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Background: Coronary artery disease (CAD) is prevalent but very difficult to diagnose in hemodialysis (HD) patients compared with non-
uremic individuals.

Objectives: The aim of this study was to detect undiagnosed ischemic heart disease (IHD) using dipyridamole myocardial perfusion
imaging (MPI) in HD patients.

Patients and Methods: In this cross-sectional descriptive study, HD patients who met the inclusion criteria were selected. Demographic,
clinical, and paraclinical data were obtained via interviews and medical records. Bedside electrocardiography, resting echocardiography,
and nuclear MPI with dipyridamole were done. The data were analyzed using descriptive statistical methods for detecting the prevalence
of undiagnosed IHD in the HD patients. The chi-square test and the independent t-test were used to identify the high-risk HD patients.
Results: Sixty-nine HD patients were studied using dipyridamole MPI with Tc 99 m sestamibi. The mean age, body mass index, and mean
duration of HD were 52.1 + 13.8 years, 21.23 + 4.79 kg/m?, and 48.2 + 34.9 months, respectively. The patients were divided into two groups
based on MPI: IHD-positive group (21.7%) and IHD-negative group (78.3%). IHD was more prevalent in the patients with diabetes mellitus,
hypertension, positive family history of CAD, low HD adequacy index (Kt/V < 1.2), left ventricular hypertrophy, high intact parathyroid
hormone levels, electrocardiographic abnormalities, and low ferritin levels. A statistically significant correlation was also detected
between IHD and aging (P < 0.05).

Conclusions: The prevalence of undiagnosed IHD in the HD patients was considerable. We, therefore, suggest that IHD be assessed in HD
patients, especially those at high risk due to positive family history of CAD, hypertension, left ventricular hypertrophy, diabetes mellitus,
Kt/V <1.2,low ferritin levels, and high levels of intact parathyroid hormone.
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1. Background

Despite advancements in dialysis technology, coronary
artery disease (CAD)is still one of the most common causes

Hypertension and other CAD risk factors such as dia-
betes mellitus, hyperlipidemia, aging, male gender, and

of morbidity and mortality among hemodialysis (HD) pa-
tients (1-3). The prevalence of asymptomatic undiagnosed
ischemic heart disease (IHD) in HD patients appears to rise
commensurately with the increasing age and prevalence
of diabetes in the HD population. The absence of ischemic
symptoms is generally attributed to diabetic and uremic
autonomic neuropathy, although it is especially driven
by reduced exercise capacity in the dialysis population.
Unlike in the general population, the lack of angina does
not imply the absence of hemodynamically significant ste-
nosis. The continuous presence of silent ischemia may be
responsible for the development of heart failure, arrhyth-
mias, and sudden death in HD patients (4).

physical inactivity are more common in HD patients.
These traditional CAD risk factors are found in a large
proportion of HD patients (1, 5-7). HD patients are also
susceptible to IHD because of other additional risk fac-
tors such as anemia, hyperuricemia, homocysteinemia,
hypoalbuminemia, and chronic oxidative stress (7-9).
Whereas these medical conditions are not common in
non-HD IHD patients, they are prevalent among IHD pa-
tients with HD and play a well-documented role in the
development of IHD in this group of patients (1,10-14).
Screening of HD patients for IHD has not been consid-
ered a standard medical practice so far. However, such
screening is applied not only to patients with abnormal

Copyright © 2015, Iranian Society of Echocardiography. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCom-
mercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0[) which permits copy and redistribute the material just in noncommercial us-
ages, provided the original work is properly cited.



Nikparvar M et al.

electrocardiograms (ECG) or clinical coronary sign await-
ing a kidney allograft but also to those with diabetes mel-
litus (8,11, 14). Coronary angiography remains the most ef-
fective method for the detection of CAD; and despite the
remarkable risk of side-effects in this group of patients
and its high expenses, it is still generally deemed a stan-
dard method (2, 3). Noninvasive methods for CAD evalua-
tion have yielded different results in HD patients (15). Us-
ing chest pain and other symptoms or ECG abnormalities
in dialyzed patients does not seem to be sufficient because
chest pain is a particularly poor marker. Significant num-
bers of dialyzed patients with IHD have no symptom, and
one-third of those suffering from chest pain show normal
coronary arteries in angiography (3). The exercise test even
with myocardial perfusion imaging (MPI) is limited due
to the inability of HD patients to do exercise. Considering
the increase in blood pressure during exercise and prob-
lems in the interpretation of ECG tracing obtained via the
exercise test in the presence of left ventricular hypertro-
phy (LVH), MPI with dipyridamole or adenosine or stress
echocardiography for patients unable to exercise (e.g. HD
patients) can be useful (15-17). Moreover, some studies have
shown that for the prediction of cardiac mortality or fatal
[HD in HD patients, MPI with dipyridamole is more accu-
rate than that with dobutamine (8, 16). A meta-analysis by
Rabbat et al. (17) in 2003 reported that stress imaging was
practical and useful for predicting CAD mortality and mor-
bidity in the dialyzed patients selected for kidney trans-
plantation. Yet, it is not clear whether this method is as
accurate as coronary angiography.

