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Introduction

Background: The double-lumen cannula (DLC) has begun to be used worldwide for
venovenous (VV) extracorporeal membrane oxygenation (ECMO). We aimed to examine
whether the DLC could be an effective tool in the treatment of pediatric respiratory failure
in Korea.

Methods: We reviewed the records of patients weighing under 15 kg who underwent
ECMO due to respiratory failure between January 2017 and December 2018. Outcomes of
ECMO using a DLC and conventional ECMO using central method or 2 peripheral cannulas
were compared.

Results: Twelve patients were treated with ECMO for respiratory failure. Among them, a
DLC was used in 5 patients, the median age of whom was 3.8 months (interquartile range,
0.1-49.7 months). In these patients, the median values of pH, partial pressure of carbon
dioxide, and partial pressure of oxygen were 7.09, 74 mm Hg, and 37 mm Hg before ECMO
and corrected to 7.31, 44 mm Hg, and 85 mm Hg, respectively, after ECMO cannulation.
Median blood flow rate in the patients treated with ECMO using a DLC was slightly higher
than that in the conventional ECMO group, but this difference was not statistically signif-
icant (86.1 mlL/kg/min and 74.3 mL/kg/min, respectively; p=1.00). One patient from the
DLC group and 3 patients from the conventional group were weaned off ECMO.
Conclusion: VW ECMO using a DLC provided adequate oxygenation, ventilation, and
blood flow rate in Korean pediatric patients with respiratory failure. Further prospective
and randomized studies are warranted.
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ever, conventional VV ECMO using 2 cannulas has some
disadvantages, such as cannula kinking, recirculation, and

Extracorporeal membrane oxygenation (ECMO) has
been an important therapy in pediatric patients with car-
diopulmonary failure since Bartlett et al. [1] successfully
used it in neonates in 1975. ECMO in pediatric patients
originally involved a peripheral venoarterial (VA) access
procedure using the common carotid artery for blood re-
turn and the internal jugular vein for drainage or central
VA access. Due to the neurological complications associat-
ed with VA ECMO, the use of venovenous (VV) ECMO in
pediatric patients is becoming more common [2,3]. How-

challenges related to the small femoral veins in younger
pediatric patients. Recently, the percutaneous double-lu-
men cannula (DLC, Avalon Elite; Maquet, Rastatt, Germa-
ny) has gained interest as an ECMO cannulation modality
because of its advantages of single cannulation, less inva-
siveness, less kinking, and less recirculation [4,5]. In South
Korea, ECMO cannulation is becoming more frequent an-
nually, and its use is expected to expand in the future [6].
In this study, we aimed to investigate the outcomes of VV
ECMO using a DLC and compared them with those of
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conventional VA or VV ECMO performed with other can-
nulation methods over the past 2 years at a single center in
Korea.

Methods

The records of all pediatric patients weighing less than
15 kg who were treated with ECMO due to respiratory fail-
ure between January 2017 and December 2018 were re-
viewed retrospectively. Data regarding age, sex, body
weight, etiology of respiratory failure, laboratory findings
(such as blood gas profile), blood flow rate through the
ECMO circuit, procedure time, cannulation method and
position, complications, cannula repositioning, number of
circuit changes, and anticoagulation regimen were ob-
tained by reviewing patients’ medical records. Pre-ECMO
arterial blood gas analysis was obtained just before ECMO
cannulation, and post-ECMO arterial blood gas analysis
was performed immediately after ECMO cannulation.
Bleeding complications were evaluated using the Cla-
vien-Dindo classification system [7]. Patients were then di-
vided into 2 groups, with the DLC group including patients
who underwent VV ECMO with an Avalon catheter (Ma-
quet) and the conventional group including patients who
underwent VA or VV ECMO using other cannulation met-
hods.

This study was approved by the Institutional Review
Board of Seoul National University Hospital in Seoul, Ko-
rea (approval no., H-1905-017-103) and was in compliance
with the Declaration of Helsinki. The board waived the re-
quirement for patients’ informed consent because of the
retrospective design.

