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ORIGINAL ARTICLE

Preoperative Endothelial Activation and Stress Index as
a predictor of in-hospital mortality and postoperative
complications in cardiac surgery with cardiopulmonary
bypass

A retrospective cohort study

Patrick Rehn, Ioannis Tsoukakis, Peter Full, Maik von der Forst, Benjamin Niehaus, Dania Fischer,

Felix C.F. Schmitt, Matthias Karck, Markus Alexander Weigand, Christoph Lichtenstern,

Thomas LuftM, Rawa ArifM and Maximilian DietrichM

BACKGROUND Patients undergoing cardiac surgery with
cardiopulmonary bypass (CPB) are at risk for peri-operative
complications, often linked to endothelial dysfunction. The
Endothelial Activation and Stress Index (EASIX) has shown
potential in predicting outcomes in various patient cohorts.

OBJECTIVES We aimed to assess the prognostic value of
EASIX for in-hospital mortality and postoperative outcomes
in cardiac surgery patients with CPB.

DESIGN A retrospective cohort study.

SETTING A review of patients undergoing cardiac surgery
with CPB at University Hospital Heidelberg from 2015 to
2023.

PATIENTS A total of 9642 patients were considered. After
applying the exclusion criteria, 7233 patients with available
preoperative levels of creatinine, lactate dehydrogenase, and
platelet counts for EASIX calculation were included. The
cohort was divided into a training group (n¼4446, until
December 2019) and validation group (n¼2787, from Jan-
uary 2020).

MAIN OUTCOME MEASURES The primary endpoint was
in-hospital mortality, with secondary outcomes including
ventilator days, ICU stay, and postoperative bleeding. Multi-
variate logistic regression was performed and ROC curve
analyses were used to assess model performance and the
added predictive value of EASIX.

RESULTS EASIX predicted in-hospital mortality in the train-
ing cohort [odds ratio (OR) per log2 increase 2.08, P
<0.001]. In the validation cohort, adding EASIX to the model
significantly increased the AUC from 0.74 to 0.78 (P
¼0.012). EASIX>2.32 is associated with an OR for mortali-
ty of 9.37 in the training, and for 4.47 in the validation cohort.
Patients with EASIX >2.32 had significantly more ICU and
ventilator days (P<0.001) and higher risk of postoperative
bleeding.

CONCLUSION Preoperative EASIX is a validated, cost-
effective tool for predicting in-hospital mortality and postop-
erative bleeding in patients undergoing cardiac surgery with
CPB. It may enhance risk stratification and guide peri-oper-
ative management in high-risk patients.

Published online 10 November 2025

0265-0215 Copyright � 2025 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the European Society of Anaesthesiology and Intensive Care.

DOI:10.1097/EJA.0000000000002313
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

MTL, RA & MD contributed equally to this work.
From the Department of Anaesthesiology, Heidelberg University Hospital, Heidelberg, Germany (PR, PF, MvdF, BN, DF, FCFS, AW, CL, MD), Department of Internal
Medicine V, Hematology, Oncology and Rheumatology, Heidelberg University Hospital, Heidelberg, Germany (IT, TL), Institute of Cardiac Surgery, University Hospital
Heidelberg, Heidelberg, Germany (MK, RA)

Correspondence to Dr Maximilian Dietrich, Department of Anaesthesiology, Heidelberg University Hospital Im Neuenheimer Feld 420 69120 Heidelberg, Germany.
E-mail: Maximilian.dietrich@med.uni-heidelberg.de

Received 18 December 2024 Accepted 26 September 2025

https://orcid.org/0009-0001-2559-8390
http://dx.doi.org/10.1097/EJA.0000000000002313


KEY POINTS

� Question: Can Endothelial Activation and Stress

Index (EASIX) prognosticate in-hospital mortality

in patients undergoing cardiac surgery with cardio-

pulmonary bypass?

� Findings: In this retrospective cohort study, higher

EASIX scores were statistically significant predic-

tors of in-hospital mortality.

� Meaning: Incorporating EASIX into preoperative

evaluations could improve patient risk stratification.

Background
Cardiovascular disease is among themost common causes

of death in Europe. According to a 2016 review by the

European Society of Cardiology, cardiovascular disease

accounts for 45% of all deaths in Europe each year. This

corresponds to approximately 4 million deaths annually.1

A subset of these patients require complex cardiac sur-

gery using cardiopulmonary bypass (CPB), which enables

surgery during cardiac arrest.2

It is hypothesised that the endothelium is involved in the

pathogenesis of peri-operative complications during cardi-

ac surgery.3–5The endothelium, a thin layer of cells lining

the blood vessels, plays a crucial role in the peri-operative

period by influencing vascular function, haemostasis, and

inflammation, key factors in postsurgical wound healing.6,7

Theendothelium is central to thepathogenesis of coronary

vascular disease.6,8,9 In this respect, endothelial dysfunc-

tion has a significant influence on development of postop-

erative complications in cardiac surgery such as severe

haemorrhage, thrombotic events, vasoplegia and microcir-

culatory alterations.3,4,10,11 Recent studies indicate that

CPB leads to pathophysiological processes associated with

endothelial activation anddysfunction, such as coagulation

and inflammation.10,12 Interestingly, elevated endothelial

biomarkers suggesting the degradation of the glycocalyx,

an integral component of the endothelium, have been

found in the serum of patients undergoing cardiac surgery

using CPB.13 If endothelial dysfunction is already present

preoperatively, the additional stress of CPB may promote

decompensation, creating a diagnostic challenge during

preoperative evaluation, as no routine marker for endo-

thelial dysfunction currently exists.11,14Markers for endo-

thelial dysfunction such as Syndecan-1 are primarily used

in the context of research and are not part of any routine

laboratory screen.

