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Ischaemia modified albumin:
Does it bolster our diagnostic
ammunition?

INTRODUCTION

Although cardiac troponin (cTn) and creatine kinase-
muscle type and brain type (CK-MB) are sensitive and
specific for the detection of myocardial damage, they
may not rise during reversible myocardial ischaemia;
and in acute coronary syndrome (ACS), they may take
up to 4 hours to get elevated. Hence, there is a need for
a marker that can possibly overcome these lacunae.
Ischaemia-modified albumin (IMA) has higher
sensitivity (than cTn, CK-MB and myoglobin) during
the early phase of ACS, and can be an ideal marker
in the early diagnosis of ACS. It is hypothesized
(and supported in in vitro experiments) that reactive
oxygen species like superoxide and hydroxyl radicals
generated during ischaemia-reperfusion modify
the N-terminus of human serum albumin (HSA),
especially at the N-Asp-Ala-His-Lys sequence resulting
in IMA formation with albumin acting as a “sacrificial”
antioxidant to reduce the injury during reperfusion.!
The commonly used diagnostic test-albumin cobalt
binding (ACB) test detects the reduction in the affinity
of serum albumin for cobalt. The compensatory
hyperadrenergic state during myocardial ischaemia
causes the rise in plasma concentrations of free fatty
acids (FFA) and the corresponding FFA-induced
conformational perturbations of HSA form the
basis of the IMA test. The increased lactate level in
post-ischaemic state causes interference in IMA
measurement and is another factor attributed to the
rise in IMA. IMA has been cleared by the US Food
and Drug Administration as a biomarker to exclude
myocardial ischaemia.

EVIDENCE FOR EFFICACY

Cardiac setting

The elevation of IMA after a percutaneous coronary
intervention is associated with higher target lesion
revascularization.’ In a study, sensitivity of IMA
at presentation for an ischaemic-origin chest pain
was 82%, compared with 45% of ECG and 20% of
cardiac troponin type T (cTnT). IMA used together
with ¢TnT or ECG, had a sensitivity of 90% and 92%,
respectively. All the three tests combined, identified
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95% of patients whose chest pain was attributable to
ischaemic heart disease.®’ A meta-analysis spanning
more than 1800 patients concluded that combining
negative electrocardiogram (ECG) changes, negative
troponin and negative IMA significantly increased
the sensitivity and negative predictive value (NPV)
to 94.4% and 97.1% for excluding ACS, and to 89.2%
and 94.5% for longer term outcomes, respectively.!
In patients with unstable angina, sensitivity of IMA
used alone was equivalent to that of IMA and ECG
combined.

The wuse of calculated albumin-adjusted IMA
index [IMA index = serum albumin concentration
(g/dl) x 23 + IMA (U/ml) — 100] heightens the
sensitivity of ACS diagnosis.” IMA (at levels >93.3
U/ml) is an independent predictor of both 30-day
combined end point (cardiac death, myocardial
infarction, recurrent angina) and 1-year mortality in
patients presenting to the emergency room (ER) with
typical acute chest pain.[®

Melatonin is theorized to exert a beneficial effect
as a radical scavenger in myocardial ischaemia—
reperfusion. Patients with segment elevation
myocardial infarction (STEMI) showed a diurnal
fluctuation in IMA, with significantly higher levels
at 2:00 am. An inverse correlation (statistically
significant) was found between IMA and melatonin
at 2:00 am and at 9:00 am, after adjustment for
cardiovascular risk factors.”!

In patients with acute myocardial infarction-AMI
(enrolled in the French Nationwide OPERA study),
40% of patients in the highest IMA quartile measured
within 24 hours (>104 IU/ml) reached the end
point (death, resuscitated cardiac arrest, recurrent
myocardial infarction or ischaemia, heart failure,
stroke) compared with 20% in the lowest (<83 IU/ml)
by 1 year. Plasma IMA, brain natriuretic peptide, heart
failure and age are noted to independently predict a
composite end point at 1 year.®

In 52 in- or out-of-hospital cardiac arrest patients,
compared with healthy controls, IMA measured at the
beginning or within 5 min of commencement of cardio-
pulmonary resuscitation (CPR), showed a sensitivity
of 65.8% and specificity of 78.6% (positive predictive
value-85.3% and NPV- 45.8%) at an optimum cut-off
point of 0.235 absorbance units (ABSU).™

