
Abstract. – OBJECTIVE: Crohn’s disease (CD)
is a chronic inflammatory bowel disease that can
affect the entire gastrointestinal tract. Cardiac in-
volvement is considered very rare. Pericarditis,
myocarditis, endocarditis, cardiomyopathy and
complete heart block are some of the cardiac ex-
traintestinal manifestations of CD. The aim of this
study was to explore the left ventricular (LV) func-
tions with two-dimensional (2D) speckle tracking
echocardiography (STE) in patients with CD with
normal cardiac functions.

PATIENTS AND METHODS: We enrolled 50
consecutive patients with CD and 50 age and
sex matched healthy controls. All patients un-
derwent a transthoracic echocardiogram with
evaluation of LV functions with 2D STE.

RESULTS: Baseline characteristics were simi-
lar between patients with CD (24 male, mean
age: 41.0 ± 13.9 years) and controls (24 male,
mean age: 40.1 ± 7.3 years). Although conven-
tional echocardiographic parameters were simi-
lar between two groups, global longitudinal
strain was significantly lower in patients with CD
compared to controls (19.6 ± 3.3 versus 21.2 ±
2.9, p = 0.014). Correlation analysis revealed that
Crohn’s Disease Activity Index is inversely cor-
related with LV global longitudinal strain (r = –
0.703, p < 0.001) in patients with CD. We also
evaluated inflammatory parameters such as
CRP, erythrocyte sedimentation rate, and com-
plete blood counts in patients with CD. Correla-
tion analysis revealed that only platelet value is
weakly correlated with Crohn's Disease Activity
Index (r = 0.311, p = 0.083).

CONCLUSIONS: Crohn’s disease is associat-
ed with impairment in LV global longitudinal
myocardial function. Crohn's Disease Activity
Index is also strongly correlated with LV global
longitudinal strain. 2D-STE may be an useful
method for early detection of LV impairment in
patients with CD.
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Introduction

Crohn’s disease (CD) is a chronic inflamma-
tory bowel disease (IBD) characterized by local
and systemic inflammation and an intermittent
course of disease with periods of flares and re-
mission1,2. Although the underlying mechanism
of CD remains unclear, it is usually related with
an uncontrolled inflammatory immune response
in genetically predisposed individuals3. Previ-
ous studies have shown that systemic inflamma-
tion is one of the causes of increased risk of car-
diovascular disease (CVD) in patients with CD4.
Pericarditis, myocarditis, endocarditis, car-
diomyopathy and complete heart block are
some of the cardiac extraintestinal manifesta-
tions of CD.
Noninvasive techniques such as standard

transthoracic echocardiography indirectly pro-
vide information about left ventricular (LV) glob-
al functions. It provides limited data regarding
changes of LV function in CD. New echocardio-
graphic techniques have been introduced to eval-
uate myocardial mechanics. Speckle tracking
echocardiography (STE) is a new technique that
provides a global approach to LV myocardial me-
chanics, giving information about the three spa-
tial dimensions of cardiac deformation5. The aim
of this study was to explore the left ventricular
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Figure 1. Left ventricular two-dimensional speckle tracking echocardiographic pattern in a patient with Crohn’s disease.
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(LV) functions with two-dimensional (2D) speck-
le tracking echocardiography (STE) in patients
with CD with normal cardiac functions.

Patients and Methods

Study Population
Fifty-five consecutive patients followed by the

Department of Gastroenterology with diagnosis
of CD were enrolled in the study. All patients
were evaluated for Crohn’s disease activity ac-
cording to the Crohn’s Disease Activity Index6.
Inflammatory parameters such as C-reactive pro-
tein levels, erythrocyte sedimentation rate levels,
and complete blood counts were recorded from
the patient’s data. Patients with impairment of
left ventricular systolic function (ejection frac-
tion < 55%), significant valvular heart disease,
cardiomyopathy, history of coronary artery dis-
ease, malignancy, hypertension, hyperlipidemia,
diabetes mellitus and patient with poor
echogenicity were excluded. The remaining 50
patients with CD were included in the study. The
control group included 50 healthy age and sex
matched volunteers free of cardiovascular risk
factors and without any cardiac and systemic dis-
ease. All subjects underwent a resting two di-
mensional (2D) transthoracic echocardiographic
examination to evaluate cardiac function. The in-
vestigation complies with the principles outlined
in the Declaration of Helsinki. The study was ap-

proved by the local Ethics Committee and writ-
ten informed consent was taken from all partici-
pants.

