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ease (CKD) can complicate HF with ominous prognostic 
implications.

In both HF and renal disease, there is endothelial dysfunc-
tion,8–10 which appears to have a bidirectional relationship in 
both conditions. Endothelial function is impaired in patients 
with renal and cardiac dysfunction, affecting HF progression 
and the pathophysiology of acute kidney injury (AKI).11 
Moreover, endothelial activation biomarkers, such as vascular 
cell adhesion molecule-1, have recently been associated with 
HF patient mortality rates.12

However, glycocalyx, an approximately 1-μm thick carbo-
hydrate-rich structure with antiadhesive and anticoagulant 
properties that protects the endothelium and maintains vascu-
lar barrier function, has been scarcely studied in HF patients. 
Only 1 study evaluated glycocalyx damage in stable HF patients. 
The roles of glycocalyx include maintenance of the vascular 
permeability barrier, mediation of shear stress-dependent 

eart failure (HF) is a lethal disease and one of the 
most common reasons for hospitalization in devel-
oped countries.1–3 Despite modern therapy, the prog-

nosis of patients with HF remains poor. Although in-hospital 
mortality rates have been reduced over the past 2 decades, the 
30-day cumulative mortality rate remains approximately 
6–7%.4,5
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HF patients constitute a heterogeneous population because 
they frequently suffer from comorbidities, which are not only 
prevalent but also pose an excess mortality risk and can evolve 
to acute complications during hospital stay. Renal impairment, 
one of the most important comorbidity factors, plays a crucial 
role in the pathophysiology of HF and also increases the mor-
tality rate.6,7 Acute, chronic or acute-on-chronic kidney dis-
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Background:  Heart failure (HF) is a leading cause of hospitalization throughout the world, and the mortality rate 
remains elevated. HF is frequently complicated by acute kidney injury (AKI), worsening the patient’s prognosis. There 
have been no studies evaluating the role that endothelial glycocalyx damage plays in HF patients and its association 
with AKI and mortality.

Methods and Results:  We measured several endothelial biomarkers in 201 consecutive patients with acute decom-
pensated HF (ADHF) during emergency department (ED) admission. In-hospital mortality, AKI development and 
6-month mortality rates were assessed. ADHF patients with worsening renal function had higher levels of syndecan-1 
but not those patients with stable chronic kidney disease. Syndecan-1 levels during ED admission were predictive 
for AKI during the hospital stay (AUC 0.741, P<0.001) and had an even better discriminatory capacity in more severe 
AKI (AUC 0.812, P<0.001). Additionally, after adjusting for several confounding factors, including biomarkers of 
endothelial function and endothelial cell activation, syndecan-1 remained associated with in-hospital mortality rates. 
On a Cox multivariate analysis regression, syndecan-1 was associated with 6-month mortality rates.

Conclusions:  The concentration of syndecan-1, a marker of glycocalyx damage measured during ED admission, 
is valuable in assessing the risk of developing AKI and in-hospital mortality. Its association with mortality is strong 
after 6-month follow-up.    (Circ J  2015; 79: 1511 – 1519)
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mellitus, arterial hypertension, chronic pulmonary obstructive 
disease and drug prescription history. During the hospital stay, 
patients were evaluated daily and the laboratory data were 
collected. The length of hospital stay (LOS) and in-hospital 
mortality rates were recorded. After being discharged from the 
hospital, patients were followed up for 6 months to assess late 
mortality rates. The Institutional Ethical Committee approved 
all the procedures in this study.

Laboratory Measurements
At the time of ED presentation, EDTA tubes were used to col-
lect blood and urine samples that were immediately processed 
and frozen at −80°C for later measurement of B-type natri-
uretic peptide (BNP), syndecan-1 and high-sensitivity C-reac-
tive protein (hsCRP) in the blood. Also, 2 other renal biomarkers 
previously studied in cardiorenal syndrome20,21 were measured: 
urine kidney injury molecule-1 (KIM-1), and plasma neutro-
phil gelatinase-associated lipocalin (NGAL). Finally, we cal-
culated the fractional excretion of sodium (FENa) according 
to the formula: (UNa×Scr)/(Ucr×SNa)×100. The MCP-1 value 
was corrected by urinary creatinine.

