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Abstract: Background/Objectives: The direct bridge to urgent heart transplant (HT) with venoarterial
extracorporeal membrane oxygenation (VA-ECMO) support has been associated with high morbidity
and mortality. The objective of this study is to analyze the morbidity and mortality of patients
transplanted with VA-ECMO and compare the presumed differences between various eras over
a 17-year timeline. Methods: This is a prospective, observational study on consecutive patients
stabilized with VA-ECMO and transplanted with VA-ECMO from July 2007 to December 2023 at a
reference center (98 patients). Objective variables were mortality and morbidity from renal failure,
venous thromboembolic disease (VTD), primary graft dysfunction (PGD), the need for tracheostomy,
severe myopathy, reoperation, post-transplant ECMO, vascular complications, and sepsis/infection.
Results: The percentage of patients who reached transplantation without the need for mechanical
ventilation has increased over the periods studied. No significant differences were found between
the study periods in 30-day mortality (p = 0.822), hospital discharge (p = 0.972), one-year mortality
(p = 0.706), or five-year mortality (p = 0.797). Survival rates in these periods were 84%, 75%, 64%,
and 61%, respectively. Comorbidities were very frequent, with an average of 3.33 comorbidities
per patient. The most frequent were vascular complications (58%), the need for post-transplant
ECMO (57%), and myopathy (55%). The development of myopathy and the need for post-transplant
ECMO were higher in recent periods (p = 0.004 and p = 0.0001, respectively). Conclusions: VA-ECMO
support as a bridge to HT allows hospital discharge for 3 out of 4 transplanted patients. This survival
rate has not changed over the years. The comorbidities associated with this device are frequent
and significant.

Keywords: urgent heart transplantation; venoarterial extracorporeal membrane oxygenation;
morbidity; mortality; eras
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1. Introduction

Cardiogenic shock (CS) has been, for decades, one of the greatest challenges in critical
cardiology. This condition presents a very high risk of significant morbidity and mortality
despite the most current therapeutic advances [1,2]. In this context, circulatory assistance
with extracorporeal membrane oxygenation in venoarterial configuration [VA-ECMO] has
undoubtedly been a crucial intervention to provide circulatory and oxygenation support
in refractory CS, especially in INTERMACS 1–2 cases [1,3,4]. In cases of non-recovery
of myocardial function, an urgent heart transplant (HT) is often performed in patients
supported with ECMO [5]. However, the morbidity associated with ECMO assistance is not
negligible and is exacerbated by the complex profile of the patients who require its use [6–8].
In high-volume centers for VA-ECMO implantation, complications can be minimized, and
it is possible that over time and with the team’s experience, the survival and complications
of patients undergoing HT with ECMO have changed. The objective of this study is to
analyze the early global morbidity, mortality and eras of patients undergoing HT assisted
by VA-ECMO in a long-term time series (17 years). The secondary objective is to analyze
mid- to long-term mortality by time periods in the same patients.

2. Materials and Methods

This is a prospective, observational, non-interventional study in which all patients
included on the heart transplant waiting list from July 2007 to December 2023 at a reference
center (n = 503) were consecutively recruited. Patients who ultimately underwent HT
without ECMO (n = 348), those undergoing combined HT (n = 18), re-transplants (n = 10),
and pediatric transplants (<16 years, n = 17) were excluded. Patients who, after ECMO
implantation, left the waiting list and were not transplanted, either due to death or other
reasons (n = 12), were also excluded. Finally, 98 consecutive patients transplanted with
VA-ECMO were included in the analysis. Figure 1 shows the patient flow. All transplants
performed were recorded with variables considered in the Spanish Cardiac Transplant
Registry [9]. Additionally, variables related to mechanical assistance were analyzed: type,
days of assistance, related complications, etc. Urgency 0 or Code 0 implies priority over all
other candidates nationwide to receive the first suitable available heart donor in the system
and applies to patients in CS requiring short-term circulatory/ventricular assistance. The
analysis was divided into time periods: the first from 2007 (the first VA-ECMO implanted
as a bridge to transplant) to 2010. This period was chosen because the literature shows that
the learning curve period in ECMO-implanting teams is about 3 years [10,11]. The other
periods were from 2011 to 2016 and from 2017 to 2023.

