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ABSTRACT

Background. The early diagnosis of myocardial ischaemia is problematic in patients
with end stage renal disease (ESRD). The study aim was to determine whether
Ischemia Modified Albumin (IMA) rises during dobutamine stress and detects
myocardial ischaemia in patients with ESRD.

Methods. 114 renal transplant candidates were prospectively studied. All received
dobutamine stress echocardiography (DSE). IMA levels were taken at baseline and 1
hour after cessation of DSE. Results: 35 patients (31%) had a positive DSE result.
Baseline IMA levels were not significantly different in the DSE positive and negative
groups. The rise in IMA was significantly higher in the DSE positive group compared
to those with no ischaemic response (26.5 = 19.1 KU/L vs 8.2 £ 9.6 KU/L, p 0.007).
From ROC analysis, the optimal IMA rise to predict an ischaemic response was 20
KU/L, with sensitivity 81% and specificity 72% (AUC = 0.80, 95%; CI 0.44, 0.94; p
= 0.03). There were 18 deaths, 10 cardiac over a follow up period of 2.25 £ 0.71
years. An IMA rise > 20 KU/L was associated with significantly worse survival (p =
0.02). Conclusions: IMA is a moderately accurate marker of myocardial ischaemia in
ESRD. Patients with an IMA rise > 20 KU/L during DSE had significantly worse

survival.
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INTRODUCTION

Patients with end stage renal disease (ESRD) have significantly higher mortality after
acute myocardial infarction (MI) than non uraemic patients.[1, 2] A meta analysis of
ST segment elevation acute MI trials showed an inverse correlation between 30 day
mortality and renal function.[3] Patients with renal failure and non ST segment
elevation acute coronary syndrome (ACS) have higher 30 day and 180 day mortality
than non uraemic patients.[4, 5] The need to promptly diagnose, risk stratify and treat
patients with suspected ACS is therefore essential. However, the diagnosis in ESRD is
often problematic. Silent ischaemia is common[6] and a large proportion have

abnormal baseline ECG’s[7] and elevated baseline cardiac troponin levels.[8, 9]

Ischemia modified albumin (IMA) is a novel biomarker of acute myocardial
ischaemia with high sensitivity but moderate specificity.[10, 11] The accuracy of
IMA for ischaemia diagnosis in ESRD has not been previously reported. We have
previously reported that baseline IMA levels do predict mortality in patients with
ESRD.[12] Using the same patient population, the aim of this exploratory study was
to determine whether an IMA rise during dobutamine stress echocardiography (DSE)
detects myocardial ischaemia in patients with ESRD. DSE was chosen to provoke an
ischaemic response because we have recently shown this technique has high
sensitivity and specificity for coronary artery disease diagnosis in renal transplant

candidates.[13]
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METHODS
This study was performed in accordance with the declaration of Helsinki. Informed

consent was obtained from all patients.

Population

Between January 2003 and December 2004, 114 consecutive patients referred for
renal transplantation evaluation at St George’s Hospital, London were prospectively
studied. Exclusion criteria were: age less than 18 years, severe aortic stenosis,
unstable angina and inability to consent. Clinicians reporting echocardiography and
coronary angiography data were blinded to the biochemical data. The
echocardiography and coronary angiography results were used to determine suitability

for renal transplantation and whether revascularisation was required.

Dobutamine Stress Echocardiography

The General Electric Vingmed System 7 was used. For those on dialysis, the studies
were performed 16 — 24 hours post dialysis, when patients were most likely to be
closest to their euvolaemic state.[14] Two- dimensional measurements were
performed at baseline as recommended by the American Society of
Echocardiography.[15] Left atrial diameter was determined from parasternal M mode
recordings, with the cursor placed at the tips of the aortic valve leaflets and left
atrium. Measurements were averaged over three cardiac cycles. Transmitral inflow
was recorded by placing the pulsed wave Doppler sample volume at the mitral valve
leaflet tips in the apical 4-chamber view. Peak velocity of early filling (E) was
recorded from the Doppler trace. From pulsed wave real time tissue Doppler images

obtained in the apical 4 - chamber view, early diastolic (Ea) mitral annular velocities
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were measured. The sample volume was placed at the lateral mitral annulus. LV

filling pressure was estimated from the mitral E/Ea ratio.[16]

