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ABSTRACT
Objective: Ischemia-modified albumin (IMA) is a sensitive biomarker of myocardial ischemia. However, data on IMA levels in acute heart failure 
(HF) are still lacking. In this study, we aimed to evaluate serum IMA levels in acute decompensated HF and the effects of dobutamine and 
levosimendan treatments on IMA levels.
Methods: This was a prospective, multicenter study that included 70 patients hospitalized with acute decompensated HF and left ventricular 
ejection fraction <35%. Blood samples for IMA measurements were obtained on admission and 24-48 h after the initiation of HF therapy. 
Twenty-nine patients were treated with standard HF therapy, 18 received levosimendan, and 23 received dobutamine in addition to standard of 
care. A single serum specimen was also collected from 32 healthy individuals each. IMA concentrations were measured by the albumin cobalt 
binding colorimetric assay, and the results were given in absorbance units (AU). Independent and paired sample t-tests, Mann-Whitney U test, 
and Wilcoxon signed-rank test were used for the analysis.
Results: In patients with acute decompensated HF, the serum concentration of IMA was significantly higher than those of healthy subjects 
(0.894±0.23 AU vs. 0.379±0.08 AU, p<0.001). Overall, the IMA levels significantly decreased after 24-48 h of HF therapy (0.894±0.23 AU and 0.832±0.18 
AU, p=0.013). Furthermore, the IMA levels were also found to significantly decrease with standard HF therapy (1.041±0.28 vs. 0.884±0.15 AU, p=0.041), 
with levosimendan (0.771±0.18 vs. 0.728±0.18 AU, p=0.046) and also with dobutamine (0.892±0.18 vs. 0.820±0.13 AU, p=0.035).
Conclusion: Patients with acute decompensated HF had elevated IMA levels, and appropriate HF therapy significantly reduced the serum IMA 
levels. Dobutamine or levosimendan did not increase the IMA levels, suggesting a lower potential in inducing myocardial ischemia when used 
in recommended doses. (Anatol J Cardiol 2015; 15: 611-7)
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Ischemia-modified albumin levels in patients with acute 
decompensated heart failure treated with dobutamine or 

levosimendan: IMA-HF study

Introduction

Ischemia-modified albumin (IMA) is a highly sensitive bio-
marker of transient myocardial ischemia, arising before the 
development of myocardial necrosis; therefore, it is referred to 
as an early marker of ischemia rather than myocardial cell 
damage (1-5). It has been widely studied in the assessment of 
patients presenting with suspected acute coronary syndrome 
(ACS). IMA has also been found to be elevated in the setting of 
oxidative stress, acidosis, hypoxia, inflammatory state, and 
sodium and calcium pump disruptions (5-9). These conditions 

are also involved in the pathophysiological process of heart 
failure (HF). In several studies, reactive oxygen species have 
been shown to be produced in the failing myocardium and 
oxidative stress has been demonstrated to be implicated in the 
pathogenesis of HF (6-8). However, data about IMA levels spe-
cifically in patients with acute HF are still lacking.

The most widely used inotropic agent dobutamine has been 
reported to increase myocardial oxygen consumption and oxi-
dative stress, and therefore, it may lead to precipitate ischemia 
and cause myocardial cell damage as has been shown in animal 
models (10, 11). In contrast to dobutamine, levosimendan has 
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been shown not to increase myocardial oxygen consumption 
and oxidative stress and is therefore presumed to have cardio-
protective properties (12, 13). However, it is not clear whether 
dobutamine induces myocardial ischemia when used in clini-
cally recommended dosages and whether levosimendan shows 
a better profile over dobutamine in terms of inducible ischemia 
or oxidative stress. IMA appears to be an ideal biomarker to 
evaluate inducible myocardial ischemia or oxidative stress. 