Choice of cannulation

Patients whose conditions were expected to progress to
respiratory failure were consulted for VV ECMO using a
DLC. If the parents agreed to pay the import fee, we or-
dered the DLC after approval by the Korean Food and Drug
Administration, and it arrived approximately 2 months
later from the United States. The first case consulted for
VV ECMO using a DLC had a diagnosis of congenital dia-
phragmatic hernia (CDH); however, the patient expired be-
fore the DLC arrived. For the next case (DLC1), which was
also a patient with CDH, we used the DLC that was pre-
pared for the first case, and we then ordered another DLC.
When ECMO cannulation was required in a third case,
our team decided to use the DLC prepared for the second
patient with agreement from both parents. Although the

Fig. 1. (A, B) The double-lumen cannula inserted with the proper
anatomical configuration. The cannula should be inserted into the
right internal jugular vein, advanced into the right atrium, and
extended to the inferior vena cava. The drainage hole is indicated
by the blue arrow and the return hole by the red arrow.

size of the DLC cannula varies from 13F to 31F, we were
only able to import 1 size for each patient. Therefore, we
could only use a DLC when the previously-ordered cannu-
la fits for the next patient. When a patient needed emergent
VV ECMO cannulation, the surgeon chose peripheral VV
ECMO using 2 cannulations if there was no appropriate-
ly-sized DLC available for the patient. If a patient was too
small for the femoral vein to be used, the surgeon chose
central VV ECMO. For patients with ventricular dysfunc-
tion or pulmonary hypertension, the surgeon chose central
or peripheral VA ECMO.

Surgical procedure and management

Before cannulation, vessel size and anatomy were con-
firmed by Doppler ultrasonography to prevent cannula-
tion-related vascular injuries and to choose the appropriate
cannula size. After cannulation, the cannula position was
confirmed by chest X-ray imaging, and daily monitoring
for late mechanical complications such as delayed cardiac
wall rupture was performed with 2-dimensional echocar-
diography [8]. If the cannula was not positioned properly
to enable acceptable flow, it was repositioned. In ECMO
with DLC, the cannula was inserted into the right internal
jugular vein (RIJV), advanced into the right atrium (RA),
and extended to the inferior vena cava (Fig. 1). In central
VA ECMO, a venous drainage cannula was inserted into
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the RA, and an arterial cannula was inserted into the as-
cending aorta. In central VV ECMO, a drainage cannula
was inserted into the RA, and the blood return cannula
was inserted into the pulmonary artery. In peripheral VA
ECMO, the venous drainage cannula was positioned at the
RIJV, while the arterial blood return cannula was placed at
the carotid artery. Finally, in peripheral VV ECMO using 2
cannulations, the venous drainage cannula was placed at
the femoral vein and the blood return cannula at the RIJV.
All peripheral ECMOs were inserted using the Seldinger or
semi-Seldinger technique. The Lilliput 2 ECMO (LivaNova,
Mirandola, Italy) and Permanent Life Support System (Ma-
quet) were used for the ECMO circuit. Continuous heparin
infusion was used as anticoagulation therapy in ECMO,
with the heparin infused by bolus at 50-100 U/kg upon
cannulation, after which a continuous dose was adminis-
tered based on the activated partial thromboplastin time
(@PTT) at an interval of 4 hours.

Statistical analysis

The demographic and clinical data introduced above
were described as the median and interquartile range (IQR)
for continuous variables and as the frequency and percent-
age for categorical variables. Patients were divided into ei-
ther the DLC group or the conventional group (Fig. 2).
Survival and baseline patient characteristics of the 2
groups were compared. The Mann-Whitney U-test was
used to compare continuous variables, and the Fisher exact
test was used to compare discrete variables. All p-values
less than 0.05 were considered to indicate statistical signifi-
cance. Statistical analyses were performed using IBM SPSS
ver. 21.0 (IBM Corp., Armonk, NY, USA).

