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Abstract
Genetic variants within the endothelin-1 gene (EDN1) have been associated with several

cardiovascular diseases and may act as genetic prognostic markers. Here, we explored the

overall relevance of EDN1 polymorphisms for long-term survival in patients undergoing on-

pump cardiac surgery. A prospectively collected cohort of 455 Caucasian patients who

underwent cardiac surgery with cardiopulmonary bypass was followed up for 5 years. The

obtained genotypes and inferred haplotypes were analyzed for their associations with the

five-year mortality rate (primary endpoint). The EDN1 T-1370G and K198N genotype distri-

butions did not deviate from Hardy–Weinberg equilibrium and the major allele frequencies

were 83% and 77%, respectively. The cardiovascular risk factors were equally distributed in

terms of the different genotypes and haplotypes associated with the two polymorphisms.

The five-year mortality rate did not differ among the different EDN1 T-1370G and K198N

genotypes and haplotypes. Haplotype analysis revealed that carriers of the G-T (compound

EDN1 T-1370G G/K198N T) haplotype had a higher cardiac index than did non-carriers (p =

0.0008); however, this difference did not reach significance after adjusting for multiple test-

ing. The results indicate that common variations in EDN1 do not act as prognostic markers

for long-term survival in patients undergoing on-pump cardiac surgery.
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Introduction
Endothelin (ET) is a strongly vasoconstrictive peptide produced by vascular endothelial cells
[1]. The three isoforms of ET (ET-1, ET-2, and ET-3) are encoded by three separate genes[2]
and are produced by endothelial cells and other tissues[3]. The ET-1 gene (EDN1) is localized
on chromosome 6, spans 5.5 kb in length, and contains five exons and four introns. EDN1 has
been identified as a strong candidate for involvement in cardiovascular diseases, including
essential hypertension. Given its vasoconstrictive effects on vessels and hypertrophic impacts
on myocardial tissue, the expression of ET-1 has been considered an important risk factor for
hypertension[4, 5]. Moreover, ET-1 is assumed to promote vascular cell growth in an autocrine
and paracrine manner through two receptor subtypes[6]. Earlier studies have revealed that
individuals with arterial hypertension express significantly higher ET-1 levels than do normo-
tensive individuals[7, 8]. Furthermore, Minami et al. demonstrated associations of carotid ath-
erosclerosis and asymptomatic cerebrovascular lesions with elevated ET-1 levels in patients
with arterial hypertension[9]. Additionally, ET-1 was shown to induce hypertrophy in vitro by
increasing neonatal rat ventricular cardiomyocyte cell volumes and cellular protein synthesis
[10]. Additionally, an association between the plasma ET-1 concentration and the severity of
left ventricular hypertrophy (LVH) was demonstrated in humans[10]. Based on these findings,
ET-1 is thought to play an important role in the etiologies of hypertension, atherosclerosis, and
cardiovascular disease as well as other vascular events (VEs). A common polymorphism of
EDN1 is a G-to-T substitution that causes a lysine to asparagine change at codon 198 (K198N);
in large populations, this polymorphism was found to interact with the body mass index (BMI)
in association with blood pressure[11–13]. According to these earlier studies, T-allele carriers
exhibit the greatest increases in blood pressure. Furthermore, Iglarz et al. confirmed the impact
of the K198N polymorphism on vascular reactivity in humans and found that a sub-threshold
ET-1 concentration potentiated phenylephrine-induced vasoconstriction to a significantly
higher degree in T-allele carriers[14]. Another common polymorphism, EDN1 T-1370G, is
located in the 5' flanking promoter region of the gene and may therefore be involved in its dif-
ferential transcriptional regulation[15]. Carriers of the EDN1 T-1370G G allele presented with
significantly increased left ventricular hypertrophy[16]. This polymorphism has also been asso-
ciated with bronchial hyperreactivity and asthma in two independent Caucasian cohorts[17].

Given this background, the potential clinical and functional relevance of EDN1 T-1370G
and K198N in Caucasians, these two polymorphisms were selected for an assessment of their
clinical impacts on a cohort of Caucasian patients undergoing on-pump cardiac surgery.

This study aimed to explore whether EDN1 T-1370G and K198N or their haplotype combi-
nations might impact the long-term (5-year) survival (primary outcome) of patients following
cardiac surgery with cardiopulmonary bypass.

The results indicate that common variations in EDN1 do not act as prognostic markers for
long-term survival in patients undergoing on-pump cardiac surgery.

