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Background

The diagnosis of cardiac ischemia remains a challenge in 
contemporary Emergency Medicine. A blood-borne biomarker is 
an attractive alternative to cardiac imaging and stress testing and 
would be cheaper and faster. Several candidate biomarkers have 
been proposed for the detection of cardiac ischemia; however, only 
Ischemia modified albumin (IMA) has been released for clinical 
use. IMA can be combined with electrocardiographic findings 
and cardiac troponin measurements for the early exclusion of 
acute coronary syndrome [1]. Acute organophosphorus pesticide  
 

 
poisoning is a significant health problem throughout the world,  
with the increasing use of organophosphorus compounds in 
agriculture [2]. Potentially lethal cardiac complications can occur 
in patients with acute organophosphate poisoning (OPP) and may 
be overlooked, leading to high morbidity and mortality rates of 
the poisoning.  Cardiac complications of OPP may occur in the 
first few hours after exposure and may be delayed for days after 
poisoning [3].

Cardiac troponin (cTn) is sensitive and specific for detection 
of myocardial damage but may not rise during a reversible 
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myocardial ischemia. Ischemia modified albumin (IMA) has 
been shown to be an early and sensitive biochemical marker of 
ischemia [4]. Troponins are protein molecules that are part of 
cardiac and skeletal muscle. They are released into the circulation 
when myocardial necrosis occurs, as seen in myocardial infarction. 
Smooth muscle cells do not contain troponins. Misleading elevated 
troponin  with non- cardiac causes may occur. Troponin T and 
Troponin C can increase in inflammatory muscle diseases, e.g., in 
polymyositis. So, Troponin I is the cardiac enzyme variant that is 
more used to assess for cardiac muscle damage [5]. The cTnI test 
is highly specific and can be detected in 96.8% of cardiac necrosis 
6-12 hours after the onset of myocardial injury, peaking at about 
24 hours, followed by a gradual decline over several days (up to 2 
weeks). Modern assays can detect troponins as early as 3-4 hours 
after the onset of myocardial damage, and peaks at 18-24 hours. 
Levels stay elevated for 1-2 weeks after a heart attack. Serum cTnI 
levels above 0.4ng/ml are believed to indicate cardiac muscle 
damage [6]. Exercise-induced  dehydration, hemoconcentration, 
and altered acid-base balance are associated with raised troponin 
levels without cardiac damage [7].

Myoglobin is a good biomarker that rises rapidly after 2 hours 
from cardiac injury, but it is not specific for the cardiac muscle 
and rises also in skeletal muscle damage [8]. Ischemia Modified 
Albumin (IMA) has been described as a marker of ischemia 
reperfusion injury and its rising levels indicate a dysfunction of 
endothelial L-arginine/nitric oxide pathway, affecting NO levels 
[9]. The question about IMA is that it may be elevated in conditions 
other than chest pain, questioning its specificity as a marker of 
cardiac ischemia [10]. IMA may be elevated in patients with Bell’s 
palsy [10] preeclampsia [11] acute abdominal pain [12] cognitive 
impairment, pulmonary embolism, polycystic ovarian syndrome, 
ischemia-reperfusion injury [13] and conditions of increased 
oxidative stress [14]. This means that IMA is a good marker of 
ischemia that appears early in the events of ischemia and its level is 
parallel to the duration of ischemia. Then, a proper history taking, 
a careful clinical examination, appropriate investigations, and 
a consideration of all possible intervening factors, can make the 
investigator to reach more accurate results. Jiao et al. [15] believe 
that the IMA provides 77.4% sensitivity and 86.6% specificity for 
predicting cardiac ischemia, and that it is hence superior to 
electrocardiogram, cardiac troponin I, and creatine kinase-MB for 
the early diagnosis of myocardial ischemia [16]. No studies exist 
in literature regarding the value of IMA levels in OPP patients. The 
aim of this study is to investigate the diagnostic value of IMA in 
adult patients presented to the ED with OPP.

Aim of the Work

To assess the value of detecting Ischemia modified 
albumin  (IMA) in cases of acute organophosphorus poisoning for 
the early diagnosis and prognosis of myocardial ischemia in those 
patients.

Subjects & Methods

Subjects

A total of 48 acute organophosphorus pesticides poisoning 
patients and 74 healthy control subjects were examined in this 
case- control study. Sixty-nine contributors  were male with an age 
range of (17-68 years) and 53 contributors were females with an 
age range of (21- 55 years), attending to the Mansoura Emergency 
Hospital Poison Unit, in the period from June 2019 till June 2020. 
Twenty-six  (54.17%) cases were ingestion exposures, and 22 
(45.83%) cases were dermal/inhalation exposures. Thirty-seven  
(77.08%) cases were young ˂40 years, predominately males 
(33 patients, i.e., 68.75% of the patients). Blood samples were 
withdrawn for measuring the levels of IMA and cTnI as myocardial 
injury markers, on presentation to the ED, and before receiving 
any antidote therapy for the OPP.

