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BACKGROUND: There is no consensus regarding induction therapy in patients on mechanically cir
culatory support (MCS) listed for heart transplantation. We sought to elucidate differences in outcomes 
between no induction and induction.
METHODS: A total of 3,987 patients were analyzed from the UNOS database from January 2018 
through December 2022. Patients on Extracorporeal Membrane Oxygenation (ECMO), HeartMate 3, 
Impella 5.0 or 5.5, and intra-aortic balloon pump (IABP) and receiving no induction, anti-IL2R an
tibodies, or T cell depleting agent (TCDA) were included.
RESULTS: Of 3,987 patients, 1,288 (32.3%) received no induction, 1,566 (39.3%) received anti-IL2R an
tibodies, and 1,133 (28.4%) received TCDA. A total of 1,895 (47.5%) were supported with IABP; 1,098 
(27.5%) with HeartMate 3; 489 (12.3%) with Impella 5.0 or 5.5; 351 (8.8%) with ECMO; and 154 (3.9%) 
with combination of the above devices. Comparison of 1-year survival between no induction, anti-IL2R, and 
TCDA groups in all MCS patients revealed significantly worse survival among those receiving no induction 
(p < 0.0001). Subgroup analysis of peak CPRA 0% patients revealed that no induction had significantly worse 
survival at 1 year (p=0.002). Analysis of acute rejection at 1 year showed a significantly decreased number of 
rejection episodes in the TCDA group compared to no induction (OR 0.65, CI 0.47-0.88, p=0.006).
CONCLUSIONS: Patients requiring MCS prior to heart transplantation have significantly improved 
post-transplant survival with induction therapy, regardless of their peak CPRA. TCDA confers de
creased number of acute rejection episodes at 1 year in this patient population.
JHLT Open 2025;8:100246 
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Background

Heart transplantation remains the gold standard therapy for 
end-stage heart failure. There have been numerous efforts to 
expand the donor pool to increase access to heart 
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transplantation. Despite these efforts and discovery of new 
immunosuppression treatments, optimal immunosuppres
sion regimen remains undefined. Induction im
munosuppression therapy was developed in an effort to 
lower the risk of acute rejection in the early postoperative 
period via profound effects on immune system suppres
sion.1 Currently, approximately 50% of heart transplanta
tion programs use induction therapy with either interleukin- 
2 receptor antagonists (anti-IL2R), such as basiliximab or 
daclizumab, or T-cell depleting agents (TCDA) such as 
alemtuzumab, and antithymocyte globulin/ATGAM.2 Risks 
and benefits of induction therapy in heart transplantation 
recipients remain unclear. Therefore, there is marked 
variability in the utilization of induction therapy and the 
type of induction therapy used among transplantation cen
ters. This is partly due to lack of vigorous randomized 
control trials and concerns of implications for mortality, 
rejection, infection, and malignancy. Prior studies show 
conflicting results on the effects of induction therapy on 
rejection rates, mortality, and infection.3-9

Patients with mechanical circulatory support (MCS) re
present a large proportion of heart transplantation re
cipients. Additionally, since the 2018 allocation policy 
change and development of novel MCS devices, there have 
been changes in utilization rates of different devices before 
heart transplantation. Specifically, Liu et al have shown that 
the new allocation system resulted in significant changes in 
MCS bridging strategy with increased use of temporary 
MCS devices, such as intra-aortic balloon pump (IABP), 
and decreased use of durable MCS devices, such as 
HeartMate 3.10 Furthermore, the most common complica
tions of MCS use are bleeding with rates as high as 60% 
depending on the patient and device and infection with rates 
up to 30% to 40%.11 Bleeding could potentially lead to the 
need for transfusion, which could impact patient’s calcu
lated panel reactive antibody (CPRA). CPRA plays a cru
cial role in defining a recipient’s level of sensitization with 
common thresholds for desensitization being CPRA 
> 50%.12 Sensitization is also associated with increased 
post-transplantation mortality, graft loss, rejection, and 
cardiac graft vasculopathy.12 Additionally, each mechanical 
circulatory device has unique properties in terms of its 
mechanics (pulsatile vs nonpulsatile) and effects on the 
circulatory system, such as platelet activation and in
flammatory response.13,14 Given changes in utilization of 
MCS and distinct properties of each device, importance of 
CPRA, and lack of consensus on use of induction therapy, 
we performed an in-depth analysis of the impact of induc
tion therapy on survival and rejection in MCS recipients, 
including subgroup analysis of CPRA 0% and device type.