Surgical cannulation was performed in the Intensive Care Unit as per the center’s
protocol, avoiding the need to transfer the unstable patient in CS to the operating room. In
most patients, femoral access is used, with an arterial cannula introduced into the common
femoral artery and a multi-perforated venous cannula into the femoral vein. For limb
perfusion, a pediatric arterial cannula is used and connected to the ECMO arterial line.
Some patients with a reduced femoral artery caliber require the placement of a Dacron
graft, through which an arterial cannula is introduced, enabling simultaneous systemic
and limb perfusion. In the past, the limb perfusion cannula was connected to the arterial
cannula via a three-way stopcock, but now a 3/8-3/8-1/4 connection is used from the
ECMO arterial line to arterial and limb perfusion cannulas to avoid the resistance that
occurred with the three-way stopcock and to reduce thrombotic complications and limb
ischemia. The cannulas are inserted into the femoral vessels after creating a purse-string
suture with polypropylene, which is then secured with tourniquets tied to the arterial
cannulas to prevent movement. In contrast, the venous cannula is not fixed to allow for
repositioning if needed (Figure 2). Transthoracic echocardiography is used to confirm
the correct positioning of the venous cannula entering the right atrium. Additionally, the
cannulas are inserted through cutaneous counter incisions to allow for wound closure
and prevent infection until ECMO weaning is possible. The procedure is performed with
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systemic heparinization using sodium heparin at a dose of 1 mg/kg. After 24–48 h, if no
bleeding complications arise, the continuous infusion of sodium heparin is initiated.
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Early mortality was defined as that occurring within the first 30 days after HT. Hospital
mortality was defined as death from any cause before discharge from HT admission.
Mortality from any cause was also considered at one year and five years post-transplant.
Primary graft dysfunction (PGD) was defined, according to the consensus published
by ISHLT in 2014, as primary graft dysfunction excluding causes such as hyperacute
rejection, pulmonary hypertension, or surgical complications, diagnosed within 24 h post-
surgery [12]. Severe PGD, defined as requiring post-transplant mechanical assistance, was
analyzed, which, in all cases, was performed using VA-ECMO. In the study center, in
urgent HT with ECMO, it is maintained by the protocol for at least 24 h post-HT; however,
PGD was only considered if the previous definition was met, including the verification of
ventricular dysfunction with the inability to withdraw ECMO support in the first 24–48 h
post-transplant. The definitions of the complications are detailed below. Infections were
considered infectious processes with or without an identified microorganism that presented
with symptoms, signs, or biomarkers of infection and required the initiation or expansion
of antibiotic treatment for control. All cases of pulmonary embolism (PE) were confirmed
by angio-CT ± pulmonary tree angiography, while all cases of deep vein thrombosis (DVT)
were confirmed by vascular Doppler ultrasound. Post-transplant renal failure (RF) was
defined as that requiring renal replacement therapy (RRT), including ultrafiltration and/or
dialysis, at any time during transplant admission. Vascular complications included all
complications related to the vascular access of the mechanical assistance(s) used by the
patient. The study protocol was approved by the Ethics Committee of Hospital Universitari
i Politècnic La Fe (Code ECMO-HF), Valencia.

Statistical Analysis

Qualitative variables are expressed as numbers and percentages, and quantitative
variables as median and interquartile ranges (non-normal distribution, p < 0.05 in the
Kolmogorov–Smirnov test). A comparison between quantitative variables was performed
using Kruskal–Wallis ANOVA. For comparative analysis between qualitative variables,
Pearson’s Chi-square test was applied. Survival curves were calculated using the Kaplan–
Meier method. A p-value of <0.05 was considered significant. Statistical analysis was
performed using SPSS Statistics Version 27® software and Stata Statistics/Data Analysis
16.1, serial number 501606323439. Graphs were created using SPSS and PowerPoint. The
database was designed with Excel and completed at patient discharge. PowerPoint and
Excel are part of the Microsoft Office Professional Plus 2019 statistical package.

3. Results
3.1. Baseline Characteristics

The profile of the patients did not show significant variations over time (Table 1). The
patients’ age was similar across the three periods, around 55 years, and most were male,
with ischemic heart disease being the predominant underlying etiology. However, from
2017 to 2023, the percentage of patients with ischemic heart disease was similar to those
with dilated cardiomyopathy, familial, and other etiologies. The percentage of patients
transplanted with mechanical ventilation (MV) was 64% and was lower in the most recent
period (36% from 2017 to 2023). The duration of ECMO support was longer in the more
recent periods, with a shorter duration (134 h) from 2007 to 2010. There were no differences
in the main donor characteristics or surgical procedures, except for the use of the bicaval
technique, which became increasingly common, reaching 89% in the last period.

3.2. Analysis of Overall Mortality and by Periods

Early mortality (day 30) did not significantly change over the years and was 19% from
2007 to 2010 and 14% from 2017 to 2023 (p = 0.822). No significant differences were found
in mortality until hospital discharge (overall series: 25%), at one year (overall series: 36%),
and five years (overall series: 39%). These results are shown in Table 2. Figure 3 shows
survival over the study period for the three analyzed periods.
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Table 1. Clinical characteristics of patients (overall and by eras).

2007–2010
(n: 26)

2011–2016
(n: 35)

2017–2023
(n: 37) p Overall

(n: 98)

Recipient

Age (years) # 58 (11) 54 (21) 51 (14) 0.242 55 (15)

Male (n, %) 16 (62) 26 (74) 28 (76) 0.425 70 (71)

Underlying etiology (n, %)

0.474
ischemic 13 (50) 18 (51) 13 (35) 44 (45)
Idiopathic + familial DCM 7 (27) 11 (31) 13 (35) 31 (32)
Other 6 (23) 6 (18) 11 (30) 23 (23)

Creatinine (mg/dL) # 0.9 (0.8) 0.7 (0.7) 0.7 (0.3) 0.124 0.8 (0.6)

AST (U/L) # 70 (53) 55 (36) 39 (39) 0.178 54 (45)

ALT (U/L) # 59 (94) 38 (44) 47 (83) 0.365 51 (69)

Bilirrubin (mg/dL) # 1.4 (1.5) 2.2 (1.9) 1.3 (1.5) 0.004 1.6 (1.6)

Pre-transplant infection (n, %) 8 (31) 13 (37) 7 (19) 0.254 28 (29)