The aim of this study was to evaluate the serum IMA levels 
in patients admitted to a hospital with the diagnosis of acute 
decompensated HF, serial changes in the IMA concentrations 
in response to appropriate HF therapy during hospital stay, and 
the effects of dobutamine and levosimendan on serum IMA 
levels.

Methods

Study population
Seventy patients, aged 18 years or older, were admitted to 

participating centers (Eskişehir Osmangazi University, 
Cardiology Department, Eskişehir, Turkey; Ufuk University, 
Cardiology Department, Ankara, Turkey; Kilis State Hospital, 
Cardiology Clinic, Kilis, Turkey; Türkiye Yüksek İhtisas Hospital, 
Cardiology Clinic, Ankara, Turkey; and Cumhuriyet University, 
Cardiology Department, Sivas, Turkey) and hospitalized with 
the diagnosis of acutely decompensated HF defined as a rapid 
onset or progressive deterioration in the symptoms and signs 
of congestion and/or low cardiac output (e.g., increasing 
breathlessness, orthopnea, jugular venous distension, periph-
eral edema, weight gain, pulmonary crepitations, tachycardia, 
cold extremities, and hypotension), which were considered to 
be due to a precipitant  or trigger (e.g., an arrhythmia, discon-
tinuation of diuretic treatment, non-adherence to diet/drug 
therapy, and uncontrolled hypertension), New York Heart 
Association functional class III-IV, and left ventricular ejection 
fraction (LVEF) <35% as measured by transthoracic echocar-
diography were included in this multicenter study. ACS defined 
by progressive angina or chest pain at rest or new ECG chang-
es and/or serial increase in cardiac troponin levels, recent 
percutaneous coronary interventions (PCI), cardiogenic shock, 
hypertrophic cardiomyopathy, severe valvular heart disease, 
severe renal failure, chronic obstructive pulmonary disease, 
pregnancy, hypo/hyperthyroidism, recent infection history, and 
abnormal albumin levels (<3.5 g/dL and >5.5 g/dL) were the 
exclusion criteria. A single serum specimen was also collected 
from aged-matched 32 apparently healthy individuals (mean 
age 68±7 years, 20 males and 12 female) as a control reference 
population. The control group must also have met the exclusion 
criteria and was similar with the main study population in 
terms of age (68±7 vs. 66±10 years, p=0.302), gender (62.5% vs. 
70% males, p=0.370), and serum albumin levels (4.0±0.2 mg/dL 
vs. 3.8±0.6 mg/dL, p=0.270).

Study design and protocol
The present study was a multicenter, prospective study 

conducted in the cardiology department of five hospitals from 
four different cities (14). The study protocol was approved by 
the institutional Ethics Committee, and the study was per-
formed in accordance with the guidelines of the Declaration of 
Helsinki. All patients gave written informed consent before 
enrollment.

After hospital admission, all patients were treated with 
guidelines-recommended medical therapy for acute HF includ-
ing oxygen, intravenous diuretic, and vasodilator therapy on top 
of their background oral medication such as angiotensin-con-
verting enzyme inhibitors or angiotensin receptor blockers, beta-
blockers, or mineralocorticoid receptor antagonists. The 
patients’ background therapy, including beta-blockers, was 
continued during the hospital stay if tolerated. Digoxin was used 
for rate control in the presence of atrial fibrillation. In addition, 
patients who did not respond to optimal pharmacological thera-
py as evidenced by persistent dyspnea or congestion, those 
with clinical evidence of organ hypoperfusion such as worsen-
ing renal or liver functions as evidenced by oliguria, increase in 
creatinine and liver transaminase levels, and evidence of elevat-
ed cardiac filling pressures received inotropic therapy. The 
decision of inotropic support and type of inotropic agent was left 
at the discretion of the physician. Among all patients, 29 were 
treated with standard HF therapy with oxygen, diuretics, vasodi-
lators (standard therapy group); 18 received an additional 24 h 
infusion of levosimendan with a loading dose of 6-12 µg/kg over 
10 min followed by a continuous infusion of 0.1-0.2 µg/kg/min 
(levosimendan group), and 23 received dobutamine with a con-
tinuous infusion of 5-10 µg/kg/min for 24 h in addition to the 
standard HF therapy (dobutamine group).

