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Abstract

Aims Primary graft dysfunction (PGD) is a feared complication after heart transplantation (HTX). HTX patients frequently

receive veno-arterial extracorporeal membrane oxygenation (VA-ECMO) until graft recovery. Long-term mortality of

patients weaned from VA-ECMO after HTX is comparable with non-ECMO patients. However, impact on quality of life is

unknown. This study investigated days alive and out of hospital (DAOH) as patient-centred outcome in HTX patients at 1 year

after surgery.

Methods and results This retrospective single-centre cohort study included patients who underwent HTX at the

University Hospital Düsseldorf, Germany, from 2010 to 2020. Main exposure was VA-ECMO due to PGD. VA-ECMO and

non-VA-ECMO patients were compared regarding the primary endpoint DAOH at 1 year after HTX. Subgroup analysis

for patients weaned from VA-ECMO was performed. In total, 144 patients were included into analysis; 1 year mortality

was significantly lower in non-ECMO patients [non-ECMO 14.3% (14/98) vs. VA-ECMO 34.8% (16/46), adjusted hazard ra-

tio: 0.32, 95% confidence interval: 0.15–0.74; P = 0.002]. Mortality did not differ significantly between patients weaned

from VA-ECMO and non-ECMO patients [non-ECMO 14.3% (14/98) vs. VA-ECMO (weaned) 18.9% (7/37), adjusted hazard

ratio: 0.72, 95% confidence interval: 0.27–1.90; P = 0.48]. DAOH were significantly higher in non-ECMO patients compared

with VA-ECMO patients and patients weaned from VA-ECMO [non-ECMO vs. VA-ECMO: median 310 (inter-quartile range

277–327) days vs. 243 (0–288) days; P < 0.0001; non-ECMO vs. VA-ECMO (weaned): 310 (277–327) days vs. 253

(208–299) days; P < 0.0001]. These results were still significant after multivariable adjustment with forced entry of

predefined covariables.

Conclusions Despite similar survival rates, VA-ECMO due to PGD has a relevant life impact as defined by DAOH in the first

year after HTX. As a more patient-centred endpoint, DAOH may contribute to a more comprehensive assessment of outcome

in HTX patients.
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Introduction

Orthotopic heart transplantation (HTX) is the causal

therapy for patients with end-stage heart failure.1,2 After

HTX, primary graft dysfunction (PGD) is a feared complication

occurring in up to 30% and strongly affecting survival chances

of patients.3 Therefore, these patients frequently receive ex-

tracorporeal mechanical support by veno-arterial extracorpo-
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real membrane oxygenation (VA-ECMO) devices.4,5 VA-ECMO

is the first-line therapy for severe PGD and helps to maintain

circulation as well as to overcome cardiac failure until graft

recovery.6–9 Previous studies indicated that long-term sur-

vival of patients weaned from VA-ECMO after HTX was com-

parable with patients who did not experience PGD.10–12

However, data on functionality in daily life and rehospitaliza-

tion rates remain limited in these patients. Days alive and out

of hospital (DAOH) has been recently introduced and evalu-

ated as patient-centred outcome in different clinical

settings.13–15 It combines clinically important outcomes such

as death, hospital length of stay, and rehospitalization rate.

To date, impact of VA-ECMO on DAOH in patients after HTX

is underexplored. Therefore, we aimed to investigate this

topic and hypothesized that use of VA-ECMO due to PGD is

associated with lower DAOH at 1 year after HTX.

Methods

The present study is a retrospective single-centre cohort

study that has been conducted in accordance with the

Declaration of Helsinki and the guidelines for Good Clinical

Practice. The study was approved by the ethical review board

of the Heinrich Heine University Düsseldorf, Germany (refer-

ence number: 4567). All patients gave written informed con-

sent. This report follows the STROBE guidelines.

Study design and study population

This study included patients >18 years who underwent HTX

between 2010 and 2020 at the University Hospital

Düsseldorf, Germany. The main explanatory variable of this

study was the early use of VA-ECMO therapy due to PGD

(= initiation within the first 24 h after surgery according to

consensus conference on PGD).16 Patients were assigned

to VA-ECMO group, if they had early VA-ECMO therapy due

to PGD. Patients without PGD were assigned to non-VA-

ECMO group. Afterwards, a subgroup of weaned VA-ECMO

patients was set out of the VA-ECMO group. This group was

defined as patients who had PGD and VA-ECMO therapy

but were successfully weaned from VA-ECMO during the in-

dex hospital stay. Weaning was performed from peripheral

and central cannulated ECMO while ventilated, according to

local standards. Exclusion criteria were incomplete medical

records, death during HTX, and the use of veno-venous

ECMO. Central and peripheral VA-ECMO cannulation was in-

cluded. Average caseload of VA-ECMO therapy in our centre

is 60–80 patients per year, which was deemed appropriate

in terms of experience and expertise in this field.

Outcome assessment

The primary endpoint was DAOH at 1 year after HTX. DAOH

for the first year after HTX were calculated by individually

summing up the days of all hospital stays per patient and

subtracting them from 365 days. If the patient did not survive

365 days, the difference between survived days and 365 days

was added to days of hospital stays before subtraction from

365 days. This method refers to the validation study of DAOH

in heart failure patients.15 According to the validation study

of DAOH in major surgery, DAOH can also be calculated in an-

other way: in a previously published approach, patients who

died during the study period were assigned DAOH of 0 days.

To test if the way to calculate DAOH influences our results, a

sensitivity analysis using this additional definition of DAOH

was performed. Secondary endpoints included mortality, du-

ration of hospitalization, and reasons for hospitalization dur-

ing the first year after HTX. Hospitalization was defined as

every planned or unplanned readmission to the hospital of

at least 1 day occurring within 1 year after HTX. Hospitaliza-

tions were divided into 10 categories: gastrointestinal disor-

ders, pneumonia/respiratory infection, wound infection,

kidney disorders including acute kidney injury, graft rejection

reaction, bleeding complications, non-cardiac surgery, other

infections than respiratory infections, endomyocardial biopsy,

and HTX index hospitalization. All observed hospitalizations

of our study cohort are included into these categories. HTX

patients are very closely connected to our centre so that all

information on hospitalizations could be assessed by screen-

ing local medical records.

Data collection

All data of patients were collected by screening electronic

medical charts and the local electronic HTX database. Patient

characteristics, co-morbidities, comedication, and survived

days at 1 year were extracted from these sources.

Statistical analysis

Statistical analysis was conducted in GraphPad Prism©

Version 8.02 (La Jolla, CA, USA) and IBM SPSS© software

Version 22.0 (Armonk, NY, USA). Continuous variables are

presented as mean ± standard deviation or as median with

inter-quartile ranges, as appropriate. Categorical variables

are presented as absolute numbers (n) and percentage (%)

in brackets. χ2 test and Fisher’s exact test were used for sta-

tistical comparison. Kaplan–Meier diagrams were used for

graphical presentation of survival 1 year after HTX. Compari-

son of survival rates was performed using the log-rank

(Mantel–Cox) test, and results are presented as percentage

of survival (%) with hazard ratio (HR) and confidence interval
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(CI) with confidence level of 95%. DAOH were compared by

using Mann–Whitney U test given that these data were likely

to be skewed. Normality testing was carried out by using

Shapiro–Wilk test. Multivariate linear regression including

ANOVA analysis was conducted as previously performed,15

setting DAOH as dependent variable and VA-ECMO therapy,

age, continuous veno-venous haemodialysis, duration of sur-

gery, and neurological complications as predefined indepen-

dent variables. Neurological complications were defined as

a composite of ischaemic stroke or any intracranial bleeding

with new onset of any documented neurological impairment.

Transient ischaemic attack or neurological symptoms with

duration <24 h were not included. No power analysis was

conducted because of the retrospective nature of this study.

Results

Study population and patient characteristics

We investigated data of 154 HTX patients registered in the lo-

cal HTX database of the University Hospital Düsseldorf,

Germany; 10 patients (6.5%) were excluded from analysis

due to incomplete medical records and impossibility to calcu-

late DAOH [6 patients (3.9%)], death during surgery [3 patients

(1.9%)], and veno-venous ECMO [1 patient (0.7%)]. Thus,

we included 144 HTX patients into analysis (Figure 1).

Overall mean age was 54 ± 12 years, and 114 patients

(79.2%) were male. Mean age of donor hearts was

43 ± 13 years; 98 patients (68.1%) did not have VA-ECMO after

surgery, and 46 patients (31.9%) had VA-ECMO due to PGD.

Out of the VA-ECMO group, 30 (65.2%) patients suffered from

biventricular failure while 16 (34.8%) patients had isolated

right ventricular failure according to the International Society

for Heart and Lung Transplantation PGD classification; 37/46

patients (80.4%) could be weaned successfully. There was no

difference in successful weaning between biventricular and

right ventricular failure group [biventricular 24 (80%) patients

vs. right ventricular 13 patients (81.2%)]. Mean duration of

VA-ECMO support was 8 ± 7 days. VA-ECMO patients were sig-

nificantly older, and diabetes was more frequent than in pa-

tients without VA-ECMO (Table 1). Regarding laboratory

parameters, VA-ECMO patients had higher levels of albumin

compared with non-VA-ECMO patients. Intraoperative dura-

tion of surgery, cardiopulmonary bypass, and total ischaemia

time were significantly longer in VA-ECMO group (Table 1).

The use of continuous veno-venous haemodialysis, neuro-

logical complications, and resternotomy rates were higher

in these patients compared with non-VA-ECMO patients

(Table 1). In addition, reasons for hospital admissions and du-

rations of hospital stays within the first year after HTX did not

Figure 1 Flow chart. HTX, heart transplantation; VA-ECMO, veno-arterial extracorporeal membrane oxygenation; VV-ECMO, veno-venous extracorpo-

real membrane oxygenation.
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differ between groups. Patients with VA-ECMO had signifi-

cantly longer initial hospital stay compared with non-VA-

ECMO patients (non-VA-ECMO 40 ± 28 days vs. VA-ECMO

55 ± 41 days; P = 0.029; Tables 1 and 2).

Survival analysis

Overall mortality of the whole cohort was 20.8%. Patients

without VA-ECMO therapy had significant lower rates of 1 year

Table 1 Baseline characteristics, co-morbidities, laboratory parameters, and intraoperative and post-operative parameters

Non-ECMO patients (N = 98) ECMO patients (N = 46) P-value
a

Baseline characteristics
Male sex, no. (%) 77 (78.7%) 37 (80.4%) 0.999
Age (years) 54 ± 12 58 ± 9 0.031

BMI (kg/m
2
) 25.3 ± 4.3 26.1 ± 5 0.360

MELD score 14.2 ± 6.6 14.8 ± 7.6 0.658
Co-morbidities, no. (%)

Smokers 21 (21.4%) 11 (23.9%) 0.830
Diabetes 15 (15.3%) 14 (30.4%) 0.045

Hyperlipidaemia 32 (32.7%) 15 (32.6%) 0.999
Arterial hypertension 48 (49.0%) 30 (65.2%) 0.076
Pulmonary hypertension 9 (9.2%) 7 (15.2%) 0.393
COPD 10 (10.2%) 3 (6.5%) 0.551
CKD requiring dialysis 3 (3.1%) 4 (8.7%) 0.210
VAD 53 (54.1%) 29 (63.0%) 0.368

Laboratory parameters before surgery
Creatinine (mg/dL) 1.40 ± 1.10 1.49 ± 0.64 0.580
GFR (mL/min) 62 ± 23 62 ± 29 0.983
Haemoglobin (g/dL) 11.8 ± 2.1 11.5 ± 3.2 0.538
Haematocrit (%) 36.4 ± 5.6 35.6 ± 9.6 0.610
aPTT (s) 37 ± 13 34 ± 9 0.110
Quick (%) 46 ± 29 46 ± 26 0.970
Bilirubin (mg/dL) 0.64 ± 0.75 0.69 ± 1.12 0.732
Albumin (g/L) 1.52 ± 1.98 2.36 ± 2.07 0.020

LDH (mg/dL) 290 ± 388 370 ± 343 0.232
Intraoperative parameters

Duration of surgery (min) 417 ± 98 528 ± 100 <0.0001

Duration of CPB (min) 249 ± 64 317 ± 73 <0.0001

Total ischaemia time (min) 214 ± 43 239 ± 68 0.011

Post-operative parameters, no. (%)
CVVHD 47 (48.0%) 36 (78.3%) 0.001

Neurological complications 11 (11.2%) 13 (28.3%) 0.016

Resternotomy 11 (11.2%) 31 (67.4%) <0.0001

aPTT, activated partial thromboplastin time; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary dis-
ease; CPB, cardiopulmonary bypass; CVVHD, continuous veno-venous haemodialysis; ECMO, extracorporeal membrane oxygenation; GFR,
glomerular filtration rate; LDH, lactate dehydrogenase; MELD, model for end-stage liver disease; VAD, ventricular assist device.
Data are presented as mean ± standard deviation or as absolute values with percentages, as appropriate. Bolded values indicate signif-
icant differences between both groups.
a
P value of χ

2
test or two-tailed unpaired t-test after Levene’s test for equality of variances.

Table 2 Reasons for hospital admissions and durations of hospital stays within the first year after heart transplantation

Reason for hospital admission
Days of hospital stay Days of hospital stay

P-value
a

Non-ECMO patients (N = 98) ECMO patients (N = 46)

HTX 40 ± 28 55 ± 41 0.029

Endomyocardial biopsy 7 ± 4 6 ± 3 0.162
Gastrointestinal disorders 19 ± 14 9 ± 3 0.173
Pneumonia/respiratory infections 16 ± 7 30 ± 17 0.071
Wound infection/impaired wound healing 18 ± 22 29 ± 35 0.512
AKI 11 ± 7 10 ± 2 0.875
Graft rejection reaction 17 ± 21 13 ± 9 0.717
Bleeding complications 21 ± 9 21 ± 16 0.953
Non-cardiac surgery 7 ± 2 19 ± 16 0.083
Other infections 24 ± 29 27 ± 18 0.839

AKI, acute kidney injury; ECMO, extracorporeal membrane oxygenation; HTX, orthotopic heart transplantation.
Data are presented as mean ± standard deviation. Bolded values indicate significant differences between both groups.
a
P value of two-tailed unpaired t-test after Levene’s test for equality of variances.
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mortality after HTX compared with patients who had

VA-ECMO [non-ECMO 14.3% (14/98) vs. VA-ECMO 34.8%

(16/46), HR: 0.32, 95% CI: 0.15–0.74; P = 0.002]. However,

mortality did not differ significantly between weaned

VA-ECMO patients and non-ECMO patients at 1 year

after HTX [non-VA-ECMO 14.3% (14/98) vs. VA-ECMO

(weaned) 18.9% (7/37), HR: 0.72, 95% CI: 0.27–1.90;

P = 0.48] (Figure 2).

Days alive and out of hospital

Overall, median DAOH of the whole cohort were 293 (inter-

quartile range 224–321). Data did not pass normality testing.

DAOH were significantly higher in non-VA-ECMO patients

compared with VA-ECMO patients [non-ECMO vs. VA-ECMO:

310 (277–327) days vs. 243 (0–288) days; P < 0.0001].

Non-VA-ECMO patients also had significantly higher rates of

DAOH compared with patients weaned from VA-ECMO [non-

ECMO vs. VA-ECMO (weaned): 310 (277–327) days vs. 253

(208–299) days; P < 0.0001] (Figure 3). In a sensitivity

analysis using the alternative definition of DAOH from the

non-cardiac surgery setting, results were comparable

(Supporting Information, Figure S1).

Prediction of days alive and out of hospital in a

linear regression model

We determined the influence of VA-ECMO and other

covariates on DAOH in a multivariate linear regression model

with DAOH as dependent variable. In addition to VA-ECMO

therapy, we included age, duration of surgery, continuous

veno-venous haemodialysis, and neurological complications

as independent variables. The R2 for the overall model was

0.258 (adjusted R2 = 0.231) and therefore indicates a moder-

ate goodness of fit. ANOVA analysis revealed that the

included parameters could significantly predict DAOH with a

significance level of <0.0001. In this multivariate linear re-

gression model, VA-ECMO and neurological complications

showed a significant impact on DAOH (VA-ECMO—

unstandardized coefficients B: �54.10, standard error:

22.19, 95% CI �97.99 to �10.22, P = 0.016; neurological

complications—unstandardized coefficients B: �91.14, stan-

dard error: 24.78, 95% CI �140.15 to �42.13, P = 0.0003)

(Table 3). Of note, multivariable logistic and linear regression

models showed no influence of continuous veno-venous

haemodialysis, neurological complications, resternotomy,

and ECMO cannulation type on DAOH, mortality, and success-

ful weaning in a subgroup analysis of 46 VA-ECMO patients

(Supporting Information, Tables S1–S3).

Post factum analysis

Based on review process, a post factum analysis of the yearly

incidence of PGD and VA-ECMO after HTX revealed that

there was a change over time. While in the first 5 years

(2010–2014), PGD with VA-ECMO was present in 7/45 pa-

tients (= 15.6%), there were 39/99 (= 39.4%) HTX patients

with PGD and VA-ECMO between 2015 and 2019. To address

a potential centre bias, we performed a sensitivity analysis

and compared the two observation periods, which did not

change the results.

Discussion

The present study reveals two main findings: first, mortality at

1 year after HTX did not differ between weaned VA-ECMO

Figure 2 (A) Survival in non-extracorporeal membrane oxygenation (non-ECMO) patients is higher as compared with extracorporeal membrane oxy-

genation (ECMO) patients 1 year after heart transplantation (HTX). (B) Survival does not differ between non-ECMO patients and patients weaned from

ECMO 1 year after HTX. CI, confidence interval; HR, hazard ratio.
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patients receiving VA-ECMO therapy due to PGD and patients

not receiving VA-ECMO therapy. This is remarkable as PGD is a

relevant complication and VA-ECMO is a really invasive ther-

apy. Second, weaned VA-ECMO patients had significantly

lower DAOH compared with non-VA-ECMO patients at 1 year

after HTX. Therefore, although survival is the same, VA-ECMO

therapy due to PGD seems to have a relevant life impact in pa-

tients after HTX as these patients stay significantly longer in

hospital during the first year after surgery.

Impact of veno-arterial extracorporeal

membrane oxygenation on mortality

To date, there is limited evidence regarding the impact of

VA-ECMO due to PGD in patients after HTX on outcome. Ac-

cording to our literature research, all existing studies had a

retrospective design and no randomized trials exist so far.

