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A 25-year-old woman with severe tricuspid valve endocarditis and septic pulmonary emboli required VA-ECMO for

recurrent hypoxemia-induced cardiac arrest. We present the clinical challenges requiring ECMO circuit reconfiguration

and a percutaneous approach for vegetation debulking. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep

2021;3:1343–1349) © 2021 The Authors. Published by Elsevier on behalf of the American College of Cardiology Founda-

tion. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
CASE PRESENTATION

A 25-year-old woman presented to an outside facility
with low back pain. Her past medical history included
intravenous drug use. Her initial exam was reportedly
notable for hypotension and hypoxemic respiratory
failure requiring intubation. Transthoracic echocar-
diography revealed large mobile tricuspid vegetations
with severe tricuspid regurgitation (TR), and a chest
radiograph demonstrated extensive bilateral patchy
EARNING OBJECTIVES

To develop an approach to hypoxemia,
technical challenges, and circuit reconfigu-
ration in patients on various ECMO
configurations.
To highlight a percutaneous aspiration
strategy for severe right-side endocarditis in
a patient on ECMO.
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opacifications. Recurrent episodes of pulseless elec-
trical activity necessitated veno-arterial extracorpo-
real membrane oxygenation (VA-ECMO) cannulation
via the right femoral vein (25-F) and artery (20-F) with
an antegrade catheter (5-F) for distal limb perfusion.
She was transferred to our facility for refractory
hypoxemia.

On arrival, vital signs were as follows: temperature
97.5 �F, heart rate 74 beats/min in sinus rhythm,
blood pressure 88/56 mm Hg on norepinephrine 5 mg/
min (0.07 mg/kg/min), and oxygen saturation 84%
from her right hand, while on 6 L/min VA-ECMO with
maximal oxygenation on ventilator. Right radial
arterial blood gas analysis demonstrated a PaO2 of
44 mm Hg. Blood cultures grew methicillin-sensitive
Staphylococcus aureus (MSSA). Transesophageal
echocardiography (TEE) on maximum VA-ECMO flow
demonstrated mildly reduced biventricular systolic
function and multiple tricuspid valve vegetations up
to 2.6 � 1.5 cm with valve perforation and severe TR
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ABBR EV I A T I ON S

AND ACRONYMS

ECMO = extracorporeal

membrane oxygenation

IVC = inferior vena cava

TEE = transesophageal

echocardiography

TR = tricuspid regurgitation

VA = veno-arterial

VAV = veno-arterio-venous

VV = veno-venous
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(Videos 1, 2, 3, and 4). There were no other
vegetations or intracardiac shunt. Computed
tomography (CT) revealed extensive lung con-
solidative and cavitary opacities (Figure 1),
small pleural effusions, sacroiliitis, and no
intracranial process.

QUESTION 1: WHAT IS THE MOST LIKELY

ETIOLOGY OF HER HYPOXEMIA ON

VA-ECMO?

In an otherwise healthy patient with bacterial
tricuspid valve endocarditis complicated by
severe diffuse lung injury from septic emboli, hyp-
oxemia on VA-ECMO likely resulted from differential
hypoxemia from preserved cardiac output of poorly
oxygenated blood.

DIFFERENTIAL HYPOXEMIA DURING VA-ECMO.

Hypoxemia during VA-ECMO occurs with distal mix-
ing in the descending aorta of poorly oxygenated
blood ejecting from the left ventricle (owing to
compromised pulmonary gas exchange) and well
oxygenated blood from the ECMO return cannula.
Thus, poorly oxygenated blood supplies the proximal
arterial circulation including coronary, right extrem-
ity, and cerebral arteries. The so-called “north-south”
or Harlequin syndrome is confirmed by lower
oxygenation in the right arm (PaO2 <55-60 mm Hg)
compared with left arm and lower limbs. Initial at-
tempts to correct this may include maximization of
ECMO flows (though often flows are initially at a
maximum) and pulmonary optimization, which may
include ventilator adjustments and/or airway clear-
ance maneuvers or targeted therapy to underlying
pulmonary pathology. In this case, the patient had
severe ongoing airway bleeding and purulent mucous
due to her substantial septic pulmonary emboli.