I-D Diabetes (n, %) 0 (0) 3 (9) 2 (5) 0.445 5 (5)

MV (n, %) 26 (100) 25 (71) 12 (32) 0.001 63 (64)

Previous sternotomy (n, %) 2 (7) 5 (14) 6 (16) 0.724 13 (13)

ECMO duration (hours) # 134 (128) 204 (219) 192 (120) 0.004 192 (147)

Donor

Donor age (years) 43 (24) 46 (16) 46 (15) 0.173 45 (17)

Donor cause of death (n, %)

0.345
TBI 5 (19) 10 (29) 9 (24) 25 (24)
Stroke 20 (77) 23 (66) 22 (59) 65 (66)
Other 1 (4) 2 (5) 6 (17) 9(10)

Surgical Procedure

CPB time (min) # 135 (53) 139 (42) 115 (39) 0.107 128 (43)

Ischemia time (min) # 200 (50) 192 (97) 189 (79) 0.444 192 (83)

Bicaval technique (n, %) 14 (54) 24 (69) 33 (89) 0.002 71 (72)

# Median and interquartile range. Statistical test: Kruskal–Wallis ANOVA and Pearson’s Chi-square test. Abbrevi-
ations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; CPB: cardiopulmonary bypass; DCM:
dilated cardiomyopathy; ECMO: extracorporeal membrane oxygenation; I-D: insulin-dependent; MV: mechanical
ventilation; TBI: traumatic brain injury.

Table 2. Mortality analysis.

Variables 2007–2010
(n: 26)

2011–2016
(n: 35)

2017–2023
(n: 37) p Overall

(n: 98)

Mortality at 30 days (n, %) 5 (19) 6 (17) 5 (14) 0.822 16 (16)

In-hospital mortality (n, %) 6 (23) 9 (26) 9 (24) 0.972 24 (25)

Mortality at one year (n, %) 9 (35) 13 (38) 12 (36) 0.706 34 (36)

Mortality at five years (n, %) 10 (39) 15 (43) 13 (35) 0.797 38 (39)
In each period, the mortality values are cumulative. Statistical test: Pearson’s Chi-square test.
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3.3. Analysis of Morbidity

The overall prevalence of complications in patients with pre-transplant ECMO was
generally very high, with an average frequency of 3.3 complications per patient. The per-
centage of patients without any of the analyzed complications was less than 10% (Figure 4).
No differences were observed in the development of PE, DVT, PGD, vascular complications,
or infections/sepsis (Table 3). However, in the periods from 2011 to 2016 and 2017 to 2023,
there was a trend toward a lower prevalence of renal failure and a higher proportion of
patients requiring tracheostomy and reoperation for bleeding and/or tamponade. In the
periods from 2011 to 2016 and 2017 to 2023, there was a higher frequency of severe myopa-
thy and the need for post-transplant mechanical support, both of which were statistically
significant (p = 0.004 and p = 0.0001, respectively). The duration (hours) of pre-transplant
ECMO correlated with the need for tracheostomy, with a trend toward other complications,
such as the need for post-transplant ECMO, PGD, vascular complications, reoperation for
bleeding, and sepsis (Figure 5).

Table 3. Morbidity analysis.

Variables 2007–2010
(n: 26)

2011–2016
(n: 35)

2017–2023
(n: 37) p Overall

(n: 98)

Renal failure (n, %) 15 (58) 12 (34) 15 (41) 0.177 42 (43)
DVP ± EP (n, %) 2 (8) 0 (0) 4 (11) 0.058 6 (6)

PGD (n, %) 5 (19) 5 (14) 9 (24) 0.560 19 (19)
Tracheostomy (n, %) 4 (15) 11 (31) 13 (35) 0.208 28 (29)

Severe myopathy/polyneuropathy (n, %) 8 (31) 19 (54) 27 (73) 0.004 54 (55)
Reintervention for bleeding/tamponade (n, %) 6 (23) 17 (49) 18 (49) 0.077 41 (42)

Post-transplant ECMO (n, %) 5 (19) 25 (71) 26 (70) 0.001 56 (57)
Vascular complications * (n, %) 16 (62) 21 (60) 20 (54) 0.808 57 (58)

Sepsis/infection (n, %) 6 (23) 12 (34) 10 (27) 0.610 28 (29)

* Includes hemorrhages and compartment syndrome. Statistical test: Pearson’s Chi-square test. Abbreviations:
DVT: deep vein thrombosis; ECMO: extracorporeal membrane oxygenation; PE: pulmonary embolism; PGD:
primary graft dysfunction.



Biomedicines 2024, 12, 2109 7 of 12
Biomedicines 2024, 12, x FOR PEER REVIEW 7 of 13 
 

 
Figure 4. Overall prevalence of complications in patients pre-transplant (complications per patient). 
The histogram shows the percentage of patients presenting each number of complications. 

 
Figure 5. Association between complications and duration of pre-transplant ECMO support. Statis-
tically significant associations are shown in green, trends in yellow, and associations without statis-
tical significance in blue (Pearson correlation). Abbreviations: DVT: deep vein thrombosis; ECMO: 
extracorporeal membrane oxygenation; EP: pulmonary embolism; PC: Pearson correlation; PGD: 
primary graft dysfunction. 