The ‘‘Endothelial Activation and Stress Index’’ (EASIX)

has the potential to fill the diagnostic gap in preoperative

risk stratification. It is calculated as the ratio of the product

of creatinine and lactate dehydrogenase (LDH) to the

platelet count: creatinine (mg dl�1)� LDH (U l�1)/plate-

let count (109 l�1).15 Importantly, this score can be

measured routinely without additional cost, as these

measurements are typically included in the standard pre-

operative laboratory screen. EASIX score was originally

developed to assess endothelial damage before stem cell

transplantation and to predict mortality after endothelial

complications.15 More recent studies have examined

EASIX as both a marker of endothelial dysfunction and

a prognostic tool. It has been shown to reliably predict

mortality in patients following allogeneic stem cell trans-

plantation and graft-versus-host disease, COVID-19, sep-

sis and in patients with severe liver disease.15–19

Furthermore, EASIX has demonstrated the ability to

predict the risk of sepsis even before the initiation of

conditioning chemotherapy in the context of stem cell

transplantation.20,21 In previous studies EASIXwas shown

to correlate with serum levels of NT-proBNP,22 sCD141

(soluble thrombomodulin),23 angiopoietin-2,17,24 interleu-

kin-18,16,17,23,24 and low IGF1,16 all of which are markers

for endothelial damage. This highlights the ability of

EASIX to provide information about the status of the

endothelium. Common risk stratification tools for patients

undergoing cardiac surgery include the (logistic) Euro-

SCORE. Endothelial dysfunction is not explicitly cap-

tured by this scoring system. It incorporates personal,

clinical, and procedural measures to estimate in-hospital

mortality. It is widely used and has been updated several

times.25–28 Compared to EASIX, the EuroSCORE

requires more patient data and is more complex to calcu-

late.27,28

The increased vulnerability of the endothelium due to

high prevalence of vascular diseases, combined with the

stress of extracorporeal circulation, may render cardiac

surgery patients more susceptible to endothelial damage.

We therefore hypothesise that EASIX may serve as a

predictive marker for patient outcomes following cardiac

surgery using CPB, and could aid in identifying individ-

uals at risk for endothelial complications.

Methods

Study design and ethics
This retrospective, monocentric cohort study was con-

ducted at University Hospital Heidelberg, Germany.

Methodology and results are reported according to

STROBE-guidelines for cohort studies.31 Ethical ap-

proval for this study (reference number S-623/2023)

was provided by the local Ethical Committee of the

Medical Faculty of Heidelberg University, Alte Glock-

engießerei 11/1, 69115 Heidelberg, Germany on 15 No-

vember 2023. Requirement for informed consent was

waived by the Ethical Committee of theMedical Faculty

of Heidelberg University due to the retrospective design

of the study. The Declaration of Helsinki guideline was

followed.

Study cohort and data collection
Patients aged 18 years and older who underwent cardiac

surgery using CPB at University Hospital Heidelberg,
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Department of Cardiac Surgery fromApril 2015 to August

2023 were included regardless of the clinical indication,

with the exception of heart transplants and salvage pro-

cedures. The necessary laboratory analyses for calcula-

tion of EASIX (platelet count, creatinine and LDH) were

required within 7 days before surgery, but if results were

not available within this time frame the most recent set

before surgery was used in each case. Patients with

EASIX available within 1 to 7 days before to surgery

were compared to patients with no EASIX available

within this timeframe to explore potential bias. Recorded

baseline and outcome data included age, sex, body mass

index (BMI), American Society of Anesthesiologists

(ASA) class score, logistic EuroSCORE, indication and

urgency of surgery, preoperative left ventricular ejection

fraction (LVEF), CPB time, postoperative complications,

ventilator days and in-hospital mortality.

The cohort was divided into a training cohort (surgery

from April 2015 until December 2019) and a validation

cohort (surgery from January 2020 to August 2023).

In accordance with previously published literature, high-

risk thresholds were applied as follows: an EASIX value

exceeding 2.32 was considered high-risk, and patients

with a Logistic EuroSCORE >14 were classified as high-

risk.20,21,29,30 We used these cut-offs to make our analysis

more clinically applicable. All patient data were gathered

retrospectively by an automated query of electronic

medical reports stored in the internal database of Uni-

versity Hospital Heidelberg. The request included epi-

demiological data, laboratory values, risk factors and

survival data as well as type, details and date of surgery.

