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Albumin cobalt binding test for the diagnosis of
acute coronary syndrome in patients with heart
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SUMMARY

Introduction/Objective Patients with acute coronary syndrome (ACS) and a history of heart failure (HF)
constitute a distinct high-risk subgroup requiring continuous monitoring due to a greater propensity
for complications. This study aimed to evaluate the diagnostic accuracy of the albumin cobalt binding
(ACB) test for detecting ACS in patients with HF who presented to the hospital with acute chest pain.
Methods Patients with chest pain suggestive of ACS and either known or newly diagnosed HF were
included and stratified into HF with and without ACS. Diagnostic accuracy of the ACB test was assessed
statistically.

Results Among 71 patients, 26 had ACS and 45 did not. ACB test values were significantly higher in the
HF with ACS group (p < 0.0001). The ACB test demonstrated an area under the ROC curve of 0.99 (p <
0.0001), with sensitivity and specificity of 96.15% and 100%, respectively. The positive predictive value
was 100%, and the negative predictive value was 97.8%.

Conclusion: The ACB test appears to be a promising complementary biomarker rather than a replace-
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ment for troponin for identifying ACS in HF patients presenting with acute chest pain.
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INTRODUCTION

Heart failure (HF) represents a complex clinical
syndrome characterized by symptoms and signs
arising from structural or functional cardiac
abnormalities, manifesting when the heart is
unable to pump blood forward sufficiently to
meet the body’s metabolic needs — even when
ventricular filling pressures are elevated [1].

Although acute coronary syndrome (ACS)
remains a frequent precipitant of hospitaliza-
tion in patients with HE, distinguishing ACS
from other HF-related symptoms is challeng-
ing - clinical features and often even biomark-
ers (like troponins) may be inconclusive. Up to
one-third of acute HF cases are precipitated by
an undiagnosed ACS, highlighting the urgent
need for accurate diagnostic tools to detect ACS
in the context of HFE. [2].

Oxidative stress plays a critical role in the
development and progression of HF, particu-
larly during ischemia-reperfusion, where ex-
cessive production of reactive oxygen species
(ROS) overwhelms antioxidant systems. This
redox imbalance contributes to myocardial
injury through mechanisms including lipid
peroxidation, oxidative modification of pro-
teins, and DNA damage, ultimately promot-
ing cardiomyocyte dysfunction and ventricular
remodeling [3-6]. These oxidative alterations
also modify the N-terminal region of serum
albumin, reducing its cobalt-binding capacity,

a change that can be quantified using the albu-
min cobalt binding (ACB) test as a surrogate
for ischemia-modified albumin (IMA).

Previous studies have demonstrated elevated
serum IMA levels in various cardiovascular
conditions, including ACS, percutaneous coro-
nary intervention, and HF with reduced ejec-
tion fraction [4-7]. However, there is limited
evidence regarding the diagnostic utility of the
ACSB test specifically in HF patients with acute
chest pain. Therefore, the aim of this study was
to evaluate the diagnostic accuracy of the ACB
test for detecting ACS in HF patients presenting
with acute chest pain.

METHODS

This prospective study included patients pre-
senting with acute chest pain suggestive of ACS
who were admitted to the Coronary Care Unit
of the Medical Center in Kosovska Mitrovica.

Inclusion criteria required the onset of chest
pain within six hours prior to admission, and
pre-established (documented in the medical
record) diagnosis of HF or newly diagnosed
using the Killip classification [8].

The final diagnosis of ACS was used as the
reference standard. Two independent cardiolo-
gists, blinded to the ACB test results, reviewed
all clinical data and assigned the diagnosis of
ACS according to established guidelines [9, 10].
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Based on the presence or absence of ACS, HF patients were
categorized into two groups: HF with ACS, and HF with-
out ACS. Demographic and clinical characteristics were
recorded at admission, including hypertension, diabetes
mellitus, hyperlipidemia, smoking status, and previous
myocardial infarction.

