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Koroner Mikrodolaşım
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GİRİŞ
Mikrovasküler fonksiyon bozuklukları kardiyovasküler risk faktörlerinin varlı-
ğında makrovasküler tutulumdan önce gelir. Koroner mikrodolaşımın her sevi-
yesi, kalp içindeki farklı fiziksel ve kimyasal kuvvetlerden etkilenir. Bu kuvvetler, 
bu damarlara özel talepler getirir ve karşılığında, metabolik ve akış aracılı vazodi-
latasyon da dahil olmak üzere özel vazodilatör tepkiler tarafından karşılanır. Kal-
bin perfüzyonu da perfüze edilen bölgeden derinden etkilenir. Endokardiyum, 
epikardiyumdan farklı bir şekilde kuvvetlerden, özellikle kalp kasılmasından et-
kilenir. Böylece, mikrosirkülasyon bu talepleri karşılamak için özelleşmiştir.

“Mikro sirkülasyon” terimi, arteriyolleri, kılcal damarları, venülleri ve ayrıca 
ilk lenfatik damarları içeren vücudun terminal damar ağını ifade eder. (Grafik 
1). Ek olarak, termoregülasyon, sıvı dengesi, hücresel değişimin sürdürülmesi ve 
metabolizmadaki benzersiz işlevleri sağlar.

Mikrovasküler fonksiyonun değerlendirilmesinin yeterli olduğu söylenemez (1).

Mikrovasküler Değerlendirme Yöntemleri

Mikroskobik teknikler, deney hayvanlarında mikrodolaşımın yapısı ve işlevi 
hakkında çok şey ortaya koymuştur. Klinik uygulanabilirlikleri nispeten sınır-
lıdır. Retinal görüntülemedeki büyük ilerlemeler ise kardiyovasküler hastalıkta 
mikrovasküler hasarın epidemiyolojisi, patofizyolojisi ve tedavisi hakkında bilgi 
vermektedir.
1	 Doç. Dr., Şahbender Koç SBÜ Ankara Atatürk Sanatoryum EAH, Kardiyoloji Kliniği, 

 sahbenderkoc@hotmail.com, ORCID iD: 0000-0002-6437-0903



GÜNCEL KARDIYOLOJI PRATIĞI

130

KAYNAKLAR
1.	 Marcoccia A, Klein-Weigel PF, Gschwandtner ME, et al. Microcirculatory assessment of vas-

cular diseases. Vasa. 2020 Apr;49(3):175-186. doi: 10.1024/0301-1526/a000851. Epub 2020 
Feb 10. PMID: 32040388.

2.	 Mayr V, Hirschl M, Klein-Weigel P, et al. Arandomized cross-over trial in patients suspected 
of PAD ondiagnostic accuracy of ankle-brachial index by Doppler-based versus four-point 
oscillometry based measurements. Vasa.2019;48:516–22

3.	 Strain WD, Adingupu DD, Shore AC. Microcirculation on a large scale: techniques, tactics 
and relevance of studying the microcirculation in larger population samples.Microcirculati-
on.2011;19:37–46.

4.	 Microcirculation 2020 From Bench to Bedside Maria Dorobantu, Lina Badimon Springer Na-
ture Switzerland AG 2020 https://doi.org/10.1007/978-3-030-28199-1

5.	 Beyer AM, Gutterman DD. Regulation of the human coronary microcirculation. J Mol Cell 
Cardiol. 2012;52:814–21

6.	 Pries AR, Reglin B.Coronary microcirculatory pathophysiology: can we afford it to remain a 
black box? Eur Heart J. 2017;38:478–88.

7.	 Rakusan K, Flanagan MF, Geva T et al. Morphometry of human coronary capillaries during 
normal growth and the effect of age in left ventricular pressureoverload hypertrophy. Circu-
lation. 1992;86:38–46.

8.	 Kaneko N, Matsuda R, Toda M, et al. Three-dimensional reconstruction of thehuman ca-
pillary network and the intramyocardial micronecrosis. AmJPhysiolHeartCircPhysiol. 
2011;300:H754–61.

9.	 Heusch G, Baumgart D, Camici P, et al. Alpha-adrenergic coronary vasoconstriction and 
myocardial ischemia in humans. Circulation. 2000;101:689–94.

10.	 Davis MJ. Perspective: physiological role(s) of the vascular myogenic response. Microcircula-
tion. 2012;19:99–114

11.	 Vanhoutte PM, Shimokawa H, Feletou M, et al.. Endothelial dysfunction and vascular disease 
- a 30th anniversary update. Acta Physiol (Oxf). 2017;219:22–96.

12.	 Gimbrone MAJ, Garcia-Cardena G. Endothelial cell dysfunction and the pathobiology of at-
herosclerosis. Circ Res. 2016;118:620–36.

13.	 Garland CJ, Dora KA. EDH: endothelium-dependent hyperpolarization and microvascular 
signalling. Acta Physiol (Oxf). 2017;219:152–61

14.	 Siragusa M, Fleming I. The eNOS signalosome and its link to endothelial dysfunction. Pflu-
gers Arch. 2016;468:1125–37.