The date of survival assessment was November 2023.

Laboratory analyses and cardiac assessment
EASIX was calculated as published: LDH (U l�1) �
creatinine (mg dl�1)/platelet count (109 l�1).15 LDH,

creatinine and platelets were measured as part of our

routine laboratory screen. Left ventricular function was

assessed using LVEF. We defined good left ventricular

function as LVEF �50%, moderately impaired LV-func-

tion as LVEF 31–49%, highly impaired LV-function as

LVEF 21–30% and very highly impaired LV-function as

LVEF �20%. We recorded the total time of CPB during

surgery.

Endpoints
The primary endpoint was in-hospital mortality. For

secondary endpoints, we evaluated ventilator days,

length of ICU stay and postoperative bleeding. Bleeding

was defined as being related to the surgical procedure and

causing significant haemodynamic instability or necessi-

tating a transfusion.

Statistical methods
Descriptive statistics were performed with all relevant

data. Median [IQR], and minimum and maximum values

were calculated. Comparison of metric values between

groups was conducted using the Mann–Whitney U test,

while categorical variables were analysed using the x2

test. For comparison of metric variables across more than

two groups, the Kruskal–Wallis test was applied.

Multiple logistic regression analysis was performed

for both primary and secondary outcomes in the training

cohort. Two logistic regression models were calculated

and compared, to evaluate the predictive power of

EASIX for in-hospital mortality. Model 1 included

personal characteristics (age, BMI, sex) with and with-

out EASIX. Model 2 included Model 1 together with

clinical assessments (left ventricular function) and pro-

cedure-related characteristics (type of surgery), again

with and without EASIX. The models were developed

using the training cohort and validated in the indepen-

dent cohort.

Odds ratios (ORs) for age were scaled to represent a 5-

year increase to improve clinical interpretability, rather

than the effect per single year. Continuous variables such

as the EASIX score were categorised using predefined

clinical cut-offs (<0.92, 0.92–2.32, >2.32), as previously

validated in other patient groups. Multivariate logistic

regression analyses were performed with the categorical

EASIX variable, using the lowest category (<0.92) as the

reference group.

Receiver operating characteristic (ROC) curves and the

area under the curve (AUC) were used to assess model

performance. The models were validated by applying

them to the validation cohort and calculating predicted

probabilities for mortality. To compare the predictive

power of the models and the statistical significance in

AUC-differences, we conducted the DeLong test for

paired ROC curves. Metric variables are reported as

median [IQR], and categorical variables are presented

as absolute and relative frequencies.

In order to assess the predictive performance of EASIX in

comparison to the established logistic EuroSCORE, lo-

gistic regression analyses were conducted on the full

study cohort without using a separate validation set.

ROC curves, DeLong tests for AUC comparison and

net reclassification improvement (NRI) were used to

assess model performance. Three models were evaluat-

ed: EASIX, EASIX plus logistic EuroSCORE and logistic

EuroSCORE.

A Cox regression analysis was conducted to explore the

association between EASIX and mortality at 400 days.

Given the significant proportion of censored data and loss

to follow-up, the present analysis was regarded as strictly

exploratory and descriptive in nature. Statistical analysis

was conducted using SPSS version 29.0 and R Studio

4.4.2. Validation was performed in RStudio, using the

pROC package for ROC curve analysis and DeLong

testing.
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Results:
Patient characteristics
The overall cohort consisted of 9642 patients. Of these 127

heart transplants and 62 salvage procedures were excluded,

and for 2220 the necessary laboratory analyses for calcula-

tion of EASIX (platelet count, creatinine and LDH) were

unavailable within 7days prior to surgery. The remaining

7233 made up the training cohort (n¼ 4446) and the vali-

dation cohort (n¼ 2787) (Fig. 1). Baseline characteristics of

the training and validation cohorts are presented inTable 1.

Comparison of patients with andwithout EASIXwithin the

timeframe of 1 to 7 days before surgery revealed a bias. The

differences are presented in Table 1, Supplemental Digital

Content, http://links.lww.com/EJA/B218. Patients without

EASIX presurgery were at higher risk compared to patients

with EASIX values as they had more emergency surgery

(42.2% vs. 7.3%) and more salvage surgery interventions

(4.8% vs. 0.8%). Of note, there was a very high in-hospital

mortality rate in the patients with salvage surgery (42.5%)

and a higher median EASIX (2.43, range 1.21 to 6.69)

compared with patients with elective, urgent and emer-

gency surgery (3.2% mortality, median EASIX 1.08, range

0.78 to 1.54, P< 0.001). This was why we decided to

exclude patients with salvage surgery from our primary

analysis.

The validation cohort was older, had higher ASA scores

and more often underwent emergency surgery. EASIX

values differed significantly between the cohorts (Train-

ing cohort: median [IQR] 1.09 [0.80 to 1.57], validation

cohort 1.04 [0.75 to 1.50], P< 0.001).