Focusing on short-term outcome, 45–80% of patients receiv-

ing VA-ECMO due to PGD survived until hospital discharge

and the duration of VA-ECMO varied from 4 to 8 days.3 Con-

sidering long-term outcome, current literature reports similar

survival rates between patients weaned from VA-ECMO and

non-VA-ECMO patients. D’Alessandro et al. retrospectively

investigated the impact of temporary VA-ECMO due to early

graft failure on mortality and 1 year survival in 394 HTX pa-

tients of whom 54 patients were treated with VA-ECMO. This

study reported that VA-ECMO patients have the same sur-

vival rate compared with patients without PGD.6 Another ret-

rospective study by Marasco et al. also investigated 239 HTX

patients with similar results: There was no difference in over-

all survival between non-VA-ECMO patients and weaned VA-

ECMO patients with PGD.17 Notably, this study defined

weaned VA-ECMO patients as surviving the first 30 days

and not only surviving VA-ECMO therapy as defined in

the present study. In addition, there are also studies that

Table 3 Prediction of days alive out of hospital in a multivariate linear regression model

Model with DAOH
as dependent variable

Unstandardized coefficients
(B/standard error)

Standardized
coefficients 95% CI of B P-value

a

Constant 376.83/59.26 259.65 to 494.01 <0.0001

VA-ECMO therapy �54.10/22.19 �0.211 �97.99 to �10.22 0.016

Age �1.29/0.81 �0.119 �2.85 to 0.15 0.112
Neurological complications �91.14/24.78 �0.284 �140.15 to �42.13 0.0003

CVVHD �37.10/19.15 �0.153 �74.97 to 0.77 0.055
Duration of surgery �0.031/0.091 �0.029 �0.21 to 0.15 0.731

CI, confidence interval; CVVHD, continuous veno-venous haemodialysis; DAOH, days alive out of hospital; VA-ECMO, veno-arterial extra-
corporeal membrane oxygenation.
Bolded values indicate significant differences between both groups.
a
P value of multivariate linear regression.

Figure 3 (A) Non-extracorporeal membrane oxygenation (non-ECMO) patients had significantly higher rates of ‘days alive and out of hospital’ (DAOH)

as compared with extracorporeal membrane oxygenation (ECMO) patients 1 year after heart transplantation (HTX). (B) Non-ECMO patients had sig-

nificantly higher rates of DAOH as compared with patients weaned from ECMO 1 year after HTX.
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investigated VA-ECMO impact on survival at >1 year. Loforte

et al. not only included patients treated with VA-ECMO but

also intra-aortic balloon pump. The authors demonstrated

in a retrospective analysis of 412 HTX patients that patients

who survived and were treated with intra-aortic balloon

pump or VA-ECMO due to PGD have the same long-term con-

ditional survival rate at 5 years after surgery as patients who

have not suffered from PGD.11

Definition of days alive and out of hospital

Regarding the current literature, two forms to calculate

DAOH have been suggested. The difference consists in the

evaluation of death within the study period. While the first

definition by Ariti et al. counts every day patients were

alive and not in hospital regardless of death within the

observation period,15 the second definition by Myles et al.

assigns DAOH of 0 days if patients die.18 In this study, we

decided to choose the definition by Ariti et al. as this ap-

proach was employed in heart failure patients and thus in a

cohort that is more comparable with HTX patients. Further-

more, 1 year mortality after HTX is reported to be ~15%19

and is therefore higher than in perioperative non-cardiac

surgery settings.20 Overall mortality in our study was 20.8%.

We decided to use the definition by Ariti et al. to calculate

DAOH, as the definition by Myles et al. might underestimate

DAOH after HTX. Nevertheless, we performed a sensitivity

analysis using the definition by Myles et al., which revealed

that the results were comparable (Supporting Information,

Figure S1).

Impact of veno-arterial extracorporeal

membrane oxygenation on days alive and out of

hospital

The findings of our study regarding impact of VA-ECMO on

mortality are in line with the mentioned literature and

confirm that weaned VA-ECMO patients seem to have simi-

lar 1 year survival chances as non-VA-ECMO patients after

HTX. However, in recent years, serious concerns have been

raised if ‘surviving the procedure’ is the only meaningful

measure of outcome. In this context, there might be other

factors from a patient’s point of view such as quality of life

or functionality in daily life. Therefore, more patient-centred

outcomes have been suggested recently. In the present

study, DAOH was chosen as a measure of life impact. Data

on DAOH after HTX do not exist yet so that the results of

our study add new information to the current literature.

First, we could show that DAOH are significantly lower in

patients surviving VA-ECMO due to PGD compared with

non-VA-ECMO patients after HTX. A multivariate linear re-

gression revealed that after adjustment for age, neurological

complications, renal replacement therapy, and duration of

surgery, impact of VA-ECMO on DAOH was still significant.

The only variable that also revealed a significant association

with DAOH was ‘neurological complications’. This clarifies

that despite similar survival rates, VA-ECMO therapy has a

relevant life impact in this cohort. Furthermore, we

investigated not only the absolute number of DAOH at 1 year

but also the duration of hospital stays for specific reasons.

As presented in Table 2, a significant finding was that pa-

tients with VA-ECMO had a longer initial hospital stay com-

pared with patients not treated with VA-ECMO. This

suggests that impact of VA-ECMO therapy due to PGD after

HTX on DAOH is mainly driven by prolonged initial

hospital stay in these patients. The finding is supported by

the fact that important variables such as age, duration of

surgery, duration of cardiopulmonary bypass, and total is-

chaemia time of the donor heart were also significantly

higher in patients who received VA-ECMO therapy after-

wards. Most of these factors are associated with PGD.

However, these findings were not associated with increased

1 year mortality in this study but with notable life impact,

which seems surprising. This depicts the need for new

concepts, especially in cases where long ischaemia or cardio-

pulmonary bypass times cannot be avoided and risk for PGD

is high.

Referring to the existing literature, several studies came

to similar conclusions. For example, Jalowiec et al. found

in a retrospective study with 269 HTX patients that the

length of the initial HTX hospital stay is the third strongest

predictor for rehospitalizations during the first year after

surgery.21 Another large retrospective cohort study by

Crawford et al. included 16 723 HTX patients and revealed

that the risk for a prolonged hospital stay can already be

determined at the time of HTX as it is mainly influenced

by preoperative and intraoperative factors such as cold

ischaemic time.22 But despite the fact that prolonged HTX

surgery (including the other intraoperative variables) could

be a marker for adverse clinical outcomes, our linear regres-

sion model could not detect significant association with

DAOH.

Finally, for the first time, this study provides epidemiologi-

cal data on DAOH after HTX that might serve as a basis for

future clinical trials investigating new methods in the preven-

tion of PGD using DAOH as primary endpoint.

Limitations

This study has several limitations. First, this is a retrospective

single-centre study. However, the majority of our data has

been extracted from a prospectively conducted database.

This ensures high data quality. Unfortunately, relevant pa-

rameters as SOFA score, SAVE score, or maximum lactate

levels could not be assessed retrospectively as they were
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not recorded in this database. Future studies should investi-

gate the impact of VA-ECMO on outcome after HTX with a

prospective design. Second, to assess the influence of

covariates, multivariate linear regression was used. Neverthe-

less, other covariates that have not been included into analy-

sis may have influenced our results. Third, we cannot

guarantee that every hospitalization was reported as patients

may have entered another hospital without our knowledge.

However, HTX patients represent a cohort that is closely

connected to our centre, and it is very unlikely that these

patients are hospitalized elsewhere within the first year after

HTX. Fourth, the sample size of 154 patients in a 10 year

period is rather small, which raises concerns of a potential

centre bias in regard of the overall experience with HTX

patients. However, all our HTX patients are treated by the

same specialized team so that expertise in this area may be

regarded as good. Fifth, patients with other mechanical

circulatory support devices such as combined VA-ECMO and

Impella were not excluded in this study. Future studies

should consider if the use of further devices might have an

influence on DAOH.

Conclusions

Despite similar survival rates, VA-ECMO due to PGD after HTX

has a relevant life impact as these patients spend significantly

more time in hospital during the first year after surgery. Thus,

DAOH may contribute to a more comprehensive assessment

of outcome in this cohort.
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Abstract: Acute kidney injury (AKI), requiring renal replacement therapy (RRT). is a serious com-

plication after orthotopic heart transplantation (HTX). In patients with preexisting impaired renal

function, postoperative AKI is unsurprising. However, even in patients with preserved renal function,

AKI requiring RRT is frequent. Therefore, this study aimed to identify risk factors associated with

postoperative AKI requiring RRT after HTX in this sub-cohort. This retrospective cohort study in-

cluded patients ≥ 18 years of age with preserved renal function (defined as preoperative glomerular

filtration rate ≥ 60 mL/min) who underwent HTX between 2010 and 2021. In total, 107 patients

were included in the analysis (mean age 52 ± 12 years, 78.5% male, 45.8% AKI requiring RRT).

Based on univariate logistic regression, use of extracorporeal membrane oxygenation, postoperative

infection, levosimendan therapy, duration of norepinephrine (NE) therapy and maximum daily

increase in tacrolimus plasma levels were chosen to be included into multivariate analysis. Duration

of NE therapy and maximum daily increase in tacrolimus plasma levels remained as independent

significant risk factors (NE: OR 1.01, 95%CI: 1.00–1.02, p = 0.005; increase in tacrolimus plasma level:

OR 1.18, 95%CI: 1.01–1.37, p = 0.036). In conclusion, this study identified long NE therapy and

maximum daily increase in tacrolimus plasma levels as risk factors for AKI requiring RRT in HTX

patients with preserved renal function.

Keywords: heart failure; cardiac surgery; prognosis; vasopressors; tacrolimus; calcineurin inhibitors

1. Introduction

Acute kidney injury (AKI) is a common complication after orthotopic heart transplan-
tation (HTX) [1,2]. A recent meta-analysis showed that incidences of AKI (according to
KDIGO criteria) and AKI requiring renal replacement therapy (RRT) after HTX were 62.8%
and 11.8%, respectively [3]. AKI post-HTX was associated with reduced long-term and
1-year patient survival [3,4]. In addition, AKI requiring RRT led to massive impairments
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regarding the patient’s quality of life [4,5]. Even in patients with preserved renal function,
the occurrence of postoperative AKI requiring RRT was common [6]. Although some risk
factors for postoperative AKI were previously identified, predictors for AKI in patients
with preserved renal function undergoing HTX are underexplored [3]. Therefore, the aim
of this study was to identify predictors for AKI requiring early RRT after HTX in patients
with preserved renal function.

2. Materials and Methods

The present study was a retrospective, single-center cohort study and was conducted
in compliance with the declaration of Helsinki and the International Society for Heart
and Lung Transplantation (ISHLT) ethics statement. Ethical approval was obtained from
the University of Duesseldorf’s ethic committee (Reference-number: 4567). All patients
were registered in the local dedicated prospective heart transplantation database and gave
written informed consent to be registered. This report follows the “Strengthening the
Reporting of Observational Studies in Epidemiology” (STROBE) guidelines for cohort
studies.

2.1. Participants

All patients ≥ 18 years of age who underwent HTX at the University Hospital Dues-
seldorf, Germany, between 2010 and 2021 were screened for this study. The main inclusion
criterium was preserved renal function before surgery. This was defined as a glomerular
filtration rate (GFR) of ≥60 mL/min calculated from creatinine clearance on the day of
HTX using the “Chronic Kidney Disease Epidemiology Collaboration” (CKD-EPI) formula,
according to our local laboratory standards [7]. Patients with creatinine GFR ≥ 60 mL/min
but preoperative AKI requiring RRT or preoperative CKD requiring hemodialysis were
excluded. Patients with missing preoperative GFR values and incomplete medical records
regarding the primary endpoint were also excluded.

2.2. Outcome Assessment and Data Collection

The primary endpoint of this study was AKI requiring RRT within 72 h after HTX.
AKI was defined according to the Kidney Disease Improving Global Outcome (KDIGO)
criteria. RRT was performed as continuous veno-venous hemodialysis (CVVHD). For data
collection, the local prospective HTX database was screened. Data from this database or
the patient’s medical records were extracted by members of the study team. All data were
double-checked by two persons trained in the study protocol.

2.3. Intraoperative and Postoperative Management

In our center, HTX patients are treated according to standard operating procedures.
Additionally, to ensure a high quality of care, all HTX patients are treated by a small
specialized team. In terms of AKI and RRT, volume management and infusion regimes
may have a strong impact. Infusion regimes did not change during the study period. All
patients received crystalloids as first line infusion therapy. Colloids such as hydroxyethyl
starch or gelatin were not administered after heart transplantation. Albumin was only
administered if the albumin plasma level was low, with a target area of 2.5–4.5 g/dL.
Fresh frozen plasma, platelets and erythrocytes were given according to the cross-sectional
guidelines of therapy with blood components and plasma derivatives by the German
Medical Association.

2.4. Choice of Candidate Variables

To identify candidate variables for analysis, all variables relating to the patient, diag-
nosis, or associated organ dysfunction available in our database were considered. As an
additional variable explored beyond the standard database contents, a maximum daily
increase in tacrolimus plasma levels was separately calculated from daily tacrolimus lev-
els. Firstly, all of these variables were assessed in a univariate analysis. As we observed
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49 events in this study, a maximum of 5 covariables could be included into multivariate
analysis [8]. Therefore, only significant variables in univariate analysis with good evidence
of association with AKI after cardiac surgery were included into this model.

2.5. Statistical Analysis

All statistical analyses were performed using IBM SPSS version 25. Continuous
variables are presented as means with standard deviation or median with interquartile
range as appropriate. Categorical variables are presented as counts and percentages.
Fisher’s exact test and t-tests were used to compare categorical or continuous variables for
descriptive statistics. Binary logistic regression was used for univariate analysis screening
of continuous or dichotomous variables, respectively. For multivariate analysis, binary
multivariate logistic regression was performed to assess independent associations between
chosen variables and AKI requiring RRT. A p-value of <0.05 was considered as significant.

3. Results

3.1. Study Cohort

A total of 206 patients were screened for this study. A sum of 13 patients had
haemodialysis prior to HTX and 86 patients had baseline GFR < 60mL/min. Based on the
inclusion and exclusion criteria, 107 patients were used in the statistical analysis. Figure 1
displays selection process. The mean age of the study cohort was 52 ± 12 years and
84 patients (78.5%) were male. A total of 49 patients (45.8%) received RRT due to AKI after
HTX. Detailed patient characteristics are presented in Table 1.
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Table 1. Patient characteristics.

All HTX Patients with
Preserved Renal

Function (N = 107)

HTX Patients without
AKI Requiring RRT

(N = 58)

HTX Patients with
AKI Requiring RRT

(N = 49)

p-
Value

Baseline characteristics
Male sex no. (%) 84 (78.5) 46 (79.3) 38 (77.6) 0.999

Age (years) 56 ± 12 51 ± 13 53 ± 11 0.356

Body mass index (kg/m2) 25.2 ± 4.9 24 ± 5 26 ± 5 0.100
Comorbidities no. (%)
Arterial hypertension 62 (57.9) 34 (58.6) 28 (57.1) 0.999

Diabetes 19 (17.8) 9 (15.5) 10 (20.4) 0.614
Pulmonary hypertension 11 (10.3) 5 (8.6) 6 (12.2) 0.751

COPD 10 (10.3) 7 (12.1) 3 (6.1) 0.338
During surgery

Cold ischemia time (min) 153 ± 46 156 ± 38 152 ± 54 0.635
Warm ischemia time (min) 64 ± 15 63 ± 15 65 ± 14 0.551

Overall ischemia time (min) 218 ± 46 219 ± 37 216 ± 54 0.829
Cumulative Blood product transfusion (L) 6.2 ± 4.1 5.8 ± 4.3 6.4 ± 3.9 0.492

PRBC transfusion (L) 3.8 ± 2.9 3.6 ± 2.8 3.8 ± 2.3 0.675
FFP transfusion (L) 1.5 ± 1.8 1.2 ± 1.5 1.5 ± 1.5 0.278

Thrombocyte transfusion (L) 1.1 ± 0.9 1.0 ± 0.8 1.1 ± 0.7 0.848
Duration of surgery (min) 444 ± 115 431 ± 114 459 ± 116 0.224

Duration of CPB (min) 265 ± 78 253 ± 70 279 ± 85 0.083
Duration of Reperfusion (min) 132 ± 51 126 ± 49 140 ± 53 0.165

After surgery
VA-ECMO no. (%) 33 (30.8) 9 (15.8) 24 (49.0) <0.0001

CVVHD no. (%) 49 (45.8) 0 (0) 49 (100) <0.0001
All-cause Infection no. (%) 21 (19.6) 6 (10.9) 15 (30.6) 0.015

Resternotomy no. (%) 29 (27.1) 13 (23.6) 16 (33.3) 0.380
Days on ICU 14 (8–27) 10 (6–17) 26 (13–36) 0.002

Length of mechanical ventilation (h) 63 (25–166) 32 (18–76) 155 (49–310) <0.0001
Cumulative Blood product transfusion (L) 9.5 ± 12.7 5.1 ± 5.4 14.6 ± 16.3 <0.0001

PRBC transfusion (L) 3.5 ± 4.3 2.1 ± 3.3 4.9 ± 5.4 0.002
FFP transfusion (L) 5.7 ± 7.1 2.6 ± 2.1 8.1 ± 9.8 <0.0001

Thrombocyte transfusion (L) 1.0 ± 2.0 0.4 ± 0.7 1.4 ± 1.9 0.001
Medication at ICU

Levosimendan no. (%) 23 (21.5) 5 (9.6) 18 (40.0) 0.001
Length of epinephrine therapy (h) 134 ± 126 99 ± 87 163 ± 145 0.043

Length of norepinephrine therapy (h) 134 ± 163 73 ± 58 205 ± 57 <0.0001
Peak tacrolimus plasma level (ng/mL) 12.9 ± 5.8 12.3 ± 5.1 13.6 ± 6.6 0.281
Steepest Increase in tacrolimus plasma

level (ng/mL)
6.4 ± 5.1 4.4 ± 2.4 6.8 ± 6.6 0.037

Laboratory parameters at baseline
GFR (mL/min) 82.3 ± 21.8 85.8 ± 20.6 78.1 ± 22.6 0.070

Bilirubin (mg/dL) 0.7 ± 0.6 0.59 ± 0.47 0.83 ± 0.64 0.072
Albumin (g/L) 4.0 ± 0.8 3.9 ± 0.7 4.0 ± 0.8 0.787
LDH (mg/dL) 308.8 ± 222.2 281 ± 182 339 ± 258 0.210

Quick (%) 49.6 ± 26.7 51 ± 30 47 ± 22 0.456
aPTT (s) 37.9 ± 10.6 37 ± 9 39 ± 12 0.354

Hemoglobin (g/dL) 11.9 ± 2.2 12.1 ± 2.0 11.7 ± 2.3 0.309
Hematocrite (%) 36.7 ± 5.9 37.1 ± 5.5 36.2 ± 6.5 0.450

HTX = Heart Transplantation; COPD = Chronic Obstructive Pulmonary Disease; PRBC = packed red blood cells; FFP = Fresh frozen plasma;
CPB = Cardiopulmonary Bypass; VA-ECMO = Veno-Arterial Extracorporeal Membrane Oxygenation; CVVHD = Continuous Veno-Venous
Hemodialysis; ICU = Intensive Care Unit; GFR = Glomerular Filtration Rate; LDH = Lactate Dehydrogenase; aPTT = Activated Partial
Thromboplastin Time.