Syndecan-1 was measured as a biomarker of endothelial 
glycocalyx injury (Abcam, Cambridge, MA, USA). The 
detection range for syndecan-1 is 8–256 ng/ml and the intra-
assay coefficient of variation is 6.2%. Intercellular adhesion 
molecule-1 (ICAM-1), a marker of endothelial cell activation, 
was measured using a commercially available enzyme-linked 
immunosorbent assay kit (Life Technologies Brasil, São 
Paulo, Brazil). We utilized the Griess diazotization reaction to 
spectrophotometrically detect nitrite formed by the spontane-
ous oxidation of NO under physiological conditions.22 The 
Griess reaction can be used to analyze nitrate via its catalytic 
reduction to nitrite, and total NO (NOx) levels were measured 
spectrophotometrically. The BNP levels were measured in 
venous blood samples with a commercially available kit 
(Elecsys proBNP; Roche Diagnostics GmbH, Mannheim, 
Germany). Finally, hsCRP was evaluated by the nephelometry 
method.

Statistical Analysis
Analysis of the data was performed using SPSS 19.0 for 
Windows (Chicago, IL, USA). All of the variables were tested 
for normal distribution using the Kolmogorov-Smirnov test. 
Normally or near-normally distributed variables are reported 
as the means with standard deviations. Categorical data are 
reported as proportions and compared using Fisher’s exact 
test. The ability of ED admission levels of syndecan-1 in pre-
dicting AKI and in-hospital mortality rates was assessed using 
the area under the receiver-operator characteristic (AUROC) 
curve. Regarding syndecan-1, low and high levels were 
defined according to the highest Youden index, which was 
calculated as [1−(1−sensitivity)+(1−specificity)]. After con-
trolling for colinearity, we applied a multiple insertion of the 
covariates to determine the adjusted odds ratio (OR) for syn-
decan-1 level while using AKI and hospital mortality rates as 
the dependent variable. For evaluating the effects of syndecan-1 
levels upon admission on long-term outcomes, Kaplan-Meier 
survival curves with log-rank tests and Cox regression analy-
ses based on a multivariate approach were used. Data are 
presented as the OR or hazard ratio, with 95% confidence 
intervals (CI). A P value <0.05 was considered to be statisti-
cally significant for all comparisons.

nitric oxide (NO) production and housing of vascular protec-
tive enzymes (eg, superoxide dismutase), as well as a wide 
array of coagulation inhibition factors, such as antithrombin, 
the protein C system and tissue factor pathway inhibitor. Gly-
cocalyx also modulates the inflammatory response by prevent-
ing leukocyte adhesion and by binding numerous ligands, 
including chemokines, cytokines and growth factors.13,14 Many 
of the functions of glycocalyx are related to the pathophysio-
logic processes involved in the development of AKI and can 
also contribute to increased morbidity and mortality.15 Syn-
decan-1 is a biomarker of endothelial glycocalyx damage and 
it has been shown to be increased in patients suffering acute 
myocardial infarction.16 However, its role as a biomarker in 
HF patients is unknown, especially in patients with acute 
decompensated HF (ADHF). Additionally, there have been no 
studies evaluating glycocalyx integrity in patients with newly 
recognized cardiorenal syndromes.

In the present study, we aimed to investigate the level of 
endothelial glycocalyx damage in patients admitted to the 
emergency department (ED) because of ADHF. For that pur-
pose, we measured the plasma level of syndecan-1 and assessed 
its association with acute or chronic kidney disease as well as 
its capacity to predict short- and long-term mortality rates.

Methods
This study was performed in a reference hospital in Fortaleza, 
Brazil. The hospital specializes in cardiopulmonary diseases 
and is used by an estimated population of 3 million people. 
The study was performed in the ED between April 2013 and 
September 2013. The patients were enrolled after the attend-
ing physician requested their hospital stay. After the patients 
provided informed consent, a blood sample was collected 
immediately after ED admission and no more than 2 h of any 
therapeutic approach. Patients with a clinical diagnosis of HF 
consistent with the Framingham clinical criteria17 and with a 
diagnosis of ADHF at presentation to the ED were initially 
considered. We excluded patients with endstage renal disease 
undergoing maintenance dialysis therapy, patients with a pre-
vious renal transplantation, patients with admission serum 
creatinine (SCr) levels >4 mg/dl, or patients with hospital stay 
<24 h.