In-hospital-mortality was not significantly different be-

tween the training and validation cohorts (training cohort

3.2%, validation cohort 2.9%,P¼ 0.525).MedianCPB-time

was 107 [84 to 140] min in the training and 122 [95 to 166]

min in the validation cohort (P< 0.001). Postoperative

bleeding occurred more frequently in the validation cohort

than in the training cohort (6.8% vs. 4.8%, P< 0.001).

Primary outcome: in-hospital mortality
The multivariate logistic regression analysis of the train-

ing cohort included age, sex, BMI, left ventricular func-

tion, surgery type and preoperative endocarditis (Model

2) and EASIX. EASIX independently predicted in-hos-

pital mortality (OR per log2 step 2.08 (CI 1.78 to 2.43),

P< 0.001). Odds ratios of the remaining variables of the

logistic regression model are presented in Table 2.

The added predictive value of EASIX was validated in

the independent cohort using ROC curve analysis. Add-

ing EASIX to Model 2 increased the AUC-ROC from

0.74 to 0.78, representing a statistically significant im-

provement (P¼ 0.002). A simplified model (Model 1),

which included only personal detail (age, sex, BMI) and

EASIX, demonstrated strong discriminative ability with

an AUC-ROC of 0.72, which was not statistically differ-

ent from that of Model 2 without EASIX (P¼ 0.47).

However, removing EASIX from Model 1 resulted in a

significant decrease in discriminative ability, with an

AUC-ROC of 0.60 (P¼ 0.02). ROC curves and AUC-

ROC values for all models are presented in Fig. 2.

In the logistic regression model for in-hospital mortality,

both EASIX log2 (OR 1.69 (95% CI, 1.49 to 1.90), P
< 0.001) and the logistic EuroSCORE (OR 1.04 (95% CI

1.03 to 1.04), P< 0.001) were significantly associated with

increased odds of death in the whole cohort (Table 3).

520 Rehn et al.

Fig. 1 Enrollment and allocation of cohorts.

Assessed for eligibility (n = 9642)

Excluded (n = 2409)
Heart Transplants (n = 127)
NO EASIX within 7 days prior to
   surgery (n = 2220)
Salvage surgery or missing urgency
  (n = 62)

�
�

�

� �

Included (n = 7233)

Training Cohort (n = 4446) Training Cohort (n = 2787)
surgery from 01/20 until 08/23surgery from 04/14 until 12/19

Allocation

Enrollment
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The area under the ROC curve (AUC) improved when

EASIX and logistic EuroSCORE were combined. The

DeLong test confirmed a statistically significant improve-

ment in discriminatorypower for the combinedmodel versus

the EuroSCORE alone (P¼ 0.03). ROC curves and AUC-

ROC values for all models are presented in Fig. 3. Net

reclassification improvement (NRI) analysis showed a posi-

tive NRI of 0.102, suggesting improved risk stratification.

Predefined EASIX cutoffs
For the following analyses we used the predefined cutoffs.

EASIX< 0.93 was the third IQR for the healthy cohort

included in the prospective Endothelial Cell Dysfunction

and Outcome study (EndoCDO-H, NCT05502887).

EASIX > 2.32 is a validated predictor of risk of sepsis

measured before starting conditioning therapy for

allogeneic stem cell transplantation.20,21 We conducted a

multivariate logistic regression analysis including EASIX,

age, sex, BMI, left ventricular function, surgery type and

presurgery endocarditis. An EASIX > 2.32 was indepen-

dently associated with in-hospital mortality in both the

training cohort (OR 9.37 (95%, CI 5.31 to 16.54), P< 0.001)

and the validation cohort (OR 4.48 (95%, CI, 2.22 to 9.02),

P< 0.001). Odds ratios of the remaining variables of the

logistic regression models are presented in Table 4.

Secondary outcomes
To better understand the relationship between EASIX

and mortality, we studied the association of this marker

with postoperative bleeding, duration of mechanical ven-

tilation, and duration of stay on the ICU.

EASIX for mortality prediction in cardiac surgery with CPB 521

Table 1 Baseline characteristics

Characteristic Overall nU7233 Training cohort n U 4446

01/2015 to 12/2019

Validation cohort n U 2787

01/2020 to 08/2023

P-value

Age, years 69 [61 to 75] 70 [61 to 76] 67 [60 to 74] <0.001
Sex, male 5319 (73.5) 3248 (73.1) 2078 (74.6) 0.251
BMI, kg m�2 27 [24 to 30] 27 [24 to 30] 27 [24 to 30] 0.561
ASA 4 and 5 1443 (20.0) 754 (17.0) 689 (24.7) <0.001
Urgency of surgery <0.001
Elective 4772 (79.2) 3206 (83.0) 1563 (56.1)
Urgent 1443 (20.0) 986 (22.2) 941 (33.8)
Emergency 534 (7.4) 251 (5.6) 283 (10.2)

Indication of surgery <0.001
CABG 3454 (47.8) 2139 (48.1) 1315 (47.2)
Valve 2134 (29.5) 1387 (31.2) 747 (26.8)
Thoracic aorta 644 (8.9) 325 (7.3) 319 (11.4)
Combination 1001 (13.8) 595 (13.4) 406 (14.6)