Inclusion criteria

a)	 Confirmed OPP by history and serum cholinesterase 
levels assay.

b)	 Patients not receiving any treatment for the OPP before 
coming to the hospital.

Exclusion criteria

a)	 Patients with a previous serious heart disease.

b)	 Patients transferred from another hospital/ poison unit, 
or receiving any treatment for the OPP. 

c)	 Co-ingestions.

OPP cases were classified into mild, moderate, and severe 
degrees, according to the plasma Cholinesterase enzyme levels 
and the clinical picture classification standards [17]. Serum IMA 
was assayed by albumin cobalt binding assay (ABC) and the 
results are explained in Absorb unit (Abu) [18].

Methods

Sample collection

Two ml. of venous blood samples were withdrawn by 
simple venipuncture under sterile conditions from each subject 
participating in the study and was left to clot then the serum was 
separated by centrifugation at 3000rpm for 10 minutes and IMA 
assay was performed immediately.

Biochemical assays

Ischemia modified albumin was measured after the addition of 
a known amount of cobalt to the human serum albumin, followed 
by spectrophotometric determination of the unbound cobalt 
fraction at 470nm using dithiothreitol as a coloring agent, and 
the instrument Automatic Biochemistry Analyzer 7600 by Hitachi 
(Tokyo, Japan). IMA measures ischemia in the blood vessels and 
thus returns results in minutes rather than traditional markers of 
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necrosis that take hours [19].  Cardiac troponin I was measured 
by electro-chemiluminescent immunoassay using Troponin 
I STAT kits and Co base 411 Analyzer from Roche (USA). While 
butyrylcholinesterase was measured by spectrophotometric 
assay of BChE titrimetrically in a 50.4 ml reaction mixture 
containing 4mm butyrylcholine, 1600mm MgCl2, 100mm NaCl, 
and 30-60 units BChE at pH 8 and 37°C. Measurements of IMA 
and cTnI were repeated for the studied cases after 4 and 12 hours 
of hospitalization and treatment, besides ECG monitoring.

Statistical Method

Data was tabulated, coded, and analysed using the computer 
program SAS (Statistical package for social science) Enterprise 
Guide version 8.1.(SAS Inc., Carry, NC, USA). Since the experiment 

is a two variables between-by-within design of repeated 
measurement, the statistical model can be written as  +, where  is  
a column vector and denoted as the jth OPP case of the kth time’s 
for the IMA and cTnI measurements in the ith status, i = 1,2,3, j = 
1,…,10, k = 1,2,3;  is a column vector and denoted as the effects of 
the ith status for two variables;  is a column vector and denoted 
as the effects of the jth OPP case within the ith status for the IMA 
and CnTl; is a column vector and denoted as the effects of the kth 
Time’s for the IMA and CnTl; is a column vector and denoted as 
the interaction between the ith status and the kth Time’s for the 
IMA and CnTl;  is denoted as an error term vector. Table 1-3 show 
the results of MANOVA for the interaction effect between status 
and Time, ANOVA table for the CnTl, and ANOVA table for the IMA, 
respectively.

Results

Table 1: The studied organophosphorus-poisoned cases with different degrees of severity according to their serum cholinesterase levels.

Group
Mild Moderate Severe

P-Value
(n=15) (n=15) (n=18)

Cholinesterase enzyme level (IU/ml)

3320.67±161.36 2360.12±148.32 1410.28 ±403.51 P1= 0.001

         P2= 0.00

         P3= 0.00

P-value: Test of Significance, P1: Mild Versus Moderate Groups, P2: Moderate Versus Severe, P3: Mild Versus Severe Groups, P is Significant at 
≤ 0.05.

Table 2: Comparison between IMA and cTnI in healthy subjects and acute OPP patients of different severity. 

Marker/Time
Group

Mild (n=15) Moderate (n=15) Severe (n=18) Group Control (n=74)
IMA (U/ml) Mean±SD Mean±SD Mean±SD Mean±SD

On presentation 56.55±10.88 83.39±8.60 100.81±30.54
52.56±10.434 hours 65.86±10.94 90.36±8.34 98.33±41.99

12 hours 58.97±10.12 81.23±5.34 86.71±36.85
Paired t test t = -1.34. t= -10.72 t- = -11.29

P1 p =0.09 p < .00001 p = <0 .00001

Paired t test t= -2.34. t= -2.25391 t = 0.20.

