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Abstract

Veno-venous extracorporeal membrane oxygenation (VV-ECMO) is a form of extracorporeal life support that provides total gas
exchange (CO2 and O2) within the central venous circulation. The bicaval dual lumen cannula (DLC) is an option for patients
requiring respiratory support with VV-ECMO. The catheter is inserted via the internal jugular vein into the superior and inferior
vena cava, drains blood into the ECMO circuit for gas exchange, and then returns arterialized blood to the right heart for
circulation. The DLC facilitates physical therapy, ambulation, and early extubation. This chapter will review the uses, advan-

tages, and unique complications of the DLC.
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Introduction

Extracorporeal membrane oxygenation (ECMO) provides car-
diopulmonary support for critically ill patients who fail to re-
spond to conventional treatment and are expected to recover
within days to weeks; or after receiving curative therapy (surgical
procedure, ventricular assist device, or organ transplant) [1].
Patients in severe respiratory failure are initiated on temporary
ECMO support as rescue for acute deterioration, or as a bridge to
a decision on a treatment course, recovery, lung transplant, pri-
mary graft dysfunction, or post-transplant infection [2]. The
Extracorporeal Life Support Organization (ELSO), an interna-
tional voluntary database capturing over 100,000 ECMO cases
to date, reports overall survival to discharge of 66% for neonates,
53% for pediatrics, and 48% for adults. ECMO outcomes vary
with patient population, mode of ECMO support, and indication.
Survival for veno-venous (VV)-ECMO is approximately 80%
for neonates, 65% for pediatrics, and 60% for adults when used
for elective or urgent respiratory applications [3, 4].

>4 Joseph Bertram Zwischenberger
jzwis2 @uky.edu

University of Kentucky, College of Medicine, Lexington, KY, USA

Graduate Medical Education, Division of Cardiothoracic Surgery,
Lexington, KY, USA

Department of Surgery, Division of Cardiothoracic Surgery,
Lexington, KY, USA

Extracorporeal cardiopulmonary resuscitation (ECPR) utilizes
primarily veno-arterial ECMO and is used emergently for acute
cardiac and pulmonary arrest or resuscitation.

Neonatal patients placed on VV-ECMO typically have im-
proved outcomes compared to adults, which can be attributed
to a decreased incidence of parenchymal disease, chronic lung
damage, other comorbidities, as well as an ability to better
recover from major physiologic insult [5]. In the mid-1980s
to early 1990s, prospective randomized control trials in the
United States and Great Britain comparing ECMO to conven-
tional ventilator management in neonates with respiratory fail-
ure demonstrated ECMO was a safe alternative with better
survival than conventional management [6—8]. By the late
1980s, veno-arterial ECMO (VA-ECMO) via the internal jug-
ular (IJ) vein and carotid artery was standard therapy for neo-
nates with refractory respiratory failure [9]. When only respi-
ratory support is required, however, VV-ECMO is safer than
VA-ECMO because it spares the carotid artery, directs micro
emboli toward pulmonary circulation, and perfuses pulmo-
nary vasculature with oxygenated blood. Early experience
with neonatal VV-ECMO placed a venous drainage cannula
in the 1J vein and a reinfusion cannula in the femoral vein [5].
Unfortunately, the femoral vein is often too small and fragile
to accommodate an ECMO cannula in patients less than 10 kg
limiting application for neonatal VV-ECMO [10]. The first
dual lumen cannula (DLC) was developed to provide simul-
taneous drainage and reinfusion through a single cannula
placed via the 1J vein in neonates [11-13]. Neonatal DLCs
provide adequate flow with a single 13—14 French (Fr.)
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cannula, where 3 Fr. is equivalent to 1 mm diameter. The
original design provided a 2:1 ratio between the drainage por-
tion cross-sectional area and the reinfusion portion to allow
adequate venous drainage by gravity fluid relative to positive
pressure reinfusion [11]. In 1989, the first clinical experience
with a 14 Fr. neonatal DLC was reported [9]. Of the 21 neo-
nates with respiratory failure, 17 were successfully cannulated
with a DLC placed in the right atrium (RA) via the 1J vein.
One patient was immediately converted to VA-ECMO for
hypotension with asystole and another was converted after
24 h for insufficient gas exchange with maximum flow. The
remaining 15 were supported with 100-150 ml/kg/min of
veno-venous dual lumen extracorporeal membrane oxygena-
tion (VVDL-ECMO) flow and successfully decannulated [9].
Initial success was amplified in a 27-center retrospective study
comparing neonatal respiratory failure managed with VA-
ECMO or VVDL-ECMO. Anderson et al. reported 87% sur-
vival for 135 VA-ECMO cases and 95% survival for 108
VVDL-ECMO cases, fueling expansion of VVDL-ECMO
[14]. Widespread availability of the DLC and establishment
of the ELSO database in 1989 led to larger propensity
matched studies and database reviews confirming the utility
of VVDL-ECMO for neonatal respiratory failure [3, 15-17].

