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Introduction

Summary

In patients awaiting lung transplantation (LTX), adequate gas exchange may not
be sufficiently achieved by mechanical ventilation alone if acute respiratory
decompensation arises. We report on 20 patients with life-threatening hypercap-
nia who received extracorporeal CO, removal (ECCO2-R) by means of the inter-
ventional lung assist (ILA®, Novalung) as bridge to LTX. The most common
underlying diagnoses were bronchiolitis obliterans syndrome, cystic fibrosis, and
idiopathic pulmonary fibrosis, respectively. The type of ILA was pumpless arterio-
venous or pump-driven venovenous (ILA activve®, Novalung) in 10 patients
each. ILA bridging was initiated in 15 invasively ventilated and five noninvasively
ventilated patients, of whom one had to be intubated prior to LTX. Hypercapnia
and acidosis were effectively corrected in all patients within the first 12 h of ILA
therapy: PaCO, declined from 109 (70-146) to 57 (45-64) mmHg, P < 0.0001;
pH increased from 7.20 (7.06-7.28) to 7.39 (7.35-7.49), P < 0.0001. Four patients
were switched to extracorporeal membrane oxygenation due to progressive
hypoxia or circulatory failure. Nineteen patients (95%) were successfully trans-
planted. Hospital and 1-year survival was 75 and 72%, respectively. Bridging to
LTX with ECCO2-R delivered by arteriovenous pumpless or venovenous pump-
driven ILA is feasible and associated with high transplantation and survival rates.

with primarily hypercapnic terminal respiratory failure
receiving extracorporeal CO, removal (ECCO2-R) with

The introduction of the lung allocation score has allowed
for considering patients for lung transplantation (LTX)
while being acutely decompensated [1]. In the sickest of
these patients, mechanical ventilation alone may not guar-
antee adequate gas exchange. Thus, different modes of
extracorporeal life support have come to the focus of inter-
est in this setting. The use of extracorporeal membrane
oxygenation (ECMO) with comparatively high blood flows
has been described as bridging technique in patients with
primarily hypoxic terminal respiratory failure by several
centers [2-5]. In contrast, the reported number of patients

© 2014 Steunstichting ESOT 28 (2015) 297-304

comparatively low blood flows is still limited in this setting
[6-9].

In Austria, allocation of lungs is performed as ‘center
allocation’, which means that the respective center decides
which patient should receive the next organ. This practice
favors patients with the highest urgency status and has
allowed our center to gather considerable experience in
bridging patients to LTX [4]. In this article, we summarize
our 8-year experience with ECCO2-R as bridge to LTX,
which includes the first use of a newly developed miniatur-
ized pump-driven venovenous device.
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Methods

We retrospectively analyzed all patients with hypercapnic
respiratory failure who underwent arteriovenous (a/v) or
venovenous (v/v) ECCO2-R by means of the interventional
lung assist (ILA®, Novalung, Heilbronn, Germany) device
as bridge to primary LTX or re-LTX at the Medical Univer-
sity of Vienna, General Hospital, between December 2005
and March 2014. More than 1500 LTX procedures have
been performed in our center since 1998. Within the last
12 months of the observational period, 123 patients under-
went LTX, of which 11 (8.9%) received bridging with dif-
ferent modes of extracorporeal gas exchange. Concerning
the patients reported in this analysis, starting ECCO2-R,
deciding on the respective device, and on the appropriate
weaning strategy did not follow a predefined protocol and
was at the discretion of the treating intensivist in coopera-
tion with the responsible transplant pulmonologist and the
lung transplant surgeon in charge. The analysis was con-
ducted in accordance with the amended Declaration of
Helsinki. The ethics committee of the Medical University
of Vienna approved the protocol and waived the need for
informed consent.