Serum levels of IMA get significantly elevated in the
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ACS and reach peak at 2 h after onset of chest pain
and start returning to baseline at 6 h. Serum levels
of myoglobin start to elevate at 2-4 h after chest
pain onset, while CK-MB and cardiac troponin type |
(cTnl) start rising 4-6 h after chest pain onset. In a
retrospective study of the patients diagnosed with
ACS following ER presentation with acute chest pain,
the correct diagnosis rate was significantly higher as
determined by assessment of IMA (81.02%) vs. cTnl
(42.34%) within 3 h of ER presentation.”

ST segment resolution (STR) also correlates with IMA.
Serum IMA concentrations were significantly higher
in patients that had incomplete STR [worst single ECG
lead before and 90 min after primary percutaneous
coronary intervention (PCI) graded according to
the degree of STR: Complete (=70%) or incomplete
(<70%)]. It showed a sensitivity of 91.4% and a
specificity of 45.7% for the diagnosis of incomplete
STR and independently predicted incomplete STR
even after adjustment for potential confounders.'!

IMA concentration is higher in unstable angina
(UA) patients than in stable angina (SA) patients or
healthy controls. IMA negatively correlates with left
ventricular ejection fraction (LVEF) in UA patients and
increases significantly in patients with an abnormal
LVEF (<50%), compared with those with a normal
LVEF (=50%).'"” IMA levels obtained at admission are
powerful indicators of short-term (30 day) mortality in
STEMI patients treated with primary PCIL.¥

The serum levels of IMA in those with acute myocardial
infarction (AMI) at 2, 4 and 6 hours after the onset are
significantly higher than that in normal controls.

NPV for early diagnosis of acute coronary ischaemia of
IMA and C-reactive protein (CRP) for ischaemia origin
was 79.2% and 38.6%, respectively.'¥ In another
study IMA, high sensitivity C-reactive protein (hsCRP)
and N-terminal proBNP (brain natriuretic peptide)
were higher, while total antioxidant status (TAS) was
lower in coronary artery disease (CAD) patients than
in controls (statistically significant), and IMA and
TAS negatively correlated in all subjects. IMA did
not correlate with the number of diseased vessels.
For CAD diagnosis, the best cut-off point for IMA was
101.5 KU/l with sensitivity and specificity of 87.7%
and NPV of 83.3%.["1 IMA determination may provide
earlier information of CAD presence before hsCRP
or NT-proBNP elevation, contributing to the early
assessment of overall patient risk.
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IMA in non-cardiac scenario

In a study, plasma IMA levels in patients diagnosed of
pulmonary embolism (PE), 97.7% had values exceeding
0.540 ABSU, compared to none in the control group.'®
In an animal model, PE with/without deep venous
thrombosis showed statistically significant elevations
of IMA at 0, 1, 3 and 6 hours. Being 100-200 times
less expensive than D-dimer, IMA thus has a lot of
potential in the diagnosis of PE.!'”]

In thromboembolic occlusion of superior mesenteric
artery, statistically significant increases in IMA
were observed (0.264+0.057 ABSU, compared to
0.163+0.025 ABSU in the control group).*¥ Another
animal study proved the same with rising plasma IMA
levels in mesenteric artery occlusion (6 hours post-
ischaemia higher than 2 hours and 30 min) compared
to controls.” Coupled with high index of clinical
suspicion, IMA certainly has a role in diagnosing
mesenteric ischaemia.

IMA may be a biomarker for early identification of
acute stroke. A study on 118 patients presenting
within 3 h of the onset of an acute neurological deficit
(84 brain infarctions [BI]) concluded that during the
first 24 h, IMA levels significantly increased in BI
patients.”