The serum concentrations of IMA were measured from 
blood samples collected after diagnosis and before the initia-
tion of HF therapy, and additionally, a second specimen was 
collected after 24-48 h of the initiation of HF therapy. Baseline 
demographic data and medications were documented in all 
subjects (Table 1). N-terminal pro-brain natriuretic peptide 
(NT-proBNP), hemoglobin, serum potassium, sodium, creati-
nine, blood urea nitrogen (BUN), albumin, and cardiac tropo-
nin-I (cTnI) levels were measured during admission and after 
24-48 h of the initiation of HF therapy. Also, LVEF and systolic 
pulmonary arterial pressure (sPAP) were obtained from trans-
thoracic echocardiography. In addition to the IMA levels, 
changes in other laboratory variables were also analyzed.

IMA measurement
Blood samples for the measurement of the IMA level were 

centrifuged within 1 h of collection for 15 min at 3000 rpm. The 
serum specimens were frozen at -70°C on site before being 
sent for central lab analysis to determine the IMA concentra-
tion. The IMA concentrations were measured by the albumin 
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cobalt binding colorimetric assay by the addition of a known 
amount of cobalt to the serum specimen and by further mea-
surement of the unbound cobalt by colorimetric assay using 
dithiothreitol, as previously described by Bar-Or et al. (15) The 
analysis in the Human Humalyzer 2000 spectrophotometer 
(Human Diagnostics, Weisbaden, Germany) were performed at 
470 nm, and the results were given in absorbance units (AU).

Statistical analysis
The statistical analysis was performed using the Statistical 

Package for Social Sciences software 20.0 (IBM SPSS 20, 
SPSS Inc, Chicago, USA), Medcalc 11.3.0 (MedCalc 
11.3-MedCalc Software bvba, Mariakerke, Belgium). The vari-
ables were expressed as mean±standard deviation and medi-
an (25-75 percentiles). Data were tested for normal distribution 
with the Shapiro-Wilks test. Independent and paired sample 
t-tests were used for the analysis of normally distributed vari-
ables. Mann-Whitney U test and Wilcoxon signed-rank test 
were used for the analysis of non-normally distributed vari-
ables. The diagnostic performance of IMA was assessed by 
receiver operating characteristic (ROC) curve analysis. From 
the ROC curve, the optimum diagnostic cutoff point for the 
present study population was chosen to maximize clinical sen-
sitivity and specificity. Categorical data were presented as 
frequencies and percentages. p-values <0.05 were considered 
to be statistically significant.

Results

IMA levels on admission
In the patients with acute decompensated HF, the mean 

serum concentration of IMA was found to be significantly 

higher than those of the control healthy subjects (0.894±0.23 
AU vs. 0.379±0.08 AU, p<0.001) (Fig. 1). The area under the ROC 
curve (AUC) was 0.97 (95% CI, 0.90-0.99, p=0.0001) for the diag-
nosis of acute decompensated HF with a diagnostic cutoff 
point of 0.578 AU (Fig. 2). The sensitivity and specificity were 
92.8% (95% CI, 0.84-0.97) and 100% (95% CI, 0.89-100), respec-
tively, and the positive and negative predictive values were 
found to be 100% (95% CI, 0.94-100) and 86.5% (95% CI, 0.71-
0.95), respectively, for the present study population.