Methods

Study design

This retrospective cohort study compared the outcomes of 
patients receiving induction and no-induction therapies. A 

subgroup analysis of no induction, TCDA, and anti-IL2R in 
heart transplant patients was also performed. We selected 
patients in the United Network for Organ Sharing (UNOS) 
database from January 1, 2018 to December 31, 2022. Only 
patients on extracorporeal membrane oxygenation 
(ECMO), HeartMate 3, Impella 5.0 or 5.5, and IABP, in
cluding combination of these devices pretransplant, were 
included in the analysis (Table 1). Other MCS devices were 
excluded due to limited sample size, unknown device type, 
or limited current clinical use (Table 1). OKT3 therapy was 
excluded due to limited sample size. We also excluded 
patients under 18 at the time of waitlist, multiorgan trans
plant recipients, and retransplant candidates. Pairwise 
standardized mean differences (SMDs) were compared 
between the groups to evaluate for balance and those above 
0.2 were considered significant.

Statistical analysis

Baseline characteristics were summarized using descriptive 
statistics and compared across groups using chi-square tests 
for categorical variables and Analysis of Variance 
(ANOVA) or Kruskal-Wallis tests for continuous variables, 
as appropriate. We also provided the pairwise SMDs for 
each of our 3 comparisons. Cardinality matching with a 0.1 
SMD tolerance was used for matching induction and no- 
induction groups for recipient and donor age, sex, transplant 
year, peak CPRA, most recent CPRA, human leukocyte 
antigen (HLA) mismatch, creatinine, dialysis before trans
plantation, and ECMO use. Outcome analyses used Kaplan- 
Meier estimated survival curves for time-to-event outcomes 
and logistic or linear regression models for binary and 
continuous outcomes, respectively. The significance level 

Table 1 Number of Patients Between January 2018 and 
December 2022 With Other Types of Devices That Were 
Excluded From Analysis and Number of Patients and Types of 
Combination of Included Devices 

Type of device Number of patients

Excluded devices
Protek Duo 

Tandem Heart 
CentriMag 
HeartMate II 
Heartware HVAD 
Impella CP 
Impella Recover 2.5 
Impella RP

10 
2 
13 
23 
26 
34 
2 
2

Included combinations
IABP + ECMO 

HeartMate 3 + IABP 
HeartMate 3 + ECMO 
Impella 5.0/5.5+ IABP 
Impella 5.0/5.5 + ECMO 
Impella 5.0/5.5 + IABP + ECMO

83 
7 
7 
23 
31 
3

Abbreviations: ECMO, extracorporeal membrane oxygenation; IABP, 
intra-aortic balloon pump.
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was set at ⍺ = 0.05, and all analyses were performed using 
R version 4.3.0 (GNU General Public License).

Ethical considerations

This study protocol was reviewed by the Institutional 
Review Board and Ethics Committee at Stanford University 
under IRB number 74018 (approved February 7, 2024) and 
did not meet the criteria for human subjects research as 
defined in 45 CFR 46.102(e) or 21 CFR 50.3(g). All patient 
data were deidentified by UNOS before access by the re
search team to protect privacy in accordance with ethical 
guidelines.

Results

Trends, demographics, and comparison between 
induction and no-induction groups

Of 3,987 patients, 1,288 (32.3%) received no induction and 
2,699 (67.7%) received induction with 1,566 (39.3%) re
ceiving anti-IL2R antibodies and 1,133 (28.4%) receiving 
TCDA. A total of 1,098 (27.5%) were supported with 

HeartMate 3, 489 (12.3%) with Impella 5.0 or 5.5; 351 
(8.8%) with ECMO; 1,895 (47.5%) with IABP; and 154 
(3.9%) with a combination of the above devices. Trends in 
utilization of no induction, anti-IL2R, and TCDA therapies 
from 2018 through 2022 are shown in Figure 1A. Trends in 
utilization of 4 types of mechanical support devices eval
uated in our study (ECMO, HeartMate 3, IABP, and Im
pella) from 2000 through 2022 are shown in Figure 1B.

Table 2 shows demographics of the 2 cohorts: no in
duction and induction before matching and Table 3 shows 
demographics after matching. Comparison of 1-year sur
vival between matched no-induction and induction groups 
showed significantly worse survival for no-induction group 
(p = 0.016) (Figure 2). Identifiable causes of death from the 
database are listed in Table 4 from most common to least 
common in the overall cohort, no-induction therapy group, 
and induction therapy group.

Demographics, comparison between, and analysis 
of no-induction, anti-IL2R, and TCDA groups

Table 5 shows demographics of the 3 cohorts: no induction, 
anti-IL2R, and TCDA. Of note, the only significant vari
ables based on SMDs cutoff between groups were peak 

Figure 1 (A) Trends in utilization of no induction, anti-IL2R, and TCDA in MCS patients from 2018 through 2022. (B) Trends in 
utilization of different mechanical support such as ECMO, IABP, Impella 5.0 or 5.5, and HeartMate 3 from 2000 through 2022. ECMO, 
extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; IL2R, interleukin-2 receptor antagonists; TCDA, T-cell depleting 
agent.
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Table 2 Demographics and Characteristics of No-Induction and Induction Groups With Pairwise SMDs and 95% Confidence Intervals 
Provided Before Matching 