Results

Twelve patients were treated with ECMO for respiratory
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VA, venoarterial; VV, venovenous.
a)Using 2 cannulations.

failure. Five patients were treated with VV ECMO using a
DLC, and 7 patients were treated with VA or VV ECMO
using the conventional cannulation method. The median
age of all patients at the time of cannulation was 4.2
months (IQR, 0.1-19.5 months), and the median body
weight was 6.4 kg (IQR, 3.7-13.2 kg). The median values of
pre-ECMO arterial pH, partial pressure of carbon dioxide
(PaCO,), and partial pressure of oxygen (PaO,) were 7.18
(IQR, 7.00-7.26), 74.0 mm Hg (IQR, 57.8-93.3 mm Hg),
and 39.5 mm Hg (IQR, 17.5-66.8 mm Hg), respectively.
The median value of the oxygenation index pre-ECMO
cannulation was 36.8 (IQR, 19.4-67.2). The median values
of post-ECMO arterial pH, PaCO,, and PaO, were 7.37
(IQR, 7.21-7.50), 44.5 mm Hg (IQR, 33.3-48.0 mm Hg),
and 85.0 mm Hg (IQR, 60.5-159.5 mm Hg), respectively.
Severe respiratory acidosis was corrected after ECMO can-
nulation. There were no statistically significant differences
in demographic data or the blood gas analysis between the
DLC group and the conventional group (Table 1).

Table 2 shows all cases in this study and their etiologies.
The etiologies were similar between the DLC group and
the conventional group. In neonates, there were more cases
of CDH, meconium aspiration syndrome, and bronchopul-
monary dysplasia than cases of acquired disease, such as
pneumonia.

A 13F DLC was inserted in 4 patients, while a 19F DLC
was used in 1; the catheter sizes for the conventional group
are shown in Table 2. Blood flow rate through the DLC
ECMO was higher than that in the conventional group at
86.1 mL/kg/min (IQR, 59.9-111.1 mL/kg/min) and 74.3
mL/kg/min (IQR, 70.8-89.2 mL/kg/min), respectively, but
this difference was not statistically significant (p=1.00).
The flow rate in all cases of DLC ECMO was maintained
properly. Fig. 3 shows the DLC ECMO flow rate for the ini-
tial 10 days. The median ECMO duration was 7 days (IQR,
5.3-27.0 days), and no significant difference was found be-
tween the DLC group and the conventional group. The
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Table 1. Demographic data and blood gas profile of cases

Variable Total (N=12) DLC (n=5) Conventional (n=7) p-value
Age (day) 125 5 (3.0-585.0) 116 (1.5-1490) 135 (0.3-611.0) 0.88
Weight (kg) 4(3.7-13.2) 3(3.5-11.2) 5(3.5-13.8) 0.76
Height (cm) 4 (49.4-106.4) 6 (49.0-93.0) 72 0 (50.5-115.0) 0.53
Oxygenation index 36 8 (19.4-67.2) 43 4 (25.8-57.3) 30.1 (11.6-87.3) 0.76
pH, pre 7.18 (7.00-7.26) 7. 09 (6.97-7.27) 7.19 (7.04-7.27) 0.43
PaCO,, pre (mm Hg) 74.0 (57.8-93.3) 4 (64.0-97.0) 70.0 (53.7-94.0) 0.64
PaO,, pre (mm Hg) 39.5 (17.5-66.8) 7 (22.5-54.0) 58.0 (17.0-69.0) 0.64
pH, post 7.37 (7.21-7.50) 7. 31 (7.17-7.45) 7.45 (7.20-7.51) 0.43
PaCO,, post (mm Hg) 44.5 (33.3-48.0) 4 (32.3-48.0) 45.0 (34.0-55.0) 0.76
PaO,, post (mm Hg) 85.0 (60.5-159.5) 5 (48.5-81.0) 110.0 (65.0-219.0) 0.27

Values are presented as median (interquartile range) for continuous variables.
DLC, double-lumen cannula; PaCO,, partial pressure of carbon dioxide in the arterial blood; PaO,, partial pressure of oxygen in the arterial blood;
pre, pre-ECMO; post, post-ECMO; ECMO, extracorporeal membrane oxygenation.

