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Introduction

Lung transplantation is regarded as an effective intervention 
for terminal lung diseases when conventional medical 
treatments have proven ineffective. While there has been 
a continuous advancement in the associated surgical 
procedure, a tangible issue is the scarcity of available  
organs (1). This shortage results in postponed surgeries 

for those requiring immediate lung transplantation. The 
data from the Organ Procurement and Transplantation 
Network/Scientific Registry of Transplant Recipients 
(OPTN/SRTR) published in 2017 showed that about 10% 
to 20% of patients die while awaiting a lung donor (2).  
Among patients unable to sustain life via conventional 
mechanical ventilation, extracorporeal membrane 
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oxygenation (ECMO) is occasionally employed to assist 
respiratory function and extend survival before lung 
transplantation. Short-term ECMO use can act as a feasible 
emergency measure before surgery. Over the past decade, 
the utilization of ECMO as a bridge to lung transplantation 
has progressively increase (3).

ECMO bridge technology is relatively new. Until a 
few years ago, ECMO was considered a contraindication 
for lung transplantation due to potential complications 
like hemolysis, bleeding, stroke, infection, and renal 
insufficiency from prolonged ECMO support (4). 
However, recent research indicates that advances in ECMO 
technology and management have provided increasing 
evidence supporting the safety and utility of bridging 
strategies in lung transplantation (5-7). Recent studies from 
high-volume centers have shown similar outcomes between 
ECMO-bridged and non-bridged lung transplant patients 

(7-9). Findings on the use of ECMO in lung transplantation 
patients were derived from a high-volume transplant 
center in Toronto. The researchers reported favorable 
short-term and long-term results from ECMO bridging 
therapy prior to the initial lung transplantation, despite a 
notable reduction in survival of patients undergoing re-
transplantation (10). 

Pre-transplantation bridging with ECMO has been 
increasingly favored as the primary auxiliary method to 
extend the lives of those awaiting lung transplantation. 
However, given the limitation of a small sample size, 
there is currently no reliable prognostic model to forecast 
the survival of patients on bridging ECMO. The precise 
survival prediction necessitates the development of a 
credible predictive model that employs clinical indicators 
and patient characteristics for evaluation of the survival 
likelihood among patients bridged with ECMO before lung 
transplantation. Such a model will help physicians to better 
assess patient conditions, optimize treatment strategies, and 
enhance patient care and support.

To this end, we began a retrospective review of the 
United Network for Organ Sharing (UNOS) database 
spanning the past 20 years concerning ECMO bridging. A 
reliable forecast of preoperative ECMO-bridged patients 
is vital to aid the treating physician in decision making 
related to adjunctive therapies and follow-up methods and 
frequencies as well as to provide valuable information about 
treatment options and short-term and long-term outcomes 
to patients and their families. Therefore, this study aims to 
identify the demographic and clinical data associated with 
post-lung transplantation survival and recurrence risk in a 
large, multicenter cohort of preoperative ECMO-bridged 
patients. Such a long-term survival prediction model will 
aid in clinical decision-making and offer more accurate 
prognostic assessments. In particular, we seek to create and 
internally validate a nomogram that predicts the individual 
risk of post-lung transplantation survival time for patients. 
We present this article in accordance with the TRIPOD 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-430/rc).

Methods

Patient cohorts

Data for this study were gathered from a retrospective 
multicenter database. Our retrospective cohort study 
utilized standardized transplantation analysis and research 
files procured from UNOS that encompassed data from 
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Key findings
• This study identified several risk factors affecting the prognosis 

of patients undergoing preoperative extracorporeal membrane 
oxygenation (ECMO) bridging, including being over 51 years old, 
having a high body mass index (BMI), a history of pre-transplant 
dialysis, donor hypertension, prolonged cold ischemia time, and 
high serum total bilirubin levels. Based on these factors, a survival 
prognosis model was established and its accuracy was validated.

What is known and what is new? 
• An increasing number of lung transplant patients are opting to use 

preoperative bridging ECMO to extend their waiting time for a 
lung donation. As this technology matures, preoperative bridging 
ECMO is no longer considered a risk factor affecting patient 
prognosis.