The estimated glomerular filtration rate (eGFR) was calcu-
lated according to the CKD-EPI equation.18 Baseline kidney 
function was defined as the mean of all outpatient SCr levels 
in the 6 months before hospitalization. If not available, we 
used the lowest SCr level during the hospital stay and follow-
up. Patients with eGFR <60 ml/min/1.73 m2 were considered 
as having chronic kidney disease (CKD).

AKI was defined according to the creatinine-based Kidney 
Disease Improving Global Outcome (KDIGO) criteria.19 Briefly, 
AKI stage 1 included acute SCr increases ≥0.3 mg/dl and up 
to 200% above the stable baseline SCr, whereas values of SCr 
in the range of 200–300% greater than the stable baseline level 
were considered as AKI stage 2. AKI stage 3 entailed acute 
increases of SCr to more than 300% (>3-fold), as well as SCr 
values ≥4 mg/dl while showing an acute increase of at least 
0.5 mg/dl. Patients with an AKI diagnosis at admission but 
who recovered to a maximum of 0.2 mg/dl above their base-
line SCr after 72 h of ED admission were considered as having 
hemodynamic renal dysfunction and were not considered as 
having AKI.

The following parameters were collected in the ED: age, 
sex, pre-admission functional status by New York Heart Asso-
ciation (NYHA) classification, previous history of diabetes 
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Figure 1.    Flow chart of patients with acute decompensated heart failure (ADHF). ED, emergency department.

Table 1.  Clinical and Biochemical Characteristics of the Patients With ADHF According to Syndecan-1 
Concentration

All patients  
(n=201)

Syndecan  
<125 ng/ml (n=143)

Syndecan  
>125 ng/ml (n=58) P value

Age (years) 64.2±13.5 64.1±13.2 64.5±14.3 0.338

Male n (%) 109 (54.2)   80 (56.3)   29 (50.0) 0.414

Diabetes mellitus (%)   46 (22.9)   30 (21.0)   16 (27.6) 0.355

LVEF (%) 41.5±14.4 41.7±14.0 41.1±15.3 0.520

NYHA class (%) 0.406

    1/2 16 (8.0) 14 (9.8)   2 (3.4) 0.159

    3/4 184 (92.0) 128 (90.1)   56 (96.6)

Sodium (mEq/L) 135.9±5.0　　　 136.6±4.3　　　　 134.4±6.0　　　　 0.016

eGFR (ml/min/1.73 m2) 64.9±22.6 66.2±20.8 62.0±26.3 0.226

CKD n (%)   79 (39.9)   54 (38.0)   25 (43.1) 0.553

Syndecan (ng/ml) 133.7±195.1 39.5±31.3 364.6±232.5 <0.001　
hsCRP(mg/dl) 2.54±3.6　　 1.5±2.0 3.9±4.7 0.005

ICAM-1 (ng/ml) 423.6±128.1 411.3±109.3 473.5±148.7 0.485

NOx (μmol/L) 9.8±2.0 9.8±2.1 9.7±1.9 0.978

BNP (pg/ml) 1,690±1,204 1,719±1,145 1,640.5±1,049　　　 0.957

Hospital LOS 8.4±6.5 7.8±6.7 9.9±6.2 0.080

Hospital mortality, n (%) 10 (5)　　　   3 (2.1)     7 (12.1) 0.003

6-month mortality, n (%)   25 (12.5) 12 (8.5)   13 (22.4) 0.007

ADHF, acute decompensated heart failure; BNP, B-type natriuretic peptide; CKD, chronic kidney disease; eGFR, 
estimated glomerular filtration rate; hsCRP, high-sensitivity C-reactive protein; ICAM-1, intercellular adhesion mole-
cule-1; LOS, length of stay; LVEF, left ventricular ejection fraction; NOx, total nitric oxide; NYHA, New York heart 
association functional classification.
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AKI stage 1 (n=49), and only 2 had AKI stage 3. Another 
group of 14 patients was admitted with elevated SCr at the 
time of their ED admission but recovered renal function within 
less than 72 h. The mean hospital LOS was 8.7±4.9 days, and 
the in-hospital mortality rate was 5.0%.