Beta blockers were discontinued 72 hours prior to DSE but all other anti-hypertensive
and anti - ischaemic medication taken up to the day of the examination. Images were
acquired in standard parasternal long- and short-axis and apical 2-, 3-, 4-chamber
views at baseline and during stepwise infusion of dobutamine infusion, given
according to a protocol based on 3 minute stages of 5, 10, 20, 30, 40 pg/kg/min.
Atropine was administered up to a total of 1.0 mg intravenously if the target heart rate
was not achieved with dobutamine alone. Blood pressure and 12-lead ECG were
recorded at each infusion stage. Baseline, low-dose (heart 10 —15 beats above
baseline), peak and recovery (10 minutes after drug infusion terminated) stage images
were stored and analysed in digital quad screen format. The test was stopped if: (a)
the target heart rate was achieved ([220 — age] x 0.85), (b) ST depression > 2mm
occurred, (c) significant tachyarrhythmia (sustained supraventricular tachycardia or a
> 3 beat run of ventricular tachycardia) occurred, (d) symptomatic severe hypotension
(systolic blood pressure < 80 mm Hg) occurred, (e) blood pressure exceeded
240mmHg systolic or 140mmHg diastolic.

All images were reported off-line by 2 experienced observers blinded to the rest of the
study. Qualitative analysis was performed with the left ventricle divided into a 17
segment model. Regional wall motion was described as hyperkinetic, normal,
hypokinetic, akinetic and dyskinetic. Results were classified as a normal response
with an overall increase in wall motion or abnormal response. An abnormal response
was described by the occurrence under stress of hypokinesia, akinesia, or dyskinesia

in 1 or more resting normal segments and/or worsening of wall motion in 1 or more
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resting hypokinetic segments.[17] The resting and peak wall motion index (WMSI)
score was calculated. The level of agreement, kappa (k,) between the 2 sonographers

was k = 0.82. Consensus was obtained in discordant cases.

Coronary Angiography

Coronary angiograms were interpreted blindly by 2 experienced observers and
consensus obtained for disagreement. The level of agreement was k = 0.85. Stenosis
severity of each epicardial artery was assessed visually and graded as follows: normal,
mild (< 50% luminal narrowing), moderate (50 to 70% luminal narrowing),
significant (>70% luminal narrowing). Severe CAD was defined as luminal stenosis >

70% in 1 or more epicardial artery.

Sample Acquisition
Whole blood venous samples were collected at baseline and 60 minutes after peak
dobutamine stress. Samples were allowed to clot and were centrifuged at 3000 rpm

for 10 minutes. Serum was decanted and frozen until analysis.

Cardiac Troponin T (¢TnT) Assay

cTnT was measured using the third generation TROP T STAT assay on an Elecsys
2010 immunoassay system (Roche Diagnostics, Lewes).[18] The assay detection limit
was < 0.01ug/L. The total assay coefficient of variation (CV) was 5.5% at 0.32 ug/L
and 5.4% at 6.0 ug/L. The corresponding concentration with a 10% CV was 0.03
png/L. The 99™ percentile of 350 healthy subjects was found to be 0.01pg/L. For this
study, a cTnT level > 0.05ug/L was taken as positive. This is the value suggested for

acute MI diagnosis.[19]
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Ischaemia modified albumin (IMA)

Serum IMA was measured by the albumin cobalt binding (ACB) test (Ischemia
Technologies Inc, Denver, Colorado, USA) on a Cobas MIRA PLUS instrument
(ABX diagnostics, London, UK). The first generation ACB test has been validated
and described previously.[20, 21] We used a second generation ACB test and in our
laboratory the assay coefficient of variation was 5.09% in the range of 56.67 to 66.57
KU/L and 3.05% in the range 147.17 to 158.03 KU/L. According to the manufacturer,
the IMA upper limit of normal is 85 KU/L as determined by the 95™ percentile of a

population of 283 apparently healthy individuals.

