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Abstract

Purpose Angiopoietin-2 (Ang-2) impairs endothelial
integrity. The association of Ang-2 in the presence of
oedema and outcome of patients with acute decompensated
heart failure (ADHF) has not been investigated.

Methods and results Angiopoietin-2 was measured in 132
ADHF patients, which were included in a monocentric,
prospective trial (Clinicaltrials.gov: NCT01429857). Pri-
mary endpoint was all-cause death at 6-months. 20 healthy
persons served as control group (HC). In ADHF patients,
mean Ang-2 concentration at admission was significantly
increased compared to HC (2,111 & 117 vs. 971 & 46 pg/
ml, p = 0.0002). Ang-2 was increased in patients with
compared to those without peripheral oedema (2,294 £+ 140
vs. 1,540 £ 170 pg/ml; p = 0.009) and in patients with
NYHA class III or IV symptoms compared to those
with  NYHA class II symptoms (2,256 £ 132 vs.
1,341 £+ 380 pg/ml, p = 0.023). During the 6-month fol-
low-up, 10 patients died. In survivors, Ang-2 significantly
decreased at discharge compared to admission (2,046 £ 118
vs. 1,431 £ 93 pg/ml; p < 0.0001). Non-survivors showed
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no difference between Ang-2 concentration at admission and
discharge (3,296 & 594 vs. 2,909 £ 536 pg/ml). Ang-2
concentrations at discharge above 2,500 pg/ml were asso-
ciated with an increased risk of death compared to Ang-2
concentrations below this threshold (Hazard ratio 8.8; 95 %
confidence interval; 2.48-31.16, p < 0.001).

Conclusion In ADHF patients, Ang-2 is significantly
increased compared to healthy controls, shows a relationship
in the presence of oedema and is a predictor of poor outcome.

Keywords Acute decompensated heart failure -
Angiopoietin-2

Introduction

Acute decompensated heart failure (ADHF) is defined as rapid
onset of, or change in, symptoms and signs of heart failure. Itis
a prevalent disease with a poor prognosis and a high socio-
economic burden. Being a potentially life-threatening condi-
tion, it requires immediate medical attention and usually leads
to urgent admission to hospital [1]. The pathophysiology of
AHF and subsequent cardiogenic shock is characterized by a
strong compensatory and maladaptive neurohormonal
response with systemic vasoconstriction and fluid retention
which, in turn, initiates a downward spiral resulting in tissue
hypoperfusion, hypoxaemia, and systemic inflammatory
response syndrome (SIRS) [2]. In this vicious circle, a
deranged endothelial barrier function seems to play a central
role. However, the underlying molecular mechanisms remain
largely unknown. Endothelial barrier function is controlled by
the endothelial specific Angiopoietin-(Ang)-Tie2 ligand-
receptor system [3]. Binding of the agonist Ang-1 to the Tie2
receptor promotes vessel integrity, inhibits vascular leakage
and suppresses inflammatory gene expression [4]. The
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counter-player Ang-2 inhibits binding of Ang-1 to Tie2 dis-
rupting the Tie2 signaling resulting in impaired endothelial
integrity and thus, in vascular leakage [5—7]. Furthermore, it is
proinflammatory, promotes endothelial cell apoptosis and
increases adhesion of neutrophils [8]. Ang-2 is stored in the
Weibel-Palade bodies within the endothelial cells and is
rapidly released upon various stimuli including inflammatory
cytokines [5], activated platelets and leukocytes [6], and
changes in blood flow as well as in oxygenation [9, 10]. It
represents a prognostic marker reflecting endothelial dys-
function and organ injury in patients with acute lung injury
and sepsis [11-13]. In patients with chronic heart failure, Ang-
2 levels are significantly elevated compared to healthy con-
trols and related to a reduced hemodynamic and functional
status [14, 15]. Furthermore, Ang-2 is an independent pre-
dictor for incident heart failure in patients with acute myo-
cardial infarction [16]. Recently, we were able to show a
strong prognostic role of Ang-2 in 96 patients with cardio-
genic shock (CS) [17]. Beyond this background, our hypoth-
esis was that Ang-2 might be involved in the pathophysiology
of ADHF. In the present study, we aimed to assess the prog-
nostic role of Ang-2 in patients with ADHF admitted to our
emergency department.