3.2. Univariate Analysis

From our local HTX database, we could assess 41 variables in univariate analysis
(see Table A1). The following 9 variables were significantly associated with AKI requiring
RRT in this first part of analysis (see Table 2): Post-HTX use of extracorporeal membrane
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oxygenation (ECMO) (OR 5.12, 95%CI: 2.07–12.67, p = 0.0004), post-HTX new onset of
any infection (OR 3.60, 95%CI: 1.27–10.22, p = 0.016), post-HTX levosimendan therapy
(OR 6.27, 95%CI: 2.09–18.79, p = 0.001), post-HTX duration of norepinephrine (NE) ther-
apy (OR 1.01, 95%CI: 1.00–1.02, p = 0.002), post-HTX amount of blood products on ICU
(OR 1.00, 95%CI: 1.00–1.00, p = 0.0004), post-HTX length of ICU stay (OR 1.04, 95%CI:
1.01–1.08, p = 0.008), post-HTX length of mechanical ventilation (OR 1.02, 95%CI: 1.01–1.02,
p = < 0.0001), peak tacrolimus plasma level within first 72 h (OR 1.15, 95%CI: 1.03–1.27,
p = 0.011), and maximum daily increase in tacrolimus plasma levels within first 72 h post-
HTX (OR 1.14, 95%CI: 1.01–1.29, p = 0.041).

Table 2. Univariate logistic regression for significant variables associated with acute kidney injury requiring renal replace-

ment therapy after heart transplantation.

Variables for Univariate Logistic Regression OR 95%CI p-Value

ECMO after surgery 5.12 2.07–12.67 0.0004
All cause infection after surgery 3.60 1.27–10.22 0.016

Days at ICU 1.04 1.01–1.08 0.008
Length of mechanical ventilation 1.02 1.01–1.02 <0.0001

Cumulative blood product transfusion at ICU 1.00 1.00–1.00 0.0004
Levosimendan therapy 6.27 2.09–18.79 0.001

Duration of norepinephrine therapy 1.01 1.00–1.02 0.002
Max. daily increase in Tacrolimus plasma levels first 72 h 1.14 1.01–1.29 0.041

Tacrolimus peak concentration first 72 h 1.15 1.03–1.27 0.011

ECMO = Extracorporeal Membrane Oxygenation; ICU = Intensive Care Unit; OR = Odds Ratio; CI = Confidence Interval.

3.3. Multivariate Analysis

Based on the literature research, the following five of the nine significant variables were
included into multivariate binary logistic regression (see Table 3): ECMO [9–11], all cause
infection after surgery [12,13], levosimendan [14–16], duration of NE therapy [17–19] and
increase in Tacrolimus plasma levels [18,20,21]. Evidence for the choice to include these five
variables can be found as references next to each variable. Multivariate analysis revealed an
independent significant influence of duration of NE therapy and maximum daily increase
in tacrolimus plasma levels on AKI requiring RRT (NE: OR 1.01, 95%CI: 1.00–1.02, p = 0.005;
increase in tacrolimus plasma level: OR 1.18, 95%CI: 1.01–1.37, p = 0.036). In addition,
there was a nonsignificant trend for VA-ECMO due to primary graft dysfunction after HTX
[OR 4.54, 95%CI: 0.96–21.43; p = 0.056].

Table 3. Multivariate logistic regression for variables predicting acute kidney injury requiring renal replacement therapy

after heart transplantation.

Variables for
Multivariate

Logistic Regression

Regression
Coefficient

Standard Error OR 95%CI p-Value

ECMO after surgery 1.513 0.792 4.54 0.96–21.43 0.056
All cause infection after surgery −0.339 0.948 0.71 0.11–4.57 0.720

Duration of norepinephrine therapy 0.013 0.005 1.01 1.00–1.02 0.005
Levosimendan therapy 0.154 0.870 1.17 0.21–6.42 0.860

Max. daily increase in Tacrolimus
plasma level first 72 h

0.162 0.077 1.18 1.01–1.37 0.036

ECMO = Extracorporeal Membrane Oxygenation; OR = Odds Ratio; CI = Confidence Interval.
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4. Discussion

With our results we could show that prolonged NE therapy and maximum daily
increase in tacrolimus plasma levels seem to be associated with early postoperative AKI
requiring RRT after HTX in patients with preserved renal function.

4.1. Risk Factors for AKI Requiring RRT after HTX in the Literature

According to a recent meta-analysis, incidence of AKI is high, with up to 62.8% after
HTX. Therefore, its prevention is a topic of interest for clinicians as AKI is associated with
higher mortality rates [3]. Hence, the identification of risk factors for AKI after HTX was the
focus of previous research. However, predictors for patients with preserved renal function
is lacking. Previous cohort studies investigating HTX patients identified several patient
related peri- and post-operative risk factors for AKI, as reported in the meta-analysis
of Thongprayoon et al. [3]. Most of these variables were available in our database and
therefore were included into univariate analysis (Table A1). Besides these variables, Euro-
score, levels of Troponin I, use of Cyclosporine, right ventricular failure with higher right
atrial pressure and high pulmonary vascular resistance or cardiac tamponade were reported
to have association with postoperative AKI after HTX [3]. However, these variables were
not accessible in our database. Only a few variables could be identified as associated
with early onset AKI requiring RRT in patients with preserved renal function undergoing
HTX. In line with the current literature, we can confirm that postoperative VA-ECMO
therapy [22], high tacrolimus levels [20], the amount of transfusions [23], therapy with
levosimendan for right ventricular failure [24], and duration of mechanical ventilation [25]
were associated with AKI requiring RRT. However, out of all variables only the duration of
NE therapy and maximum daily increase in tacrolimus plasma levels remained significant
in our multivariable logistic regression.

4.2. The Role of Tacrolimus in Early AKI Requiring RRT

Tacrolimus is a crucial component of immunosuppressive therapy after HTX and
is commonly started directly after surgery. However, nephrotoxicity by reduced renal
blood flow is an adverse side effect, which can potentially aggravate the risk for early
onset AKI [26,27]. Previous studies have already shown that high peak concentrations,
above the therapeutic window of 8–12 ng/mL, are associated with AKI in post-transplant
patients [18,20,21]. Sikma and co-authors demonstrated, in a retrospective cohort study
including 110 patients, that supratherapeutic tacrolimus concentrations are independently
associated with the development of AKI in adult HTX patients [20]. Miano and co-authors
investigated early tacrolimus concentrations in 484 lung transplant recipients and also
found that early tacrolimus exposure was an independent risk factor for AKI [21]. How-
ever, utility of this marker in predicting AKI is unclear as tacrolimus concentrations can
be influenced by metabolic disorders which are also associated with AKI. Postoperative
organ failure due to infection or sepsis could lead to impaired metabolization of tacrolimus,
resulting in high plasma levels. In this context, a previous study of Percy et al. could show
elevated Tacrolimus plasma levels in patients transplanted with a kidney and concomitant
infection [28]. In our study, we demonstrated that tacrolimus peak plasma concentration
within the first 72 h after HTX was associated with early onset AKI. Additionally, we
showed that high maximum daily increase in tacrolimus plasma levels within the first 72 h
was an independent predictor of AKI after HTX. In this study, postoperative infection was
also associated with AKI but max. daily increase in tacrolimus plasma levels showed an
independent association with AKI in multivariable logistic regression. This aspect, in addi-
tion to avoiding peak plasma concentration outside the therapeutic window, might have a
significant impact in the clinical prevention of AKI after HTX. Our findings complement
the limited literature in this field and should be investigated in larger, prospective trials. To
avoid early postoperative AKI, alternative concepts for postoperative immunosuppressive
therapy were previously proposed. In this context, calcineurin inhibitor-free induction
therapy with basiliximab or anti-thymocyte globulin (ATG) showed reduced incidence of
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postoperative AKI after HTX as compared to calcineurin inhibitors [29]. Another concept
to avoid high Tacrolimus peak plasma concentrations is use of extended-release tacrolimus.
The extended release of the substance decreases the maximum concentrations while im-
munosuppressive effects seem to be non-inferior to regular Tacrolimus [30]. However,
impact on early acute kidney injury after HTX is underexplored and should be investigated
in future trials.

4.3. The Role of Norepinephrine in Early AKI Requiring RRT

In the present study, we found that duration of NE therapy was associated with AKI
requiring RRT in patients with preserved renal function after HTX. Nephrotoxic properties
of vasoactive agents by constriction of afferent renal blood vessels are critically discussed.
In this context, Jocher et al. showed that elevated vasoactive inotropic score at 24 h after
surgery was an independent risk factor for early onset AKI in 228 HTX patients [17]. The
vasoactive inotropic score is used to objectively quantify the cardiovascular support of
different vasoactive drugs. A high vasoactive inotropic score is associated with poor
outcomes [31]. Interestingly, mean arterial blood pressure did not differ between AKI
and non-AKI patients in the study of Jocher et al. This could lead to the conclusion that
use of vasoactive drugs such as NE may directly impair renal blood flow leading to AKI.
Nevertheless, adequate mean arterial blood pressure, resulting from vasoactive support,
only insufficiently reflects cardiac output and organ perfusion. Microvascular perfusion
can be affected by excessive vasopressors therapy to achieve mean arterial pressure goals
while cardiac output remains low [32]. This aligns with our findings, where we showed an
association between duration of NE therapy and AKI. Unfortunately, we were not able to
assess vasoactive inotropic score. However, a major limit of vasoactive inotropic score is
that it can only depict vasoactive support at one specific time point. Hence, the incidence of
AKI could depend on dosing and duration of NE infusion and needs further investigation.
Another study could reveal that use of dopamine, another vasoactive drug, was associated
with AKI after liver transplantation [18]. However, these results are contradicting as Carrier
et al. could not show any association between use of vasopressors and AKI requiring RRT
after liver transplantation [33]. Once again, the postoperative use of vasoactive drugs such
as NE can modify fluid balance or arise from low intravascular volume after HTX, resulting
in decreased renal blood flow and therefore marks another risk factor for AKI [33,34].

4.4. Limitations

This study has several limitations that need to be addressed. Firstly, the incidence of
early onset AKI requiring RRT in this study was high. This must be taken into account when
interpreting our results. Secondly, as our sample size was rather small, we were not able to
include all significant variables of the univariate model into multivariate analysis. However,
some of these variables, such as prolonged ICU stay, might rather be associated with AKI
than being a predictor for AKI. Thus, a larger sample size might enable the identification of
more independent risk factors for AKI requiring RRT. Thirdly, this study had a retrospective
design, therefore data assessment was limited to our database. Unfortunately, we could not
assess vasoactive inotropic score. However, a huge amount of our data could be extracted
from this prospectively conducted database, which should ensure a higher quality of data.
Nevertheless, further studies should re-investigate our findings with a prospective design.

5. Conclusions

This study identified prolonged vasopressor therapy and high maximum daily in-
crease in tacrolimus plasma concentrations as independent risk factors for early onset
AKI requiring RRT after HTX in patients with preserved renal function. These results are
clinically relevant and new therapeutic approaches for HTX patients are urgently needed.
In this context, the role of calcineurin inhibitor free induction therapy or extended-release
tacrolimus should be investigated.
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Appendix A

Table A1. Univariate logistic regression for identification of variables associated with acute kidney injury requiring renal

replacement therapy after heart transplantation.

Variables for Univariate
Logistic Regression

OR 95%CI p-Value

ECMO after surgery 5.12 2.07–12.67 0.0004
All cause infection after

surgery
3.60 1.27–10.22 0.016

Days at ICU 1.04 1.01–1.08 0.008
Length of mechanical

ventilation
1.02 1.01–1.02 <0.0001

Cumulative blood product
transfusion at ICU

1.00 1.00–1.00 0.0004

Levosimendan therapy 6.27 2.09–18.79 0.001
Duration of norepinephrine

therapy
1.01 1.00–1.02 0.002

Max. daily increase in
Tacrolimus plasma level first

72 h
1.14 1.01–1.29 0.041

Tacrolimus peak
concentration first 72 h

1.15 1.03–1.27 0.011

Duration of epinephrine
therapy

1.00 1.00–1.01 0.057

Age (Recipient) 1.02 0.98–1.05 0.353
Sex (Recipient) 1.11 0.44–2.80 0.825
BMI (Recipient) 1.07 0.99–1.16 0.103

Bilirubin (Recipient) 2.27 0.92–5.58 0.075
Hemoglobin (Recipient) 0.91 0.76–1.09 0.307

Albumin (Recipient) 1.11 0.53–2.34 0.782
Prior cardiac surgery

(Recipient)
1.50 0.64–3.52 0.349

Prior ventricular assist device
(Recipient)

1.22 0.56–2.66 0.624

Prior resuscitation (Recipient) 1.22 0.42–3.53 0.715
Diabetes (Recipient) 1.40 0.52–3.77 0.511

Hypertension (Recipient) 0.94 0.44–2.03 0.877
Pulmonary hypertension

(Recipient)
1.48 0.42–5.18 0.540
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Table A1. Cont.

Variables for Univariate
Logistic Regression

OR 95% CI p-Value

COPD (Recipient) 0.48 0.12–1.95 0.301
Age (Donor) 1.01 0.98–1.05 0.417
Sex (Donor) 0.93 0.43–2.00 0.852
BMI (Donor) 0.94 0.86–1.02 0.140

Hypertension (Donor) 1.14 0.35–3.72 0.834
Diabetes (Donor) 0.64 0.10–3.95 0.631

Creatine kinase peak (Donor) 1.00 1.00–1.00 0.461
Hemoglobin (Donor) 1.13 0.96–1.34 0.141

LVEF (Donor) 0.98 0.93–1.03 0.403
IABP after surgery 1.54 0.33–7.25 0.584

Graft rejection after surgery 0.36 0.07–1.85 0.22
CMV after surgery 0.56 0.05–6.42 0.644

Resternotomy 1.62 0.68–3.83 0.277
Duration of CPB 1.01 0.99–1.01 0.089

Duration of Reperfusion 1.01 0.99–1.01 0.172
Duration of surgery 1.00 0.99–1.01 0.224
Cold ischemic time 0.99 0.99–1.01 0.632

Warm ischemic time 1.01 0.98–1.03 0.547
Total ischemic time 0.99 0.99–1.01 0.822

ECMO = Extracorporeal Membrane Oxygenation; ICU = Intensive Care Unit; BMI = Body Mass Index; COPD = Chronic Obstruc-
tive Pulmonary Disease; LVEF = Left Ventricular Ejection Fraction; IABP = Intra-Aortic Balloon Pump; CMV = Cytmegalovirus;
CPB = Cardiopulmonary Bypass; OR = Odds Ratio; CI = Confidence Interval.
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Abstract: Background: The number of patients waiting for heart transplantation (HTX) is increasing.

Optimizing the use of all available donor hearts is crucial. While mortality seems not to be affected

by donor cardiopulmonary resuscitation (CPR), the impact of donor CPR on days alive and out of

hospital (DAOH) is unclear. Methods: This retrospective study included adults who underwent

HTX at the University Hospital Duesseldorf, Germany from 2010–2020. Main exposure was donor-

CPR. Secondary exposure was the length of CPR. The primary endpoint was DAOH at one year.

Results: A total of 187 patients were screened and 171 patients remained for statistical analysis.

One-year mortality was 18.7%. The median DAOH at one year was 295 days (interquartile range

206–322 days). Forty-two patients (24.6%) received donor-CPR hearts. The median length of CPR was

15 (9–21) minutes. There was no significant difference in DAOH between patients with donor-CPR

hearts versus patients with no-CPR hearts (CPR: 291 days (211–318 days) vs. no-CPR: 295 days

(215–324 days); p = 0.619). Multivariate linear regression revealed that there was no association

between length of CPR and DAOH (unstandardized coefficients B: −0.06, standard error: 0.81,

95% CI −1.65–1.53, p = 0.943). Conclusions: Donor CPR status and length of CPR are not associated

with reduced DAOH at one year after HTX.

Keywords: heart failure; heart transplantation; cardiopulmonary resuscitation; patient centered

outcomes; quality of life; mortality

1. Introduction

The number of patients waiting for heart transplantation (HTX) is constantly increasing
due to factors such as demographic shift and improved medical treatment [1–8]. The
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number of available donor hearts, however, does not match the high demand for these
organs. According to Eurotransplant’s annual report for Germany, 329 donor hearts were
transplanted in the year 2021, while 727 patients remained on the waiting list for HTX at
the end of the year [9]. To maximize the benefit from available donor organs, it is crucial to
optimize the allocation of potential donor hearts.

One criterion to consider in the allocation is a status of cardiopulmonary resuscitation
(CPR) of the donor. Recent studies showed that mortality was not altered by the usage
of donor CPR hearts after HTX, even when adjusted for longer durations of CPR and no-
flow-time [10–13]. However, from a patient point of view, there might be other important
factors next to solely survive and it is unclear how donor CPR affects patient quality of life.
Days alive and out of hospital (DAOH) has been suggested as an alternative endpoint to
quantify life impact, as it captures mortality, re-hospitalizations, and quality of life to an
extent [14–17]. In this study, we evaluated the impact of donor CPR on DAOH in patients
undergoing HTX. Our primary hypothesis was that, consistent with the existing mortality
data, there might be no difference in DAOH after HTX when donor-CPR hearts were used
compared with donor hearts without CPR. Another objective was to analyze the effect of
CPR length on DAOH.

2. Materials and Methods

This study was conducted as a retrospective cohort study at the University Hospital
Duesseldorf in accordance with the declaration of Helsinki and the guidelines for good
clinical practice. The ethical review board of the Heinrich Heine University Duesseldorf
approved the study protocol (reference number 4567). As all patients gave their written
informed consent to be included in the prospective heart transplantation database of the
University Hospital Duesseldorf, the need for additional written informed consent for
this retrospective analysis could be waived. The present analysis complements a recent
analysis by M’Pembele et al. (under review) which investigated life impact of perioperative
variables after HTX. All included variables in this study were based on a meta-analysis [18].
As donor-CPR was not included into this meta-analysis (and consequently not included
into the study), this separate analysis was performed.

This report was written according to the “Strengthening the Reporting of Observational
studies in Epidemiology” (STROBE) guidelines [19].

2.1. In- and Exclusion Criteria/Study Participants

Inclusion criteria for this study were defined as HTX from September 2010 to December
2020 at our institution and age ≥18 years. Exclusion criteria were: incomplete medical
records and missing data regarding the main exposures and/or the primary endpoint.
Patients were then divided into two groups according to their main exposure: patients
receiving hearts of donors that underwent cardiopulmonary resuscitation (donor-CPR-
group) and patients receiving CPR-naive hearts (no-CPR-group). As a secondary exposure,
we analyzed the length of CPR. All data were extracted from the local HTX database, as
well as from electronic medical charts and included patient characteristics, medical history,
and hospitalizations within one year.

2.2. Measurement of Endpoint DAOH

The primary endpoint of this study was days alive and out of hospital (DAOH) at
one year after HTX. The calculation of DAOH was performed in the same manner as
reported previously [16,17]. Briefly, DAOH is equal to the sum of days in hospital for one
patient, subtracted from 365 days. In the case that a patient did not survive until one year
after HTX, the difference between days survived and 365 days was added to the sum of
days in hospital before subtraction from 365. Hospitalizations were defined as planned
or unplanned stays of at least one day in hospital. As all HTX patients are very closely
connected to our center, it is very unlikely that there were external hospitalizations without
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our knowledge. As a secondary endpoint, we analyzed mortality at one year after HTX to
oppose this endpoint with DAOH.