Patients and Methods

Patients
This study included adult Caucasian patients who were admitted to the University Medical
Center Goettingen (UMG) and underwent cardiac surgery with cardiopulmonary bypass from
2006–2007. Patients with known neoplasms were excluded. This study conformed with the eth-
ical principles of the Declaration of Helsinki (Seoul, 2008) and was approved by the University
of Goettingen ethics committee in Goettingen, Germany. Written informed consent was
obtained either from the patients or their legal representatives.
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Data collection
After enrollment, the patients were followed up for 5 years and their deaths were recorded as
the primary outcome variable. The cardiac index (CI), systemic (SVRI), and pulmonary vascu-
lar resistance (PVRI) indices were calculated from standard formulas as secondary outcome
parameters. An intraaortic balloon pump (IABP) and extracorporeal membrane oxygenation
(ECMO) requirement were also assessed as secondary endpoints. Similarly, the length of the
hospital and intensive care unit (ICU) stay and the in-hospital mortality were also recorded as
secondary parameters.

Additionally, the postoperative course, including the complete intensive care unit stay, was
assessed for relevant pulmonary and hemodynamic parameters. These parameters comprised
the oxygenation index (PaO2/FiO2), positive end-expiratory pressure (PEEP), partial pressure
of carbon dioxide (PCO2), arterial pH, lung compliance, pulmonary infiltrates, intraoperative
cross-clamp time, cardiopulmonary bypass time, lung injury score, Acute Physiology and
Chronic Health Evaluation Score (APACHE II), and Simplified Acute Physiology Score (SAPS
II). The hemodynamic measurements included the heart rate (HR), mean arterial pressure
(MAP), central venous pressure (CVP), mean pulmonary artery pressure (PAP), and pulmo-
nary capillary wedge pressure (PCWP). Moreover, catecholamine support and amiodarone,
cortisone, nitroglycerin, or vasopressin administrations were recorded. The use of blood cell
suspensions and blood products was also recorded over the observation period.

Genotyping
Using EDTA-treated whole blood that was collected before surgery, genomic DNA was
extracted from the peripheral blood lymphocytes using a commercially available kit, as
described previously[18]. The EDN1 T-1370G (rs1800541) and K198N (rs5370) polymor-
phisms were genotyped using pre-designed TaqMan genotyping assays according to the manu-
facturer’s instructions (assay IDs C___7464900_10 and C____598677_1_, respectively; Life
Technologies, Darmstadt, Germany). Twenty percent of the samples were genotyped in dupli-
cate, and complete concordance of the genotyping results was achieved. The DNA sample
identities were controlled by sex typing[19], and samples exhibiting sex-mismatches (8 out of
463) were excluded from the analyses.

EDN1 haplotypes were inferred using the Bayesian statistical-based program PHASE ver-
sion 2.1[20, 21]. EDN1 haplotype estimation was performed with ten independent runs using
the seeds 2, 1536, 2936, 3123, 4957, 5283, 6757, 7992, 8633, and 9045. The most likely combi-
nations of individual pairs of haplotypes (best pairs) were used in the further analyses. The
minimal probability for the most likely combinations used was 99.5%.

Statistical analysis
The statistical analysis was performed using Statistica (StatSoft, Tulsa, Oklahoma, USA, version
10) or R software (The R Foundation for Statistical Computing, version 3.0.0). Continuous var-
iables are presented as the mean ± standard deviation, and categorical variables are presented
as an absolute number or percentage. Continuous variables were compared using the Kruskal–
Wallis test and the F-test. Significance based on contingency tables was calculated using a two-
sided Fisher’s exact test or the chi-square test as appropriate. Allele frequencies in the study
population were counted and compared to an expected distribution in a normal population
according to Hardy–Weinberg equilibrium and were analyzed using the chi-square test. The
time-to-event data were compared using the log–rank test from the R survival package. To
adjust for possible effects of confounders we used a multivariate Cox regression model with the
additional confounder variables Age, SAPS II, Euroscore, APACHE II; the p-value for a
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significant genotype effect was assessed then using ANOVA. Analysis was performed using the
R package survival. A p-value<0.05 was considered a statistically significant difference. The
significance levels were adjusted according to the Bonferroni correction for multiple hypothesis
testing. A complete list of all tests that were performed and the corresponding test results are
provided as S2 Tables.