Data collection

The following parameters were extracted from the elec-
tronic patients’ records at baseline (= before the start of
ILA therapy): gender, age, weight, underlying lung disease,
arterial blood gas parameters (pH value, partial pressure of
oxygen (Pa0,), carbon dioxide (PaCO,), base excess, lac-
tate), comorbidity assessed by the Charlson comorbidity
index (CCI) [10], the simplified acute physiology score
(SAPS 1II) [11], the sequential organ failure assessment
(SOFA) score [12], mode of mechanical ventilation (inva-
sive vs. noninvasive) and ventilator settings (positive end-
expiratory pressure (PEEP), tidal volume, maximal inspira-
tory pressure), PaO,/FiO, (P/F) ratio, as well as standard
laboratory markers, respectively. Moreover, we recorded
type of ILA (a/v or v/v), site and type of vascular cannula-
tion, procedure-related complications (trauma or bleeding
related to vascular cannulation, thrombosis), use of vaso-
pressors and hemofiltration, course of respiratory failure
(prevention of intubation, weaning from ventilation,
ventilator settings, switch to full ECMO), LTX (yes/no) and
LTX-related data, ICU and hospital survival, death date, if
applicable, as well as the date of the last visit.

Extracorporeal CO, removal

For ECCO2-R, the ILA membrane ventilator was used
allowing gas exchange by diffusion over a polymethyl
penthene membrane with a surface area of 1.3 m? The
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device was operated in pumpless a/v or pump-driven v/v
mode. In a/v ILA, arterial cannulation of the femoral artery
was performed with a 13 or 15F cannula, and venous cann-
ulation with a 15 or 17F cannula by employing ultrasound
guided percutaneous Seldinger’s technique according to an
established algorithm [13]. In v/v ILA, a double-lumen can-
nula (Novaport Twin, Novalung, Germany) was used for
jugular (22F) or femoral (24F) venous access, accordingly.
As the extracorporeal blood flow in a/v ILA is primarily
determined by the systemic arteriovenous pressure gradi-
ent, we aimed to achieve mean arterial pressures above
80 mmHg [6]. For extracorporeal blood circulation in
patients on v/v ILA, we employed a newly developed system
platform which comprises of a pre-assembled closed tubing
system incorporating the ILA gas exchanger, a centrifugal
pump with diagonal flow and magnetic drive, and a control
and information touch screen, all of which is mounted to a
single trolley (ILA activve®, Novalung). The target blood
flow in patients on ILA activve between 1000 and a maxi-
mum of 2000 ml/min was reached by titrating up pump
speed. As sweep gas oxygen was used at gradually increased
flow rates to achieve sufficient CO, elimination. A heparin
bolus of 2000 IE was administered immediately after cann-
ulation, and further anticoagulation was performed with
continuous heparin to reach an activated partial thrombo-
plastin time of 50-60 s. Functioning of the system regard-
ing CO, removal was measured routinely in patients on
controlled mechanical ventilation modes on a daily basis by
reducing the sweep gas flow to zero. If the rise of PaCO,
was less than 20%, and further increase of sweep gas flows
was ineffective, the system was regarded inefficient and
replaced, if ECCO2-R was still clinically indicated, respec-
tively. Further details on our institutional standards are
given elsewhere [14].

Statistical analysis

Continuous data are presented as median and inter-
quartile ranges (25-75%) unless otherwise indicated.
Dichotomous data are presented as number and
percentage. Comparisons were performed using the
Mann—Whitney U-test for continuous variables and the
chi-square test for categorical variables. Differences were
considered significant if P < 0.05. The product-limit
method of Kaplan and Meier was used to analyze the
probability of overall survival.

Results

Twenty patients received ILA support as bridging to
planned primary LTX (n = 13) or re-LTx (n = 7) between
12/2005 and 03/2014. Table 1 gives an overview of the
baseline characteristics.
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Table 1. Baseline characteristics and underlying pulmonary diseases.

All patients, n = 20

Characteristics at baseline

Male/female ratio 8/12
Age 31 (24-47)
Planned primary LTX 3 (65)
Planned re-LTX 7 (35)
SAPS Il 37 (31-42)
SOFA score 9(7-10)
Invasive mechanical ventilation 15(75)
Noninvasive mechanical ventilation 5(25)
Pulmonary infection 16 (80)
Underlying pulmonary diseases
Bronchiolitis obliterans syndrome lI 7 (35)
Cystic fibrosis 5(25)
Idiopathic pulmonary fibrosis 3(15)
Emphysema 1(5)
Chronic obstructive pulmonary disease 1(5)
Hemosiderosis 1(5)
Acute respiratory distress syndrome 1(5)
Bronchopulmonary dysplasia 1(5)

Data are given in numbers and percent or median (interquartile range).