The initial commercial DLC (Kendall Healthcare Products
Co.) was inserted through the internal jugular vein into the
right atrium (unicaval) and included a series of drainage ports
facing the superior vena cava/RA junction opposite reinfusion
ports directed distally roughly toward the tricuspid valve. The
drainage and reinfusion lumens both traveled the length of the
cannula [9, 13]. This design drained 10-65% (average 20%)
of reinfused oxygenated blood back into the oxygenator
before reaching systemic circulation, a phenomenon
known as recirculation [9]. The unicaval DLCs available
today include the OriGen DLC (Origen Biomedical,
Austin, TX) and NovaPort twin (Xenios, Heilbronn,
Germany). Several published reviews show recirculation
is flow dependent with higher flows directly proportional
to recirculation ranging from 20 to 40%.

A new generation of single site access DLC with bicaval
venous drainage from the superior vena cava (SVC) and infe-
rior vena cava (IVC) repositioned the drainage ports into the
SVC and IVC, significantly reducing recirculation to as low as
2%. This design was marketed as the Avalon Elite DLC in
Europe in 2008 and was quickly incorporated into the practice
of adult ECMO [18]. The cannula release coincided with the
HIN1 worldwide outbreak and the conventional ventilation or
ECMO for severe adult respiratory failure (CESAR) trial
which stimulated use of single venous bicaval access for total
gas exchange in otherwise relatively healthy young adults for
acute respiratory distress syndrome (ARDS) [19-21]. The
bicaval DLC became available in the USA in 2009 [22, 23].
Shortly after introduction, these more efficient DLCs explod-
ed in use comprising 71% of all pediatric ECMO cannulas

used in 2011 [24]. In 2018 the crescent bicaval DLC (MC3,
Dexter, MI) named for the crescent moon-shaped division
made by the reinfusion lumen inside the drainage lumen was
introduced with Food and Drug Administration (FDA) clear-
ance for prolonged use with VV-ECMO.

Advantages of single site cannulation via the 1J vein in
pediatric and adult patients include increased ambulation, eas-
ier participation in physical therapy, and improved patient
comfort after extubation. Likewise, the risk of infection is
potentially lower with a single cannulation site, especially
the absence of groin cannulation. The downside is the need
for image guided insertion, and the risk of displacement or
perforation if improperly inserted, and the higher cost of a
DLC compared to single lumen catheters. This chapter will
review how the DLC is used during ECMO, insertion and
decannulation, and common complications.

Modes of ECMO support using the dual lumen
cannula

The DLC can be used for both traditional (46 L/min) and
low-flow (0.4—1 L/min) VV-ECMO [25]. Low-flow VV-
ECMO facilitates carbon dioxide removal by diffusion for
hypercapnic patients and is known as extracorporeal carbon
dioxide removal (ECCO2R; pronounced “ee-kor”) [26].
Kolobow and colleagues pioneered the understanding of car-
bon dioxide removal as a separate physiologic process from
oxygenation. Carbon dioxide removal is dependent on gas
diffusion via the concentration gradient either through the na-
tive lung alveoli or with ECMO created by sweep gas of the
membrane oxygenator. Uncoupling the ideas of oxygenation
and carbon dioxide, Kolobow et al. championed what is now
known as low tidal volume protective mechanical ventilation
to allow lung rest (with resultant CO2 retention) combined
with ECCO2R for carbon dioxide removal in ARDS patients
[25,27, 28]. Recently, ECCO2R has been studied in situations
of status asthmaticus and acute chronic obstructive pulmonary
disease (COPD) exacerbations, facilitating extubation and in
some cases avoiding intubation [29-31]. An unblinded trial of
adults (n =5) with acute COPD exacerbations were treated
with single sitt ECCO2R using the Avalon Elite catheter (20
Frand 23 Fr for bicaval drainage and minimal recirculation) to
achieve early extubation. The pilot trial showed feasibility of
extubation within 6.8+8.3 h after initiation of ECCO2R [29].
This is also supported by case reports of ECCO2R in near fatal
asthma case series by Brenner and Schneider [30, 31]. Use of
ECCOR2R is a subject of ongoing discussion in the literature
because it carries the same risk as VV-ECMO without the
benefit of oxygenation or the option to add hemodynamic
support in cases of acute deterioration.