CPB time, min 113 [88 to 149] 107 [84 to 140) 122 [95 to 166] <0.001
LVEF � 30% 585 (8.1) 374 (8.4) 211 (7.6) 0.208
EASIX 1.08 [0.78 to1.55] 1.09 [0.80 to1.57] 1.04 [0.75 to 1.50] <0.001
ICU stay, days 1 [1 to 3] 1 [1 to 2] 1 [1 to 3] <0.001
Ventilator time, h 16 [11 to 19] 16 [12 to 19] 15 [10 to 18] <0.001
Postoperative bleeding 403 (5.6) 213 (4.8) 190 (6.8) <0.001
In-hospital mortality 3.1% 3.2% 2.9% 0.525

Data are given as median [IQR] or n (%). Valve, included surgery on any valve (aortic, mitral, pulmonal, tricuspid). Combination: included any combination of above surgery
categories (CABG, valve, thoracic aorta). BMI, body mass index; CABG, coronary artery bypass graft; IQR, interquartile range; LVEF, left ventricular ejection fraction.

Table 2 Multivariate logistic regression analysis of in-hospital mortality (continuous EASIX) for the training cohort

95% CI

Variable OR Lower Upper P-value

EASIXlog2 2.078 1.779 2.429 <0.001
Age (per 5 years) 1.143 1.041 1.258 0.006
Sex, male 2.356 1.613 3.447 <0.001
BMI >30 kg m�2 0.763 0.528 1.200 0.276
LVEF � 50% (ref) 1.0 <0.001
LVEF 31 to 50% 2.224 1.491 3.316 <0.001
LVEF 21 to 30% 3.727 2.211 6.282 <0.001
LVEF � 20% 3.926 1.330 11.589 0.013
CABG (ref) 1.0 <0.001
Valves (1) 1.363 0.865 2.148 0.182
Combination (2) 1.942 1.165 3.235 0.011
Thoracic aorta (3) 4.245 2.317 7.776 <0.001
Preoperative endocarditis 1.930 0.913 4.082 0.085

Valve, included surgery on any valve (aortic, mitral, pulmonal, tricuspid). Combination, included any combination of above surgery categories (CABG, valve, thoracic aorta).
BMI, body mass index; CABG, coronary artery bypass graft; CI, confidence interval; LVEF, left ventricular ejection fraction; OR, odds ratio. EASIXlog2 represents the
Endothelial Activation and Stress Index after log base 2 transformation; the odds ratio per 1-unit increase reflects the change in odds associated with a doubling of the raw
EASIX value. n¼4426 no. of events: 139.
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Multivariate logistic regression analysis with the end-

point postoperative bleeding revealed a significant asso-

ciation with EASIX > 2.32 in both, training and

validation cohort (training: OR 1.75 (95% CI 1.12 to

2.75), P¼ 0.014; validation: OR 1.83 (95% CI 1.14 to

2.95), P¼ 0.012) (Table 2, Supplemental Digital Con-

tent, http://links.lww.com/EJA/B218).

The significant increases in days on ICU and hours of

mechanical ventilation with high EASIX are shown in

Fig. 4. To test if the association with high EASIX holds

true in a multivariable setting, we defined the median

ventilation time (>16 h) and time of ICU stay (>1 day) of

the whole cohort as endpoints in our logistic regression.

An EASIX score > 2.32 was significantly associated with

ventilation time >16 h and >1 ICU days in both the

training and validation cohort (Tables 3 and 4, Supple-

mental Digital Content, http://links.lww.com/EJA/B218).

Supportive descriptive analyses with the
entire cohort
The combined patient (training and validation) cohort

(n¼ 7233) was used to perform logistic regression models

with hospital mortality as endpoint. Both EASIX (log2-

transformed) and logistic EuroSCORE were found to be

independent predictors of hospital mortality (P< 0.001

for both). The combined model, including EASIX and

the logistic EuroSCORE, achieved a significantly higher

AUC than the model with the logistic EuroSCORE alone

(P¼ 0.03, DeLong test). NRI also favoured the inclusion

of EASIX (NRI¼ 0.10), with most of the benefit from

upward reclassification of true cases (NRIþ¼ 0.11).

Among men, the addition of EASIX again led to a

statistically significant improvement in model perfor-

mance (DeLong P¼ 0.037; NRI¼ 0.12). Among women,

a similar trend was observed, although the improvement

did not reach conventional statistical significance

(DeLong P¼ 0.06; NRI¼ 0.12).

In a Cox regression model including both EASIXlog2 and

the logistic EuroSCORE, EASIX significantly improved

522 Rehn et al.

Fig. 2 ROC curves for hospital mortality prediction models (validation
cohort).
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The purple curve represents Model 1 (age, BMI, sex), the green curve
represents Model 1 incl. EASIX, the red curve represents Model 2 (age,
BMI, sex, left ventricular function, and type of surgery) and the blue curve
represents Model 2 incl. for coherence EASIX. The addition of EASIX
significantly improves performance of Models 1 and 2 (P-value 0.001
and 0.02, respectively).