Table 2. Demographic data, etiology, cannula data, and outcomes of all patients

. . Mean ECMO  ECMO
. Weight  Height . S Cannula .
Patient ~ Age ke) (cm) Etiology Cannulation site size (F) flow duration Outcome
(mL/kg/min) (day)
DLC1 3 day 2.84 49 CDH RV 13 86.0 140 Death
DLC2  0Oday 4.07 49 MAS RV 13 105.6 6 Death after conversion
to cVA ECMO
DLC3 5.5 mo 6.3 56 BPD RV 13 69.8 1 Death
DLC4 14.7mo 10.0 75 Pneumonia RV 19 116.5 6 Weaned
after HSCT
DLC5  7yr 12.0 111 Pneumonia RV 13 50 24 Death after conversion
after HSCT to pvVA ECMO
cVV1 3 day 2.29 46 BPD MPA and RA 8and 10 109.2 7 Death
cVV2  44yr 152 116 ILD MPA and RA 8and 10 86.7 53 Weaned
pVV1l 20.4mo 13.6 72 Pneumonia RIJV and RCFV 12 and 14 74.3 28 Death
after HSCT
pvVv2 169mo 13.8 92.7 BO RV and LCFV 12 and 17 72.5 4 Weaned
cVAT 1 day 3.53 50.5 CDH AA and RA 8and 12 70.8 26 Death
cVA2 45mo 39 56 BPD AA and RA 8and 12 112.8 18 Death
pVA1 3.4 mo 6.5 115 PPHN RCA and RIJV 10 and 12 89.2 7 Weaned

ECMO, extracorporeal membrane oxygenation; DLC, double-lumen cannula; CDH, congenital diaphragmatic hernia; RIJV, right internal jugular
vein; MAS, meconium aspiration syndrome; cVA, central venoarterial; BPD, bronchopulmonary dysplasia; HSCT, hematopoietic stem cell
transplant; pVA, peripheral venoarterial; cVV, central venovenous; MPA, main pulmonary artery; RA, right atrium; ILD, interstitial lung disease; pVV,
peripheral venovenous; RCFV, right common femoral vein; BO, bronchiolitis obliterans; LCFV, left common femoral vein; AA, ascending aorta;
PPHN, persistent pulmonary hypertension of the newborn; RCA, right carotid artery.

longest duration of DLC use was 140 days. One patient
(20%) in the DLC group and 3 patients (42.9%) in the con-
ventional group were weaned off ECMO. However, this
difference was not statistically significant (p=0.60) (Table
3). The causes of death in the DLC group were sepsis (n=1),
right ventricular (RV) failure (n=1), thrombus (n=1), and
multiorgan failure (n=1), while those in the conventional
group were thrombus (n=1), RV failure (n=1), and multior-
gan failure (n=2). Two cases in the DLC group were con-
verted to VA ECMO due to aggravated pulmonary hyper-
tension and associated right heart failure. One patient

(DLC3) underwent cannulation for central VV ECMO
first, because the DLC had not arrived yet. We decided to
change the central ECMO to DLC because of severe medi-
astinal bleeding after the DLC arrived; however, the patient
expired due to right heart failure with progressive pulmo-
nary hypertension due to underlying bronchopulmonary
dysplasia.

The median procedure time of all ECMO operations was
67.5 minutes (IQR, 49.8-125.3 minutes), which was compa-
rable to those of the DLC and conventional groups (64 and
69 minutes, respectively). The procedure time was longer
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in 2 patients in the DLC group because additional proce-
dure time was required for removal of a Hickman catheter
in the RIJV or sternotomy repair for weaning off central
ECMO. Without these 2 cases, the median procedure time
of the DLC was 55 minutes. Cannula repositioning was re-
quired in 1 case (20%) in the DLC group and in 2 cases
(29%) in the conventional group. Procedure-related com-
plications such as RA perforation or vascular injury were
not reported in this study (Table 3).

The aPTT during ECMO with DLC was 55-70 seconds,
which was lower than that in the conventional group (60-
85 seconds). There were no neurological complications in
either group. Complications related to anticoagulation in-
cluded grade II bleeding of multiple organs, with specific
manifestations including hematuria and epistaxis. These
complications were more frequent in the conventional

— DLCH1
---- DLC2
1404 e DLC3
-~ DLC4
120 T e, DLC5
£ 100 A
£
2 g -~
o 80
g . T “
= 604 . S
k<] A
T 40
ko)
“ 20
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Day

Fig. 3. Blood flow rate in patients who underwent extracorporeal
membrane oxygenation with a double-lumen cannula for the first
10 days. DLC, double-lumen cannula.

