
5 Diagnostische Koronarangiografie 

[1]   Dodge JT Jr, Brown BG, Bolson EL et al. 
Lumen diameter of normal human coro-
nary arteries. Influence of age, sex, anato-
mic variation, and left ventricular hyper-
trophy or dilation. Circulation 6:232–246, 
1992 

[2]   Hamm CW, Albrecht A, Bonzel T et al. 
 Diagnostische Herzkatheteruntersuchung. 
Clin Res Cardiol 97:475–512, 2008. Erra-
tum in: Clin Res Cardiol 97:925, 2008 

[3]   Buck T. Manual zur Indikation und 
Durchführung der Echokardiographie. 
Clin Res Cardiol Suppl 4:3–51, 2009 

[4]   Krause W. Über den Ursprung einer akzes-
sorischen A. coronaria cordis aus der A. 
pulmonalis. Z Ratl Med 24:225–227, 1865 

[5]   Said SA, Landman GH. Coronary-pulmo-
nary fistula: long-term follow-up in opera-
ted and non-operated patients. Int J Car-
diol 27:203–210, 1990 

[6]   Alkhulaifi AM, Horner SM, Pugsley WB 
et al. Coronary artery presenting with bac-
terial endocarditis. Ann Thorac Surg 
60:202–204, 1995 

[7]   Willerson JT. Coronary artery anomalies. 
Coronary morphogenesis. From diagnosis 
to surgical management. Texas Heart In-
stitut J 29:241−313, 2002 

[8]   Gräni C, Buechel RR, Kaufmann PA et al. 
Multimodality imaging in individuals 
with anomalous coronary arteries. JACC 
Cardiovasc Imag 10:471−481, 2017 

[9]   Cheezum MK, Liberthson RR, Shah NR 
et al. Anomalous aortic origin of a coro-
nary artery from the inappropriate sinus 
of valsalva. J Am Coll Cardiol 
69:1592−1608, 2017 

[10] Hillis LD, Smith PK, Anderson JL et al. 
2011 ACCF/AHA Guideline for Coronary 
Artery Bypass Graft Surgery. J Am Coll 
Cardiol 58:e123−210, 2011 

[11] Warnes CA, Williams RG, Bashore TM 
et al. ACC/AHA 2008 guidelines for the 
management of adults with congenital 
heart disease: a report of the American 

College of Cardiology/American Heart As-
sociation Task Force on Practice Guide-
lines (Writing Committee to Develop 
Guidelines on the Management of Adults 
With Congenital Heart Disease). J Am Coll 
Cardiol 52:e143−263, 2008 

[12] Van Hare GF, Ackerman MJ, Evangelista 
JA et al. Eligibility and disqualification re-
commendations for competitive athletes 
with cardiovascular abnormalities: task 
force 4: congenital heart disease: a scienti-
fic statement from the American Heart As-
sociation and American College of Cardio-
logy. J Am Coll Cardiol 66:2372−2384, 
2015 

[13] Erbel R, Neuhaus KL, Spiller P et al. The 
effect of contrast medium injection into 
the left ventricle on systolic and diastolic 
ventricle function. Z Kardiol 5:305–318, 
1976 

[14] Erbel R, Schweizer P, Lambertz H et al. 
Echoventriculography – a simultaneous 
analysis of two-dimensional echocardio-
graphy and cineventriculography. Circula-
tion 67:205−215, 1983 

[15] Weinsaft JW, Kim HW, Crowley AL et al. 
LV thrombus detection by routine echo-
cardiography: insights into performance 
characteristics using delayed enhance-
ment CMR. JACC Cardiovasc Imaging 
4:702−712, 2011 

[16] Herman MV, Haniel RA, Klein MD et al. 
Localized disorders in myocardial contrac-
tion. Asynergy and its role in congestive 
heart failure. N Engl J Med 277:222−232, 
1967 

[17] Dyer R. Thoracic aortography. In: Hand-
book of basic vascular and interventional 
radiology. Churchill Livingstone. New 
York 1993 

[18] Natsis KI, Tsitouridis IA, Didagelos MV 
et al. Anatomical variations in the bran-
ches of the human aortic arch in 633 an-
giographies: clinical significance and lite-

L | 29Kapitel 5



rature review. Surg Radiol Anat 31:319–
323, 2009 

[19] Sarkar K, Sharma SK, Kini SA. Catheter se-
lection for coronary angiography and in-
tervention in anomalous right coronary 
arteries. J Interv Cardiol 22:234–239, 2009 

[19a] Donisan T, Sayed L. Dual ostia right co-
ronary artery: a newly described coronary 
anomaly. JACC Cardiovasc Interv 14:e69–
70, 2021 

[20] Kuon E, Dahm JB, Robinson DM et al. Ra-
diation-reducing planning of cardiac ca-
theterisation. Z Kardiol 94:663−673, 2005 

[21] Kuon E, Weitmann K, Hoffmann W et al. 
Efficacy of a mini course in radiation-re-
ducing techniques in invasive cardiology: 
a multicenter field study. JACC Cardio-
vasc Interv 7:382−390, 2014 

[22] Kuon E, Weitmann K, Hummel A et al. 
 Latest-generation catheterization systems 
enable invasive submillisievert coronary 
angiography. Herz 40 Suppl 3:233−239, 
2015 

[23] Kuon E, Felix SB, Weitmann K et al. 
Long-term strategies support autonomy in 
radiation safety in invasive cardiology. 
J Cardiol 68:43−48, 2016 

[24] King SB 3rd, Smith SC Jr, Hirshfeld JW Jr 
et al. 2007 focused update of the ACC/ 
AHA/ SCAI 2005 guideline update for per-
cutaneous coronary intervention: a report 
of the American College of Cardiology/ 
American Heart Association Task Force on 
Practice guidelines. J Am Coll Cardiol 
51:172−209, 2008 

[25] West R, Ellis G, Brooks N. Complications 
of diagnostic cardiac catheterization: re-
sults from a confidential inquiry into car-
diac catheter complications. Heart 2:810–
814, 2006 

[26] Applegate RJ, Sacrinty MT, Kutcher MA 
et al. Trends in vascular complications af-
ter diagnostic cardiac catheterization and 
percutaneous coronary intervention via 
the femoral artery, 1998 to 2007. JACC 
Cardiovasc Interv 1 :317−326, 2008 

[27] Gregory D, Midodzi W, Pearce N. Compli-
cations with Angio-Seal™ vascular closure 
devices compared with manual compres-
sion after diagnostic cardiac catheteriza-
tion and percutaneous coronary interven-
tion. J Interv Cardiol 26:630−638, 2013 

[28] El-Ghanem M, Malik AA, Azzam A et al. 
Occurrence of femoral nerve injury 
among patients undergoing transfemoral 

percutaneous catheterization procedures 
in the United States. J Vasc Interv Neurol 
9:54−58, 2017 

