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D-dimer level and long-term outcome in patients with end-stage heart failure
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Abstract

Background Previous studies had demonstrated hemostatic abnormalities in patients with heart failure (HF) and several studies have
shown that abnormal coagulation indices, represented by elevated D-dimer, had prognostic significance in patients with compatible or acute
decompensated HF. However, the impact of D-dimer on the outcome in patients with end-stage HF remains unclear. Methods A total of
244 consecutive patients with end-stage HF due to idiopathic dilated cardiomyopathy (DCM) were prospectively enrolled from February
2011 to September 2014. D-dimer levels were measured and its prognostic value was assessed. Primary endpoint was all-cause mortality
during the follow-up period. Secondary endpoints were stroke, bleeding, occurrence of sustained ventricular tachycardia or ventricular fibril-
lation, and major adverse cardiovascular events (MACE). Results D-dimer was significantly elevated in the non-survivors (median: 0.8 vs.
1.1 mg/L, P <0.001). Traditional markers including B-type natriuretic peptide, troponin I, left ventricular ejection fraction, and left ventricu-
lar end-diastolic dimension provided limited prognostic value; but the addition of D-dimer refined the risk stratification. The optimal cut-off
value of D-dimer to predict all-cause mortality was 0.84 mg/L by receiver operator characteristic analysis. Elevated D-dimer level was inde-
pendently associated with increased risk of long-term all-cause mortality (HR = 2.315, 95% CI: 1.570-3.414, P < 0.001) and MACE (HR =
1.256, 95% CI: 1.058-1.490, P = 0.009), and the predictive value was independent of age, sex, atrial fibrillation and anticoagulation status.
Conclusions Elevated D-dimer level was independently associated with poor long-term outcome in patients with end-stage HF secondary
to idiopathic DCM, and the predictive value was superior to that of traditional prognostic markers.
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and left ventricular end-diastolic dimension (LVEDD),"!
can provide important prognostic information. However, not

1 Introduction

Although mortality from cardiovascular disease as a only is end-stage HF associated with impaired cardiac
whole has declined, the prevalence of heart failure (HF) is structure and/or function, but some significant pathophysi-
still increasing' and the long-term prognosis associated ological processes are involved, such as hemodynamics
with HF is poor.”* It is very troublesome to manage HF if disorders,” mobility limitation,!"” and inflammation activa-
it progresses to an advanced stage, and the annual mortality tion,!'"among which coagulation dysfunction secondary to
for end-stage HF with medical therapy alone remains as HF stands out and has prognostic significance.'"* " D-dimer
high as 75%."" It is the responsibility of clinicians to give a is the degradation product of cross-linked fibrin and is ele-
reasonable evaluation for patients with end-stage HF to de- vated in patients with HF. Several studies have demon-
termine the optimal management strategies and assess the strated that elevated D-dimer was associated with poor out-

prognosis. Previous studies had shown some biomarkers come in patients with systolic or acute decompensated

such as B-type natriuretic peptide (BNP),”! and troponin I

(TnI),'® and parameters that represent cardiac structure and
[7]

HF;!">'®! however, the prognostic value of D-dimer level in

patients with end-stage HF is not well understood. In this

function such as left ventricular ejection fraction (LVEF) study, we aimed to investigate the impact of D-dimer level

on long-term outcome in patients with end-stage HF due to
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2 Methods

2.1 Study population

This is a prospective observational study. A total of 244
consecutive patients with idiopathic DCM and end-stage HF
were recruited between February 2011 and September 2014.
Idiopathic DCM was defined by the presence of left ven-
tricular dilatation and left ventricular systolic dysfunction
confirmed by echocardiography in the absence of abnormal
loading conditions (hypertension, valve disease) or coronary
artery disease sufficient to cause global systolic impairment
according to the recommendations for classifying cardio-
myopathies.!"® End-stage HF was defined as New York
Heart Association class III-IV, despite optimal medical and
device therapy, intolerance or withdrawal of evidence-based
HF medications such as beta blockers, angiotensin convert-
ing enzyme inhibitors (ACEIs) due to hypotension, diu-
retic-refractory volume overload, or need for intravenous
inotrope. Patients with previous diagnosis of malignancy,
deep vein thromboembolism, suspected and/or confirmed
pulmonary thromboembolism, recent surgery or recent
trauma (within the last month) that may cause D-dimer ele-
vation were excluded in the study. Protocols were approved
by the appropriate institutional review boards of the first
affiliated hospital of Chongqing medical university and
complied with the declaration of Helsinki. All subjects were
provided with written informed consent.