Methods
Patients and study design

Angiopoietin-2 was measured in serum samples of 132
patients with ADHF, which were included in a prospective
trial conducted in our department (Clinicaltrials.gov:
NCT01429857). ADHF was clinically diagnosed on the
basis in the presence of symptoms or signs of decompen-
sated heart failure requiring intravenous diuretics, such as
dyspnea, rales, pulmonary edema/vascular congestion on
chest radiography, peripheral edema or ascites. The fol-
lowing exclusion criteria were defined: acute coronary
syndrome, decompensation of non-cardiac cause, alterna-
tive cause for symptoms (chronic lung disease, anemia,
pulmonary embolism) and severely impaired renal function
(cystatin C GFR <15 ml/min). 20 healthy persons served
as a control group (HC). The study was performed with
approval of the local ethics committee and performed
according to the guidelines of good clinical practice.
Informed written consent was obtained from patient or
substitute decision makers. The primary endpoint of the
study was all-cause mortality at 6 months.

Laboratory measurements

Blood samples were taken under standardized conditions
immediately after admission and at the day of discharge of

the patients. The samples were centrifuged at 3,000g for
10 min at room temperature. Supernatants were stored in
aliquots at —80 °C until further use. All Ang-2 and
N-terminal fragment of the B-type natriuretic peptide (NT-
pro-BNP) measurements were performed with commer-
cially available enzyme-linked immunosorbent assays
(ELISA) (Ang-2: R&D Systems, Minneapolis, MN, USA;
NT-pro-BNP: Roche Diagnostics, Mannheim, Germany).
For the Ang-2 assay, the detection limit is 21.3 pg/ml, the
intra-assay variability 5.8 %, and the inter-assay variability
8.9 %. Renal function was assessed by measuring cystatin
C GFR. High-sensitive troponin T (hsTnT) was measured
with the Elecsys® Troponin T high-sensitive assay (Roche
Diagnostics, Mannheim, Germany; 99th-percentile-cutoff
14 pg/ml).

Statistics

Data management and statistical analysis were performed
with SPSS statistics version 20.0 and GraphPad Prism
version 5.0. Two-sided p values <0.05 were considered
statistically significant. Categorical variables are pre-
sented as percentage of patients and compared by y* test.
Continuous data are expressed as mean =+ standard error
of the mean, and compared by Student’s 7 test or Mann—
Whitney test, as appropriate. Cumulative all-cause mor-
tality throughout the 6-month follow-up period was
assessed with the use of cox regression analysis with two
groups stratified according to the Ang-2 concentration at
discharge (cutoff value: 2,500 pg/ml). Receiver Operat-
ing Characteristic (ROC) analysis was performed to
assess the discriminative power with respect to the pri-
mary endpoint.