Standard Echocardiography and 2D
Speckle Tracking Echocardiography
Standard echocardiographic examinations

were performed in accordance with the recom-
mendations of the American Society of Echocar-
diography guidelines7 using an ultrasound system
(Vivid 7, General Electric, Horten, Norway).
Two-dimensional speckle tracking echocardio-
graphic data for LV was obtained from the api-
cal-four chamber view. A single cardiac cycle
was stored in cineloop format with a frame rate
of 40-80 Hz for the analysis. The strain data
analysis was performed as previously described8.
The endocardium of LV was manually drawn in
end-systolic single frame, a region of interest
was automatically mapped to the endocardial
border (Figure 1). Only the images that demon-
strated appropriate tracking in all myocardial
segments in echocardiograms were used in the
analysis.

Statistical Analysis
Statistical analyses were performed using

SPSS 20.0 statistical software package (SPSS
Inc., Chicago, IL, USA). Continuous data were
expressed as mean ± standard deviation while
categorical data were presented as number and
percentage of patients. Chi-square and Fisher’s
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Patients with CD (n= 50) Controls (n= 50) p

LAD (mm) 31.4 ± 4.2 32.8 ± 3.5 0.071
Aortic Diameter (mm) 29.0 ± 4.2 28.7 ± 3.5 0.756
LVEDD (mm) 44.3 ± 3.5 45.2 ± 3.3 0.180
LVESD (mm) 27.7 ± 3.1 27.8 ± 3.7 0.906
EF (%) 67.3 ± 7.3 67.1 ± 6.6 0.898
LAA (cm2) 12.7 ± 2.5 12.8 ± 1.8 0.924
RAA (cm2) 11.9 ± 2.4 11.1 ± 1.4 0.374
E Velocity (m/s) 0.72 ± 0.16 0.75 ± 0.11 0.232
A Velocity (m/s) 0.64 ± 0.15 0.64 ± 0.11 0.988
Deceleration Time (msn) 198.1 ± 53.2 193.4 ± 35.3 0.610
e’ velocity (cm/s) 13.7 ± 4.3 12.8 ± 3.1 0.212
a’ velocity (cm/s) 10.2 ± 2.6 9.2 ± 2.7 0.075
Aortic Velocity (m/s) 1.11 ± 0.17 1.12 ± 0.17 0.729

Table I. Comparison of conventional echocardiographic parameters between patients with Crohn’s disease and controls.

*Data are presented as mean ± standard deviation. CD: Crohn’s disease, LAD: Left atrial diameter; LVEDD: Left ventricular
end diastolic diameter; LVESD: Left ventricular end systolic diameter; EF: Ejection fraction; LAA: Left atrial area; RAA:
Right atrial area.

Figure 2. Comparison of left ventricular global longitudi-
nal strain values between patients with Crohn’s disease and
controls.
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cardiac functions. Conventional echocardio-
graphic parameters were similar between two
groups (Table I). We also performed two dimen-
sional speckle tracking echocardiography to fur-
ther evaluation of left ventricular global func-
tions in study population. Although conventional
echocardiographic parameters were similar be-
tween two groups, LV global longitudinal strain
value was significantly lower in patients with CD
(Figure 2). Correlation analysis revealed that
Crohn’s Disease Activity Index is inversely cor-
related with LV global longitudinal strain in pa-
tients with CD (r = –0.703, p < 0.001).

Exact test was used for comparison of categorical
variables while Student-t test or Mann-Whitney
U test were used to compare parametric and non-
parametric continuous variables, respectively.
The correlation of continuous variables was ana-
lyzed by Spearman and Pearson correlation
analysis. Correlation analysis was performed by
Spearman’s correlation test. A value of p < 0.1
was considered statistically significant.