At baseline, all patients presented with severe hyper-
capnia [PaCO,: 109 (70-146)] and respiratory acidosis
[pH: 7.20 (7.06-7.28)]. Five patients were noninvasively
ventilated, while the remaining 15 patients were intu-
bated and required high levels of sedation to allow for
aggressive ventilator support in terms of controlled
invasive mechanical ventilation (Table 2). Ten patients
each received support with a/v ILA or ILA activve,
whereas ILA activve was preferably used after its intro-
duction to our institution in 2012, if available. There
were no differences in baseline blood gas parameters
between intubated and nonintubated patients, or
between patients receiving support with a/v ILA and
ILA activve, respectively (Table 3).

Bridge time period

Hypercapnia and acidosis were effectively corrected in all
patients within the first 12 h of ILA therapy: PaCO, levels
declined from 109 (70-146) to 57 (45-64) mmHg,
P <0.0001, and pH increased from 7.20 (7.06-7.28) to
7.39 (7.35-7.49), P < 0.0001, while the P/F ratio was not
altered significantly. These findings applied to intubated
and nonintubated patients as well as to patients with a/v
ILA and ILA activve support, respectively (Table 2). The
relative decline of PaCO, as well as the total increase in pH
value and P/F ratio was not different between patients with
a/v ILA and ILA activve (Table 3).

In intubated patients, ventilator settings (peak inspi-
ratory pressure and tidal volumes) could be reduced
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Table 2. Gas exchange and ventilator settings prior and postextracor-
poreal carbon dioxide removal.

Characteristics Before ILA After ILA P-value
All patients (n = 20)
PaCO, (mmHg) 109 (70-146) 57 (45-64) <0.0001
pH 7.20(7.06-7.28) 7.39(7.35-7.49) <0.0001

Pa0,/FiO, 142 (101-198) 160 (141-216) 0.32
Intubated patients (n = 15)

PaCO, 94 (70-146) 58 (47-61) <0.001
pH 7.19(7.03-7.28) 7.40(7.34-7.48) <0.0001
Pa0,/FiO, 148 (91-207) 161 (140-215) 0.53
PEEP 9(8-16) 8(6-12) 0.08
Pmax 33(29-36) 28 (25-30) <0.01
Tidal volume 300 (208-385) 254 (184-308) 0.02
Tidal volume 5.5(2.7-6.4) 3.9(2.9-5.3) 0.03
(ml/predicted

body weight)

Minute volume 6.1(4.5-7.5) 4.1(2.6-4.5) <0.01

Nonintubated patients (n = 5)
PaCO, 117 (84-183)
pH 7.21(7.07-7.30)

49 (40-87) <0.01
7.39(7.37-7.51)  <0.01

Pa0,/FiO, 142 (136-194) 160 (141-260) 0.29
Patients with a/v ILA (n = 10)

PaCO, 79 (73-144) 57 (41-70) <0.01

pH 7.15(7.00-7.24) 7.39(7.34-7.39) <0.01

Pa0O,/FiO, 174 (102-215) 148 (137-260) 0.92
Patients with ILA activve (n = 10)

PaCO, 113 (68-154) 58 (46-62) <0.001

pH 7.23(7.06-7.31) 7.44(7.37-7.49) <0.0001

PaO,/FiO, 139 (100-167) 163 (145-202) 0.29

ILA, interventional lung assist.
Data are presented as median (interquartile range).

markedly within the first 12 h of ILA therapy (Table 2).
Three patients were extubated and remained on ILA
until LTX, one patient was weaned from ILA and
remained intubated until LTX, and one patient was ex-
tubated and weaned from ILA prior to LTX. In all but
one intubated patients, sedation could be reduced to
levels allowing for spontaneous breathing. In nine of
the initially intubated patients (60%) and all of the ini-
tially nonintubated patients, active physical therapy was
possible and performed at least once daily. In four of
the five noninvasively ventilated patients, intubation
could be prevented.