Table 3 Logistic regression analysis of in-hospital mortality for the
whole cohort

95% CI

Variable OR Lower Upper P-value

EASIXlog2 1.69 1.49 1.90 <0.001
Logistic EuroSCORE 1.04 1.03 1.04 <0.001

CI, confidence interval; OR, odds ratio. EASIXlog2 represents the Endothelial
Activation and Stress Index after log base 2 transformation; the odds ratio per 1-
unit increase reflects the change in odds associated with a doubling of the raw
EASIX value. n¼7196 no. of events: 218.

Fig. 3 Receiver operating characteristic (ROC) comparing the
discriminative ability of three logistic regression models for in-hospital
mortality: logistic EuroSCORE alone (green line), EASIX alone (red line)
and the combined model of EASIX and logistic EuroSCORE (blue line).
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The combined model showed improved discriminative performance
compared to logistic EuroSCORE alone (P¼0.03, DeLong test). Anal-
yses were performed in the full cohort and are descriptive in nature.
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model fit compared to a model with the logistic Euro-

SCORE alone (likelihood ratio test, x2¼ 109.7, P
< 0.001). Kaplan–Meier analysis using predefined clini-

cal cutoffs for EASIX (low< 2.32; high � 2.32) and

logistic EuroSCORE (low < 14; high � 14) showed a

synergistic risk stratification effect. Patients with both

high EASIX and high EuroSCORE had the worst surviv-

al, while those with low values on both scales had the best

outcomes. However, due to the large number of censored

observations and loss to follow-up, the 400-day survival

analysis is considered strictly descriptive and exploratory.

Full results of 400-day survival analysis are reported in

the Supplements (Table 6, Supplemental Digital Con-

tent, http://links.lww.com/EJA/B218 and Figure 2, Sup-

plemental Digital Content, http://links.lww.com/EJA/

B218).

The combined patient (training and validation) cohort

was further used to perform multivariate logistic regres-

sion for each subgroup of surgical intervention with

endpoint in-hospital mortality. An EASIX score >2.32

was statistically significant in predicting in-hospital mor-

tality with odd ratios >5 for each type of surgery (Figure

1, Supplemental Digital Content, http://links.lww.com/

EJA/B218).

Finally, the impact of the single EASIX variables (LDH,

creatinine, platelets) on in-hospital mortality was tested

in the combined cohort. All three variables were signifi-

cantly associated with the endpoint with the expected

OR (>1 for LDH and creatinine,<1 for platelets) (Table

5, Supplemental Digital Content, http://links.lww.com/

EJA/B218).

Discussion
In this large cohort study of patients undergoing cardiac

surgery with CPB, we demonstrate that the EASIX score

can potentially serve as an independent predictor of in-

hospital mortality. The objective of this study was to

assess the relative and cumulative predictive value of

EASIX, a marker with a defined pathophysiological con-

notation, but not to outperform existing scores predicting

hospital mortality

We used a temporal split-sample design, with patients

undergoing surgery before January 2020 assigned to the

training cohort and those from January 2020 onward to

the validation cohort. This approach was chosen to emu-

late prospective external validation while avoiding po-

tential information leakage between cohorts. The

observed differences in baseline characteristics probably

reflect temporal changes in referral patterns, surgical case

mix, and peri-operative management. These differences

underline the importance of validating prognostic tools

across distinct patient groups and may strengthen the

generalisability of our findings.

We report EASIX both as a continuous log2-transformed

variable and as a categorical variable based on predefined

cut-offs. The continuous EASIX log2 captures the full

variability of the score and has superior statistical power

for model discrimination and reclassification analyses

(ROC, AUC, NRI). This approach avoids potential loss

of information that may occur when applying thresholds.

On the other hand, categorical EASIX presentation facil-

itates bedside clinical interpretation by identifying risk

groups, using cut-offs validated in other clinical contexts

such as allogeneic stem cell transplantation.20,21However,
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Table 4 Multivariate logistic regression analysis of in-hospital mortality (EASIX cutoffs) for the training and validation cohort

Training cohort Validation cohort

Variable OR 95% CI P-Value OR 95% CI P-value

Lower Upper Lower Upper

EASIX <0.92 (ref) 1.000 <0.001 1.000
EASIX 0.92 to 2.32 2.106 1.234 3.595 0.006 1.675 0.914 3.067 0.095
EASIX >2.32 9.373 5.313 16.538 <0.001 4.478 2.223 9.021 <0.001
Age (per 5 years) 1.120 1.020 1.234 0.018 1.154 1.025 1.295 0.017
Sex, male 2.437 1.665 3.565 <0.001 2.053 1.255 3.359 0.004
BMI >30 kg m�2 0.798 0.530 1.203 0.282 1.028 0.615 1.718 0.917
LVEF � 50% (ref) 1.0 <0.001 1.0 <0.001
LVEF 31 to 50% 2.151 1.440 3.214 <0.001 1.389 0.808 2.390 0.235
LVEF 21 to 30% 3.635 2.151 6.143 <0.001 1.906 0.845 4.298 0.12
LVEF � 20% 4.699 1.666 13.248 0.003 8.213 3.066 21.996 <0.001
CABG (ref) <0.001 1.0 <0.001
Valves (1) 1.365 0.866 2.152 0.180 1.194 0.601 2.376 0.613
Combination (2) 2.076 1.249 3.451 0.005 3.055 1.612 5.788 <0.001
Thoracic aorta (3) 4.219 2.300 7.739 <0.001 4.082 1.999 8.334 <0.001
Preoperative Endocarditis 1.839 0.873 3.874 0.109 2.959 1.407 6.221 0.004