Upon admission, a 5 mL venous blood sample was col-
lected and centrifuged at 3000 rpm for 15 minutes to ob-
tain serum for routine biochemical analyses.

ACB test was conducted following the protocol de-
scribed by Bar-Or et al. [11]. Briefly, patient serum was
incubated with a cobalt chloride solution, followed by the
addition of dithiothreitol to initiate a colorimetric reaction,
which was subsequently halted using saline. The absor-
bance of the final mixture was measured at 470 nm using
an ultraviolet-visible spectrophotometer. This approach
indirectly assesses IMA levels based on its reduced binding
affinity for cobalt under oxidative conditions. Within-run
precision was assessed by analyzing 10 replicates of pooled
serum near the optimal cut-off value, while between-day
precision was determined by measuring the same sample
over five consecutive days.

Data were analyzed using MedCalc version 12.3.0.0
(MedCalc Software, Ostend, Belgium). No formal sample
size calculation was performed, as this was an exploratory
pilot study. Measures of central tendency and variability
were calculated. The Kolmogorov-Smirnov test assessed
normality. For normally distributed continuous variables:
results were presented as mean + standard deviation (SD),
and Student’s t-test was used. For non-normally distrib-
uted variables: results were expressed as median and in-
terquartile range (Q1-Q3), and analyzed using the Mann-
Whitney U test. Categorical data were expressed as counts
and percentages. The x* test was applied for comparisons.
Receiver operating characteristic (ROC) curve analysis
was performed to evaluate the diagnostic performance of
the ACB test in detecting ACS among HF patients. The
optimal cut-off value was determined from the ROC curve
based on the maximum Youden index: ] = max (sensitivity
+ specificity - 1). Bootstrapped 95% confidence intervals
were calculated for the Youden index and its associated
cut-off.

The area under the ROC curve (AUC) with boot-
strapped 95% CI was used to quantify test accuracy.
Sensitivity, specificity, positive and negative predictive
values, and likelihood ratios were calculated along with
95% CI. A value of p < 0.05 was considered statistically
significant.

Ethics: The study was conducted in accordance with the
Declaration of Helsinki (1975) and approved by the Ethics
Comnmittee of the Faculty of Medicine Pristina — Kosovska
Mitrovica (No. 05-197/9) and by the Medical Center in
Kosovska Mitrovica (No. 1234). Informed consent was
obtained from all participants.
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RESULTS

A total of 96 patients met the initial inclusion criteria.
However, 25 were excluded due to missing data, inadequate
sample quality, or lack of informed consent. The final co-
hort consisted of 71 individuals with HE, of whom 26 were
diagnosed with ACS, while 45 were not.

Baseline characteristics - including age, sex, smoking
status, history of hypertension, diabetes mellitus, dyslipid-
emia, and previous myocardial infarction - did not signifi-
cantly differ between HF patients with and without ACS
(Table 1). Sex distribution was similar across all groups.

Serum ACB test results were significantly higher in
HF patients with ACS compared to both the HF with-
out ACS group. These results are summarized in Table
2. Additionally, serum albumin concentrations did not
significantly differ between HF patients with and with-
out ACS. No significant correlation was found between
albumin concentrations and ACB test values (r = -0.201,
p=0.22).

Table 1. Patient characteristics

HF patients HF patients
Variables with ACS without ACS p
n=26 n=45

Age (years) 67+9 64+7 0.146
Male (%) 54% 51% 0.981
Smoking (%) 54% 49% 0.875
Hypertension (%) 70% 73% 0.923
Diabetes mellitus (%) 35% 29% 0.813
Hyperlipidemia (%) 38% 31% 0.711
Previous MI (%) 34% 13% 0.069

Data presented as mean + standard deviation (SD) or percentage; differences
between groups were calculated with t-test or x* test; HF - heart failure; ACS
- acute coronary syndrome; n — number of patients in group; Ml - myocardial
infarction