Traditional VV-ECMO is the preferred mode of support for
respiratory failure refractory to conventional management
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with stable hemodynamics because it provides oxygenation
and carbon dioxide removal. Emergent cannulation at the bed-
side is percutancous via the 1J and femoral vein. Preferred
non-emergent cannulation involves a single DLC via the right
1J under fluoroscopic guidance [32]. Typical pre-ECMO ven-
tilator settings include 80—-100% FiO2, 10-20 cmH20 posi-
tive end expiratory pressure (PEEP), 30—40 cm of water
(cmH20) peak airway pressure, and respiratory rate of 40 with
persistent hypoxia and/or hypercapnia [32]. VV-ECMO min-
imizes injury from high pressure and volume settings or
prolonged excessive fraction of inspired oxygen (FiO2),
allowing for lung protective mechanical ventilation settings
or extubation [33]. Spontanecously breathing, nonsedated
VV-ECMO patients are ambulatory and can participate in pre-
operative rehabilitation to maximize their clinical status. The
recent Extracorporeal Membrane Oxygenation for Severe
Acute Respiratory Distress Syndrome (EOLIA) trial ran-
domized ARDS patients to VV-ECMO (n =124) or con-
ventional management (n = 125) with 35 patients crossed
over to the VV-ECMO group for refractory hypoxemia.
Even after crossover, intent-to-treat analysis found VV-
ECMO was non-inferior to conventional management with
60-day survival of 35% in the VV-ECMO group and 46%
in the conventional management group [34]. A retrospec-
tive review of VV-ECMO patients bridged to lung trans-
plantation showed 6-month survival of those who
underwent successful lung transplant was 80% (n =13/
16) in the non-intubated ECMO group versus 50% (n =
12/24) in the mechanical ventilation group (p =0.02) [35].

Beyond VV-ECMO, DLCs are used for “hybrid ap-
proaches” to ECMO that add venous or arterial access to
complement the existing system. Hybrid approaches ac-
commodate for the changing physiology and clinical condi-
tions in ECMO patients allowing for a more fluid approach
to patient management. For example, if VV-ECMO is initi-
ated preoperatively, the Avalon catheter supplies adequate
venous drainage for cardiopulmonary bypass [36]. In cases
of worsening cardiac dysfunction, hemodynamic support is
achieved with the addition of another cannula to the subcla-
vian artery, converting the VV-ECMO circuit to a veno-
arterial-venous (VAV) circuit [37]. Likewise, converting a
VA-ECMO circuit to VAV by exchanging the femoral ve-
nous drainage cannula for a DLC placed in the internal jug-
ular can improve oxygenation. Overall, hybrid ECMO only
comprises 2% of all ECMO runs [38].

Hybrid configurations are indicated if adequate perfusion is
not achieved or if complications arise secondary to cannula-
tion strategy such as differential hypoxia in VA-ECMO.
Emergent VA-ECMO cannulation via the femoral vein-
femoral artery relies on native cardiopulmonary function to
adequately perfuse the coronary arteries, head, and upper ex-
tremity perfusion, which is dependent on the location of the
mixing cloud in the aorta. As cardiopulmonary function

becomes compromised, the differential hypoxia in peripheral
VA-ECMO worsens, with arterialized blood reinfused at the
groin mixing unpredictably with forward flow. This differen-
tial hypoxia known as Harlequin syndrome or north-south
syndrome can be managed by switching the patient to a
VAV hybrid configuration. A sheep model of compromised
lung function with a left ventricular oxygen saturation (LV O2
Sat) of 70+ 8% on VA-ECMO was increased to 96 6%
when the ECMO configuration was changed to a DLC in
the right internal jugular and an arterial reinfusion cannula in
the femoral artery [39]. This highlights the ability of the addi-
tion of a DLC to help solve differential hypoxia presenting in
an existing VA-ECMO circuit or the addition of an arterial
cannula to an existing VV DLC ECMO configuration to aid
cardiac compromise. The “sport model,” an ambulatory mod-
ified VA-ECMO circuit cannulated via the right jugular vein
and the subclavian or axillary artery can use a single or dual
lumen cannula for venous drainage [40].