• This study analyzed the prognostic risk factors of lung transplant 
patients bridged with ECMO, constructing a survival prognostic 
model to assist clinical doctors effectively. This model enables 
clinicians to more accurately assess the survival risk of lung 
transplant patients undergoing preoperative ECMO bridging, 
optimize treatment plans, and improve surgical success rates.

What is the implication, and what should change now? 
• With an increasing number of patients opting for ECMO 

preoperatively to extend the waiting time for lung donor matching, 
this study provides valuable insights for patient selection and 
prognosis assessment. However, the variables used in this study are 
limited by the statistical data from the database, and their accuracy 
needs to be validated through further large-scale multicenter 
studies. Future research should focus on expanding the sample size, 
incorporating additional influencing factors, and improving the 
accuracy and generalizability of predictions.
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all solid organ transplant patients in the United States up 
August 2001 to April 2022. We obtained permission to use 
the database by requesting access via email. The analysis 
was conducted in July 2023 and included all adult patients 
(18 years and older) who underwent lung transplantation 
with preoperative ECMO. Patients lacking relevant 
predictive indicators or follow-up data were not considered 
for the study. The final analysis cohort comprised  
1,202 patients. Because this research is the study of a public 
database, it does not involve ethical issues. The original data 
were partitioned into five equal subsets, with each subset 
serving as the test set in rotation and the remaining four 
subsets formed the training set. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013).

Inclusion criteria for the study were as follows: (I) all 
patients received ECMO treatment before undergoing lung 
transplant surgery; (II) all patients were at least 18 years old; 
(III) patients had no history of other transplant surgeries. 
Exclusion criteria included: (I) presence of other malignant 
tumors before surgery; (II) missing relevant data in the 
database [includes recipient age, gender, body mass index 
(BMI), history of diabetes, history of tumors, acute rejection 
reactions, infection status in the 2 weeks before surgery, 
history of cardiac surgery, pre-transplant dialysis history, 
lung donor category, recipient functional status, waiting 
time, use of mechanical ventilation, smoking history, donor 
age, donor smoking history, cold ischemia time, and serum 
total bilirubin]; (III) loss to follow-up during the study 
period. Ultimately, 1,202 patients who underwent ECMO 
as a bridge to lung transplantation were included in the 
analysis.

Data collection

We gathered baseline and clinical information from 
patients, including their age, gender, body BMI, diabetes 
status, previous malignancy, acute rejection incidents, pre-
transplant dialysis, infection 2 weeks before transplantation, 
prior cardiac surgery, recipient function status, total days 
in waiting list, ventilatory support since listing, history 
of cigarette use, donor’s history of hypertension, donor’s 
age, donor-cardiac arrest following brain death, history of 
diabetes in the donor, cold ischemia time and serum total 
bilirubin levels. In this study, institutional review board 
approval was not required because the cohort data were 
anonymous and publicly available. A total of 1,202 adult  
patients (age >18 years) who underwent preoperative 

ECMO and the subsequent lung transplantation were 
analyzed in this study. All baseline characteristics are 
presented in Table 1. We determined cut-off values 
for age, BMI, waiting duration, ischemic time, and 
serum total bilirubin, and then converted metrics into 
categorical variables. All variables, with the exception 
of age, were incorporated into the regression model as 
continuous variables for analysis. Continuous variables 
were transformed into binary categories with the intent to 
enhance the visual representation of each variable’s impact 
on patient prognosis through the Kaplan-Meier curve.

Statistical analysis

An initial evaluation was performed on clinical variables 
associated with survival, as guided by clinical relevance, 
scientific understanding, and prior research. A Cox 
proportional hazard regression model was used to assess 
the prognostic significance of each factor discerned 
in the univariate analysis. In addition, a multivariate 
survival analysis was performed using the same model to 
independently account for potential confounders related 
to the link between clinical factors and survival duration. 
A multivariable model was developed based on the factors 
that demonstrated significance in the univariate analysis. A 
nomogram was subsequently generated to design a statistical 
prognostic model capable of anticipating the 1-year survival 
probability. Internal validation was performed using 
N-fold cross-validation. To mitigate the impact of data 
segmentation, current k-fold cross-validation was typically 
executed multiple times (200 instances), i.e., 200 rounds of 
5-fold cross-validations were conducted.