Results

The study population was consisted with 50
patients with CD and 50 healthy controls. Age
and sex distributions were similar between pa-
tients with CD and controls (24 male versus 24
male, mean age: 41.0 ± 13.9 years versus 40.1 ±
7.3 years, p = 1.0, 0.979, respectively). Mean dis-
ease duration of patients was 3.3 ± 2.4 years.
Mean Crohn’s Disease Activity Index score of
patients was 111.6±109.7. While ileal involve-
ment was determined in 18 patients (36%), ilia-
colonic involvement was determined in 22 pa-
tients (44%) and colonic involvement was deter-
mined in 10 patients (20%). We also classified
patients according to behavior of disease as: in-
flammatory status in 31 patients (62%), stenos-
ing in 7 patients (14%), and fistulizing in 12 pa-
tients (24%). Half of patients were treated with
anti TNF drugs and 9 patients underwent surgery
due to intestinal complication.
All study population was evaluated with

transthoracic echocardiography for assessment of
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We evaluated inflammatory parameters such
as CRP, sedimentation, and complete blood
counts in patients with CD. Mean levels of in-
flammatory parameters were shown in Table II.
Correlation analysis revealed that only platelet
value is weakly correlated with Crohn’s Disease
Activity Index (r = 0.311, p = 0.083).

Discussion

We demonstrated that Crohn’s disease is asso-
ciated with impairment in LV global longitudinal
myocardial function. Crohn’s Disease Activity
Index is also strongly correlated with LV global
longitudinal strain. 2D-STE may be useful for
early detection of LV impairment in patients with
CD.
Crohn’s disease is a chronic recurrent gastroin-

testinal disease with an unknown origin and
pathogenesis. It is commonly seen in adolescent
and young adulthood, with peak incidence occur-
ring between 15 and 30 years9-11. CD is a sys-
temic disease associated with extraintestinal
manifestations and complications12,13 due to
chronic inflammatory status and the need of a
longstanding therapy. Previous studies have
shown that the rate of extraintestinal complica-
tions is approximately 40%14-17. Various organs
including skin, eye, joints, biliary tract, lung and
heart can be involves in CD. Cardiac complica-
tions of IBD are rare; the most commonly report-
ed complications are pericarditis (70% of the cas-
es) and myocarditis (10%)18-22. Otherwise, a few
cases of atrioventricular block, amyloidosis of
the heart, cardiomyopathy and endomyocardial
fibrosis have been reported in patients with
IBD23. Although chronic inflammatory diseases
associated with increased risk of atherothrombot-
ic events, IBD remains unclear. In our work, we

found that weakly correlation between Crohn’s
Disease Activity Index and platelet values (r =
0.311, p = 0.083). That finding may be responsi-
ble for increased risk of atherothrombotic events
in patients with CD. On the other hand, our pa-
tients had comparatively lower disease duration
(3.3 ± 2.4 years). Therefore, it may be suggested
that; due to lower disease age; our group patients
may had not enough time to develop overt car-
diovascular disease or any cardiovascular com-
plication related to inflammation of CD. Previous
reports24-26 have shown that some of patients have
advanced thrombotic complications related with
activate coagulation cascade, which can result in
cardiac thrombi, pulmonary embolisms and my-
ocardial infarction. IBD shows many features
with the processes in the arterial wall during pro-
gression of atherosclerosis. Hence, it may result
in atherosclerotic plaque rupture and thrombo-
sis27-29. Atherosclerosis and thromboembolic
complications are the most important causes of
cardiovascular mortality and morbidity in pa-
tients with IBD30. Some drugs including steroids
and 5-aminosalicylic acids have been included in
the etiology of cardiac complications in patient
with IBD. For example, steroids may aggravate
diabetes, hypertension and congestive heart fail-
ure31,32, and 5-aminosalicylic acids may cause of
the pericarditis in patients with IBD19.
Early diagnosis of cardiac involvement is cru-

cial for perform appropriate therapeutic strategies
in patients with systemic inflammatory dis-
ease31,33. Although standard echocardiographic
measurements and tissue Doppler imaging can be
useful to evaluate systolic and diastolic function
of heart, diagnostic value of standard echocardio-
graphy is limited in early phase of cardiac im-
pairment. Therefore, the use of more sensitive
echocardiographic methods may allow the detec-
tion of subclinical LV systolic dysfunction. 2D
STE is a quantitative technique to evaluate my-
ocardial function by analyzing spots on the two-
dimensional gray-scale ultrasound images of my-
ocardium. It is not user dependent and not effect-
ed from angle. STE parameters are not affected
by the movement of heart. STE also provides in-
formation about the segmental wall function34.
Previous studies35-39 have shown that STE is use-
ful method for early detection of LV impairment
in patients with systemic disease.
Our study has several clinical implications. We

showed that patients with CD have subclinical
LV myocardial dysfunction assessed by 2D STE
while conventional echocardiographic parame-
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Patients with
Crohn’s disease