Characteristic N No induction, N = 1,288 Induction, N = 2,699 SMD 95% CI

Recipient age, years 3,987 55 (12) 53 (13) 0.17 0.10, 0.23
Donor age, years 3,987 32 (10) 32 (10) 0.01 −0.06, 0.07
Peak CPRA 3,028 8 (19) 16 (28) −0.34 −0.42, −0.26

Unknown 410 549
Recent CPRA 3,027 6 (16) 13 (25) −0.32 −0.40, −0.24

Unknown 411 549
Transplant year 3,987 −0.05 −0.12, 0.02

2018 81 (6.3%) 211 (7.8%)
2019 327 (25%) 560 (21%)
2020 307 (24%) 608 (23%)
2021 270 (21%) 679 (25%)
2022 303 (24%) 641 (24%)

HLA mismatch 3,711 −0.01 −0.08, 0.06
0 3 (0.3%) 2 (< 0.1%)
1 4 (0.3%) 7 (0.3%)
2 29 (2.5%) 52 (2.1%)
3 136 (12%) 281 (11%)
4 296 (25%) 664 (26%)
5 438 (37%) 950 (38%)
6 275 (23%) 574 (23%)
Unknown 107 169

Creatinine, mg/ml 3,937 1.21 (0.50) 1.28 (0.59) −0.12 −0.19, −0.05
Unknown 47 3

Dialysis before transplant 3,987 0.26 0.19, 0.32
Unknown 49 (3.8%) 7 (0.3%)
No 1,207 (94%) 2,600 (96%)
Yes 32 (2.5%) 92 (3.4%)

ECMO before transplant 3,987 136 (11%) 339 (13%) −0.06 −0.13, 0.00
Etiology of heart failure 3,966 0.17 0.10, 0.24

Congenital 12 (0.9%) 51 (1.9%)
Idiopathic 484 (38%) 1,032 (38%)
Ischemic 400 (32%) 696 (26%)
Exclude 20 (1.6%) 72 (2.7%)
Other 351 (28%) 848 (31%)
Unknown 21 0

Donor/recipient PHM ratio 3,987 1.04 (0.18) 1.05 (0.18) −0.07 −0.13, 0.00
Donor LV ejection fraction, % 3,986 62 (7) 62 (7) 0.01 −0.05, 0.08

Unknown 1 0
Total bilirubin, mg/dl 3,932 1.08 (1.74) 1.11 (1.71) −0.02 −0.08, 0.05

Unknown 49 6
Weight, kg 3,987 86 (19) 85 (18) 0.02 −0.05, 0.08
Height, cm 3,987 175 (10) 175 (10) −0.02 −0.09, 0.05
Donor sex 3,987 0.01 −0.06, 0.08

Female 284 (22%) 583 (22%)
Male 1,004 (78%) 2,116 (78%)

Transfusion 3,930 0.06 −0.01, 0.12
No transfusion 1,038 (84%) 2,193 (82%)
Transfused between listing and transplant 202 (16%) 497 (18%)
Unknown 48 9

Hospitalization status at transplant 3,945 0.11 0.04, 0.18
Hospitalized, not ICU 80 (6.4%) 184 (6.8%)
In ICU 870 (70%) 1,997 (74%)
Not hospitalized 296 (24%) 518 (19%)
Unknown 42 0

Abbreviations: CI, confidence interval; CPRA, calculated panel reactive antibody; ECMO, extracorporeal membrane oxygenation; HLA, human leukocyte 
antigen; ICU, intensive care unit; LV, left ventricle; N (%), mean (SD) ,standard deviation; PHM, predicted heart mass; SMD, standardized mean 
differences.
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CPRA and most recent CPRA. Comparison of 1-year sur
vival between no-induction, anti-IL2R, and TCDA showed 
significantly worse survival for no-induction group 

(p  <  0.0001) (Figure 3A). The pairwise differences in 
1-year survival between groups were p  <  0.0001 for no 
induction compared to TCDA, p  <  0.0001 for no induction 

Table 3 Demographics and Characteristics of Matched No-Induction and Induction Groups With Pairwise SMDs and 95% Confidence 
Intervals Provided 

Characteristic N No induction, N = 790 Induction, N = 790 SMD 95% CI

Recipient age, years 1,580 55 (12) 56 (13) −0.06 −0.16, 0.04
Donor age, years 1,580 32 (10) 33 (11) −0.08 −0.18, 0.01
Peak CPRA 1,580 7 (17) 10 (22) −0.14 −0.24, −0.04
Recent CPRA 1,580 5 (15) 7 (20) −0.14 −0.24, −0.04
Transplant year 1,580 −0.10 −0.20, 0.00

2018 52 (6.6%) 76 (9.6%)
2019 225 (28%) 172 (22%)
2020 199 (25%) 169 (21%)
2021 159 (20%) 183 (23%)
2022 155 (20%) 190 (24%)