[29] Scanlon PJ, Faxon DP, Audet AM et al. 
ACC/AHA guidelines for coronary angio-
graphy: executive summary and recom-
mendations. A report of the American 
College of Cardiology/American Heart As-
sociation Task Force on Practice Guide-
lines (Committee on Coronary Angiogra-
phy) developed in collaboration with the 
Society for Cardiac Angiography and In-
terventions. Circulation 99:2345−2357, 
1999 

[30] TIMI study group. The Thrombolysis in 
Myocardial Infarction (TIMI) trial: phase 1 
findings. N Engl J Med 312:932–936, 1985 

[31] Gibson CM, Cannon CO, Murphy SA 
et al. Relationship of TIMI Myocardial Per-
fusion Grade to mortality after adminis-
tration of thrombolytic drugs. Circulation 
101:125–130, 2000 

[32] Gibson CM, Cannon CP, Daley WL et al. 
TIMI frame count: a quantitative method 
of assessing coronary artery flow. Circula-
tion 3:879–888, 1996 

[33] Medina A, Suarez de Lezo J, Pan M. A new 
classification of coronary bifurcation lesi-
ons. REV Esp Cardiol 8:199–204, 2006 

[34] Louvard Y, Thomas M, Dzavik V et al. 
Classification of coronary artery bifurca-
tion lesions and treatments: time for a 
consensus. Catheter Cardiovasc Interv 
71:175–183, 2008 

[35] Zlotnick DM, Ramanath VS, Brown JR 
et al. Classification and treatment of coro-
nary artery bifurcation lesions: putting 
the Medina classification to the test. Car-
diovasc Revasc Med 13:228−233, 2012 

[36] Ferenc M, Neumann FJ. Towards a lesion-
specific approach to percutaneous coro-
nary intervention for bifurcation lesions, 
Eur Heart J 41:2537–2540, 2020 

[37] Rentrop K, Cohen M, Blanke H et al. 
Changes in collateral filling immediately 
following controlled coronary occlusion 
by an angioplasty balloon in man. J Am 
Coll Cardiol 5:587–592, 1985 

[38] Serruys PW, Morice MC, Kappetein P et al. 
Percutaneous coronary intervention ver-
sus coronary-artery bypass grafting for se-
vere coronary artery disease. N Engl J Med 
60:961–972, 2009 

[39] Reyman HC. Dissertationem inauguralem 
de vasis cordis propriis, 1–32. Medizini-

L | 30 5 Diagnostische Koronarangiografie



sche Dissertation. Universität Göttingen, 
1737 

[40] Black S. A case of angina pectoris with a 
dissection. Men Med Soc Lond 6–41, 1805 

[41] Geiringer E. The mural coronary. Am 
Heart J 41:359–368, 1951 

[42] Möhlenkamp S, Eggebrecht H, Ebralidze T 
et al. Muskelbrücken der Koronararterien: 
mögliche ischämierelevante Normvarian-
ten. Herz 30:37–47, 2005 

[43] Ge J, Erbel E, Görge G et al. High wall 
shear stress proximal to myocardial brid-
ging and atherosclerosis: intracoronary ul-
trasound and pressure measurements. 
Heart 73:462–465, 1995 

[44] Malek AM, Alper SL, Izumo S. Hemodyna-
mic shear stress and its role in atheroscle-
rosis. JAMA 282:2035–2042, 1999 

[45] Erbel R, Ge J, Möhlenkamp S. Myocardial 
bridging: a congenital variant as an anato-
mic risk factor for myocardial infarction? 
Circulation 120:357–359, 2009 

[46] Ge J, Jeremias A, Rupp A et al. New signs 
characteristic of myocardial bridging de-
monstrated by intracoronary ultrasound 
and Doppler. Eur Heart J 20:1707−1716, 
1999 

[47] Böse D, Philipp S. High-resolution ima-
ging of myocardial bridging. N Engl J Med 
58:392, 2008 

[48] Eggebrecht H, Möhlenkamp S. Myocardial 
bridging. N Engl J Med 349:1047, 2003 

[49] Qian JY, Zhang F, Dong M et al. Preva-
lence and characteristics of myocardial 
bridging in coronary angiogram – data 
from consecutive 5525 patients. Chin 
Med J (Engl) 122:632−635, 2009 

[50] Wang MH, Sun AJ, Qian JY et al. Myocar-
dial bridging detection by non-invasive 
multi-slice spiral computed tomography: 
comparison with intravascular ultra-
sound. Chin Med J (Engl) 121:17−21, 
2008 

[51] Klues HG, Schwarz ER, vom Dahl J et al. 
Disturbed intracoronary hemodynamics 
in myocardial bridging: early normaliza-
tion by intracoronary stent placement. 
Circulation 96:2905−2913, 1997 

[52] Jeremias A, Haude M, Ge J et al. Notfall-
mäßige Stent-Implantation in dem Be-
reich einer ausgedehnten Muskelbrücke 
des Ramus interventricularis anterior nach 
postinterventioneller Dissektion. Z Kar-
diol 6:367–372, 1997 

[53] Tandar A, Whisenant BK, Michaels AD. 
Stent fracture following stenting of a myo-
cardial bridge: a report of two cases. Ca-
theter Cardiovasc Interv 71:191–196, 2008 

[54] Daoud AS, Pankin D, Tulgan H et al. 
Aneurysms of the coronary artery: report 
of ten cases and review of literature. Am J 
Cardiol 11:228–237, 1963 

[55] Ge J, Liu F, Kearney P et al. Intravascular 
ultrasound approach to the diagnosis of 
coronary artery aneurysms. Am Heart J 
130:765–771, 1995 

[56] Fukazawa R, Kobayashi T, Mikami M et al. 
Nationwide survey of patients with giant 
coronary aneurysm secondary to kawasaki 
disease 1999−2010 in Japan. Circ J 
82:239−246, 2017 

[57] Chen PT, Lin MT, Chen YS et al. Compu-
ted tomography predict regression of co-
ronary artery aneurysm in patients with 
Kawasaki disease. J Formos Med Assoc 
116:806−814, 2017 

[58] Jurado-Román A, López-Lluva MT, Sán-
chez-Pérez I et al. Coronary artery aneu-
rysm after mini-crush drug-eluting stent 
technique in a chronic total occlusion. 
J Invasive Cardiol 29:e81−82, 2017 

[59] Wainstein RV, Araujo GN, Valle FH et al. 
Coronary artery aneurysm after bioresor-
bable scaffold implantation. J Invasive 
Cardiol 29:e79−80, 2017 

[60] Mehran R, Ambrose JA, Bongu RM et al. 
Angioplasty of complex lesions in ische-
mic rest angina: results of the Thromboly-
sis and Angioplasty in Unstable Angina 
(TAUSA) trial. J Am Coll Cardiol 
26:961−966, 1995 

[61] Breuckman F, Nassenstein K, Boese D 
et al. Successful nitinol stent implantation 
in a large coronary aneurysm: post-inter-
ventional patency assessment by magne-
tic resonance imaging. Intern J Cardiovasc 
Imag 22:501–505, 2006 

