Complications associated with bridging to lung transplantation -
systematic review and meta-analysis

Powiktania zwigzane z pomostowaniem do przeszczepienia ptuc — systematyczny
przeglad i metaanaliza

Kajetan Kietbowski, Estera Bakinowska, Bartosz Kubisa

Department of Thoracic Surgery and Transplantation, Pomeranian Medical University, Szczecin, Poland
Head of the Department: Janusz Wéjcik MD, PhD

Medical Studies/Studia Medyczne 2022; 38 (2): 157-162
DOI: https://doi.org/10.5114/ms.2022.117745

Key words: extracorporeal membrane oxygenation, lung transplantation, extracorporeal life support, bridging to
transplantation.

Stowa kluczowe: pozaustrojowe utlenowanie btonowe, transplantacja ptuc, pozaustrojowe podtrzymywanie zycia,
pomostowanie do przeszczepienia.

Abstract

Introduction: Lung transplantation (LuTx) is a treatment method of end-stage pulmonary diseases when conventional ther-
apy does not provide further improvement. Preoperative use of extracorporeal life support is known as bridging to LuTx and
is associated with several complications.

Aim of the research: To investigate the frequencies of complications that may develop during bridging to lung transplanta-
tion with extracorporeal life support.

Material and methods: A thorough, systematic review in the Medline and Google Scholar databases was performed. Inclu-
sion criteria consisted of studies with or without a control group reporting experience with bridging to lung transplantation.
Preferred reporting items for systematic reviews and meta-analysis protocols were used. Forest plots were generated with
Open Meta Analyst software. Heterogeneity was assessed using 12 statistics.

Results: Thirteen studies met the inclusion criteria. The articles were published between 2011 and 2020. A total of 461
patients bridged to transplantation were included. Bleeding and thrombotic complications occurred in 24.6% of patients;
cerebrovascular events were observed in 4.5%; while renal replacement therapy was implemented in 13.2% of the included
patients.

Conclusions: Frequencies of possible complications occurring during a bridging procedure cannot be overlooked and may
lead to death instead of lifesaving surgery.

Streszczenie

Wprowadzenie: Przeszczepienie ptuc (LuTx) to metoda leczenia schytkowych choréb ptuc, gdy konwencjonalna terapia
nie zapewnia dalszej poprawy. Przedoperacyjne zastosowanie pozaustrojowego wspomagania funkcji zyciowych jest znane
jako pomostowanie do LuTx i wiaze si¢ z wystapieniem réznych powiktan.

Cel pracy: Zbadanie czesto$ci wystepowania powiktan, jakie moga pojawic sie podczas pomostowania do przeszczepienia
ptuc z pozaustrojowym podtrzymywaniem zycia.

Materiat i metody: Przeprowadzono doktadny przeglad systematyczny w bazach danych Medline i Google Scholar. Kry-
teria wlaczenia obejmowaty badania z grupa kontrolng lub bez niej, w ktérych autorzy przedstawiali swoje do§wiadczenie
z pomostowaniem do transplantacji ptuc. Wykorzystano protokét: Preferred reporting items for systematic reviews and meta-
-analyses. Wykresy wygenerowano za pomocg oprogramowania Open Meta Analyst. Niejednorodnos¢ oceniano za pomoca
statystyki 2.

Wryniki: Kryteria wigczenia spetnito 13 badan. Artykuty zostaty opublikowane w latach 2011-2020. Uwzgledniono tacznie
461 pacjentéw pomostowanych do przeszczepienia. Krwawienia i powiktania zakrzepowe wystapity u 24,6% chorych, incy-
denty mézgowo-naczyniowe u 4,5%, a terapie nerkozastepcza wdrozono u 13,2% pacjentéw.