Changes in IMA levels following appropriate HF therapy
Overall, no statistically significant changes were observed in 

the serum sodium, creatinine, albumin, cTnI, and hemoglobin levels 

 Study population (n=70)

Age, years 66±10

Male gender, n  49 (70%)

Diabetes, n 28 (40%)

Hypertension, n 52 (74%)

Hyperlipidemia, n 40 (57%)

Smoker, n 22 (31%)

Ischemic heart failure, n 62 (88%)

Medication

ACEI/ARB, n 52 (74%)

Beta blocker, n 49 (70%)

MRA, n 29 (42%)

Diuretic, n 39 (56%)

Digoxin, n 26 (37%)
ACEI - angiotensin converting enzyme inhibitor; ARB - angiotensin receptor blocker; 
MRA - mineralocorticoid receptor antagonist

Table 1. Patient demographics on admission

Figure 1. Ischemia-modified albumin (IMA) levels in patients with 
acute decompensated heart failure (1) and control healthy subjects (2) 
on hospital admission (0.894±0.23 AU vs. 0.379±0.08 AU, p<0.001)
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Figure 2. ROC curve of IMA for the diagnosis of acute decompensated 
heart failure with a diagnostic cutoff point of 0.578 AU. The area under 
the curve (AUC) was 0.97 (95% CI, 0.90-0.99, p=0.0001)
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during HF therapy (Table 2). As expected, the NT-proBNP and sPAP 
levels were found to significantly decrease and LVEF to signifi-
cantly increase following appropriate HF therapy (Table 2).  
A slight increase in the BUN levels and a slight decrease in the 
serum potassium levels were identified, probably as a result of 
the side effects of loop diuretic treatment.

Furthermore, when compared with the admission levels, the 
serum IMA concentrations significantly decreased following 
24-48 h of the initiation of appropriate HF therapy (0.894±0.23 AU 
and 0.832±0.18 AU, respectively, p=0.013). In the subgroup analy-
sis in terms of inotropic therapy, the serum IMA levels were 
found to significantly decrease in the standard therapy group 

(1.041±0.28 vs. 0.884±0.15 AU, p=0.041) and also in the levosimen-
dan group (0.771±0.18 vs. 0.728±0.18 AU, p=0.046) and also sig-
nificantly reduced in the dobutamine group (0.892±0.18 vs. 
0.820±0.13 AU, p=0.035) following appropriate in-hospital HF 
therapy (Fig. 3). The magnitude of serum IMA reduction was not 
significantly different between the levosimendan and dobuta-
mine groups (0.043±0.13 vs. 0.071±0.15 AU, p=0.541), levosimen-
dan and standard therapy groups (0.043±0.13 vs. 0.15±0.27 AU, 
p=0.155), and also dobutamine and standard therapy groups 
(0.071±0.15 vs. 0.15±0.27 AU, p=0.280).

Most probably because of the rapid hemodynamic response 
to inotropic agents, the NT-proBNP levels were found to signifi-
cantly reduce after 24-48 h of HF therapy in the levosimendan 
group [4357 (1321-7910) vs. 2390 (813-10155) pg/mL, p=0.005] and 
also in the dobutamine group [5743 (2745-12991) vs. 4195 (2082-
10002) pg/mL, p=0.022]. The magnitude of reduction in the 
NT-proBNP levels was similar between the levosimendan and 
dobutamine groups [302 (194-4279) vs. 683 (221-5636) pg/mL, 
p=0.610]. However, the NT-proBNP levels did not significantly 
change in the standard therapy group [2044 (1337-13243) vs. 2654 
(236-12158), p=0.655]. Also, the cTnI levels did not significantly 
change after 24-48 h of HF therapy in the levosimendan group 
[0.025 (0.01-0.057) vs. 0.03 (0.01-0.05) ng/mL, p=0.893], in the 
dobutamine group [0.04 (0.01-0.2) vs. 0.035 (0.01-0.3) ng/mL, 
p=0.407], and also in the standard therapy group [0.02 (0.017-
0.05) vs. 0.03 (0.02-0.07) ng/mL, p=0.713].