HLA mismatch 1,580 −0.09 −0.19, 0.01
0 2 (0.3%) 1 (0.1%)
1 3 (0.4%) 3 (0.4%)
2 19 (2.4%) 20 (2.5%)
3 98 (12%) 88 (11%)
4 202 (26%) 182 (23%)
5 287 (36%) 281 (36%)
6 179 (23%) 215 (27%)

Creatinine, mg/ml 1,580 1.21 (0.52) 1.27 (0.62) −0.09 −0.19, 0.01
Dialysis before transplant 1,580 0.09 −0.01, 0.19

Unknown 1 (0.1%) 1 (0.1%)
No 767 (97%) 754 (95%)
Yes 22 (2.8%) 35 (4.4%)

ECMO before transplant 1,580 93 (12%) 119 (15%) −0.10 −0.20, 0.00
Etiology of heart failure 1,580 0.11 0.01, 0.21

Congenital 8 (1.0%) 11 (1.4%)
Idiopathic 321 (41%) 284 (36%)
Ischemic 250 (32%) 280 (35%)
Exclude 12 (1.5%) 16 (2.0%)
Other 199 (25%) 199 (25%)

Donor/recipient PHM ratio 1,580 1.03 (0.18) 1.05 (0.18) −0.12 −0.22, −0.02
Donor LV ejection fraction, % 1,580 62 (7) 61 (6) 0.05 −0.05, 0.15
Total bilirubin, mg/dl 1,579 1.15 (1.96) 1.19 (2.28) −0.02 −0.12, 0.08

Unknown 0 1
Weight, kg 1,580 86 (19) 84 (18) 0.11 0.01, 0.21
Height, cm 1,580 175 (10) 175 (10) 0.07 −0.03, 0.17
Donor sex 1,580 0.01 −0.09, 0.11

Female 174 (22%) 178 (23%)
Male 616 (78%) 612 (77%)

Transfusion 1,574 0.12 0.02, 0.22
No transfusion 667 (85%) 632 (80%)
Transfused between listing and transplant 120 (15%) 155 (20%)
Unknown 3 2

Hospitalization status at transplant 1,580 0.06 −0.03, 0.16
Hospitalized, not ICU 46 (5.8%) 45 (5.7%)
In ICU 576 (73%) 597 (76%)
Not hospitalized 168 (21%) 148 (19%)

Abbreviations: CI, confidence interval; CPRA, calculated panel reactive antibody; ECMO, extracorporeal membrane oxygenation; HLA, human leukocyte 
antigen; ICU, intensive care unit; LV, left ventricle; N (%), mean (SD), standard deviation; PHM, predicted heart mass; SMD, standardized mean 
differences.
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compared to anti-IL2R, and p = 0.088 for TCDA compared 
to anti-IL2R. Analysis of overall survival for all MCS pa
tients revealed statistically worse survival (p  <  0.0001) for 
no-induction group compared to anti-IL2R and TCDA 
groups (Figure 3B) with survival curves appearing to start 
converging at the 3-year mark. To elucidate the effects of 1- 
year survival on the longer overall survival, conditional 1- 
year survival analysis was performed and showed no dif
ferences in survival between the 3 groups (Fig. 3C).

Subgroup survival analysis at 1 year of HeartMate 3, Impella 
5.0 or 5.5, ECMO, and IABP supported patients showed 

statistically worse survival with no induction for ECMO 
(p = 0.044) and IABP (p = 0.0002) and statistically improved 
survival with TCDA for Impella 5.0 or 5.5 (p = 0.015) (Figure 
4A-D). The HeartMate 3 subgroup did not reach statistically 
significant difference in survival at 1 year (Figure 4A).

Cox proportional hazard analysis for all MCS patients re
vealed protective effects for anti-IL2R (hazard ratio [HR] 
0.64, confidence interval [CI] 0.50-0.81, p  <  0.001) and 
TCDA (HR 0.50, CI 0.37-0.66, p  <  0.001) compared to no- 
induction group for 1-year survival (Table 6A). Of note, 
ECMO (HR 2.35, CI 1.44-3.83, p = 0.001) and older age (HR 
1.02, CI 1.01-1.03, p  <  0.001) were identified as risk factors 
for decreased 1-year survival for all MCS patients compared 
to no-induction group (Table 6A). Similar analysis for treat
ment for acute rejection within 1 year showed TCDA (HR 
0.65, CI 0.47-0.88, p = 0.006) and older age (HR 0.97, CI 
0.97-0.98, p  <  0.001) to be protective factors while HLA 
mismatch (HR 1.18, CI 1.06-1.32, p = 0.004) was a risk factor 
compared to no-induction group (Table 6B).