IMA is shown to be elevated in diabetic patients.
Diabetics with poor glycaemic control have higher
IMA level, compared to those with good glycaemic
control. Significant correlation exists between IMA
and HbA1c (weak association with blood pressure). In a
study, fasting glucose, glycated albumin, triglycerides,
creatinine, IMA and hs-CRP were significantly
higher in patients with type 2 diabetes. Weak, but
significant correlations were seen between IMA and
fasting glucose and IMA and hs-CRP[?! Significant
correlations between IMA and total cholesterol,
LDL cholesterol, oxidized low-density lipoprotein
(ox-LDL) antibodies and hs-CRP levels have also been
noted.” Hyperglycaemia, hypercholesterolemia and
inflammation via oxidative stress and chronic hypoxia
may modify albumin and hinder its capacity to bind
cobalt, resulting in higher IMA levels. IMA formation
is noted to be associated with oxidative stress and
atheromatous plaque development.

A study reported that both IMA and IMA/alb were
significantly elevated during pre-eclampsia up to
delivery, compared with healthy pregnant women.*"
Median first trimester serum IMA concentrations
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are significantly higher in women who subsequently
developed pre-eclampsia (median 126.5 kU/l) when
compared to those with normal pregnancy outcome.**!
This rise in IMA may be a clinical manifestation of
abnormally high intrauterine hypoxia and subsequent
reperfusion oxidative damage that underlie defective
endovascular trophoblast development. First trimester
serum IMA may thus be a potential biomarker for
abnormal placental development.

Elevated serum IMA levels are observed in ovarian
torsion and may point to the early diagnosis. It also
correlates with follicular cell degeneration, vascular
congestion, haemorrhage and inflammatory cell
infiltration seen in ovarian torsion.?!

A high level of IMA is observed in carbon monoxide
(CO)-poisoned patients, owing to its sensitivity to
hypoxia, although, further investigations are needed
to establish the association."

Elevations of IMA have also been noted in anaemia
in chronic kidney disease. In end stage renal disease,
elevated levels of IMA correlated with larger left
ventricular (LV) size, decreased systolic function and
greater estimated LV filling pressures.*”!

Weaker evidence

In a study, the correlation of IMA and heart-type fatty
acid binding protein (h-FABP) with non-ST-segment
elevation ACS was researched among 677 patients
admitted to the ED with chest pain. While IMA was
not predictive of the non-ST-segment elevation, ACS
diagnosis (IMA level was higher than 85 U/ml both
in the ACS and in the non-ischaemic chest pain),
h-FABP predicted ACS diagnosis with specificity
at 96.8% and sensitivity at 13.5%.%¥! These results
corroborate the findings of the presentation of
ischaemia-modified albumin in ER (PRIMA) study
that the diagnostic accuracy of IMA does not support
its use as an effective risk stratification tool for
patients admitted with chest pain to the ED. Lower
sensitivity, lower NPV and narrow diagnostic time
window have been blamed for the non-reliance on
IMA. Although plasma IMA levels change during
pharmacologic stress testing, in patients with CAD,
there is no significant difference between the positive
and the negative tests.™ Some researchers believe
that they might not actually reflect myocardial
ischaemia. Other hypotheses state that the release
of IMA may depend on reperfusion-induced events
rather than ischaemia per se.
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In a study, the sensitivity of admission IMA (at optimal
cutoff threshold —91 U/ml) for a final diagnosis of ACS
was 86%, specificity —49%, and NPV 88%. But, IMA
did not provide superior sensitivity or specificity at
any time compared with other biomarkers (¢TnT, CK-
MB mass, myoglobin and h-FABP).5*"!

CONCLUSION

As a stand-alone marker, IMA does not seem to
have bolstering evidence in its potential to diagnose
ACS, but as an adjuvant to the other markers and
modalities, it may significantly amplify the sensitivity,
specificity and NPV in early detection of myocardial
ischaemia. Further, large randomized control studies
are warranted to delineate its stand in the same.

ACKNOWLEDGEMENT

We thank our colleagues and staff of Cardiology and Internal
medicine.

Dilip Gude, Ramesh Babu Byrapaneni’

Departments of Internal Medicine, and *Cardiology,
Medwin Hospital, Nampally, Hyderabad,
Andhra Pradesh, India

Address for correspondence:

Dr. Dilip Gude,

AMC, 3“Floor, Medwin Hospital, Chirag Ali lane, Nampally,
Hyderabad - 500 001, Andhra Pradesh, India.