Four patients were switched from ILA to full extracorpo-
real membrane oxygenation (v/v ECMO: n = 1, v/a ECMO:
n = 3) after 2 days on ILA support (range 1-5 days) due to
progressive hypoxia and/or additional circulatory failure.
Patients switched to pretransplant ECMO revealed a trend
for lower P/F ratios at baseline (88 (range 67-174) vs. 157
(range 61-335), P = 0.09) with no differences regarding
PaCO, or pH (data not shown).
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Table 3. Gas exchange, therapy settings, and outcomes depending on
the mode of therapy.

a/vILA ILA activve
Characteristics (n=10) (n=10) P-value
Baseline
PaCO; (mmHg) 79 (73-144) 113 (68-154) 0.51
pH 7.15(7.0-7.24) 7.23(7.06-7.31) 0.36
Pa0,/FiO, 174 (102-215) 139 (100-167) 0.49
Therapy characteristics
ILA blood 1.0(0.95-1.75)  1.35(1.1-1.53) 0.38
flow (L/min)
ILA sweep gas 3.0(2.0-6.5) 2.0(1.0-5.8) 0.58
flow (L/min)
Invasive 8(80) 7 (70) 1.00
mechanical
ventilation
Vasopressors 7 (70) 7 (70) 1.00
at any dose
Therapy-associated complications
Severe bleeding 0(0) 2 (20) 1.00
Thrombosis after 1(10) 2 (20)
removal of
cannula
Heparin-induced 1(10) 0(0)
thrombocytopenia
Change of the 3(30) 0(0)
membrane
Outcomes
Change in PaCO, —49 (—55-(-35)) —52(-61-(-29)) 0.78
(mmHg)
Change in pH 0.15(0.14-0.32)  0.25(0.14-0.33) 0.76
Change in 6(—7-21) 20 (1-70) 0.23
PaOz/FiOz
Upgrade to 1(10) 3 (30) 0.58
ECMO
Successful LTX 10(100) 9(90) 1.00
Time from start of 10.5 (5-22) 4(2-10) 0.14
iLA to LTX
ICU length of stay 40 (35-50) 38 (16-56) 0.83
(days)
Hospital survival 9(90) 6 (60) 0.30

ILA, interventional lung assist; LTX, lung transplantation; ECMO, extra-
corporeal membrane oxygenation.

Data are presented as numbers (percent) or median (interquartile
range).

Transplantation

After a median bridging time of 8 (4-11) days, 19
patients (95%) were transplanted successfully. The type
of transplantation was bilateral LTX (n =38), size-
reduced bilateral LTX (n =15), lobar bilateral LTX
(n =5), and one single LTX with contralateral pneumo-
nectomy (n = 1), respectively. Intra-operative support
was employed in 18 patients and consisted of v/a ECMO
with central (n = 16) or femoral cannulation (n = 2), as
well as ILA activve (n = 1). Support with v/a ECMO
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was prolonged into the postoperative period in eight
patients (42%) and lasted 3 (2-3) days. Patients receiv-
ing induction therapy with alemtuzumab (n = 14)
underwent immunosuppression with tacrolimus and cor-
ticosteroids. The remaining patients received either an-
tithymocyte globuline (n = 1) or no induction (n = 4)
and underwent immunosuppression with a triple therapy
consisting of tacrolimus, corticosteroids, and mycophen-
olate mofetil.

Morbidity and complications

Therapy-associated complications were encountered in
six patients, comprising of asymptomatic thrombosis
diagnosed after removal of the venous cannula in three
patients (jugular: n = 2; femoral: n = 1), bleeding asso-
ciated with the femoral venous cannula in two patients,
both of which required surgical intervention, and sus-
pected heparin-induced thrombocytopenia with clotting
of the membrane in one patient, respectively. Repeated
elective changes of the ILA membrane due to decreased
CO, removal capacity were documented in three
patients (Table 3). None of these complications were
associated with lasting organ dysfunction, impairment,
or death.

Other complications in the postoperative period
included acute renal failure requiring hemofiltration
(n = 6), need for hematothorax evacuation (n = 3), reper-
fusion edema with primary graft dysfunction grade 3
(n = 2), perforation of the colon (n = 1), as well as several
neurological complications including postoperative delir-
ium (n = 5), posterior reversible encephalopathy syndrome
(n = 3), grand mal epilepsy (n = 3), critical illness poly-
neuropathy (n = 2), and recurrent laryngeal nerve paralysis
(n = 1), respectively.