QUESTION #2: WITH ONGOING HYPOXEMIA

ON VA-ECMO, WHAT IS THE NEXT

APPROPRIATE MANAGEMENT STRATEGY?

If ventilator and pulmonary optimization and maxi-
mization of ECMO flows are inadequate to correct the
differential hypoxemia, a transition to veno-arterial-
venous (VAV)–ECMO may be necessary. Introduction
of an additional return cannula into the superior vena
cava “breaks” the dual circulation syndrome by
introducing oxygenated blood to the right heart.

In this patient, because of differential hypoxemia
(also referred to as north-south or Harlequin syn-
drome) despite ventilator optimization and VA-ECMO
flows >6 L/min, we converted to VAV-ECMO. A 19-F
cannula was advanced into the superior vena cava
via the right internal jugular vein and connected to
the return arterial limb in a Y-configuration. Resul-
tant return flows were approximately 4.2 L/min to the
venous cannula and 2.5 L/min to the arterial cannula,
and there was immediate improvement in peripheral
oxygenation without hemodynamic compromise
from reduced arterial return.

RECONFIGURATION AND OPTIMIZATION OF FLOW

ON VAV-ECMO. An additional venous cannula can be
introduced (in this case, via the internal jugular vein)
and connected to the ECMO return arterial limb in a
Y-configuration. During venous access and serial di-
lations, ECMO flows should be reduced to a minimum
to avoid entrainment of air into the circuit. Usual de-
airing techniques are necessary during Y-attachment
of the return venous cannula and arterial limb.
Optimizing the distribution of oxygenated blood re-
turn between arterial venous limbs (balancing
patient-specific relative ECMO needs for improved
oxygenation and hemodynamic support) may require
an occluder device (such as a Hoffman clamp) to limit
full flow into the lower-pressure venous return limb.
If the patient’s right ventricle cannot fully compen-
sate for the increased venous return, in the context of
decreased arterial flow to the descending aorta,
additional inotropic support may be necessary to
support cardiac output. As cardiac function im-
proves, flows may be reduced in the return arterial
limb (in favor of more flow through the return venous
limb) as a VA-ECMO weaning method.

QUESTION 3: AFTER STABILIZATION OF HER

OXYGENATION, HOW WOULD YOU

APPROACH MANAGEMENT OF HER LARGE

TRICUSPID VALVE VEGETATIONS?

Given the patient’s complexity, a multidisciplinary
meeting was warranted for medical decision making.
The heart team meeting included cardiology (general
and interventional), cardiothoracic surgery, cardiac
anesthesia, pulmonary, nursing, and medical ethics.
The patient was deemed to not be a surgical candi-
date owing to severe lung injury. Therefore, suc-
cessful percutaneous aspiration of the large mobile
masses of tricuspid vegetations was performed
(Figure 2), a method noted to have high rates of pro-
cedural success and low mortality (1-3). Intra-
procedural TEE confirmed trivial echodensity
remaining on the tricuspid valve with stable severe
TR (Videos 5 and 6).