2.2 Study measurement

Plasma D-dimer was measured by an immunoturbido-
metric technique with the Innovance D-dimer assay (Sie-
mens, Marburg, Germany) on the Sysmex CA-7000 coagu-
lation analyzer. Using the lyophilized reference plasma, the
intra-assay and inter-assay variability (coefficient of vari-
ability) were 6%—9% and 2%—6%, respectively. The cutoff
value was 0.5 mg/L fibrinogen equivalent units (FEU) and
the measurable range was 0.19-35 mg/L FEU. Briefly,
5 mL of venous blood was collected into tubes containing
sodium citrate. The tubes were then centrifuged for 10 min
(1700 x g) and the plasma was separated for assays accord-
ing to standard protocols provided by the supplier. BNP
levels were measured by a fluorescence immunoassay kit
(Triage, Biosite, SanDiego, CA) with a measurable range of
5 to 5000 pg/mL, and the interassay and intraassay coeffi-
cients of variability were 4.0%-5.8% and 2.8%—4.5%, re-
spectively. Plasma Tnl levels were measured using fluores-
cence immunoassay kit (Alere™ Triage®Cardio2) with a
measurable range of 0.05 to 30 pg/mL, and the interassay
and intraassay coefficients of variability were 7.2%-9.4%
and 5.1%-8.2%, respectively. LVEDD values were ob-

tained by M-mode echocardiography and LVEF was evalu-
ated by Simpson’s rule.

2.3 Study endpoints

Patients were followed up every three to six months after
enrollment through telephone communication. Primary
endpoint was all-cause mortality during the follow-up pe-
riod. Secondary endpoints were stroke, bleeding, occurrence
of sustained ventricular tachycardia (VT) or ventricular fib-
rillation (VF), and major adverse cardiovascular events
(MACE) (combined all-cause mortality, stroke, bleeding,
and occurrence of sustained VT/VF).

The definition of every event was as follows. All-cause
mortality was defined as death from any cause during the
follow-up period. Stroke was defined as focal neurological
deficits lasting at least 24 h and confirmed by computed
tomographic scans or magnetic resonance imaging. Bleed-
ing included major bleeding (critical location, bleeding
leading to surgical intervention, overt bleeding resulting in a
drop in hemoglobin concentration of > 20 g/L or leading to
transfusion of two or more units of blood, or fatal bleeding)
and minor bleeding (not meeting the criteria for major bleed-
ing). Sustained VT was defined by the presence of a series
of consecutive ectopic ventricular beats at a rate of more
than 100 beats/min lasting more than 30 s or accompanied
by hemodynamic instability requiring direct-current. VF
was defined as irregular electrocardiogram waves of incon-
sistent shape and unidentifiable QRS complexes accompa-
nied by hemodynamic compromise requiring cardioversion.