Results

Baseline characteristics
A total of 455 adult Caucasian patients who underwent cardiac surgery with CPB were enrolled
in this study. The EDN1 T-1370G and K198N polymorphisms were successfully genotyped in
all subjects. The genotype distributions of EDN1 T-1370G and K198N were 311:130:14 (TT:
TG:GG) and 267:170:18 (GG:GT:TT), respectively, which is consistent with Hardy–Weinberg
equilibrium (p = 0.9957 and p = 0.3632, respectively). The observed minor allele frequencies of
17.4% (T-1370G) and 22.2% (K198N) were very close to those reported for reference popula-
tions like CEU from the HapMap project (17.5% and 24.5%, respectively; dbSNP database,
accession numbers ss66862052 and ss68965564, respectively). The EDN1 haplotype analysis
revealed four common haplotypes (�1, �2, �3, and �4; Table 1). The baseline patient characteris-
tics included age, gender, BMI, smoking habits, hypertension, history of diabetes, renal disor-
der, hypercholesterolemia, positive family history of cardiovascular disorders, left ventricular
ejection fraction, peripheral disease, history of neurocerebral events, pulmonary hypertension,
and chronic obstructive pulmonary disease. Additionally, the use of preoperative medications,
the urgency for surgery, associated cardiac surgical procedures, and additive Euroscores were
recorded. There were almost no significant differences in the baseline characteristics S1 Tables.

Long-term mortality
In all cases (100%), long-term follow-up (5 years) data were available for the initial survivors.
The overall mortality rate was 25.5% (n = 116), and there were no significant differences in the
mortality rate with respect to the genotype or haplotype distributions (Table 2, Fig 1). We per-
formed an additional multivariate Cox regression analysis with potential confounders that
have and influence on mortality (i.e. Age, SAPS II, Euroscore, APACHE II). The Euroscore
(European System for Cardiac Operative Risk Evaluation) is a specific risk model which allows
a reliable assessment of the risk of death after cardiac surgery[22]. SAPS II and APACHE II are

Table 1. EDN1 haplotype distribution.

Haplotype T-1370G/K198N Number of haplotypes n(%)

H1 T-G 0 21(4.6)

1 172(37.8)

2 262(57.6)

H2 G-T 0 316(65.6)

1 128(28.1)

2 11(2.4)

H3 T-T 0 399(87.7)

1 56(12.3)

2 0(0.0)

H4 G-G 0 447(98.2)

1 8(1.8)

2 0(0.0)

doi:10.1371/journal.pone.0131155.t001
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widely used standard morbidity scores in critically ill patients[23]. Multivariate Cox regression
analysis revealed no significant results (Fig 1).

Postoperative course
An exploratory analysis of the secondary endpoints revealed some statistical trends in several
clinical parameters with respect to the genotype and haplotype distributions S2 Tables. The
most interesting result was the increased cardiac index observed among EDN1H2 carriers rela-
tive to EDN1H2 non-carriers (3.0±0.5 and 2.7±0.6, respectively; p = 0.0008; Fig 2). Further-
more, EDN1 K198N TT patients had higher urine output levels than did GG and GT patients
(1.2±0.4, 0.9±0.5, and 1.0±0.5, respectively; p = 0.0160). However, these differences did not
reach significance after adjusting for multiple testing.

In-hospital mortality
The mean postoperative ICU and hospital length of stay was also comparable among the geno-
type carriers. The overall in-hospital mortality rate was 7.9% for all patients included in this
study (36 of 455) and did not reach statistical significance when compared with respect to the
genotypes and haplotypes. Furthermore, the in-hospital mortality rate remained uniform
across urgent and emergency cases, and no significant correlation was observed among the
genotypes or haplotypes S2 Tables.

Table 2. Long-termmortality with respect to the EDN1 genotypes and haplotypes.

Mortality(%) p-value

EDN1(T-1370G) 0.312

TT 26.1

TG 26.2

GG 7.1

EDN1(K198N) 0.638

GG 26.6

GT 24.7

TT 16.7

H1(T-G) 0.466

0 14.3

1 25.0

2 26.7

H2(G-T) 0.478

0 26.0

1 25.8

2 9.1

H3(T-T) 0.747

0 25.8

1 23.2

2 0.0

H4(G-G) 0.377

0 25.7

1 12.5

2 0.0

doi:10.1371/journal.pone.0131155.t002
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Discussion
This study examined the associations of the EDN1 T-1370G and K198N polymorphisms and
haplotypes with the long-term mortality rates (5 years) and postoperative clinical courses of
patients who underwent cardiac surgery with CPB. The primary endpoint of five-year mortal-
ity did not differ among the EDN1 T-1370G and EDN1 K198N genotypes and haplotypes. Fur-
thermore, no significant genotype-based differences were observed in terms of the
postoperative in-hospital mortality rate. Of the secondary endpoints, carriers of the EDN1 hap-
lotype H2 (T-1370G G combined with K198N T) were found to have a statistical trend toward
an increased cardiac index when compared with the non-carriers.

The EDN1 T-1370G and K198N genotype distributions among the patients were similar to
the database entries for healthy Caucasians and followed Hardy–Weinberg equilibrium. Nei-
ther of these genotypes nor the haplotypes was associated with any of the recorded baseline
characteristics S1 Tables.