4. Discussion 
CS represents the most extreme form of cardiac failure, where inadequate cardiac 

output compromises the perfusion of tissues and organs. Short-term mortality for patients 
with heart failure (HF) remains above 30% [13–15]. In this situation, in addition to ino-
tropic drugs, ventricular and/or circulatory assist devices are required while determining 

Figure 4. Overall prevalence of complications in patients pre-transplant (complications per patient).
The histogram shows the percentage of patients presenting each number of complications.

Biomedicines 2024, 12, x FOR PEER REVIEW 7 of 13 
 

 
Figure 4. Overall prevalence of complications in patients pre-transplant (complications per patient). 
The histogram shows the percentage of patients presenting each number of complications. 

 
Figure 5. Association between complications and duration of pre-transplant ECMO support. Statis-
tically significant associations are shown in green, trends in yellow, and associations without statis-
tical significance in blue (Pearson correlation). Abbreviations: DVT: deep vein thrombosis; ECMO: 
extracorporeal membrane oxygenation; EP: pulmonary embolism; PC: Pearson correlation; PGD: 
primary graft dysfunction. 

4. Discussion 
CS represents the most extreme form of cardiac failure, where inadequate cardiac 

output compromises the perfusion of tissues and organs. Short-term mortality for patients 
with heart failure (HF) remains above 30% [13–15]. In this situation, in addition to ino-
tropic drugs, ventricular and/or circulatory assist devices are required while determining 

Figure 5. Association between complications and duration of pre-transplant ECMO support. Sta-
tistically significant associations are shown in green, trends in yellow, and associations without
statistical significance in blue (Pearson correlation). Abbreviations: DVT: deep vein thrombosis;
ECMO: extracorporeal membrane oxygenation; EP: pulmonary embolism; PC: Pearson correlation;
PGD: primary graft dysfunction.

4. Discussion

CS represents the most extreme form of cardiac failure, where inadequate cardiac
output compromises the perfusion of tissues and organs. Short-term mortality for patients
with heart failure (HF) remains above 30% [13–15]. In this situation, in addition to inotropic
drugs, ventricular and/or circulatory assist devices are required while determining the
most appropriate therapeutic approach. In fact, in these patients, especially those at
INTERMACS 1 [16], the direct implantation of long-term left ventricular assist devices
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is associated with a high mortality rate, around 60–70% in the first year. For this reason,
in these profiles, it is recommended to implant short-term mechanical support until the
patient is more stabilized, either as a bridge to heart transplantation or as a bridge to long-
term ventricular assist devices [17,18]. For the most urgent cases that require rapid action,
ECMO has marked a turning point by reducing mortality in these patients, particularly
when circulatory support is needed while awaiting the appearance of a donor as a bridge
to HT [19]. However, this device, in its venoarterial variant, is not without complications
and morbidity. This study aimed to assess, over a prolonged series of 17 years, the survival
of patients with VA-ECMO who undergo transplantation across various eras and the
comorbidities associated with the use of this device. It has been observed that, over the
years, the clinical characteristics of patients have not varied, with a hospital mortality rate
of 25% and an average of 3.3 relevant comorbidities per patient.

The average clinical profile of patients in this series is a male around 55 years old. Other
studies offer a slightly higher age range [20–22]. The majority of them reach transplantation
without mechanical ventilation in the most recent period (32%). This fact reduces the
risk of mortality [23,24]. In the Spanish ASIS-TC study, the average waiting time with
short-term assistance until urgent CT was 7.6 days [21], which is a time similar to that of
our series, which stood at 8 days, although it should be noted that 10% were excluded
from the waiting list and were not transplanted. There were no differences regarding the
main characteristics of the donor or the surgical procedure, except for the use of the bicaval
technique. The bicaval technique in heart transplantation offers several advantages over
the classical (biatrial) technique, such as the better anatomical alignment of the recipient’s
atria compared with those of the donor, the preservation of the anatomy of both atria, the
reduced incidence of tricuspid regurgitation due to the preservation of the integrity of
the annular anatomy, and improved sinus node function [25,26]. However, the choice of
technique may depend on the surgeon’s experience and the specific characteristics of the
patient and donor.

In the analyzed series, early mortality did not significantly vary over the years, being
19% from 2007 to 2010 and 14% in the most recent period. This early mortality is lower
than that observed in analyses conducted on urgent HT with ECMO. In the ASIS-TC
study, in-hospital mortality was 33.3% in this patient group [21]. In a study by Rousse N
et al., with fewer patients, in-hospital mortality in this group was 38.5% [27]. It is very
likely that early mortality in transplantation with ECMO is significantly influenced by the
selection of the candidate patient and the experience of the center. Medium- and long-
term mortality (1 and 5 years) is also similar across periods. A 2020 study analyzed heart
transplants in adults performed in the United States between 2005 and 2017 using the UNOS
database; a survival analysis was conducted to compare patients bridged to transplantation
with different modalities. Of the 24,905 adult transplants performed, unadjusted 1-year
post-transplant survival was 68 ± 3% in ECMO, which is similar to the overall rate in
this series (64%) [28]. Lui et al. conducted a recent study using the UNOS database of
all adult patients requiring VA-ECMO support before HT between 2001 and 2018; with
118 ECMO-supported transplants, a significant decrease in 1-year survival was found [29].
Overall, mortality in our series was lower than that reported in other studies. In this regard,
it should be noted that a recent study found higher mortality rates in centers that did not
perform long-term transplantation/assistance (65.5% compared to 55.8% in centers that
performed long-term transplantation/assistance) [30]. It should be noted that it is known
that urgent heart transplants have a worse initial prognosis, while in the long term, patients
who survive tend to have a better prognosis, as they are usually younger and more carefully
selected patients. In the latest report from the Spanish Heart Transplant Registry, urgent
HT increases the mortality of the procedure with a hazard ratio of 1.3 [31].