Dahan et al. evaluated the prognostic value and diag-
nostic accuracy of the combined dipyridamole exercise
imaging in their diabetic patients and concluded that this
method was accurate for determining coronary artery ste-
nosis in order to predict future coronary events (8). Hase et
al.(10)inJapan utilized MPI and reported a CAD rate of 25%.

2. Objectives

Thus, the current study aimed to detect IHD using MPI
with dipyridamole and its related factors among HD
patients.

3. Patients and Methods

3.1. Study Population

One hundred twenty-five HD patients with more than a
one-year history of HD in a tertiary center, Iran, in 2011,
were screened for undiagnosed IHD. The inclusion crite-
ria were comprised of: 1) candidacy for kidney transplan-
tation; 2) age > 45 years for men and > 55 years for wom-
en; 3) positive history of diabetes mellitus; 4) chronic
hypertension; 5) current smoking habit; and 6) triglycer-
ide > 200 mg/dL or high-density lipoprotein < 35 mg/dL.
Patients who had a history of angiography, proven myo-
cardial infarction, history of dipyridamole MPI in the pre-

ceding year, and typical chest pain were excluded from
the study. All the patients were on bicarbonate-based HD.
Totally, 107 out of the 125 HD patients met the criteria.
Among the 107 participants, 3 individuals opted out, 6 re-
ceived kidney transplantation, 9 died, 13 were non-coop-
erative,and 7 were unable to complete the perfusion scan
because of asthma or severe pulmonary hypertension. Fi-
nally, a complete scan was performed in 69 patients.

3.2. Stress Technetium Procedure

MPI was carried out at rest and stress stages. Using a stan-
dardized protocol, calcium channel blockers and nitrate
were stopped 24 - 72 and 24 - 48 hours before the stress
stage of the procedure, respectively, and beta blockers
were stopped 48 hours before it. The patients were also ad-
vised to limit their caffeine, nitrate (existing in preserved
foods), and methylxanthine consumption in the 24-hour
period and to fast 4 hours before the stress stage. A day
after HD, the study population underwent examination.
All the patients had 2-day dipyridamole stress/rest Tc 99 m
sestamibi single-photon emission computed tomography
(SPECT). On the first day, 560 - 740 MBq of Tc 99 m sestamibi
was injected intravenously 4 minutes after the infusion of
0.56 mg/kg of dipyridamole during 4 minutes.

Post-stress tomographic images were obtained 60 - 90
minutes later in the supine position using a single-head
gamma camera (Single Head Genesys®, ADAC) equipped
with a low-energy, high-resolution collimator, setting the
energy photopeak to 140 keV with a 20% symmetric win-
dow. Thirty-two projections were acquired for 25 sec per
view over a 180°-arc commencing from the left posterior
oblique view to the right anterior oblique view.

A zoom factor of 1.45 was used. The rest images were ob-
tained on a separate day 60 - 90 minutes after an intrave-
nous injection of 560 - 740 MBq of Tc 99 m sestamibi in
the supine position with the same acquisition protocol.
The images were stored in a 64 x 64 matrix in the comput-
er and reconstructed by filtered back-projection using a
Butterworth filter (cut-off value was 0.35 cycle/cm and
order was 5). No attenuation correction was applied. All
the reconstructed images were interpreted by one expe-
rienced nuclear medicine specialist without knowledge
of the clinical and ECG data.

The stress and rest tomograms were evaluated visu-
ally with respect to defect reversibility and considered as
normal, completely reversible, fixed, and partially revers-
ible. All the scans with completely or partially reversible
perfusion defects or fixed defects (except those due to
breast or diaphragmatic attenuation effect, specified as
a negative scan by the nuclear medicine specialist) were
considered positive for IHD. The normal scans and those
with defects due to attenuation effects were considered
negative for IHD.