Statistical Analysis

Continuous variables were expressed as mean = 1 SD and differences between groups
determined with unpaired t test. Categorical variables were compared using x>
analysis or Fisher’s exact test. Stepwise binary logistic regression analysis was used
to determine whether the difference in IMA levels at baseline and peak stress was a
good predictor of the DSE result. The optimal IMA cut off value for ischaemia
diagnosis was determined from receiver operator characteristics (ROC) analysis. The
area under the curve (AUC) for ischaemia diagnosis by peak IMA and IMA rise were
calculated and compared. Pearson’s correlation coefficient was calculated for the
correlation of continuous variables with peak IMA concentration. All statistical tests
were two-tailed with a p value < 0.05 to indicate statistical significance. The level of
agreement between 2 observers analysed using kappa statistics. The SPSS statistics

package (SPSS Inc, version 12, Chicago, IL, USA) was used.
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Follow-Up
Follow-up of clinical status was obtained by review of inpatient and outpatient
medical records and telephone calls to the transplant unit. The survival status and

cause of death of all patients was known at the time of follow up.

RESULTS

Baseline Characteristics

Of 117 renal transplant candidates screened, 1 was excluded for severe aortic stenosis,
2 refused to consent for the study. Thus, 114 patients were enrolled. The baseline
characteristics are shown in Table 1. Diabetes (40%) was the leading cause of renal
failure and 55% were on dialysis. 81 (71%) patients had residual urine production.
The mean estimated GFR was 13 + 6 mls/minute. 23 (20%) had impaired left
ventricular function (LVEF < 50%) but none had severe impairment (LVEF < 30%)).
34 (30%) patients had severe CAD. Medication use included aspirin in 51 patients
(45%), beta blockers in 40 patients (35%), angiotensin - converting enzyme inhibitors
in 53 patients (46%), statins in 58 patients (51%), erythropoetin in 60 patients (53%),
diuretic in 49 patients (44%). Medication was not adjusted in relation to DSE or
coronary angiogram results. Eight patients had coronary artery bypass surgery and 11
percutaneous intervention. The decision for revascularisation was driven by the DSE

results.

Differences in biomarker levels according to the ischaemic response

Table 2 shows baseline and peak biomarker levels in those with and without a positive

DSE. Baseline and peak IMA and baseline ¢TnT levels were not significantly
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different in the DSE positive and negative groups. Mean IMA levels rose with stress
in both the DSE positive and negative groups (85.4 = 18.1 KU/L to 107.9 +£ 29.1KU/L
and 87.1 £26.6 KU/L to 95.1 £ 26.5 KU/L respectively). The rise in IMA with stress
was significantly higher in the DSE positive group compared to those with no
inducible ischaemia (26.5 £ 19.9 KU/L vs 8.2 £ 9.6 KU/L, p = 0.007). The baseline

c¢TnT was similar in the DSE positive and DSE negative groups.

IMA as a marker of ischaemia during dobutamine stress

Binary logistic regression analysis showed that the rise of IMA during DSE is a good
predictor of the DSE result (OR 5.1 £ 0.06, 95% CI 1.7, 8.4, p = 0.005). Linear
Regression analysis showed the magnitude of IMA rise was a good predictor of the
severity of ischaemic response as measured by the peak WMSI (r* = 0.71, p = 0.008,

95% C10.001, 0.008).

The optimal IMA rise for ischaemia diagnosis

From ROC analysis, optimal peak IMA concentration to predict an ischaemic
response was 95 KU/L, with sensitivity 76% and specificity 38% (AUC = 0.66, 95%
C10.41 - 0.83, p=0.06). This is shown in figure 1. From ROC analysis, the optimal
IMA rise to predict an ischaemic response was 20 KU/L, with sensitivity 81% and
specificity 72% (AUC = 0.80, 95% CI 0.44 — 0.94, p = 0.04). This is shown in figure
2. Positive and negative predictive values of IMA rise > 20 KU/L for ischaemia
diagnosis were 82% and 73% respectively. The IMA rise during DSE was a
significantly better marker of ischaemia than peak IMA when the AUC of each were
compared (0.80 vs 0.62, p = 0.02). Thirty — seven (32%) patients developed an IMA

rise > 20 KU/L during DSE.

10
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Correlates of peak IMA concentration

There was a significant positive correlation between the peak IMA concentration and
LV end systolic diameter (r = 0.42, p = 0.03), left atrial diameter (r = 0.47, p = 0.05)
and mitral E/Ea ratio (r = 0.47, p = 0.04). There was a negative correlation with LV
ejection fraction (r = -0.54, p = 0.02) and albumin (r = -0.43, p = 0.03). There was no

correlation with age, cholesterol, haemoglobin or cTnT.