The overall prevalence of complications in patients with pre-transplant ECMO was
generally high, with an average frequency of 3.3 complications per patient. There were no
observed differences between eras in the development of PE, DVT, acute limb ischemia,
femoral arteriovenous fistula, femoral stenosis, vascular complications, or infections/sepsis.
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A recent study evaluated the frequency of vascular complications (arterial and venous)
following ECMO removal using Doppler ultrasound on all patients, with a median support
duration of 8 days; DVT was found in 41% and arterial complications in 14% (including
9 cases of acute limb ischemia, 1 femoral arteriovenous fistula, and 5 cases of late femoral
stenosis) [32]. This series collectively analyzed DVT and vascular complications, finding a
prevalence of 54% in the last era analyzed. Regarding post-transplant infections in patients
undergoing urgent HT, it is estimated that infectious complications could affect slightly
more than half of the ECMO-treated patients and those using short-term mechanical assist
devices [33,34]. In this series, the prevalence of post-transplant infections in urgent ECMO
cases was 29%, which is similar to that reported in a recent multicenter study, which found
that nearly 35% of patients undergoing urgent CT with short-term assistance had a total of
102 infections, 26% of which involved ECMO [35]. Infections are estimated to complicate be-
tween 30% and 55% of ECMO treatments and impact survival [34,36]. Ventilator-associated
pneumonia is the most frequent nosocomial infection in patients receiving veno-venous
ECMO [36]. The lack of a standardized definition for ECMO-related infections, differentia-
tion between colonization and infection, and unreliable clinical markers of infection during
ECMO make understanding the relationship between infection and outcomes a challenging
and not fully clarified task [37]. Regarding the need for post-transplant ECMO, it was
higher after 2011 (over 70%), but it is important to note that, in our center, post-transplant
ECMO is protocol-mandated for at least 24 h in patients transplanted urgently with ECMO
support. This approach is based on the fact that urgent HT with ECMO is associated with
higher rates of PGD [38]. Therefore, maintaining ECMO could help preserve hemodynam-
ics and stability in patients during the first few hours post-transplant. As described in the
Methodology section, sustained mechanical support was not considered PGD but rather
confirmed ventricular dysfunction with an inability to remove ECMO support within the
first 24 h post-transplant. PGD occurred in 19% of the entire series, rising to 24% in the
latest era. This prevalence is lower than that reported in studies conducted with ECMO in
our setting, where prevalence exceeded 30% [21]. PGD is a severe complication and the
leading cause of death within the first 30 days after transplantation [31]. It is known that
PGD is much more frequent in urgent HT compared to elective cases, and within urgent
HT, it is more common in patients arriving for HT with mechanical assistance [39,40]. The
likely explanation for the relationship between ECMO assistance and PGD is linked to the
systemic effects of ECMO. ECMO support is associated with immunological alterations
(increased circulating immature neutrophils, lymphocyte dysfunction, etc.) and leads to
elevated levels of pro-inflammatory cytokines, such as interleukins and tumor necrosis
factor-alpha [41]. There is a trend observed in the periods from 2011 to 2016 and 2017
to 2023 towards a lower prevalence of renal failure and a higher proportion of patients
requiring tracheostomy and reoperation due to bleeding and/or tamponade. The exact
reasons for the reduction in renal failure over the years are complex and heterogeneous,
involving pre-existing renal disease, acute injury during surgery, and calcineurin inhibitor
toxicity. Routine ECMO maintenance in the early hours may have favored renal perfusion
and minimized the deleterious effects of surgery and the onset of immunosuppression. The
increased need for tracheostomy in recent eras may be influenced by myopathy, the waiting
times until an organ is obtained, and pre-transplant mechanical ventilation, as mentioned
earlier. Regarding reoperations for bleeding, it should be noted that the exposure of blood
to non-biological components of the circuit activates the coagulation system and degrades
hemostatic factors [42]. This, coupled with systemic anticoagulation requirements, poten-
tial thrombocytopenia, hypofibrinogenemia, and the shear-mediated loss of key platelet
surface molecules like selectin and high molecular weight von Willebrand multimers [43],
contributes to these complications. Lastly, concerning complications, there is a higher
frequency of severe myopathy observed in the periods from 2011 to 2016 and 2017 to 2023,
likely due to increased ECMO duration over the years until organ procurement and the
impact of mechanical ventilation. Mechanical ventilation, besides being associated with
post-transplant morbidity and mortality, reflects a pre-transplant state of myopathy that
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limits spontaneous ventilation. There is extensive information in the literature regarding
complications associated with long-term assist devices from clinical trials and multicenter
registries. However, fewer studies have systematically addressed the incidence and clin-
ical impact of complications associated with short-term mechanical circulatory support
devices. The high incidence of complications is probably the main drawback of short-term
assist devices, and there is evidence that these complications have a significant impact on
post-transplant mortality.