[62] Núñez-Gil IJ, Nombela-Franco L, Bagur R 
et al. Rationale and design of a multicen-
ter, international and collaborative Coro-
nary Artery Aneurysm Registry (CAAR). 
Clin Cardiol 40:580−585, 2017 

[63] Vanzetto G, Berger-Coz E, Barone-Ro-
chette G et al. Prevalence, therapeutic ma-
nagement and medium-term prognosis of 
spontaneous coronary artery dissection: 
results from a database of 11,605 patients. 
Eur J Cardiothorac Surg 35:250−254, 2009 

L | 315 Diagnostische Koronarangiografie Kapitel 5



[64] Hering D, Piper C, Hohmann C et al. Pro-
spective study of the incidence, pathoge-
nesis and therapy of spontaneous, by co-
ronary angiography diagnosed coronary 
artery dissection, Z Kardiol 87:961−970, 
1998 

[65] Tweet MS, Hayes SN, Codsi E et al. Spon-
taneous coronary artery dissection asso-
ciated with pregnancy. J Am Coll Cardiol 
70:426−435, 2017 

[66] Pretty HC. Dissecting aneurysm of coro-
nary artery in a woman aged. Brit Med J 
42:1, 1931 

[67] Saw J. Spontaneous coronary artery dissec-
tion. Can J Cardiol 29:1027−1033, 2013 

[68] Kwon TG, Gulati R, Matsuzawa Y et al. 
Proliferation of coronary adventitial vasa 
vasorum in patients with spontaneous co-
ronary artery dissection. JACC Cardiovasc 
Imaging 9:891−892, 2016 

[69] Saw J, Poulter R, Fung A et al. Sponta-
neous coronary artery dissection in pa-
tients with fibromuscular dysplasia: a case 
series. Circ Cardiovasc Interv 5:134−137, 
2012 

[70] Fahmy P, Prakash R, Starovoytov A et al. 
Pre-disposing and precipitating factors in 
men with spontaneous coronary artery 
dissection. JACC Cardiovasc Interv 
9:866−868, 2016 

[71] Henkin S, Negrotto SM, Tweet MS et al. 
Spontaneous coronary artery dissection 
and its association with heritable connec-
tive tissue disorders. Heart 102:876−881, 
2016 

[72] Goel K, Tweet M, Olson TM et al. Familial 
spontaneous coronary artery dissection: 
evidence for genetic susceptibility. JAMA 
Intern Med 175:821−826, 2015 

[73] Böse D, Eggebrecht H, Churzidse S et al. 
1-antitrypsin deficiency associated iatro-
genic coronary artery dissection during 
intra coronary ultrasound examination. 
Herz 28:779, 2003 

[74] Kordish I, Philipp S, Böse D et al. Dissec-
tion of the right coronary artery as a com-
plication after the IVUS procedure. Herz 
32:573−577, 2007 

[75] Adlam D, Alfonso F, Maas A et al., Writing 
Committee. European Society of Cardio-
logy, acute cardiovascular care associa-
tion, SCAD study group: a position paper 
on spontaneous coronary artery dissec-
tion. Eur Heart J 39:3353–3368, 2018 

[76] Luong C, Starovoytov A, Heydari M et al. 
Clinical presentation of patients with 
spontaneous coronary artery dissection. 
Catheter Cardiovasc Interv 89:1149−1154, 
2017 

[77] Saw J. Coronary angiogram classification 
of spontaneous coronary artery dissection. 
Catheter Cardiovasc Interv 84:1115−1122, 
2014 

[78] Saw J, Sedlak T, Ganesh SK et al. Cardio-
logy patient page. Spontaneous coronary 
artery dissection (SCAD). Circulation 
131:e3−5, 2015 

[79] Arnold JR, West NE, van Gaal WJ et al. 
The role of intravascular ultrasound in the 
management of spontaneous coronary ar-
tery dissection. Cardiovasc Ultrasound 
6:24, 2008 

[80] Kearney P, Erbel R, Ge J et al. Assessment 
of spontaneous coronary artery dissection 
by intravascular ultrasound in a patient 
with unstable angina. Cathet Cardiovasc 
Diagn 32:58−61, 1994 

[81] Baumgart D, Liu F, Haude M et al. Acute 
plaque rupture and myocardial stunning 
in patient with normal coronary arterio-
graphy. Lancet 346(8968):193−194, 1995 

[82] Maehara A, Mintz GS, Castagna MT et al. 
Intravascular ultrasound assessment of 
spontaneous coronary artery dissection. 
Am J Cardiol 89:466−468, 2002 

[83] Auer J, Punzengruber C, Berent R et al. 
Spontaneous coronary artery dissection 
involving the left main stem: assessment 
by intravascular ultrasound. Heart 90:e39, 
2004 

[84] Ohlmann P, Weigold G, Kim SW et al. 
Images in cardiovascular medicine. Spon-
taneous coronary dissection: computed 
tomography appearance and insights 
from intravascular ultrasound examina-
tion. Circulation 113:e403−405, 2006 

[85] Alfonso F, Canales E, Aleong G. Sponta-
neous coronary artery dissection: diagno-
sis by optical coherence tomography. Eur 
Heart J 30:385, 2009 

[86] Ishibashi K, Kitabata H, Akasaka T. Intra-
coronary optical coherence tomography 
assessment of spontaneous coronary ar-
tery dissection. Heart 95:818, 2009 

[87] Poon K, Bell B, Raffel OC et al. Sponta-
neous coronary artery dissection: utility of 
intravascular ultrasound and optical cohe-
rence tomography during percutaneous 

L | 32 5 Diagnostische Koronarangiografie



coronary intervention. Circ Cardiovasc In-
terv 4:e5−7, 2011 

[88] Alfonso F, Paulo M, Gonzalo N et al. Diag-
nosis of spontaneous coronary artery dis-
section by optical coherence tomography. 
J Am Coll Cardiol 59:1073−1079, 2012 

[89] Paulo M, Sandoval J, Lennie V et al. Com-
bined use of OCT and IVUS in sponta-
neous coronary artery dissection. JACC 
Cardiovasc Imaging 6:830−832, 2013 

[90] Giacoppo D, Capodanno D, Dangas G 
et al. Spontaneous coronary artery dissec-
tion. Int J Cardiol 175:8−20, 2014 

[91] Hoshi T, Sato A, Hiraya D et al. Multimo-
dality intracoronary imaging in sponta-
neous coronary artery dissection: impacts 
of intravascular ultrasound, optical cohe-
rence tomography, and coronary angios-
copy. Catheter Cardiovasc Interv 
81:e151−154, 2013 

[92] Torres-Ayala SC, Maldonado J, Bolton JS 
et al. Coronary computed tomography an-
giography of spontaneous coronary artery 
dissection: a case report and review of the 
literature. Am J Case Rep 16:130−135, 
2015 

[93] Manghat NE, Morgan-Hughes GJ, Roobot-
tom CA. Spontaneous coronary artery dis-
section: appearance and follow-up on 
multi-detector row CT coronary angiogra-
phy. Clin Radiol 60:1120–1125, 2005 