Results
Baseline characteristics

Baseline characteristics of the enrolled patients are pre-
sented in Table 1. Patients had a mean age of
75 £ 1 years. Approximately half (47 %) of the patients
were in sinus rthythm; mean systolic (SBP)/diastolic (DBP)
blood pressure was 139 + 3/73 4+ 2 mmHg. Most (58 %)
patients presented with a reduced left ventricular ejection
fraction (LVEF) as cause of ADHF. The majority of
patients complained class NYHA IV or NYHA III symp-
toms. Mean NT-proBNP was 6,136 &+ 623 pg/ml. Patients
were characterized by relevant comorbidities such as cor-
onary artery disease (52 %), diabetes mellitus (43 %),
arterial hypertension (72 %), and COPD (20 %). Overall,
renal function was depressed with a mean glomerular fil-
tration rate (GFR) assessed by cystatin C of 51 £ 2 ml/
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Table 1 'Be.lseline Baseline Healthy controls All patients Survivors (S;  Non-survivors p value
characteristics of all ADHF characteristics (HC, n = 20) (n=132) n=122) (NS; n = 10) (S vs. NS)
patients and after stratification
in survivors (S) and non- Age (years) 63+ 3 75+ 1 75 + 1 77+ 3 0.41
survivors (NS) Sex (female) 8 (20 %) 56 42 %) 50 (41 %) 6 (60 %) 0.32
BMI (kg/m?) 22+6 29.8 + 0.6 306 26 £ 17 0.14
Cause of ADHF
Heart failure with 0 79 (60 %) 70 (57 %) 9 (90 %) 0.206
reduced LVEF
Valvular heart 0 16 (12 %) 16 (13 %) 0
disease
Arrhythmias 0 18 (14 %) 18 (15 %) 0
Hypertensive heart 0 19 (14 %) 18 (15 %) 1 (10 %)
failure
NYHA classification
Torll 0 9 (8 %) 9 (8 %) 00 %)
1 0 38 (33 %) 35 (33 %) 3 (38 %)
v 0 68 (59 %) 63 (59 %) 5 (63 %) 0.864
Comorbidities
Coronary artery 0 69 (52 %) 64 (53 %) 5 (50 %) 1.0
disease
Diabetes mellitus 0 57 (43 %) 52 (43 %) 5 (50 %) 0.75
Hypertension 0 95 (72 %) 87 (71 %) 8 (80 %) 0.73
COPD 0 26 (20 %) 24 (20 %) 2 (20 %) 1
Medication
Betablockers 0 110 (83 %) 105 (87 %) 5 (50 %) 0.01
ACEI/ATI- 0 103 (78 %) 98 (81 %) 5 (50 %) 0.036
antagonists
MRA 0 45 (34 %) 43 (36 %) 2 (20 %) 0.49
Diuretics 0 116 (88 %) 111 (92 %) 5 (50 %) 0.002
Clinical laboratory parameters at admission
Sinus rhythm 20 (100 %) 62 (47 %) 57 (47 %) 5 (50 %) 0.43
Heart rate (bpm) 68 £ 8 88 £ 3 88 £3 87+t 6 0.54
Systolic blood 125 +£ 12 139 + 3 139 £ 3 142 + 10 0.43
pressure (mmHg)
Diastolic blood 72 £ 8 73+£2 73+2 71 £ 8 0.92
pressure (mmHg)
p value is given for the Cystatin C GFR 124 £ 12 51+£2 53+3 30 £ 17 0.02
comparison between S and NS (ml/min)
MRA mineralocorticoid receptor LVEF (%)* 67 £2 48 +1 49 £ 2 42+7 0.22
antagonists, LVEF left NT-pro-BNP 82 + 36 6,136 £ 623 5472 £ 587 15,138 £ 3226  0.004
ventricular ejection fraction (pg/ml)
* Assessed by , hs Troponin T~ 6.8 % 2.5 399442 355+£35  940£323 0012
echocardiography (modified (pg/ml)

Simpson’s rule)

min. During the 6-month follow-up period, 10 patients
(7.6 %) died. Most data such as age, sex, heart rate, med-
ication, comorbidities as well as main clinical parameters
including blood pressure and LVEF did not differ between
survivors and non-survivors. However, non-survivors were
characterized by a lower cystatin C GFR, higher NT-pro
BNP and higher high-sensitive troponin T levels. Notably,
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non-survivors were less well treated at baseline, especially
with diuretics.

Ang-2 concentration in ADHF

In ADHF patients, mean Ang-2 concentrations at admis-
sion were significantly increased compared to HC
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Fig. 1 a Ang-2 concentration in patients with ADHF compared to healthy controls. b Ang-2 concentration in patients presenting with and
without peripheral oedema. ¢ Ang-2 concentration according to NYHA class (NYHA III/IV vs. I/II)
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Fig. 2 a Ang-2 levels on admission and discharge in the overall
population and after stratifying the patients in survivors and non-
survivors according to all-cause mortality. b Cumulative incidence of
the primary endpoint according to groups of patients stratified
according to Ang-2 concentrations at admission and discharge.