P2 p 0.013. p = 0.016 p= 0.42

Paired t test t = 1.79 t = 3.57 t = 0.88.

P3 p = 0.042 p = 0.0007 p = 0.19

cTnI (ng/ml) Mean±SD Mean±SD Mean±SD Mean±SD

On presentation 0.02±0.01 0.09±0.08 0.10± 0.13

0.011±0.0074 hours 0.03±0.02 0.58±0.14 0.60± 0.51

12 hours 0.08±0.09 2.12±0.90 5.75±3.64

Paired t test t = -5.72 t = -8.44 t = -6.08

P1 p = < 0.00001 p = <0.00001 p = <0.00001.

Paired t test t = -1.43 t = -11.52 t= -3.38

P2 p = 0.16 p <0.00001 p= 0.002

Paired t test t = -1.84 t = -6.54 t = -5.92

P3 p= 0.08 p < 0.00001 p < 0.00001

SD: Standard deviation P1: Statistical significance on Presentation versus the control, P2:  Statistical significance in on Presentation versus 4 
hours in the same group, P3: Statistical Significance in 4 hours versus 12 hours in the same group.
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Table 3: A linear regression model of IMA levels against the time in the different subjects of the study.

Source DF Type I SS MS F-value Pr > F

Status 2 40277.64 20138.82 23.69 <.0001

Patients (status) 45 38251.78 850.0396    

Time 2 1916.907 958.4533 1.83 0.1662

Status*time 4 1324.41 331.1024 0.63 0.6406

Error 90 47112.46 523.4718    

DF: Degree of freedom, SS: Sum of squares; MS: Mean square, F-value: Fisher–Snedecor Distribution, Pr: Probability. Test used: ANOVA test for 
variance.

Figure 1: Box plots of IMA levels in different subjects of the study and a Duncan’s multiple comparisons mean IMA for a different status.
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Figure 2: Boxplots of cTnI for different subjects of the study and a Duncan’s multiple comparisons for mean cTnI in different statuses

Table 4: A linear regression model of cTnI levels against the time in the different subjects of the study. 

Source DF Type I SS MS F Pr > F

Status 2 107.5108 53.7554 26.16 <.0001

Patients (status) 45 92.46437 2.054764    

Time 2 213.9814 106.9907 63.12 <.0001

Status*time 4 161.7545 40.43863 23.86 <.0001

Error 90 152.5479 1.694976    

DF; Degree of freedom, SS: Sum of squares; MS: Mean square, F-value: Fisher–Snedecor distribution, Pr: Probability
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ECG Image 1: Sinus rhythm with ST segment elevation of V1,2,3 suggesting acute ischemia of anteroseptal wall, STEMI with clinical 
correlation.

STEMI: Acute ST-Elevation Myocardial Infarction

ECG Image 2:   Pathological Q wave of V1,2,3 4 with ST elevation with T wave abnormality of all V leads suggesting anterior wall ischemia, 
evolving anterior STEMI.

ECG Image 3: Hyperacute T wave of V1,2,3,4 may be normal variant or early phase of acute ischemia for clinical correlation and cardiac 
enzymes to exclude acute coronary syndrome.

ECG Image 4: Hyperacute T wave, may be normal variant for cardiac enzymes and clinical correlation, left axis deviation on ECG for clinical 
correlation.
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Table 5: MANOVA test criteria for the markers against the time.

MANOVA Test Criteria and F Approximations for the Hypothesis of No NO time* s tatus Effect TPYE III SSCP MATRIX – for Time* Status E = 
ERROR SSCP MATRIX S=2 M=0.5 N=43.5

Statistics   F Value Deno DF Numer DF Pr > F

Wilks’ L ambda 0.426707 11.81 8 178 <.0001

Pillai trace 0.579439 9.18 8 180 <.0001

Hotelling-L awley trace TRACE 1.329127 14.69 8 124.84 <.0001

Roy max root 1.318201 29.66 4 90 <.0001

Figure 3: IMA levels with time, in OPP cases with different degrees of severity.

Figure 4: cTnI levels with time, in OPP cases with different degrees of severity.
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Figure 5: Means of IMA levels in different cases against time.

Figure 6: Means of cTnI levels in different cases against time.

