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ABSTRACT 
Pulmonary embolism is a common and potentially lethal condition. Clinical signs and symptoms for pulmonary 
embolism are nonspecific. New and simple tests are therefore needed in order to help in early diagnosis of pul- 
monary embolism. The aim of this work is to elucidate the role of IMA in the diagnosis of pulmonary embolism. 
Subjects and Methods: 75 patients with suspected pulmonary embolism and 20 control healthy subjects were in- 
cluded in this study. Measurement of IMA was done in all subjects. Results: The mean values of IMA were sta- 
tistically significantly higher among the PE patient group (0.43 ± 0.104 ABSU) in comparison with non PE pa- 
tient group (0.27 ± 0.053 ABSU) and healthy control subjects (0.21 ± 0.080 ABSU). At cut-off value of 0.305 
ABSU, IMA had 97.5% sensitivity and 71.42% specificity. The area under the curve was 0.952. The positive pre-
dictive value of this cut-off value was 79.59% while the negative predictive value was 96.15%. Conclusions: IMA 
is a good alternative to D-dimer in the diagnosis and exclusion of PE. Larger studies are needed to augment our 
results. 
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1. Introduction 
Pulmonary embolism (PE) is a common and potentially 
lethal condition. Most patients who succumb to pulmo- 
nary embolism do so within the first few hours of the 
event. Acute pulmonary embolism is responsible for 
100,000 to 300,000 deaths per year in the United States 
alone. Despite diagnostic advances, delays in pulmonary 
embolism diagnosis are common and represent an im- 
portant issue [1]. Clinical signs and symptoms for pul- 
monary embolism are nonspecific; therefore, patients 
suspected of having pulmonary embolism because of 
unexplained dyspnea, tachypnea, or chest pain or the pre- 
sence of risk factors for pulmonary embolism must un-
dergo diagnostic tests until the diagnosis is ascertained  

or eliminated or an alternative diagnosis is confirmed. So 
new and simple tests are therefore needed in order to 
help in early diagnosis of pulmonary embolism [2]. 

The N-terminal portion of human serum albumin 
(HSA) is a binding site for transition metal ions such as 
cobalt, copper and nickel. During ischemia, several 
changes occur in the amino-terminus of albumin, which 
result in a significant change in the ability of albumin to 
bind transition metals, notably, cobalt. Therefore, an as- 
say measuring ischemia modified albumin (IMA) re- 
presents a promising marker for the identification of pa- 
tients with hypoxemia and ischemia [3]. 

Many studies found that IMA is a sensitive marker in 
different ischemic conditions like myocardial ischemia, 
stroke and mesenteric ischemia [4-9]. *Corresponding author. 
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Aim of the Work 
The aim of this work was to elucidate the role of IMA in 
the diagnosis of pulmonary embolism. 

2. Subjects and Methods 
This study was conducted at the King Fahad Hospital, 
Saudi Arabia. The study was approved by Ethics and 
Research Committee. This study included 75 patients 
with suspected pulmonary embolism and 20 control 
healthy subjects. All patients and control subjects gave 
their written informed consent before participating in the 
study. Patients were divided into two groups: 

Group 1: It included 40 patients with proven pulmo- 
nary embolism; 

Group 2: It included 35 patients which were negative 
for pulmonary embolism. 

2.1. Exclusion Criteria 
Exclusion criteria were other acute ischemic diseases 
such as acute coronary syndrome (ACS), acute ischemic 
cerebrovascular disease, acute peripheral arterial occlu- 
sion, or acute mesenteric ischemia; an abnormal serum 
albumin level making the determination of IMA levels 
impossible (normal level 3.5 - 5.5 mg/dl); advanced liver, 
kidney or heart failure; age < 18 years; allergy to contrast 
material and refusal to participate in the study. All sub- 
jects include in this study were submitted for the follow- 
ings: 
- Full history taking: Thorough medical examination, 

Wells and Geneva scores were calculated, Plain chest 
X-ray, Arterial blood gases analysis, ECG, Complete 
blood count (CBC) and differential cell count, liver 
function tests and kidney function tests. 

- Measurement of D-dimer: The D-dimer test was per- 
formed using the immunoturbidimetric assay, STA- 
Liatest D-DI (Diagnostica Stago, Paris, France). A 
cut-off value of 500 ng/ml was selected as the upper 
limit to exclude thrombosis. All samples were pro- 
cessed and analyzed within 1 - 2 hours of collection 
[10]. 