[94] Russo V, Marrozzini C, Zompatori M. 
Spontaneous coronary artery dissection: 
role of coronary CT angiography. Heart, 
99:672−673, 2013 

[95] Tweet MS, Gulati R, Williamson EE et al. 
Multimodality imaging for spontaneous 
coronary artery dissection in women. 
JACC Cardiovasc Imaging 9:436−450, 
2016 

[96] Eleid MF, Tweet MS, Young PM et al. 
Spontaneous coronary artery dissection: 
challenges of coronary computed tomo-
graphy angiography. Eur Heart J Acute 
Cardiovasc Care 7(7):609–613, 2018 

[97] Alzand BSN, Vanneste L, Fonck D et al. 
Spontaneous coronary artery dissection 
undissolved using cardiac computed to-
mography. Int J Cardiol 222:1040−1041, 
2017 

[98] Nakashima T1, Noguchi T, Morita Y et al. 
Detection of intramural hematoma and 
serial non-contrast T1-weighted magnetic 
resonance imaging findings in a female 

patient with spontaneous coronary artery 
dissection. Circ J 77:2844−2845, 2013 

[99] Saw J, Aymong E, Sedlak T et al. Sponta-
neous coronary artery dissection: associa-
tion with predisposing arteriopathies and 
precipitating stressors and cardiovascular 
outcomes. Circ Cardiovasc Interv 
7:645−655, 2014 

[100] Rogowski S, Maeder MT, Weilenmann D 
et al. Spontaneous coronary artery dissec-
tion: angiographic follow-up and long-
term clinical outcome in a predominantly 
medically treated population. Catheter 
Cardiovasc Interv 89:59−68, 2017 

[101] Nakashima T, Noguchi T, Haruta S et al. 
Prognostic impact of spontaneous coro-
nary artery dissection in young female pa-
tients with acute myocardial infarction: A 
report from the Angina Pectoris-Myocar-
dial Infarction Multicenter Investigators 
in Japan. Int J Cardiol 207:341−348, 2016 

[102] Saw J, Humphries K, Aymong E et al. 
Spontaneous coronary artery dissection: 
clinical outcomes and risk of recurrence. 
J Am Coll Cardiol 70:1148−1158, 2017 

[103] Marijona E, Fressonnet R, Haggui A et al. 
Spontaneous coronary dissection of the 
left main stem after intense physical acti-
vity – Regression under conservative stra-
tegy. Int J Cardiol 128:e16–18, 2018 

[104 ] Zupan I, Noc M, Trinkaus D et al. Dou-
ble vessel extension of spontaneous left 
main coronary artery dissection in young 
women treated with thrombolytics. Ca-
theter Cardiovasc Interv 52:226−230, 
2001 

[105] Goh AC, Lundstrom RJ. Spontaneous co-
ronary artery dissection with cardiac tam-
ponade. Tex Heart Inst J 42:479−482, 
2015 

[106] Shamloo BK, Chintala RS, Nasur A et al. 
Spontaneous coronary artery dissection: 
aggressive vs. conservative therapy. J Inva-
sive Cardiol 22:222−228, 2010 

[107] Byrne RA, Rossello X, Coughlan JJ et al. 
ESC Scientific Document Group. 2023 
ESC Guidelines for the management of 
acute coronary syndromes. Eur Heart J 
44:3720–3826, 2023 

[108] Saw J, Mancini GB, Humphries KH. Con-
temporary review on spontaneous coro-
nary artery dissection. J Am Coll Cardiol 
68:297–312, 2016 

L | 335 Diagnostische Koronarangiografie Kapitel 5



[109] Tweet MS, Gulati R, Hayes SN. Sponta-
neous coronary artery dissection. Curr 
Cardiol Rep 18:60 (1−6), 2016 

[110] Combaret N, Souteyrand G, Amonchot A 
et al. Contribution of guidance by optical 
coherence tomography (OCT) in rescue 
management of spontaneous coronary ar-
tery dissection. Eur Heart J Cardiovasc 
Imaging 14:714, 2013 

[111] Bento AP, Fernandes RG, Neves DC et al. 
Spontaneous coronary dissection: „Live 
Flash“ optical coherence tomography gui-
ded angioplasty. Case Rep Cardiol 
2016:5643819, 2016 

[112] Mori H, Kutys R, Romero M et al. Sten-
ting of spontaneous coronary artery dis-
section from a pathological point of view. 
Circ Cardiovasc Interv 9(12):e004549, 
2016 

[113] Mahr P, Ge J, Haude M et al. Extramural 
vessel wall hematoma causing a reduced 
vessel diameter after coronary stenting: 
 diagnosis by intravascular ultrasound and 
treatment by stent implantation. Cathet 
Cardiovasc Diagn 43:438−443, 1998 

[114] Lempereur M, Fung A, Saw J. Stent mal-
apposition with resorption of intramural 
hematoma with spontaneous coronary ar-
tery dissection. Cardiovasc Diagn Ther 
5:323−329, 2015 

[114a] Motreff P, Ronchard T, Sanguineti F 
et al. Coronary artery fenestration: a pro-
mising technique for rescue management 
of spontaneous intramural hematoma 
with luminal compression. JACC Cardio-
vasc Interv 11:1902−1907, 2018 

[115] Martins JL, Afreixo V, Santos L et al. 
Medi cal treatment or revascularisation as 
the best approach for spontaneous coro-
nary artery dissection: A systematic review 
and meta-analysis. Eur Heart J Acute Car-
diovasc Care 7(7):614–623, 2018 

[116] Tweet MS, Hayes SN, Pitta SR et al. Clini-
cal features, management, and prognosis 
of spontaneous coronary artery dissection. 
Circulation 126:579–588, 2012 

[117] Lettieri C, Zavalloni D, Rossini R et al. 
Management and long-term prognosis of 
spontaneous coronary artery dissection. 
Am J Cardiol 116:66–73, 2015 

[118] Tweet MS, Hayes SN, Pitta SR et al. Clini-
cal features, management, and prognosis 
of spontaneous coronary artery dissection. 
Circulation 126:579–588, 2012 

[119] Eleid MF, Guddeti RR, Tweet MS et al. 
Coronary artery tortuosity in spontaneous 
coronary artery dissection: angiographic 
characteristics and clinical implications. 
Circ Cardiovasc Interv 7:656−662, 2014 

[120] Toggweiler S, Puck M, Thalhammer C 
et al. Associated vascular lesions in pa-
tients with spontaneous coronary artery 
dissection. Swiss Med Wkly 142:w13538, 
2012 

[121] Liang JJ, Prasad M, Tweet MS et al. A no-
vel application of CT angiography to de-
tect extracoronary vascular abnormalities 
in patients with spontaneous coronary 
 artery dissection. J Cardiovasc Comput 
Tomogr 8:189−197, 2014 