2.4 Statistical analysis

The baseline characteristics of the patients are presented
as the mean = SD or interquartile range for continuous
variables and were compared by Student’s t test if the data
were normally distributed; otherwise, the Wilcoxon signed
rank test was used. Categorical variables are presented as
percentages and were compared by Pearson’s chi-square test.
Survival curves were constructed using the Kaplan-Meier
method and were compared by log rank tests. The associa-
tion between D-dimer level and other variables was ana-
lyzed by Spearman’s correlation test. Receiver operator
characteristic (ROC) analysis was performed to determine
the optimal cut-off point of D-dimer to predict the all-cause
mortality and the areas under the curve (AUC) were calcu-
lated as measures of the accuracy of the tests. Multivariate
Cox proportional hazard regression models were performed
to identify the association between D-dimer and the fol-
low-up outcomes and the model was corrected by multi-
variable adjustment. The adjusted hazard ratios (HRs) with
their respective 95% confidence intervals (Cls) were calcu-
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lated. All statistical tests were two-tailed, and P < 0.05 was
considered to be statistically significant. All statistical

analyses were carried out using the SPSS statistical software,
version 20.0 (SPSS Inc., Chicago, Illinois, USA).

3 Results

The median follow-up period was 20 months (4 to 26

months). Of 244 consecutive patients with idiopathic DCM,
16 patients were lost to follow-up and 10 patients had in-
complete data. Therefore, data from the 218 remaining pa-
tients were analyzed.

Table 1 summarizes the baseline characteristics between
survivors and non-survivors. The mean age, sex distribution
and co-morbidities were comparable between the two
groups (all P > 0.05). On admission, the non-survivors pre-

Table 1. Comparison of baseline characteristics and treatment between survivors and non-survivors.

Variables Survivors (N =95) Non-survivors (n = 123) P-value
Epidemiologics
Age, yrs 53.8+11.7 557+11.2 0.216
Male 70 (73.7%) 88 (71.5%) 0.761
Body mass index, kg/m’ 209+39 20.6+4.1 0.640
Co-morbidities
Coronary atherosclerosis 7 (7.4%) 11 (8.9%) 0.806
Hypertension 15 (15.8%) 12 (9.8%) 0.215
Diabetes mellitus 43 (45.5%) 60 (48.8%) 0.682
Atrial fibrillation 62 (65.3%) 91 (74.0%) 0.181
Previous or current smoking 60 (63.2%) 64 (52.0%) 0.129
Previous or current alcohol use 38 (40.0%) 47 (38.2%) 0.889
Admission vital signs
SBP, mmHg 100.4 +16.9 924+11.1 <0.001
DBP, mmHg 63.3+8.8 66.4+8.4 0.010
Heart rate, bmp 86.0+18.0 90.0+17.0 0.087
Lab examination
BNP, pg/mL 1206.0 (823.0-2020.0)" 915.0 (346.0-2416.0)° 0.352
Troponin I, ug/L 0.05 (0.04-0.11)" 0.06 (0.04-1.55)" 0.084
D-dimer, mg/L 0.8 (0.5-1.2)" 1.1 (0.8-2.0) <0.001
Serum creatinine, umol/L 93.0 (76.6-125.0) 105.8 (81.1-162.5) 0.023
LVEDD, mm 73.1£9.5 74.4+£9.8 0.353
LVEF 35.4% +3.9% 33.6% + 5.1% 0.004
Mural thrombus of ventrium 16 (16.8%) 23 (18.7%) 0.859
Drug and device therapy
Diuretics 93 (97.9%) 119 (96.7%) 0.699
Beta blockers 37 (38.9%) 23 (18.7%) 0.001
ACEIs (or ARBs) 42 (44.2%) 44 (35.8%) 0.212
Aldosterone receptor antagonist 87 (91.6%) 101 (82.1%) 0.049
Digoxin 66 (69.5%) 99 (80.5%) 0.079
Warfarin 16 (16.8%) 24 (19.5%) 0.725
Aspirin 32 (33.7%) 66 (53.7%) 0.004
Clopidogrel 29 (30.5%) 59 (48.0%) 0.012
Amiodarone 9(9.5%) 26 (21.1%) 0.025
Inotropes/vasoconstrictors 53 (55.8%) 69 (56.1%) 1.000
Ultrafiltration 20 (21.1%) 33 (26.8%) 0.344
VVI or DDD implantation 10 (10.5%) 5(4.1%) 0.103
CRT (D) implantation 11 (11.6%) 11 (8.9%) 0.651