Discussion

The results of this multicenter study mainly demonstrated 
that the patients presenting with acute decompensated HF had 
elevated serum IMA concentrations when compared with those 
of the healthy controls and that appropriate in-hospital HF ther-
apy significantly reduced the serum IMA levels. The findings of 
the present study also showed that the serum IMA levels did not 
increase during treatment with dobutamine or levosimendan, 
suggesting lower potential of these inotropic agents in inducing 
myocardial ischemia and increasing oxidative stress when used 
in clinically recommended doses.

Ischemia and oxidative stress structurally alter the N-terminal 
portion of serum albumin and thereby reduce the metal-binding 
capacity of the protein resulting in IMA formation. Ischemia in 
any organ before infarction can lead to IMA elevation within 
6–10 min, which returns to baseline values within 6 h (4, 16). IMA 
has mostly been studied in coronary events (2-5) and is reported 
to be a strong predictor of long-term outcome in patients with 
ACS (17). Because of the lack of tissue specificity, elevated IMA 
levels have also been identified in many clinical conditions, such 
as systemic sclerosis (18), rheumatoid arthritis (19), pulmonary 
embolism (20), chronic liver disease (21), or exposure to trauma 
(22). In these clinical conditions, IMA elevation does not only 
result from tissue ischemia, but also from oxidative stress or 

Figure 3. Changes in serum IMA concentrations 24-48 h after the 
initiation of appropriate heart failure therapy. The magnitude of IMA 
reduction was not different among the subgroups

p=0.013 p=0.041

Standart therapy

Changes in IMA levels following HF therapy, AU

Levosimendan DobutamineOverall

After HF TherapyAdmission

p=0.046
p=0.035

1

0.8

0.6

0.4

0.2

0

 Admission After HF therapy p

Systolic BP, mm Hg* 113±20 109 ± 15 0.121

Diastolic BP, mm Hg* 68±14 66±10 0.290

Heart rate, bpm* 83±16 80±13 0.189

Hemoglobin, gr/dL* 12.5±2.3 12.1±2.1 0.061

Sodium, mg/dL* 137±6.1 136±5.2 0.210

Potassium, mg/dL* 4.5±0.6 4.3±0.4 0.002

BUN, mg/dL * 29.8±19.3 32.6±19.9 0.022

Creatinine, mg/dL* 1.15±0.4 1.21 ± 0.4 0.193

Albumin, mg/dL* 3.8±0.6 3.7±0.5 0.077

NT-proBNP, pg/mL** 4343 3298 0.001 
 (1730-9858)  (1030-9528)

cTnI, ng/mL** 0.030 0.030 
 (0.010-0.077) (0.010-0.067) 0.408

LVEF, %* 25.4±6.1 26.5±6.3 0.001

sPAP, mm Hg* 43.4±19 39.2±11 0.001
*mean±SD, Paired t test, **median(Quartiles), Wilcoxon signed-rank test 
BP - blood pressure; BUN - blood urea nitrogen; cTn - cardiac troponin-I; LVEF - left 
ventricular ejection fraction; NT-proBNP - N-terminal pro-brain natriuretic peptide; 
sPAP - systolic pulmonary arterial pressure

Table 2. Changes in clinical and laboratory variables following heart 
failure therapy
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chronic inflammation. In a recent study in patients with slow 
coronary flow, the antioxidant level was reported to be nega-
tively correlated with serum IMA levels (23).

Heart failure is associated with myocardial oxidative stress, 
inflammatory activation, and thereby endothelial dysfunction, 
which all contribute significantly to the pathophysiology and 
progression of this clinical syndrome (6-24). In HF, myocardial 
oxidative stress leads to myocyte apoptosis, cardiac remodel-
ing, and progressive deterioration of the failing myocardium (25). 
Reactive oxygen species mediate the activation of apoptotic cell 
death pathways in response to hemodynamic overload and 
beta-adrenergic stimulation (26). Hemodynamic overload and 
adrenergic activation are very high in an acute HF setting, and 
therefore, oxidative stress is expected to be much more pro-
nounced in patients with acute decompensated HF. Moreover, 
coronary heart disease is a common comorbid condition in 
patients with HF, which is also one of the reasons for oxidative 
stress. However, little is known about IMA levels in HF.