Syndecan-1 in ADHF
ADHF patients had a mean level of serum syndecan-1 on ED 
admission of 133.7±95.0 ng/ml. This value was higher in the 
patients with a higher pre-admission NYHA classification 
(Class III/IV) (140.3±80.1 vs. 58.4±37.7 ng/ml, P=0.002) com-
pared with NYHA Class I/II. No significant correlation was 
verified between syndecan-1 and BNP (r=0.074, P=0.281), but 
hsCRP had a direct correlation with syndecan-1 (r=0.367, 

Results
Patients Characteristics
After exclusion criteria, 201 ADHF patients (de novo ADHF: 
n=36; CHF decompensation: n=165) remained in the final 
analysis (Figure 1). The baseline demographic and ED admis-
sion biochemical characteristics are presented in Table 1. The 
mean age was 64.2±13.5 years, mean calculated ejection frac-
tion (EF) was 41.5±14.4% and the BNP was 1,690±1,204 pg/ml 
at admission.

Taking into account all patients, 79 (39.9%) had previous 
CKD and 43 patients (21.4%) maintained stable CKD during 
hospital stay; 62 patients (37.8%) developed AKI during their 
hospital stay (Figure 1, Table 2). The majority of patients had 

Table 2.  Clinical and Biochemical Characteristics of the Patients With ADHF According to Renal Classification

Normal renal  
function (n=96)

Stable CKD  
(n=43)

AKI  
(n=62) P value

Age (years) 63.5±13.6 64.7±13.2 64.9±13.8 0.787

Male n (%)   56 (58.9)   20 (46.5)   33 (53.2) 0.386

LVEF (%) 42.6±13.4 42.5±15.5 41.0±14.0 0.765

NYHA class (%) 0.406

    1/2   11 (11.6) 03 (7.0)   2 (3.2)

    3/4   84 (88.4)   40 (93.0)   60 (96.8)

Sodium (mEq/L) 136.7±4.0　　　　 136.4±4.7　　　　 134.6±6.2　　　　 　0.028*

eGFR (ml/min/1.73 m2) 77.2±20.1 47.5±11.8 58.5±21.6 　<0.001#　
Syndecan (ng/ml) 91.4±42.9 98.1±65.6 248.7±165.6 　<0.001*　
hsCRP(mg/dl) 2.6±2.1 2.7±2.2 2.9±2.3 0.700

NOx (μmol/L) 9.3±4.4 10.9±5.3　　 9.6±5.7 0.217

BNP(pg/ml) 1,819±1,034 1,729±1,257 1,495±945　　　　 0.171

Urinary KIM-1 (ng/mgCr) 3.7±2.8 4.6±3.2 4.4±3.6 0.205

Plasma NGAL (ng/ml) 108.3±82.2　　 119.6±94.1　　 142.3±92.6　　 0.062

EFNa (%) 2.7±1.9 2.9±2.2 2.8±2.0 0.855

*P<0.01 for AKI vs. other groups; #P<0.01 for normal renal function vs. other groups. AKI, acute kidney injury; FENa, 
fractional excretion of sodium; KIM-1, kidney injury molecule 1; NGAL, neutrophil gelatinase-associated lipocalin. 
Other abbreviations as in Table 1.

Figure 2.    Mean syndecan-1 level accord-
ing to renal function in patients with acute 
decompensated heart failure (ADHF). 
P<0.05 for ADHF with AKI vs. others. 
AKI, acute kidney injury.
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AUC for developing AKI during a hospital stay was 0.741 
(95% CI 0.669–0.812, P<0.001), as shown in Figure 3. The 
results improved only when higher grades of AKI severity 
(AKI grade ≥2) were considered (AUC 0.840, 95% CI 0.733–
0.948, P<0.001). Comparison of performance between syn-
decan-1 and known renal biomarkers is shown in Table S1.

Even after adjusting for other variables associated with AKI 
occurrence (age, admission SCr and BNP levels, left ventricu-
lar ejection fraction (LVEF), diabetes, hypertension and 
admission sodium), syndecan-1 remained associated with AKI 
(OR 1.405 with 95% CI 1.240–1.670 per each 100 ng/ml, 
P<0.001).

Syndecan-1 and Hospital Mortality Rates
In the univariate analysis, syndecan-1 level, as a continuous 
variable, was significantly related to hospital mortality (OR 
1.461 with 95% CI 1.256–1.677 per each 100 ng/ml, P<0.001). 
After adjusting for age and sex (model 1) and for age, sex, 
previous CKD, admission serum sodium levels, EF, ICAM-1, 
NOx, BNP and AKI severity (model 2), syndecan-1 level 
remained a significant predictor of hospital mortality rate 

P<0.001). Regarding other markers of endothelium, there were 
no significant correlations with ICAM-1 (r=0.123, P=0.111) 
or NOx (r=−0.037, P=0.468). In relation to other renal bio-
markers, syndecan-1 correlated only marginally with admis-
sion GFR (r=−0.142, P=0.053). There was no correlation 
between syndecan-1 with urinary KIM-1 (r=0.14, P=0.891), 
plasma NGAL (r=0.002, P=0.993) or FENa (r=−0.093, 
P=0.188).