Early outcome and survival

The majority of patients (n = 13) were weaned from
mechanical ventilation over a tracheostomy. Time on
mechanical ventilation after LTX was 10 (6-25) days.
ICU and hospital length of stay was 38 (21-50) and 62
(34-79) days, respectively. Five patients (25%) died dur-
ing the ICU stay, one of them prior to LTX and four
in the postoperative period, all due to septic multi-
organ failure. All other patients survived to hospital dis-
charge. Two patients died 10 and 11 months after LTX
due to ongoing rejection (Table 4). Thirteen patients
were alive after a median follow-up of 28 (range 3-103)
months, and 1-year survival was 72% (the I-year
follow-up was not yet reached in two patients). Of
the seven retransplanted patients, five survived to hospi-
tal discharge. All but one patient of those switched to
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Table 4. Transplantation, extracorporeal therapy, and outcomes.

All patients, n = 20

Type of transplantation

Bilateral LTX 8 (40)
Size-reduced bilateral LTX 5(25)
Lobar bilateral LTX 5(25)
Right single LTX with contralateral 1(5)
pneumonectomy
Characteristics of extracorporeal therapy
Arteriovenous iLA 10 (50)
Venovenous iLA 10 (50)
Successful transplantation 19 (95)
Bridging failure 1(5)
Time from start of iLA to LTX 8(4-11)
Upgrade to high-flow ECMO 4(20)
Outcome
ICU length of stay, days 38 (21-50)
Hospital length of stay, days 62 (34-79)
ICU and hospital survival 15 (75)

13/18* (72)
28 (range 3-103)

1-year survival
Follow-up of hospital survivors, months

Data are given as numbers (percent) or median (interquartile range),
unless otherwise stated.
*1-year follow-up not reached in two patients.

100
90
80
70 4
60
50 4
40
30 1
20 +
10

0

Percent survival

L) 1) L lJ U L) L] L) L) 1
0 365 730 1095 1460 1825 2190 2555 2920 3285 3650
Days

Figure 1 Long-term survival of patients receiving extracorporeal CO,
removal as bridge to lung transplantation as analyzed by the method of
Kaplan and Meier. Survival was 79% after 6 months and 67% after 12
and 24 months, respectively.

pretransplant ECMO survived to hospital discharge and
became long-term survivors. The probability of survival
as estimated by the method of Kaplan and Meier is
given in Fig. 1.

Discussion

The herein presented data represent the so far largest series
of ECCO2-R as bridge to LTX with respect to efficacy and
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outcome. Ten patients were supported with the pumpless
a/v ILA membrane ventilator, while the other 10 were trea-
ted with the novel pump-driven v/v ILA activve® system.
PaCO, levels and acidosis were effectively corrected in all
patients, independent from the mode employed. Subse-
quently, invasiveness of ventilation and sedation levels
could be reduced in intubated patients, which allowed for
spontaneous breathing and—in some patients—active par-
ticipation in physical therapy or even extubation prior to
LTX. Likewise, intubation was prevented in all but one
noninvasively ventilated patient. Twenty percent of patients
developed progressive hypoxia and/or severe circulatory
failure while awaiting LTX and thus had to be switched to
full v/v or v/a ECMO. The overall rate of successful LTX
was 95%.

In recent years, several centers have reported on the suc-
cessful use of ECMO as bridge to LTX in patients with hyp-
oxic respiratory failure refractory to aggressive invasive
ventilation [2-5]. While v/v ECMO is commonly used in
such patients with hypoxic lung failure alone, v/a ECMO
might be necessary in additional cardiovascular failure and
depicts the exclusive standard of care in patients with sig-
nificant pulmonary hypertension in our center. Transplant
rates in patients bridged with ECMO are reported to be
around 80%, and long-term survival ranges from 50 to
74% [2-5,15]. Importantly, pre-LTX ECMO status may
not negatively influence long-term survival and graft func-
tion [3,4,16]. Full ECMO is capable of providing total
extracorporeal support in terms of oxygenation, decarbox-
ylation, and—in case of v/a cannulation—circulation. To
ensure proper oxygenation, high blood flows of at least
2-5 1 per minute are required [17]. For this purpose, high
diameter cannulation is required, which can be achieved by
v/v femoro-jugular access, or insertion of a bicaval dual-
lumen cannula access, alternatively. Either way depicts a
rather intricate procedure, which is to be performed by at
least two experienced interventionists, while the latter
access additionally bears the risk of right ventricular malpo-
sition or even rupture [18,19]. Furthermore, ECMO sys-
tems require relatively large priming volumes and high
doses of heparin, all of which result in considerable rates of
complications, comprising mainly of hemorrhagic, throm-
botic, as well as mechanical obstacles [20,21].