2.3. Statistical Analysis

Statistical analysis was performed using GraphPad Prism© (Version 8.02, LaJolla,
CA, USA) and IBM SPSS© (Version 26.0, Armonk, NY, USA). Continuous variables are
reported as mean ± standard deviation (SD) or as median with interquartile ranges (IQR)
whenever appropriate, while categorical variables are presented as absolute numbers and
percentages.

To compare DAOH depending on the donor-CPR status, we performed a Mann–
Whitney U test. In order to assess the impact of the CPR length, we stratified the donor-CPR
group by quartiles of CPR duration in four groups (<9 min, 9–14 min, 15–21 min, and
>21 min) of similar size. Group comparison was performed with a Kruskal–Wallis test
adjusted for multiple comparisons. Further, we conducted univariable linear regression
to quantify the potential correlation between donor-CPR duration and DAOH. This was
expanded by a multivariate linear regression model adjusting for donor age, mechanical
ventilation, and renal replacement therapy based on M’Pembele et al. 2022 (under review).
Finally, univariate survival analysis of donor-CPR- and no-CPR patients was conducted by
computing Kaplan–Meier curves.

3. Results

In total, 187 patients underwent HTX at out center from September 2010 to December
2020. After exclusion of 16 (6.4%) patients due to missing data regarding CPR length or
DAOH, 171 eligible patients were identified and analyzed, of which 42 (24.6%) received
hearts from donors that underwent cardiopulmonary resuscitation (see Figure 1).

Figure 1. Study flow chart.

Mean age for recipients was 54 ± 11 years, 74 out of 171 (43%) patients were female.
Mean age for donors was 43 ± 13 years. The median length of CPR was 15 min (IQR:
9–21 min). The inotropic dobutamine was administered to 21% of the donors with CPR
status and to 9% of the no-CPR donors. Recipients and donor characteristics are specified
in detail in Table 1. Overall, 32 (18.7%) patients had died after one year. Median DAOH
after one year for the entire cohort was 295 (interquartile range (IQR) 206–322 days).
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Table 1. Patient characteristics.

All (n = 171) Donor-CPR (n = 42) No-CPR (n = 129)

Baseline Characteristics of Recipients in Mean ± SD/n (%)

Male/female 97/74 32/10 65/64

Age (years) 54 ± 11 56 ± 10 54 ± 12

BMI (kg/m2) 26 ± 5 27 ± 5 25 ± 5

Creatinine (mg/dL) 1.4 ± 1.0 1.4 ± 0.7 1.4 ± 1.1

Diabetes present 34 (20) 8 (19) 26 (20)

Baseline characteristics of donors in mean ± SD/n (%)

Male/female 97/74 32/10 65/64

Mismatched sex 51 (30) 6 (14) 45 (35)

Age (years) 43 ± 13 38 ± 12 44 ± 13

BMI (kg/m2) 26 ± 4 26 ± 5 26 ± 3

Diabetes present 11 (6) 1 (2) 10 (8)

Last dosage of norepinephrine
(µg/kg/min)

0.13 ± 0.2 0.08 ± 0.08 0.14 ± 0.23

Donors with dobutamine 20 (12) 9 (21) 11 (9)

Last dosage of dobutamine
(µg/kg/min)

3.51 ± 1.42 3.32 ± 0.81 3.67 ± 1.75

Preoperative morbidities

Requirement of LVAD 88 (51) 23 (55) 65 (50)

Arterial hypertension 102 (60) 31 (74) 71 (55)

Pulmonal hypertension 18 (11) 5 (12) 13 (10)

Previous cardiothoracic
surgeries

110 (64) 30 (71) 80 (62)

CMV IgG present 83 (49) 18 (43) 65 (50)

Intraoperative conditions

total ischemic time (min) 219 ± 52 219 ± 40 219 ± 55

Postoperative conditions

Dialysis 100 (58) 26 (62)

VA-ECMO 51 (30) 15 (36) 36 (28)

Assisted ventilation (h) 151 ± 194 177 ± 207 142 ± 188

Underlying diseases requiring HTX

DCM 91 (53) 19 (45) 72 (56)

ICM 67 (40) 19 (45) 48 (37)

HCM 3 (2) 1 (2) 2 (2)

ARVCM 6 (4) 1 (2) 5 (4)

Others 4 (2) 2 (5) 2 (2)

Endpoints

DAOH 295 (206, 322) 291 (211, 318) 295 (215, 324)
BMI = Body mass index, LVAD = left ventricular assist device, DCM = dilated cardiomyopathy, ICM = is-
chemic cardiomyopathy, HCM = hypertrophic cardiomyopathy, ARVCM = arrhythmogenic right ventricular
cardiomyopathy, VA-ECMO = veno-arterial extracorporeal membrane oxygenation, DAOH = days alive and out
of hospital.
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There was no significant difference in DAOH after one year between donor-CPR
patients: 291 days (IQR: 211–318 days) vs. no-CPR patients: 295 days (IQR: 215–324 days;
p = 0.619, see Figure 2). There was also no difference in DAOH when stratified by CPR
duration (see Figure 3).

Figure 2. Comparison of days alive and out of hospital at one year after heart transplantation between
patients who received donor hearts with and without history of cardiopulmonary resuscitation.

Figure 3. Days alive and out of hospital at one year after heart transplantation by quartile of
cardiopulmonary resuscitation duration of donor hearts.
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3.1. Univariate and Multivariate Linear Regression

Univariate linear regression showed that there was no association between length
of CPR and DAOH (unstandardized coefficients B: −0.208, standard error: 1.42, 95%
CI −3.078–2.662, p = 0.884). According to multivariate linear regression, the association
between length of donor-CPR and DAOH was still not significant (unstandardized coef-
ficients B: −0.06, standard error: 0.81, 95% CI −1.65–1.53, p = 0.943), whereas significant
associations of known risk factors for low DAOH were unaffected (see Table 2).

Table 2. Multivariate linear regression for the association between length of donor-CPR and DAOH
at one year after heart transplantation.

Variables
Unstandardized

B
Std.

Error
Standardized

Beta
Lower Bound

95% CI
Upper Bound

95% CI
p-Value

Donor age −2.26 0.61 −0.25 −3.47 −1.05 <0.0001

Length of mechanical ventilation −0.23 0.04 −0.38 −0.32 −0.14 <0.0001

Postoperative RRT −50.84 17.18 0.21 −84.76 −16.91 0.004

Length of Donor CPR −0.06 0.81 −0.005 −1.65 1.53 0.943

Std = Standard; CI = Confidence Interval; RRT = Renal Replacement Therapy; CPR = Cardiopulmonary Resuscitation.

3.2. Kaplan–Meier Analysis

Survival analysis by Kaplan–Meier method revealed that there was no significant
difference between donor-CPR- and no-CPR-patients regarding survival rates at one year
after HTX (donor-CPR patients = 79.9% versus no-CPR patients = 85.8%; hazard ratio = 1.39
(95% CI 0.62 to 3.10, p = 0.41) (see Figure 4).

−
−

− −

− − − −

− − − −

− − −
− − −

Figure 4. Comparison of survival at one year after heart transplantation between patients who
received donor hearts with and without history of cardiopulmonary resuscitation.

4. Discussion

The current study aimed to analyze the impact of donor-CPR on DAOH after HTX.
Our findings are in line with data on survival and suggest that a status of donor-CPR as
well as the length of CPR do not negatively affect DAOH after one year.
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Mehdiani and colleagues have shown in a retrospective study that postoperative
morbidity and one-year mortality are not affected by CPR prior to organ donation in heart
transplant patients [10]. From this, the authors drew the conclusion that donor hearts
should not be rejected due to a history of CPR. Cheng et al. examined whether different
durations of CPR prior to organ donation affected postoperative outcomes and survival [11].
Although a trend towards lower survival rates for longer CPR times prior to organ donation
seemed to emerge from their data, this trend did not reach statistical significance.

Even earlier than that, the group around Quader and colleagues conducted a retrospec-
tive analysis of a large number of cases of HTX in the USA (n = 29,242, n = 1396 with history
of CPR), reaching the conclusion that cardiac arrest and subsequent cardiopulmonary re-
suscitation did not induce poorer outcomes for the recipients [20]. Interestingly, a possible
explanation cited by Quader et al. for why these CPR-positive hearts do not negatively
affect mortality is the lack of comorbidities and generally younger age of these donors. In
our cohort, donors in the donor-CPR group were not significantly younger, but were not
more likely to have diabetes mellitus.

Literature on quality of life after HTX is abundant and consensually agrees that organ
transplant positively affects most aspects commonly assessed in surveys (see for example,
the reviews of Rosenberger et al., and more recently, Tackmann and Dettmer) [21,22].
However, such studies seldomly assess donor characteristics for their analyses and are,
thus, not useful to determine the impact of CPR status of the donor on recipient QOL. To
the best of our knowledge, at the time of writing this report, there are no studies comparing
QOL between recipients from CPR-subjected donors vs. CPR-naive donors. We also could
not find any report on DAOH for these two groups.

Seeing the scarcity of data on patient-centered outcomes, our study could further
assist physicians when making choices on donor eligibility and organ allocation. Of course,
clinicians primarily have to answer the question if suitable patients for HTX are able to
survive when receiving a donor heart with a history of CPR. However, after successful
HTX, this focus might change and factors related to functional capacity and QOL might
get more and more important. From our point of view, being in hospital is not compatible
with good QOL. Consequently, the number of days patients are alive and not hospitalized
(=DAOH) after HTX might be an appropriate measure of long-term life impact and QOL to
an extent. Referring to our data, the lack of significant difference in DAOH between our
study cohorts thus might be interpreted as an additional measure of safety and suitability
for CPR-positive donor hearts in regard to patient quality-of-life. Additionally, fewer days
in hospital means less financial burden on healthcare systems, and DAOH might be used
as a surrogate marker for healthcare costs.

Strengths and Limitations

Our current study is subject to the usual limitations that incur for retrospective anal-
yses. However, our center’s HTX database is collected prospectively, which can serve to
ensure the quality of the data we analyzed. This study also suffers from being limited to a
single center and having a modest sample size. Another limitation is the impossibility of
including hospitalizations outside of our university hospital into the DAOH calculation.
Although patients that underwent HTX at our center are closely connected and normally
referred to us for care, we cannot exclude missing data on hospital stays, which might alter
the results of our calculations.

On the other hand, the usage of DAOH as our endpoint bears the strength of includ-
ing an objective quantification of QOL and healthcare costs, in addition to the standard
assessment of mortality alone. A further strength of this study is the one year follow-up
period.

5. Conclusions

With this study, we were able to show that donor CPR status and length of CPR are
not associated with a reduction of DAOH at one year after HTX. Our findings emphasize
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the approach that CPR status might be regarded as a less important factor when deciding
on donor eligibility and allocation, even for extended durations of CPR. Importantly, the
results of this study should be reproduced in larger cohorts with a prospective design
before final conclusions can be drawn.
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Validation of days alive 
and out of hospital as a new 
patient‑centered outcome 
to quantify life impact after heart 
transplantation
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The number of patients waiting for heart transplantation (HTX) is increasing. Thus, identification 
of outcome-relevant factors is crucial. This study aimed to identify perioperative factors associated 
with days alive and out of hospital (DAOH)—a patient-centered outcome to quantify life impact—
after HTX. This retrospective cohort study screened 187 patients who underwent HTX at university 
hospital Duesseldorf, Germany from September 2010 to December 2020. The primary endpoint was 
DAOH at 1 year. Risk factors for mortality after HTX were assessed in univariate analysis. Variables 
with significant association were entered into multivariable quantile regression. In total, 175 
patients were included into analysis. Median DAOH at 1 year was 295 (223–322) days. In univariate 
analysis the following variables were associated with reduced DAOH: recipient or donor diabetes 
pre-HTX, renal replacement therapy (RRT), VA-ECMO therapy, recipient body mass index, recipient 
estimated glomerular filtration rate (eGFR) and postoperative duration of mechanical ventilation. 
After adjustment, mechanical ventilation, RRT, eGFR and recipient diabetes showed significant 
independent association with DAOH. This study identified risk factors associated with reduced 
DAOH at 1-year after HTX. These findings might complement existing data for outcome of patients 
undergoing HTX.
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HTX	� Heart transplantation
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RRT​	� Renal replacement therapy
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SD	� Standard deviation
VA-ECMO	� Veno-arterial extracorporeal membrane oxygenation

Orthotopic heart transplantation (HTX) is a complex procedure which is carried out at specialized centers1. As 
the number of patients waiting for HTX is constantly increasing, e�cient perioperative resource management 
and a careful selection of donors and suitable patients for HTX are highly relevant2. To optimize perioperative 
resource management, the identi�cation of outcome-relevant perioperative factors in HTX patients is crucial. 
Previous studies tried to identify factors associated with poor outcome and mostly focused on hard endpoints 
such as mortality3,4. A high-quality meta-analysis by Foroutan et al. investigated in�uence of di�erent recipient-, 
donor- and transplant-associated variables on 1-year mortality a�er HTX5. Donor and recipient age, creatinine 
concentration, mechanical ventilation, recipient diabetes and mechanical circulatory support were identi�ed to 
be signi�cantly associated with 1-year mortality in HTX patients5.

Recently, more patient centered outcomes have been investigated in HTX patients as traditional mortality 
analysis might be insu�cient to measure life impact. Days Alive and Out of hospital (DAOH) is a statistically 
e�cient patient-centered outcome to measure life impact of a procedure6,7. Further advantages of DAOH are 
that it is easy to measure, readily available and it can be regarded as a composite of multiple clinically relevant 
outcomes including mortality, length and number of (re-)hospitalization and—indirectly—health care costs 
due to hospitalizations. A previous study showed that veno-arterial extracorporeal membrane oxygenation 
(VA-ECMO) therapy due to primary gra� dysfunction has critical life impact at 1-year a�er HTX measured 
by DAOH8. Interestingly, patients who could be successfully weaned from VA-ECMO showed lower DAOH as 
compared to patients without primary gra� dysfunction whilst 1-year mortality did not di�er between groups in 
this study. �is �nding illustrates utility of DAOH and emphasizes clinical importance of this outcome beyond 
traditional endpoints.

Beside VA-ECMO therapy further important factors might be associated with reduced DAOH in HTX 
patients. However, evidence on prognostic factors for DAOH a�er HTX is very limited. Identi�cation of those 
risk factors is crucial to complement survival data. �erefore, the present study aimed to identify donor-, recipi-
ent- and procedure-related prognostic variables for DAOH at 1-year a�er HTX.

Patients and methods
Study design and ethical statement.  �is retrospective single-center cohort study was conducted in 
compliance with the Declaration of Helsinki, guidelines for good clinical practice (GCP) and the International 
society for Heart and Lung Transplantation (ISHLT) ethics statement. Ethical approval for this retrospective 
study was obtained on 25th of January 2021 from the University of Duesseldorf ’s ethics committee (reference 
number: 4567). All patients gave written informed consent to be registered in a local prospective HTX database 
in the past so that the ethics committee waived the need for additional written informed consent for this ret-
rospective analysis. �e “Strengthening the Reporting of Observational Studies in Epidemiology” (STROBE) 
guidelines were used for standardized reporting of the study results9.

Participants.  All consecutive patients aged ≥ 18 years who underwent HTX at the University Hospital Dues-
seldorf, Germany from September 2010 to December 2020 were included. Patients with missing data and incom-
plete medical records regarding the primary endpoint were excluded.

Outcome assessment.  DAOH at 1 year a�er HTX was the primary endpoint of this study. Calculation of 
DAOH was performed as previously described8,10. In brief, all days of hospitalization in the �rst year a�er HTX 
were summed up and subtracted from 365 days. Outpatient visits and emergency department visits not exceed-
ing 24 h were excluded from DAOH analysis. In case of mortality within the �rst year a�er HTX, days the patient 
did not survive were added to days of hospitalization before subtracting them from 365 days. Notably, DAOH 
does include the time spent in cardiac rehabilitation centers or similar institutions patients were transferred to 
a�er hospital discharge. All HTX patients are closely connected to our center so that external hospitalizations 
without our knowledge are very unlikely.

Data collection.  Data of patients were derived from the continuously updated local prospective HTX data-
base and the patient’s electronic medical records. �ese data consisted of patient characteristics, comorbidities, 
information on treatment and complications during hospital stay, as well as date of mortality and days of hospital 
stay during the �rst year a�er HTX.

Identification of included variables.  We primarily based the choice of variables on a meta-analysis by 
Foroutan et al. which summarized risk factors for 1-year mortality a�er HTX5. We considered all variables which 
were included into the �nal forrest-plot, regardless of signi�cant association with 1-year mortality. Selected 
variables which were available in our prospective HTX database were included into analysis. Accordingly, the 
following 19 prede�ned recipient-, donor- and transplant-related variables were included: (1) preoperative vari-
ables: recipient age, recipient sex, underlying disease, recipient diabetes, recipient estimated glomerular �ltra-
tion rate (eGFR), recipient arterial hypertension, recipient body mass index (BMI), recipient pulmonary hyper-
tension, recipient cytomegalovirus (CMV) status, previous cardiothoracic surgery, le� ventricular assist device 
before HTX, donor age, donor sex, donor diabetes, sex mismatch between donor and recipient, total ischemic 
time; (2) postoperative: recipient renal replacement therapy (RRT), duration of mechanical ventilation, use of 
veno-arterial extracorporeal membrane oxygenation (VA-ECMO). Data on in�uence of VA-ECMO therapy on 
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DAOH has been published previously by our group8. �e present study complements these data, as sample size 
was smaller in the previously published report.

Statistical analysis.  Statistical analysis was performed in GraphPad Prism© version 8.02 (La Jolla, Cali-
fornia, USA) and IBM SPSS© so�ware version 25.0 (Armonk, NY, USA). Patient characteristics were presented 
as mean ± standard deviation (SD) or as median and interquartile ranges (IQR, 25–75%), as appropriate, for 
continuous variables and numbers (n) with corresponding percentages (%) in brackets for categorical variables. 
Boxplots were created for categorical variables to visualize DAOH and Mann–Whitney-U-test was used to com-
pare DAOH between groups. Continuous variables were categorized into quartiles or according to international 
classi�cations if feasible and presented as boxplots. Association between continuous variables and DAOH was 
analyzed using Kruskal–Wallis test. Variables with signi�cant association with DAOH in univariate analysis 
were included in a multivariable model. For multivariate analysis, we chose a quantile regression model which 
accounts for non-linear associations between independent variables and DAOH as dependent variable. In this 
model, all percentiles of DAOH were investigated. At each level the associations of independent variables with 
DAOH were investigated in a multivariable model. We prede�ned that factors a�ecting DAOH in 10th and 
20th DAOH percentile as relevant based on the current literature7. �ese quantiles represent patients with the 
lowest DAOH from the total patient cohort. According to our statistical protocol, we entered following vari-
ables into our multivariable quantile regression model: Recipient diabetes, RRT, ECMO, Donor DM, recipient 
BMI, Recipient eGFR and duration of mechanical ventilation. Sensitivity analysis was performed for univariate 
analysis by excluding all patients who died during the �rst year a�er HTX. For all results of statistical analysis, a 
p-value < 0.05 was considered as signi�cant.