Venous drainage is often the limiting factor in achieving
satisfactory blood flow in peripheral ECMO. Additional ve-
nous drainage cannulas (single or dual lumen) allow for in-
creased drainage to improve overall ECMO flow. When a
DLC VV-ECMO circuit fails to achieve adequate oxygena-
tion, a secondary venous drainage cannula is added to the
circuit in a configuration known as veno-veno-venous
(VVV) ECMO. Venous drainage can be further increased by
modifying the DLC to drain venous blood from the reinfusion
port directed toward the right atrium as well as the SVC and
IVC. In this scenario, a Y-connector is used to connect both
lumens of the DLC. Reports of veno-veno-veno-arterial
(VVVA) and veno-veno-arterial-venous (VVAV) ECMO exist
in the literature; however, they are rare, and the DLC is used as
a source of venous drainage [41].

Choosing a bicaval dual lumen cannula

Cannula size is chosen according to patient needs determined
by body habitus, cardiac index (cardiac output divided by
body surface area), and required flow. Table 1 compares the
commercially available DLCs. DLC sizes range from 13 to 31
Fr. with the smallest 13 Fr. cannulas used in neonates > 2.5 kg.
The Avalon Elite (Getinge) does not make a size smaller than
13 Fr. Adult sizes range from 20 to 31 Fr., with the smaller 13
—19 Fr. sizes also available. The Crescent (Medtronic) is de-
signed for the adult market and the smallest size is 24 Fr. The
most common bicaval dual lumen cannula sizes used in adult
patients are 27-31 Fr. with larger cannulas capable of main-
taining higher flow rates, but associated with increased com-
plications and bleeding at the cannulation site [42]. The
Crescent 30 Fr. supports up to 7 L/min of flow, and the
Avalon 27 Fr. supports up to 5 L/min of flow. The smaller
19 Fr. Avalon supports up to 2.5 L/min of flow. The unicaval
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Table 1  Comparison of available DLCs

Cannula Size (Fr) Length (cm)

Connector size (in) Insertion

Features

Avalon Elite (Maquet) 13-31 11 (13 F) 1/4 (13-19 F)
14 (16 F) 3/8 (20-31 F)
21 (19 F)
31 (20-31 F)

OriGen (OriGen) 13-32 83 (13 F) 1/4 (13—-19Fr)
9.7(16 F) 3/8 (23-32Fr)
13.7 (19 F)
18.7 (23 F)
23.1 (28 F)
25.1 (32 F)

Crescent (Medtronic) — 24-32 30-34 3/8

1JV, tip in atrium

1JV, bicaval, tip in IVC  Pediatric, adult

Neonate (13F, 16F atrial), pediatric, adult
15F polyurethane non-reinforced

1JV, bicaval, tip in IVC Radiopaque markers FDA approval for VV-ECMO

FDA, Food and Drug Administration

NovaPort twin DLC used for extracorporeal CO, removal
(ECCO3R) is optimized for lower flows with the 22 Fr.
supporting up to 1.5 L/min and the 18 Fr. supporting up to
1.0 L/min of flow.

When choosing an appropriate cannula, compatibility with
the ECMO circuit pump must be considered. Currently,
ECMO circuits control blood flow with roller pumps and cen-
trifugal pumps. There has been a shift away from positive
pressure roller pumps because they are not afterload sensitive,
so there is potential for circuit rupture when a kink or other
occlusion occurs upstream of a roller pump [43]. Afterload
sensitive centrifugal pumps make circuit rupture unlikely but
put more stress on drainage cannula. While positive pressure
roller pumps rely on passive venous drainage, centrifugal
pumps utilize low pressures generated at the pump inlet.
DLC:s originally designed for use with roller pumps collapsed
from the pressure drop created by centrifugal pumps and were
redesigned with wire reinforcement. Non-reinforced DLCs
are still manufactured for use with roller pumps but are not
recommended with centrifugal pumps.