Following the analysis of survival and complications, it can be stated that urgent
HT with ECMO is a tool that has undoubtedly changed the prognosis of severe HF and
urgent HT bridging, offering hopeful survival outcomes for these critically ill patients,
albeit with considerable morbidity. The establishment of multidisciplinary teams (ECMO
Teams) has allowed for the standardization of processes and appropriate patient selection
in this complex scenario [44]. This study has several limitations. Firstly, the number of
patients included in the analysis is not high, and they are all from a single center. Secondly,
patients with ECMO listed for transplantation who were excluded before the procedure
due to multiorgan failure were not considered. Had these patients been transplanted,
their mortality and morbidity might have been increased due to their exclusion at the
point where transplantation was deemed unfeasible because of multiorgan failure, leading
to their subsequent demise. However, the single-center nature of this study ensured a
homogeneous and consistent protocol for all patients, likely explaining the absence of
differences when comparing different eras. Additionally, it is a series with a sufficient
number of cases from a center with extensive experience in cardiac transplantation and
ECMO implantation. The prospective nature of this study also lends reliability to the results.

5. Conclusions

VA-ECMO support as a bridge to HT allows discharge from the hospital for three out
of every four transplanted patients. This survival rate has remained unchanged over the
years. On the other hand, it should be noted that the comorbidities associated with this
device are frequent and significant.

Author Contributions: Conceptualization, L.A.B.; methodology, L.A.B. and R.L.-V.; software, L.A.B.;
validation, L.A.B. and R.L.-V.; formal analysis, L.A.B.; investigation, L.A.B., B.G.C. and R.L.-V.;
resources, L.A.B., B.G.C., S.T.P. and R.L.-V.; data curation, B.G.C., S.T.P. and R.L.-V.; writing—original
draft preparation, L.A.B., B.G.C. and R.L.-V.; writing—review and editing, R.L.-V., L.A.B., B.G.C.,
S.T.P., M.P.G., R.G.C., I.Z.J., F.P.E., P.C., T.H.C., M.T.P., A.P.M., C.D.-M., V.D.T., L.M.D., P.A., Á.C. and
J.M.L.; visualization, R.L.-V., L.A.B., B.G.C. and S.T.P.; supervision, L.A.B.; project administration,
L.A.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Instituto de Investigación Sanitaria La Fe
(protocol code ECMO-HF and date of approval 29 May 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The dataset is available upon request to the authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Rab, T.; O’Neill, W. Mechanical circulatory support for patients with cardiogenic shock. Trends Cardiovasc. Med. 2019, 29, 410–417.

[CrossRef] [PubMed]
2. López-Vilella, R.; Cervera, B.G.; Trenado, V.D.; Dolz, L.M.; Bonet, L.A. Clinical profiling of patients admitted with acute heart

failure: A comprehensive survival analysis. Front. Cardiovasc. Med. 2024, 11, 1381514. [CrossRef] [PubMed]
3. Martínez-Sellés, M.; Hernández-Pérez, F.J.; Uribarri, A.; Villén, L.M.; Zapata, L.; Alonso, J.J.; Amat-Santos, I.J.; Ariza-Solé, A.;

Barrabés, J.A.; Barrio, J.M.; et al. Cardiogenic shock code 2023. Expert document for a multidisciplinary organization that allows
quality care. Rev. Esp. Cardiol. (Engl. Ed.) 2023, 76, 261–269. [CrossRef] [PubMed]

https://doi.org/10.1016/j.tcm.2018.11.014
https://www.ncbi.nlm.nih.gov/pubmed/30573276
https://doi.org/10.3389/fcvm.2024.1381514
https://www.ncbi.nlm.nih.gov/pubmed/38836065
https://doi.org/10.1016/j.recesp.2022.10.010
https://www.ncbi.nlm.nih.gov/pubmed/36565750


Biomedicines 2024, 12, 2109 11 of 12

4. Burrell, A.; Kim, J.; Alliegro, P.; Romero, L.; Neto, A.S.; Mariajoseph, F.; Hodgson, C. Extracorporeal membrane oxygenation for
critically ill adults. Cochrane Database Syst. Rev. 2023, 2023, CD010381. [CrossRef]

5. Barge-Caballero, E.; González-Vílchez, F.; Almenar-Bonet, L.; Carmena, M.D.G.-C.; González-Costello, J.; Gómez-Bueno, M.;
Castel-Lavilla, M.N.; Lambert-Rodríguez, J.L.; Martínez-Sellés, M.; Mirabet-Pérez, S.; et al. Temporal trends in the use and
outcomes of temporary mechanical circulatory support as a bridge to cardiac transplantation in Spain. Final report of the ASIS-TC
study. J. Heart Lung Transplant. 2023, 42, 488–502. [CrossRef]

6. Montisci, A.; Donatelli, F.; Cirri, S.; Coscioni, E.; Maiello, C.; Napoli, C. Veno-arterial Extracorporeal Membrane Oxygenation as
Bridge to Heart Transplantation: The Way Forward. Transplant. Direct. 2021, 7, e720. [CrossRef]

7. Huckaby, L.V.; Hickey, G.; Sultan, I.; Kilic, A. Improvements in Functional Status Among Survivors of Orthotopic Heart
Transplantation Following High-risk Bridging Modalities. Transplantation 2021, 105, 2097–2103. [CrossRef]

8. Sun, H.-Y.; Ko, W.-J.; Tsai, P.-R.; Sun, C.-C.; Chang, Y.-Y.; Lee, C.-W.; Chen, Y.-C. Infections occurring during extracorporeal
membrane oxygenation use in adult patients. J. Thorac. Cardiovasc. Surg. 2010, 140, 1125–1132. [CrossRef]

9. De Prada, J.A.-V.; Arizón, J.M.; Almenar, L.; Vílchez, F.G. Registro Español de Trasplante Cardiaco. Una Visión Histórica 2015, 15,
27–30.