In contrast, ECCO2-R can be achieved by systems with
lower priming volumes, relatively small diameter a/v cann-
ulation in pumpless ECCO2-R, or easy going double-lumen
without the
techniques in miniaturized pump-driven v/v systems, all
with lower heparin requirements, respectively [17]. In fact,
some v/v ECCO2-R devices may be operated at low blood
flows of 0.3—-0.5 1/min. Such devices have been described in

cannulas need for complex insertion

several case series on patients with chronic obstructive
pulmonary disease [22,23] and acute respiratory distress
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Table 5. Reported bridge cases with the interventional lung assist and outcomes (2006-2014).

Author Year published ~ Center Bridging modality ~ Attempted  Successful LTX  Hospital survival  1-year survival
Fischer et al. 2006 Hannover [6] alv 12 10 (83) 8(67) 8(67)
Ricci et al. 2010 Torino [7] alv 2(33)
Haneya et al. 2011 Regensburg [30]  a/v 5 4 (80) 4 (80)
Bartosik et al. 2011 Dublin [8] alv 2 2 (100)
Gottlieb et al. 2012 Hannover [9] alv 29
Kim et al. 2012 Seoul [31] alv 1 1(100) 1(100) 1(100)
Schellongowski et al. 2014 Vienna alv =10 20 19 (95) 15 (75) 13*(72)
viv =10

Data are given as numbers (percent); a/v = arteriovenous; v/v = venovenous.

Blank fields refer to nonreported data. Three patients on a/v ILA had already been reported in an earlier report of our group, which has not been listed

above to prevent duplication [4].
*1-year follow-up not reached in two patients.

syndrome (ARDS) [24-26]. However, the amount of CO,
elimination at these very low blood flows is limited [17].
Furthermore, reliable data on the efficacy of these systems
are lacking, and bridge to LTX has been successful in only
one of six reported cases [7]. On the contrary, the ILA
membrane ventilator is capable of eliminating up to 50%
of CO, production at intermediate blood flows of 1-2 1/
min in a/v mode. Oxygenation, however, is far less affected
[17,20,27]. Arteriovenous ILA treatment has been used in
ARDS allowing for a reduction of invasiveness of ventila-
tion and a higher proportion of successful weaning [28].
Moreover, in patients with acute hypercapnic exacerbation
of chronic pulmonary disease and failure of noninvasive
ventilation, a matched pair analysis by Kluge et al. suggests
that a/v ILA therapy may be capable of avoiding intubation
[29].

Fischer et al. were the first to report on the use of a/v
ILA as bridge to LTX in a total of 12 hypercapnic patients,
of which 10 were successfully transplanted, and 8 (66%)
were alive at 1-year follow-up. The authors found similar
effects of ILA therapy on CO, removal, correction of acido-
sis, and the resulting reduction of ventilator settings, when
compared to our data [6]. In the meantime, several centers
have reported on a total of 55 hypercapnic patients who
underwent ECCO2-R by a/v ILA as attempted bridge to
LTX [6-9,30,31]. However, unfortunately important out-
comes including rate of successful LTX, short- and long-
term survival have not been indicated in several of these
reports (Table 5).