[122] Prasad M, Tweet MS, Hayes SN et al. Pre-
valence of extracoronary vascular abnor-
malities and fibromuscular dysplasia in 
patients with spontaneous coronary artery 
dissection. Am J Cardiol 115:1672–1677, 
2015 

[123] Persu A, Van der Niepen P, Touze E et al. 
Revisiting fibromuscular dysplasia: ratio-
nale of the European fibromuscular dys-
plasia initiative. Hypertension 68:832–
839, 2016 

[123a] Khiatah B, Jazayeri S, Yamamoto N 
et al. Cardiovascular disease in women: 
A review of spontaneous coronary artery 
dissection. Medicine (Baltimore). 
101:e30433, 2022 

[123b] Alfonso F, de la Torre Hernández JM, 
Ibáñez B et al. Rationale and design of the 
BA-SCAD (Beta-blockers and Antiplatelet 
agents in patients with Spontaneous 
Coro nary Artery Dissection) randomized 
clinical trial. Rev Esp Cardiol (Engl Ed). 
75:515–522, 2022 

[124] Iga K, Gen H, Tomonaga G et al. Reversi-
ble left ventricular wall motion impair-
ment caused by pheochromocytoma: a 
case report. Jpn Circ J 53:813−818, 1989 

[125] Sato TH, Uchida T, Dote K et al. Tako-
tsubo-like left ventricular dysfunction due 
to multivessel coronary spasm. In: Ko-
dama K, Haze K, Hori M (Eds), Clinical 
Aspect of Myocardial Injury: From Ische-
mia to Heart Failure. Tokyo, Japan: Kaga-
kuhyoronsha Publishing Co; 56−64, 1990 

[126] Ghadri J-R, Wittstein IS, Prasad A et al. 
International expert consensus document 
on takotsubo syndrome (part i): clinical 
characteristics, diagnostic criteria, and pa-

L | 34 5 Diagnostische Koronarangiografie



thophysiology. Eur Heart J 39:2032−2046, 
2018 

[127] Natterson-Horowitz B, Bowers K. Wir 
sind Tier. Was wir von den Tieren für un-
sere Gesundheit lernen können. Mün-
chen: Knaus 2014 

[128] Ghadri JR, Sarcon A, Diekmann J et al. 
Happy heart syndrome: role of positive 
emotional stress in Takotsubo syndrome. 
Eur Heart J 37, 2823–2829, 2016 

[129] Desmet WJ, Adriaenssens BF, Dens JA. 
Apical ballooning of the left ventricle: 
first series in white patients. Heart 
89:1027−1031, 2003 

[130] Wittstein IS, Thiemann DR, Lima JA 
et al. Neurohumoral features of myocar-
dial stunning due to sudden emotional 
stress. N Engl J Med 352:539−548, 2005 

[131] Prasad A, Dangas G, Srinivasan M et al. 
Incidence and angiographic characteris-
tics of patients with apical ballooning 
syndrome (takotsubo/stress cardiomyo-
pathy) in the HORIZONS-AMI trial: an 
analysis from a multicenter, international 
study of ST-elevation myocardial infarc-
tion. Catheter Cardiovasc Interv 
83:343−348, 2014 

[132] Bybee KA, Prasad A, Barsness GW et al. 
Clinical characteristics and thrombolysis 
in myocardial infarction frame counts in 
women with transient left ventricular api-
cal ballooning syndrome. Am J Cardiol 
94:343−346, 2004 

[133] Redfors B, Vedad R, Angerås O et al. Mor-
tality in takotsubo syndrome is similar to 
mortality in myocardial infarction – A re-
port from the SWEDEHEART registry. Int J 
Cardiol 185:282−289, 2015 

[134] Nascimento FO, Larrauri-Reyes MC, San-
tana O et al. Comparison of stress cardio-
myopathy in hispanic and non-hispanic 
patients. Rev Esp Cardiol (Engl Ed) 
66:67−68, 2013 

[135] Schlossbauer SA, Ghadri JR, Templin C. 
Takotsubo-Syndrom – ein häufig verkann-
tes Krankheitsbild. Praxis (Bern 1994) 
105(20):1185−1192, 2016 

[136] Amariles P, Cifuentes L. Drugs as possi-
ble triggers of Takotsubo cardiomyopathy: 
a comprehensive literature search-update 
2015. Curr Clin Pharmacol 11:95−109, 
2016 

[137] Ederhy S, Cautela J, Ancedy Y et al. Tako -
tsubo-like syndrome in cancer patients 
treated with immune check-point inhibi-

tors. JACC Cardiovasc Imaging 11:1187–
1190, 2018 

[138] Berton E, Vitali-Serdoz L, Vallon P et al. 
Young girl with apical ballooning heart 
syndrome. Int J Cardiol 161:e4–6, 2012 

[139] Topal Y, Topal H, Doğan C et al. Tako -
tsubo (stress) cardiomyopathy in child-
hood. Eur J Pediatr 179(4):619–625, 2020 

[140] Kumar G, Holmes DR Jr, Prasad A. “Fa-
milial” apical ballooning syndrome (Ta-
kotsubo cardiomyopathy). Int J Cardiol 
144:444−445, 2010 

[141] El-Battrawy I, Santoro F, Stiermaier T 
et al. Incidence and clinical impact of re-
current Takotsubo syndrome: results from 
the GEIST registry. J Am Heart Assoc 
8(9):e010753, 2019 

[142] Ghadri J-R, Wittstein IS, Prasad A et al. 
International Expert Consensus Docu-
ment on Takotsubo syndrome (Part II): 
Diagnostic Workup, Outcome, and Ma-
nagement. Eur Heart J 39:2047−2062, 
2018 

[143] Akashi YJ, Nef HM, Lyon AR. Epidemio-
logy and pathophysiology of Takotsubo 
syndrome. Nat Rev Cardiol 12:387−397, 
2015 

[144] Mansencal N, Auvert B, N’Guetta R et al. 
Prospective assessment of incidence of 
Tako-Tsubo cardiomyopathy in a very 
large urban agglomeration. Int J Cardiol 
168:2791–2795, 2013 

[145] Pelliccia F, Kaski JC, Crea F et al. Patho-
physiology of Takotsubo syndrome. Cir-
culation 135:2426−2441, 2017 

[146] Heusch G. Alpha-adrenergic mechanisms 
in myocardial ischemia. Circulation 
81:1−13, 1990 

[147] Ancona F, Bertoldi LF, Ruggieri F et al. 
Takotsubo cardiomyopathy and neuroge-
nic stunned myocardium: similar albeit 
different. Eur Heart J 37:2830−2832, 2016 

[148] Sattler S, Couch LS, Harding SE. Tako -
tsubo syndrome. Latest addition to the ex-
panding family of immune-mediated 
diseases? JACC: Basic Transl Sci 
3:779−781, 2018 

[149] Heubach JF, Ravens U, Kaumann AJ. Epi-
nephrine activates both Gs and Gi path-
ways, but norepinephrine activates only 
the Gs pathway through human beta2-
adrenoceptors overexpressed in mouse 
heart. Mol Pharmacol 65:1313−1322, 
2004 