Valve, included surgery on any valve (aortic, mitral, pulmonal, tricuspid). Combination, included any combination of above surgery categories (CABG, valve, thoracic aorta).
BMI, body mass index; CABG, coronary artery bypass graft; CI, confidence interval; LVEF, left ventricular ejection fraction; OR: odds ratio. EASIX was categorised into three
predefined groups (<0.92, 0.92 to 2.32 and >2.32) based on previously validated clinical thresholds; the reference category is EASIX < 0.92. Training: n¼4426 no. of
events: 139 EASIX<0.92: n¼1576, EASIX 0.92 to 2.32: n¼2360, EASIX>2.32: n¼490. Validation: n¼2770 no. of events: 78 EASIX<0.92: n¼1119, EASIX 0.92 to
2.32: n¼1362, EASIX >2.32: n¼289.
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these thresholds have not yet been validated in cardiac

surgery and should be interpreted cautiously. Future pro-

spective studies are needed to establish specific cut-offs in

this setting. Therefore, presenting both formats enables a

comprehensive statistical assessment while offering an

initial framework for exploring potential risk stratification

in future studies.

Endothelial dysfunction plays a key role in patients with

cardiovascular diseases. Microvascular alterations in cor-

onary arteries often lead to chronic ischaemia of the heart,

which, in turn, leads to the formation of insufficient

vascular collaterals.32 The endothelium is essential for

rapid angiogenesis.33 In this context, endothelial cells use

LDH for efficient angiogenesis.34 Therefore, higher

LDH levels may indicate increased endothelial activity

and dysfunction. Additionally, kidney function is related

to endothelial dysfunction, leading to elevated creatinine

levels. The glomerular endothelium, in particular, is

highly susceptible to glycocalyx damage.8 Moreover,

creatinine is a well established and independent predic-

tor of cardiovascular mortality.35–37 Healthy endothelial

cells exhibit anticoagulant properties, while damaged

endothelial cells with degraded glycocalyx release pro-

thrombotic and platelet-aggregating agents, resulting in

increased platelet consumption.4,38 Co-ordinated

changes in the three markers (rising LDH and creatinine,

reduced platelets) are typical for severe endothelial com-

plications such as transplant-associated thrombotic

microangiopathy (TA-TMA) and the closely related atyp-

ical haemolytic uraemic syndromes (aHUS).39,40

These pathophysiological mechanisms are encapsulated

by the EASIX score, offering a plausible explanation for
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Fig. 4 ICU days and duration of mechanical ventilation (MV) for the predefined EASIX cutoffs for the training cohort (a, c) and validation cohort (b, d).
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its potential strong prognostic capacity in patients under-

going cardiac surgery. Several studies have shown that

endothelial integrity is compromised during cardiac sur-

gery using CPB.3,41,42 In fact, CPB appears to contribute

to the shedding of the glycocalyx, as demonstrated by

rising Syndecan-1 levels after CPB in the study by

Dekker et al. In parallel, the authors observed microvas-

cular alterations, which could lead to organ damage.41 In

patients already at risk of postoperative complications it

seems reasonable to assess preexisting endothelial dys-

function. EASIX may help in preoperative risk evalua-

tion, as our study has shown its strong prognostic value for

in-hospital mortality, ICU stay duration, ventilator days,

and postoperative bleeding. To our knowledge, no com-

parable surrogate exists for bedside evaluation of poten-

tial endothelial dysfunction. The endothelium can be

considered a distinct organ, consisting of approximately

1013 cells and spanning an area of roughly 4000 to 7000

m2, with functional heterogeneity as a hallmark of endo-

thelial cells in different tissues, organs and clinical con-

texts.43–46 EASIX reflects a systemic response of the

organism to heterogeneous endothelial challenges, and

thus adds valuable information to the risk stratification of

patients undergoing cardiac surgery with CPB. EASIX

may therefore become a pragmatic surrogate, particularly

in the absence of validated, clinically available endothe-

lial biomarkers. This potential utility supports the need

for further prospective investigation of such indices in the

peri-operative setting.

Since EASIX was first described, numerous subsequent

studies have been conducted.15–19,21,23,24,47–54 While

each of the markers included in EASIX can be influenced

by a range of nonendothelial pathophysiological process-

es their combined alteration has been associated with

endothelial injury in multiple clinical settings. For ex-

ample, EASIX has been successfully applied to predict

mortality in sepsis patients, further underscoring its value

in detecting endothelial dysfunction.18 Similar to its

association with CBP, Syndecan-1 levels have also been

shown to predict sepsis mortality and kidney failure in

children undergoing cardiac surgery with CPB.55,56, Syn-

decan-1, a biomarker indicating glycocalyx shedding, is

elevated after surgery using CPB 5,41,57,58 and correspond-

ingly, some cardiac surgery patients develop severe vaso-

plegia.3 Thus, EASIX has potential to become a cost-

effective and user-friendly tool for preoperative assess-

ment of endothelial dysfunction. However, the ability of

preoperative EASIX to predict renal complications has

yet to be investigated.