Continuous variables were expressed as mean ± standard 
deviation, categorical variables as percentages, and ordinal 
variables as median (interquartile range). Survival estimates 
were derived based on the Kaplan-Meier product limit 
method. Cox regression analysis was employed to evaluate 
factors related to ECMO support, and the findings were 
presented as hazard ratios and 95% confidence intervals. 
A P value <0.05 was considered as statistically significant. 
Statistical analysis was carried out using R (version 3.5.1, R 
Development Core Team).

Results

Survival analysis in the training set

We performed univariate Cox analysis using the selected 
variables, and found that the factors such as patient age, 
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Table 1 (continued)

Characteristic
ECMO  

(n=1,202)
Train set  
(n=961)

Test set  
(n=241)

Total days in 
waiting list

34.678±114.361 35.36±114.723 31.95±113.274

≥26 227 (18.9) 186 (19.4) 41 (17.0)

<26 975 (81.1) 775 (80.6) 200 (83.0)

Ventilatory support since listing

Yes 853 (71.0) 690 (71.8) 163 (67.6)

No 349 (29.0) 271 (28.2) 78 (32.4)

History of cigarette use

Yes 360 (30.0) 287 (29.9) 73 (30.3)

No 842 (70.0) 674 (70.1) 168 (69.7)

History of donor hypertension

Yes 233 (19.4) 191 (19.9) 42 (17.4)

No 969 (80.6) 770 (80.1) 199 (82.6)

Donor age 
(years)

33.52±12.393 33.42±13.172 33.92±12.271

≥43 303 (25.2) 242 (25.2) 61 (25.3)

<43 899 (74.8) 719 (74.8) 180 (74.7)

History of diabetes in the donor

Yes 54 (4.5) 41 (4.3) 13 (5.4)

No 1,148 (95.5) 920 (95.7) 228 (94.6)

Cold ischemic 
time (hours)

4.743±1.996 4.733±2.034 4.784±1.762

≥4.34 592 (49.3) 465 (48.4) 127 (52.7)

<4.34 610 (50.7) 496 (51.6) 114 (47.3)

Serum total 
bilirubin (mg/dL)

1.512±2.214 1.490±2.032 1.963±2.334

≥1.35 366 (30.4) 285 (29.7) 81 (33.6)

<1.35 836 (69.6) 676 (70.3) 160 (66.4)

Data are presented as n (%) or mean ± SD. BMI, body mass 
index; ECMO, extracorporeal membrane oxygenation; SD, 
standardized difference.

Table 1 Baseline data collected for all patients

Characteristic
ECMO  

(n=1,202)
Train set  
(n=961)

Test set  
(n=241)

Age (years) 46.02±14.323 46.06±15.673 45.86±14.472

≥51 550 (45.8) 436 (45.4) 114 (47.3)

<51 652 (54.2) 525 (54.6) 127 (52.7)

Gender

Male 803 (66.8) 635 (66.1) 168 (69.7)

Female 399 (33.2) 326 (33.9) 73 (30.3)

BMI (kg/m2) 26.55±5.357 26.59±5.423 26.40±5.324

≥28.15 441 (36.7) 351 (36.5) 90 (37.3)

<28.15 761 (63.3) 610 (63.5) 151 (62.7)

Recipient diabetes

Yes 317 (26.4) 253 (26.3) 64 (26.6)

No 885 (73.6) 708 (73.7) 177 (73.4)

Previous malignancy

Yes 77 (6.4) 61 (6.3) 16 (6.6)

No 1,125 (93.6) 900 (93.7) 225 (93.4)

Acute rejection

Yes 171 (14.2) 144 (15.0) 27 (11.2)

No 1,031 (85.8) 817 (85.0) 214 (88.8)

Infection 2 weeks before transplantation

Yes 493 (41.0) 397 (41.3) 96 (39.8)

No 709 (59.0) 564 (58.7) 145 (60.2)

Prior cardiac surgery 

Yes 216 (18.0) 176 (18.3) 40 (16.6)

No 986 (82.0) 785 (81.7) 201 (83.4)

Pre-transplant dialysis

Yes 297 (24.7) 230 (24.0) 67 (27.8)