Whioski: Czesto$¢ mozliwych powiktan wystepujacych podczas zabiegu pomostowego nie moze zosta¢ pominieta; moga
one prowadzi¢ do $mierci zamiast operacji ratujacej zycie.
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Figure 1. Flow diagram illustrating selection of the articles
included in the meta-analysis

Introduction

Lung transplantation (LuTx) is a life-saving sur-
gery performed in patients with end-stage respira-
tory diseases, such as chronic obstructive pulmo-
nary disease, cystic fibrosis, or pulmonary fibrosis. It
is considered as a last-chance treatment when there
are no benefits from conventional therapy [1]. Being
on the waiting list is associated with deconditioning,
which in some cases may require mechanical venti-
lation (MV). However, MV may provide insufficient
gas exchange and it increases the risks of ICU-related
complications [2]. Deconditioning may lead to death
or worse outcomes after transplantation, due to chest
muscle weakening, infections, or other complications.
The introduction of extracorporeal membrane oxy-
genation (ECMO) may prevent deconditioning and
ensure better outcomes after transplantation (pos-
sible physical therapy and enteral nutrition). ECMO
supports cardiac or lung function, depending on the
cannulation strategy, and may be applied in veno-ve-
nous or veno-arterial modes. Despite the difficulties
of conducting ECMO support and its costs, the use of
this support device is associated with several compli-
cations, such as bleeding, clotting or air bubbles in the
cannulas, or acute kidney injury [3].

Aim of the research

The aim of this meta-analysis is to determine the
frequencies of ECMO-related complications during
bridging to lung transplantation.

Material and methods

This analysis was conducted using the PRISMA
protocol (preferred reporting items for systematic re-
views and meta-analyses) [4]. A thorough literature
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search was performed in the Medline and Google
Scholar databases. The following terms were used in
the search: “Bridging to lung transplantation” and
“Bridging to lung transplantation — complications”.
Inclusion criteria were composed of retrospective or
prospective articles in English presenting experience
with extracorporeal life support as a bridge to lung
transplantation. Studies with or without a control
group were included, while complications occurring
during the bridging procedure had to be reported.
Two independent reviewers screened the titles and
abstracts, and the data were extracted manually. For-
est plots were generated using Open Meta Analyst
software, and heterogeneity was assessed with I sta-
tistics.

Results

After a primary search, we identified 1141 results.
Ultimately, 13 studies met the inclusion criteria. The
search strategy is presented in Figure 1. The charac-
teristics of the included studies together with bridg-
ing and short-term LuTx outcomes are presented in
Table 1. The included studies were published between
2011 and 2020. Out of 601 patients enrolled to a bridg-
ing procedure, 461 underwent lung transplantation.
The mean time of extracorporeal life support was
12.4 days. Bleeding and thrombotic complications oc-
curred in 24.6% of the included patients. Cerebrovas-
cular events happened in 4.5% of patients, and acute
kidney injury occurred in 13.2% of the included pa-
tients (Figures 2, 3).

Discussion

Veno-venous ECMO (VV ECMO) supports respi-
ratory function only while veno-arterial EMCO (VA
ECMO) cannulation supports both cardiac and lung
function. It can be used as a rescue therapy, for in-
stance, in severe COVID-19 [18]. Another use of this
device is to bridge patients to lung transplantation.
Deterioration while on a waiting list may cause death
before matching with an appropriate organ. The first
case of ECMO used as a bridge to lung transplanta-
tion was performed in 1977. However, after initial
trials it was considered that ECMO is associated with
worse outcomes and increased risk of infections and
bronchial ischaemia. The first successful reports of
bridging to LuTx were performed in the early 1990s
[19]. Pulmonary deterioration with hypoxia or hy-
percapnia despite medical treatment, haemodynamic
failure, or pulmonary hypertension are indications
to place a patient on ECMO support. On the other
hand, not qualifying for LuTx, bacteriemia, or failure
of other major organs, among others, are considered
as absolute contraindications [20] (Table 2).

The use of ECMO itself is associated with several
complications. Exposure of the blood to the non-bio-
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Table 1. Characteristics of included studies