10. Ariza-Solé, A.; Sánchez-Salado, J.C.; Lorente, V.; González-Costello, J.; Sbraga, F.; Cequier, Á. Learning curve and prognosis in
patients with refractory cardiogenic shock receiving ECMO ventricular support. Med. Intensiva 2015, 39, 523–525.

11. Guilló Moreno, V.; Gutiérrez Martínez, A.; Romero Berrocal, A.; Sánchez Castilla, M.; García-Fernández, J. Experience in the
management of ECMO therapy as a mortality risk factor. Rev. Esp. Anestesiol. Reanim. (Engl. Ed.) 2018, 65, 90–95. [CrossRef]
[PubMed]

12. Kobashigawa, J.; Zuckermann, A.; Macdonald, P.; Leprince, P.; Esmailian, F.; Luu, M.; Mancini, D.; Patel, J.; Razi, R.;
Reichenspurner, H.; et al. Report from a consensus conference on primary graft dysfunction after cardiac transplantation.
J. Heart Lung Transplant. 2014, 33, 327–340. [CrossRef] [PubMed]

13. Van Diepen, S.; Katz, J.N.; Albert, N.M.; Henry, T.D.; Jacobs, A.K.; Kapur, N.K.; Kilic, A.; Menon, V.; Ohman, E.M.;
Sweitzer, N.K.; et al. American Heart Association Coun-cil on Clinical Cardiology; Council on Cardiovascular and Stroke
Nursing; Council on Quality of Care and Outcomes Research; and Mission: Lifeline. Contemporary management of cardiogenic
shock: A scientific statement from the American Heart Association. Circulation 2017, 136, e232–e268. [PubMed]

14. Thiele, H.; Jobs, A.; Ouweneel, D.M.; Henriques, J.P.S.; Seyfarth, M.; Desch, S.; Eitel, I.; Pöss, J.; Fuernau, G.; De Waha, S. Percutaneous
short-term active mechanical support devices in cardiogenic shock: A systematic review and collaborative meta-analysis of
randomized trials. Eur. Heart J. 2017, 38, 3523–3531. [CrossRef] [PubMed]

15. Thiele, H.; Zeymer, U.; Neumann, F.J.; Ferenc, M.; Olbrich, H.G.; Hausleiter, J. IABP-SHOCK II Trial Investigators. Intraaortic
balloon support for myocardial infarction with cardiogenic shock. N. Engl. J. Med. 2012, 367, 1287–1296. [CrossRef]

16. Stevenson, L.W.; Pagani, F.D.; Young, J.B.; Jessup, M.; Miller, L.; Kormos, R.L.; Naftel, D.C.; Ulisney, K.; Desvigne-Nickens, P.;
Kirklin, J.K. INTERMACS Profiles of Advanced Heart Failure: The Current Picture. J. Heart Lung Transplant. 2009, 28, 535–541.
[CrossRef]

17. Pagani, F.D.; Lynch, W.; Swaniker, F.; Dyke, D.B.; Bartlett, R.; Koelling, T.; Moscucci, M.; Deeb, G.M.; Bolling, S.; Monaghan, H.;
et al. Extracorporeal life support to left ventricular assist device bridge to heart transplant: A strategy to optimize survival and
resource utilization. Circulation 1999, 100, II206–II210. [CrossRef]

18. Shah, P.; Smith, S.; Haft, J.W.; Desai, S.S.; Burton, N.A.; Romano, M.A.; Aaronson, K.D.; Pagani, F.D.; Cowger, J.A. Clinical
outcomes of advanced heart failure patients with cardiogenic shock treated with temporary circulatory support before durable
LVAD implant. ASAIO J. 2016, 62, 20–27. [CrossRef]

19. DeFilippis, E.M.; Clerkin, K.; Truby, L.K.; Francke, M.; Fried, J.; Masoumi, A.; Garan, A.R.; Farr, M.A.; Takayama, H.; Takeda, K.;
et al. ECMO as a Bridge to Left Ventricular Assist Device or Heart Transplantation. JACC Heart Fail. 2021, 9, 281–289. [CrossRef]

20. Fukuhara, S.; Takeda, K.; Kurlansky, P.A.; Naka, Y.; Takayama, H. Extracorporeal membrane oxygenation as a direct bridge to
heart transplantation in adults. J. Thorac. Cardiovasc. Surg. 2018, 155, 1607–1618. [CrossRef]