VV-ECMO using a bicaval DLC with an atrial
septostomy or preexisting atrial septal defect (ASD) is
used to relieve right ventricular or pulmonary failure
[44]. This was shown in two adult cases with preexisting
ASD and Eisenmenger’s syndrome using a 23 Fr Avalon
Elite catheter to relieve acute pulmonary hypertensive cri-
sis. After ECMO cannulation the patients’ arterial O2 sat-
uration went from 64 to 92% and from 75 to 98%, respec-
tively [45]. Kon et al. showed the feasibility of using a
bicaval DLC and ASD (created or congenital) to create a
physiologic right to left shunt allowing oxygenated blood
to be delivered directly to the left heart. In 2016 a man
presenting with right ventricular dysfunction secondary to
severe pulmonary fibrosis was treated with an atrial
septostomy and a 31F Avalon Elite catheter. This patient
required a repeat atrial septostomy on postcannulation day
12 which relieved the patient’s hypoxia and vasopressor
requirement. The use of atrial septostomy and VV-ECMO

with the Avalon catheter in this case improved the man’s
RV dysfunction, hypoxia, and hypercarbia [46].

Insertion

Right internal jugular Avalon cannulas are inserted 31 cm into
the central vascular system using the Seldinger technique,
percutaneously placed in the vessel using a guidewire and
serial dilations under fluoroscopic and/or echocardiographic
insertion guidance [18] (Fig. 1). The catheter traverses the
superior vena cava, right atrium, with the tip placed in the
inferior vena cava. Venous drainage ports positioned in the
superior and inferior vena cava draw blood to supply the ox-
ygenator. After gas exchange, the blood is returned to the
infusion lumen of the catheter, terminating at a port directed
toward the tricuspid valve that delivers a jet of arterialized
blood to the right heart (Fig. 2). Insertion of the OriGen
DLC is also percutaneous into the right IJ vein, but the tip
of the cannula is inserted into the RA. Likewise, the 18
and 22 Fr. NovaPort twin DLCs are inserted 17 cm via the
1J vein into the RA. The largest NovaPort twin 24 Fr.
DLC is inserted into the femoral vessel.

Weaning trial and decannulation

Weaning protocols are a matter of ongoing discussion and
vary by center [47]. Our center has developed an algorithm
for pre-weaning evaluation of all ECMO support modes
and disease etiologies. Before ECMO is weaned, the pa-
tient is typically afebrile, euvolemic, and has an improved
chest radiograph and acceptable resolution or treatment of
the initial indication. The VV-ECMO trial off consists of
weaning and clamping the sweep gas while maintaining
VV pump flow and monitoring the patient’s respiratory
function on post-ECMO mechanical ventilation settings.
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The Avalon catheter preferred vein is the right internal jugular vein. The catheter length in
adults is 31 cm. To insert:

1. Prep right neck.

2. Under ultrasound guidance identify the right internal jugular vein. Administer local
lidocaine.

3. Make small (3 mm) skin puncture with 11 blade.

4. Under ultrasound guidance advance the 18 gauge needle through the puncture site into
the jugular vein. If needed use a 10 cc syringe to aspirate to confirm position in vein.

5. Under fluoroscopic guidance advance the 0.038 inch J wire into the mid IVC.

6. Give 50-100 units/kg heparin. Target ACT =200 sec, PTT 65-95 sec within 2-3 minutes.

7. Over the J wire and under fluoroscopy, advance the 10 French (Fr.) dilator into the
proximal SVC and remove.

8. Serially dilate. Final dilator is one gauge smaller than catheter size (dilator sizes 10 Fr.,
12 Fr., 16 Fr., 20 Fr., 24 Fr., 26 Fr., and 30 Fr.)

9. Over the J wire and under fluoroscopy, advance the 31 cm 23, 27, or 31 French Avalon
catheter. Position tip in IVC, approximately 4 cm below the right atrium.

10.Orient the catheter with the re-infusion cannula anterior and drainage cannula posterior
so the reinfusion port is directed at the tricuspid valve.

11.Remove Avalon catheter introducer and guidewire.

12.Clamp the catheter below circuit connectors.