The IMA rise as a marker of mortality

Mean follow - up time was 2.25 £ 0.71 years (range 0.19 to 3.27 years). 38 patients
received their renal transplant, 7 taken off the transplant list. There were 18 deaths, 10
of which were cardiac (myocardial infarction in 8, heart failure in 2). Mean time to
death was 0.97 + 0.45 years (range 0.19 to 3.15 years). Differences between survivors
and non survivors are shown in table 3. Non survivors were older and a significantly
higher proportion were diabetic, had severe CAD and positive DSE result. Peak stress
IMA concentrations and the IMA rise during DSE were significantly higher in non
survivors. Left ventricular cavity dimensions were larger, systolic function lower, LA
size larger and estimated LV filling pressures higher in non survivors. From Kaplan —
Meier survival analysis, patients with an IMA rise > 20 KU/L during DSE had
significantly greater mortality than those with a rise <20 KU/L (p = 0.02 log rank
test). This is shown in figure 3. Cardiac mortality was also significantly higher in
those with a significant IMA rise > 20 KU/L during DSE compared to those without

(p = 0.03, log rank test).

11
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DISCUSSION

This is the first study to propose IMA as a marker for early myocardial ischaemia
diagnosis in ESRD. Dobutamine stress was used to provoke an ischaemic response in
a group of renal transplant candidates. We have previously shown this technique is
highly accurate for CAD diagnosis in ESRD.[13] We found the rise in IMA during
stress was a moderately accurate marker for myocardial ischaemia diagnosis. The
magnitude of IMA rise correlated with the severity of the ischaemic response. An
IMA rise > 20 KU/L during DSE was associated with total and cardiac mortality.
However, an isolated peak IMA concentration > 95 KU/L had moderate sensitivity
but low specificity for ischaemia diagnosis. Baseline cTnT levels did not predict an
ischaemic response with dobutamine stress. This was an exploratory study. Further
studies, with larger sample sizes, are required to validate our findings and to establish

IMA cut off values that may be used in the clinical setting.

IMA as a marker of ischaemia

IMA, measured by the albumin cobalt binding test, is a marker of ischaemia.[22] The
N-terminus of albumin is damaged during an ischemic event, resulting in IMA. IMA
is unable to bind metals at the N-terminus. In the ACB assay a known amount of
cobalt is added to the sample. Upon reacting with dithiothreitol, any unbound cobalt
forms a coloured complex. This is measured spectrophotometrically and is
proportional to the amount of IMA present in the sample. Serum concentrations of
IMA rise acutely after percutaneous coronary intervention[10] and in patients with
spontaneous ischaemia.[23] Its exact role in the risk stratification of patients with

acute chest pain has yet to be defined. Using DSE to provoke an ischaemic response,

12
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the rise in IMA from baseline was independently associated with the DSE result in a
group of patients with ESRD. Moreover, the magnitude of rise was a significant
predictor of the severity of ischaemic response. These findings are comparable to
previous studies in non uraemic patients showing a rise in IMA in those with chest
pain and ECG changes after percutaneous angioplasty.[10, 22, 24] The peak optimal
IMA cut off value for myocardial ischaemia diagnosis in this population, 95 KU/L,
had moderate sensitivity but low specificity. This low specificity of IMA has been
reported in non uraemic patients. IMA is not specific for myocardial ischaemia.
Serum concentrations are elevated in skeletal muscle ischaemia and should be
interpreted with caution in patients with peripheral vascular disease.[25] However, we
did find an IMA rise > 20 KU/L had both better sensitivity (81%) and specificity

(72%) for myocardial ischaemia diagnosis.

In this study, the detection of ischaemia using an IMA rise was also predictive of total
and cardiac mortality. There was a positive correlation with peak IMA concentration
and left ventricular diameter and estimated left ventricular filling pressure. There was
a negative correlation with left ventricular ejection fraction and albumin. These
associations may at least in part contribute to the observed greater mortality in

patients with a high IMA rise during dobutamine stress.