Data are presented as means = SD or n (%). Presented as median (25"—75™). ACEIs: angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptors

blockers; BNP: brain natriuretic peptide; CRT: cardiac resynchronization therapy; DBP: diastolic blood pressure; LVEDD: left ventricular end diastolic diame-

ter; LVEF: left ventricular ejection fraction; SBP: systolic blood pressure.
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sented with relatively lower systolic blood pressure (SBP),
diastolic blood pressure and LVEF, but had higher D-dimer
and creatinine levels compared to the survivors (all P <
0.05). The admission heart rate, BNP, Tnl, LVEDD and
mural thrombus of ventrium were comparable between sur-
vivors and non-survivors (all P > 0.05). During hospitaliza-
tion, beta blockers and aldosterone receptor antagonists
were less likely to be administered to the non-survivors (all
P < 0.05) while the use of diuretics, ACEIs or angiotensin
receptors blockers (ARBs), inotropes/vasoconstrictors, ul-
trafiltration and device implantation were comparable be-
tween the two groups (all P > 0.05).

Due to the significant difference in the D-dimer level
between survivors and non-survivors, the biomarker, D-
dimer, was deeply investigated. Table 2 shows the correla-
tions between D-dimer level and other clinical variables.
The D-dimer level was independent of common variables
such as age, BNP, Tnl, LVEDD, LVEF, creatinine, and
atrial fibrillation (AF), indicating that this coagulational
parameter may reflect disease severity independent of tradi-
tional markers.

The long-term all-cause mortality stratified by D-dimer
and the traditional markers was analyzed (Figure 1). When
divided into quartiles, the traditional markers including BNP,

(A)

s
L
)

®)

Tnl, LVEF, and LVEDD provided risk stratification to
some extent; however, combining with the D-dimer im-
proved the prognostic stratification. The general trend was
that as D-dimer, BNP, LVEDD, and Tnl increased or LVEF
decreased, the mortality increased. Figure 2 shows the
comparison of the predictive ability of D-dimer and other
traditional markers for all-cause mortality by ROC analysis.
The AUC of D-dimer, BNP, LVEDD, LVEF, and Tnl for
predicting all-cause mortality were 0.704, 0.455, 0.544,
0.413, and 0.568, respectively; indicating that D-dimer had
a superior predictive value compared with the traditional

Table 2. Spearman correlation coefficients between D-dimer
and other clinical variables.

Variables D-dimer P-value
Age —-0.068 0.320
Atrial fibrillation —-0.086 0.208
BNP —-0.038 0.576
LVEDD 0.093 0.170
LVEF -0.019 0.778
Troponin I 0.131 0.053
Serum creatinine 0.096 0.157

BNP: brain natriuretic peptide; LVEDD: left ventricular end diastolic di-

ameter; LVEF: left ventricular ejection fraction.
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All-cause mortality stratified by combining D-dimer with BNP (A), TnI (B), LVEF (C), and LVEDD (D). BNP: B-type

natriuretic peptide; LVEDD: left ventricular end-diastolic dimension; LVEF: left ventricular ejection fraction; Tnl: troponin L.
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Figure 2. ROC analysis of D-dimer, BNP, Tnl, LVEF, and
LVEDD for prediction of all-cause mortality. AUC: areas under
the curve; BNP: B-type natriuretic peptide; LVEDD: left ventricu-
lar end-diastolic dimension; LVEF: left ventricular ejection frac-

tion; ROC: receiver operating characteristic; Tnl: troponin I.

markers. The best cut-off value of D-dimer to predict all-
cause mortality by ROC analysis was 0.84 mg/L (sensitivity:
69.9%, specificity: 63.2%).