Table 3. ECMO profile, complications, and mortality

group than in the DLC group; however, patients in the
DLC group were more likely to require a circuit change
(60% in the DLC group versus 14.3% in the conventional
group) (Table 3). In one case, DLC ECMO was stopped un-
expectedly due to RA thrombosis, and the patient expired
on that day despite emergency sternotomy.

Discussion

Peripheral VV ECMO using a DLC allowed for proper
gas exchange and an adequate flow rate despite the small
size of the cannula. DLC usage was safe in that there were
no vascular injuries or neurological complications in the
DLC group. Although the mortality rate was higher and
the weaning rate was lower in the DLC group than in the
conventional group, no statistical significance was noted
for either.

Respiratory failure is a very severe condition, leading to
death in 40%-60% of cases [9]. According to the Extracor-
poreal Life Support Organization, VA ECMO was applied
in approximately 70% and VV ECMO was applied in ap-
proximately 20% of pediatric cases of respiratory failure
[10]. However, VV ECMO has recently begun to replace
VA ECMO because VA ECMO has several disadvantages
in the treatment of respiratory failure [11]. VA ECMO
causes the lungs and coronary arteries to become perfused
with poorly oxygenated blood, increasing the afterload of
the left ventricle. Moreover, embolic complications such as
distal limb morbidity have been found to occur relatively
frequently in patients treated with VA ECMO [12,13]. Car-
penter et al. [3] reported a higher incidence of intracranial
hemorrhage in VA ECMO than in VV ECMO, as well as
better survival with VV ECMO.

Conventional peripheral VV ECMO is not feasible in pe-
diatric patients with small femoral veins; however, the

Variable Total (N=12) DLC (n=5) Conventional (n=7) p-value
ECMO duration (day) 7 (5.3-27.0) 6 (3.5-82.0) 7 (5.0-28.0) 0.88
ECMO flow (mL/kg/min) 80.1 (70.1-101.5) 86.1 (59.9-111.1) 74 3 (70.8-89.2) 1.00
Procedure time (min) 67.5 (49.8-125.3) 64 (48.5-120.0) 9 (48.0-173.0) 0.53
Reposition necessary 2(16.7) 1(20.0) 1(14.0) 1.00
Minimum aPTT (sec) 57.5 (41.3-70.0) 55.0 (42.5-70.0) 0 (40.0-75.0) 0.75
Maximum aPTT (sec) 77.5 (55.0-90.0) 70.0 (52.5-87.5) 5 (55.0-90.0) 0.53
Circuit change 4(33.3) 3 (60.0) 1(14.3) 0.22
Bleeding 7 (568.3) 2 (40.0) 5(71.4) 0.56
Thrombus 2(16.7) 1(20.0) 1(14.0) 1.00
Death during ECMO 8 (66.7) 4 (80.0) 4 (57.1) 0.58

Values are presented as or median (interquartile range) for continuous variables and frequency (%) for categorical variables.
DLC, double-lumen cannula; ECMO, extracorporeal membrane oxygenation; aPTT, activated partial thromboplastin time.
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newly developed DLC could overcome this disadvantage
via single cannulation [14]. In emergency situations, VV
ECMO can be inserted faster with the DLC, and complica-
tions related to femoral cannulation such as infection and
vascular injury can be avoided [4,5,15]. Patients with a
DLC have been found to move better, lie in the prone posi-
tion more easily, and have less trouble engaging in physical
therapy than patients treated with conventional ECMO
[9,16].

Several studies have reported that DLC VV ECMO was
durable and capable of producing satisfactory oxygenation
[17,18]. In our study, the ECMO flow rate was maintained
in all DLC patients at a statistically similar rate to that
achieved using conventional cannulation. This flow rate
was sufficient for oxygenation and gas ventilation. In this
study, the longest duration of DLC use was 140 days, which
is longer than the 14 days recommended by the manufac-
turer. We believe that VV ECMO using a DLC could be a
bridge to lung transplantation with less invasiveness and
better mobilization than conventional VV ECMO, espe-
cially in pediatric patients given the shortage of donors and
relatively long waiting time for transplants [9].