The 17-segment model (including 6 basal, 6 mid-ventric-
ular, and 4 apical segments in the short-axis slices and
1 additional mid-ventricular apical slice in the vertical
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long-axis) was used for describing the extension of the
defects on MPI. However, no semi-quantitative assess-
ment of perfusion or gated study for the evaluation of the
functional parameters was performed.

3.3. Other Parameters

Dialysis adequacy (Kt/V) was estimated using the follow-
ing Daugirdas Equation:

K S BUN, ., 35xBUN, UE,
(1) 3 Daugirdas = —In (BUN"W —(0.008 x 19)) + (4 - BUNP: > X <7Wcight;m>

Kt/V is defined as the dialyzer clearance of urea (K, ob-
tained from the manufacturer in mL/minute, and pe-
riodically measured and verified by the dialysis team)
multiplied by the duration of the dialysis treatment (t,
in minute) divided by the volume of the distribution of
urea in the body (V, in mL), which is approximately equal
to the total body water (18).

All the patients were evaluated via ECG (specific and
nonspecific ischemic change) and echocardiographic ex-
aminations. All the laboratory variables are reported as
means of 6 months’ measurements.

3.4. Statistical Methods

Descriptive analysis was conducted to process the de-
scriptive outcomes such as the prevalence of CAD and
its related factors among the HD patients. The frequency
method was calculated to describe the categorical vari-
ables. The estimation of the means and standard devia-
tion was performed to describe the continuous variables.
Then, analytical methods such as the independent t-test

and the chi-square test were used to estimate any signifi-
cant differences in some factors between the IHD-positive
and IHD-negative groups. All the statistical analyses were
carried out using IBM SPSS Statistics 20 for Windows (IBM
Inc., Armonk, NY).

4.Results

Sixty-nine out of the 125 HD patients with no proven
history of CAD were assessed. The mean age of the study
population was 52.1£13.8 years. Men accounted for 47.8% of
the study population. The duration of HD was 48.2 + 34.9
months. The etiologies of renal failure were glomerular dis-
ease (7.2%), polycystic kidney disease (2.9%), diabetes mel-
litus (33%), and hypertension (18%). Moreover, 18.8% of the
patients were categorized as having undefined etiologic
conditions. The prevalence of a positive family history of
CAD and history of smoking, as two important risk factors
for renal disease, were 28.5% and 9%, respectively. Seventy-
three per cent of the patients had Kt/V <1.2 (Table1).

According to the perfusion scan results, 21.7% of the
study population had IHD. To explore the potential ef-
fects of some clinical characteristics (Table 1) on the IHD
results, we compared the IHD and non-IHD patients con-
cerning some clinical data. There were some differences
in the laboratory findings between the two groups (Table
2). The results showed that Kt/V < 1.2 (86.7% vs. 54%; P <
0.05), diabetes mellitus (31% vs. 26%; P < 0.05), ECG abnor-
malities (QRS, ST, and T), and, importantly, low ferritin
levels and high intact parathyroid hormone (iPTH) levels
were more prevalent in the HD patients with IHD. Hyper-
tension (P = 0.012) and LVH (P = 0.001) were significantly
higher in the IHD group as well (Table 3).

Table 1. Baseline Characteristics of the Hemodialysis Patients @

Characteristics Descriptive Results
Age,y 52.1+£13.8
Male 33(47.8)
Dialysis duration, mo 48.2+34.9
Glomerular disease 5(7.2)
Polycystic kidney 2(2.9)
Diabetes mellitus 21(30)
Hypertension 12 (18)
Smoking 6(9)
Undefined conditions 13 (18.8)
Positive family history 20(28.5)
Low hemodialysis adequacy index, Kt/V <1.2 50 (73)
Left ventricular hypertrophy according to echocardiography 40 (58)
Body mass index, kg/m? 21.23£4.79

2 values are presented as mean + SD or No. (%).
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Table 2. Comparison of the Mean of Some Clinical and Laboratory Data Between the IHD and Non-IHD Groups ¢