Syndecan-1 and AKI vs. Stable CKD
The highest level of syndecan-1 was observed in the patients 
who developed AKI during their hospital stay (mean 
248.7±165.6 ng/ml). There was no significant difference 
between patients with stable CKD and those with normal renal 
function (Figure 2). Additionally, there was a stepwise increase 
in syndecan-1 level according to AKI severity. Patients with 
AKI class 2/3 (n=13) had higher syndecan-1 levels than patients 
with AKI class 1 (n=49) (443.2±281.1 vs. 178.9±100.8 ng/ml, 
P<0.001).

To assess the discriminative ability of syndecan-1 level in 
predicting AKI occurrence, ROC curves were generated. The 

Figure 3.    Discriminative ability of syn-
decan-1 level in predicting acute kidney 
injury. AUC, area under the curve.

Table 3.  Syndecan-1 Concentration on Emergency Department Admission and In-Hospital Mortality of 
Patients With ADHF

Univariate analysis Model 1 Model 2

OR (95% CI) OR (95% CI) OR (95% CI)

Syndecan-1 (per each 100 ng/ml) 1.461 (1.256–1.677) 1.389 (1.162–1.614) 1.388 (1.166–1.711)

Model 1: adjusts for age, sex. Model 2 adjusts for covariate in model 1 and previous CKD, admission serum sodium, 
LVEF, intercellular adhesion molecule-1, nitrite, BNP and AKI severity. CI, confidence intervals; OR, odds ratio. 
Other abbreviations as in Tables 1,2.
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6-month mortality (Table 4).

Discussion
In the present study, we evaluated an endothelial glycocalyx 
damage biomarker (syndecan-1) for the first time in ADHF 
patients on admission to the ED. The syndecan-1 level had a 
good discriminatory capacity for predicting acute worsening 
renal function and in-hospital mortality rates. Moreover, after 
adjusting for other confounding factors, syndecan-1 remained 
associated with long-term mortality.

It has already been well established that endothelial func-
tion is important in the long-term prognosis of HF patients. 
Impaired endothelium-dependent vasodilation reduces myo-
cardial perfusion and increases ventricular afterload with omi-
nous consequences on cardiac remodeling.23 In the setting of 
ADHF, there is activation of endothelial cells,11 but little is 
known about the prognostic significance.24,25 To the best of 
our knowledge, there have been no studies investigating the 
role of endothelial glycocalyx in patients presenting to the ED 
because of ADHF.

Recently, Tromp et al26 studied the value of syndecan-1 
measured before hospital discharge, when patients were stabi-
lized after an ADHF admission. The authors reported that 
syndecan-1 was associated with poor outcome only in HF 
patients with preserved EF, suggesting syndecan-1 is also an 
important marker of cardiac fibrosis. As stated before, endo-
thelial and glycocalyx damage in the acute setting is probably 

(Table 3).
Moreover, syndecan-1 levels upon ED admission had a 

good discriminative ability to predict hospital mortality rates 
(AUC 0.788 95% CI 0.673–0.903, P<0.001). We determined 
the cut-off level of syndecan-1 that provides the best dis-
criminatory capacity and found it to be 125 ng/ml. There was 
no significant difference between patients with high or low 
syndecan-1 levels when considering NYHA functional level 
as well as LVEF and BNP level. However, patients with syn-
decan-1 levels >125 ng/ml had higher hsCRP levels and low 
serum levels of sodium. Additionally, there was a trend 
towards higher hospital LOS in patients with syndecan-1 
levels >125 ng/ml (9.9±6.2 vs. 7.8±6.7 days, P=0.080) and a 
significant higher in-hospital mortality rate (Table 1).