- Measurement of IMA: Measurement of IMA is done 
by albumin cobalt binding (ACB) assay (Alere (In- 
verness Medical), Stockport, UK). The assay meas- 
ures the cobalt binding capacity of albumin in a sam- 
ple. A known amount of cobalt is added to a patient 
serum sample. Dithiothreitol (DTT) is added which 
binds colorimetric change is measured spectrophoto- 
metrically the results were reported as absorbance 
units (ABSU) [11]. 

- Spiral CT angiography of the chest was done for pa- 
tient groups (high D-dimer and high clinical probabil- 
ity patients). 

This study used a diagnostic approach consisting of a 
clinical decision rule, D-dimer testing, and chest CT to 
evaluate patients with suspected PE [12] (Figure 1). 

2.2. Statistical Analysis 
Statistical analysis was performed with the Statistical 
Package for the Social Sciences, version 16 for Windows 
(SPSS Inc., Chicago, IL, USA). The differences between 
groups were tested by one-way analyses of variance 
(ANOVA) test. Correlations were investigated by means 
of the Pearson correlation coefficient. Values of p < 0.05 
were considered statistically significant. 

3. Results 
Seventy five patients with suspected PE were included in 
this work. Pulmonary embolism was confirmed in 40 
patients and was excluded in 35 patients. 

Baseline characteristics of the PE group and non PE 
group and risk factors among both groups were shown in 
Table 1. 

In this study the mean values of D-dimer were statisti- 
cally significantly higher (p value < 0.001) among the PE 
patient group (2652 ± 2369.37 ng/ml) in comparison with 
non PE patient group (674 ± 532.72 ng/ml) and healthy 
control subjects (147 ± 83 ng/ml) (Table 2 and Figure 
2). 

D-dimer was high at 78.66% of the patients and was 
normal at 21.34% of the patients. D-dimer testing in this 
study had 97.50% sensitivity and 42.85% specificity. The 
positive predictive value of D-dimer in this study was 
66.10% while the negative predictive value was 93.75%. 

In this study the mean values of IMA were statistically 
 

 
Figure 1. The diagnostic outcome for the subjects included 
in this study. 
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Table 1. Basal characteristic data for the subjects included 
in this study. 

 PE group Non PE group Healthy 
Subjects 

Sex (male/female) 23/17 19/16 12/8 

Age (mean ± SD) 61.47 ± 13.78 55.62 ± 20.03 57.36 ± 18.65 

Previous PE 2 1 0 

Previous DVT 5 1 0 

PaO2 mm Hg 65.30 ± 5.32 79.51 ± 6.47 95.50 ± 3.55 

PaCO2 mm Hg 31.73 ± 6.20 39.50 ± 4.81 38.35 ± 2.75 

O2 saturation% 86 ± 7.5 93 ± 3.43 97 ± 2.10 

Associated conditions    

Cancer 7 6 0 

COPD 13 11 0 

Fracture 2 2 0 

Pregnancy 1 2 0 

Smoking 12 15 0 

Surgery 5 7 0 

Trauma 5 3 0 

 
Table 2. IMA and D-dimer mean levels among the subjects 
included in this study. 

Measurements PE patients Non PE 
patients 

Healthy 
Subjects p value 

IMA (ABSU) 0.43 ± 0.104 0.27 ± 0.053 0.21 ± 0.080 <0.001 

D-dimer (ng/ml) 2652 ± 2369.37 674 ± 532.72 147 ± 83 <0.001 

ABSU: absorbance units. 
 

 
Figure 2. D-dimer mean levels among the subjects included 
in this study. 
 
significantly higher (p value < 0.001) among the PE pa- 
tient group (0.43 ± 0.104 ABSU) in comparison with non 
PE patient group (0.27 ± 0.053 ABSU) and healthy con- 
trol subjects (0.21 ± 0.080 ABSU) (Table 2 and Figure 
3). At cut-off value of 0.305 ABSU, IMA had 97.5% 
sensitivity and 71.42% specificity. The area under the 
curve was 0.952. The positive predictive value of this 
cut-off value was 79.59% while the negative predictive 
value was 96.15% (Figure 4). 

 
ABSU: absorbance units. 

Figure 3. IMA mean levels among the subjects included in 
this study.  
 

 
Figure 4. ROC curve for IMA in this study. The area under 
the curve was 0.952 considered to be excellent test. 