(2,111 £ 117 vs. 971 + 46 pg/ml, p = 0.0002), Fig. la.
Interestingly, ADHF patients with peripheral oedema
(n = 100) had higher Ang-2 concentrations compared to
those without peripheral oedema (2,294 4+ 140 vs.
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¢ Multivariate cox regression analysis for the primary endpoint
according to Ang-2 concentration at discharge (below and above
cutoff value of 2,500 pg/ml), adjusted for age, gender and cystatin C
GFR. HR Hazard ratio, CI Confidence interval

1,540 &+ 170 pg/ml; p = 0.009), Fig. 1b. Furthermore,
Ang-2 was elevated in patients with NYHA class III or IV
compared to those with NYHA class I or II (2,256 &+ 132
vs. 1,341 &+ 380 pg/ml, p = 0.023), Fig. lc.
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Prognostic relevance of Ang-2 levels on admission
and discharge

Ang-2 concentrations in survivors and non-survivors

Mean hospital stay was 13 £ 1 days. During the sub-
sequent 6-month follow-up period, 10 patients (7.6 %)
died. Figure 2a depicts the Ang-2 concentrations at
admission and at discharge in the overall population as well
as after stratification of the patients in survivors (n = 122)
and non-survivors (n = 10) according to all-cause mor-
tality during the 6-month follow-up. Ang-2 concentrations
at admission were increased in non-survivors compared to
survivors; however, this difference did not reach statisti-
cal significance (2,909 + 536 vs. 2,046 £ 118 pg/ml,
p = 0.104). At discharge, non-survivors had more than
twofold higher Ang-2 concentrations compared to survi-
vors (3,296 & 594 vs. 1,431 £ 93 pg/ml, p < 0.001). In
the overall population as well as in survivors, Ang-2
decreased at discharge compared to admission (overall:
1,572 &£ 105 vs. 2,111 &£ 117, p < 0.0001; survivors:
1,431 £ 93 vs. 2,046 &+ 118 pg/ml; p < 0.0001). In non-
survivors, however, we observed no difference in Ang-2
concentration at discharge compared to admission
(3,296 £ 594 vs. 2,909 + 536 pg/ml, p = 0.878), Fig. 2a.

Ang-2 concentrations and outcome

Patients were stratified in groups according to their Ang-2
concentration at admission (Ang-2_A) and at discharge
(Ang-2_D). The cutoff value of 2,500 pg/ml was chosen
since it was shown to be of prognostic relevance in CS [17]
(Group 1: Ang-2_A <2,500 pg/ml; Ang-2_D <2,500 pg/
ml; group 2: Ang-2_A >2,500 pg/ml; Ang-2_D <2,500 pg/
ml: group 3: Ang-2_A >2,500 pg/ml; Ang-2_D >2,500 pg/
ml; group 4: Ang-2_A <2,500 pg/ml; Ang-2_D >2,500 pg/
ml). In the Kaplan—Meier analysis, patients with Ang-2
concentrations below 2,500 pg/ml at both time points had
the best outcome whereas patients presenting with low
Ang-2 at admission and increased Ang-2 at discharge had
the worst prognosis, Fig. 2b.

In the ROC analysis, Ang-2 concentrations at discharge
had a high diagnostic accuracy for the prediction of the
primary endpoint (all-cause mortality) with an area under
the curve (AUC) of 0.81 (95 % confidence interval (CI);
0.63-0.98; p = 0.001). An additional analysis was per-
formed comparing the AUC of Ang-2 alone versus NT-pro
BNP alone versus the combination of Ang-2 and NT-pro
BNP. Herein, Ang-2 showed a trend towards a higher AUC
compared to NT-pro BNP. The combination of Ang-2 and
NT-pro BNP had a higher diagnostic accuracy than the
respective variables alone, Table 2. However, this differ-
ence did not reach statistical significance. Ang-2 at
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Table 2 Areas under the curve (AUC) deriving from ROC-curve
analysis, analyzing the diagnostic accuracy for the prediction of all-
cause death for Ang-2, NT-pro BNP, and the combination of both
parameters