Syndecan-1 and Long-Term Mortality Rates
Patients with high syndecan-1 levels had higher 6-month mor-
tality rates (22.4 vs. 8.5%, P=0.007). Using the same cut-off 
value for the in-hospital mortality rates, Kaplan-Meyer analy-
ses also showed a significant separation of survival curves for 
patients with low and/or high levels of syndecan-1 for 6-month 
survival studies (Figure 4). To further explore syndecan-1, 
measured on ED as a long-term prognostic marker, we per-
formed a multivariate Cox regression analysis including age, 
sex, markers of HF severity (NYHA, LVEF), inflammatory 
status (hsCRP), and BNP as well as presence of CKD. Of 
these variables, serum hemoglobin, BNP, hsCRP and syn-
decan-1 were independently associated with a high risk of 

Figure 4.    Kaplan-Meyer survival curves 
for long-term outcome (6 months) accord-
ing to syndecan-1 level.
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pathophysiology, it is known that endothelium damage and 
activation is an important step in sepsis and ischemic-medi-
ated AKI, especially in its extension phase.15 As glycocalyx 
integrity is important in activating antithrombin III, regulating 
endothelial permeability and preventing leukocyte interaction, 
we speculate that its damage is able to initiate/participate in at 
least 2 pathophysiologic processes during AKI development. 
The first process potentially leads to microthrombi formation, 
and the second process potentially favors inflammatory cell 
migration.

Syndecan-1 also emerges as a potential early biomarker of 
AKI. Even when measured on ED admission, it was able to 
predict a worse renal function outcome during the hospital 
stay. Of note, patients who recovered their renal function 72 h 
after ED admission had syndecan-1 levels comparable to those 
of patients with stable renal function. This suggests that syn-
decan-1 is able to differentiate renal structural lesions from 
hemodynamic impairment only, but this finding requires more 
research. The discriminatory capacity of syndecan-1 in pre-
dicting AKI could be comparable with other renal-specific 
biomarkers, such as NGAL and KIM-1,35 especially when 
considering the capacity of syndecan-1 in predicting severity 
of AKI.

It has been already demonstrated that accumulation of syn-
decan-1 in CKD patients is not related to a possibly reduced 
renal clearance.36 It has been suggested that syndecan-1 levels 
in these patients are related to active refurbishment and on-
going damage to the endothelial glycocalyx. Because in the 
present patients the syndecan-1 levels were already increased 
at ED admission before AKI development in many cases, our 
data supports the conclusion that syndecan-1 is not increased 
because of reduced renal clearance. Moreover, because syn-
decan-1 increases before renal function worsens, glycocalyx 
damage occurs prior to the decline in renal function, reinforc-
ing the importance of glycocalyx damage on the pathophysiol-
ogy of cardiorenal syndrome. Preventing glycocalyx damage 
in these patients may be a possible intervention for preventing 
AKI.

We also measured 2 renal biomarkers to evaluate their dis-
criminatory capacity in predicting AKI. First, plasma NGAL 
was chosen because it demonstrated a higher discriminatory 
capacity in another study,37 although those findings have not 
been confirmed.21 Also, we measured urinary KIM-1, a suc-

so different from when the patient is in a stable condition (eg, 
because of sympathetic activation),16 it is difficult to compare 
the findings of the aforementioned study with our data.

The first important finding in the present study was that 
ADHF patients had an increase in syndecan-1 levels compared 
with the control group. Syndecan-1 can be elevated in patients 
with chronic diseases (eg, diabetes mellitus27) or acute pro-
cesses (ischemic-reperfusion injury,28 septic shock29 and post-
cardiac arrest syndrome30). An inflammatory state and adrenergic 
activation are present in HF patients and can contribute to 
glycocalyx damage.16 In the present study, we disclosed an 
association between the inflammatory state and glycocalyx 
damage through a positive and significant correlation between 
syndecan-1 and CRP. In addition to the inflammatory state, 
high levels of syndecan-1 in ADHF can also be explained by 
the elevation of BNP levels observed in these patients. In 
experimental models, natriuretic peptides augment the level of 
endothelium glycocalyx biomarkers (including syndecan-1) 
and increase endothelium permeability.31 Although degrada-
tion of the mouse endothelial glycocalyx increases the number 
of leukocytes adhered to the vessel walls,32 we did not find any 
correlation between syndecan-1 and other biomarkers of endo-
thelial activation and function (eg, ICAM-1 and NOx).