13.Clamp off the primed circuit and cut the circuit tubing distal to the clamp.

14.Connect cannula to circuit tubing. Add saline to catheter and circuit tubing for an air
free connection.

15.Ensure no air is present in the connection. Unclamp catheter and circuit tubing.

16. Visually inspect color of blood. Venous drainage blood is dark red, re-infused
oxygenated blood is bright red.

17.Using transesophageal or transthoracic echo, confirm proper positioning of tricuspid
reinfusion port. If not observed, slowly retract the catheter until tricuspid reinfusion
port is correctly positioned (jet of turbulent flow from catheter at valve).

18.Using 0-1 silk or Ethibond suture, place a purse string stitch at catheter insertion site.
Place a horizontal stitch across the venous outflow cannula to prevent anterior-
posterior movement. Place a diagonal stitch across re-infusion cannula to prevent
superior-inferior movement.

19.Laytubing over the head and secure with a Foley catheter band.

ACT = Activated clotting time (seconds), PTT = Partial thromboplastin time (seconds)

Fig. 1 Avalon Elite® catheter insertion guide
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Fig. 2 Avalon Elite bicaval dual lumen cannula. Venous blood is drained
from the SVC and IVC and reinfused toward the right tricuspid

Lung function is monitored for 4 to 24 h. If oxygen satu-
ration (Sa02) and partial pressure of carbon dioxide
(PCO2) remain stable, the patient is ready to be weaned.

Care must be taken to avoid air embolism. During
decannulation, the sedated patient is placed in Trendelenburg
position with a short ventilator pause. Pressure is applied to
the exit site and continuously maintained while purse-string
suture is used to close the skin.

Complications

The DLC is considered technically difficult to insert with
a 10% rate of cannula migration and malpositioning [48].
The distal tip of bicaval DLC is inserted into the IVC in
close proximity to the right atrium and hepatic vessels
distally, introducing risk of injury by perforation and can-
nula migration [49]. Perforation and tamponade occur (3—
15%) when the guidewire is misplaced across the tricus-
pid valve into the right ventricle [49, 50]. A stiff
guidewire can directly perforate the heart wall, and a flex-
ible guidewire can loop inside the right heart chamber and
cause perforation secondary to cannula insertion. User in-
experience and unfamiliarity with bedside fluoroscopy
and transesophageal echocardiography (TEE) have been
highlighted as a cause of complication during DLC inser-
tion. Fluoroscopy and TEE should be used to visualize the
guidewire traverse the SVC, RA, and IVC and confirm
placement beyond the level of the renal veins prior to
cannulation [51]. Visualization of the guidewire in the
SVC and IVC does not exclude looping within the right
atrium/right ventricle [52]. A single-center chart review of
72 patients cannulated with the Avalon Elite DLC report-
ed two cases of cardiac perforation during insertion de-
spite use of fluoroscopic guidance [49]. A single-center
chart review (2008-2010) of 25 neonates cannulated with
either the non-wire reinforced OriGen DLC or wire

reinforced Avalon Elite DLC under TEE guidance showed
an increased risk of cardiac perforation with the wire re-
inforced Avalon (n = 2/14) versus the non-wire reinforced
OriGen (n =0/11) [50]. However, a review of the ELSO
registry (1998-2011) that included 1323 pediatric VV-
ECMO cases showed similar rates of perforation between
wire and non-wire reinforced DLCs (6.6 vs. 4.8%, p =
0.441) [24]. To date, no studies have compared DLC com-
plications between adults and children. In general, it is
suspected that neonates and children are more susceptible
to perforation and tamponade due to smaller and thinner
vessels and heart chambers when compared to adults [53].

Cannula migration has been reported in 6-10% of pedi-
atric and adult cases of DLC VV-ECMO [54, 55].
Malpositioning of the drainage and reinfusion ports result
in inadequate ECMO flow and hypoxia. The 13 Fr. cannula
(neonate) only has a distance of 2.5 cm from the inferior
IVC port to the right atrium infusion port and can dislodge
into the right heart when the patient moves [50]. It is sug-
gested to use the largest cannula possible or to place the
inferior tip of a 13 Fr. cannula 1 cm lower in the IVC. A
single-center chart review of 25 pediatric Avalon Elite
VVDL-ECMO patients demonstrated use of fluoroscopy
during insertion decreased the need for cannula reposi-
tioning (n =3/14, 21% vs. n =7/11, 64%; p =0.05) when
compared to using echocardiography alone [56].