Ischemic Heart Disease PValue
Yes (n=27) No (n=98)
Hematocrit (mg/dL) 16.38 + 6.59 16.15 £ 6.50 0.24
Low hemodialysis adequacy index, Kt/V <1.2 0.92+0.25 114+ 0.50 0.01
Blood pressure before dialysis, mm Hg 129.3+22.9 142.2+19.4 0.02
Age,y 58.20+9.41 50.88 £14.10 0.001
Duration of dialysis, mo 30.6 £23.1 53.2+36.2 0.006
Hemoglobin, mg/dL 8.80£1.43 8.97+1.46 0.88
Fasting blood sugar, mg/dL 141.7£76.3 116.9 £ 60 0.001
Triglyceride, mg/dL 128.2£63.9 124.8+85.4 0.01
High-density lipoprotein, mg/dL 36.07£10.00 39.30+15.27 0.023
Low-density lipoprotein, mg/dL 93.01+38.99 80.56 £29.49 0.03
Total cholesterol, mg/dL 1593 £52.8 144.0604 £39.6 0.01
Ferritin, mg/dL 202.18 £244.50 441.19 £ 464.04 0.001
Intact parathyroid hormone, pg/mL 318.23 £479.16 252.34 +250.51 0.001
Left ventricular ejection fraction in echocardiography, % 50.7£10.3 53.7+9.7 0.012
Body mass index, kg/m? 22214621 18.87+ 4.27 0.01
2 Abbreviation: IHD, Ischemic heart disease.
Values are presented as mean + SD.
Table 3. Frequency of Some Important Risk Factors in the IHD and Non-IHD Groups @
Risk Factors IHD Group (n=27) b NonIHD Group (n=98) b P Value
Male 10 (66.7) 23 (42.6) 0.001
HIN 12 (80) 39(72) 0.012
Positive family history 5(33.3) 10 (18.5) 0.016
Diabetes 7(31) 14 (26) 0.04
ECG abnormality 11(73.8) 14 (26.2) 0.001
LVH in echocardiography 9(59.3) 18 (33.3) 0.001
Low hemodialysis adequacy index, Kt/V <1.2 13 (86.7) 30(56) 0.001

2 Abbreviations: ECG, Electrocardiography; HTN, Hypertension; IHD, Ischemic heart disease; and LVH, Left ventricular hypertrophy.

Values are presented as No. (%).

5. Discussion

The present study showed that Kt/V < 1.2, diabetes, ECG
abnormalities, and, crucially, low ferritin levels and high
iPTH levels were more prevalent in the HD patients with
IHD detected by dipyridamole MPI. Also significantly
prevalent among the IHD patients, by comparison with
the non-IHD patients, were hypertension and LVH.

Almost half of the deaths reported in patients with end-
stage renal disease (ESRD) are due to cardiovascular dis-
eases, and CAD can be found in 38% - 40% of the patients
who start HD (19). The risk of death due to cardiovascular
diseases is reported to be 100 times higher in ESRD pa-
tients who have received a kind of HD than that in age-,
gender-, and race-matched healthy people (6). In a pro-
spective study on 130 HD asymptomatic patients, signifi-
cant coronary artery stenosis was reported in 71% of the
study population (19).

There is no clearly approved accurate method to analyze

zIHD in HD patients. Angiography is a standard diagnostic
method to diagnose IHD, but its use is limited by its pro-
hibitive costs, especially for HD patients (8). The exercise
test is also restricted in HD patients with IHD owing to
their diminished capability to exercise secondary to ane-
mia and muscular atrophy and non-cardiac exercise limi-
tations (e.g. peripheral vascular disease). In addition, the
rise in blood pressure during activity in hypertensive pa-
tients and difficulty in interpreting the electrical tracings
in patients with LVH render the use of the exercise test lim-
ited (19). Noninvasive tests can provide useful information
for risk stratification in chronic IHD patients (19). Current-
ly, the sensitivity and specificity of the diagnosis of occlu-
sive IHD with gated SPECT is 91% and 72%, respectively (16).
In the present study, the incidence rate of IHD in the
study group was approximately 21.7%, whereas this rate in
other studies such as those by Resic et al. (1) and Hase et al.
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(10) in Japan was reported at around 25%. What needs to be
taken into consideration is that the purpose of the current
study was to detect undiagnosed IHD using dipyridamole
MPI in HD patients; accordingly, patients having under-
gone angiography or MPI study in the preceding year were
excluded. This seems to be the main reason for the differ-
ence between the current study and the other ones.