Previous studies have reported that patients under mainte-
nance hemodialysis and those with very advanced CKD (mean 
eGFR 8 ml/min/1.73 m2) had increased syndecan-1 levels.33 
Although we disclosed no significant increase in patients with 
stable CKD, our data are not necessarily contradictory to pre-
vious findings. Our CKD patients only had a moderate decline 
in renal function (mean eGFR 47 ml/min/1.73 m2). In the cited 
study, and in accordance with our findings, patients with mod-
erate kidney impairment after renal transplantation (eGFR 
22 ml/min/1.73 m2) presented with similar syndecan-1 levels 
when compared with controls.33

More interesting is that the syndecan-1 level measured on 
ED admission has value as a predictor of acute worsening 
renal function during hospital stay, even after adjusting for 
other risk factors for AKI in this population, as suggested in 
other studies.34 This finding merits consideration for 2 reasons: 
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HR, hazard ratio. Other abbreviations as in Tables 1–3.
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cessful biomarker used in other AKI etiologies,38 but not in 
ADHF.20 In comparison with both, syndecan-1 showed better 
performance. The superiority of syndecan-1 in relation to 
renal biomarkers can be explained by urinary biomarkers 
being generally lower in patients who present with ADHF 
than is reported in the literature for AKI, which suggests that 
AKI in ADHF is likely related to other causes rather than 
structural tubular damage.39

Regarding mortality rates, this is the first study to demon-
strate that a glycocalyx biomarker is associated with short- 
and long-term mortality rates in ADHF patients. We found 
that syndecan-1 levels were associated with mortality rates, 
even after controlling for several important variables. For exam-
ple, all the variables, except tricuspid regurgitation, in the 
ADHF/NT-proBNP risk score40 were included in our model in 
addition to hsCRP and other endothelial markers.

Some studies suggest that endothelial dysfunction is associ-
ated with HF progression and long-term mortality in HF.41 
Concerning the prognostic significance of ICAM-1 in HF 
patients, the literature is controversial.24,25 In our data, we did 
not find any independent association between ICAM-1 or NOx 
levels with short- or long-term mortality rates.

Study Limitations
First, it was performed in only a single center. Second, because 
of the technical difficulty in performing flow-mediated dilata-
tion methods in ED patients taking several vasodilator drugs, 
we accessed endothelial function only through a NOx mea-
surement, which is controversial.42,43 Finally, we cannot 
extrapolate syndecan-1 as a marker for mortality in stable HF 
patients.

In conclusion, measurement of syndecan-1, a marker of 
glycocalyx damage, on ED admission is a valuable tool for 
assessing the risk of developing AKI and in-hospital mortality. 
Its association with mortality is strong, even after a 6-month 
follow-up period.

Acknowledgments
A.B.L. and A.M.C.M are recipients of a grant from the Conselho Nacional 
de Desenvolvimento Científico e Tecnológico (CNPq). The funding 
sources had no role in the study design, data collection and analysis, deci-
sion to publish or preparation of the manuscript.

Disclosures
Conflict of Interest: None.

References
  1.	 Nieminen MS, Brutsaert D, Dickstein K, Drexler H, Follath F, 

Harjola VP, et al. EuroHeart Failure Survey II (EHFS II): A survey 
on hospitalized acute heart failure patients: Description of popula-
tion. Eur Heart J 2006; 27: 2725 – 2736.

  2.	 Fonarow GC, Abraham WT, Albert NM, Stough WG, Gheorghiade 
M, Greenberg BH, et al. Day of admission and clinical outcomes for 
patients hospitalized for heart failure: Findings from the Organized 
Program to Initiate Lifesaving Treatment in Hospitalized Patients 
With Heart Failure (OPTIMIZE-HF). Circ Heart Fail 2008; 1: 
50 – 57.

  3.	 Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De 
Simone G, et al. Executive summary: Heart disease and stroke sta-
tistics – 2010 update: A report from the American Heart Association. 
Circulation 2010; 121: 948 – 954.

  4.	 JCS Joint Working Group. Guidelines for treatment of acute heart 
failure (JCS 2011): Digest version. Circ J 2013; 77: 2157 – 2201.

  5.	 Joffe SW, Webster K, McManus DD, Kiernan MS, Lessard D, 
Yarzebski J, et al. Improved survival after heart failure: A commu-
nity-based perspective. J Am Heart Assoc 2013; 2: e000053, doi: 
10.1161/JAHA.113.000053.