Table 2. ACB test and albumin levels

Parameter HF with ACS HF without ACS p
(n=26) (n =45)
ACB Test (ABSU) | 0.86 (0.63-1.01)* | 0.38(0.28-0.42) p<
0.0001
Albumin (g/L) 45.1 (43.0-49.6) 49.2 (46.2-51.5) | p=0.06

Data are presented as median and interquartile range (Q1-Q3); differences
between groups were calculated with Mann-Whitney test; HF — heart failure;
ACS —acute coronary syndrome; n - number of participants in group; ACB test
- albumin cobalt binding test; ABSU - absorbance unit

ROC curve analysis of the ACB test’s diagnostic accura-
cy for identifying ACS among HF patients yielded an area
under the ROC curve of 0.99 (95% bootstrap CI: 0.924-1.0;
p < 0.0001) (Figure 1). The optimal diagnostic threshold
was determined as 0.48 absorbance unit (95% bootstrap
CI: > 0.47 to > 0.48), corresponding to a Youden index of
0.961 (95% bootstrap CI: 0.807-1.0). At this cutoff, sen-
sitivity, specificity, positive and negative predictive values
were calculated and presented in Table 3.

Analytical precision of ACB test was also confirmed.
The intra-assay coefficient of variation was 4.1% at a mean
value of 0.49 absorbance unit, while the inter-assay coef-
ficient of variation was 3.6% at 0.48 absorbance unit-both
measured near the established ROC cutoff.
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Figure 1. Receiver operating characteristic (ROC) curve of aloumin
cobalt binding test (ACB) test was derived for heart failure (HF) patients
with acute coronary syndrome (ACS) vs. HF patients without ACS; AUC
- area under the ROC curve

DISCUSSION

The primary finding of this exploratory study is that the
ACB test shows promise for detecting ACS in patients
with HF presenting with acute chest pain. In this popula-
tion, where clinical symptoms may overlap and confound
diagnosis, the ACB test may serve as a valuable adjunct
diagnostic tool.

Patients with HF often present with symptoms indistin-
guishable from those of ACS, making differential diagnosis
challenging. Although troponin T (¢TnT) remains a cor-
nerstone in the diagnostic assessment of ACS, its specificity
is limited in the context of HF. Elevated troponin levels
can occur in patients without acute ischemia, particularly
in those with chronic or decompensated HE, as a result of
ongoing cardiomyocyte injury and mechanical stress [12,
13, 14]. This overlap complicates clinical decision-making
and underscores the need for complementary diagnostic
tools capable of differentiating ischemia from other causes
of biomarker elevation.

To our knowledge, this is the first study to report that
the ACB test is significantly elevated in HF patients with
concurrent ACS, compared to HF patients without ACS.
This result supports the utility of the ACB test as a marker
of myocardial ischemia [5] and left ventricular systolic dys-
function [7].

Ischemic conditions lead to oxidative alterations in the
N-terminal region of human serum albumin, resulting
in reduced binding affinity for metal ions such as cobalt.
These structural changes are primarily attributed to in-
creased ROS activity during ischemia and reperfusion,
which modify amino acid residues essential for metal co-
ordination. The ACB test exploits this biochemical shift
as an indirect indicator of myocardial ischemia, reflecting
oxidative stress-induced albumin dysfunction [5, 15, 16].

There is a growing body of evidence implicating oxida-
tive stress in the pathogenesis of various cardiovascular

‘ DOI: https://doi.org/10.2298/SARH250923082D

Dragojevic I. et al.