21. Barge-Caballero, E.; Almenar-Bonet, L.; Gonzalez-Vilchez, F.; Lambert-Rodríguez, J.L.; González-Costello, J.; Segovia-Cubero, J.;
Castel-Lavilla, M.A.; Delgado-Jiménez, J.; Garrido-Bravo, I.P.; Rangel-Sousa, D.; et al. Clinical outcomes of temporary mechanical
circulatory support as a direct bridge to heart transplantation: A nationwide Spanish registry. Eur. J. Heart Fail. 2018, 20, 178–186.
[CrossRef] [PubMed]

22. Bradbrook, K.; Goff, R.R.; Lindblad, K.; Daly, R.C.; Hall, S. A national assessment of one-year heart outcomes after the 2018 adult
heart allocation change. J. Heart Lung Transplant. 2023, 42, 196–205. [CrossRef] [PubMed]

23. López-Vilella, R.; Sánchez-Lázaro, I.; Moncho, A.P.; Esteban, F.P.; Guillén, M.P.; Jáuregui, I.Z.; Costa, R.G.; Dolz, L.M.; Puerta, S.T.;
Bonet, L.A. Complications After Heart Transplantation According to the Type of Pretransplant Circulatory/Ventricular Support.
Transplant. Proc. 2021, 53, 2739–2742. [CrossRef] [PubMed]

24. Barge-Caballero, G.; Castel-Lavilla, M.A.; Almenar-Bonet, L.; Garrido-Bravo, I.P.; Delgado, J.F.; Rangel-Sousa, D.;
González-Costello, J.; Segovia-Cubero, J.; Farrero-Torres, M.; Lambert-Rodríguez, J.L.; et al. Venoarterial extracorporeal
membrane oxygenation with or without simultaneous intra-aortic balloon pump support as a direct bridge to heart trans-
plantation: Results from a nationwide Spanish registry. Interact. Cardiovasc. Thorac. Surg. 2019, 29, 670–677. [CrossRef]
[PubMed]

https://doi.org/10.1002/14651858.cd010381.pub3
https://doi.org/10.1016/j.healun.2022.10.020
https://doi.org/10.1097/TXD.0000000000001172
https://doi.org/10.1097/TP.0000000000003602
https://doi.org/10.1016/j.jtcvs.2010.07.017
https://doi.org/10.1016/j.redar.2017.09.009
https://www.ncbi.nlm.nih.gov/pubmed/29110890
https://doi.org/10.1016/j.healun.2014.02.027
https://www.ncbi.nlm.nih.gov/pubmed/24661451
https://www.ncbi.nlm.nih.gov/pubmed/28923988
https://doi.org/10.1093/eurheartj/ehx363
https://www.ncbi.nlm.nih.gov/pubmed/29020341
https://doi.org/10.1056/NEJMoa1208410
https://doi.org/10.1016/j.healun.2009.02.015
https://doi.org/10.1161/circ.100.suppl_2.Ii-206
https://doi.org/10.1097/MAT.0000000000000309
https://doi.org/10.1016/j.jchf.2020.12.012
https://doi.org/10.1016/j.jtcvs.2017.10.152
https://doi.org/10.1002/ejhf.956
https://www.ncbi.nlm.nih.gov/pubmed/28949079
https://doi.org/10.1016/j.healun.2022.08.018
https://www.ncbi.nlm.nih.gov/pubmed/36184382
https://doi.org/10.1016/j.transproceed.2021.08.040
https://www.ncbi.nlm.nih.gov/pubmed/34600757
https://doi.org/10.1093/icvts/ivz155
https://www.ncbi.nlm.nih.gov/pubmed/31257414


Biomedicines 2024, 12, 2109 12 of 12

25. Rivinius, R.; Helmschrott, M.; Ruhparwar, A.; Erbel, C.; Gleissner, C.A.; Darche, F.F.; Thomas, D.; Bruckner, T.; Katus, H.A.;
Doesch, A.O. The influence of surgical technique on early posttransplant atrial fibrillation comparison of biatrial, bicaval, and
total orthotopic heart transplantation. Ther. Clin. Risk Manag. 2017, 13, 287–297. [CrossRef]

26. Morgan, J.A.; Edwards, N.M. Orthotopic cardiac transplantation: Comparison of outcome using biatrial, bicaval, and total
techniques. J. Card. Surg. 2005, 20, 102–106. [CrossRef]

27. Rousse, N.; Juthier, F.; Pinon, C.; Hysi, I.; Banfi, C.; Robin, E.; Fayad, G.; Jegou, B.; Prat, A.; Vincentelli, A. ECMO as a bridge to
decision: Recovery, VAD, or heart transplantation? Int. J. Cardiol. 2015, 187, 620–627. [CrossRef]

28. Moonsamy, P.; Axtell, A.L.; Ibrahim, N.E.; Funamoto, M.; Tolis, G.; Lewis, G.D.; D’alessandro, D.A.; Villavicencio, M.A. Survival
after heart transplantation in patients bridged with mechanical circulatory support. J. Am. Coll. Cardiol. 2020, 75, 2892–2905.
[CrossRef]

29. Lui, C.; Fraser, C.D., 3rd; Suarez-Pierre, A.; Zhou, X.; Higgins, R.S.D.; Zehr, K.J.; Choi, C.W.; Kilic, A. Evaluation of extracorporeal
membrane oxygenation therapy as a bridging method. Ann. Thorac. Surg. 2020, 112, 68–74. [CrossRef]
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