No 905 (75.3) 731 (76.0) 174 (72.2)

Donor-cardiac arrest post brain death

Yes 84 (7.0) 67 (7.0) 17 (7.0)

No 1,118 (93.0) 894 (93.0) 224 (93.0)

Recipient function status

Very sick 404 (33.6) 319 (33.2) 85 (35.3)

Relatively 
better

798 (66.4) 642 (66.8) 156 (64.7)

Table 1 (continued)

BMI, diabetes, infection 2 weeks before transplantation, acute 
rejection reaction, pre-transplant dialysis, total days in waiting 
list, ventilatory support since listing, donor hypertension 
history, ischemic duration, and serum total bilirubin were 
significantly linked to post-transplant survival duration. The 
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outcomes of the univariate analysis are presented in Table 2.  
The variables with a P value <0.05 were subsequently 
subjected to multivariate Cox analysis. Multivariable analysis 
(Table 3) identified age, BMI, pre-transplant dialysis, donor 
hypertension history, ischemic duration, and serum bilirubin 
as independent prognostic factors for ECMO-supported 
lung transplant patients. Survival rates among patients were 
assessed using Kaplan-Meier curves.

The Kaplan-Meier curve showed that the 1-year survival 
rate post-lung transplantation was significantly lower for 
patients older than 51 years compared to those younger than 
51 years (Figure 1). Additionally, the 1-year survival post-
surgery survival rate was significantly lower for patients 
who required dialysis prior to the procedure compared to 

those who did not (Figure 1). Patients with a BMI exceeding  
28.15 kg/m2, ischemic durations over 4.34 hours, and serum 
total bilirubin levels above 13.5 mg/dL had a worse prognosis 
compared to their peers (Figure 1).

Nomograms of the prognostic model

A predictive model was developed through multivariate 
analysis. Considering the real-world circumstances, we 
integrated six statistically significant variables into this 
model based on the multivariate analysis. The model 
achieved a C-index of 0.731 and an area under the curve 
(AUC) of 0.780 for predicting the 1-year survival rate 
(Figure 2). Internal validation using AUC indicated the 
model’s precision in predicting the 1-year survival rate, 
with an AUC of 0.712 (Figure 2). After 200 rounds of 
5-fold cross-validation, the average AUC was 0.760. The 
constructed nomogram is shown in Figure 3.

In the training set, calibration curves showed strong 
alignment between nomogram-estimated risk and actual 
observed risk for predicting 1-year survival (Figure 4).

Discussion

In our study, we analyzed the risk factors influencing the 
prognosis of patients undergoing preoperative ECMO 

Table 2 Univariate analysis in the training set

Characteristic factor HR 95% CI P value

Age 1.529 1.202–1.944 <0.001

Gender 0.921 0.7178–1.181 0.52

BMI 1.028 1.006–1.051 0.01

Recipient diabetes 1.485 1.152–1.915 0.002

Previous malignancy 1.298 0.823–2.047 0.26

Acute rejection 0.613 0.421–0.892 0.01

Infection 2 weeks before 
transplantation

1.395 1.097–1.774 0.007

Prior cardiac surgery 1.147 0.852–1.545 0.36

Pre-transplant dialysis 3.884 3.045–4.956 <0.001

Donor-cardiac arrest post 
brain death

1.340 0.881–2.039 0.17

Recipient function status 1.240 0.969–1.587 0.09

Total days in waiting list 0.535 0.375–0.763 <0.001

Ventilatory support since 
listing

1.420 1.070–1.884 0.02

History of cigarette use 1.283 0.996–1.653 0.054

History of donor 
hypertension

1.527 1.158–2.015 0.003

Donor age 1.263 0.975–1.638 0.08

History of diabetes in the 
donor

1.156 0.648–2.063 0.62

Ischemic time 1.109 1.049–1.173 <0.001

Serum total bilirubin 1.080 1.041–1.120 <0.001

BMI, body mass index; HR, hazard ratio; CI, confidence interval.