In adults the risk of cannula migration is related to
increased ambulation. To allow for patient comfort and
stabilization of the ECMO lines, a 30-in. hold n place
foley leg band should be placed across the patient’s fore-
head and lines secured by the green Velcro strap [48].
There is hesitance to transport ECMO patients cannu-
lated with a DLC between hospitals. The largest series
(n =170) of patients transported on mobile ECMO
(2010-2014) compared adult ECMO patients cannulated
at a referral center and transported (n =46) to those
cannulated on site (n =126). All patients were placed
on VV-ECMO under fluoroscopic guidance. Authors re-
ported no deaths on transport, no cannula misplacement,
and no significant difference in complication rate (bleed-
ing, arrythmia, tamponade, pneumothorax), or survival
(to discharge or 6 months) compared to on-site cannula-
tion. This high-volume center experience demonstrates
the safety of transport while on DLC cannulated VV-
ECMO when the mobile ECMO team is comfortable
with fluoroscopy at the bedside. The study further dem-
onstrates that mobile ECMO is resource and expertise
intense, requiring a team of two congenital and one adult
cardiothoracic surgeon, one intensivist, and one full-time
dedicated ECMO consultant [57].

Other complications of DLCs include cannula site bleeding
(20%), cannula site infection (10%), and neurologic compli-
cations (7%) [49]. Intracranial hemorrhage is the most
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common neurologic complication in VV-ECMO patients and
is thought to result from thrombocytopenia, anticoagulation,
and intracranial venous hypertension from cannula obstruc-
tion of the internal jugular vein and superior vena cava [42,
58]. Common DLC sizes (27-31 Fr.) are larger than two site
return cannulas (19-23 Fr.) for adult patients. No animal stud-
ies have confirmed that DLC cannulas increase cerebral ve-
nous pressure; however, a review of the ELSO registry (2011—
2016) comparing propensity matched VV-ECMO patients
cannulated with the Avalon Elite 27 Fr. (n =372) or 31 Fr.
(n=372) found rate of intracranial hemorrhage was 3-times
higher in those cannulated with the 31 Fr. compared to the 27
Fr. (n =16, 43% vs. n =6, 1.6%, p =0.03). There was no
difference in hemolysis, cannula related complications, or
mortality. These results suggest the use of the smallest cannula
able to achieve adequate ECMO flow to minimize risk of
intracranial hemorrhage [42]. Likewise, a 4 year (2009—
2012) single-center case series of 72 patients cannulated with
the Avalon Elite reported cannulation site bleeding (n = 15),
cannulation site infection (n = 7), intracranial bleeding (n = 5),
cannula movement (n =4), pneumothorax (n =2), and
tamponade (n =2) [49].

A retrospective review of the ELSO database comparing
VV-ECMO implanted at a single site using a DLC versus two
cannulas showed the DLC group had significantly higher in-
cidences of cannula-related complications (22.3 vs. 14.2%,
p <0.001) acidosis (30.3 vs. 19.6%, p =0.019), seizures
(35.1vs. 14.7%, p = 0.001), and cardiovascular complications
(24.4 vs 21.7%, p = 0.032). The multi-site cannulation group
had more renal complications (15.8 vs. 12.9%, p = 0.005) and
hyperglycemia (47.4 vs. 30.8%, p = 0.001). No difference was
seen in the complications of cannula site bleeding, tamponade,
pneumothorax, or survival to discharge [24].

Decannulation poses less risk than insertion of a DLC.
Echocardiography should be used after cannula removal
to ensure no complications have occurred. A retrospective
study (2009-2014, n =28) of an academic medical center
showed that decannulation done at bedside by an
intensivist using a purse string suture technique did not
increase complications when compared to the procedure
being performed by a surgeon in the operating room [59].
This highlights the ability of an intensivist to reduce re-
sources required to remove a DLC.

Conclusions

The DLC is an option for patients who are electively initiated
on VV-ECMO. Insertion requires technical skill and image
guidance to ensure proper placement. VVDL-ECMO allows
for maximum clinical conditioning through early extubation
and physical therapy (with or without ambulation) while
bridging to recovery, decision, or definitive therapy.
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