Table 3 compares clinical features between patients with
D-dimer > 0.84 mg/L and < 0.84 mg/L. Patients with D-
dimer > 0.84 mg/L were more likely to present with lower
admission SBP, higher heart rate and serum creatinine; but
had lower LVEF and were more likely to receive inotropes/
vasoconstrictors or ultrafiltration therapy (all P < 0.05).
Figure 3 shows the long-term outcomes. Compared with
patients with D-dimer < 0.84 mg/L, patients with D-dimer >
0.84 mg/L had higher all-cause mortality (70.5% vs. 38.5%,
P <0.001) and MACE rate (76.2% vs. 62.5%, P = 0.037),
but the incidences of stroke, bleeding, and VI/VF were
comparable (all P > 0.05). Figure 4 shows the Kaplan-Meier
curves survival and MACE rate stratified by admission
D-dimer level. It was found that patients with D-dimer >
0.84 mg/L had significantly higher cumulative mortality
(Figure 4A) and MACE rate (Figure 4B) than patients with
D-dimer < 0.84 mg/L (log rank P < 0.001 and P = 0.033,
respectively).

The independent factors associated with long-term out-
come were analyzed by the multivariate Cox model (Table 4).
After adjusting for age, sex, body mass index, AF, SBP,

Table 3. Comparison of baseline characteristics and treatment between patients with D-dimer > 0.84 and < 0.84 mg/L.

Variables D-dimer > 0.84 mg/L (n =95) D-dimer < 0.84 mg/L (n =123) P-value
Age, yrs 549+11.0 55.0+12.0 0.946
Male 88 (72.1%) 70 (72.9%) 1.000
Hypertension 14 (11.5%) 13 (13.5%) 0.682
Atrial fibrillation 89 (73.0%) 64 (66.7%) 0.371
SBP, mmHg 93.6+13.6 98.5+15.3 0.015
Heart rate, beats/min 92.0+19.0 85.0+16.0 0.005
BNP, pg/mL 1166.0 (360.5-2345.3)" 1208.0 (627.5-1986.3)" 0.866
Troponin I, ug/L 0.06 (0.04-0.52)" 0.06 (0.04-0.11)" 0.391
Serum creatinine, umol/L 105.9 (82.3-155.4) 94.0 (76.1-124.5)" 0.035
LVEDD, mm 74.1+9.9 73.5+94 0.665
LVEF 33.2% + 5.0% 34.6% + 4.4% 0.029
Diuretics 118 (96.7%) 94 (97.9%) 0.697
Beta blockers 32 (26.2%) 28 (29.2%) 0.649
ACEISs (or ARBs) 42 (34.4%) 44 (45.8%) 0.095
Aldosterone receptor antagonist 100 (82.0%) 88 (91.7%) 0.048
Warfarin 19 (15.6%) 21 (21.9%) 0.290
Aspirin 68 (55.7%) 30 (31.2%) <0.001
Clopidogrel 50 (41.0%) 38 (39.6%) 0.890
Inotropes/vasoconstrictors 77 (63.1%) 45 (46.9%) 0.020
Ultrafiltration 37 (30.3%) 16 (16.7%) 0.026

Data are presented as means = SD or n (%)." Presented as median (25"—75

th

). ACEISs: angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptors

blockers; BNP: brain natriuretic peptide; LVEDD: left ventricular end diastolic diameter; LVEF: left ventricular ejection fraction; SBP: systolic blood pressure.
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Figure 3. Comparison of long-term outcomes in patients with
D-dimer > 0.84 and < 0.84 mg/L. MACE: major adverse cardio-
vascular event; VF: ventricular fibrillation; VT: ventricular tachy-
cardia.

heart rate, Tnl, LVEDD, LVEEF, creatinine, and main medi-
cations, compared with D-dimer < 0.84 mg/L, D-dimer >
0.84 mg/L. was associated with 2.3-fold increased risk of
all-cause mortality (HR = 2.315, 95% CI: 1.570-3.414, P <
0.001). Admission D-dimer level was positively associated
with long-term MACE (HR = 1.256, 95% CI: 1.058-1.490,

(A) 1.0 1
=08
> g, T i
5 he i-=...\____‘l.)“‘(.i.}'r.rller <0.84 mg/L
2 0.6 W
2
S 047 D-dimer > 0.84 mg/L
g Log rank P < 0.001
© 0.2 1

O B
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Follow-up time, months
Figure 4.

cular event.