Results
In the time period from September 2010 to December 2020, 187 patients underwent HTX at the University 
hospital Duesseldorf, Germany. According to the inclusion and exclusion criteria, 12 patients had to be excluded 
as DAOH could not be computed. �erefore, 175 HTX patients were included into our analysis. Mean age was 
54 ± 11 years and 134 patients (76.6%) were male. Detailed patient characteristics are presented in Table 1. 
Median DAOH at 1 year was 295 days (IQR 223–322). Reasons for rehospitalization are presented in Table 2. 
Overall, 32 patients (18.3%) died during the study period. Eleven patients died out of hospital from unknown 
causes. In-hospital causes of death were: sepsis (8 patients), intracranial hemorrhage (3 patients), mesenteric 
ischemia (3 patients), gra� failure (2 patients), cerebral hypoxia (3 patients), bleeding (1 patient) and multiple 
organ failure (1 patient).

Univariate association of categorical variables with DAOH.  A�er univariate analysis of the 13 cat-
egorical variables, four variables were signi�cantly associated with DAOH. As preoperative factors we identi�ed 
recipient and donor diabetes to be associated with lower DAOH [recipient diabetes: 303 (247–323) days vs. 272 
(97–293) days p = 0.0314; donor diabetes: 308 (229–323) days vs. 211 (65–303) days p = 0.0329]. As postoperative 
variables, renal replacement therapy (RRT) and VA-ECMO therapy were identi�ed [RRT: 316 (295–329) days 
vs. 267 (75–305) days p =  < 0.0001; VA-ECMO: 309 (273–327) days vs. 243 (0–290) days p =  < 0.0001] (Fig. 1, 
Table 3).

Univariate association of continuous variables with DAOH.  Association of 6 prespeci�ed continu-
ous variables with DAOH was investigated by using non-parametric Kruskal–Wallis test for column comparison, 
a�er variables were strati�ed by median and IQR or international classi�cation. Out of these variables, recipi-
ent eGFR, recipient BMI and postoperative duration of mechanical ventilation were signi�cantly associated 
with lower DAOH [recipient eGFR: < 45 ml/min = 260 (90–303) days vs. 45-62 ml/min = 289 (226–317) days 
vs. 63-80 ml/min = 310 (255–329) days vs. > 80 ml/min = 311 (210–329) days; p = 0.01; recipient BMI: < 19 kg/
m2 = 282 (159–332) days vs. 19–25 kg/m2 = 308 (253–327) days vs. 25–29 kg/m2 = 290 (228–317) days vs. > 30 kg/
m2 = 250 (23–295) days; p = 0.011 mechanical ventilation: < 28 h = 318 (299–334) days vs. 28–78 h = 311 (285–
326) days vs. 78–182 h = 289 (229–311) days vs. > 182 h = 199 (0–277) days; p =  < 0.0001]. Kruskal–Wallis test for 
column comparison did not show signi�cant di�erence between columns for donor and recipient age regarding 
DAOH, despite clear visual trend (Fig. 2, Table 3).

Independent association of variables with DAOH in multivariable analysis.  All variables which 
were signi�cantly associated with DAOH in univariate analysis were included into a multivariable quantile 
regression model and the 10th and 20th percentile of this model were investigated for association of variables 
with DAOH. �e pseudo-R2 of the �nal model reached from 0.39 to 0.41 for the selected quantiles, indicating a 
moderate goodness of �t. In this model recipient diabetes, recipient eGFR, duration of mechanical ventilation 
and postoperative RRT had independent impact on DAOH in patients with low DAOH (Fig. 3).

Sensitivity analysis without 1‑year mortality.  To ensure that our �ndings in univariate analysis of risk 
factors and DAOH were not mainly in�uenced by 1-year mortality we performed a sensitivity analysis. In this 
analysis we excluded all patients who died during the �rst year a�er HTX and reanalyzed univariate association 
of risk factors and days out of hospital. Most of the signi�cant associations remained a�er analysis except from 
donor diabetes, recipient age and donor age. For detailed results please see supplementary �gures (Figs. S1 and 
S2).
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Independent association of preoperative variables with DAOH.  We additionally performed the 
quantile regression model including only preoperative parameters (recipient BMI, recipient eGFR, donor diabe-
tes and recipient diabetes). In this model, only donor and recipient diabetes showed in�uence on DAOH in the 
10th and 20th percentile of the model. However, model performance was poor. Detailed results are presented in 
the supplements (Fig. S3).

Table 1.   Characteristics of HTX recipients and donors. BMI Body mass index, ICM ischemic cardiomyopathy, 
DCM dilated cardiomyopathy, ARVC arrhythmogenic right ventricular cardiomyopathy, HCM hypertrophic 
cardiomyopathy, LVAD le� ventricular assist device, RRT​ renal replacement therapy, VA-ECMO veno-arterial 
extracorporeal membrane oxygenation, DAOH days alive and out of hospital.

HTX patients (N = 175)

Baseline characteristics recipients mean ± S.D. or No. (%)

Age (years) 54 ± 11

BMI (kg/m2) 25.6 ± 4.6

male 134 (76.6)

Creatinine (mg/dl) 1.4 ± 1.0

Underlying disease

ICM 69 (39.4)

DCM 93 (53.1)

ARVC 6 (3.4)

HCM 3 (1.7)

others 4 (2.3)

Preoperative conditions

Arterial hypertension 105 (60.0)

Pulmonary hypertension 18 (10.3)

Diabetes mellitus 37 (21.1)

Cytomegalovirus IgG status 101 (57.7)

LVAD 92 (52.6)

Previous cardiothoracic surgeries 114 (65.1)

Postoperative conditions

Mechanical ventilation (h) 151 ± 13

RRT​ 102 (58.3)

VA-ECMO 52 (29.7)

Length of hospital stay (d) 46 ± 35

Length of ICU stay (d) 25 ± 28

Donor characteristics

Age (years) 43 ± 13

BMI (kg/m2) 25.9 ± 3.9

male 101 (57.7)

Sex mismatch 51 (29.1)

diabetes 12 (6.9)

LVEF (%) 59 ± 12

History of CPR 42 (24.6%)

Length of CPR (min) 15 (9–21)

Intraoperative conditions

Total ischemic time (min) 218 ± 51

Duration of surgery (min) 445 ± 116

Outcome

DAOH 295 (223–322)

1-year mortality 32 (18.3)

Mean survival (d) 313 ± 116

Numbers of hospital readmissions 3 (1–4)

Time from HTX to death (d) 36 (17–115)
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Table 2.   Reasons for hospital admission and corresponding mean days of hospital stay. HTX Heart 
transplantation.

Reason for hospital admission No. of patients Days of hospital stay (mean ± S.D.)

HTX 175 48 ± 39

Endomyocardial biopsy 126 7 ± 4

Gastrointestinal disorders 15 14 ± 12

Respiratory infections 18 20 ± 14

Wound infection/impaired wound healing 14 25 ± 30

Urinary tract infections 5 16 ± 18

Other infections 22 23 ± 20

Acute kidney injury 13 10 ± 5

Gra� rejection reaction 24 16 ± 18

Bleeding complications 6 21 ± 12

Hematological disorders 3 16 ± 13

Epileptic seizure 3 14 ± 10

Non-cardiac surgery 14 13 ± 12

Other reasons 10 25 ± 34

Figure 1.   In�uence of categorical variables on DAOH. Univariate analysis for the association of 13 categorical 
variables with days alive and out of hospital (DAOH) at 1 year a�er heart transplantation (HTX).
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Table 3.   Variables investigated for association with days alive and out of hospital in univariate analysis. BMI 
Body mass index (kg/m2), CMV cytomegalovirus, ECMO extracorporeal membrane oxygenation, eGFR 
estimated glomerular �ltration rate, LVAD le� ventricular assist device, RRT​ Renal replacement therapy. 
*Missing data from donors’ hospital. **4 Missing patients with other underlying diseases.

Categorical variables Total No. of patients No. of patients per subgroup Univariate association with DAOH

Recipient sex 175
Male: 134

No
Female: 41

Recipient diabetes 175
Yes: 35

Yes
No: 140

Recipient arterial hypertension 175
Yes: 105

No
No: 70

Recipient pulmonary hypertension 175
Yes: 18

No
No: 157

Recipient RRT​ 175
Yes: 102

Yes
No: 73

Recipient ECMO 175
Yes: 50

Yes
No: 125

Recipient LVAD 175
Yes: 92

No
No: 83

Recipient previous cardiothoracic surgery 175
Yes: 114

No
No: 61

Recipient CMV status 175
Positive: 110

No
Negative: 65

Donor sex 175
Male: 101

No
Female: 74

Donor diabetes 66*
Yes: 12

Yes
No: 54

Donor-recipient sex mismatch 175
Yes: 51

No
No: 124

Underlying disease 171**

ICM: 69

No
DCM: 93

ARVC: 6

HCM: 3

Continuous variables Recipient age 175

01:44

No
02:43

03:51

04:37

Recipient BMI 175

01:08

Yes
0.1382

0.1681

04:26

Recipient eGFR 175

01:40

Yes
02:53

03:40

04:42

Duration of mechanical ventilation 175

01:41

Yes
02:43

03:43

04:48

Total ischemic time 175

01:43

No
02:44

03:45

04:43

Donor age 175

01:43

No
02:39

03:49

04:44
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Discussion
�is study aimed to identify recipient-, donor- and procedure-related risk factors which might have an in�u-
ence on postoperative outcome at 1-year a�er HTX as measured by DAOH. We could identify that recipient 
diabetes, donor diabetes, RRT, VA-ECMO therapy, recipient BMI, recipient eGFR and postoperative duration 
of mechanical ventilation were associated with lower DAOH according to univariate analysis. Only recipient 
diabetes, recipient eGFR, mechanical ventilation and postoperative RRT remained independently associated 
with reduced DAOH a�er multivariate analysis.

Variables associated with mortality within the first year after HTX.  A previous meta-analysis 
of Foroutan et al. investigated variables associated with 1-year mortality in patients a�er HTX, as mortality is 
highest in the �rst year a�er surgery in these patients. �is meta-analysis included results of 62 studies including 
282.367 HTX patients. Recipient age, congenital etiology of heart failure, recipient diabetes, kidney function, 
dialysis, mechanical ventilation, mechanical circulatory support, donor age, and sex mismatch (especially trans-
plantation from female donor to male recipient) were identi�ed to be associated with 1-year mortality in this 
study5. �is meta-analysis served as a basis for the present analysis.

Variables associated with reduced DAOH within the first year after HTX.  In the present study 
we could con�rm that recipient diabetes, RRT and mechanical ventilation have a signi�cant and independent 
life impact as measured by DAOH. In our study cohort we did not show signi�cant in�uence of other variables, 
e.g. congenital heart failure. �is is likely due to the fact that we did only include 6 patients with arrhythmo-
genic right ventricular cardiomyopathy (ARVC), 3 patients with hypertrophic cardiomyopathy (HCM) and no 
patients with other congenital heart failure as underlying diseases into our analysis. �erefore, sample size is very 
limited to show any e�ect on DAOH, in line with the �ndings for 1-year mortality, there was no di�erence in 
DAOH between patients representing with ischemic and dilated cardiomyopathy5,11–13. We could also not show 

Figure 2.   In�uence of continuous variables on DAOH. Univariate analysis for the association of 6 continuous 
variables with days alive and out of hospital (DAOH) at 1 year a�er heart transplantation (HTX). To visualize 
distribution of DAOH, all continuous variables were strati�ed by quartiles.
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an association for sex mismatch which might again be related to our limited sample size as a visual trend can be 
seen within boxplots. Interestingly, we showed in our sensitivity analysis of the endpoint that at least some risk 
factors (eGFR, VA-ECMO, RRT, mechanical ventilation, donor diabetes) showed signi�cant impact on DAOH 
independent from 1-year mortality, while impact of other risk factors was mainly driven by 1-year mortality. 
�is underlines the strength of the endpoint as it combines both, days out of hospital and 1-year mortality and 
therefore might be more sensitive to measure life impact as sole mortality analysis as described previously7,14.

Risk factors which showed association with DAOH but not with mortality.  Notably, we identi-
�ed a univariate association between donor diabetes and reduced DAOH in our study. �is is interesting as 
�ndings of two previous studies show contradicting results concerning in�uence of donor diabetes on 1-year 
mortality15,16. However, within the meta-analysis no in�uence could be detected5. As those results are based on 
only two studies and data is very limited, quality of this result is indicated as moderate. In this case DAOH might 
be a more sensitive parameter to measure life impact. A previous study in HTX patients could show that mortal-
ity analysis and DAOH analysis can di�er signi�cantly8. In cases of donor diabetes this might re�ect that patients 
had longer hospital stay without increased mortality. Additionally, we could identify in our study that patients 
with BMI ≥ 30 kg/m2 had lower DAOH as compared to patients with BMI < 30 kg/m2 according to univariate 
analysis. In a previous study BMI was identi�ed to be associated with mortality in female recipients but not in 
male recipients17. Another data registry study including 38.498 patients showed that underweight and obese 
patients had signi�cantly higher risk for mortality18. In this context another recent registry study con�rmed the 
results for obese patients19. However, previous evidence on in�uence of BMI on 1-year mortality is contradicting 
as other studies showed similar 1-year survival of obese patients compared to normal BMI patients13,20,21.

Regarding the results of our analysis, we can see that there was a visually clear trend for some variables without 
showing statistical signi�cance. E.g. the DAOH in recipients receiving donor hearts < 33 years appear relevantly 
lower than the DAOH in recipients receiving donort hearts > 54 years. From a clinical/patient point of view, this 
di�erence might be of importance as recipients receiving older donor hearts may have similar (or even lower) 
DAOH in comparison with LVAD patients. First data suggest that older patients initially might bene�t more from 
LVAD implantation, than from older donor hearts which consequently raises further interesting and relevant 
questions22. In this context, it is important to mention that the sample size in this study was rather small so that 
several results might become statistically signi�cant when increasing the sample size. �erefore, our data can 
only serve as a �rst basis for further investigations. In the future, DAOH as a new patient-centered measure a�er 

Figure 3.   Association of variables with DAOH in multivariable quantile regression model. �e �gure shows 
the in�uence of selected variables on DAOH in a multivariable quantile regression model. Y-axis shows DAOH 
estimates while X-axis shows di�erent quantiles. �e black line represents parameter estimates at di�erent 
regression quantiles. �e Con�dence intervals of quantile regression are presented in blue. Red lines represent 
parameter estimates and con�dence interval of an ordinary linear regression with same variables. Duration of 
mechanical ventilation, renal replacement therapy (RRT), estimated glomerular �ltration rate (eGFR), recipient 
diabetes mellitus (DM) were signi�cantly associated with lower DAOH in the 10th and 20th percentile in this 
quantile regression model.
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HTX may be implemented in existing registries so that more data will be available to complement and validate 
the �ndings of this study.

Strengths and limitations of this study.  �is was a retrospective single-center cohort study with a 
limited sample size, limiting the external applicability of the results. However, most patient characteristics and 
outcomes of our cohort correspond to the current literature and thus may be regarded as representative. As 
mentioned above, this study included only a selected number of prede�ned variables. �e choice was based on a 
meta-analysis to ensure adequate choice of variables. Hence, it is possible that not all risk factors with in�uence 
on DAOH were included into this study. To cover as many relevant variables as possible, we performed analyses 
for further variables not included in the meta-analysis. �e results can be found in the supplements (Fig. S4). A 
strength of this study is the endpoint DAOH which might be more suitable to measure life impact of recipient, 
donor and transplant associated risk factors as compared to mortality. We also showed in our sensitivity analysis 
that most variables not only have impact on 1-year mortality but also on hospital stay and hospital readmis-
sions. We performed a 365-day follow-up in this study. Due to the retrospective nature of the study, we cannot 
guarantee that every hospitalization was reported within this year. However, HTX patients are closely connected 
to our center. �erefore, it is very unlikely that these patients were hospitalized at another hospital without our 
knowledge within the �rst year a�er HTX. Finally, it is important to mention that the results of this analysis 
regarding postoperative VA-ECMO support di�er from our previously published work8. �is discrepancy can be 
explained by the fact that the sample size as well as the choice of covariables were di�erent between both works.

Conclusions
�is study identi�ed recipient- and donor-associated risk factors with in�uence on DAOH—a more patient cen-
tered outcome to quantify life impact a�er HTX. Our �ndings support previous evidence for mortality analysis 
and complement the existing data. Our results may help to improve perioperative resource management and to 
optimize careful donor and recipient selection of patients undergoing HTX. Further studies with a prospective 
design are needed to validate our results in a variety of larger cohorts.

Data availability
All relevant data are included in the present manuscript or in the supplements. Raw data are available upon 
reasonable request by the �rst author R.M.

Received: 3 June 2022; Accepted: 6 October 2022

References
	 1.	 Khush, K. K. et al. �e International �oracic Organ Transplant Registry of the International Society for Heart and Lung Trans-

plantation: 37th adult heart transplantation report-2020; focus on deceased donor characteristics. J. Heart Lung Transpl. 39, 
1003–1015. https://​doi.​org/​10.​1016/j.​healun.​2020.​07.​010 (2020).

	 2.	 Vieira, J. L. & Mehra, M. R. Heart transplantation candidacy. Curr. Opin. Organ. Transpl. 26, 69–76. https://​doi.​org/​10.​1097/​MOT.​
00000​00000​000828 (2021).

	 3.	 Hsich, E. M. et al. Heart transplantation: An in-depth survival analysis. JACC Heart Fail 8, 557–568. https://​doi.​org/​10.​1016/j.​jchf.​
2020.​03.​014 (2020).

	 4.	 Bonet, L. A. Predictors of mortality following heart transplantation: Spanish Registry of Heart Transplantation 1984–2001. Transpl. 
Proc. 35, 1946–1950. https://​doi.​org/​10.​1016/​s0041-​1345(03)​00648-1 (2003).

	 5.	 Foroutan, F. et al. Predictors of 1-year mortality in heart transplant recipients: A systematic review and meta-analysis. Heart 104, 
151–160. https://​doi.​org/​10.​1136/​heart​jnl-​2017-​311435 (2018).

	 6.	 Myles, P. S. More than just morbidity and mortality: Quality of recovery and long-term functional recovery a�er surgery. Anaes-
thesia 75(Suppl 1), e143–e150. https://​doi.​org/​10.​1111/​anae.​14786 (2020).

	 7.	 Jerath, A., Austin, P. C. & Wijeysundera, D. N. Days alive and out of hospital: Validation of a patient-centered outcome for perio-
perative medicine. Anesthesiology 131, 84–93. https://​doi.​org/​10.​1097/​ALN.​00000​00000​002701 (2019).

	 8.	 M’Pembele, R. et al. Life impact of VA-ECMO due to primary gra� dysfunction in patients a�er orthotopic heart transplantation. 
ESC Heart Fail. https://​doi.​org/​10.​1002/​ehf2.​13686 (2021).

	 9.	 von Elm, E. et al. �e Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines 
for reporting observational studies. Int. J. Surg. 12, 1495–1499. https://​doi.​org/​10.​1016/j.​ijsu.​2014.​07.​013 (2014).