Author Publication ~ Country Study Number Patients LuTx
year design of patients  successfully outcomes
undergoing bridged
bridging
procedure
Hammadinen P 2011 Finland, Retrospective 13 12 1-year survival
etal. [5] Sweden rate: 92 +7%
Fuehner T et al. [6] 2012 Germany Retrospective 26 20 6-months
survival rate:
80%
Lafarge M et al. [7] 2013 France Retrospective 36 30 2-year survival
rate: 50.4%
Dellgren G et al. [8] 2015 Sweden Retrospective 20 16 1-year survival
rate: 75%
Inci | et al. [9] 2015 Switzerland  Prospective 30 26 1-year survival
rate: 68%
Biscotti M et al. [10] 2017 USA Retrospective 72 40 1-year survival
rate: 90%
Yeo HJ et al. [11] 2017 South Retrospective 19 14 1-year survival
Korea rate: 64.3%
Hoetzenecker K 2018 Austria Retrospective 71 63 1-year survival
etal. [12] rate: 76%
Hakim AH et al. [13] 2018 USA Retrospective 30 26 1-year survival
rate: 74%
lus F et al. [14] 2018 Germany Retrospective 87 68 1-year survival
rate: 79%
Hayanga Al et al. 2018 USA Retrospective 49 49 1-year survival
[15] rate: 82%
Tipograf Y et al. [16] 2019 USA Retrospective 121 70 1-year survival
rate: 88%
Ko RE et al. [17] 2020 South Prospective 27 27 6-months
Korea survival rate:
66.6%

logic surfaces of the cannulas may lead to adherence
of blood cells to the surfaces, platelet activation, and
fibrinogen deposition. These outcomes may lead to
thrombotic complications, in turn leading to a cere-
brovascular event. Therefore, the surfaces of the can-
nulas are covered in heparin, together with signifi-
cant intravenous amounts of heparin introduced in
anticoagulation protocol. An adequate anticoagula-
tion strategy allows for the balance between thrombo-
embolic and bleeding risks. However, use of heparin
may result in heparin-induced thrombocytopaenia
(HIT), which develops in approximately 0.5% to 5%
of patients. The diagnosis of HIT while on ECMO sup-
port is challenging due to platelet consumption and
various factors that may contribute to a platelet drop
while on a circulatory support device, which might
mimic HIT [21]. Alternatively, direct thrombin inhibi-
tors may be introduced (bivalirudin) to prevent HIT.
Anticoagulation is monitored using the actual clot-
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ting time (ACT), aPPT, PT, or anti-Xa. ACT is available
at the bedside and is the most frequently used option
with a target range of between 150 and 170 s. However,
the results of ACT may be influenced by heparin-in-
dependent factors such as hypothermia, thrombocy-
topaenia, or anaemia [22]. ACT was designed to moni-
tor heparin anticoagulation during cardiopulmonary
bypass support, and aPTT has been used to monitor
heparin in prophylactic ranges. aPTT is considered as
more reliable, but studies comparing ACT and aPTT
during ECMO support are inconclusive [23]. Accord-
ing to a recent meta-analysis conducted by Willems
et al., anti-Xa-factor versus ACT and aPTT during
ECMO is associated with fewer incidents of bleeding,
while no increase in thrombotic events was observed
[24]. Use of ECMO may also contribute to the develop-
ment of renal injury and the need for renal replace-
ment therapy. Constant inflammatory processes that
take place while on ECMO or due to underlying dis-
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A Studies

Hammainen P et al. 2011
Fuehner et al. 2012
Lafarge M et al. 2013
Dellgren G et al. 2014
Inci l et al. 2015

Biscotti M et al. 2017
Yeo HJ et al. 2017
Hoetzenecker K et al. 2018
Hakim AH et al. 2018

lus F et al. 2018

Hayanga AJ 2018
Tipograf Y et al. 2019

Ko RE et al. 2020

Overall (2 = 70.29%, p < 0.001)

Studies

Hammainen P et al. 2011
Biscotti M et al. 2017
Hoetzenecker K et al. 2018
lus F et al. 2018

Tipograf Y et al. 2019

Overall (2 = 38.08%, p = 0.167)

Studies

Hammainen P et al. 2011
Fuehner et al. 2012
Lafarge M et al. 2013
Dellgren G et al. 2014
Biscotti M et al. 2017
Hoetzenecker K et al. 2018
Hayanga AJ 2018

Tipograf Y et al. 2019

Overall (2 = 81.06%, p < 0.001)

Estimate (95% Cl) Ev/Trt
0.154 (0.000, 0.350) 2/13
0.308 (0.130, 0.485) 8/26
0.556 (0.393,0.718) 20/36
0.300 (0.099, 0.501) 6/20
0.192 (0.041, 0.344) 5/26
0.153 (0.070, 0.236) 11/72
0.263 (0.065, 0.461) 5/19
0.310 (0.202, 0.417) 22/71
0.333 (0.165, 0.502) 10/30
0.206 (0.110, 0.302) 14/68
0.204 (0.091, 0.317) 10/49
0.107 (0.052, 0.163) 13/121
0.259 (0.094, 0.425) 7/27
0.246 (0.182, 0.310) 133/578