In a very recent paper, serum IMA and oxidative stress 
levels have been reported to be significantly higher in chronic 
ischemic HF patients than in healthy individuals (27). The 
results of our study further verified the highly significant eleva-
tion of serum IMA levels in the setting of acute decompensat-
ed HF. Dominguez-Rodriguez et al studied the relation of IMA 
levels with left ventricular systolic function in patients pre-
senting with myocardial infarction (MI) who underwent pri-
mary PCI and found a significant inverse correlation between 
IMA levels and LVEF and also a close relation with the occur-
rence of HF (28). Different from our study, which included acute 
HF patients and excluded ACS or recent PCI, they studied in 
patients with acute MI treated with primary PCI in which ACS 
and PCI themselves lead to a significant increase in IMA levels 
that make it difficult to interpret the reason for IMA elevation. 
In their study, the sensitivity and specificity of IMA for HF were 
93.3% and 37.7%, respectively, at 0.31 AU (28). Furthermore, our 
findings demonstrated a significant reduction in the IMA levels 
in response to HF therapy, suggesting reduction in oxidative 
stress with the treatment of HF.

There is a link between oxidative stress and adrenergic 
stimulation in HF as increased plasma catecholamine levels are 
reported to be a strong stimulus for the generation of reactive 
oxygen species (8, 26). The commonly used beta-adrenergic 
inotropic agent dobutamine increases myocardial contractility 
at the expense of increased myocardial oxygen consumption 
(29, 30). In animal models, dobutamine has been shown to 
reduce subendocardial blood flow and may cause myocardial 
injury (10). Therefore, there is some concern about dobutamine 
in precipitating myocardial ischemia or oxidative stress. In con-
trast, levosimendan, a novel calcium-sensitizing inotropic agent 
with vasodilatory and cardioprotective properties, does not 
increase myocardial oxygen demand and oxidative stress and 
also shows antioxidant and anti-inflammatory effects (31, 32).  

The subgroup analysis of our study showed that the serum 
IMA levels significantly decreased with not only treatment 
with levosimendan but also treatment with dobutamine used in 
clinically recommended doses.

Study limitations

Several limitations of the present study should be empha-
sized. A relatively small patient population is one of the limita-
tions of this present study, which make it difficult to interpret 
subgroup findings. The lack of correlation of IMA with any 
parameters studied might be due to the small sample size. In 
our study population, the sensitivity and specificity of IMA for 
acute decompensated HF were 92.8% and 100%, respectively, 
at 0.578 AU, in which the specificity of IMA was much higher 
than expected when taking into account the lack of tissue 
specificity for IMA. The sensitivity and specificity largely 
depend on the patient population selected. From the diagnostic 
standpoint, it would be best to include all patients presenting 
with dyspnea of unknown etiology in order to determine the 
diagnostic potential of IMA for acute HF. However, the primary 
objective of our study was not to determine the diagnostic 
performance of IMA but rather to evaluate the IMA levels and 
treatment effects on IMA in acute HF. Our findings at least 
showed that the serum IMA level was a highly sensitive 
marker for acute decompensated HF.

Conclusion

This study suggested for the first time that patients pre-
senting with acute decompensated HF had elevated levels of 
IMA when compared with healthy controls and also suggested 
that in-hospital acute HF therapy significantly reduced the 
serum IMA levels. The findings of this study also demonstrated 
that levosimendan and dobutamine did not increase the IMA 
levels, suggesting a lower potential of these inotropic agents in 
inducing myocardial ischemia or increasing oxidative stress 
when used in clinically recommended doses. IMA, as a highly 
sensitive marker, may have some diagnostic potential for the 
assessment of acute decompensated HF; however, further 
studies designed to specifically assess its diagnostic ability 
are necessary for this patient population.
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