Our results demonstrated that the diabetic patients and
those with Kt/V < 1.2 had more positive IHD results, which
is compatible with the results of the study by Soubassi et
al. (20). It means that these two HD patient groups need
further assessment for CAD. Repeated clinical assessments
with short interval follow-ups for these groups are, there-
fore, strongly advised. This finding was compatible with
the low level of blood pressure before HD in the IHD-pos-
itive group found in our study and may be the cause of hy-
potensive episodes during HD, which could compromise
the quality of HD. Our two study groups were not statisti-
cally significantly different in terms of the body mass in-
dex, which may be secondary to low HD quality and high
prevalence of underweight patients in both groups.

The high iPTH and C-reactive protein levels were high-
er in our IHD-positive group, but the levels of the for-
mer were significantly different between the two study
groups (P = 0.001), which is consistent with the findings
of the study by Soubassi et al. (20). The difference regard-
ing C-reactive protein may be due to the lower number of
patients in our study.

HD duration was lower in our IHD-positive group. This
finding may be in consequence of the higher age in this
group and delay in starting HD. This finding was not
compatible with the results of the study by Soubassi et
al. (20). The frequency of LVH in echocardiography was
significantly higher in our IHD-positive group (59.3% vs.
33.3%; P=0.05), which chimes in with the findings report-
ed by Soubassi et al. (20).

ECG abnormalities (ST, T,and QRS) were evaluated in our
study because ECG changes mimicking myocardial isch-
emia or myocardial infarction may also occur in ESRD
patients. For example, ST depression and T-wave inver-
sion may be caused by LVH or electrolyte abnormalities
and shifts. Elevation of the ST segment may occur with
pericarditis or LVH. In addition, Q waves may be caused
by LVH resulting from septal hypertrophy (19). The preva-
lence of ECG abnormalities was higher in our IHD-posi-
tive group (P=0.001). Anemia was not significantly differ-
ent between our two study groups, which may be due to
the high incidence of anemia in our patients secondary
to multifactorial causes. Nevertheless, the ferritin level
was lower in the IHD-positive group significantly. It may
be due to poor evaluation and follow-up by physicians
and higher rates of malnutrition in these patients. There
was no statistically significant association between CAD
and the presence of other traditional risk factors.

Accordingly, noninvasive MPI methods, including di-
pyridamole MPI, are suggested in HD patients for the
evaluation of IHD, especially in high-risk groups with
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male gender, hypertension, positive family history of
premature CAD, high levels of iPTH, and Kt/V <1.2. Given
the unreliability of ECG and even echocardiography in
the detection of IHD in patients whose disease could be
silent, a better approach for the screening and diagnosis
of IHD seems necessary.

5.1. Limitation

The salient limitation in the present study is its small pop-
ulation, which precludes the generalizability of its results
to all ESRD patients. The findings, therefore, require confir-
mation by future studies with larger sample volumes.

Given the prevalence of asymptomatic undiagnosed IHD
in HD patients owing to atypical chest pain, silent isch-
emia, and infeasibility of functional capacity assessment,
it is vitally important that IHD be diagnosed in this group
of patients early so that CAD-related mortality and mor-
bidity could be decreased. HD patients with diabetes melli-
tus, hypertension, Kt/V <1.2, LVH, positive family history of
CAD, lower ferritin levels, and high iPTH levels have a larg-
er burden of coronary risk factors, rendering them suscep-
tible to IHD. The traditional risk factors are not completely
useful indictors of IHD in HD patients. Consequently, our
efforts should be focused on measurable improvements in
cardiovascular outcomes in these patients.

Acknowledgements

The authors hereby thank cardiovascular research cen-
ter and nuclear imaging center, Hormozgan university of
medical sciences, Bandar Abbas, IR Iran, for its support.

Funding/Support

Cardiovascular research center and nuclear imaging
center, Hormozgan university of medical sciences, Ban-
dar Abbas, IR Iran.

References

1. Resic H, Prnjavorac B, Masnic F, Ajanovic S, Kukavica N, Beciragic
A. Evaluation and treatment of cardiovascular diseases in pa-
tients on hemodialysis-single center experience. Med Glas (Ze-
nica). 2011;8(1):158-62.

2. Brown JH, Hunt LP, Vites NP, Short CD, Gokal R, Mallick NP. Com-
parative mortality from cardiovascular disease in patients with
chronic renal failure. Nephrol Dial Transplant. 1994;9(8):1136-42.