Table 3 Multivariate analysis in the training set

Characteristic factor HR 95% CI P value

Age 1.0041 1.1097–1.835 0.006

BMI 1.0288408 1.0048–1.053 0.02

Recipient diabetes 1.2140146 0.9337–1.578 0.15

Acute rejection 0.8011818 0.5471–1.173 0.26

Infection 2 weeks before 
transplantation

1.1608768 0.9004–1.497 0.25

Pre-transplant dialysis 3.2949081 2.5518–4.254 <0.001

Total days in waiting list 0.9991596 0.9974–1.001 0.34

Ventilatory support since 
listing

1.3455167 0.9801–1.847 0.07

History of donor 
hypertension

1.3321192 1.0013–1.772 0.049

Ischemic time 1.1018129 1.0375–1.170 0.002

Serum total bilirubin 1.0578941 1.0157–1.102 0.007

BMI, body mass index; HR, hazard ratio; CI, confidence interval.
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Figure 1 Kaplan-Meier survival analysis of prognosis according to the presence of various risk factors in the study cohort. (A) K-M curves 
in patients aged 51 years or older or younger (P=0.002). (B) K-M curves in patients on dialysis versus not on dialysis before transplantation 
(P<0.001). (C) K-M curves in patients with BMI greater or less than 28.15 kg/m2 (P=0.006). (D) K-M curves in patients with total serum 
bilirubin greater than and less than 1.35 mg/dL (P<0.001). (E) K-M curves in patients with ischemic time greater or less than 4.34 hours 
(P=0.03). DIAL, pre-transplant dialysis; BMI, body mass index; TBILI, serum total bilirubin; ISCHTIME, ischemic time.

Figure 2 ROC curves for predicting patient survival at 1 year after surgery in the training and test sets. (A) One-year survival of patients in 
the training set. (B) One-year survival of patients in the test set. AUC, area under the curve; CI, confidence interval; ROC, receiver operating 
characteristic.
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bridging. By examining the clinical data of 1,202 patients, 
we identified that age over 51, high BMI, a history of 
dialysis before transplantation, donor hypertension, 
prolonged cold ischemia time, and high serum total 
bilirubin are adverse prognostic factors for the survival of 
ECMO-bridged lung transplant patients. Additionally, we 
developed a nomogram to predict patient survival.

Advanced age has traditionally been a contraindication 
for the use of extracorporeal l ife support in lung 
transplants. Recent studies on the risk factors of bridging 
ECMO have consistently mentioned the impact of age on  

prognosis (3). Articles report that being over 35 years old 
is an independent risk factor for bridging treatment. Our 
research also indicates that patients aged 51 and older have 
poorer outcomes, likely due to decreased physical fitness 
and comorbidities.

Our research indicates that lung transplant patients 
with high BMI have poorer outcomes. Previous studies 
have similarly reported increased mortality rates in 
recipients with abnormal BMI before transplantation. A 
recent report by the International Society for Heart and 
Lung Transplantation (ISHLT) highlighted a significant 

Figure 3 Nomograms for 1-year survival situation in the training sets. BMI, body mass index.

Figure 4 Nomogram calibration curves for 1-year survival. (A) Training set. (B) Testing set. OS, overall survival.
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association between pre-transplant BMI >30 kg/m2 and 
1-year mortality rates (11). The mechanisms underlying the 
increased mortality due to severe obesity remain unclear but 
are suspected to relate to early postoperative complications.

Systemic hemodynamic instabi l i ty during lung 
transplantation, requirement for ECMO support, and 
administration of postoperative immunosuppressive 
medications are the factors that contribute to the 
development of acute kidney injury (AKI) (12). Gan et al. 
noted a rising trend in the need for early hemodialysis 
following lung transplantation, as both 1- and 5-year 
survival rates significantly declined among patients 
requiring dialysis (13). This highlights the crucial 
relationship between renal function and postoperative 
survival. Studies have demonstrated that the use of 
ECMO is one of the risk factors for AKI. These results 
are consistent with our study, suggesting that the outlook 
for lung transplant recipients who underwent preoperative 
dialysis—indicative of compromised renal function—is 
less favorable compared to those without prior dialysis. 
This study identified a significant correlation between 
serum total bilirubin level and 1-year survival among lung 
transplant patients supported by ECMO. This finding 
is in line with previous studies that have demonstrated a 
significant link between serum total bilirubin concentration 
and early mortality in lung transplant recipients (14). 
Furthermore, the comparison between patients supported 
by ECMO and those without such support revealed 
significantly higher bilirubin levels in the former group (4). 
Elevated hyperbilirubinemia after ECMO initiation is one 
of the main factors leading to decreased survival rates (15).  
Prolonged hypertension and ischemia time have been 
identified in related studies to be significant adverse factors 
for the prognosis of lung transplant patients (16,17). 