Discussion

Organophosphorus (OP) compounds are widely used for 
agriculture, domestic pest-control and the chemical warfare. 
The exposure to OP compounds is very common. Acute 
organophosphorus poisoning continues to be a detrimental 

problem and a potential cause of mortality and morbidity 
worldwide [20]. Cardiac complications are amongst the most 
common and the most serious complications of OPP. The early 
detection and the rapid management of cardiac insults in OPP 
patients is a mainstay for the proper management and improving 
prognosis of these cases [21]. In this study, IMA was investigated 
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in 48 acute OPP patients, and 74 healthy control subjects, together 
with the measurement of cTnI enzyme in all of them.

Table 1 represents the studied organophosphorus poisoning 
cases with different degrees of severity according to their serum 
cholinesterase levels. There is statistically significant difference 
between each 2 groups in pattern recognition (P ≤ 0.05) except 
those marked with red font. The test used is

the One-way Anova. P-value is considered significant when ≤ 
0.05. The figure 1 shows that severe patients have higher mean 
IMA than moderate degree patients. Mild degree of OPP patients 
does not have a statistically different levels of IMA from the studied 
healthy subjects. The moderate degree OPP patients have higher 
mean IMA than the mild patients. So, Severe patients have the 
highest mean IMA than the others. Figure 2 represents boxplots 
of cTnI levels in different subjects of the study. Duncan’s multiple 
comparisons shows cTnl for healthy contributors and the cases of 
OPP of different degrees of severity. Severe cases of OPP are not 
statistically different from the moderate cases of the study. Mild 
patients are not statistically different from the healthy subjects 
of the study. However, moderate cases have a statistically higher 
mean cTnl than the mild cases. So, severe, and moderate patients 
(two group patients) have higher mean cTnl than mild patients 
and healthy people. Table 3 represents a linear regression model 
of IMA levels against the time in the different subjects of the study. 
It shows that IMAs are significantly different between patients. 
Repeated measurement factor (Time) does not have a significant 
effect on IMA levels. Table 4 represents a linear regression model 
of cTnI levels against the time in the different subjects of the 
study. It shows that cTnI levels are significantly different between 
patients. Repeated measurement factor (Time) had a significant 
effect on cTnI levels. This is evident also in table 5 and figure 3-6 
that show the levels of the measured markers against time in 
different cases. Images 1-4 show ECG of some cases of

the study. It was found that IMA was raised in the OPP cases 
having impending cardiac ischemia than the healthy control 
subjects and earlier than the cTnI, and before it is evident in 
the ECG (Figures 1 & 2). Serum IMA levels were significantly 
higher in severe cases of cardiac ischemia in OPP than the mild 
and moderate cases (Table 2). Serum cTnI was also significantly 
higher in severe cases of cardiac ischemia in OPP than the mild 
and the moderate cases (Table 2). However, IMA was earlier to 
rise in these cases than the cTnI enzyme (Table 2). IMA was earlier 
to rise in cases of suspected cardiac ischemia and the repeated 
measurement over time did not show a significant effect on IMA 
levels, unlike cTnI that was raised after some time and showed 
significant 

increase at 12 hours in the cases of suspected cardiac 
ischemia and damage (Tables 3-5 & Figures 3-6). Despite some 
of the OPP cases showed non-raised cTnI on presentation, while 
the IMA was raised on presentation, their ECG after some hours, 
had shown evidence of cardiac ischemia and damage (Images 
1-4). This explains what Demir et al. [21] had believed in, which is 

that IMA is a marker of ischemia, and cTnI is a marker of necrosis. 
IMA is raised in the period of reversible cellular damage, in the 
first 4 hours of the insult, while cTnI is raised in the period of 
irreversible cellular damage, after 4 hours to 24 hours of the 
insult [21]. IMA is elevated with the oxidative stress after acute 
ischemia and returns to normal levels in hours after reperfusions. 
IMA increases wherever the albumin passes through ischemic 
tissues. This may explain why it was raised rapidly in the cases 
of suspected ischemia and then declined after hours, while cTnI 
took hours to rise and then declines after 24 hours of the cardiac 
ischemia. Moreover, cTnI may not rise during reversible ischemia 
[1].

Conclusion

OPP is a real risk factor for cardiac ischemia and damage. 
IMA is a very useful marker as an early indicator of an impending 
cardiac ischemia. Its main disadvantage is that it is non-specific 
to cardiac ischemia and can be raised in a wide variety of other 
pathologic conditions. It can then be used as an early indicator 
for cardiac ischemia, earlier than cTnI protein, with subsequent 
monitoring of Troponin I and ECG for an early diagnosis of cardiac 
ischemia. This helps to discover cardiac ischemia which is a 
serious complication and is commonly missed to be diagnosed 
early in OPP patients, thus helping to reduce the morbidity and 
mortality associated with the OPP.
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