For application in the emergency setting, the absence of a pre-ischaemic baseline
value means the peak IMA and not IMA rise would be required to diagnose
ischaemia. Our study, like others, has shown a single peak IMA cut off value has only
moderate sensitivity and low specificity for myocardial ischaemia diagnosis in ESRD.

Further studies, in a larger number of patients presenting to the emergency department

13
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with chest pain, are required to determine whether cut off values for IMA can be
derived with better sensitivity and specificity for myocardial ischaemia diagnosis in
this patient group. It is possible that two IMA values will be required with high
sensitivity and low specificity and high specificity and low sensitivity respectively.
This may allow a ‘rule in” and ‘rule out’ diagnosis for myocardial ischaemia using
IMA. The sample size of this exploratory study is too small to provide such values for
a clinical setting. However, our work does suggest IMA has a potential role for

ischaemia diagnosis in ESRD.

Markers of ischaemia in ESRD

The need for early diagnosis of myocardial ischaemia in patients with ESRD is
critical given the high mortality untreated. In this study, baseline ¢TnT levels did not
predict an ischaemic response with DSE despite the fact that this is a marker of
increased mortality in ESRD.[26] Cardiac troponins are elevated in a proportion of
patients with ESRD and a single measurement is less sensitive for myocardial
ischaemia diagnosis. Indeed, 46% of our population had baseline cTnT concentrations
above the value recommended for myocardial infarction diagnosis.[19] Serial
troponin measurements are recommended for the diagnosis of ACS in patients with
renal failure.[27] However, this results in a delay in the diagnosis. Creatine kinase and
creatine kinase MB isoenzyme are also elevated in a proportion of dialysis patients so
are less sensitive for ischaemia diagnosis in ESRD.[28] The resting ECG is abnormal
in up to 65% of patients receiving dialysis.[7] Consequently, the ECG has lower
sensitivity for ischaemia diagnosis in this patient group.[29] Silent ischaemia and
chest pain with unobstructed coronary arteries are common in renal failure.[6, 29, 30]

Cardiac symptoms are thus less reliable for ischaemia diagnosis. The need for a

14
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reliable marker of ischaemia in ESRD is therefore high. This study highlights the

potential of IMA for this purpose.

Study Limitations

The main study limitation was the small sample size. The number of patients with
cardiac deaths was only 10. This is too small for the evaluation of the IMA rise during
DSE as a predictor of mortality by multivariate Cox proportional hazards regression
analysis. Larger scale studies are required to validate our findings and show any
incremental prognostic information IMA provides over existing risk stratification
tools in ESRD. Additional limitations include the absence of a later IMA sample
showing a dynamic return to baseline, and the post hoc application of a cut-point from

exploratory analysis.

Conclusion
IMA rises during dobutamine stress and is a moderately accurate marker of
myocardial ischaemia during stress testing in ESRD. Patients with an IMA rise > 20

KU/L during DSE have significantly worse survival.

15
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FIGURE LEGENDS

Figure 1. ROC Curve for the peak IMA concentration during DSE that predicts an

ischaemic response in patients with ESRD (for abbreviations see text).

Figure 2. ROC Curve for the IMA rise during DSE that predicts an ischaemic

response in patients with ESRD (for abbreviations see text).

Figure 3. Kaplan - Meier Survival according to IMA Rise > 10 KU/L during

dobutamine stress (for abbreviations see text).
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Table 1. Baseline Characteristics

Age (years) 52+12(44-76)
Sex 76 male (67%); 38 female (33%)
Ethnicity Caucasian 51 (45%)

Asian 27 (24%)
AfroCarribean 33 (29%)
Chinese 2; Other 1

Serum Creatinine (umol/L)

608 £272 (254 — 1328)

Serum Haemoglobin (g/L) 102+1.6(8-14)

Cholesterol (mmol/L) 49+1.8(1.4-15)

cTnT (ug/L) 0.08 +£0.05 (0 - 1.08)

IMA (KU/L) 88 +29 (39 — 164)

Serum Albumin (mmol/L) 36+ 7 (21 — 44)

cTnT > 0.05 pg/L 53 (46%)

ESRD cause Diabetes 46 (40%)
Glomerulonephritis 24 (21%)
Hypertension 14 (12%)
APCKD 13 (11%)
Obstructive Uropathy 10 (9%) Other 7 (5%)

Dialysis Modality Predialysis 48 (42%)