P = 0.009). Other factors independently associated with
all-cause mortality were admission SBP, LVEF, and use of
beta blockers. Other factors associated with MACE in-
cluded admission SBP, LVEF, use of ACEIs/ARBs, and
occurrence of VI/VF (Table 4).

Finally, as the D-dimer level is influenced by multiple
factors, such as age, sex, AF and anticoagulation status, the
D-dimer level was compared in multiple subgroups. How-
ever, D-dimer level was comparable between patients aged
> 60 and < 60 years (median: 0.87 vs. 0.90 mg/L, P =0.519),
males and females (median: 0.89 vs. 0.92 mg/L, P = 0.818),
AF and non-AF patients (median: 0.97 vs. 0.84 mg/L, P =
0.207), and anticoagulation and non-anticoagulation patients
(median: 0.80 vs. 0.96 mg/L, P = 0.105). Moreover, the
interactions between D-dimer and the abovementioned
clinical factors were not significant (data not shown), indi-
cating the homogeneous effect of D-dimer on patients with
different clinical backgrounds.

4 Discussion

The major findings from the present study are as follows.
Firstly, patients with poor outcome had significantly ele-
vated admission D-dimer level. Secondly, compared with

® 10

0.8+

0.6 1 y
., D-dimer < 0.84 mg/L

“a

0.4

Free of MACE

0.2 Log rank P =0.033 D-dimer > 0.84 mg/L

0_
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Follow-up time, months

Survival (A) and MACE (B) curves in patients with D-dimer > 0.84 and < 0.84 mg/L. MACE: major adverse cardiovas-

Table 4. Risk factors for all-cause mortality and MACE by multivariate Cox analysis.

All-cause mortality MACE
Variables HR (95% CI) P-value Variables HR (95% CI) P-value
D-dimer > 0.84 mg/L (vs. <0.84 mg/L) 2.315(1.570-3.414) <0.001 D-dimer 1.256 (1.058-1.490) 0.009
SBP 0.984 (0.972-0.996) 0.010 SBP 0.984 (0.973-0.995) 0.003
LVEF 0.942 (0.909-0.976) 0.001 LVEF 0.943 (0.912-0.976) 0.001
Beta blockers use 0.515 (0.327-0.812) 0.004 ACEIs/ARBs use 0.627 (0.447-0.879) 0.007
VT/VF occurrence 3.309 (2.276-4.811) <0.001

ACEIs: angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptors blockers; LVEF: left ventricular ejection fraction; MACE: major adverse car-

diovascular event; SBP: systolic blood pressure; VF: ventricular fibrillation; VT: ventricular tachycardia.
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the traditional markers, admission D-dimer had a better pre-
dictive value for long-term mortality in patients with end-
stage HF. Last but not least, elevated D-dimer independ-
ently predicted adverse long-term outcome regardless of the
clinical status that affected the D-dimer level. Our present
study demonstrated D-dimer as a superior prognostic bio-
marker in patients with end-stage HF.

Previous studies had shown that HF is associated with a
pro-thrombotic state and disturbed blood coagulation sys-
tem regardless of the HF type (systolic or diastolic HF).!"*'")
Hypercoagulability in HF could have multiple causes, such
as blood stasis, dilatation of cardiac chambers, reduced
myocardial contractility and cardiac output, inflammation
reaction, neuro-hormonal activation, impaired endothelial
function, and arrhythmias such as AF.”*” The hypercoagu-
lability status predisposes the patients to embolic events.
Previous studies had shown that approximately 11% of pa-
tients with DCM have one or more embolic events during
the course of their illness,”"! and mural thrombus of ven-
trium was associated with high risk of stroke.”” In our pre-
sent study, 39 patients (17.9%) were found to have mural
thrombus of the ventrium; however, the incidence between
survivors and non-survivors was comparable and the
D-dimer level was also comparable between those with and
without mural thrombus of the ventrium (data not shown).
Consistent with previous studies,”*'**! indicating that mural
thrombus of the ventrium was mainly associated with em-
bolic events, but not with mortality.