E-mail: letsgo.dilip@gmail.com

REFERENCES

1. Roy D, Quiles J, Gaze DC, Collinson P, Kaski JC, Baxter GF.
Role of reactive oxygen species on the formation of the
novel diagnostic marker ischemia modified albumin. Heart
2006;92:113-4.

2. Dusek J, St'asek J, Tichy M, Bis ], Gregor ], Vojacek J, et al.
Prognostic significance of ischemia modified albumin
after percutaneous coronary intervention. Clin Chim Acta
2006;367:77-80.

3. Sinha MK, Roy D, Gaze DC, Collinson PO, Kaski JC. Role of
“Ischemia modified albumin”, a new biochemical marker of
myocardial ischaemia, in the early diagnosis of acute coronary
syndromes.Emerg Med ] 2004;21:29-34.

4. Peacock E Morris DL, Anwaruddin S, Christenson RH,
Collinson PO, Goodacre SW, et al. Meta-analysis of ischemia-
modified albumin to rule out acute coronary syndromes in the
emergency department. Am Heart ] 2006;152:253-62.

5. Lee YW, Kim HJ, Cho YH, Shin HB, Choi TY, Lee YK.
Application of albumin-adjusted ischemia modified albumin
index as an early screening marker for acute coronary
syndrome. Clin Chim Acta 2007;384:24-7.

6. Consuegra-Sanchez L, Bouzas-Mosquera A, Sinha MK,
Collinson PO, Gaze DC, Kaski JC. Ischemia-modified albumin
predicts short-term outcome and 1-year mortality in patients
attending the emergency department for acute ischemic chest
pain. Heart Vessels 2008;23:174-80.

7. Dominguez-Rodriguez A, Abreu-Gonzalez P, Garcia-
Gonzalez MJ, Samimi-Fard S, Reiter R]J, Kaski JC. Association

Indian Journal of Anaesthesia | Vol. 55| Issue 4 | Jul-Aug 2011



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Brief Communications

of ischemia-modified albumin and melatonin in patients
with ST-elevation myocardial infarction. Atherosclerosis
2008;199:73-8.

Van Belle E, Dallongeville ], Vicaut E, Degrandsart A, Baulac C,
Montalescot G, et al. Ischemia-modified albumin levels
predict long-term outcome in patients with acute myocardial
infarction. The French Nationwide OPERA study. Am Heart ]
2010;159:570-6.

Turedi S, Gunduz A, Mentese A, Dasdibi B, Karahan SC,
Sahin A, et al. Investigation of the possibility of using
ischemia-modified albumin as a novel and early prognostic
marker in cardiac arrest patients after cardiopulmonary
resuscitation. Resuscitation 2009;80:994-9.

Shen XL, Lin CJ, Han LL, Lin L, Pan L, Pu XD. Assessment
of ischemia-modified albumin levels for emergency room
diagnosis of acute coronary syndrome. Int ] Cardiol 2010
Mar 2. [Epub ahead of print]

Dominguez-Rodriguez A, Kaski JC, Abreu-Gonzalez P, Samimi-
Fard S. Role of ischemia modified albumin to ST-segment
resolution after mechanical reperfusion in patients with ST-
segment elevation myocardial infarction. Atherosclerosis
2009;203:576-80.

Ju S, Ni J, Su J, Pan M, Zhu J. Ischemia-Modified Albumin
is Increased in Patients With Uns Angina: A new Potential
Diagnostic Biomarker of This Acute Coronary Syndrome?
Labmedicine 2008;39:668-70.

Dominguez-Rodriguez A, Abreu-Gonzalez P, Jimenez-Sosa A,
Samimi-Fard S, Idaira HB. Does ischemia-modified albumin
add prognostic value to the Thrombolysis In Myocardial
Infarction risk score in patients with ST-segment elevation
myocardial infarction treated with primary angioplasty?
Biomarkers 2009;14:43-8.

Liyan C, Jie Z, Yonghua W, Xiaozhou H. Assay of
ischemia-modified albumin and C-reactive protein for early
diagnosis of acute coronary syndromes. ] Clin Lab Anal
2008;22:45-9.

Kazanis K, Dalamaga M, Nounopoulos C, Manolis AS,
Sakellaris N, Jullien G, et al. Ischemia modified albumin,
high-sensitivity c-reactive protein and natriuretic peptide
in patients with coronary atherosclerosis. Clin Chim Acta
2009;408:65-9.