	10.	 Ariti, C. A. et al. Days alive and out of hospital and the patient journey in patients with heart failure: Insights from the candesartan 
in heart failure: assessment of reduction in mortality and morbidity (CHARM) program. Am. Heart J. 162, 900–906. https://​doi.​
org/​10.​1016/j.​ahj.​2011.​08.​003 (2011).

	11.	 Custodio, I. L. et al. Results of medium-term survival in patients undergoing cardiac transplantation: Institutional experience. 
Rev. Bras. Cir. Cardiovasc. 28, 470–476. https://​doi.​org/​10.​5935/​1678-​9741.​20130​077 (2013).

	12.	 Guisado Rasco, A. et al. Impact of overweight on survival and primary gra� failure a�er heart transplantation. Transpl. Proc. 42, 
3178–3180. https://​doi.​org/​10.​1016/j.​trans​proce​ed.​2010.​05.​139 (2010).

	13.	 Weber, D. J. et al. Recipient body mass index and age interact to impact survival a�er heart transplantation. Clin. Transpl. 28, 
1279–1286. https://​doi.​org/​10.​1111/​ctr.​12460 (2014).

	14.	 Fanaro�, A. C. et al. Days alive and out of hospital: Exploring a patient-centered, pragmatic outcome in a clinical trial of patients 
with acute coronary syndromes. Circ. Cardiovasc. Qual. Outcomes 11, e004755. https://​doi.​org/​10.​1161/​CIRCO​UTCOM​ES.​118.​
004755 (2018).

	15.	 Ganesh, J. S., Rogers, C. A., Banner, N. R. & Bonser, R. S. Donor cause of death and medium-term survival a�er heart transplanta-
tion: A United Kingdom national study. J. �orac. Cardiovasc. Surg. 129, 1153–1159. https://​doi.​org/​10.​1016/j.​jtcvs.​2004.​09.​029 
(2005).

	16.	 Laur, O. et al. �e impact of donor and recipient renal dysfunction on cardiac allogra� survival: Insights into reno-cardiac interac-
tions. J. Card Fail. 22, 368–375. https://​doi.​org/​10.​1016/j.​cardf​ail.​2015.​11.​009 (2016).

	17.	 Martinez-Selles, M. et al. Donor/recipient sex mismatch and survival a�er heart transplantation: Only an issue in male recipients? 
An analysis of the Spanish Heart Transplantation Registry. Transpl. Int. 28, 305–313. https://​doi.​org/​10.​1111/​tri.​12488 (2015).

https://doi.org/10.1016/j.healun.2020.07.010
https://doi.org/10.1097/MOT.0000000000000828
https://doi.org/10.1097/MOT.0000000000000828
https://doi.org/10.1016/j.jchf.2020.03.014
https://doi.org/10.1016/j.jchf.2020.03.014
https://doi.org/10.1016/s0041-1345(03)00648-1
https://doi.org/10.1136/heartjnl-2017-311435
https://doi.org/10.1111/anae.14786
https://doi.org/10.1097/ALN.0000000000002701
https://doi.org/10.1002/ehf2.13686
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1016/j.ahj.2011.08.003
https://doi.org/10.1016/j.ahj.2011.08.003
https://doi.org/10.5935/1678-9741.20130077
https://doi.org/10.1016/j.transproceed.2010.05.139
https://doi.org/10.1111/ctr.12460
https://doi.org/10.1161/CIRCOUTCOMES.118.004755
https://doi.org/10.1161/CIRCOUTCOMES.118.004755
https://doi.org/10.1016/j.jtcvs.2004.09.029
https://doi.org/10.1016/j.cardfail.2015.11.009
https://doi.org/10.1111/tri.12488


10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:18352  | https://doi.org/10.1038/s41598-022-21936-4

www.nature.com/scientificreports/

	18.	 Doumouras, B. S. et al. �e e�ect of pre-heart transplant body mass index on posttransplant outcomes: An analysis of the ISHLT 
Registry Data. Clin. Transpl. 33, e13621. https://​doi.​org/​10.​1111/​ctr.​13621 (2019).

	19.	 Chouairi, F. et al. Impact of obesity on heart transplantation outcomes. J. Am. Heart Assoc. 10, e021346. https://​doi.​org/​10.​1161/​
JAHA.​121.​021346 (2021).

	20.	 Weiss, E. S., Allen, J. G., Russell, S. D., Shah, A. S. & Conte, J. V. Impact of recipient body mass index on organ allocation and 
mortality in orthotopic heart transplantation. J. Heart Lung Transpl. 28, 1150–1157. https://​doi.​org/​10.​1016/j.​healun.​2009.​06.​009 
(2009).

	21.	 Nagendran, J. et al. �e varying e�ects of obesity and morbid obesity on outcomes following cardiac transplantation. Int. J. Obes. 
(Lond) 40, 721–724. https://​doi.​org/​10.​1038/​ijo.​2016.​20 (2016).

	22.	 Ammirati, E. et al. A prospective comparison of mid-term outcomes in patients treated with heart transplantation with advanced 
age donors versus le� ventricular assist device implantation. Interact. Cardiovasc. �orac. Surg. 23, 584–592. https://​doi.​org/​10.​
1093/​icvts/​ivw164 (2016).

Author contributions
R.M.: Concept/design, Data collection, Data analysis/interpretation, Statistics, Writing of article. S.R.: Concept/
design, Data collection, Data analysis/interpretation, Critical revision of article. A.S.: Data collection, Data analy-
sis, Critical revision of article. T.R.: Data collection, Data analysis, Critical revision of article. G.L.B.: Statistics and 
Methodology, Critical revision of article. S.U.S., R.W., P.R., I.T., M.W.H., H.A., and P.A.: Data collection, Critical 
revision of article. A.L.: Dra�ing article, Data collection, Critical revision of article. R.H. and U.B.: Concept/
design, Data interpretation, Critical revision of article.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests 
�e authors declare no competing interests.

Additional information
Supplementary Information �e online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​21936-4.

Correspondence and requests for materials should be addressed to A.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional a�liations.

Open Access   �is article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. �e images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© �e Author(s) 2022

https://doi.org/10.1111/ctr.13621
https://doi.org/10.1161/JAHA.121.021346
https://doi.org/10.1161/JAHA.121.021346
https://doi.org/10.1016/j.healun.2009.06.009
https://doi.org/10.1038/ijo.2016.20
https://doi.org/10.1093/icvts/ivw164
https://doi.org/10.1093/icvts/ivw164
https://doi.org/10.1038/s41598-022-21936-4
https://doi.org/10.1038/s41598-022-21936-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/


M’Pembele et al. 

European Journal of Medical Research           (2023) 28:16  

https://doi.org/10.1186/s40001-022-00978-4

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

European Journal

of Medical Research

Postoperative high‑sensitivity troponin 
T predicts 1‑year mortality and days alive 
and out of hospital after orthotopic heart 
transplantation
René M’Pembele1, Sebastian Roth1*, Anthony Nucaro1, Alexandra Stroda1, Theresa Tenge1, 

Giovanna Lurati Buse1, Florian Bönner2, Daniel Scheiber2, Christina Ballázs3, Igor Tudorache3, Hug Aubin3, 

Artur Lichtenberg3, Ragnar Huhn1,4 and Udo Boeken3 

Abstract 

Background  Orthotopic heart transplantation (HTX) is the gold standard to treat end-stage heart failure. Numerous 

risk stratification tools have been developed in the past years. However, their clinical utility is limited by their poor 

discriminative ability. High sensitivity troponin T (hsTnT) is the most specific biomarker to detect myocardial cell injury. 

However, its prognostic relevance after HTX is not fully elucidated. Thus, this study evaluated the predictive value of 

postoperative hsTnT for 1-year survival and days alive and out of hospital (DAOH) after HTX.

Methods  This retrospective cohort study included patients who underwent HTX at the University Hospital Dues-

seldorf, Germany between 2011 and 2021. The main exposure was hsTnT concentration at 48 h after HTX. The primary 

endpoints were mortality and DAOH within 1 year after surgery. Receiver operating characteristic (ROC) curve analysis, 

logistic regression model and linear regression with adjustment for risk index for mortality prediction after cardiac 

transplantation (IMPACT) were performed.

Results  Out of 231 patients screened, 212 were included into analysis (mean age 55 ± 11 years, 73% male). One-

year mortality was 19.7% (40 patients) and median DAOH was 298 days (229–322). ROC analysis revealed strongest 

discrimination for mortality by hsTnT at 48 h after HTX [AUC = 0.79 95% CI 0.71–0.87]. According to Youden Index, the 

cutoff for hsTnT at 48 h and mortality was 1640 ng/l. After adjustment for IMPACT score multivariate logistic and linear 

regression showed independent associations between hsTnT and mortality/DAOH with odds ratio of 8.10 [95%CI 

2.99–21.89] and unstandardized regression coefficient of −1.54 [95%CI −2.02 to −1.06], respectively.

Conclusion  Postoperative hsTnT might be suitable as an early prognostic marker after HTX and is independently 

associated with 1-year mortality and poor DAOH.
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Introduction
Orthotopic heart transplantation (HTX) is still the gold 

standard therapy for end-stage heart failure. Unfortu-

nately, there is an ongoing donor shortage which limits 

the number of HTX and leads to an increasing number of 

patients on HTX waiting lists [1]. In addition, the treat-

ment of end-stage heart failure is continuously improv-

ing so that the patients undergoing HTX are getting older 

and have more comorbidities with an increased risk for 

postoperative complications [2, 3]. To optimize periop-

erative risk stratification and early re-estimation of risk, 

the development of risk prediction models and the iden-

tification of perioperative prognostic factors became 

more and more important [4, 5, 6]. Numerous risk strati-

fication tools have been developed in the past years, but 

their clinical use is often limited by insufficient predictive 

values [5]. In this context, the Index for Mortality Pre-

diction After Cardiac Transplantation (IMPACT) score 

was introduced as validated tool for prediction of 1-year 

mortality after HTX [7, 8]. However, some studies report 

poor-to-moderate discrimination for mortality in their 

cohorts [9–11].

Previously biomarkers were established as another pos-

sibility to support perioperative stratification and early 

re-estimation of risk. A sensitive biomarker for myo-

cardial cell injury is high-sensitivity troponin T (hsTnT) 

[12]. Postoperative troponin release has been investi-

gated extensively in cardiac and non-cardiac surgery and 

is associated with adverse events [13, 14, 15]. Recently, 

Devereaux et  al. investigated the prognostic value of 

high-sensitivity troponin I (hsTnI) in patients undergo-

ing cardiac surgery and showed that levels of hsTnI were 

independently associated with mortality [16]. �e role of 

hsTnT as a prognostic factor after HTX, however, is not 

clear and recent literature is ambiguous [17]. �erefore, 

we conducted this analysis to evaluate whether hsTnT is a 

suitable marker for risk stratification and prognosis after 

HTX.

Methods
�is retrospective single-center cohort study was 

approved by the University of Duesseldorf ’s ethics com-

mittee (reference number: 4567) and complies with the 

International Society for Heart and Lung Transplan-

tation (ISHLT) ethics statement. Data were extracted 

from the local prospective HTX database. All patients 

had given written informed consent to be registered in 

this database. Reporting of this work corresponds to the 

“Strengthening the Reporting of Observational Studies in 

Epidemiology” (STROBE) guidelines [18].

Patient population

All patients aged  ≥ 18  years who underwent HTX at 

the University Hospital Duesseldorf, Germany, in a time 

period from September 2010 to August 2021 were con-

sidered for inclusion. Patients with missing data regard-

ing survival, DAOH and hsTnT measurements, as well 

as patients without completed 1-year follow-up were 

excluded from analysis. In all patients HTX was con-

ducted using bicaval technique and traditional cold stor-

age was used for donor organ preservation.

High‑sensitivity troponin T measurements

Main exposure was postoperative hsTnT measured in 

ng/L after HTX at different time points. At our institu-

tion hsTnT is routinely measured preoperatively, within 

the first 12 h, day 1, day 2 and day 3 after HTX. Meas-

urements were performed in the central laboratory of the 

University hospital Duesseldorf.

IMPACT score calculation

�e risk index for mortality prediction after cardiac 

transplantation (IMPACT) is a score validated to predict 

1-year mortality after HTX from preoperative recipi-

ent risk factors. �is score assigns varying points for 

10 variables: age, serum bilirubin, creatinine clearance, 

dialysis, sex, heart failure etiology, preoperative infection, 

race, circulatory support and type of ventricular assist 

device. �e score was calculated for each HTX patient as 

described before with a maximum of 50 points [7, 8].

Outcomes

�e primary outcome of this study was mortality during 

the first year after HTX. Days alive and out of hospital 

(DAOH) at 1  year after HTX was the secondary end-

point of this study. Calculation of DAOH was conducted 

by summing up all days of hospitalization in the first 

year after HTX and subtracting them from 365 days, as 

described before [19–21]. In case of mortality, the num-

ber of days the patient did not survive and of days spent 

in hospital were subtracted from 365 days.

Statistical analysis

Statistical analysis was performed using IBM SPSS© soft-

ware version 25.0 (Armonk, NY, USA), GraphPad Prism© 

version 8.02 (La Jolla, California, USA), MedCalc® Sta-

tistical Software version 20.114 (MedCalc Software Ltd, 

Ostend, Belgium) and R Statistical Software (v4.1.2; R 

Core Team 2021). Patients characteristics with continu-

ous variables were presented as mean ± standard devia-

tion (SD) or as median and interquartile ranges (IQR, 

25–75%), as appropriate. Categorical variables were pre-

sented as numbers (n) with corresponding percentages 

(%) in brackets. Fisher’s exact test or unpaired t-tests 
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were used to test for differences between dichotomous or 

continuous variables between groups defined by survival 

status. For analysis of the primary endpoint, receiver 

operating characteristic (ROC) analyses were performed 

for hsTnT levels within 12  h, 24  h, 48  h and 72  h after 

HTX. Cutoff values for troponin levels were determined 

by Youden index. �e cutoff of the hsTnT time point with 

the strongest discrimination for 1-year mortality in ROC 

analysis was added to a logistic regression model, with 

adjustment using the continuous IMPACT score. �e net 

reclassification improvement (NRI) and the net absolute 

reclassification improvement (NARI) of the mortality 

prediction model by adding the postoperative troponin 

cutoff were assessed. Discrimination (ROC-AUC) of the 

models with and without postoperative hsTnT was quan-

tified and compared using Delong test. To compare net 

benefit of using these models to detect patients’ risk for 

Table 1  Characteristics of survivors and non-survivors after HTX

BMI body mass index, CPB cardiopulmonary bypass, ECMO extracorporeal membrane oxygenation, IMPACT​ risk index for mortality prediction after cardiac 

transplantation, ICU intensive care unit, LVAD left ventricular assist device

Survivors (N = 172) Non-survivors (N = 40) p-valuea

Preoperative characteristics

 Male sex 128 (74) 27 (68) 0.429

 Age (years) 55 ± 11 57 ± 11 0.140

 BMI (kg/m2) 25.6 ± 4.5 25.8 ± 5.1 0.861

 Smoker 41 (24) 8 (20) 0.681

 Diabetes 34 (20) 14 (35) 0.058

 Arterial hypertension 106 (62) 21 (53) 0.286

 Pulmonary hypertension 14 (8) 5 (13) 0.368

 Donor–recipient sex mismatch 45 (26) 14 (35) 0.327

 Prior cardiothoracic surgery 108 (63) 29 (73) 0.276

 LVAD 86 (50) 25 (63) 0.164

 Preoperative ECMO 5 (3) 3 (8) 0.175

 Preoperative mechanical ventilation 7 (4) 3 (8) 0.405

 Preoperative dialysis 7 (4) 4 (10) 0.127

 Serum creatinine (mg/dl) 1.4 ± 1.0 1.3 ± 0.5 0.649

 Creatinine clearance (ml/min) 65 ± 24 64 ± 31 0.793

 Bilirubin (mg/dl) 0.8 ± 0.9 1.2 ± 1.2 0.080

 IMPACT score 8 ± 5 10 ± 5 0.003

Donor characteristics

 Male sex 99 (58) 19 (48) 0.290

 Age (years) 41 ± 12 50 ± 10  < 0.0001

 BMI (kg/m2) 26 ± 5 25 ± 4 0.365

 Smoker 93 (54) 17 (43) 0.220

 Arterial hypertension 40 (23) 16 (40) 0.045

 Diabetes 11 (6) 3 (8) 0.731

 Cardiopulmonary resuscitation 55 (32) 8 (20) 0.179

Intraoperative characteristics (min)

 Duration of surgery 424 ± 105 484 ± 144 0.017

 Duration of CPB 250 ± 64 301 ± 99 0.003

 Total ischemia time 212 ± 49 228 ± 52 0.070

 Reperfusion time 126 ± 45 151 ± 69 0.044

Postoperative characteristics

 ECMO 38 (22) 23 (58)  < 0.0001

 Renal replacement therapy 87 (53) 31 (80) 0.003

 Neurological complication 20 (12) 17 (43)  < 0.0001

 Days in ICU 23 ± 22 30 ± 38 0.116

 Duration of mechanical ventilation (hours) 119 ± 168 268 ± 236 0.001
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1-year mortality, a decision curve analysis was performed 

for both models.

For analysis of DAOH patients were classified by hsTnT 

cutoff. DAOH was compared using non-parametric 

Mann–Whitney U test. Association of continuous hsTnT 

elevation per 100 ng/L with DAOH was adjusted by the 

continuous IMPACT score using multivariable linear 

regression. For all statistical tests, a p < 0.05 was consid-

ered significant.

Results
Study cohort and characteristics

In total 231 patients underwent HTX at the University 

Hospital Duesseldorf during the time period of Septem-

ber 2010 and December 2021. �ereof, 19 (8%) patients 

had to be excluded according to the exclusion crite-

ria. Among the 212 included patients, mean age was 

55 ± 11 years and 155 (73%) were male. During first year 

after HTX, 40 patients (19%) died. Causes of death were: 

graft dysfunction (7 patients), septic shock (9 patients), 

major bleeding complications (6 patients with intracra-

nial hemorrhage, 1 patient with gastrointestinal bleeding, 

1 patient with ECMO cannulation site bleeding), bowel 

ischemia (3 patients), cerebral hypoxia (3 patients) and 

unknown causes (10 patients who died out of hospital). 

Overall median DAOH was 298 days (229–322). Detailed 

patient characteristics for survivors and non-survivors 

are presented in Table  1 (Additional file  1: Figure S1, 

Table 1).

HsTnT levels of survivors and non‑survivors after HTX

Baseline levels of hsTnT did not differ significantly 

between survivors and non-survivors. In contrast, post-

operative hsTnT levels were significantly higher in 

patients who died as compared to survivors at 12 h, 24 h, 

48 h and 72 h after HTX. Detailed results are presented 

in Fig. 1. 