Beyond its prognostic utility, the EASIX score may

enable clinically meaningful risk stratification for tar-

geted therapeutic interventions aimed at preserving or

restoring endothelial integrity. Since pathophysiological

mechanisms of endothelial damage are encapsulated in

the EASIX score, higher scores may indicate a preexisting

vulnerability of the vascular barrier. This preexisting

damage may potentially be modifiable through pharma-

cological intervention. For instance, statins have demon-

strated protective effects on the endothelium by

enhancing nitric oxide bio-availability and reducing oxi-

dative stress and inflammation.59,60 Also, SGLT-2 inhi-

bitors have shown protective properties by reducing

oxidative stress.61,62 Similarly, Angiotensin-Converting

Enzyme (ACE) inhibitors and Angiotensin-II-Receptor

Blockers improve endothelial function by increasing bra-

dykinin levels.63–66 Sulodexide, a glycosaminoglycan

with glycocalyx-stabilising properties, has demonstrated

anti-inflammatory and endothelial-protective effects,

suggesting potential benefit in patients with vascular

dysfunction.67–70

To investigate whether patients with elevated EASIX

scores benefit from endothelial-targeted therapies, future

prospective trials must stratify patients based on their

endothelial risk profile. High-risk individuals may signif-

icantly benefit from endothelial-stabilising pharmaco-

therapy, while patients with lower risk profiles are

unlikely to benefit and could obscure the treatment effect

in unstratified analyses. EASIX might become a simple

yet potentially effective option for risk stratification.

Pabst et al. found that statin prophylaxis improved sur-

vival after stem cell transplantation predominantly in

patients with intermediate pretransplant EASIX values.
71 Accordingly, stratified trial designs are essential to

detect therapeutic efficacy in biologically plausible sub-

groups and avoid false-negative results.

The primary strength of this approach is its simplicity. All

necessary analyses are inexpensive to obtain and are part

of standard laboratory screens. An online tool designed by

Luft et al. already exists to calculate the risk of mortality

at graft-versus-host-disease (GVHD) onset based on

EASIX in patients undergoing allogeneic stem cell trans-

plantation. After further validation, a similar tool could be

developed for patients undergoing cardiac surgery with

CPB, facilitating the broader implementation of EASIX

in this setting. This may add to standard risk calculators

for cardiac surgery. Our analysis demonstrated that add-

ing EASIX to the logistic EuroSCORE significantly

enhances its prognostic accuracy. Interestingly, this is

the case even though the logistic EuroSCORE already

incorporates creatinine and surrogates of endothelial

damage such as extracardiac arteriopathy. This clearly

shows the additional value of EASIX in the context of risk

prediction in this patient cohort. One of the most used

risk calculation scores for patients undergoing cardiac

surgery is the EuroSCORE II – a refinement of the

logistic EuroSCORE. This score together with the logis-

tic EuroSCORE are far more complicated to calculate

and show similar prognostic power.27,28However, despite

odds ratios of >5 for the surgical interventions reported

here, mortality rates of the high-risk cohort did not

exceed 20% (EASIX > 2.32) or 30% (EASIX > 2.32

and logistic EuroSCORE > 14) within 6months, so that
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further improvement to characterise highest risk patients

may require better combinations of risk scores.

Our study has several limitations. First, we did not

measure endothelial serum markers to further substanti-

ate the endothelial nature of EASIX as reported before.
16,17,22–24 Next, monocentric design affects its generali-

sability. Additionally, the retrospective design may ac-

count for potential confounders. Furthermore, the

predictive power of individual models for complex bio-

logical systems is inherently limited. It is important to

note that EASIX should not be the only source of

information for stratifying patients into risk groups and

modifying therapy accordingly. However, EASIX can add

valuable information to better stratify patients at risk for

adverse outcomes after surgery. Preselection based on

the availability of LDH, creatinine, and platelet counts in

the same laboratory screen could introduced a selection

bias, although the highest risk patients excluded in our

study also had highest EASIX scores. However, the large

sample size in both cohorts should mitigate this limita-

tion.

Conclusion
Our study demonstrates the potential of the EASIX score

as a validated prognostic tool for patients undergoing

cardiac surgery with CPB, specifically for predicting in-

hospitalmortality and postoperative bleeding. By integrat-

ing common laboratory analyses, the EASIX score offers a

simple, cost-effective method to identify high-risk

patients preoperatively, improve risk stratification and

guide peri-operative management. However, further pro-

spective, multicentre studies are necessary to validate

these findings and identify targeted interventions to opti-

mise peri-operative clinical management for high-risk

patients, based on stratification of endothelial dysfunction.
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