Estimate (95% Cl) Ev/Trt
0.077 (0.000, 0.222) 1/13
0.056 (0.003, 0.108) 4/72
0.042 (0.000, 0.089) 3/71
0.015 (0.000, 0.043) 1/68
0.083 (0.034,0.132) 10/121
0.045 (0.016, 0.073) 19/345

Estimate (95% Cl) Ev/Trt
0.385 (0.120, 0.649) 5/13
0.154 (0.015, 0.293) 4/26

0.014 (0.000, 0.051) 0/36
0.300 (0.099, 0.501) 6/20
0.083 (0.019, 0.147) 6/72
0.282 (0.177,0.386) 20/71
0.082 (0.005, 0.158) 4/49
0.083 (0.034,0.132) 10/121
0.132 (0.066, 0.198) 55/408
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Figure 2. Forest plots of frequencies of complications associated with bridging to lung transplantation. A — bleeding and

thrombotic complications, B — cerebrovascular complications, C -

Studies

Hammainen et al. 2011
Fuehner et al. 2012
Lafarge et al. 2013
Hoetzenecker et al. 2017
Yeo et al. 2017

Biscotti et al. 2017
Hakim et al. 2018
Tipograf et al. 2019

Overall (2 = 98.88%, p < 0.001)

Figure 3. Forest plot of duration of extracorporeal life support
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Table 2. Information about ECMO cannulation strategies

ECMO Mode Drainage

VA ECMO (Central) Inferior vena cava via right atrium
VA ECMO (Peripheral) Femoral vein

VV ECMO Femoral vein

Return Common indication

Ascending aorta Cardiogenic shock

Femoral artery

Internal jugular vein ARDS

Adherence to surface
of the cannulas

~

Platelet activation

—

"~ Fibrinogen deposition

Figure 4. Scheme presenting possible mechanisms of
thrombotic complications due to blood exposure to non-
biologic surfaces

ease, together with coagulation abnormalities, use of
nephrotoxic substances, and ischaemia reperfusion
injury may lead to acute kidney injury. Additionally,
other complications that occur during ECMO, such
as bleeding or thrombosis, might also increase the
risk of kidney failure [25]. Renal replacement therapy
is thought to prevent metabolic acidosis and hyper-
volaemia [26]. The occurrence of some complications
depends on the cannulation strategy. The harlequin
effect is a rare complication that might appear in pe-
ripheral VA ECMO support when blood from the na-
tive pulmonary circuit returns to the aorta together
with oxygenated blood reinfused by the centrifugal
pump of ECMO. Consequently, saturation in the low-
er parts of the body would be normal, while in the
right hand it can be as low as 40%. Therefore, hypo-
perfusion of the upper body together with cerebral
and coronary hypoperfusion may develop [27]. Limb
ischaemia is another complication that may develop
in femoral cannulation. The potential mechanisms
include catheter thrombosis, emboli, or obstruction
of flow by cannula [28]. Despite such complications,
use of extracorporeal support devices is beneficial
for some patients. As a rescue therapy, withholding
ECMO would cause further deterioration, delisting
from lifesaving LuTx and death. As seen in Table 1,
most bridging procedures were successful and al-
lowed for subsequent transplantation. This study can-
not be considered without several limitations. Firstly,
11 out of 13 of the included studies were retrospec-
tive, which introduces the risk that some of the com-
plications could have been underreported. Secondly,
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patients were not divided into separate groups based
on underlying diseases. In addition, in some patients
VV ECMO had to be changed to VA ECMO, which in-
cludes full anticoagulation (Figure 4).

Conclusions

Bridging to lung transplantation is a procedure
that allows critically ill patients to undergo a lifesav-
ing procedure. Our analysis proves that the frequen-
cies of complications that may develop during bridg-
ing are non-negligible and may lead to death instead
of surgery. Further studies should be focused on im-
proving anticoagulation guidelines.
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