Variable AUC SE 95 % CI

NT-pro BNP (pg/ml) 0.79 0.10 0.59-0.99
Ang-2 discharge (pg/ml) 0.81 0.05 0.63-0.98
NT-pro BNP + Ang-2 discharge 0.94 0.03 0.89-0.99

SE standard error, CI confidence interval

Table 3 Results of the multivariate cox regression models investi-
gating the prognostic affect of increased Ang-2 concentrations (above
2,500 pg/ml)

HR 95 % CI p value

Model 1

Ang-2 discharge >2,500 pg/ml  9.97 2.64-37.68  0.001

Age, years 1.02 0.93-1.12 0.680

Gender 0.30 0.08-1.15 0.08

Cystatin C GFR, ml/min 0.96 0.92-0.998  0.038
Model 2

Ang-2 discharge >2,500 pg/ml  8.48 1.99-36.14  0.004

NT-pro BNP, pg/ml 1.0 1.0-1.0 0.001

hsTroponin T, pg/ml 1.01 1.003-1.019  0.007

Cystatin C GFR, ml/min 0.98  0.949-1.02 0.312

Model 1 adjusted for baseline risk (age, gender, renal function), model
2 adjusted for NT-pro BNP, hsTnT and renal function, HR Hazard
ratio, CI confidence interval

admission as well as the observed delta of Ang-2 between
admission and discharge did not show a significant pre-
dictive role in ROC analysis (admission: AUC 0.66; 95 %
CI; 0.46-0.85; p = 0.1; delta: AUC 0.62; 95 % CI,
0.39-0.85; p = 0.2). Therefore, Ang-2 at discharge was
used for further outcome analysis. Herein, Ang-2 concen-
trations at discharge above 2,500 pg/ml were associated
with a profoundly increased risk of death compared to
Ang-2 concentrations below this threshold (Hazard ratio
(HR) 8.8; 95 % CI; 2.48-31.16, p < 0.001). This prog-
nostic effect remained significant in a multivariate analysis
adjusted for age, gender and renal function (HR 8.5; 95 %
CI; 1.99-36.14, p = 0.004; Fig. 2c). Furthermore, the
predictive role of Ang-2 was shown to be independent of
NT-pro BNP, hsTnT and cystatin C GFR (HR 9.97; 95 %
CI; 2.64-37.68, p < 0.001). Table 3 summarizes the results
of the two regression models.

Discussion

In the pathophysiology of acute heart failure and sub-
sequent cardiogenic shock, loss of vascular integrity plays
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a central role, initiating and perpetuating a downward
spiral towards the development of multiorgan dysfunction
syndrome [2, 18]. The Ang-Tie receptor ligand system is a
pivotal regulator of vascular function [5, 6, 13, 19, 20]. Its
mediator Ang-2 promotes vascular leakage [5] and could
be involved in oedema formation. In previous studies, we
have shown a prognostic impact of Ang-2 in patients with
cardiogenic shock (CS) [17]. Herein, we show that this also
holds true for patients with ADHF. Our data indicate (1)
profoundly increased Ang-2 concentrations, (2) a rela-
tionship in the presence of peripheral oedema and NYHA
class and (3) a negative prognostic impact of Ang-2 at
discharge in patients with ADHF.

Angiopoietin-2 impairs endothelial integrity [5-7] and
represents a marker for endothelial dysfunction and organ
injury in acute lunge injury, sepsis, and cardiogenic shock
[11-13]. Ang-2 levels are significantly elevated compared
to healthy controls and related to disease severity in
patients with stable chronic heart failure [14, 15]. Chong
et al. showed, in a relatively small number of patients
(n = 39) with acute heart failure, that Ang-2 concentra-
tions were increased compared to controls [14]. In a
study including 103 patients with acute myocardial
infarction, Ang-2 concentrations were significantly higher
in patients with compared to those without heart failure
and represented an independent predictor for the inci-
dence of heart failure [16]. Our study shows the increase
of Ang-2 in the setting of ADHF in a larger cohort of
patients. Herein, Ang-2 concentrations were elevated
more than twofold in ADHF patients compared to HC.
Interestingly, we observed increased Ang-2 levels in
patients compared to those presenting without peripheral
oedema. Since Ang-2 has been identified as a marker of
capillary leakage, these results suggest that oedema in
acute decompensated heart failure might not solely be
mediated by the increased hydrostatic pressure. Rather, it
might at least partly reflect a systemic endothelial barrier
dysfunction involving Ang-2.