15.	 Bagher P, Segal SS. Regulation of blood flow in the microcirculation: role of conducted vaso-
dilation. Acta Physiol (Oxf). 2011;202:271–84.

16.	 Straub AC, Zeigler AC, Isakson BE. The myoendothelial junction: connections that deliver 
the message. Physiology (Bethesda). 2014;29:242–9.

17.	 de Marchi SF, Gloekler S, Rimoldi SF, , et al. Microvascular response tometabolic and pressure 
challenge in the human coronary circulation. Am J Physiol Heart CircPhysiol. 2011;301:H434–
41

18.	 Deussen A, Ohanyan V, Jannasch A, et al. Mechanisms of metabolic coronary flow regulation. 
J Mol Cell Cardiol. 2012;52:794–801.

19.	 Duncker DJ, Stubenitsky R, Verdouw PD. Autonomic control of vasomotion in the porcine-
coronary circulation during treadmill exercise - evidence for feed-forward beta-adrenergic 
control. Circ Res. 1998;82:1312–22.

20.	 Goodwill AG, Dick GM, Kiel AM, Tune JD. Regulation of coronary blood flow. Compr Phy-
siol. 2017;7(2):321–82.

21.	 Jones CJ, Kuo L, Davis MJ, Chilian WM. Distribution and control of coronary microvascular 
resistance. Adv Exp Med Biol. 1993;346:181–8



Koroner Mikrodolaşım

131

22.	 Duncker DJ, Bache RJ. Regulation of coronary blood flow during exercise. Physiol Rev. 
2008;88(3):1009–86.

23.	 Thorp AA, Schlaich MP. Relevance of sympathetic nervous system activation in obesity and 
metabolic syndrome. J Diabetes Res. 2015;2015:341583.

24.	 Goodwill AG, Dick GM, Kiel AM, Tune JD. Regulation of coronary blood flow. Compr Phy-
siol. 2017;7(2):321–82.

25.	 Beyer AM, Zinkevich N, Miller B et al. Transition in the mechanism of flow-mediated dilati-
on with aging and development of coronary artery disease. Basic Res Cardiol. 2017;112(1):5.

26.	 Davies PF. Hemodynamic shear stress and the endothelium in cardiovascular pathophysio-
logy. Nat Clin Pract Cardiovasc Med. 2009;6(1):16–26.

27.	 VanBavel E, Bakker EN, Pistea A, et al. Mechanics of microvascular remodeling. Clin Hemor-
heol Microcirc. 2006;34(1–2):35–41.

28.	 Patel MR, Peterson ED, Dai D et al. Low diagnostic yield of elective coronary angiography. N 
Engl J Med. 2010;362(10):886–95.

29.	 Duncker DJ, Koller A, Merkus D, et al. Regulation of coronary blood flow in health and ische-
mic heart disease. Prog Cardiovasc Dis. 2015;57(5):409–22.

30.	 Sorop O, Merkus D, de Beer VJ, et al. Functional and structural adaptations of coronary mic-
rovessels distal to a chronic coronary artery stenosis. Circ Res. 2008;102(7):795–803

31.	 Jaffe R, Charron T, Puley G, et al. Microvascular obstruction and the no-reflow phenomenon 
after percutaneous coronary intervention. Circulation. 2008;117(24):3152–6

32.	 Wu MY, Yiang GT, Liao WT, et al. Current mechanistic concepts in ischemia and reperfusion 
injury. Cell Physiol Biochem. 2018;46(4):1650–67

33.	 Haitsma DB, Bac D, Raja N, et al. Minimal impairment of myocardial blood flow responses 
to exercise in the remodeled left ventricle earlyafter myocardial infarction, despite significant 
hemodynamic and neurohumoral alterations.Cardiovasc Res. 2001;52:471–28.

34.	 Duncker DJ, de Beer VJ, Merkus D. Alterations in vasomotor control of coronary resistance-
vessels in remodelled myocardium of swine with a recent myocardial infarction. Med Biol Eng 
Comput. 2008;46(5):485–97.

35.	 Berwick ZC, Dick GM, Tune JD. Heart of the matter: coronary dysfunction in metabolic 
syndrome. J Mol Cell Cardiol. 2012;52(4):848–56.

36.	 Bairey Merz CN, Pepine CJ, Walsh MN, et al. Ischemia and no obstructive coronary artery 
disease (INOCA): developing evidence-based therapies and research agenda for the next de-
cade. Circulation. 2017;135(11):1075–92

37.	 Setty S, Sun W, Tune JD. Coronary blood flow regulation in the prediabetic metabolic synd-
rome. Basic Res Cardiol. 2003;98(6):416–23

38.	 Kachur S, Morera R, De Schutter A, Lavie CJ. Cardiovascular risk in patients with prehyper-
tension and the metabolic syndrome. Curr Hypertens Rep. 2018;20(2):15

39.	 Crea F, Camici PG, Bairey Merz CN. Coronary microvascular dysfunction: an update. Eur 
Heart J. 2014;35:1101–11.

40.	 Bugiardini R, Bairey Merz CN. Angina with “normal” coronary arteries: a changing philosop-
hy. JAMA. 2005;293:477–84.