Subgroup analysis of peak CPRA = 0% patients

Given that the only significant SMD from Table 5 between 
no-induction, anti-IL2R, and TCDA groups were in regards 
to CPRA, subgroup analysis of peak CPRA = 0% patients 
was performed and revealed that no induction still had 
significantly worse survival at 1 year (p = 0.002) (Figure 5). 
Additionally, the median and interquartile range of the time 
between the most recent CPRA measurement and transplant 
was 32 (17-66) days.

Subgroup analysis of peak CPRA = 0% patients showed 
protective effect of TCDA (HR 0.45, CI 0.29-0.70, 
p  <  0.001) in improved 1-year survival compared to no- 
induction group (Table 7A). However, anti-IL2R induction 
therapy was no longer significant in this subgroup. ECMO 
(HR 2.09, CI 1.08-.03, p = 0.028) and older age (HR 1.02, 
CI 1.00-1.03, p = 0.016) were risk factors for worse 1-year 
survival compared to no-induction group (Table 7A). 
Analysis of acute rejection at 1 year for peak CPRA = 0% 
subgroup showed a significantly decreased number of re
jection episodes in the TCDA group (HR 0.40, CI 0.24- 
0.63, p  <  0.001) and older age (HR 0.97, CI 0.96-0.98, 
p  <  0.001) compared to no induction (Table 7B).

Discussion

Our analysis of UNOS database showed that induction 
therapy with either anti-IL2R or TCDA improved 1-year 
survival in patients on MCS. Furthermore, TCDA was as
sociated with decreased incidence of treatment for acute 

Figure 2 Kaplan-Meier 1-year survival curve for matched 
induction and no induction therapy groups.

Table 4 Identifiable Causes of Death Within 1 Year of 
Transplant in the Overall Cohort Compared to No-Induction and 
Induction Therapy Groups 

Cause of death
Overall 
cohort (N)

No 
induction (N) Induction (N)

Infection 86 44 42
Multiorgan 

failure
59 17 42

Unknown/other 47 25 22
Neurologic 44 19 25
Cardiac 41 19 22
Immunologic 31 12 19
Pulmonary 25 9 16
Malignancy 6 3 3
Hepatic 2 2 0
Suicide 2 1 1
Renal 1 1 0

N, number of patients.
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Table 5 Demographics and Characteristics of No-Induction, Anti-IL2R, and TCDA Groups With p-Values and Pairwise SMDs Provided 

Characteristic
No induction  
N = 1,288

Anti-IL2R  
N = 1,566

TCDA  
N = 1,133 p-value

No induction  
vs anti-IL2R

No induction 
vs TCDA

Anti-IL2R 
vs TCDA

MCS type 0.012 0.074 0.136 0.081
HeartMate 3 393 (31%) 426 (27%) 293 (26%)
Impella 5.0/5.5 157 (12%) 207 (13%) 182 (16%)
ECMO 136 (11%) 161 (10%) 178 (16%) < 0.001 0.009 −0.153 −0.162
IABP 639 (50%) 837 (53%) 535 (47%) 0.005 −0.077 0.048 0.125

Transfusion < 0.001 0.001 0.132 0.131
No transfusion 1,038 (84%) 1306 (84%) 887 (79%)
Transfusion between 
listing and transplant

202 (16%) 255 (16%) 242 (21%)

Peak CPRA 0 (0, 5) 0 (0, 11) 0 (0, 41) < 0.001 −0.151 −0.530 −0.392
Unknown number 410 395 154

Most recent CPRA 0 (0, 0) 0 (0, 3) 0 (0, 25) < 0.001 −0.162 −0.480 −0.331
Unknown number 411 394 155

Recipient
Age, years 58 (48, 65) 56 (46, 63) 55 (43, 62) < 0.001 0.116 0.235 0.119
Sex < 0.001 0.044 0.183 0.138

Female 254 (20%) 337 (22%) 311 (27%)
Male 1,034 (80%) 1,229 (78%) 822 (73%)

Diabetes mellitus 408 (32%) 466 (30%) 305 (27%) 0.015 0.056 0.119 0.062
Total waitlist time, days 17 (6, 91) 23 (8, 110) 19 (6, 96) 0.002 −0.001 0.021 0.025
Prior cardiac surgery 484 (38%) 647 (41%) 453 (40%) 0.12 −0.077 −0.049 0.027
Prior lung surgery 2 (0.2%) 5 (0.3%) 4 (0.4%) 0.7 0.032 0.038 0.006
Hospitalization status 0.020 0.108 0.118 0.035

Ward 80 (6.4%) 101 (6.4%) 83 (7.3%)
Intensive care unit 870 (70%) 1,162 (74%) 835 (74%)
Not hospitalized 296 (24%) 303 (19%) 215 (19%)

Blood type 0.049 0.062 0.128 0.101
A 470 (37%) 599 (38%) 484 (43%)
AB 51 (4.0%) 73 (4.7%) 40 (3.5%)
B 209 (16%) 228 (15%) 159 (14%)
O 555 (43%) 665 (42%) 449 (40%)