Table 3. Diagnostic performance of the ACB test in HF with ACS vs.
HF without ACS

Parameter Value (95% Cl)
Sensitivity 96.15 (80.4-99.9)
Specificity 100 (92.1-100)
Positive predictive value 100
Negative predictive value 97.8 (86.8-99.7)
Area under ROC curve 0.99 (0.93-0.997)

Values of sensitivity, specificity, negative, and positive predictive value are
presented in percentage; values in parentheses represent 95% confidence
interval (Cl); ACB test — albumin cobalt binding test; ACS - acute coronary
syndrome; HF - heart failure

conditions, including myocardial ischemia-reperfusion
injury, atherosclerosis, cardiac hypertrophy, hypertension,
diabetic cardiomyopathy, and atrial fibrillation [17]. The
transition from myocardial hypertrophy to HF is associ-
ated with progressive oxidative damage, highlighting the
role of ROS in disease progression [18]. While the etio-
logical background of HF is heterogeneous, factors such
as coronary artery disease, diabetes, and hypertension are
major contributors to the observed oxidative alterations
[19]. Notably, oxidative stress is elevated in both ischemic
and non-ischemic HF [20]. During ischemia-reperfusion,
the excessive generation of oxygen radicals can overwhelm
antioxidant defenses, resulting in significant tissue damage
[21]. These changes may further impair the albumin-metal
binding capacity, which is the basis of the ACB test.

Patients with HF and concomitant ACS represent a
high-risk subgroup with greater rates of complications,
prolonged hospital stays, and increased mortality during
hospitalization and at follow-up intervals of 30 days and
one year [2, 22]. Early identification of ACS in these pa-
tients is thus of paramount clinical importance.

In our study, the ACB test demonstrated high diagnostic
performance: sensitivity and specificity were 96.2% and
100%, respectively, with a positive predictive value of 100%
and a negative predictive value of 97.8%. However, the very
high AUC of 0.99 is unlikely to be replicated in larger, more
heterogeneous populations. These findings suggest that the
ACB test could facilitate early identification of ACS in HF
patients, potentially enabling faster treatment and more
efficient triage in emergency settings.

Moreover, previous studies have indicated that patients
with HF undergo fewer coronary angiographies and revas-
cularization procedures. However, when complete revascu-
larization is achieved, outcomes are significantly improved,
with reductions in HF hospitalizations and cardiovascular
mortality [23]. Rapid and reliable differentiation of ACS
from HF-related symptoms is essential to enable appropri-
ate clinical interventions, such as early revascularization.
Incorporating the ACB test into early diagnostic workflows
could help identify high-risk patients who would benefit
from timely coronary angiography and targeted therapy;,
ultimately improving outcomes through prompt ischemia
management [22, 23].

It should be noted that this cohort was enrolled in 2014,
when a third-generation ¢TnT assay was in use. Although
high-sensitivity cardiac troponins (hs-cTn) are now the
diagnostic standard, their interpretation in HF remains
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problematic because chronically elevated baseline levels
can mask acute ischemia. In this setting, the ACB test-
capturing ischemia-driven albumin modification - could
serve as a complementary marker. Our results suggest
that ACB may be most useful in patients falling into the
“observe” zone of accelerated 0/1-h or 0/2-h hs-cTn al-
gorithms, and in HF patients with persistently elevated
hs-cTn where additional ischemic evidence is needed [24,
25, 26]. Comparable evidence from a Serbian chest-pain
cohort demonstrated that the HEART score achieved an
AUROC of 0.771 (sensitivity 89.2%, specificity 57.6%) for
detecting ischemic heart disease, underscoring the need
for adjunct biomarkers such as ACB to improve early ACS
detection in high-risk patients [27].

Taken together, the time-stable pathophysiology cap-
tured by ACB, the persistent interpretive limitations of hs-
cTn in HE and evidence that accelerated algorithms may
underperform in certain high-risk patients support the
continuing relevance of our results. Rather than proposing
ACB as a replacement, we highlight its potential role as a
complementary ischemia marker that deserves prospec-
tive validation within guideline-endorsed 0/1-h or 0/2-h
hs-cTn frameworks [7, 8, 25, 26].
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The limitations of this study must be acknowledged.
Small sample size and single-center design reduce gen-
eralizability. Restriction to patients within six hours of
symptom onset limits applicability to later presenters. No
head-to-head ROC analysis of cTnT vs. ACB prevents di-
rect comparative conclusions. Near-perfect ROC perfor-
mance may reflect optimism bias.