3. London GM. Cardiovascular disease in chronic renal failure:
pathophysiologic aspects. Semin Dial. 2003;16(2):85-94.

4. De Vriese AS, Vandecasteele S], Van den Bergh B, De Geeter FW.
Should we screen for coronary artery disease in asymptomatic
chronic dialysis patients? Kidney Int. 2012;81(2):143-51.

5. Zoccali C, Mallamaci F, Tripepi G. Traditional and emerging car-
diovascular risk factors in end-stage renal disease. Kidney Int
Suppl. 2003(85):5105-10.

6. Cheung AK, Sarnak MJ, Yan G, Dwyer JT, Heyka R], Rocco MV, et al.
Atherosclerotic cardiovascular disease risks in chronic hemodi-
alysis patients. Kidney Int. 2000;58(1):353-62.

7. Himmelfarb ], Stenvinkel P, Ikizler TA, Hakim RM. The elephant
in uremia: oxidant stress as a unifying concept of cardiovascular
disease in uremia. Kidney Int. 2002;62(5):1524-38.

8. Dahan M, Viron BM, Faraggi M, Himbert DL, Lagallicier B], Kolta
AM, et al. Diagnostic accuracy and prognostic value of combined



Nikparvar M et al.

1.

12.

13.

14.

dipyridamole-exercise thallium imaging in hemodialysis pa-
tients. Kidney Int.1998;54(1):255-62.

Goldsmith DJ, Covic A. Coronary artery disease in uremia: Etiol-
ogy, diagnosis, and therapy. Kidney Int. 2001;60(6):2059-78.

Hase H, Nakamura R, Ui K, Imamura Y, Inishi Y, Jyoki N, et al. [Risk
factors for coronary artery disease in Japanese patients with
chronic renal failure]. Nihon Jinzo Gakkai Shi. 1993;35(6):751-6.
Sarnak MJ, Levey AS, Schoolwerth AC, Coresh ], Culleton B, Hamm
LL, etal. Kidney disease as arisk factor for development of cardio-
vascular disease: a statement from the American Heart Associa-
tion Councils on Kidney in Cardiovascular Disease, High Blood
Pressure Research, Clinical Cardiology, and Epidemiology and
Prevention. Circulation. 2003;108(17):2154-69.

Stenvinkel P, Pecoits-Filho R, Lindholm B. Coronary artery dis-
ease in end-stage renal disease: no longer a simple plumbing
problem. J Am Soc Nephrol. 2003;14(7):1927-39.

Herzog CA. How to manage the renal patient with coronary
heart disease: the agony and the ecstasy of opinion-based medi-
cine. ] Am Soc Nephrol. 2003;14(10):2556-72.

Delos Santos RB, Gmurczyk A, Obhrai ]S, Watnick SG. Car-

15.

16.

17.

18.

19.

20.

diac evaluation prior to kidney transplantation. Semin Dial.
2010;23(3):324-9.

McCullough PA. Evaluation and treatment of coronary artery
disease in patients with end-stage renal disease. Kidney Int Suppl.
2005(95):S51-8.

Vesely MR, Dilsizian V. Nuclear cardiac stress testing in the era of
molecular medicine. ] Nucl Med. 2008;49(3):399-413.

Rabbat CG, Treleaven DJ, Russell |D, Ludwin D, Cook DJ. Prognos-
tic value of myocardial perfusion studies in patients with end-
stage renal disease assessed for kidney or kidney-pancreas trans-
plantation: a meta-analysis. ] Am Soc Nephrol. 2003;14(2):431-9.
Kdoqi , National Kidney Foundation . KDOQI Clinical Practice
Guidelines and Clinical Practice Recommendations for Anemia in
Chronic Kidney Disease. Am | Kidney Dis. 2006;47(5 Suppl 3):S11-145.
Baig SZ, Coats WC, Aggarwal KB, Alpert MA. Assessing cardiovas-
cular disease in the dialysis patient. Adv Perit Dial. 2009;25:147-54.
Soubassi LP, Papadakis ED, Theodoropoulos IK, Poulos GD, Chani-
otis D, Tsapakidis IP, et al. Incidence and risk factors of coronary
artery disease in patients on chronic hemodialysis. Int J Artif Or-
gans.2007;30(3):253-7.

Arch Cardiovasc Imaging. 2015;3(2):e29470