PERFORMING PERCUTANEOUS VEGETATION ASPIRATION

ON VAV-ECMO. The percutaneous aspiration system is
a separate veno-venous (VV) extracorporeal circuit
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FIGURE 1 Sequential Computed Tomographic Imaging Demonstrating Evolution of Septic Emboli From Large Tricuspid Vegetation

(A) Extensive consolidative and ground glass opacities with cavitary lesions (arrows); (B) large anterior right hemothorax (stars) causing mass

effect; (C) right bronchopleural fistula (arrows) from rupture of cavitation; (D) empyema necessitans (stars) with dissection through right

chest wall into the breast; (E) status after right Eloesser flap: largely resolved pulmonary opacities.
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FIGURE 2 Percutaneous Aspiration of Large Tricuspid Valve Vegetation

(A, B)Multiple large pedunculated vegetations on the tricuspid valve (yellow arrows) with severe tricuspid regurgitation through a leaflet perforation and central valve

malcoaptation (red arrow); (C) Percutaneous aspiration catheter advanced to right atrium via the inferior vena cava; (D) Extracted mass of vegetation and destructed

leaflet tissue.
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with aspiration through an inflow cannula, passage
of blood through a filter and pump, and reinfusion of
blood through a venous return cannula. Due to
existing VAV-ECMO catheters in the right internal
jugular vein and right femoral system, the percuta-
neous aspiration circuit was placed via left internal
jugular and femoral veins. During additional venous
access and dilations, ECMO circuit flows were again
temporarily decreased to avoid air entrainment.
Throughout percutaneous aspiration, after confirm-
ing therapeutic anticoagulation status, the ECMO
return arterial limb was clamped to avoid arterial air
or vegetation emboli. Clamping of the arterial limb
also permitted assessment of hemodynamics on VV
bypass exclusively, confirming intact cardiac output
on low-dose vasopressor support.

QUESTION 4: WHAT ARE POSSIBLE

CANNULATION STRATEGIES FOR VV-ECMO?

VV-ECMO requires a drainage (or inflow) cannula to
withdraw deoxygenated venous blood from the pa-
tient, which subsequently passes through the ECMO
pump and oxygenator and into a return (outflow)
cannula, delivering oxygenated and decarboxylated
blood back to the venous system. Conventional
VV-ECMO involves percutaneous insertion of a
drainage cannula in the femoral vein (with tip just
distal to right atrium (RA)–inferior vena cava (IVC)
junction) and a return cannula in the right internal
jugular vein (with tip at the SVC-RA junction). Ideal
separation of the cannula tips is at least 7-10 cm.
Femoral-femoral VV-ECMO cannulation is less
commonly utilized and requires positioning of the
drainage cannula in the IVC adequately below the
IVC-RA junction with advancement of the return
cannula into the RA to allow adequate cannula sepa-
ration and avoid significant recirculation.

Alternatively, a single dual-lumen ECMO cannula
can be placed in the right internal jugular vein,
which allows for the additional benefit of patient
mobility with absence of femoral cannulation.
Placement of a single dual-lumen venous catheter
requires multimodal imaging, optimally both TEE
and fluoroscopy (Figure 3, Videos 7, 8, and 9) to
confirm adequate positioning with the orifice of the
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FIGURE 3 Dual-Lumen Veno-Venous Extracorporeal Membrane Oxygenation Catheter

Placement Via Right Internal Jugular Vein

Arrows indicate catheter and radiographic indicators of inflow and outflow sites.

IVC ¼ inferior vena cava; SVC ¼ superior vena cava.

J A C C : C A S E R E P O R T S , V O L . 3 , N O . 1 1 , 2 0 2 1 Zern et al.
S E P T E M B E R 1 , 2 0 2 1 : 1 3 4 3 – 1 3 4 9 Severe Tricuspid Valve Endocarditis

1347
return lumen pointed toward the tricuspid valve.
The ProtekDuo (TandemLife, Pittsburgh, Pennsylva-
nia), a novel approach to VV-ECMO, is a dual-lumen
cannula inserted into the right internal jugular vein
with the distal tip in the main pulmonary artery,
allowing for bypass and decompression of the right
ventricle.

CLINICAL COURSE. After percutaneous aspiration of
our patient’s tricuspid valve vegetations, she
remained hemodynamically stable but with ongoing
severely impaired respiratory gas exchange; thus, she
was successfully transitioned from VAV- to VV-ECMO
at 6 L/min via a 32-F dual lumen catheter in the right
internal jugular vein (Figure 3, Videos 7, 8, and 9).