(n = 50)

C-Reactive Protein (mg/dl) 14.2 ± 31.1
Erythrocyte sedimentation rate (mm) 25.0 ± 17.0
Leukocytes (mm-3) 6533.3 ± 1713.6
Hemoglobin (g/dL) 12.7 ± 1.6
Mean corpuscular volume (fL) 87.6 ± 7.6
Platelet (103/mm-3) 269.7 ± 90.8

Table II. Mean levels of inflammatory parameters of pa-
tients with Crohn’s disease.



ters were normal range. To the best of our knowl-
edge, this is the first study in literature to evalu-
ate left ventricular myocardial function with 2D
STE in CD patients. Our results have suggested
that 2D STE may be useful for early detection of
myocardial involvement in patients with CD and
would rather be performed in every patient with
CD suspected from myocardial dysfunction.

Study Limitations
Although the study had a prospective design,

we did not gather data regarding prognosis of the
patient with CD. It would have been better if we
had followed-up the patients and explored the re-
lation between adverse cardiac events and de-
creased LV global strain parameters in patients
with CD. Therefore, further large scale, prospec-
tive studies are needed to gain more information
about impact of Crohn’s disease on cardiovascu-
lar outcome and the best approach to treatment of
such abnormalities.

Conclusions

Crohn’s disease is associated with impairment
in LV global longitudinal myocardial function.
Crohn’s Disease Activity Index is also strongly
correlated with LV global longitudinal strain.
2D-STE may be useful method for early detec-
tion of LV impairment in patients with CD and it
may be part of cardiovascular examination in the
outpatient clinic setting in patients with CD sus-
pected from myocardial dysfunction. Hence,
closer follow-up of patients with CD may prevent
to occurrence of overt CVD.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) DANESE S, FIOCCHI C. Ulcerative colitis. N Engl J
Med 2011; 365: 1713-1725.

2) SOLBERG IC, VATN MH, HOIE O, STRAY N, SAUAR J,
JAHNSEN J, MOUM B, LYGREN I; IBSEN STUDY GROUP.
Clinical course in Crohn’s disease: results of a
Norwegian population-based ten-year follow-up
study. Clin Gastroenterol Hepatol 2007; 5: 1430-
1438.

3) PODOLSKY DK. Inflammatory bowel disease. N Engl
J Med 2002; 347: 417-429.

4) HANSSON GK. Inflammation, atherosclerosis and
coronary artery disease. N Engl J Med 2005; 352:
1685-1695.

5) SITIA S, TOMASONI L, TURIEL M. Speckle tracking
echocardiography: A new approach to myocardial
function.World J Cardiol 2010; 2: 1-5.

6) BEST WR, BECKTEL JM, SINGLETON JW, KERN F. Devel-
opment of a Crohn's disease activity index. Gas-
troenterology 1976; 70: 439-444.

7) CHEITLIN MD, ARMSTRONG WF, AURIGEMMA GP, BELLER
GA, BIERMAN FZ, DAVIS JL, DOUGLAS PS, FAXON DP,
GILLAM LD, KIMBALL TR, KUSSMAUL WG, PEARLMAN AS,
PHILBRICK JT, RAKOWSKI H, THYS DM, ANTMAN EM,
SMITH SC JR, ALPERT JS, GREGORATOS G, ANDERSON JL,
HIRATZKA LF, FAXON DP, HUNT SA, FUSTER V, JACOBS
AK, GIBBONS RJ, RUSSELL RO. ACC/AHA/ASE 2003
guideline update for the clinical application of
echocardiography: summary article. A report of
the American College of Cardiology/American
Heart Association Task Force on Practice Guide-
lines (ACC/AHA/ASE Committee to Update the
1997 Guidelines for the Clinical Application of
Echocardiography). J Am Soc Echocardiogr 2003;
16: 1091-1110.

8) DANDEL M, LEHMKUHL H, KNOSALLA C, SURAMELASHVILI
N, HETZER R. Strain and strain rate imaging by
echocardiography - basic concepts and clinical
applicability. Curr Cardiol Rev 2009; 5: 133-148.

