7. Lee SM, Park CM, Lee KH, Bahn YE, Kim JI, Goo JM: C-arm cone-beam CT-guided percutaneous
transthoracic needle biopsy of lung nodules: clinical experience in 1108 patients. Radiology. 2013, 271:291-
300. 10.1148/radiol.13131265

8. Wiener RS, Schwartz LM, Woloshin S, Welch HG: Population-based risk for complications after
transthoracic needle lung biopsy of a pulmonary nodule: an analysis of discharge records. Ann Intern Med.
2011, 155:137-144. 10.7326/0003-4819-155-3-201108020-00003

9. Tomiyama N, Yasuhara Y, Nakajima Y, et al.: CT-guided needle biopsy of lung lesions: a survey of severe
complication based on 9783 biopsies in Japan. EJR. 2006, 59:60-64. 10.1016/j.ejrad.2006.02.001

10. Hiraki T, Fujiwara H, Sakurai J, et al.: Nonfatal systemic air embolism complicating percutaneous CT-guided
transthoracic needle biopsy: four cases from a single institution. Chest. 2007, 132:684-690.
10.1378/chest.06-3030

11. Ishii H, Hiraki T, Gobara H, et al.: Risk factors for systemic air embolism as a complication of percutaneous
CT-guided lung biopsy: multicenter case-control study. Cardiovasc Intervent Radiol. 2014, 37:1312-1320.
10.1007/s00270-013-0808-7

12. Chang H, Yang M: Systemic air embolism after percutaneous computed tomography-guided lung biopsy
due to a kink in the coaxial biopsy system: a case report. BMC Med Imaging. 2018, 18:1. 10.1186/s12880-
018-0245-9

13. Hare SS, Gupta A, Goncalves AT, Souza CA, Matzinger F, Seely JM: Systemic arterial air embolism after
percutaneous lung biopsy. Clin Radiol. 2011, 66:589-96. 10.1016/j.crad.2011.03.005

14. Malik N, Claus PL, Illman JE, et al.: Air embolism: diagnosis and management . Future Cardiol. 2017, 13:365-
378. 10.2217/fca-2017-0015

15. Alvaran SB, Toung JK, Graff TE, Benson DW: Venous air embolism: comparative merits of external cardiac
massage, intracardiac aspiration, and left lateral decubitus position. Anesth Analg. 1978, 57:166-70.

16. Ialongo P, Ciarpaglini L, Tinti MD, Suadoni MN, Cardillo G: Systemic air embolism as a complication of
percutaneous computed tomography guided transthoracic lung biopsy. Ann R Coll Surg Engl. 2017, 19:e174-
e176. 10.1308/rcsann.2017.0091

17. Lang D, Reinelt V, Horner A, Akbari K, Fellner F, Lichtenberger P, Lamprecht B: Complications of CT-guided
transthoracic lung biopsy. A short report on current literature and a case of systemic air embolism. Wien
Klin Wochenschr. 2018, 130:288-292. 10.1007/s00508-018-1317-0

18. Fiore L, Frenk NE, Martins GLP, Viana PCC, Menezes MR: Systemic air embolism after percutaneous lung
biopsy: a manageable complication. J Radiol Case Rep. 2017, 11:6-14. 10.3941/jrcr.v11i6.2990

19. Chakravarti R, Singh V, Isaac R, John MJ: Fatal paradoxical pulmonary air embolism complicating
percutaneous computed tomography-guided needle biopsy of the lung. Australas Radiol. 2004, 48:204-206.
10.1111/j.1440-1673.2004.01297.x

20. Rahman ZU, Murtaza G, Pourmorteza M, El Minaoui WK, Sethi P, Mamdouhi P, Paul T: Cardiac arrest as a
consequence of air embolism: a case report and literature review. Case Rep Med. 2016, 2016:8236845.
10.1155/2016/8236845

2018 Viqas et al. Cureus 10(9): e3295. DOI 10.7759/cureus.3295 4 of 4

https://dx.doi.org/10.1016/j.jocn.2004.05.007
https://dx.doi.org/10.2214/AJR.14.13151
https://dx.doi.org/10.2214/AJR.14.13151
https://dx.doi.org/10.1148/radiol.13131265
https://dx.doi.org/10.1148/radiol.13131265
https://dx.doi.org/10.7326/0003-4819-155-3-201108020-00003
https://dx.doi.org/10.7326/0003-4819-155-3-201108020-00003
https://dx.doi.org/10.1016/j.ejrad.2006.02.001
https://dx.doi.org/10.1016/j.ejrad.2006.02.001
https://dx.doi.org/10.1378/chest.06-3030
https://dx.doi.org/10.1378/chest.06-3030
https://dx.doi.org/10.1007/s00270-013-0808-7
https://dx.doi.org/10.1007/s00270-013-0808-7
https://dx.doi.org/10.1186/s12880-018-0245-9
https://dx.doi.org/10.1186/s12880-018-0245-9
https://dx.doi.org/10.1016/j.crad.2011.03.005
https://dx.doi.org/10.1016/j.crad.2011.03.005
https://dx.doi.org/10.2217/fca-2017-0015
https://dx.doi.org/10.2217/fca-2017-0015
https://journals.lww.com/anesthesia-analgesia/pages/articleviewer.aspx?year=1978&issue=03000&article=00003&type=abstract
https://dx.doi.org/10.1308/rcsann.2017.0091
https://dx.doi.org/10.1308/rcsann.2017.0091
https://dx.doi.org/10.1007/s00508-018-1317-0
https://dx.doi.org/10.1007/s00508-018-1317-0
https://dx.doi.org/10.3941/jrcr.v11i6.2990
https://dx.doi.org/10.3941/jrcr.v11i6.2990
https://dx.doi.org/10.1111/j.1440-1673.2004.01297.x
https://dx.doi.org/10.1111/j.1440-1673.2004.01297.x
https://dx.doi.org/10.1155/2016/8236845
https://dx.doi.org/10.1155/2016/8236845

	Cardiac Arrest Due to Air Embolism: Complicating Image-guided Lung Biopsy
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Computed tomography scan of the chest showing air in the left ventricle (arrowhead).

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


