
ADULT: CORONARY: CASE REPORTS
Cardiac arrest from massive carbon dioxide embolism
during endoscopic saphenous vein harvesting
Masashi Kawabori, MD,a Conor Kinford, BA,b Jamel Ortoleva, MD,c and Gregory S. Couper, MD,a

Boston, Mass
From the Divisions of aCardiac Surgery and cAnesthesiology and Critical Care, Tufts Medical Center; and bTufts

University School of Medicine, Boston, Mass.

Disclosures: The authors reported no conflicts of interest.

The Journal policy requires editors and reviewers to disclose conflicts of interest and to decline handling or

reviewing manuscripts for which they may have a conflict of interest. The editors and reviewers of this article

have no conflicts of interest.

Received for publication Dec 21, 2019; revisions received Dec 21, 2019; accepted for publication Feb 9, 2020;

available ahead of print Feb 26, 2020.

Address for reprints: Masashi Kawabori, MD, Tufts Medical Center, 800 Washington St, Boston, MA 02111

(E-mail: kawabori.masashi@gmail.com).

JTCVS Techniques 2020;3:183-5

2666-2507

Copyright � 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association for Thoracic

Surgery. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

https://doi.org/10.1016/j.xjtc.2020.02.012

TTE images show massive CO2 bubbles in right, left
heart, and aortic root during EVH.

CENTRAL MESSAGE

EVH is a safe, standard proced-

ure that can cause critical com-
plications. TEE allows early
detection of critical conditions.

See Commentaries on pages 186 and 188.
Video clip is available online.

Endoscopic saphenous vein harvesting (EVH) is a safe, well-
adopted standard minimally invasive vein harvesting proced-
ure for coronary artery bypass grafting (CABG) surgery that
requires carbon dioxide (CO2) inflation. CO2 embolism is a
rare reported complication from EVH. If the amount of
CO2 embolized is large, the situation can become be critical.1

Here, we present an educational case that highlights the life-
threatening complication caused by EVH, CO2 embolus,
which was treated successfully. The accompanying transeso-
phageal echocardiogram (TEE) images describe the event
process, showing the path of CO2 bubbles from the right heart
to left heart through a patent foramen ovale (PFO).

A 74-year-old woman presented for CABG following an
anginal episodewith subsequent coronary catherization that
showed multivessel coronary artery disease. The EVH pro-
cedure proceeded in the usual fashion, using VASOVIEW
HEMOPRO 2 (Maquet, Wayne, NJ) in closed tunnel tech-
nique with CO2 insufflation pressures of 10 to 12 mm Hg
and flow of 3 L/min, until EVH reached the high thigh
saphenous vein, at which point sudden-onset hypotension
and hypoxemia was noted. During resuscitation, TEE was
performed, showing a dilated heart with a large number of
bubbles entering the right side of the heart (Figure 1).
EVH CO2 insufflation was immediately stopped at this
point. The right internal jugular vein introducer skin
insertion site was assessed, and no skin integrity issues or
stigmata of air entrainment were noted at the insertion
site. In addition, none of the stopcocks on the central line
were open to air. The bubbles were also seen crossing
over to the left atrium via a PFO on TEE (Video 1). The
stream of bubbles can be seen entering the aortic root
(Video 2), and it is presumed the bubbles caused an air
lock to the right ventricle, which increased right atrial pres-
sure resulting in the right-to-left shunt (Figure 1).
The patient became bradycardic. Systemic heparin was

given. Internal cardiac massage was performed (Video 3).
Cardiopulmonary bypass (CPB) was initiated. Bi-caval
venous cannulation was performed because of the PFO
with associated right-to-left shunt. EVH CO2 insufflation
was resumed and a large amount of bubbles was noted to
be entering the vacuum-assisted CPB venous drainage via
the inferior vena cava (IVC) cannula (Video 4). The IVC
was snared to prevent further introduction of bubbles into
systemic circulation. Completion of EVH and cessation of
CO2 insufflation stopped the drainage of bubbles into the
IVC cannula. The surgery continued, cardioplegia was
administered, and subsequently the team performed PFO
closure and 2-vessel CABG. The vein harvest site had a
moderate amount of venous bleeding that required a
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FIGURE 1. Top, TEE bi-caval view of right heart distension and which

CO2 bubbles can be seen throughout. Bottom, TEE still image of CO2 in

the aortic root, which indicates that there has been transmission of CO2

to the left heart and possible embolization of CO2 into the coronary arteries.