Total bilirubin at time of 
transplant, mg/dl

1.08 (1.74) 1.09 (1.43) 1.13 (2.03) 0.11 −0.007 −0.025 −0.021

Weight, kg 84 (72, 98) 85 (73, 98) 84 (71, 96) 0.042 −0.029 0.076 0.108
Height, cm 175 (168, 183) 175 (168, 183) 175 (168, 180) 0.002 −0.079 0.060 0.142
Waitlist priority status 0.102 0.120 0.138

Adult status 1 180 (14%) 221 (14%) 195 (17%)
Adult status 2 755 (59%) 926 (59%) 654 (58%)
Adult status 3 162 (13%) 181 (12%) 111 (9.8%)
Adult status 4 135 (10%) 155 (9.9%) 126 (11%)
Adult status 6 0 (0%) 2 (0.1%) 0 (0%)
Status 1A 49 (3.8%) 78 (5.0%) 42 (3.7%)
Status 1B 7 (0.5%) 3 (0.2%) 5 (0.4%)

Etiology of heart failure < 0.001 0.134 0.241 0.172
Congenital 12 (0.9%) 31 (2.0%) 20 (1.8%)
Idiopathic 484 (38%) 631 (40%) 401 (35%)
Ischemic 400 (32%) 418 (27%) 278 (25%)
Other 351 (28%) 456 (29%) 392 (35%)

Creatinine at time of 
transplant, mg/dl

1.12 
(0.92, 1.40)

1.20 
(0.98, 1.50)

1.14 
(0.90, 1.46)

< 0.001 −0.161 −0.059 0.096

Donor/recipient PHM 1.01 
(0.92, 1.12)

1.03 
(0.93, 1.15)

1.01 
(0.92, 1.14)

0.034 −0.079 −0.049 0.030

Donor
Age, years 31 (24, 39) 31 (24, 39) 32 (24, 39) 0.6 0.019 −0.014 −0.033
Sex 0.007 0.063 0.059 0.122

Female 284 (22%) 305 (19%) 278 (25%)
Male 1,004 (78%) 1,261 (81%) 855 (75%)

Weight, kg 83 (71, 96) 84 (73, 98) 82 (71, 95) 0.003 −0.094 0.051 0.147

(continued on next page)
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Table 5 (Continued)        

Characteristic
No induction  
N = 1,288

Anti-IL2R  
N = 1,566

TCDA  
N = 1,133 p-value

No induction  
vs anti-IL2R

No induction 
vs TCDA

Anti-IL2R 
vs TCDA

Height, cm 175 (168, 183) 178 (170, 183) 175 (168, 180) < 0.001 −0.098 0.072 0.172
BMI 26.8 

(23.5, 31.2)
27.1 

(23.8, 31.6)
26.7 

(23.8, 30.8)
0.2 −0.052 0.016 0.068

LVEF, % 60 (57, 65) 60 (55, 65) 60 (57, 65) 0.5 0.031 −0.009 −0.041
Ischemia time, hours 3.48 

(2.88, 4.02)
3.52 

(2.98, 4.08)
3.52 

(2.97, 4.07)
0.10 −0.112 −0.019 0.100

Diabetes mellitus 43 (3.4%) 53 (3.4%) 38 (3.4%) > 0.9 −0.002 −0.002 0.000
Hypertension 211 (17%) 214 (14%) 149 (13%) 0.049 0.077 0.089 0.012
Total bilirubin, mg/dl 0.7 (0.4, 1.1) 0.7 (0.4, 1.0) 0.7 (0.5, 1.2) 0.033 −0.032 −0.098 −0.052
Blood type 0.027 0.083 0.139 0.095

A 406 (32%) 536 (34%) 407 (36%)
AB 14 (1.1%) 22 (1.4%) 7 (0.6%)
B 133 (10%) 133 (8.5%) 82 (7.2%)
O 735 (57%) 875 (56%) 637 (56%)

Abbreviations: BMI, body mass index; CPRA, calculated panel reactive antibody; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic 
balloon pump; IL2R, interleukin-2 receptor antagonists; LVEF, left ventricle ejection fraction; MCS, mechanical circulatory support; PHM, predicted heart 
mass; TCDA, T-cell depleting agent.

N (%); median (IQR); mean (SD), standard deviation.

