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Critical Care Medicine

Unusual or unexpected effect of treatment

Air embolism can occur in a number of medical-surgical situations. Venous air embolism is frequently lethal
when a substantial amount enters the venous circulation rapidly and can lead to significant morbidity if cross-
over to the systemic arterial circulation occurs. The diagnosis of massive air embolism is usually made on clini-
cal grounds by the development of abrupt hemodynamic compromise. The true incidence, morbidity, and mor-
tality of this event is unknown given the difficulties in diagnosis.

An inadvertent antecubital venous injection of 150 mL of air using a contrast power injector during a comput-
ed tomography (CT) is reported. Immediate imaging (CT) showed a significant amount of air in the right atri-
um and right ventricular cavity, and air mixed with contrast in the main pulmonary artery and proximal divi-
sions of the pulmonary circulation. Patient condition deteriorated requiring mechanical ventilation for 48 hours.
Condition improved over the next few days and patient was successfully extubated and discharged home.
Air embolism is a rare complication, the potential for this to be life threatening makes prevention and early de-
tection of this condition essential. This condition should be suspected when patients experience sudden onset
respiratory distress and/or experience a neurological event in the setting of a known risk factor. Treatment op-
tions include Durant’s maneuver; left-lateral decubitus, head-down positioning; to decrease air entry into the
right ventricle outflow tract, hyperbaric therapy, 100% O, and supportive care.

Anoxia ¢ Embolism, Air ¢ Hyperbaric Oxygenation
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Background

Venous air embolism can occur in a number of medical situ-
ations including placement, use, and removal of intravenous
catheters and devices, trauma, surgery, and gynecological in-
terventions but can also occur in the radiology suite during
angiography, needle biopsy, or pneumoradiographic proce-
dures. Contrast enhanced computerized tomography (CT) us-
ing power injectors are an essential diagnostic tool for the pul-
monologist but also provide a particularly high-risk situation
for the accidental rapid injection of air into the venous circu-
lation and single fatal event has previously been reported [1].

We report a case of inadvertent rapid injection of a large
amount of air during a non-invasive radiological procedure
with imaging capture as it traveled through the pulmonary
circulation. Our patient’s survival after the complication — air
embolism — in the presence of significant concurrent cardiac
stress from acute pulmonary thromboembolism, was remark-
able. This case report also contributes to the controversy of
the lethal dose and rate-of-entry of venous air embolism and
how we can prevent this from happening.

Case Report

A 64-year-old female was found lying down after 10-12 hours
of binge drinking. She was taken to an outlying emergency
department (ED), and subsequently transferred to our hospi-
tal with mental status changes and respiratory distress and
hypoxia for further management. She had a past history of
rheumatoid arthritis, congestive heart failure, controlled hy-
pertension, and alcoholism. She smoked two packs a day for
the past 50 years. On presentation, she had a blood pressure
of 176/80 mm/Hg, heart rate of 80 bpm, respirations 24 bpm,
temperature 98°F (36.7°C). Arterial blood gases on room air
showed a pH of 7.30, PaCO, 60, PaO, 61 mm/Hg, HCO, 29
mEg/L, and saturation 92% which improved to 95% with ox-
ygen by a high flow non-rebreather mask. On physical exami-
nation she was lethargic, disoriented, dysarthritic, but without
neurological focalization. Scattered expiratory wheezes were
noted bilaterally along with normal heart sounds. The remain-
ing results of her physical examination and routine laboratory
results were unremarkable with the exception of a leukocyte
count of 14,000/dL with 88% neutrophils. Repeated vitals signs
were consistent with a normal blood pressure but evidence
of tachycardia in the monitor. Repeated ABG’s on the non-re-
breather mask showed: pH 7.22, PaCO, 78, PaO, 140 mm Hg,
H-CO, 30 mEg/L, and hemoglobin Sa0, 97%. In the ED she was
started on IV steroids and antibiotics for a COPD exacerbation.
As part of the diagnostic workup, she underwent a chest x ray
that did not show any infiltrates or any major abnormal find-
ings. The ECG was only significant for sinus tachycardia. Given
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Figure 2. Air and contrast in the main pulmonary artery and
major divisions.

the negative findings on chest x ray, sinus tachycardia on ECG,
and an increased A-a gradient, the patient was sent for a spi-
ral chest CT with contrast to rule out a pulmonary embolism.

During CT about 100-150 mL of air was inadvertently injected
through the right antecubital vein using a power contrast in-
jector (estimated by the technician and approximation of vol-
umes on available imaging). Concurrent imaging (CT) showed
a significant amount of air in the right atrium and right ven-
tricular cavity (Figure 1), and air mixed with contrast in the
main pulmonary artery and its proximal branches divisions of
the pulmonary circulation (Figure 2). Concurrently, a filling de-
fect was noted in the right lower lobe artery consistent with
pulmonary thromboembolism (Figures 3, 4). The patient main-
tained hemodynamic stability with Trendelenburg, and left lat-
eral decubitus positioning (Durant’s maneuver), and support-
ive care alone and she was transferred to the intensive care
unit (ICU) for observation. Her respiratory distress worsened,




Figure 4. Filling defect in the right lower lobe branch along with
“air-contrast”.

and she was placed temporarily on non-invasive positive
pressure ventilation (NIPPV) without improvement and a few
hours later she was intubated and placed on mechanical ven-
tilation. Intravenous full dose heparin infusion (initial bolus,
80 units/kg, followed by 18 units/kg/hour) was initiated for
treatment of concurrent thromboembolism. Echocardiography
did not show any evidence of right or left ventricular failure.
Subsequent echocardiography done 24 hours later did not
show any evidence of intracardiac air and complete resolu-
tion of the air embolism.