In the present study, the complete perioperative course was recorded to explore the clinical
impacts of EDN1 T-1370G and K198N on the secondary outcome parameter of perioperative

Fig 1. Kaplan–Meier survival analysis. The Kaplan–Meier curves demonstrating survival were censored at day 90 for the EDN1 T-1370G and EDN1
K198N genotypes and haplotypes. The risk of mortality did not differ between the different patient groups in this study.

doi:10.1371/journal.pone.0131155.g001

Fig 2. Cardiac indices with respect to the EDN1 H2 haplotype. The means are indicated by small squares. The boxes indicate the 25th and 75th-
percentile limits. The whiskers represent the minimum and maximum values. The difference between the groups is significant, as indicated by the p-value.

doi:10.1371/journal.pone.0131155.g002
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and postoperative morbidity. Morbidity was assessed using several relevant clinical measure-
ments with an emphasis on the pulmonary and hemodynamic parameters and the requirement
of catecholamine and cardiac organ support S2 Tables.

The most interesting finding was the increased cardiac index values observed in EDN1H2
carriers when compared the values of EDN1H2 non-carriers (3.0±0.5 and 2.7±0.6, respectively;
p = 0.0008; Fig 2). This association provides the first indication for a clinical impact of the
EDN1 G-T haplotype on the cardiac indices of patients undergoing on-pump cardiopulmonary
bypass procedures. This observation should be verified in other cohorts to validate its clinical
relevance. Currently, we cannot explain any causality between the G-T haplotype and an
increased cardiac index. Furthermore, this result must be interpreted carefully because the car-
diac index is related to several factors such as catecholamine therapy use and cardiac volumet-
ric parameters.

The observed statistical trend toward a difference in the urine outputs of the homozygous
EDN1 K198N T carriers and G carriers S2 Tables should also be further validated in indepen-
dent studies. Currently, we cannot explain how the homozygous K198N TT genotype might
impact the urine output. Furthermore, this polymorphism may be linked with other causal
genetic variants.

During the long-term follow-up, which was 100% complete, we observed no influence of
genetic variations in ET-1 on mortality. We observed an overall mortality rate of 25.5% after
five years, which is typical for heterogeneous elderly cardiac surgical patients and includes
cases involving emergency and combined procedures. Of particular note are observations
made by Frey et al. in which G-protein alpha subunit Gene haplotypes were found to indepen-
dently associate with an increased risk of death after primary coronary artery bypass graft sur-
gery[24].

The overall in-hospital mortality rates observed in the present study were acceptable and
comparable to a reported 30-day mortality rate among cardiac surgery patients[25].

When interpreting any genetic association study, several epidemiological limitations poten-
tially leading to false-positive or false-negative findings should be considered, including an
inadequate sample size or control group selection, multiple testing, and population stratifica-
tion. With regard to these concerns, the strengths of our study include a relatively large popula-
tion of cardiac surgery patients and a prospective cohort design that reduced the selection bias
inherent in case-control studies[26].

To the best of our knowledge, this is the first study to evaluate the clinical impacts of com-
mon EDN1 genetic variants on the long-term survival of patients undergoing cardiac surgery.
According to our investigation, it might not be useful to further evaluate the clinical impacts of
EDN1 genetic variants on long term-survival in this patient group.

Conclusions
In conclusion, the results of the present study suggest that EDN1 genetic variants do not
impact the long-term survival of patients undergoing on-pump cardiac surgery. However, the
observed relationship between the EDN1 haplotype 2 and the cardiac index should be verified
in independent cohorts.

Supporting Information
S1 Tables. Baseline characteristics. COPD: chronic obstructive pulmonary disease; ACE:
angiotensin-converting enzyme; CABG: coronary artery bypass grafting.
(DOCX)

EDN-1 Polymorphisms in Cardiac Surgery Patients

PLOS ONE | DOI:10.1371/journal.pone.0131155 June 29, 2015 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0131155.s001


S2 Tables. Peri- and postoperative course. PaO2/FiO2: oxygenation index; PEEP: positive
end-expiratory pressure; PCO2: partial pressure of carbon dioxide; APACHE II Score: Acute
Physiology and Chronic Health Evaluation Score; SAPS II Score: Simplified Acute Physiology
Score; HR: Heart rate; MAP: mean arterial pressure; CVP: central venous pressure; PCWP: pul-
monary capillary wedge pressure; PAP: mean pulmonary artery pressure; CI: cardiac index;
SVRI: systemic vascular resistance; PVRI: pulmonary vascular resistance; NTG: nitroglycerin;
IABP: intraaortic balloon pump; ECMO: extracorporeal membrane oxygenation; ICU: inten-
sive care unit.
(DOCX)
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