The main purpose of ILA therapy in all of our patients
was to overcome life-threatening hypercapnia to survive to
LTX. This goal was achieved in all but one patient. More-
over, ILA was initiated with two different short-term goals
depending on the respective clinical setting: (i) In all inva-
sively ventilated patients, a reduction of ventilatory support
could be achieved enabling less sedation and allowing for
spontaneous breathing and early mobilization in most
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patients. (ii) Intubation could be prevented in all but one
noninvasively ventilated patient. This finding suggests that
the ‘awake ECMO’ concept by Fuehner et al. (=ECMO as
bridge to LTX in nonintubated patients) [32] can be suc-
cessfully translated into an ‘awake ILA’ concept in patients
with hypercapnic respiratory failure.

We are the first center to report on the use of the newly
developed pump-driven v/v ILA activve system [14]. No
significant differences regarding the reduction of arterial
PaCO,, as well as increase of pH and P/F ratio were found
compared to a/v ILA. However, advantages of the ILA ac-
tivve system may be (i) its independence from hemody-
namics, as its performance does not depend on cardiac
output; (ii) extended monitoring measuring pressures in
the extracorporeal circuit in addition to blood flow allow-
ing for early detection of possible mechanical problems;
(iii) in case of progressive hypoxia or additional cardiovas-
cular failure the same platform may be used for high-flow
ECMO, as the ILA membrane is approved for blood flows
up to 4.5 I/min, and the centrifugal pump may be run at
flows of up to 8 1/min. However, this is not possible with
the herein used cannulation techniques, and adequate
access needs to be established.

Switch to full ECMO (v/a or v/v) became necessary in
20% of our patients. Those affected revealed a trend for
worse oxygenation at baseline. Decision for upgrade to
full ECMO support depended, however, on the further
clinical course rather than on baseline oxygenation. We,
therefore, cannot derive a definitive P/F cutoff value for
preferring full ECMO to ECCO2-R. Individual consider-
ations, such as the invasiveness of ventilation and the
anticipated course of the respiratory failure will have to
be taken into account when choosing the mode of extra-
corporeal therapy.

When compared to the data of Fischer ef al. [6] rate of
bridging failure and hospital mortality was lower in our
cohort (5 vs. 17% and 25 vs. 33%), which may, of course,
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be chance findings in the context of fairly small cohorts.
However, differences could also be due to unequal case
mixes, general improvements in ICU management over
time, and importantly, shorter bridging time intervals in
our patients, alternatively. We believe that preventing com-
plications and anew deterioration by doing everything pos-
sible to minimize waiting times on extracorporeal support
is of utmost importance. The existing system of center allo-
cation is supportive when considering patients on bridge to
LTX by any extracorporeal mode. Furthermore, aggressive
handling of available organs with regard to size matching,
use of marginal donors, and LTX over the blood group is
performed in our center whenever possible.

Similar to prior reports, the use of a/v ILA and ECMO
therapy, thirty percent of our patients experienced proce-
dure-related complications, mainly comprising of throm-
bosis and bleedings [17,21,27]. None of these events
resulted in lasting organ dysfunction, impairment, or
death. Supposed that none of our patients were likely to
survive to LTX, it seems reasonable to implement rescue
therapies with potentially serious side effects. To minimize
possible risks, we propose to establish local protocols con-
cerning the following questions: What are the clinical crite-
ria to use extracorporeal gas exchange as bridge to LTX?
Which device and which cannulation strategy should be
used for which patient? What is the optimal anticoagula-
tion management? Furthermore, even though cannulation
in a/v ILA and ILA activve can be performed by intensivists
themselves, support by surgeons and perfusionists should
be available on short notice in case of cannula-associated
complications or the necessity for switch to full ECMO.

The formal limitations of our report are the ones typi-
cally associated with a retrospective analysis. Most impor-
tantly, our findings reflect the experience of a single center
with > 100 LTX procedures per year and a focus on extra-
corporeal life support. Thus, it may be difficult to general-
ize our findings to other centers. Moreover, we did not
measure CO, removal, amount of oxygen delivery, and re-
circulation values, which limits our findings concerning the
gas exchange performance of the systems employed.

In conclusion, ECCO2-R using a/v ILA or ILA activve is
a feasible and efficient method to bridge invasively and
noninvasively ventilated patients with life-threatening
hypercapnia to LTX. However, some patients will progress
to severe hypoxic respiratory and/or cardiovascular failure.
Thus, providing high-flow v/v or v/a ECMO must be possi-
ble on short notice.
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