Figure 3 (A) Kaplan-Meier 1-year survival curve for all MCS patients. (B) Kaplan-Meier overall survival curve for all MCS patients. 
(C) Kaplan-Meier 5-year survival curve for all MCS patients conditioned on 1-year survival. IL2R, interleukin-2 receptor antagonists; MCS, 
mechanical circulatory support; TCDA, T-cell depleting agent.
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rejection at 1 year. Others have reported benefits of TCDA 
in reducing rejection but with no effects on survival.3,8,15,16

Given lack of optimal treatment consensus, contrasting re
ported findings in the literature, and heterogeneity of heart 
transplantation recipients in terms of illness acuity and 
function, we specifically focused on MCS patients and 
subgroup analysis of specific devices such as HeartMate 3, 
Impella 5.0 or 5.5, ECMO, and IABP before transplantation 
to investigate a more homogeneous group. Furthermore, 
given increased risks of bleeding and transfusion associated 
with MCS use as well as potential effects on the immune 
system,11,13,14 we hypothesized that in this patient popula
tion, induction therapy could offer a survival advantage, 
which was validated with our database analysis. Of note, in 
our analyzed cohorts, the rates of transfusion between 
listing and transplant were comparable between the 3 

groups at 16% in no-induction group, 16% in anti-IL2R 
group, and 21% in TCDA group. Although the most 
common identifiable cause of death within 1 year in our 
cohort was infection related (86 patients), there did not 
appear to be a significant difference in the number of pa
tients who died due to infection-related causes between 
induction and no-induction therapy groups. Additionally, 
benefits of induction therapy and TCDA therapy continued 
to maintain significance in peak CPRA = 0% patients, 
suggesting that the benefits of the induction therapy in 
survival and prevention of rejection could not be explained 
by sensitization alone.

Our analysis of trends in MCS utilization was consistent 
with previously reported increased use of IABP since 2018 
UNOS policy change.10 However, Impella use has grown 
exponentially since 2019, potentially correlating to approval 

Figure 4 Kaplan-Meier 1-year survival curves for (A) HeartMate 3, (B) Impella 5.0 or 5.5, (C) ECMO, and (D) IABP patients only. 
ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; IL2R, interleukin-2 receptor antagonists; TCDA, T-cell 
depleting agent.

Bahatyrevich et al. Induction Therapy Confers Survival Advantage 9  



of Impella 5.5 by Food and Drug Administration (FDA) in 
2019,17 which has reduced complication rates compared to the 
Impella 5.0.18 Our study population is limited to modern era of 
2018-2022 to eliminate temporal bias and differences in 
management in earlier decades and also accommodate avail
ability of newer generation devices, such as HeartMate 3. 
Furthermore, given potential future UNOS continuous dis
tribution changes for heart transplantation as well as techno
logical improvements in percutaneous support devices, it will 
be important to re-evaluate utilization trends and optimal 
therapies in the future.

Since each MCS device has unique hemodynamic sup
port profiles, pulsatility, and shear stress, we performed 
subgroup analysis to identify optimal management for each 
type of device. Aside from HeartMate 3, other devices such 
as ECMO, IABP, and Impella favored induction therapy for 
improved survival at 1 year. These results are consistent 
with previous reports looking at induction therapy in con
temporary left ventricular assist devices, showing no dif
ferences in survival with the use of induction therapy but 
increased freedom from transplant coronary artery dis
ease.19 Interestingly, Kaplan-Meier 1-year survival analysis 
also revealed that TCDA might offer a survival advantage 
in Impella-assisted patients compared to anti-IL2R induc
tion therapy. For the ECMO and IABP groups, TCDA and 
anti-IL2R appeared to be comparable in terms of 1-year 
survival. These differences in therapies can likely be ex
plained by the unique mechanical properties of each device, 
patient selection differences, and differences in their acuity, 
as well as risks, such as bleeding, infection rates, and 
transfusion rates. Future studies with larger sample size 
could evaluate the potential benefit of either TCDA or anti- 
IL2R in device-specific setting as well as extent of 

Table 6 The Cox Proportional Hazards Model in All MCS 
Patients for (A) 1-Year Survival and (B) Treatment for 
Rejection Within 1 Year 

Predictors Odds ratios CI p

A
No induction as the 

reference category
Anti-IL2R 0.64 0.50-0.81 < 0.001
TCDA 0.50 0.37-0.66 < 0.001
ECMO 2.35 1.44-3.83 0.001
IABP 1.04 0.61-1.76 0.896
HeartMate 3 1.71 0.97-3.03 0.063
Impella 5.0/5.5 1.09 0.61-1.97 0.764
Recipient age 1.02 1.01-1.03 < 0.001
HLA mismatch 0.98 0.89-1.08 0.692
Observations 3677
R2 Nagelkerke 0.028

B
No induction as the 

reference category
Anti-IL2R 1.05 0.81-1.36 0.729
TCDA 0.65 0.47-0.88 0.006
ECMO 0.78 0.38-1.46 0.470
IABP 0.71 0.33-1.41 0.352
HeartMate 3 0.58 0.26-1.20 0.158
Impella 5.0/5.5 0.61 0.27-1.25 0.195
Recipient age 0.97 0.97-0.98 < 0.001
HLA mismatch 1.18 1.06-1.32 0.004
Observations 2354
R2 Tjur 0.028

Abbreviations: CI, confidence interval; ECMO, extracorporeal mem
brane oxygenation; HLA, human leukocyte antigen; IABP, intra-aortic 
balloon pump; IL2R, interleukin-2 receptor antagonists; MCS, me
chanical circulatory support; TCDA, T-cell depleting agent.