41.	 Montalescot G, Sechtem U, Achenbach S, Task Force Members, et al. 2013 ESC guidelines on 
the management of stable coronary artery disease. Eur Heart J. 2013;34:2949–3003

42.	 Bekkers SC, Backes WH, Kim RJ, et al. Detection and characteristics of microvascular obstru-
ction in reperfused acute myocardial infarction using an optimized protocol for contrasten-
hanced cardiovascular magnetic resonance imaging. Eur Radiol. 2009;19:2904–12.

43.	 Lepper W, Hoffmann R, Kamp O, et al. Assessment of myocardial reperfusion by intravenous 
myocardial contrast echocardiography and coronary flow reserve after primary percutaneo-
ustransluminal coronary angiography in patients with acute myocardial infarction. Circula-
tion.2000;101:2368–74.



GÜNCEL KARDIYOLOJI PRATIĞI

132

44.	 De Waha S, Patel MR, Granger CB, et al. Relationshipbetween microvascular obstruction and 
adverse events following primary percutaneous coronary intervention for ST-segment eleva-
tion myocardial infarction: an individual patient datapooled analysis from seven randomized 
trials. Eur Heart J. 2017;38:3502–10.

45.	 Bajrangee A, Collison D, Oldroyd KG. Resistance to flow in the coronary microcirculation: 
we can measure it but what does it mean? EuroIntervention. 2017;13:901–3.

46.	 Maiocchi S, Alwis I, Wu MCL, et al.. Thromboinflammatory functions of platelets 
in ischemia-reperfusion injury and its dysregulation in diabetes. Semin Thromb He-
most.2018;44(2):102–13.

47.	 Pachel C, Mathes D, Arias-Loza AP, et al. Inhibitionof platelet GPVI protects against myocar-
dial ischemia-reperfusion injury. Arterioscler ThrombVasc Biol. 2016;36(4):629–35

48.	 Owen MK, et al. Perivascular adipose tissue potentiates contraction of coronary vascular 
smooth muscle: influence of obesity. Circulation. 2013;128(1):9–18

49.	 Niccoli G, Scalone G, Crea F. Acute myocardial infarction with no obstructive coronary athe-
rosclerosis: mechanisms and management. Eur Heart J. 2015;36:475–81

50.	 Pasupathy S, Air T, Dreyer RP, Tavella R, Beltrame JF. Systematic review of patients presen-
ting with suspected myocardial infarction and nonobstructive coronary arteries. Circulati-
on.2015;131:861–70.

51.	 Mohri M, Koyanagi M, Egashira K, et al. Anginapectoris caused by coronary microvascular 
spasm. Lancet. 1998;351:1165–9.

52.	 Arrebola-Moreno AL, Arrebola JP, Moral-Ruiz A, et al. Coronary microvascular spasm trig-
gers transient ischemic left ventricular diastolic abnormalities in patients with chest pain and 
angiographically normal coronary arteries. Atherosclerosis. 2014;236:207–14

53.	 Napp LC, Ghadri JR, Bauersachs J, et al. Acute coronary syndrome or Takotsubo cardiomyo-
pathy: the suspect may not always be the culprit. Int J Cardiol. 2015;187:116–9.

54.	 Mahrholdt H, Wagner A, Deluigi CC, et al. Presentation, patterns of myocardialdamage, and 
clinical course of viral myocarditis. Circulation. 2006;114:1581–90.

55.	 Sastry S, Riding G, Morris J, et al.Young AdultMyocardial Infarction and Ischemic Stroke: 
the role of paradoxical embolism and thrombophilia (The YAMIS Study). J Am Coll Cardiol. 
2006;48:686–9

56.	 Maron MS, et al. The case for myocardial ischemia in hypertrophic cardiomyopathy. J Am Coll 
Cardiol. 2009;54(9):866–75

57.	 Herrmann J, Kaski JC, Lerman A. Coronary microvascular dysfunction in the clinical settin-
g:from mystery to reality. Eur Heart J. 2012;33(22):2771–82.

58.	 den Uil CA, Lagrand WK, van der Ent M, et al. Impaired microcirculation predicts poor 
outcome of patients with acute myocardial infarction complicated by cardiogenic shock. Eur 
Heart J. 2010;31(24):3032–9.

59.	 Harjola VP, Mullens W, Banaszewski M,et al.Organ dysfunction, injury and failure inacute 
heart failure: from pathophysiology to diagnosis and management. A review on behalfof the 
Acute Heart Failure Committee of the Heart Failure Association (HFA) of the European So-
ciety of Cardiology (ESC). Eur J Heart Fail. 2017;19(7):821–36.