Recent studies have reported remarkable results of the
use of the DLC with single cannulation in pediatric prac-
tice. Speggiorin et al. [8] reported that 94.4% of neonates
with respiratory failure could be weaned from the DLC,
and Lazar et al. [19] reported a 56% overall survival rate of
neonates with respiratory failure using DLC cannulation.
However, several studies have reported poor prognoses for
hematopoietic stem cell transplantation (HSCT) and CDH
with ECMO support [10,20,21]. In our study, only 1 patient
in the DLC group could be weaned off ECMO versus 3 pa-
tients in the conventional group. This poor outcome may
have been due to the fact that 40% of the patients in the
DLC group were treated with HSCT, and 20% were diag-
nosed with CDH. The patients with CDH and HSCT treat-
ed in the conventional group (28.5%) also died.

One patient (DLC3) was switched to DLC from central
VV ECMO, because of severe mediastinal bleeding, and he
then expired due to progressive RV failure. We thought
that central VV ECMO could play a pumping role from the
RV to the pulmonary artery; however, the DLC could not
perform this role, and RV failure thus progressed in the
patient due to severe pulmonary hypertension. Therefore,
we suggest that central VV ECMO or VA ECMO may be
more helpful than DLC VV ECMO in patients with RV
failure resulting from pulmonary hypertension.

The DLC is designed to prevent recirculation, and it is
easy to insert. However, to achieve appropriate flow rate,

the cannula should be positioned in an anatomically prop-
er fashion (Fig. 1). Jarboe et al. [14] reported that 69% of
patients with a DLC who experienced problems with can-
nula malposition required repositioning. Several studies
have suggested an echocardiography- or fluoroscopy-guid-
ed insertion technique [22,23]. We performed cannula re-
positioning in 1 case (20%) in the DLC group and in 1 case
(14%) in the conventional group. We were able to reduce
the procedure time and perform repositioning without
complications when implanting the DLC. Additionally, we
were able to use the DLC cannula as the drainage venous
cannula when converting to VA ECMO in a case of RV
failure (DLC5).

Speggiorin et al. [8] reported late perforation of the car-
diac wall as a mechanical complication, which led to emer-
gency midline sternotomy in 6.9% of the DLC cases. The
lesion in that case was found in the inferior cavo-atrial
junction [8]. Moscatelli et al. [24] pointed out that retrac-
tion of the DLC tip to improve flow may have been related
to the high rate of atrial perforation. To prevent late perfo-
ration, we performed echocardiography frequently, and no
mechanical complications were reported in our study.

Anticoagulation-related complication is an important is-
sue in the context of ECMO [8,24]. Bleeding complications
were lower in the DLC group than in the conventional
group (40% and 71.4%, respectively). However, circuit
change was required more frequently in the DLC group.
Therefore, a lower aPTT target is not recommended,
though bleeding complications were relatively infrequent
in the DLC group.

Since it was developed in 2009, the DLC has been used
for pediatric patients with respiratory failure worldwide
[24]. As shown by our center’s results, we have found that
DLC use facilitated proper oxygenation, gas exchange, and
acceptable flow rate capable of lasting for long periods. Be-
cause the DLC is not yet commercially available in South
Korea, we needed to complete several processes to obtain
import permission from the Korean Food and Drug Ad-
ministration for each DLC. However, it is not reasonable to
wait for 2 months for a DLC to arrive from the United
States in a case of rapidly progressing respiratory failure.
Preparing DLCs in various sizes in Korea would allow
them to be used for more pediatric patients with respirato-
ry failure as a less invasive method with a lower risk of vas-
cular injury.

This study has some limitations. This report has an ob-
servational and retrospective design. We were not able to
obtain a DLC suitable for the body surface area of all pa-
tients. Because purchasing a DLC is difficult and expen-
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sive, a cannula prepared for another patient was inserted
into some emergent cases after obtaining parental consent.
To overcome these limitations, the most important step is
to officially import all sizes of the DLC. Finally, this study
had a small sample size, which is a common weakness of
Korean pediatric studies. Further prospective or random-
ized studies with large numbers of subjects are warranted.

In conclusion, DLC VV ECMO for pediatric patients
with respiratory failure provided adequate ECMO flow rate
with proper blood gas change and high durability. There-
fore, VV ECMO using a DLC could be a good option to
treat respiratory failure in pediatric patients with small
femoral veins. However, more research is required on the
use of the DLC in South Korea.
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