During the next 48 hours, she remained hemodynamically sta-
ble with no requirements of vasoactive agents. She was final-
ly extubated 48 hours after the initial presentation. She was
later discharged home on warfarin with subsequent outpa-
tient follow-up.
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Table 1. Causes of pulmonary (venous) air embolism.

Intravenous devices

Contrast procedures

Discussion

Air embolism occurs when gas enters the circulatory system.
This may occur in a number of medical-surgical situations.
When this happens, secondary to the placement of an IV ac-
cess or an |V infusion, it is termed intravenous air embolism
(Table 1). The diagnosis of massive air embolism is usually
made on clinical grounds by the development of abrupt he-
modynamic compromise. Air embolism should always be sus-
pected when patients experience sudden onset respiratory
distress (venous air embolism) and/or experience a neurolog-
ical event (arterial embolism) in the setting of a known risk
factor (e.g., intravenous catheter insertion). The spectrum of
findings depends upon the degree of severity of the embo-
lism and the end-organs affected. Minor cases are usually as-
ymptomatic or have non specific symptoms including dyspnea,
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chest pain, lightheadedness, and a gasp or cough when the
bolus of air enters the pulmonary circulation. Occasionally, a
systolic “mill-wheel murmur” is described on cardiac auscul-
tation, or an abrupt drop in end tidal CO, may be noted dur-
ing monitoring in the operating room [2]. Often the diagno-
sis is overlooked entirely until neurological complications are
evident or it is made from retrospective reconstruction of the
embolic event.

Minor venous air embolisms are fairly common and clearly
evident on contrast enhanced CT imaging. A study of 100 pa-
tients after manual contrast injection demonstrated minimal
embolisms in 20 and moderate (air fluid levels within major
vessels) in another three patients. In a larger series of 677 [3]
patients undergoing contrast enhanced electron beam CT, mi-
nor air emboli were noted in 79 (12%) with the commonest
sites being the main pulmonary artery (8%), superior vena
cava (1.8%), right ventricle (1.5%) subclavian or brachioce-
phalic vein (0.9%), and right atrium (0.7%). “Clinical reports”
are rare, as events go under-reported. A few nonfatal cases of
moderate air embolism have been reported [4,5] along with
one fatal event in this setting [4]. The introduction of electron
beam CT scanning has made it possible to show air-in-tran-
sit in the minor circulation. Air embolism can also be visual-
ized by non-contrasted non-invasive studies (echocardiogra-
phy) [6] and plain radiographs [7].

The physiologic effects of venous air embolism depend on the
amount, rate of injection, and underlying host cardio-pulmo-
nary reserve. Though animal studies suggests that 6-8 mL/kg
is a lethal dose in dogs [8,9]; 200-300 mL was thought to be
fatal in adult humans [10,11]. Others estimates extend up to
500 mL[12], moreover, a rate-of-entry of at least 100 mL/second
estimated for 2 seconds was found to be fatal during central
venous line placement placement [13] and direct intracardiac
injection of 200 mL was fatal in another report [14]. However,
the volume in a similar although fatal power injector mishap
was estimated at 100 mL [4]. Accumulation of air in the right
ventricle (RV) results in “air lock”, ineffective right heart con-
traction and emptying, leading to obstructive shock, acute RV
failure or asystole. Passage of air into the pulmonary circu-
lation is associated with hypoxia from V/Q mismatching and
acute pulmonary hypertension with/without right heart fail-
ure from direct vascular obstruction by air bubbles, reflex va-
soconstriction, or formation of fibrin emboli in the ventricles.
Frequently pulmonary edema ensues although the pathogen-
esis in still unclear.

Emergent treatment includes Durant’s maneuver (left-lateral
decubitus, head-down positioning) to decrease air entry into
the right ventricle outflow tract. Aspiration of air from the right
atrium/ventricle through a multiport central catheter or pul-
monary artery catheter (Swan Ganz) may be attempted but is
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often of limited value. Alternatively, external cardiac compres-
sion may facilitate fragmentation, and dispersion of a large
right ventricular air embolus [15]. Supportive care includes
volume resuscitation for shock, vasopressors or inotropes as
needed and 100% O, to enhance re-absorption or hyperbaric
therapy to force dissolution of nitrogen.