4. Discussion 
D-dimer testing was known for many years ago. It has a 
good role in the exclusion and the diagnosis of pulmo- 
nary embolism. In this study the mean values of D-dimer 
were statistically significantly higher among the PE pa- 
tient group in comparison with non PE patient group and 
healthy control subjects. D-dimer was high at 78.66% of 
the patients and was normal at 21.34% of the patients. 
These results are in agreeing with that of many other 
investigators. King et al. [13] found that D-dimer re- 
sults were positive in 171 patients (85%). In a study car- 
ried out by Walter et al. [14] and included 65 patients 
with confirmed acute PE, hs-cTnI and D-dimer values 
were measured. D-dimer was high at 65% of the patients. 
Alnomasy et al. [15] found that 69.5% of patients had an 
elevated level of D-dimer and 30.5% was normal 
D-dimer level. In a study by Turedi et al. [16] the mean 
D-dimer levels were 12.48 ± 10.88 microg/ml for pul- 
monary embolism patients; 5.36 ± 7.80 microg/ml for 
non pulmonary embolism patients and 0.36 ± 0.16 mi-  
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crog/ml for healthy control subjects. In spite of the role 
of D-dimer in the diagnosis of pulmonary embolism, its 
specificity is not high. D-dimer testing in our work had 
97.50% sensitivity and 42.85% specificity. The positive 
predictive value of D-dimer in this study was 66.10% 
while the negative predictive value was 93.75%. Other 
researchers found similar results. Waser et al. [17] de- 
tected D-dimer sensitivity 98%, specificity 49%, NPV 
97%, PPV 62% and exclusion rate 28%. King et al. [13] 
found that the NPV and sensitivity of D-dimer were 97% 
and 98%, respectively while the specificity and PPV 
were 18% and 25%, respectively. 

IMA has been suggested as a promising marker for the 
identification of patients with hypoxemia and ischemia 
such as pulmonary embolism patients [3]. In our study 
the mean values of IMA were statistically significantly 
higher among the PE patient group in comparison with 
non PE patient group and healthy control subjects. At 
cut-off value of 0.305 ABSU, IMA had 97.5% sensitivity 
and 71.42% specificity. The area under the curve was 
0.952. The positive predictive value of this cut-off value 
was 79.59% while the negative predictive value was 
96.15%. In comparison with D-dimer, IMA has the same 
sensitivity but significantly better specificity (71.42% for 
IMA vs 42.85% for D-dimer). Similar findings have been 
found by other investigators. A study by Turedi et al., 
[18] consisting of 30 patients with PE and 30 healthy 
individuals, demonstrated that serum IMA levels were 
significantly higher than those in healthy individuals in 
97% of patients. In another study by Turedi et al. [16] 
consisted of 130 patients with suspected PE and 59 
healthy controls. Mean IMA levels were 0.362 ± 0.11 
ABSU for the PE group (n = 75); 0.265 ± 0.07 ABSU for 
the non PE group (n = 55); and 0.175 ± 0.05 ABSU for 
the healthy control group. At a cut-off point of 0.25 
ABSU, IMA was 93% sensitive and 75% specific in the 
diagnosis of PE. PPV was 79.4% and NPV was 78.6%. 
Zheng et al. [19] found the levels of IMA (75.84 ± 15.70 
U/ml) and D-dimer (5.41 ± 5.29 mg/l) in patients with 
acute pulmonary embolism (APE) were significantly 
higher than that in healthy controls. According to the 
ROC curve, the most appropriate IMA cut-off value in 
APE was 63.30 U/ml with sensitivity 87.2%, specificity 
80%. The most appropriate D-dimer cut-off value in APE 
was 0.57 mg/L with sensitivity 94.9%, specificity 66.7%. 
The use of IMA in combination with D-dimer has a posi-
tive impact on the specificity value. The level of plasma 
IMA in high risk group of APE was higher significantly 
than that in medium or low risk groups. In a study carried 
out by Hogg et al. [20], 452 patients were investigated 
for DVT, and 354 patients were investigated for PE. 348 
patients investigated for PE had IMA testing as did 195 
of the first 199 DVT patients. VTE prevalence was 
19.7%. The IMA:albumin ratio performed better than  

IMA alone. The area under the ROC curve (AUC) for 
IMA:albumin in all VTE was 0.60 (95% CI 0.54 to 0.66), 
in DVT 0.56 (95% CI 0.46 to 0.65) and in PE 0.63 (95% 
CI 0.56 to 0.71). In ED patients with symptoms of PE, 
the AUC for IMA:albumin was 0.69 (95% CI 0.60 to 
0.78). 

Based on these results for IMA, we can suggest that it 
can be used as an alternative marker instead of D-dimer 
in the diagnosis and exclusion of pulmonary embolism. 
IMA has some advantages over D-dimer including: Bet- 
ter specificity, PPV and NPV, rapid technique, and lower 
cost. 

5. Conclusions 
IMA is a good alternative to D-dimer in the diagnosis 
and exclusion of PE. Larger studies are needed to aug- 
ment our results. 

Limitations: A small number of the subjects and se-
lected patients criteria. 
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