However, after return to the intensive care unit,
she was noted to have ongoing hypoxemia.

QUESTION 5: WHAT IS YOUR DIFFERENTIAL

DIAGNOSIS OF HYPOXEMIA ON VV-ECMO

AND WHAT IS THE MANAGEMENT STRATEGY?

Hypoxemia on VV-ECMO is usually due to recircu-
lation, shunting of deoxygenated blood past the
ECMO circuit, or membrane dysfunction. If the
cannula outflow is malpositioned vertically, or
outflow is not directed toward the tricuspid valve,
recirculation may occur (where returned oxygenated
blood enters the drainage cannula rather than the
right heart). Although a small amount of recircula-
tion is usually present, clinically significant recir-
culation is apparent in the context of a low SaO2

with high SdO2 (O2 saturation measured in the
drainage cannula) or visually by identifying bright
red (oxygenated) blood in the venous drainage
cannula.

In the context of hypoxemia with a well-positioned
cannula, membrane integrity should be evaluated by
ruling out membrane clots and measurement of
membrane pressure gradient and before and after
membrane oxygenation. If the membrane is func-
tioning correctly, ongoing hypoxemia in a patient on
VV-ECMO is usually due to membrane lung shunting,
which occurs when cardiac output exceeds maximal
ECMO flow, allowing poorly oxygenated blood to be
shunted past the ECMO circuit and ejected from the
left heart. Increased sedation and calcium channel or
beta-blockers can be utilized to reduce cardiac output
while awaiting lung recovery, though negative
inotropic agents should be used with caution,
because patients with respiratory failure often have
right ventricular dysfunction. In cases where these
strategies fail to provide adequate peripheral
oxygenation, total circuit flows can be increased by
placement of a second venous drainage cannula (or in
extreme cases, placement of a second parallel VV-
ECMO circuit).

CLINICAL COURSE. Continuous esmolol infusion was
required to reduce high cardiac output causing
excessive membrane lung shunting. The patient
completed a prolonged course of intravenous antibi-
otics targeting her metastatic MSSA infection. Her
course was further complicated by bronchopleural
fistula and empyema necessitans requiring video-
assisted thorascopic surgery and Eloesser flap.
Slowly, her airway bleeding and pleural disease
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FIGURE 4 Extracorporeal Membrane Oxygenation Circuit Configurations and Considerations

Zern et al. J A C C : C A S E R E P O R T S , V O L . 3 , N O . 1 1 , 2 0 2 1

Severe Tricuspid Valve Endocarditis S E P T E M B E R 1 , 2 0 2 1 : 1 3 4 3 – 1 3 4 9

1348
improved, and she was successfully decannulated
from VV-ECMO after 1 month. Post-decannulation
echocardiography demonstrated preserved left ven-
tricular function, a dilated right ventricle but with
normal systolic function, and persistent severe TR
with a small amount of thickening on the anterior
leaflet of the TR suggestive of small vegetation. After
a prolonged critical illness, she was discharged to her
local facility for intensive physical therapy and
ongoing care. At 6 months after discharge, she
reported no dyspnea or other symptoms of heart
failure.

CONCLUSIONS

We present a case of a critically ill patient with
tricuspid valve endocarditis complicated by exten-
sive bilateral septic emboli resulting in hypoxemic
respiratory failure and cardiac arrest. Our case
uniquely facilitates discussion regarding challenges
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and approaches to various ECMO configurations, as
also displayed in Figure 4. Most notably, the addi-
tion of a separate venous circuit (for the purpose of
performing a novel percutaneous approach to
tricuspid valve vegetation extraction) in the pres-
ence of an existing VAV-ECMO circuit was techni-
cally challenging and required multidisciplinary
expertise in mechanical circulatory support and
interventional cardiology.
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