D-dimer originates from the formation and degradation
of cross-linked fibrin and reflects the activation of coagula-
tion and fibrinolysis. Previous studies had shown that ele-
vated D-dimer level not only predicted the development of
incident systolic HF,™! but also predicted adverse outcome
in patients with HF. Minami, et al.!"” found that a high ad-
mission D-dimer level (> 3.85 pg/mL) was associated with
adverse in-hospital and poor medium-term prognosis in
patients with acute decompensated HF. Zorlu, et al.' ana-
lyzed the data of 174 patients with systolic HF and found
that elevated D-dimer (> 1.43 pg/mL) independently pre-
dicted increased cardiovascular mortality. Moreover, even
in patients with symptoms compatible to HF, increased
D-dimer (> 0.25 mg/L) was found to confer a 3.3 times in-
creased risk for cardiovascular death.”¥ However, HF in-
volved in these studies were symptom compatible or acute
decompensated and dynamics stable, studies concerning the
impact of D-dimer on the outcome in patients with
end-stage HF are lacking. Due to the complex pathphysi-
ological process involved in end-stage HF, hemostatic ab-
normalities may represent the integrated effect of insuffi-
cient systemic organ perfusion, organ congestion and car-

diac structural, functional, and electrophysiological abnor-
malities. Therefore, D-dimer, as a marker of hemostatic
abnormalities, may correlate with disease severity. In our
present study, the D-dimer level was significantly elevated
in the non-survivors, consistent with the previous re-
ports,'>'®! indicating its potential prognostic value in pa-
tients with end-stage HF. It is worth mentioning that, incon-
sistent with findings from previous studies,!"*** our study
found that the D-dimer value had no significant correlation
with several variables determined by previous studies, such
as the left atrial size, age, LVEF etc.; which indicated that
the D-dimer level in patients with end-stage HF might be a
marker reflecting the severity of HF independent of tradi-
tional demographic, cardiac, and other morbidity character-
istics.

Currently, many markers have been used to evaluate the
prognosis in patients with HF such as BNP, Tnl, LVEDD,
LVEEF, etc.,[s’s] however, our study revealed that these clas-
sic markers were not linearly associated with the outcome.
Adding D-dimer to these traditional markers offered an in-
cremental prognostic value. We further demonstrated that
D-dimer, compared with the traditional markers, had better
predictive value for prognosis by ROC analysis, which
suggested that D-dimer might have superior prognostic
value for patients with end-stage HF. The reason why
D-dimer provided incremental prognostic value in addition
to traditional markers may be that end-stage HF is charac-
terized by increasing inability to meet the metabolic de-
mands of end organs and results in end-organ dysfunction,
such as hepatic and renal insufficiency and hemostatic ab-
normalities, which in turn increases the mortality associated
with HF. Compared with traditional markers that only re-
flect the global cardiac structure and function, D-dimer may
reflect the function status of non-cardiac organs such as the
liver, kidney, and hemostasis system.

Because the D-dimer level is affected by multiple factors,
we analyzed the D-dimer level in subgroups and found that
the D-dimer level was comparable regardless of age, sex,
AF, or anticoagulation status. Moreover, the interaction of
D-dimer with the abovementioned subgroups for predicting
long-term mortality was not statistically significant, which
indicated that D-dimer offers similar predictive value in
different subgroups of patients.