ROC analysis for postoperative hsTnT and 1‑year mortality

We performed ROC analysis for hsTnT levels and 1-year 

mortality at sampling time points 12  h, 24  h, 48  h and 

72  h after HTX, respectively. All postoperative hsTnT 

showed a significant discrimination for 1-year mortality 

[hsTnT12h—AUC = 0.66, 95% CI 0.56–0.75; hsTnT24h—

AUC = 0.74, 95% CI 0.66–0.82; hsTnT48h—AUC = 0.79, 

95% CI 0.71–0.87; hsTnT72h—AUC = 0.77, 95% CI 

0.68–0.86]. �e hsTnT levels at 48 h after HTX showed 

numerically strongest discrimination for 1-year mortality 

regarding the AUC. Youden Index determined a cutoff of 

1640 ng/L for hsTnT at 48 h after HTX (Fig. 2).

Binary logistic regression model for hsTnT and 1‑year 

mortality

Binary logistic regression model was performed with 

hsTnT cutoff at 48 h after HTX as independent variable 

and 1-year mortality as dependent variable. In univariate 

analysis hsTnT levels at 48  h after HTX showed signifi-

cant association with 1-year mortality [OR 8.84 95% CI 

3.31–23.66, p ≤ 0.0001]. After adjustment for continu-

ous IMPACT score, association of hsTnT with mortal-

ity remained significant [hsTnT48h—OR 8.10 95% CI 

2.99–21.89, p ≤ 0.0001; IMPACT score—OR 1.09 95% 

CI 1.01–1.18, p = 0.025]. We analyzed in how far risk 

prediction for 1-year mortality by IMPACT score was 

improved by the addition of hsTnT levels at 48  h after 

HTX are added to the logistic regression model. �e 

NRI for the model including hsTnT was 7.6% (95% CI 

4.1–12.6) for non-events and 27.5% (95% CI 14.6–43.9) 

for events. Regarding NARI, the model was able to iden-

tify 114/1000 patients more at risk for 1-year mortality. 

Corresponding reclassification tables were added to the 

supplements. In ROC analysis the AUC for the model 

including troponin was significantly higher as compared 

to the model only including IMPACT score [IMPACT 

score—AUC = 0.65 95% CI 0.56–0.74; IMPACT score 

with hsTnT48h—AUC = 0.77 95% CI 0.70–0.84; difference 

between areas: 0.12, 95% CI 0.04–0.19, p = 0.0016]. �e 

net benefit curve suggested highest net benefit for the 

Fig. 1  Postoperative levels of hsTnT of survivors and non-survivors. 

The graphs depict high-sensitivity troponin (hs-TnT) concentrations 

for survivors (triangles) and non-survivors (dots) across different 

time points with corresponding standard errors. Preoperative hs-TnT 

values did not differ significantly between groups [baseline hsTnT—

survivors 165 ± 687 ng/L vs. non-survivors 228 ± 906 ng/L, p = 0.638]. 

Postoperative values at timepoints 12 h, 24 h, 48 h and 72 h after 

surgery were significantly higher in non-survivors as compared to 

survivors [hsTnT 12 h—survivors 5089 ± 5305 ng/L vs. non-survivors 

7972 ± 7419 ng/L, p = 0.005; hsTnT 24 h—survivors 3309 ± 2934 ng/L 

vs. non-survivors 7266 ± 7942 ng/L, p ≤ 0.0001; hsTnT 48 h—

survivors 1911 ± 1598 ng/L vs. non-survivors 5115 ± 5196 ng/L, 

p ≤ 0.0001; hsTnT 72 h—survivors 1363 ± 1565 ng/L vs. non-survivors 

3651 ± 4126 ng/L, p ≤ 0.0001]
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combined use of IMPACT and hsTnT (Figs.  3, 4, Addi-

tional file 1: Table S1).

Association of postoperative hsTnT and DAOH

In univariate analysis hsTnT levels higher than pre-

defined cutoff by Youden Index were associated with 

lower DAOH at 48 h after HTX [hsTnT48h—below cutoff 

317 (283–328) days vs. above cutoff 278 (14–308) days, 

p ≤ 0.0001]. Results for other hsTnT sampling timepoints 

are presented in the supplements. In a multivariable lin-

ear regression model, association of continuous hsTnT 

elevation (per 100 ng/L) and DAOH remained significant 

when adjusted for points on the IMPACT score [per 100n 

g/L hsTnT elevation—regression coefficient: -1.54, 95% 

CI −2.02 to −1.06, p ≤ 0.0001; IMPACT score—regres-

sion coefficient: −4.79, 95% CI −7.83 to −1.76, p = 0.002] 

(Fig. 5, Additional file 1: Figure S2, Table 2).

Discussion
�e present study suggested that early hsTnT levels 

at 48  h after HTX are independently associated with 

mortality and DAOH after HTX. Moreover, this study 

showed that the addition of hsTnT improved risk predic-

tion for mortality and DAOH over IMPACT score.

Referring to the current literature, the prognostic 

value of troponin after HTX is underexplored. A recent 

systematic review by Liu and colleagues identified only 

three studies including a total of 372 patients that inves-

tigated the association between elevated troponin levels 

and mortality. As these studies revealed significant het-

erogeneities, the authors decided not to perform a meta-

analysis [17]. Labarrere et  al. investigated the value of 

persistent troponin I (TnI) levels in 110 HTX patients 

during first year after HTX. �ey found that persistent 

TnI levels greater than 0.5  ng/ml were associated with 

development of coronary artery disease and graft fail-

ure. However, as patients were only included if they had 

survived the first year after HTX, association of postop-

eratively elevated TnI and early mortality was not inves-

tigated [22]. Another study investigated the prognostic 

value of postoperative hsTnT for 1-year mortality in 141 

HTX patients. �ey identified that elevated hsTnT levels 

at 6 weeks after HTX were highly associated with 1-year 

mortality. Again, association of early postoperative lev-

els of hsTnT was not investigated by the authors [23]. 

Fig. 2  Receiver operating characteristic curves of postoperative hsTnT and 1-year mortality. The figure shows the receiver operating characteristics 

(ROC) curves for association of different hs-TnT sampling time points with 1-year mortality after heart transplantation. The areas under the curves 

(AUC) are as follows: hsTnT 12 h AUC = 0.66 (CI 0.56–0.75); hsTnT 24 h AUC = 0.74 (CI 0.66–0.82); hsTnT 48 h AUC = 0.79 (CI 0.71–0.87); hsTnT 72 h 

AUC = 0.77 (CI 0.68–0.86). The numerically strongest discrimination ability is given for hsTnT values at 48 h after heart transplantation
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�e last study by Franeková et al. demonstrated an asso-

ciation of hsTnT levels at 10 days after HTX and 1-year 

mortality [24]. However, an earlier postoperative assess-

ment of risk might be favorable as it might change clini-

cal practice for patients at risk.

Postoperative troponin release has been extensively 

studied in non-cardiac surgery before [25, 26]. In these 

studies, early postoperative troponin elevation above 

the upper limit of normal was associated with major 

adverse events like mortality. In cardiac surgery how-

ever, this upper limit of normal troponin concentration 

is frequently exceeded by myocardial trauma due to sur-

gery, with not necessarily higher risk for mortality [13]. 

�erefore, Devereaux et al. defined new cutoffs for asso-

ciation of troponin and 30-day mortality after cardiac 

surgery corresponding with an hsTnI level 218 times the 

upper reference limit [16]. Our recent study now adds 

data for association of early hsTnT with 1-year mortality 

after HTX. Patients who died within the first year after 

HTX had significantly higher troponin values at each 

timepoint of measurement. �ese findings were indepen-

dently associated when adjusted for the IMPACT score. 

IMPACT score showed weak-to-moderate association 

with 1-year mortality in our cohort. �is goes in line 

with previous reports, describing similar AUC in ROC 

analysis [9, 11]. Addition of hsTnT level at 48 h improved 

the discrimination ability of IMPACT score. �e net ben-

efit using the combined model was also higher to iden-

tify patients at risk for 1-year mortality. Recently, similar 

risk prediction models and decision curve analyses for 

mortality were presented as effective to guide palliative 

care consultation [27, 28]. Additionally, hsTnT levels 

were independently associated with low DAOH. �is is 

an important finding, as this complements the current 

knowledge on more patient-centered outcomes in the 

field of end-stage heart failure and HTX surgery [21, 29, 

30].

In the Eurotransplant area, the responsible parties dis-

cuss the implementation of a cardiac allocation score 

(CAS) which is supposed to optimize the allocation of 

the limited donor organs. In the lung transplantation 

setting, a similar score already exists (Lung allocation 

score (LAS)) which is also used to prioritize waiting list 

candidates 12  years and older based on a combination 

of waitlist urgency and post-transplant survival. Based 

on the data of this study, postoperative hsTnT may also 

be included into such a score for early re-estimation of 

postoperative risk and prognosis. Further studies should 

focus on potential interventions depending on hsTnT 

values that might be able to prevent complications and 

Fig. 3  Receiver operating characteristic curves of two prediction models for 1-year mortality. The figure shows the receiver operating 

characteristics (ROC) curves of risk prediction models for 1-year mortality. While on its own the IMPACT score has a ROC- a moderate discrimination 

ability (AUC = 0.65 95% CI 0.56–0.74), adding hsTnT levels at 48 h after heart transplantation to the model improves its performance (AUC = 0.79; CI 

0.71–0.87)
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finally to reduce mortality after HTX. �ese may include 

intensified monitoring or standardized protocols for 

strict follow-up of these patients.

Strengths and limitations

Strengths of the presented data include first, stand-

ardized troponin measurement at multiple time 

points with high data completeness; second, complete 

12-month follow-up. Further, we did not only address 

mortality but also DOAH, a more patient-centered 

endpoint to quantify life impact [19]. We are aware 

of the following limitations. First, as a single-center 

study, sample size and number of events was limited. 

However, only 2 variables (troponin and IMPACT) 

were included into the logistic model that can there-

fore be considered robust. Second, we cannot exclude 

that any external hospitalization took place. However, 

HTX patients are very closely connected to our center 

so that we consider the risk of misclassification bias 

was very limited. Further, although DAOH is a meas-

ure of life impact, we did not collect data on qual-

ity of life, another relevant patient-centered outcome. 

Finally, we chose hsTnT at 48 h after HTX as primary 

biomarker for our analysis as it showed the numerically 

strongest discrimination for 1-year mortality. However, 

Fig. 4  Decision curves for different models of risk prediction after HTX. The figure shows a decision curve analysis for mortality prediction model 

with IMPACT score (turquoise) and IMPACT score with hsTnT (purple). The x-axis shows the threshold probability for 1-year mortality while the y-axis 

shows the net benefit of the models. Beyond a threshold of 5% the combined model of IMPACT and hsTnT shows the greatest net benefit. The red 

line depicts a model in which all patients would be treated and the green line represents a model in which none patient will be treated

Fig. 5  Association of hsTnT levels above cutoff and days alive and 

out of hospital. The box-plot shows significantly fewer DAOH for 

patients above the determined cutoff of hs-TnT at 48 h after heart 

transplantation [hsTnT 48 h—below cutoff 317 (283–328) days vs. 

above cutoff 278 (14–308) days, p ≤ 0.0001]. Black dots represent 

individual DAOH values of patients, the upper end of the boxes 

shows the median while error bars depict interquartile ranges. The 

hsTnT cutoff was determined by Youden index
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ROC-AUC did not significantly differ from values at 

24 h and 72 h. In this context an earlier timepoint like 

24 h after HTX might be favorable for early re-estima-

tion of postoperative risk in the clinical setting. �ere-

fore, optimal cutoff and sampling time point should be 

investigated in a larger cohort.

�e generalizability of these findings may be ham-

pered by the single-center design. However, charac-

teristics such as 1-year mortality were in line with the 

current literature.

Conclusion
Early hsTnT levels after HTX surgery are indepen-

dently associated with poor 1-year survival and reduced 

DAOH. �erefore, early hsTnT concentrations might be 

useful for early risk reassessment to tailor postoperative 

therapy or decision-making in the intensive care unit.
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Abstract 

OBJECTIVES: In patients undergoing heart transplantation (HTX), preoperative liver impairment and consecutive hypoalbuminaemia are as
sociated with increased mortality. The role of early postoperative hypoalbuminaemia after HTX is unclear. This study investigated the associ
ation between early postoperative hypoalbuminaemia and 1-year mortality as well as ‘days alive and out of hospital’ (DAOH) after HTX.

METHODS: This retrospective cohort study included patients who underwent HTX at the University Hospital Duesseldorf, Germany, be
tween 2010 and 2022. The main exposure was serum albumin concentration at intensive care unit (ICU) arrival. The primary endpoints 
were mortality and DAOH within 1 year after surgery. Receiver operating characteristic (ROC) curve analysis was performed and logistic 
and quantile regression models with adjustment for 13 a priori defined clinical risk factors were conducted.

RESULTS: Out of 241 patients screened, 229 were included in the analysis (mean age 55 ± 11 years, 73% male). ROC analysis showed 
moderate discrimination for 1-year mortality by postoperative serum albumin after HTX [AUC¼ 0.74; 95% confidence interval (CI): 0.66– 
0.83]. The cutoff for serum albumin at ICU arrival was 3.0 g/dl. According to multivariate logistic and quantile regression, there were inde
pendent associations between hypoalbuminaemia and mortality/DAOH [odds ratio of 4.76 (95% CI: 1.94–11.67) and regression coeffi
cient of −46.97 (95% CI: −83.81 to −10.13)].

CONCLUSIONS: Postoperative hypoalbuminaemia <3.0 g/dl is associated with 1-year mortality and reduced DAOH after HTX and 
therefore might be used for early postoperative risk re-assessment in clinical practice.

Keywords: cardiac surgery • biomarkers • prognosis • risk stratification • liver function

INTRODUCTION

Postoperative hypoalbuminaemia is frequent after cardiac surgery 
with the use of cardiopulmonary bypass (CPB) and can result 
from intraoperative blood loss, dilution, increased inflammatory 
response or postoperative capillary leak amongst other reasons 
[1]. Recent studies showed an association of postoperative hypoal
buminaemia with poor short- and long-term survival in patients 
undergoing cardiac surgery with and without CPB [2]. In patients 
undergoing heart transplantation (HTX), preoperative risk assess
ment is crucial to identify patients with poor prognosis. In this 
context, preoperative liver impairment was identified as a factor 
which is associated with increased mortality after HTX. Therefore, 
biomarkers of liver impairment are included in risk prediction 
tools like the Index for Mortality Prediction After Cardiac 
Transplantation (IMPACT) score [3, 4]. Recently, the use of the 
model for end-stage liver disease (MELD) score was proposed for 
preoperative risk assessment in heart transplant patients [5]. 
Preoperative serum albumin is another biomarker that is de
creased when liver function is impaired. Previous research showed 
that low preoperative albumin levels as the sole marker or when 
added to the MELD score were a strong predictor of poor out
come in HTX and heart failure patients [6–9]. However, the role of 
early postoperative hypoalbuminaemia in risk re-assessment and 
prognosis after HTX is unclear. Therefore, the aim of this study 
was to investigate the association between early postoperative 
hypoalbuminaemia and 1-year mortality as well as ‘days alive and 
out of hospital’ (DAOH) as a patient-centred outcome after HTX. 
Furthermore, the additional predictive value of postoperative 
hypoalbuminaemia for 1-year mortality was assessed as 
compared to the postoperative MELD score, as a measure for 
early postoperative liver dysfunction, and the preoperative 
IMPACT score.

MATERIALS AND METHODS

Ethics statement

This analysis was conducted as a retrospective single-centre co
hort study. Approval was obtained from the institutional review 

board of the University of Duesseldorf (reference number: 4567). 
The extracted data for this analysis were available in the local 
prospective HTX database. All patients included in this database 
had given written informed consent to be enrolled. Reporting of 
the results follows STROBE guidelines [10].

Patient population and inclusion criteria

Consecutive adult patients (�18 years) undergoing HTX at a ter
tiary care University Hospital in Duesseldorf, Germany, from 
September 2010 to April 2022 with completed 1-year follow-up 
were screened for inclusion. Patients with missing data regarding 
the primary endpoints or postoperative serum albumin meas
urements were excluded from the analysis.

Perioperative fluid and transfusion management

Perioperative fluid and transfusion management of HTX patients 
is highly standardized in our institution and guided by continu
ous haemodynamic monitoring. Intraoperative blood manage
ment during and post CPB targets haemoglobin levels around 
10 g/dl. Serum albumin levels of 2.0 g/dl or below are used as a 
threshold for albumin substitution. Albumin substitution is con
sidered at serum albumin levels below 2.5 g/dl if the patient 
shows signs of peripheral oedema.

Serum albumin measurements

Main exposure was the first postoperative serum albumin con
centration measured in g/dl within the first 12 h at ICU. Albumin 
values were determined by the local central laboratory.

IMPACT score calculation

The risk index for IMPACT was calculated for each patient as de
scribed previously [3, 4, 11]. It assigns varying points for the vari
ables age, serum bilirubin, creatinine clearance, dialysis, sex, 
heart failure aetiology, preoperative infection, race, circulatory 
support and type of ventricular assist device and was calculated 
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for a previously published analysis [11]. Data were received by 
the prospective local database that stored manually extracted in
formation from electronic clinical charts by trained personnel.

MELD score calculation

The MELD score was calculated for each patient as described 
previously using the following formula: 10 � [0.957 � Ln 
(Creatinine) þ 0.378 � Ln(total bilirubin) þ 1.12 � Ln(interna
tional normalized ratio) þ 0.643] [12]. For calculation, immediate 
postoperative values of these biomarkers were used.

Outcomes

The primary endpoint was all-cause mortality during the first 
year after surgery. The secondary endpoint was the number of 
DAOH within the first year after HTX. DAOH were calculated by 
subtraction of all days spent in the hospital from 365 days. In 
case of death, the days the patient did not survive were added 
to the time spent in the hospital which was then subtracted 
from 365 days [13, 14]. DAOH is a more patient-centred out
come as it includes mortality, length of hospital stay and hospital 
readmissions and is known for its correlation with measures of 
quality of life [11].

Statistical analysis

Statistical software used for the present analysis were IBM SPSS 
software version 25.0 (Armonk, NY, USA), GraphPad Prism ver
sion 8.02 (La Jolla, CA, USA) and MedCalc Statistical Software 
version 20.114 (MedCalc Software Ltd, Ostend, Belgium). 
Descriptive statistics are presented as number (n) with corre
sponding percentages (%) in brackets for categorical variables 
and as mean ± standard deviation (SD) for continuous variables. 
Fisher’s exact test or unpaired t-tests were used to compare con
tinuous or dichotomous variables between groups. To evaluate 
the prognostic value of postoperative albumin receiver operat
ing characteristic curve (ROC) analysis was conducted (depen
dent variable: 1-year mortality). The Youden index was used to 
determine a cutoff value for albumin level. Kaplan–Meier curves 
were conducted for survival analysis depending on albumin cut
off value. Univariate logistic regression was conducted for post
operative albumin level and 1-year mortality. In a multivariate 
logistic regression model, odds ratios (ORs) were adjusted for 
clinical risk factors from baseline characteristics that might be 
associated with 1-year mortality. To evaluate if postoperative al
bumin could improve risk stratification of mortality prediction 
models, the net reclassification improvement (NRI) and the net 
absolute reclassification improvement (NARI) of two mortality 
prediction models adding postoperative albumin level to either 
MELD score or IMPACT score were calculated as previously per
formed [11]. Discrimination of these models with and without 
the addition of albumin was assessed (ROC-AUC) and compared 
using the Delong test. DAOH of patients with albumin values 
higher and lower than Youden index derived cutoff were com
pared in univariate analysis using Mann–Whitney U test. In a 
multivariate quantile regression model of the lowest DAOH cen
tile, association of continuous postoperative albumin values with 
DAOH was adjusted for clinical risk factors from baseline charac
teristics. For all statistical tests, a P-value of <0.05 was 

considered significant. Similar methods were used in previous 
publications [11].