L | 355 Diagnostische Koronarangiografie Kapitel 5



[150] Paur H, Wright PT, Sikkel MB et al. High 
levels of circulating epinephrine trigger 
apical cardiodepression. Circulation 
126:697−706, 2012 

[150a] Mihailescu T, Kikuni G, Awada A et al. 
Latent left ventricular outflow tract ob-
struction in Takotsubo cardiomyopathy. 
Eur Heart J Cardiovasc Imaging 20(3):368, 
2018 

[150b] Fefer P, Chelvanathan A, Dick AJ et al. 
Takotsubo cardiomyopathy and left ven-
tricular outflow tract obstruction. J Interv 
Cardiol 22(5):444–452, 2009 

[151] Ueyama T, Ishikura F, Matsuda A et al. 
Chronic estrogen supplementation follo-
wing ovariectomy improves the emotio-
nal stress-induced cardiovascular respon-
ses by indirect action on the nervous 
system and by direct action on the heart. 
Circ J 71:565−573, 2007 

[151a] Gupta S, Goyal P, Idrees S et al. Associa-
tion of endocrine conditionswith Takot-
subo cardiomyopathy: a comprehensive 
review. J Am Heart Assoc c7:e9003, 2018 

[152] Nef HM, Möllmann H, Kostin S et al. 
Tako-Tsubo cardiomyopathy: intraindivi-
dual structural analysis in the acute phase 
and after functional recovery. Eur Heart J 
28:2456−2464, 2007 

[153] Herraez P, Espinosa de los Monteros A, 
Fernandez A et al. Capture myopathy in 
live-stranded cetaceans. Veter J 196:181–
188, 2013 

[154] Eitel I, von Knobelsdorff-Brenkenhoff F, 
Bernhardt P et al. Clinical characteristics 
and cardiovascular magnetic resonance 
findings in stress (takotsubo) cardiomyo-
pathy. JAMA 306:277−286, 2011 

[155] Ferreira VM, Marcelino M, Piechnik SK 
et al. Pheochromocytoma is characterized 
by catecholamine-mediated myocarditis, 
focal and diffuse myocardial fibrosis, and 
myocardial dysfunction. J Am Coll Car-
diol 67:2364−2374, 2016 

[156] Scally C, Abbas H, Ahearn T et al. Myo-
cardial and systemic inflammation in 
acute stress-induced (Takotsubo) cardio-
myopathy. Circulation 139:1581−1592, 
2019 

[157] Stirrat CG, Alam SR, MacGillivray TJ 
et al. Ferumoxytol-enhanced magnetic re-
sonance imaging in acute myocarditis. 
Heart 104:300−305, 2018 

[158] Lüscher TF, Templin C. Is takotsubo syn-
drome a microvascular acute coronary 

syndrome? Towards a new definition. Eur 
Heart J 37:2816−2820, 2016 

[159] Thygesen K, Alpert JS, Jaffe AS et al., ESC 
Scientific Document Group. Fourth uni-
versal definition of myocardial infarction. 
Eur Heart J 40:237−269, 2019 

[160] Koeth O, Zeymer U, Schiele R et al. Infe-
rior ST-elevation myocardial infarction as-
sociated with Takotsubo cardiomyopathy. 
Case Rep Med 2010:467867, 2010 

[161] Rechavia E, de Silva R, Nihoyannopoulos 
P et al. Hyperdynamic performance of re-
mote myocardium in acute infarction. 
Correlation between regional contractile 
function and myocardial perfusion. Eur 
Heart J 16:1845−1850, 1995 

[162] Tavazzi G, Zanierato M, Via G et al. Are 
neurogenic stress cardiomyopathy and Ta-
kotsubo different syndromes with com-
mon pathways? Etiopathological insights 
on dysfunctional hearts. JACC Heart Fai-
lure 5:940−942, 2017 

[163] Guglin M, Novotorova I. Neurogenic 
stunned myocardium and Takotsubo car-
diomyopathy are the same syndrome: a 
pooled analysis. Congest Heart Fail 
17:127−132, 2011 

[164] Madias JE. „Neurogenic stress cardio-
myopathy in heart donors“ is a form of 
Takotsubo syndrome. Int J Cardiol 
184:612−613, 2015 

[165] Ravi Y, Campagna R, Rosas PC et al. Suc-
cessful heart transplantation using a do-
nor heart afflicted by takotsubo cardio-
myopathy. Proc (Bayl Univ Med Cent) 
29:73−74, 2016 

[166] Moussouttas M, Mearns E, Walters A 
et al. Plasma catecholamine profile of sub-
arachnoid hemorrhage patients with neu-
rogenic cardiomyopathy. Cerebrovasc Dis 
Extra 5:57–67, 2015 

[167] Cammann VC, Sarcon A, Ding KJ et al. 
Clinical features and outcomes of patients 
with malignancy and Takotsubo syn-
drome: observations from the Internatio-
nal Takotsubo Registry. J Am Heart Assoc 
6;8(15):e010881, 2019 

[168] Isogai T, Yasunaga H, Matsui H et al. 
Out-of-hospital versus in-hospital Tako -
tsubo cardiomyopathy: analysis of 3719 
patients in the Diagnosis Procedure Com-
bination database in Japan. Int J Cardiol 
176:413−417, 2014 

[169] Ludhwani D, Rahaby M, Patel V et al. 
Implications of left bundle branch block 

L | 36 5 Diagnostische Koronarangiografie



in Takotsubo cardiomyopathy: propensity 
match analysis from the National Inpa-
tient Sample. Cardiol Ther 8:253−265, 
2019 

[170] Haghi D, Athanasiadis A, Papavassiliu T 
et al. Right ventricular involvement in 
Tako tsubo cardiomyopathy. Eur Heart J 
27:2433−2439, 2006 

[171] Citro R, Bossone E, Parodi G et al. Clini-
cal profile and in-hospital outcome of 
Caucasian patients with takotsubo syn-
drome and right ventricular involvement. 
Int J Cardiol 219:455−461, 2016 

[172] Ding KJ, Cammann VL, Szawan KA et al. 
Intraventricular thrombus formation and 
embolism in Takotsubo syndrome. In-
sights from the International Takotsubo 
Registry. Arterioscler Thromb Vasc Biol 
40(1):279–287, 2020 

[173] Prasad A, Lerman A, Rihal CS. Apical bal-
looning syndrome (tako-tsubo or stress 
cardiomyopathy): a mimic of acute myo-
cardial infarction. Am Heart J 2008; 155: 
408−417, 2008 

[174] Stiermaier T, Santoro F, Graf T et al. 
Prognostic value of NTpro-BNP in Tako -
tsubo syndrome. Clin Res Cardiol 
107:597−606, 2018 

[175] Templin C, Ghadri JR, Diekmann J et al. 
Clinical features and outcomes of tako -
tsubo (stress) cardiomyopathy. N Engl J 
Med 373:929−938, 2015 