9) HENDRICKSON BA, GOKHALE R, CHO JH. Clinical as-
pects and pathophysiology of inflammatory bowel
disease. Clin Microbiol Rev 2002; 15: 79-94.

10) CHUTKAN RK. Inflammatory bowel disease. Prim
Care 2001; 28: 539-556.

11) HARPER PC, MCAULIFFE TL, BEEKEN WL. Crohn’s dis-
ease in the elderly. A statistical comparison with
younger patients matched for sex and duration of
disease. Arch Intern Med 1986; 146: 753-755.

12) DANESE S, SEMERARO S, PAPA A, ROBERTO I, SCALDA-
FERRI F, FEDELI G, GASBARRINI G, GASBARRINI A. Ex-
traintestinal manifesta-tions in inflammatory
bowel disease. World J Gastroenterol 2005; 11:
7227-7236.

13) NOVACEK G, HAUMER M, SCHIMA W, MÜLLER C,
MIEHSLER W, POLTERAUER P, VOGELSANG H. Aortic mur-
al thrombi in patients with inflammatory bowel dis-
ease: report of two cases and review of the litera-
ture. Inflamm Bowel Dis 2004; 10: 430-435.

14) VELOSO FT, CARVALHO J, MAGRO F. Immune-related
systemic manifestations of inflammatory bowel
disease. A prospective study of 792 patients. J
Clin Gastroenterol 1996; 23: 29-34.

15) DAS KM. Relationship of extraintestinal involve-
ments in in-flammatory bowel disease: new in-
sights into autoimmune pathogenesis. Dig Dis Sci
1999; 44: 1-13.

16) OSHITANI N, WATANABE K, NAKAMURA S, HIGUCHI K,
ARAKAWA T. Extraintestinal complications in pa-
tients with ulcerative colitis. Nippon Rinsho 2005;
63: 874-878.

17) MENDOZA JL, LANA R, TAXONERA C, ALBA C, IZQUIERDO
S, DÍAZ-RUBIO M. Extraintestinal manifestations in

3253

Cardiac impairment in Crohn’s disease



3254

inflammatory bowel disease: differences between
Crohn's disease and ulcerative colitis. Med Clin
(Barc) 2005; 125: 297-300.

18) ABID MA, GITLIN N. Pericarditis--an extraintestinal
complication of inflammatory bowel disease.West
J Med 1990; 153: 314-315.

19) ISHIKAWA N, IMAMURA T, NAKAJIMA K, YAMAGA J, YUCHI
H, OOTSUKA M, INATSU H, AOKI T, ETO T. Acute peri-
carditis associated with 5-aminosalicylic acid (5-
ASA) treatment for severe active ulcerative colitis.
Intern Med 2001; 40: 901-904.

20) MOLNAR T, HOGYE M, NAGY F, LONOVICS J. Pericardi-
tis associated with inflammatory bowel disease:
case report. Am J Gastroenterol 1999; 94: 1099-
1100.

21) OXENTENKO AS, LOFTUS EV, OH JK, DANIELSON GK,
MANGAN TF. Constrictive pericarditis in chronic ul-
cerative colitis. J Clin Gastroenterol 2002; 34:
247-251.

22) PATWARDHAN RV, HEILPERN RJ, BREWSTER AC, DARRAH

JJ. Pleuropericarditis: an extraintestinal complica-
tion of inflammatory bowel disease. Report of
three cases and review of literature. Arch Intern
Med 1983; 143: 94-96.

23) RELLECKE P, STRAUER BE. Chronic inflammatory bowel
disease and cardiovascular complications. Med
Klin (Munich) 2006; 101: 56-60.

24) AHLEHOFF O, GISLASON GH, CHARLOT M, JØRGENSEN
CH, LINDHARDSEN J, OLESEN JB, ABILDSTRØM SZ, SKOV
L, TORP-PEDERSEN C, HANSEN PR. Psoriasis is associ-
ated with clinically significant cardiovascular risk:
a Danish nationwide cohort study. J Intern Med
2011; 270: 147-157.

25) MEUNE C, TOUZE E, TRINQUART L, ALLANORE Y. Trends
in cardiovascular mor tality in patients with
rheumatoid arthritis over 50 years: a systematic
review and meta-analysis of cohort studies.
Rheumatology (Oxford) 2009; 48: 1309-1313.