RESULTS

Study cohort and characteristics

A total of 241 patients underwent HTX from 2010 to 2022 at the 
University Hospital of Duesseldorf and completed 1-year follow- 
up. Based on the inclusion and exclusion criteria 12 patients had 
to be excluded and 229 patients were included in the analysis. 
Mean age of the study group was 55 ± 11 years. Overall 1-year 
mortality was 17.4% (40 patients) and 30-day mortality was 7.8% 
(18 patients). Median DAOH were 299 (230–322) at 1 year after 
HTX. Detailed patient characteristics are presented in Table 1 
(Supplementary Table S1, Figure S1).

Pre- and postoperative serum albumin levels in 
survivors and non-survivors

There was no significant difference in preoperative serum albu
min levels between survivors and non-survivors (survivors: 3.9 ± 
0.7 g/dl vs non-survivors: 3.7 ± 0.7 g/dl, P¼ 0.084). Postoperative 
serum albumin levels were significantly lower in patients who 
died in the first year after HTX (survivors: 3.3 ± 0.6 g/dl vs non- 
survivors: 2.8 ± 0.6 g/dl, P< 0.001) (Fig. 1).

Discrimination and association of postoperative 
albumin and 1-year mortality

In ROC analysis, postoperative albumin levels showed a signifi
cant discrimination for 1-year mortality with an area under the 
curve (AUC) of 0.75 and 95% CI of 0.66–0.83. Youden index de
termined a cutoff of 2.95 g/dl for postoperative albumin levels. 
In a univariate logistic regression model, there was a significant 
association between postoperative serum albumin values and 
1-year mortality (OR: 4.54, 95% CI: 2.34–8.78, P�0.001). In 
Kaplan–Meier analysis, patients with postoperative albumin lev
els below cutoff showed lower survival rates as compared to 
controls (hazard ratio 7.95, 95% CI: 3.7–17.1, P< 0.001). Of note, 
preoperative hypoalbuminaemia occurred in 19 patients (8%) 
and was not associated with the incidence of postoperative 
hypoalbuminaemia. After adjustment for 13 covariables in multi
variate logistic regression analysis, only postoperative albumin 
and donor age remained independently associated with 1-year 
mortality (postoperative albumin—OR: 4.76, 95% CI: 1.94–11.67, 
P¼ 0.001 and donor age—OR: 1.11, 95% CI: 1.05–1.17, P�0.001] 
(Figs 2 and 3, Table 2).

Improvement of risk prediction models by 
postoperative albumin

We analysed if risk prediction of either IMPACT or MELD score 
for 1-year mortality could be improved by the addition of post
operative albumin levels to the prognostic models (based on 
logistic regression). The NRI for the model including IMPACT 
and albumin was 15.87% (95% CI: 9.43–23.53) for non-events 
and 5% (95% CI: 1.64–11.28) for events. The NRI for the model 
including MELD and albumin was 4.23% (95% CI: 1.64–9.93) for 

H
E

A
R

T
 F

A
IL

U
R

E
 

3 M’Pembele et al. / Interdisciplinary CardioVascular and Thoracic Surgery 

https://academic.oup.com/icvts/article-lookup/doi/10.1093/icvts/ivae012#supplementary-data
https://academic.oup.com/icvts/article-lookup/doi/10.1093/icvts/ivae012#supplementary-data


non-events and 25% (95% CI: 16.88–34.66) for events. The assess

ment of NARI showed that both models including postoperative 

albumin were able to detect 139/1000 and 78/1000 patients more 

at risk for 1-year mortality, respectively. ROC analysis showed that 

the models including postoperative albumin levels had significantly 

higher AUC as compared to the two baseline models only includ

ing IMPACT score (IMPACT score—AUC¼ 0.65, 95% CI: 0.57–0.74; 

IMPACT score with albumin—AUC¼ 0.77, 95% CI: 0.70–0.84; differ

ence between areas: 0.12, 95% CI: 0.02–0.21, P¼ 0.016) or MELD 

score (MELD score—AUC¼ 0.60, 95% CI: 0.50–0.70; MELD score 

with albumin—AUC¼ 0.78, 95% CI: 0.70–0.85; difference between 

areas: 0.17, 95% CI: 0.06–0.29, P¼ 0.002) (Fig. 4, Supplementary 

Tables S2 and S3).

Association of postoperative albumin with DAOH

In univariate analysis, DAOH of patients with postoperative albu
min levels �3 g/dl were significantly higher than DAOH of 
patients with albumin levels <3 g/dl [albumin—above cut-off 
308 (271–325) days vs below cutoff 253 (0–305) days, P� 0.001]. 
Of note, after the exclusion of patients who died during 1-year 
follow-up, univariate findings for DAOH remained significant in 
a sensitivity analysis (Supplementary Figure S2). A multivariate 
quantile regression model was performed in which postopera
tive albumin levels were independently associated with poor 
DAOH after adjustment for 13 covariables (postoperative albu
min—coefficient: −46.97, 95% CI: −83.81 to −10.13, P¼ 0.013) 
(Table 3, Supplementary Figure S3).

Table 1: Patient characteristics by postoperative albumin levels

Albumin �3 g/dl (N¼ 173) Albumin <3 g/dl (N¼ 56) P-value

Preoperative recipient characteristics
Male sex 129 (74.6) 38 (67.9) 0.387
Age (years) 55.1 ± 10.8 55.3 ± 11 0.904
BMI (kg/m2) 25.8 ± 4.5 25.4 ± 4.7 0.614
Smoker 45 (26.2) 12 (21.4) 0.594
Diabetes 32 (18.7) 18 (32.1) 0.042

Arterial hypertension 98 (57) 32 (57.1) >0.999
Pulmonary hypertension 14 (8.1) 7 (12.5) 0.424
Prior cardiothoracic surgery 101 (58.4) 44 (78.6) 0.007

LVAD 78 (45.1) 37 (66.1) 0.009

ICM 73 (42.4) 25 (44.6) 0.877
DCM 81 (47.1) 28 (50) 0.759
ARVC 7 (4.1) 1 (1.8) 0.683
RCM 0 (0) 1 (1.8) 0.246
HCM 3 (1.7) 1 (1.8) >0.999
Myocarditis 2 (1.2) 0 (0) >0.999
Preoperative dialysis 10 (5.8) 2 (3.7) 0.736
IMPACT score 8.1 ± 4.7 9.4 ± 4.1 0.096
Albumin (g/dl) 3.9 ± 0.7 3.7 ± 0.7 0.185
MELD score 14.3 ± 7.6 13.7 ± 6.5 0.652

Donor characteristics
Male sex 98 (56.6) 28 (50) 0.441
Age (years) 43.1 ± 12.2 44.3 ± 12.4 0.526
BMI (kg/m2) 26.1 ± 4.9 26.0 ± 3.7 0.945
Cardiopulmonary resuscitation 53 (30.6) 15 (26.8) 0.618

Intraoperative characteristics (min)
Duration of surgery 401 ± 95 490 ± 148 <0.001

Duration of CPB 240 ± 57 294 ± 94 <0.001

Total ischaemia time 212 ± 48 220 ± 51 0.330
PRBC (l) 2.9 ± 2.4 4.9 ± 3.2 <0.001

Platelets (l) 1.0 ± 0.8 1.5 ± 1.1 0.001

FFP (l) 1.5 ± 1.6 1.9 ± 2.3 0.218
Postoperative laboratory values

Creatinine (mg/dl) 1.5 ± 0.8 1.3 ± 0.5 0.230
Bilirubin (mg/dl) 2.6 ± 1.9 2.5 ± 1.3 0.576
INR 1.2 ± 1.9 1.3 ± 2.2 0.280
Albumin (g/dl) 3.5 ± 0.4 2.4 ± 0.4 <0.001

Postoperative characteristics
ECMO 33 (19.2) 28 (50) <0.001

Renal replacement therapy 90 (57.7) 35 (62.5) 0.635
MELD score 14.6 ± 5.3 14.3 ± 5.1 0.711
Albumin substitution within first 24 h 47 (28.7) 29 (54.7) 0.001

Days in ICU 24 ± 25 25 ± 26 0.677
Duration of mechanical ventilation (hours) 110 ± 167 223 ± 216 0.001

30-day mortality 6 (3.5) 12 (21.4) <0.001

1-year mortality 18 (10.4) 22 (39.3) <0.001

ARVC, arrhythmogenic right ventricular cardiomyopathy; BMI, body mass index; CPB, cardiopulmonary bypass; DCM, dilative cardiomyopathy; ECMO; extracor
poreal membrane oxygenation; FFP, fresh frozen plasma; HCM, hypertrophic cardiomyopathy; ICM, ischaemic cardiomyopathy; IMPACT, risk index for mortality 
prediction after cardiac transplantation; ICU, intensive care unit; INR, international normalized ratio; LVAD, left ventricular assist device; MELD, model for end- 
stage liver disease; PRBC, packed red blood cells; RCM, restrictive cardiomyopathy [11].

Significant results are marked in bold.
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DISCUSSION

This study revealed an independent association between low 

postoperative serum albumin levels and increased 1-year mor

tality as well as poor DAOH after HTX. Additionally, risk predic

tion for mortality by IMPACT score or MELD score was 

significantly improved when postoperative albumin was added 

to the models.

The role of preoperative serum albumin in 
patients undergoing HTX

Previous investigations described that preoperative serum albu
min levels were associated with unfavourable outcome after 
HTX. Kato et al. [8] showed in a retrospective analysis of 822 
HTX patients that preoperative serum albumin levels <3.5 g/dl 
were associated with increased 1-year mortality. Additionally, 
the authors used the same cutoff for analysis of data of 13 671 
HTX patients from the united network of organ sharing data
base. Again preoperative serum albumin levels below cutoff 
were associated with poor 1-year survival in a parametric sur
vival model [15]. Other studies showed similar associations be
tween preoperative albumin levels and 1-year mortality after 
HTX [6]. Previously preoperative albumin levels were also in
cluded in risk scores to assess postoperative survival after HTX. 
In this context, Schulze et al. [16] proposed the CARRS score in
cluding prior stroke, albumin, retransplantation, glomerular fil
tration rate and prior thoracic surgeries. This score showed a 
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Figure 1: Postoperative serum albumin levels. The figure shows postoperative 
serum albumin levels after heart transplantation in survivors compared with 
non-survivors 1-year follow-up (survivors: 3.3 ± 0.6 g/dl vs non-survivors: 2.8 ± 
0.6 g/dl; P < 0.001)

Figure 2: Receiver operating characteristic curves of postoperative albumin 
levels and 1-year mortality. The figure shows the ROC curves for association of 
postoperative albumin levels with 1-year mortality after heart transplantation. 
The AUC was 0.75 (95% CI: 0.66–0.83)
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Figure 3: Postoperative survival of patients based on albumin levels. The figure 
shows the Kaplan–Meier curves of patients after HTX classified by postopera
tive albumin levels above and below cutoff of 3 g/dl. Survival in patients with 
postoperative albumin levels >3 g/dl was higher as compared to controls (HR 
7.95, 95% CI: 3.7–17.1; P<0.001)

Table 2: Multivariate binary logistic regression for the asso
ciation of postoperative albumin and 1-year mortality

Parameter Adjusted 
odds ratio

95% CI P-value

Albumin (g/dl) � (−1) 4.76 1.94–11.67 0.001

IMPACT 1.04 0.91–1.19 0.549
Postoperative MELD 1.05 0.94–1.17 0.424
Recipient diabetes 1.09 0.31–3.78 0.892
Prior LVAD 0.86 0.20–3.77 0.838
Prior cardiothoracic surgery 1.50 0.31–7.33 0.618
Donor age (years) 1.11 1.05–1.17 <0.001

Duration of surgery (min) 0.99 0.98–0.99 0.015

Duration of CPB (min) 1.01 0.99–1.02 0.221
mechanical ventilation (h) 1.00 1.00–1.01 0.073
Postoperative RRT 1.78 0.47–6.68 0.396
Postoperative ECMO 1.96 0.54–7.07 0.305
PRBC transfusion (ml) 1.00 1.00–1.00 0.774
Platelet transfusion (ml) 1.00 1.00–1.00 0.154

CPB, cardiopulmonary bypass; ECMO, extracorporeal membrane oxygena
tion; IMPACT, risk index for mortality prediction after cardiac transplanta
tion; LVAD, left ventricular assist device; MELD, model for end-stage liver 
disease; PRBC, packed red blood cells; RRT, renal replacement therapy [11].
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good discriminative ability with an ROC-AUC of 0.77. Another 

study by Chokshi et al. [7] investigated the role of liver dysfunc

tion on outcome after HTX. Therefore, preoperative serum albu

min values were added to the MELD score. Higher modified 

MELD score and lower albumin values were associated with 

poor survival.

The role of postoperative serum albumin 

after HTX

The role of postoperative serum albumin levels after HTX has 

not been investigated until now. Our current data suggest that 

low postoperative serum albumin values are strongly associated 

with poor outcome regarding 1-year survival and DAOH after 

HTX. This is in line with the findings of previous studies for car

diac and non-cardiac surgery [2, 17]. Berbel-Franco et al. [1] 

showed a strong association of low postoperative serum albu
min levels (within the first 24 h at ICU) with in-hospital and 
long-term mortality in 2818 cardiac surgery patients. 
Interestingly risk for mortality was not linear but showed a pro
gressively steeper increase when serum albumin levels were be
low 3.0 g/dl which goes in line with the cutoff from our ROC 
analysis [1]. However, heart transplant patients were not in
cluded in the above-mentioned study. It is well known that post
operative serum albumin mimics intra- and postoperative 
course as it is influenced by numerous factors like increased in
flammatory response resulting from surgical trauma, long CPB 
times or ischaemia reperfusion injury and postoperative liver 
dysfunction, making it a suitable biomarker for postoperative 
prognosis [1, 2, 18–20]. Within our patient cohort, we could 
show that patients with serum albumin levels below the cutoff 
of 3 g/dl had significantly longer durations of surgery and CPB, 
as well as significantly higher transfusion requirements, 

Figure 4: Receiver operating characteristic curves of two different prediction models for 1-year mortality including postoperative albumin. ROC curves using the 
IMPACT score (A) or the MELD score (B) alone compared to models which added postoperative albumin levels (dependent variable: 1-year mortality). Models in
cluding postoperative albumin showed better discrimination for 1-year mortality (IMPACT score—AUC¼ 0.65, 95% CI: 0.57–0.74 vs IMPACT score with albumin— 
AUC¼ 0.77, 95% CI: 0.70–0.84; difference between areas: 0.12, 95% CI: 0.02–0.21, P¼ 0.016; MELD score—AUC¼ 0.60, 95% CI: 0.50–0.70 vs. MELD score with albu
min—AUC¼ 0.78, 95% CI: 0.70–0.85; difference between areas: 0.17, 95% CI: 0.06–0.29, P¼ 0.002)

Table 3: Multivariate quantile regression model for the association of postoperative albumin with Days alive and out of hospital

Parameter Coefficient Standard error 95% CI P-value

Constant 163.39 95.20 −24.49 to 351.27 0.088
Albumin (g/dl) � (−1) −46.97 18.67 −83.81 to −10.13 0.013

MELD −0.09 0.39 −0.86–0.68 0.821
IMPACT −3.42 2.67 −8.70 to 1.85 0.202
Recipient diabetes −73.40 25.26 −123.24 to −23.56 0.004

Prior LVAD 13.75 30.82 −47.07 to 74.58 0.656
Prior cardiothoracic surgery 18.73 31.40 −43.25 to 80.70 0.552
Donor age (years) −2.80 0.81 −4.40 to −1.20 <0.001

Duration of surgery (min) 0.08 0.15 −0.21 to 0.37 0.607
Duration of CPB (min) 0.21 0.23 −0.24 to 0.67 0.355
mechanical ventilation (h) −0.14 0.07 −0.28 to 0.01 0.056
Postoperative RRT −120.91 22.59 −165.49 to −76.34 <0.001

Postoperative ECMO −3.60 29.22 −61.26 to 54.05 0.902
PRBC transfusion (ml) −0.016 0.01 −0.03 to −0.01 0.006

Platelet transfusion (ml) 0.01 0.02 −0.02 to 0.05 0.405

CPB, cardiopulmonary bypass; ECMO, extracorporeal membrane oxygenation; IMPACT, risk index for mortality prediction after cardiac transplantation; LVAD, 
left ventricular assist device; MELD, model for end-stage liver disease; PRBC, packed red blood cells; RRT, renal replacement therapy [11].
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supporting this relationship. This might be the reason why post
operative albumin showed a strong independent association 
with mortality and DAOH in our cohort. Additionally, we ad
justed our findings for postoperative MELD score, which shows 
that low albumin values are not solely influenced by postoper
ative liver dysfunction and impaired synthesis after HTX. 
Although, preoperative factors are more useful for risk predic
tion than postoperative variables, postoperative albumin can 
be used for early risk re-assessment after HTX, as a widely 
available biomarker in clinical practice. If low serum albumin 
levels themselves have negative effects on patient’s prognosis 
after HTX is unclear, but could be an interesting therapeutic 
approach for upcoming investigations. Targeting postoperative 
serum albumin levels >3.0 g/dl after HTX by substitution of hu
man albumin might be a feasible approach and should be in
vestigated in prospective trials, as data concerning this topic 
are lacking. However, as in our cohort patients with low albu
min levels had higher rates of albumin substitution but also 
higher mortality, benefit of this therapeutic approach is ques
tionable and cannot be drawn from our data, as negative 
effects should also be considered.

Strengths and limitations

This work has several limitations that we are aware of. First, this 
was a retrospective single-centre study with a limited number of 
patients and events. However, data were obtained from the local 
HTX database and we had a full dataset regarding the endpoints 
and covariates in 95% of all patients. As our patients are closely 
connected to our centre we could provide not only data on 
mortality but also DAOH which represents a more patient- 
centred outcome. Nevertheless, we cannot be sure if patients 
were hospitalized externally during 1-year follow-up, although 
the risk is very limited. Finally, we had to assess the postopera
tive albumin values during the first 12 h after arrival ICU, as albu
min was not measured systematically at arrival in ICU in all 
patients. Regarding our statistical approach, all analyses were ex
ploratory in nature and 95% CIs were not adjusted for multiple 
comparisons, hence inferences drawn from them may not be 
reproducible.

CONCLUSIONS

Early postoperative hypoalbuminaemia <3.0 g/dl is associated 
with 1-year mortality and poor DAOH after HTX. This makes 
postoperative albumin a suitable marker for early risk 
re-assessment after HTX.
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