CONCLUSION

This study suggests that the albumin ACB test is a prom-
ising complementary biomarker for detecting ACS in HF
patients presenting with acute chest pain, based on data
collected in 2014 with third-generation troponin assays.
The test exhibited high sensitivity, specificity, and predic-
tive values. However, these findings should be interpreted
as preliminary, pilot-level evidence requiring validation
in larger multicenter studies embedded within guideline-
recommended hs-cTn diagnostic algorithms.
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TecT Be3nBarba aNbymnHa 33 KO6ANT y AWjarHOCTULM aKYTHOT KOPOHApPHOT
CMHAPOMA Kog, 601eCHMKa ca CpYaHOM MHCYdULMjeHLMujoM

Wnwja [parojesuh’, AnjaHa Mupuh', bojaHa Kucuh', Muupocnas Munowesuh', Jburbara Monosuh', Oparuwa Pawuh’,

bpatucnas bawwnh?

'YHuBep3utet y MpuwwTiHu — KocoBcka Mutposuua, MeguumHckn dakyntet, KocoBcka Mutposuua, Cpbuja;

23aB0f 32 3APABCTBEHY 3aLLTUTY CTyAeHaTa, Huw, Cpbuja

CAXETAK

YBoa/Llnm bonecHnum ca akyTHUM KOPOHaPHUM CUHAPOMOM
(AKC) n nctopujom cpuaHe nncyduuumjeruymje (CA) unHe no-
ce6Hy NoArpyny BYCOKOT pr3MKa Koja 3axTeBa KOHTUHYMPaHO
npahetbe 360r Behe CKNOHOCTY Ka KOMMIMKaLjama.

Ll oBe cTyauje 610 je Aa ce NPOLIEHN AnjarHOCTYKA TaYHOCT
TecTa Be3vBatba KobanTta 3a anbymumH (ACB TecT) y OTKpuBaky
AKC kop 6onecHuka ca CU Koju cy xocnuTann3oBaHu ca akyT-
HVIM 60710M Y rpyAMMa.

MeTtoge Y ncTpaxuBatbe Cy yKIbyuyeHr 6onecH1um ca 6onomy
rpyavmMa Koju je ykasmsao Ha AKC, a Koju cy MManu nosHaty uiv
HoBopwjarHocTmkoaHy CU. BonecHnum cy ctpatudukoBaHn y

DOI: https://doi.org/10.2298/SARH250923082D

rpyne ca C/ n AKC n ca CU 6e3 AKC. [lnjarHocTmuKa TayHOCT
ACB TecTa npoLetbeHa je CTaTUCTUYKOM aHaNn30M.
Pesyntatm Of yKynHo 71 60necHuKa, 26 je nmano AKC, Bok 45
Huje. BpegHocTn ACB TecTa 6une cy 3HauajHO BULLE y Fpyni ca
CW n AKC (p < 0,0001). ACB TecT je noka3ao NOBPLUNHY UCMOA,
ROC kpmBe og 0,99 (p < 0,0001), ca ceH3uTBHOWRY 1 cneym-
druHowhy op 96,15% u 100%, pegom. Mo3nTrBHa NPeaUKTUBHA
BpeAHOCT n3Hocmna je 100%, a HerateHa 97,8%.

3aksbyyak Pesyntati ykasyjy aa ACB Tect moxe nmatu ynory
KomniemMeHTapHor 6uomapkepa y npenosHasamy AKC Kog 60-
necHuka ca CW, anv ga He MoXe 3aMeHUTV TPOMOHVH.
KrmbyuHe peuu: TecT Be3uBatba anbymrHa 3a Kobant; cpuaHa
VHCYbVLMjeHUMja; aKyTHU KOPOHAPHU CUHAPOM
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