Paradoxical embolism — air crossover into systemic circulation
- can occur through a patent foramen ovale (present in 30%
of the population) [16], or physiological intrapulmonary A-V
shunts (60%) [17]. Complications result from cerebral (acute-
focal neurologic deficits or generalized/global encephalopa-
thy) or coronary embolism (less commonly). Cerebral circula-
tion air-bubbles can be seen immediately on head CT scans or
focal infarcts may be evident later. Treatment with hyperbar-
ic oxygen immediately if available, is generally recommended
though delayed treatment benefits also have been reported [17].

In our patient, although a fairly large amount of air was inject-
ed rapidly, no cardiovascular compromise was noted — cath-
eter aspiration was not attempted — as most of the air was
seen to transit through the proximal pulmonary circulation.
Some neurologic changes preceded the event, but were clini-
cally and temporally more likely related to her previous histo-
ry of alcohol intake. Hyperbaric oxygen therapy was not used
as the patient did not develop focal deficits and head imag-
ing did not show any findings. Although this is a rare compli-
cation, the potential for this to be life threatening makes pre-
vention and early detection of this condition essential. The
incidence during non-invasive radiologic imaging needs to be
kept in mind for better training of medical personnel, in par-
ticular to improve education of power injector technicians to
prevent this avoidable hazard. In addition, early recognition
of this condition by the medical personnel and technicians in
charge of the power injectors can lead to better outcomes.
Critical care physicians must be familiar with symptoms indi-
cating air embolism and be ready to implement possible ther-
apeutic maneuvers.

Conclusions

Air embolism is a rare complication, the potential for this to
be life threatening makes prevention and early detection of
this condition essential. This condition should always be sus-
pected when patients experience sudden onset respiratory dis-
tress and/or experience a neurological event in the setting of
a known risk factor. Treatment includes Durant’s maneuver;
left-lateral decubitus, and head-down positioning to decrease
air entry into the right ventricle outflow tract. Other treatment
options include volume resuscitation, vasopressors or inotro-
pes, and 100% O, to enhance re-absorption or hyperbaric ther-
apy to force dissolution of nitrogen.




References:

—

N

w

S

S}

(=2}

~

o

. Abernathy CM, Dickinson TC: Massive air emboli from intravenous infusion

pump: Etiology and prevention. Am J Surg, 1979; 137: 274-75

. Glenski JA, Cucchiara RF: Transcutaneous O, and CO, monitoring of neu-

rosurgical patients: Detection of air embolism. Anesthesiology, 1986; 64:
546-50

. Groell R, Schaffler GJ, Rienmueller R et al: Vascular air embolism: Location,

frequency, and cause on electron-beam CT studies of the chest. Radiology,
1997; 202: 459-62

. Price DB, Nardi P, Teitcher J: Venous air embolization as a complication of

pressure injection of contrast media: CT findings. ] Comput Assist Tomogr,
1987; 11: 294-95

. Woodring JH, Fried AM: Nonfatal venous air embolism after contrast-en-

hanced CT. Radiology, 1988; 167: 405-7

. Marcus RH, Weinert L, Neumann A et al: Venous air embolism: Diagnosis

by spontaneous right-sided contrast echocardiography. Chest, 1991; 99:
784-85

. Kizer KW, Goodman PC: Radiographic manifestations of venous air embo-

lism. Radiology, 1982; 144: 35-39

. Dudney TM, Elliott CG: Pulmonary embolism from amniotic fluid, fat and

air. Prog Cardiovasc Dis, 1994; 36: 447-74

10.

11.

12.

13.

14.

15.

16.

17.

Lanfranco J. et al.:
Pulmonary air embolism
© Am J Case Rep, 2017; 18: 80-84

. Oppenheimer MJ, Durant TM, Lynch P: Body position related to venous air

embolism and associated cardiovascular-respiratory changes. Am J Med
Sci, 1953; 225(4): 362-73

Martland HS: Air embolism: Fatal air embolism due to powder insufflators
used in gynecological treatments. Am J Surg, 1945; 68: 164-69

Yeakel AE: Lethal air embolism from plastic blood-storage container. JAMA,
1968; 204: 267-69

Orebaugh SL: Venous air embolism: Clinical and experimental consider-
ations. Crit Care Med, 1992; 20: 1169-77

Flanagan JP, Gradisar IA, Gross RJ, Kelly TR: Air embolus: A lethal compli-
cation of subclavian venipuncture. N Engl ) Med, 1969; 281: 488-89
Toung TJ, Rossberg MI, Hutchins GM: Volume of air in a lethal venous air
embolism. Anesthesiology, 2001; 94(2): 360-61

Ericsson JA, Gottlieb JD, Sweet RB: Closed-chest cardiac massage in the
treatment of venous air embolism. N Engl ) Med, 1964; 270: 1353-54

Gronert GA, Messick JM, Cucchiara RF et al: Paradoxical air embolism from
a patent foramen ovale. Anesthesiology, 1979; 50: 548-49

Black M, Calvin J, Chan KL et al: Paradoxic air embolism in the absence of
an intracardiac defect. Chest, 1991; 99: 754-55

This work is licensed under Creative Common Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