[176] Ponikowski P, Voors AA, Anker S et al. 
2016 ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart fai-
lure: The Task Force for the diagnosis and 
treatment of acute and chronic heart fai-
lure of the European Society of Cardiology 
(ESC). Developed with the special contri-
bution of the Heart Failure Association 
(HFA) of the ESC. Eur Heart J 37: 2129–
2200, 2016 

[177] Izumi Y, Okatani H, Shiota M et al. Ef-
fects of metoprolol on epinephrine-indu-
ced Takotsubo-like left ventricular dys-
function in non-human primates. 
Hypertens Res 32:339−346, 2009 

[178] D’Ascenzo F, Gili S, Bertaina M et al. Im-
pact of aspirin on takotsubo syndrome: a 
propensity score-based analysis of the In-
terTAK Registry. Eur J Heart Fail 
22(2):330–337, 2020 

[179] Santoro F, Ieva R, Ferraretti A et al. Safety 
and feasibility of levosimendan adminis-
tration in Takotsubo cardiomyopathy: a 

case series. Cardiovasc Ther 31:e133–137, 
2013 

[180] Madias JE. If-channel blocker ivabradine 
vs. beta-blockers for sinus tachycardia in 
patients with Takotsubo syndrome. Int J 
Cardiol 223:877−878, 2016 

[181] Elesber A, Lerman A, Bybee KA et al. 
Myocardial perfusion in apical ballooning 
syndrome correlate of myocardial injury. 
Am Heart J 152:469, 2006 

[182] Tornvall P, Collste O, Ehrenborg E et al. 
A case-control study of risk markers and 
mortality in Takotsubo stress cardiomyo-
pathy. JACC 67:1931−1936, 2016 

[183] Gili S, Cammann VL, Schlossbauer SA 
et al. Cardiac arrest in Takotsubo syn-
drome: results from the InterTAK registry. 
Eur Heart J 40:2142−2151, 2019 

[184] Jurisic S, Gili S, Cammann VL et al. Cli-
nical predictors and prognostic impact of 
recovery of wall motion abnormalities in 
Takotsubo Syndrome: results from the In-
ternational Takotsubo Registry. J Am 
Heart Assoc 8:e011194, 2019 

[185] Ghadri JR, Cammann VL, Jurisic S et al. 
A novel clinical score (InterTAK Diagnos-
tic Score) to differentiate takotsubo syn-
drome from acute coronary syndrome: re-
sults from the International Takotsubo 
Registry. Eur J Heart Fail 19:1036−1042, 
2017 

[186] Böhm M, Cammann VL, Ghadri JR et al. 
Interaction of systolic blood pressure and 
resting heart rate with clinical outcomes 
in takotsubo syndrome: insights from the 
International Takotsubo Registry. Eur J 
Heart Fail 20:1021−1030, 2018 

[187] Stiermaier T, Santoro F, El-Battrawy I 
et al. Prevalence and prognostic impact of 
diabetes in Takotsubo syndrome: insights 
from the international, multicenter GEIST 
registry. Diabetes Care 41:1084−1088, 
2018 

[188] Wischnewsky MB, Candreva A, Bacchi B 
et al. Prediction of short- and long-term 
mortality in takotsubo syndrome: the In-
terTAK Prognostic Score. Eur J Heart Fai-
lure 21(11):1469–1472, 2019 

[189] Citro R, Radano I, Parodi G et al. Long-
term outcome in patients with Takotsubo 
syndrome presenting with severely redu-
ced left ventricular ejection fraction. Eur J 
Heart Fail 21:781−789, 2019 

[190] Scally C, Rudd A, Mezincescu A et al. Per-
sistent long-term structural, functional, 

L | 375 Diagnostische Koronarangiografie Kapitel 5



and metabolic changes after stress-indu-
ced (Takotsubo) cardiomyopathy. Circula-
tion 137:1039−1048, 2018 

[191] Brugada P, Brugada J. Right bundle 
branch block, persistent ST segment eleva-
tion and sudden cardiac death: a distinct 
clinical and electrocardiographic syn-
drome. A multicenter report. JACC 
20:1391−1396, 2019 

[192] Roffi M, Patrono C, Collet JP et al. 2015 
ESC Guidelines for the management of 
acute coronary syndromes in patients pre-
senting without persistent ST-segment ele-
vation: Task Force for the Management of 
Acute Coronary Syndromes in Patients 
Presenting without Persistent ST-Segment 
Elevation of the European Society of Car-
diology (ESC). Eur Heart J 37:267−315, 
2016 

[193] Byrne RA, Rossello X, Coughlan JJ et al. 
ESC Scientific Document Group. 2023 
ESC Guidelines for the management of 
acute coronary syndromes. Eur Heart J 
44:3720–3826, 2023 

[194] Campeau L. Entry sites for coronary an-
giography and therapeutic interventions: 
from the proximal to the distal radial ar-
tery. Canad J Cardiol 17:319−25, 2001 

[195] Otaki M. Percutaneous transradial ap-
proach for coronary angiography. Cardio-
logy 81:330−3, 1992 

[196] Kiemeneij F, Laarman GJ. Percutaneous 
transradial artery approach for coronary 
stent implantation. Catheter Cardiovasc 
Diag 30:173−8, 1993 

[197] Kiemeneij F, Laarman GJ, Odekerken D 
et al. A randomized comparison of percu-
taneous transluminal coronary angio-
plasty by the radial, brachial and femoral 
approaches: the access study. J Amer Coll 
Cardiol 29:1269−75, 1997 

[198] Hess CN, Peterson ED, Neely ML et al. 
The learning curve for transradial percuta-
neous coronary intervention among ope-
rators in the United States: a study from 
the National Cardiovascular Data Registry. 
Circulation 129:2277−86, 2014 

[199] Barbash IM, Minha S, Gallino R et al. 
Operator learning curve for transradial 
percutaneous coronary interventions: im-
plications for the initiation of a transra-
dial access program in contemporary US 
practice. Cardiovasc Revasc Med 
15:195−9, 2014 

[200] Hamon M, Pristipino C, Di Mario C et al. 
Consensus document on the radial ap-
proach in percutaneous cardiovascular in-
terventions: position paper by the Euro-
pean Association of Percutaneous 
Cardiovascular Interventions and Wor-
king Groups on Acute Cardiac Care and 
Thrombosis of the European Society of 
Cardiology. EuroIntervention 8:1242−51, 
2013 

[201] Langer C, Riehle J, Wuttig H et al. Effi-
cacy of a one-catheter concept for transra-
dial coronary angiography. PLoS One 
13:e0189899, 2018 

[202] Kedev S, Zafirovska B, Dharma S et al. 
Safety and feasibility of transulnar cathe-
terization when ipsilateral radial access is 
not available. Catheter Cardiovasc Interv 
83:e51−60, 2014 

[203] Pancholy SB, Bernat I, Bertrand OF et al. 
Prevention of radial artery occlusion after 
transradial catheterization: The PROPHET-
II Randomized Trial. JACC Cardiovasc In-
tervent 9:1992−9, 2016 