Cox regression demonstrated that D-dimer was an inde-
pendent factor associated with long-term outcome in pa-
tients with end-stage HF. Our study confirms and extends
previous research, indicating that elevated D-dimer level
independently predicted poor prognosis regardless of the HF
type (compensated HF, acute decompensated HF, systolic
HF, or end-stage HF). Our present study also identified sev-
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eral factors associated with long-term outcome that have
been extensively confirmed, such as admission SBP,*’!
LVEF, " and use of beta blockers.* However, inconsistent
with previous findings, BNP as a continuous variable was
not an independent factor associated with long-term out-
come. Our previous study found a “U-like” shape between
the BNP level and mortality in patients with end-stage HF,
the so called BNP paradox, which may be a reflection of an
impaired neurohormonal response in end-stage HF.*”)
Moreover, ACEIs/ARBs were not independent factors for
long-term mortality in our study and we inferred that the
benefit from ACEIs/ARBs may be limited by the duration
and dosage of ACEIs/ARBs treatment, because patients
with end-stage HF usually have lower blood pressure and the
target of ACEIs/ARBs treatment cannot be easily achieved.

The precise mechanisms of elevated D-dimer level as an
independent risk factor for adverse long-term outcome in
patients with end-stage HF are not well understood. There
are some possible explanations. Firstly, patients with sig-
nificantly elevated D-dimer level presented with relatively
lower admission SBP and LVEF, but had higher HR and
creatinine levels, and were more likely to receive ino-
tropes/vasoconstrictors and ultrafiltration therapy, which
were important signs of disease severity and indicated poor
outcome.”?”! Secondly, hemostatic abnormalities, repre-
sented by elevated D-dimer, may reflect the integrated ef-
fect of cardiac and non-cardiac functional status, which is
the disease severity. Thirdly, our present study showed that
patients with significantly elevated D-dimer had a relatively
higher incidence of stroke and bleeding. It is known that
either thrombotic or hemorrhagic events are associated with
increased risk of poor outcome.”® Furthermore, previous
studies had shown that D-dimer can promote inflammatory
reactions by inducing the synthesis and release of some in-
flammatory cytokines such as interleukin-13 and inter-
leukin-6,*" resulting in increased mortality. Last but not
least, patients with end-stage HF are usually confronted with
mobility limitation, which increases the risk of thrombosis
and subsequent thrombotic events, all of which are reflected
by elevated D-dimer level. However, these supposed inter-
pretations need to be confirmed by further studies.

The present study has some implications for clinical
practice, especially in the treatment of HF in China. Firstly,
our current study suggests that D-dimer level might be an
important biomarker for risk stratification and prognosis
evaluation in patients with end-stage HF and that the prog-
nostic value of D-dimer might be superior to traditional
prognostic markers. Secondly, owing to socioeconomic
status and healthcare policy limitations, the implantation of
cardiac resynchronization therapy or implantable cardio-

verter defibrillator is still very limited in China compared
with developed countries.”*!! Meanwhile, although heart
transplantation is now considered the gold standard therapy
for patients with end-stage HF, routine treatment in China is
still challenging due to the shortage of donor organs and
technical and economic limitations.*? Therefore, medical
treatment is still the main strategy for most HF patients in
China and D-dimer level may provide additional prognostic
information beyond the traditional risk factors.

4.1 Limitations

There are some limitations in our study. Firstly, the
D-dimer value was obtained on admission instead of before
discharge and some patients may have received anticoagu-
lation therapy, which may potentially confound the associa-
tion between D-dimer and outcomes. Secondly, this is a
single-center observational study, and our results may not
be extended to patients in other regions due to the hetero-
geneity in clinical characteristics, co-morbidities, and treat-
ment compliance in individuals with DCM. Thirdly, the
present study focused on DCM as the cause of incident HF,
and whether our conclusions can be generalized to other
causes of HF, such as ischemic cardiomyopathy or valvular
heart disease, needs further study. In addition, we recorded
the medication use during hospitalization only and fol-
low-up data were unavailable. Last but not least, due to the
observational study design, the effect of unmeasured con-
founders may have impacted the results, although we per-
formed statistical adjustments. Therefore, more studies are
required to confirm our results.

4.2 Conclusions

Elevated D-dimer level was independently associated
with poor long-term outcome in patients with end-stage HF
secondary to idiopathic DCM, and the predictive value was
superior to that of traditional prognostic markers.
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