Figure 5 Kaplan-Meier 1-year survival curve for peak CPRA 0% patients only receiving no induction, anti-IL2R, or TCDA therapies. 
CPRA, calculated panel reactive antibody; IL2R, interleukin-2 receptor antagonists; TCDA, T-cell depleting agent.
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cardiovascular support provided. Interestingly, Cox pro
portional hazard analysis of all patients and patients with 
peak CPRA = 0% identified ECMO as a risk factor for 
worse 1-year survival, which could be explained by likely 
confounding of ECMO to more critically ill patients with 
comorbidities. Of note, in Cox proportional hazard analysis, 
increased age significantly increased the risk of mortality 
while also decreasing the risk of acute rejection at 1 year 
following heart transplantation. Increased mortality can 
likely be explained by the association of increased age with 
other comorbidities. The decreased risk of acute rejection 
could likely be explained by aging of the immune system 
and moving toward immunosenescence, which reduces the 
ability of the immune system to recognize pathogens but 
also could potentially reduce the ability to reject donor 
organs.20

We also analyzed the temporal effects of induction 
therapy on survival. Even though analysis of the overall 
survival among no induction, anti-IL2R, and TCDA 
showed improved survival for induction therapy group, the 
survival curves begin to converge around 3 years. Analysis 
of survival based on conditional 1-year survival revealed no 
differences in the overall survival among various treatment 
groups. This suggests that induction therapy offers 

advantage in the early postoperative period. The lack of 
difference in survival beyond 1 year could potentially be 
explained by adjustments in the maintenance im
munotherapy regimen. Given the lack of data recorded in 
the UNOS database on maintenance immunotherapy, we 
were not able to examine closely the reason for survival 
curve convergence at long-term follow-up. Future studies 
should be able to elucidate whether adjustment in main
tenance immunotherapy could potentially extend the in
duction therapy benefit long-term.

Limitations

This is a retrospective database study that carries all in
herent limitations associated with such analysis. There are 
significant limitations in the type and granularity of data 
available in the UNOS database. For example, there was no 
data included before listing in terms of duration and types 
of MCS used, infection rates, transfusion rates, and timing 
of CPRA measurements. The utilization of induction 
therapy and the type of induction therapy are frequently 
center-specific, and therefore, there could be regional and 
center-specific bias involved. Certain device subgroups 
contained a limited sample size, making comparison among 
therapy groups difficult to interpret.

Conclusions

From large retrospective analysis of UNOS database, we 
found that patients requiring MCS before heart transplan
tation have significantly improved post-transplant survival 
with induction therapy, regardless of their peak CPRA at 
1 year. These trends were supported in device-specific 
subgroup 1-year survival analysis. However, future studies 
with larger sample size and detailed postoperative main
tenance therapy data are needed to identify optimal regimen 
specific to device and MCS type. Furthermore, TCDA 
confers decreased number of acute rejection episodes at 
1 year in this patient population. Randomized controlled 
studies are needed to confirm these findings.
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Table 7 The Cox Proportional Hazards Model in CPRA = 0% 
Only Oatients for (A) 1-Year Survival and (B) Treatment for 
Rejection Within 1 Year 

Predictors Odds ratios CI p

A
No induction as the 

reference category
Anti-IL2R 0.73 0.52-1.03 0.075
TCDA 0.45 0.29-0.70 < 0.001
ECMO 2.09 1.08-4.03 0.028
IABP 0.93 0.45-1.92 0.849
HeartMate 3 1.33 0.61-2.90 0.480
Impella 5.0/5.5 1.10 0.49-2.47 0.814
Recipient age 1.02 1.00-1.03 0.016
HLA mismatch 1.05 0.90-1.21 0.537

Observations 1801
R2 Nagelkerke 0.023

B
No induction as the 

reference category
Anti-IL2R 1.07 0.75-1.53 0.717
TCDA 0.40 0.24-0.63 < 0.001
ECMO 0.88 0.34-1.98 0.780
IABP 0.75 0.27-1.88 0.558
HeartMate 3 0.72 0.24-1.93 0.527
Impella 5.0/5.5 0.80 0.27-2.18 0.681
Recipient age 0.97 0.96-0.98 < 0.001
HLA mismatch 1.19 1.02-1.40 0.030

Observations 1195
R2 Tjur 0.038

Abbreviations: CI, confidence interval; CPRA, calculated panel re
active antibody; ECMO, extracorporeal membrane oxygenation; HLA, 
human leukocyte antigen; IABP, intra-aortic balloon pump; IL2R, in
terleukin-2 receptor antagonists; CDA, T-cell depleting agent.
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