TEE, Transesophageal echocardiogram; CO2, carbon dioxide.

VIDEO2. Transesophageal echocardiogram (TEE) film of carbon dioxide

bubbles entering the aortic root, with assumed passing of the bubbles to the

coronary arteries. Bubbles can additional be seen in both chambers of the

left heart. Video available at: https://www.jtcvs.org/article/S2666-

2507(20)30097-3/fulltext.
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compression wrapping during the case. The patient required
milrinone and epinephrine for inotropic support, with
adjunctive epoprostenol therapy for right heart dysfunction.
The patient initially was brought out of the operating room
VIDEO 1. Transesophageal echocardiogram (TEE) film showing a dis-

tended right atrium with abundant carbon dioxide bubbles. The bubbles

can be seen crossing a patent foramen ovale (PFO) in the upper portion

of the image. Video available at: https://www.jtcvs.org/article/S2666-

2507(20)30097-3/fulltext.
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in open chest status. The right heart function recovered to
normal and the sternum was closed on postoperative day
2. The patient was discharged on postoperative day 7 with
intact neurologic status. The patient provided informed con-
sent for the publication of the study data.
COMMENT
EVH is a safe, widely used method for vein harvesting

that has largely replaced open vein harvesting, as EVH pro-
duces less postoperative pain and shorter duration of hospi-
tal stay.1 Complications of EVH include seroma/hematoma
VIDEO 3. Transesophageal echocardiogram (TEE) film of the hypoki-

netic right heart being resuscitated with internal cardiac massage. The

hands of the resuscitating physician can be seen at the inferior edge of

the heart and carbon dioxide bubbles can be seen in both chambers of

the right heart. Video available at: https://www.jtcvs.org/article/S2666-

2507(20)30097-3/fulltext.
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VIDEO 4. Massive amounts of carbon dioxide seen entering the cardio-

pulmonary bypass venous drainage via the IVC cannula. Demonstrating

that there is introduction of carbon dioxide into the venous system during

insufflation from endoscopic saphenous vein harvest (EVH). Video avail-

able at: https://www.jtcvs.org/article/S2666-2507(20)30097-3/fulltext.

TABLE 1. Recent literature

Study Year Sex

Age,

y

Insufflation

pressure,

mm Hg Observations

Fan

et al3
2012 F 55 14 Rise of ETCO2, pulmonary

hypertension, cardiogenic

shock

Strauss

et al6
2016 M 77 14 Auscultation of mill-wheel

murmur, TEE visualization

ETCO2, End-tidal carbon dioxide; TEE, transesophageal echocardiogram.
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formation, abscess collection, CO2 embolism, and ery-
thema or cellulitis of the incision site. Erythema has the
greatest incidence, in 3.8% of EVH procedures.2 CO2 em-
bolism has an incidence that is inversely proportional to
severity of symptoms, with venous embolism occurring in
17.1% of EVH and massive CO2 embolism, such as in
our report, with an incidence of 0.5%3 (Table 1). This inci-
dence may be an underestimate, as most patients are asymp-
tomatic or minimally symptomatic, and the minority of
patients, particularly thosewith a PFO, are more susceptible
to the life-threatening complications as presented here.4

Although CO2 embolism is a rare event during EVH, its
potential consequences can be devastating. In this case, car-
diopulmonary resuscitation via internal cardiac massage
was required due to likely air lock in the right heart that
caused right ventricular dysfunction and dilation with
high filling pressure, creating a right-to-left shunt through
an existing PFO with subsequent coronary artery CO2

embolization. Cardiac arrest from EVH was reported in
the past; however, real-time echocardiographic imaging
has not yet been reported.1 Our TEE videos show the
massive right ventricular embolism entering the left heart
through the PFO. Traditionally, end-tidal CO2 concentra-
tion has been used to monitor for CO2 embolus, but with
the availability of TEE in the operating room setting, end-
tidal monitoring is being replaced in favor of TEE.5 This
case highlights the importance of TEE in diagnosing CO2

embolus in a timely manner, thereby allowing the operating
room team to rapidly initiate resuscitation. The rapid cessa-
tion of CO2 insufflation and initiation of CPB allowed for a
positive outcome.
We hope this case report with TEE images demonstrates

this potentially critical complication from EVH and can
assist in the rapid diagnosis and treatment of CO2

embolism.
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