Haemodialysis 43 (38%)
Peritoneal Dialysis 23 (20%)

Dialysis Time (months)

2.73+2.19 (0 11)

Previous Transplant 13 (11%)
Cardiac Symptoms 52 (46%)
NYHA Class 1 35 (31%)
NYHA Class 2 17 (15%)
NYHA Class 3 and 4 0
Diabetes 46 (40%) 20 Type 1
26 Type 2
Hypertension 105 (92%)
Raised cholesterol 59 (52%)
Smoker 14 (12%)

Pre-existing Cardiac Disease

Ischaemic Heart Disease 12 (11%)
Heart Failure 10 (8%)

Severe CAD

34 (30%)

Positive DSE Result

35 (31%)

Abbreviations: cTnT, cardiac troponin T; DSE, dobutamine stress echocardiogram;

CAD, coronary artery disease; APCKD, adult polycystic kidney disease; IMA,

ischemia modified albumin; NYHA, New York Heart Association Classification
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Table 2. Biomarker concentrations of patients with and without inducible

ischaemia during DSE

Positive DSE Negative DSE P value

(n=235) (n=179)
Baseline ¢TnT (ug/L) 0.11 £0.07 0.07 £0.05 0.21
cTnT Change (ug/L) 0.01 £0.02 0.01 £0.02 0.73
Baseline IMA (KU/L) 854+ 18.1 87.1 +26.6 0.41
Peak Stress IMA (KU/L) 107.9 £29.1 95.1 £26.5 0.18
IMA Change (KU/L) 26.5+£19.1 82+9.6 0.007
For abbreviations: see text.
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PARAMETER SURVIVORS | NON *P value
SURVIVORS
Number 96 (88%) 18 (16%)
Age 50+ 13 59+ 12 0.05
Male 66 (61%) 10 (55%) 0.69
Female 30 (31%) 8 (44%) 0.61
Smoker 10 (11%) 4 (22%) 0.57
Hypertension 90 (92%) 15 (83%) 0.88
Raised Cholesterol 50 (44%) 9 (50%) 0.71
Diabetes 31 (33%) 15 (83%) <0.001
Previous Renal Transplant 9 (11%) 4 (22%) 0.11
Dialysis 56 (58%) 10 (55%) 0.74
Dialysis Time (months) 2.58 £1.26 2.85+1.66 0.26
Body Mass Index (g/m°) 25+ 16 24+ 10 0.89
Systolic BP (mmHg) 145+ 18 148 + 10 0.66
Diastolic BP (mmHg) 76+ 11 83+9 0.49
Cholesterol (mmol/L) 4.90 +1.24 4.51+1.16 0.32
Haemoglobin (g/dL) 11.2+14 11.7£1.3 0.68
Creatinine (umol/L) 585 +278 646 + 238 0.35
Calcium (mmol/L) 2.35+0.26 2.38£0.23 0.74
Phosphate (mmol/L) 1.74 £ 0.38 1.68 +0.34 0.86
Albumin (mmol/L) 37+ 15 34+ 19 0.37
cTnT (ug/L) 0.07 £0.04 0.16 £0.08 0.02
Peak Stress IMA (KU/L) 88 £ 31 109 +28 0.04
IMA Rise During Stress (KU/L) | 10+ 6 29+ 12 0.009
LVESD (cm) 2.84+0.8 3.7+0.9 0.008
LVEDD (cm) 4.7+0.9 57+1.2 0.007
LVEF (%) 68 +13 52+ 14 0.006
Left Atrium (cm) 3.8+0.6 44+0.7 0.002
Mitral E/Ea Ratio 11.2+4.2 19.1 +£8.2 0.009
Positive DSE Result 25 (26%) 10 (55%) 0.01
Severe CAD 24 (23%) 10 (55%) 0.02

Abbreviations: ¢cTnT, cardiac troponin T; DSE, dobutamine stress echocardiogram;
CAD, coronary artery disease; BP, blood pressure; IMA, ischemia modified albumin;
LVESD, left ventricular end systolic diameter; LVEDD, left ventricular end diastolic

diameter; LVEF, left ventricular ejection fraction.
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Figure 3. Kaplan - Meier Survival According To
IMA Rise > 20 KU/L during dobutamine stress
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