Turedi S, Gunduz A, Mentese A, Karahan SC, Yilmaz SE,
Eroglu O, et al. Value of ischemia-modified albumin in
the diagnosis of pulmonary embolism. Am ] Emerg Med
2007;25:770-3.

Turedi S, Patan T, Gunduz A, Mentese A, Tekinbas C,
Topbas M, et al. Ischemia-modified albumin in the diagnosis
of pulmonary embolism: An experimental study. Am ] Emerg
Med 2009;27:635-40.

Gunduz A, Turedi S, Mentese A, Karahan SC, Hos G, Tatli O,
et al. Ischemia-modified albumin in the diagnosis of acute
mesenteric ischemia: A preliminary study. Am J Emerg Med
2008;26:202-5.

Gunduz A, Turkmen S, Turedi S, Mentese A, Yulug E,
Ulusoy H, et al. Time-dependent variations in ischemia-
modified albumin levels in mesenteric ischemia. Acad Emerg
Med 2009;16:539-43.

Abboud H, Labreuche J, Meseguer E, Lavallee PC, Simon O,
Olivot JM, et al. Ischemia-modified albumin in acute stroke.
Cerebrovasc Dis 2007;23:216-20.

Kaefer M, Piva SJ, De Carvalho JA, Da Silva DB, Becker AM,
Coelho AC, et al. Association between ischemia modified
albumin, inflammation and hyperglycemia in type 2 diabetes
mellitus. Clin Biochem 2010;43:450-4.

Duarte MM, Rocha JB, Moresco RN, DuarteT,
Da Cruz IB, Loro VL, et al. Association between
ischemia-modified albumin, lipids and inflammation

biomarkers in patients with hypercholesterolemia. Clin
Biochem 2009;42:666-71.

Gafsou B, Lefevre G, Hennache B, Houfflin Debarge V, Ducloy-

Indian Journal of Anaesthesia | Vol. 55| Issue 4 | Jul-Aug 2011

24.

25.

26.

27.

28.

29.

30.

Bouthors AS. Maternal serum ischemia-modified albumin:
A biomarker to distinguish between normal pregnancy and
preeclampsia? Hypertens Pregnancy 2010;29:101-11.
Papageorghiou AT, Prefumo F, Leslie K, Gaze DC, Collinson PO,
Thilaganathan B. Defective endovascular trophoblast invasion
in the first trimester is associated with increased maternal
serum ischemia-modified albumin. Hum Reprod 2008;23:
803-6.

Aran T, Guven S, Unsal MA, Alver A, Mentese A, Yulug E.
Serum ischemia-modified albumin as a novel marker of
ovarian torsion: An experimental study. Eur ] Obstet Gynecol
Reprod Biol 2010;150:72-5.

Turedi S, Cinar O, Kaldirim U, Mentese A, Tatli O, Cevik E,
et al. Ischemia-modified albumin levels in carbon monoxide
poisoning. Am ] Emerg Med 2011;29:675-81.

Sharma R, Gaze DC, Pellerin D, Mehta RL, Gregson H,
Streather CP, et al. Ischemia-modified albumin predicts
mortality in ESRD. Am ] Kidney Dis 2006;47:493-502.
Charpentier S, Ducassé JL, Cournot M, Maupas-Schwalm F,
Elbaz M, Baixas C, et al. Clinical assessment of ischemia-
modified albumin and heart fatty acid-binding protein in the
early diagnosis of non-ST-elevation acute coronary syndrome
in the emergency department. Acad Emerg Med 2010;
17:27-35.

Sbarouni E, Georgiadou P, Theodorakis GN, Kremastinos DT.
Ischemia-modified albumin in relation to exercise stress
testing. ] Am Coll Cardiol 2006;48:2482-4.

Hjortshgj S, Kristensen SR, Ravkilde J. Diagnostic value of
ischemia-modified albumin in patients with suspected acute
coronary syndrome. Am | Emerg Med 2010;28:170-6.

Access this article online

Quick Response Code:

Website:
www.ijaweb.org

DOI:
10.4103/0019-5049.84840

411


AzharS
Rectangle