  6.	 Shirakabe A, Hata N, Kobayashi N, Shinada T, Tomita K, Tsurumi 
M, et al. Prognostic impact of acute kidney injury in patients with 



Circulation Journal  Vol.79,  July  2015

1519Syndecan-1 in Acute Decompensated HF

injury biomarkers: Workgroup statements from the tenth Acute 
Dialysis Quality Initiative Consensus Conference. Contrib Nephrol 
2013; 182: 13 – 29.

39.	 Dupont M, Shrestha K, Singh D, Awad A, Kovach C, Scarcipino M, 
et al. Lack of significant renal tubular injury despite acute kidney 
injury in acute decompensated heart failure. Eur J Heart Fail 2012; 
14: 597 – 604.

40.	 Scrutinio D, Ammirati E, Guida P, Passantino A, Raimondo R, 
Guida V, et al. Clinical utility of N-terminal pro-B-type natriuretic 
peptide for risk stratification of patients with acute decompensated 
heart failure: Derivation and validation of the ADHF/NT-proBNP 
risk score. Int J Cardiol 2013; 168: 2120 – 2126.

41.	 Takishima I, Nakamura T, Hirano M, Kitta Y, Kobayashi T, Fujioka 
D, et al. Predictive value of serial assessment of endothelial function 
in chronic heart failure. Int J Cardiol 2012; 158: 417 – 422.

42.	 Rassaf T, Feelisch M, Kelm M. Circulating NO pool: Assessment of 
nitrite and nitroso species in blood and tissues. Free Radic Biol Med 
2004; 36: 413 – 422.

43.	 Kleinbongard P, Dejam A, Lauer T, Jax T, Kerber S, Gharini P, et 
al. Plasma nitrite concentrations reflect the degree of endothelial 
dysfunction in humans. Free Radic Biol Med 2006; 40: 295 – 302.

Supplementary Files
Supplementary File 1

Table S1.    Diagnostic accuracy of biomarkers for the assessment of 
AKI during hospitalization

Please find supplementary file(s);
http://dx.doi.org/10.1253/circj.CJ-14-1195

siol Scand 2012; 56: 316 – 322.
30.	 Grundmann S, Fink K, Rabadzhieva L, Bourgeois N, Schwab T, 

Moser M, et al. Perturbation of the endothelial glycocalyx in post 
cardiac arrest syndrome. Resuscitation 2012; 83: 715 – 720.

31.	 Jacob M, Saller T, Chappell D, Rehm M, Welsch U, Becker BF. 
Physiological levels of A-, B- and C-type natriuretic peptide shed the 
endothelial glycocalyx and enhance vascular permeability. Basic Res 
Cardiol 2013; 108: 347.

32.	 Constantinescu AA, Vink H, Spaan JA. Endothelial cell glycocalyx 
modulates immobilization of leukocytes at the endothelial surface. 
Arterioscler Thromb Vasc Biol 2003; 23: 1541 – 1547.

33.	 Dane MJ, Khairoun M, Lee DH, van den Berg BM, Eskens BJ, Boels 
MG, et al. Association of kidney function with changes in the endo-
thelial surface layer. Clin J Am Soc Nephrol 2014; 9: 698 – 704.

34.	 Forman DE, Butler J, Wang Y, Abraham WT, O’Connor CM, 
Gottlieb SS, et al. Incidence, predictors at admission, and impact of 
worsening renal function among patients hospitalized with heart 
failure. J Am Coll Cardiol 2004; 43: 61 – 67.

35.	 Vanmassenhove J, Vanholder R, Nagler E, Van Biesen W. Urinary 
and serum biomarkers for the diagnosis of acute kidney injury: An 
in-depth review of the literature. Nephrol Dial Transplant 2013; 28: 
254 – 273.

36.	 Padberg JS, Wiesinger A, di Marco GS, Reuter S, Grabner A, Kentrup 
D, et al. Damage of the endothelial glycocalyx in chronic kidney 
disease. Atherosclerosis 2014; 234: 335 – 343.

37.	 Alvelos M, Pimentel R, Pinho E, Gomes A, Lourenco P, Teles MJ, 
et al. Neutrophil gelatinase-associated lipocalin in the diagnosis of 
type 1 cardio-renal syndrome in the general ward. Clin J Am Soc 
Nephrol 2011; 6: 476 – 481.

38.	 McCullough PA, Shaw AD, Haase M, Bouchard J, Waikar SS, Siew 
ED, et al. Diagnosis of acute kidney injury using functional and 