Furthermore, we observed increased Ang-2 levels in
more (NYHA class III and IV) compared to less symp-
tomatic patients (NYHA class I and II). This is in accor-
dance with the findings of a smaller study conducted in
patients with stable chronic HF, which showed a correla-
tion between Ang-2 and the functional capacity (6 min
walk distance, peak oxygen consumption) of the patients
[15]. These results might suggest that tissue ischemia
induced by the reduced cardiac output and/or the consec-
utive maladaptive mechanisms might be the trigger for the
Ang-2 increase, promoting the above-mentioned vicious
circle. This hypothesis is corroborated by in vitro studies
showing that the exposure of endothelial cells to hypoxia
induced Ang-2 expression [10]. However, the exact path-
ophysiological mechanism remains to be elucidated.

Prior studies have described a prognostic role of Ang-2
and mortality in sepsis [11-13, 21-23] as well as in car-
diogenic shock [17]. In the present study, Ang-2 levels at
admission were numerically elevated in non-survivors
compared to survivors. However, this difference was
much more pronounced and reached statistical signifi-
cance only at the time of discharge. This finding is con-
sistent with other investigations, which have also shown
an association between the mortality and Ang-2 levels
measured over time [13, 17, 23]. Importantly, we found a
significant difference regarding the course of Ang-2 con-
centrations between admission and discharge with respect
to mortality. While survivors were characterized by a
decrease in Ang-2 over time, this decrease was absent in
non-survivors. In the latter, we even observed a trend
towards an increased Ang-2 concentration at discharge.
These findings suggest that Ang-2 levels might be used as
a marker of successful recompensation in ADHF patients.
The prognostic relevance of increased Ang-2 concentra-
tions at discharge is further corroborated by our Kaplan—
Meier analyses revealing the worst prognosis for the
group of patients presenting with low Ang-2 levels at
admission and high Ang-2 levels at discharge and the
ROC analyses. Furthermore, Ang-2 had a slightly higher
AUC compared to NT-pro BNP and interestingly, the
combination of Ang-2 and NT-pro BNP had a higher
diagnostic accuracy than both parameters alone with an
AUC of more than 0.9. The missing statistical significance
might be at least partially explained by the low event rates
in the examined population.

The negative prognostic effect of increased Ang-2
concentrations remained significant in a cox regression
analysis adjusted for baseline risk (age, gender, renal
function). Furthermore, its prognostic role was shown to be
independent of the most important established prognosti-
cators in ADHF, namely biomarkers of myocardial stress
(hsTnT, NT-pro BNP) and renal function.

However, our study has some limitations. First and most
importantly, we observed a very low event rate. In this
setting, the results of the multivariate analyses should be
interpreted with caution and may only be hypothesis gen-
erating. However, in our opinion, the results of this study
strongly indicate an important prognostic role of Ang-2 in
ADHF. Therefore, larger studies with a higher number of
endpoints should be performed to investigate this issue.
Furthermore, we did not record the presence or absence of
oedema at discharge of the patients. This hampers further
assessment of the quality of Ang-2 as a marker for
recompensation.

In conclusion, Ang-2 concentrations are significantly
increased in patients with ADHF compared to healthy
controls. Furthermore, they are related in the presence of
peripheral oedema as well as to NYHA functional class.
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Increased Ang-2 concentrations at discharge are predictors
of a poor outcome in univariate analysis, and multivariate
analysis suggests that their negative predictive value might
be independent from baseline risk and from established
biomarkers and prognosticators in ADHF. Thus, Ang-2
might be used as a marker of disease severity, as a measure
for clinical recompensation, and potentially as a promising
target in patients with ADHF.
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