ECMO, a salvage therapy, is increasingly applied in 
clinical settings and has been reported to have a success 
rate of 50–83% (18). Despite higher perioperative risks and 
worse long-term survival rates, ECMO has been effective 
for patients awaiting lung transplants (19). While it also 
poses specific risks such as bleeding, neurological injury, 
and sepsis, recent developments in intensive care unit 
(ICU) and ECMO management have minimized these 
risks (20). ECMO serves as a critical intervention for those 
with rapidly worsening end-stage lung disease by providing 
optimized gas exchange and end-organ perfusion. Studies 
show that patients bridged to their first transplant had 
slightly worse outcomes than non-bridged recipients (10). 
Despite longer surgery time, ICU stay, and post-transplant 

hospital stay, ECMO-bridged patients showed no significant 
differences in postoperative complications, functional 
status at discharge, or long-term survival (21). Preoperative 
ECMO bridging is widely recognized in the industry as a 
safe means to prolong the wait for lung transplantation in 
patients. ECMO not only serves as a supportive therapy 
in the surgical setting but also allows the lungs to rest, 
enabling transplanted organs time to recover from ischemia-
reperfusion injury (22). For patients with pulmonary arterial 
hypertension, ECMO bridging can improve left ventricular 
chronic underfilling and acute right ventricular remodeling, 
thus facilitating perioperative management (23).

The development of this prognosis model provides 
valuable decision support for clinicians, empowering them 
to more accurately evaluate the survival risks of patients 
undergoing lung transplantation with preoperative ECMO 
bridging, optimize treatment plans, and enhance surgical 
success rates. Furthermore, this model introduces novel 
ideas and approaches for future disease prediction and 
personalized treatment research. As more patients opt for 
ECMO before surgery to extend the waiting time for lung 
donor matching, this study will provide some reference 
value in patient selection and prognosis assessment.

Nonetheless, the variables employed in the present 
study were constrained by the statistical data derived from 
the database, thereby making it unfeasible to incorporate 
additional variables potentially associated with survival. 
The implementation of postoperative dialysis, despite 
having specific criteria, is subject to a degree of subjectivity 
owing to elements such as medical equipment, patient 
financial status, and family consent. This might pose a 
potential challenge to accurately portray the patients’ actual 
conditions. Furthermore, there have been studies indicating 
that individuals who overcome severe illness with ECMO 
support exhibit subpar health-related quality of life (HRQL) 
post-lung transplantation and generally display poorer 
physical functioning than healthy individuals. In addition, 
they have higher incidences of depressive symptoms 
(24,25) and restrictions in physical and emotional health 
(26-28). Therefore, given the database’s constraints, there 
are numerous factors we could not incorporate into the 
study. Hence, it is crucial to consider the relevant factors 
of ECMO treatment in the predictive model to obtain a 
precise evaluation of patients’ long-term survival. 

This predictive model developed herein provides 
decision support for ECMO patients undergoing lung 
transplantation, but its accuracy needs validation through 
further large-scale multicenter studies. The model should 
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also offer personalized predictions adaptable to different 
clinical environments and patient characteristics. Despite 
potential clinical applications, the model needs further 
optimization and validation in different practices before 
actual clinical applicability. Future studies should be 
conducted by expanding the sample size, incorporating 
additional influencing factors, and improving predictive 
accuracy and generalizability.

Conclusions

In conclusion, our research results suggest that age, BMI, 
preoperative dialysis history, donor hypertension history, 
ischemia time, and total serum bilirubin are the main 
factors affecting patient survival rate. Additionally, this 
study successfully constructed a nomogram to predict the 
prognosis of patients bridged to ECMO before surgery based 
on clinical and pathological characteristics. This provides a 
valuable reference for predicting the survival period of each 
patient undergoing preoperative ECMO bridging.
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