26) SVENUNGSSON E, JENSEN-URSTAD K, HEIMBURGER M, SIL-
VEIRA A, HAMSTEN A, DE FAIRE U, WITZTUM JL,
FROSTEGÅRD J. Risk factors for cardiovascular dis-
ease in systemic lupus erythematosus. Circula-
tion 2001; 104: 1887-1893.

27) ZITOMERSKY NL, VERHAVE M, TRENOR CC 3RD. Throm-
bosis and inflammatory bowel disease: a call for
improved awareness and prevention. Inflamm
Bowel Dis 2011; 17: 458-470.

28) BAUMGART DC, CARDING SR. Inflammatory bowel dis-
ease: cause and immunobiology. Lancet 2007;
369: 1627-1640.

29) IRVING PM, PASI KJ, RAMPTON DS. Thrombosis and
inflammatory bowel disease. Clin Gastroenterol
Hepatol 2005; 3: 617-628.

30) DORN SD, SANDLER RS. Inflammatory Bowel Dis-
ease is not a risk factor for cardiovascular dis-
ease mortality: Results from a Systematic Review
and Meta-Analysis. Am J Gastroenterology 2007;
102: 662-667.

31) BATY V, BLAIN H, SAADI L, JEANDEL C, CANTON PH. Fa-
tal myocardial infarction in an elderly woman with
severe ulcerative colitis; what is the role of
steroids? Am J Gastroenterol 1998; 93: 2000-
2001.

32) QUERA R, SHANAHAN F. Thromboembolism an im-
portant manifestation of inflammatory bowel dis-
ease. Am J Gastroenterol 2004; 99: 1971-1973.

33) EFREMIDIS M, PRAPPA E, KARDARAS F. Acute myocardial
infarction in a young patient during an exacerba-
tion of ulcerative colitis. Int J Cardiol 1999; 70:
211-212.

34) MONDILLO S, GALDERISI M, MELE D, CAMELI M, LO-
MORIELLO VS, ZACÀ V, BALLO P, D'ANDREA A, MURARU

D, LOSI M, AGRICOLA E, D'ERRICO A, BURALLI S,
SCIOMER S, NISTRI S, BADANO L; ECHOCARDIOGRAPHY
STUDY GROUP OF THE ITALIAN SOCIETY OF CARDIOLOGY
(ROME, ITALY). Speckle-tracking echocardiography:
a new technique for assessing myocardial func-
tion. J Ultrasound Med 2011; 30: 71-83.

35) SPETHMANN S, DREGER H, SCHATTKE S, RIEMEKASTEN G,
BORGES AC, BAUMANN G, KNEBEL F. Two-dimensional
speckle tracking of the left ventricle in patients
with systemic sclerosis for an early detection of
myocardial involvement. Eur Heart J Cardiovasc
Imaging 2012; 13: 863-870.

36) SUNBUL M, DURMUS E, KIVRAK T, YILDIZ H, KANAR BG,
OZBEN B, SARI I, MUTLU B. Left ventricular strain and
strain rate by two-dimensional speckle tracking
echocardiography in patients with subclinical hy-
pothyroidism. Eur Rev Med Pharmacol Sci 2013;
17: 3323-3328.

37) AGGELI C, FELEKOS I, TOUSOULIS D, GIALAFOS E, RAPTI
A, STEFANADIS C. Myocardial mechanics for the ear-
ly detection of cardiac sarcoidosis. Int J Cardiol
2013; 168: 4820-4821.

38) TIGEN K, SUNBUL M, KARAAHMET T, DUNDAR C, OZBEN B,
GULER A, CINCIN A, BULUT M, SARI I, BASARAN Y. Left
ventricular and atrial functions in hypertrophic car-
diomyopathy patients with very high LVOT gradient:
a speckle tracking echocardiographic study.
Echocardiography 2014; 31: 833-841.

39) ALPAYDIN MS, AKSAKAL E, EROL MK, SIM EK Z, AÇIKEL
M, ARSLAN S, GÜNDO DU F, SEVIMLI S, KARAKELLEO LU S.
[Assessment of regional left ventricular functions
by strain and strain rate echocardiography in type
II diabetes mellitus patients without microvascular
complications]. Turk Kardiyol Dern Ars 2011; 39:
378-384.

T. Kivrak, M. Sunbul, A. Cincin, T. Kani, E. Durmus, M. Banzragch, et al.