[204] Stella PR, Kiemeneij F, Laarman GJ et al. 
Incidence and outcome of radial artery 
occlusion following transradial artery co-
ronary angioplasty. Catheter Cardiovasc 
Diag 40:156−8, 1997 

[204a] Babunashvili A und Dundua N. Recana-
lization and reuse of early occluded radial 
artery within 6 days after previous transra-
dial diagnostic procedure. Catheter Car-
diovasc Interv 77:530–6, 2011 

[204b] Kiemeneij F. Left distal transradial 
 access in the anatomical snuffbox for 
 coronary angiography (ldTRA) and inter-
ventions (ldTRI). Eurointervention 
13:851–7, 2017 

[204c] Soydan E, Akın M. Coronary angiogra-
phy using the left distal radial approach – 
An alternative site to conventional radial 
coronary angiography. Anatol J Cardiol 
19:243–8, 2018 

[204d] Schenke A, Prog DR, Matthiesen T, 
Rafflen beul E, Grönefeld G, Viertel A. Ein 
neuer Weg zum Herz durch die distale Ar-
teria radialis. Erste Erfahrungen mit dem 
Zugang durch die distale Arteria radialis in 
der Tabatière für Herzkatheteruntersu-
chungen und -interventionen. Daten aus 
der DRAGON (Distal Radial Access for co-
ronary anGiOgraphy and iNTervention)-
Register. Kardiologe 14:217–25, 2020 

L | 38 5 Diagnostische Koronarangiografie



[205] Saito S, Tanaka S, Hiroe Y et al. Useful-
ness of hydrophilic coating on arterial 
sheath introducer in transradial coronary 
intervention. Cath Cardio Inter 
56:328−32, 2002 

[206] Kiemeneij F, Fraser D, Slagboom T et al. 
Hydrophilic coating aids radial sheath 
withdrawal and reduces patient discom-
fort following transradial coronary inter-
vention: a randomized double-blind com-
parison of coated and uncoated sheaths. 
Cathet Cardiovasc Intervent 59:161−4, 
2003 

[207] Varenne O, Jegou A, Cohen R et al. Pre-
vention of arterial spasm during percuta-
neous coronary interventions through ra-
dial artery: the SPASM study. Cathet 
Cardiovasc Intervent 68(2):231−5, 2006 

[208] Chen CW, Lin CL, Lin TK et al. A simple 
and effective regimen for prevention of 
radial artery spasm during coronary cathe-
terization. Cardiology 105:4 3–7, 2006 

[209] Deftereos S, Giannopoulos G, Raisakis K 
et al. Moderate procedural sedation and 
opioid analgesia during transradial coro-
nary interventions to prevent spasm: a 
prospective randomized study. JACC Car-
diovasc Interv 6:267−73, 2013 

[210] Pancholy SB, Coppola J, Patel T. Subcuta-
neous administration of nitroglycerin to 
facilitate radial artery cannulation. Cathe-
ter Cardiovasc Interv 68:389–91, 2006 

[211] Ouadhour A, Sideris G, Smida W et al. 
Usefulness of subcutaneous nitrate for ra-
dial access. Catheter Cardiovasc Interv 
72:343–6, 2008 

[212] Lo TS, Nolan J, Fountzopoulos E et al. 
Radial artery anomaly and its influence 
on transradial coronary procedural out-
come. Heart 95:410−5, 2009 

[213] Valsecchi O, Vassileva A, Musumeci G 
et al. Failure of transradial approach du-
ring coronary interventions: anatomic 
considerations. Cathet Cardiovasc Inter-
vent 67:870−8, 2006 

[214] Chen O, Goel S, Acholonu M et al. Com-
parison of standard catheters versus radial 
artery-specific catheter in patients who 
underwent coronary angiography through 
transradial access. Amer J Cardiol 
118:357−61, 2016 

[215] Jolly SS, Amlani S, Hamon M et al. Radial 
versus femoral access for coronary angio-
graphy or intervention and the impact on 
major bleeding and ischemic events: a sys-

tematic review and meta-analysis of ran-
domized trials. A Heart J 157:132−40, 
2009 

[216] Plourde G, Pancholy SB, Nolan J et al. 
Radiation exposure in relation to the arte-
rial access site used for diagnostic coro-
nary angiography and percutaneous coro-
nary intervention: a systematic review 
and meta-analysis. Lancet 386:2192−203, 
2015 

[217] Becher T, Behnes M, Unsal M et al. Ra-
diation exposure and contrast agent use 
related to radial versus femoral arterial ac-
cess during percutaneous coronary inter-
vention (PCI)-Results of the FERARI study. 
Cardiovasc Revasc Med 17:505−9, 2016 

[218] Xanthopoulou I, Stavrou K, Davlouros P 
et al. Randomised comparison of JUDkins 
vs. tiGEr catheter in coronary angiogra-
phy via the right radial artery: the JUDGE 
study. EuroIntervention 13:1950−8, 2018 

[219] Frizzell JD, Alkouz M, Sheldon MW. Left 
ventricular perforation during ventriculo-
gram using an optitorque tiger catheter. 
JACC Cardiovasc Interv 7:1456−7, 2014 

[220] Bernat I, Aminian A, Pancholy S et al. 
Best practices for the prevention of radial 
artery occlusion after transradial diagnos-
tic angiography and intervention: an in-
ternational consensus paper. JACC Car-
diovasc Interv 12:2235−46, 2019 

[221] Rashid M, Kwok CS, Pancholy S et al. 
 Radial artery occlusion after transradial 
inter ventions: a systematic review and 
meta-analysis. J Am Heart Assoc 5(1): 
e002686, 2016 

[222] Hahalis GN, Aznaouridis K, Tsigkas G 
et al. Radial artery and ulnar artery occlu-
sions following coronary procedures and 
the impact of anticoagulation: ARTEMIS 
(radial and ulnar ARTEry occlusion Meta-
analysIS) systematic review and meta-ana-
lysis. J Am Heart Assoc 6(8):e005430, 2017 

[223] Mamas MA, Fraser DG, Ratib K et al. 
Mini mising radial injury: prevention is 
better than cure. EuroIntervention 10: 
824−32, 2014 

[224] Yonetsu T, Kakuta T, Lee T et al. Assess-
ment of acute injuries and chronic inti-
mal thickening of the radial artery after 
transradial coronary intervention by opti-
cal coherence tomography. Eur Heart J 
31:1608−15, 2010 

[225] Abdelaal E, Molin P, Plourde G et al. Suc-
cessive transradial access for coronary pro-

L | 395 Diagnostische Koronarangiografie Kapitel 5



cedures: experience of Quebec Heart-Lung 
Institute.. Am Heart J 165:325−31, 2013 

[225] Horie K, Tada N, Isawa T et al. A rando-
mised comparison of incidence of radial 
artery occlusion and symptomatic radial 
artery spasm associated with elective 
transradial coronary intervention using 
6.5 Fr SheathLess Eaucath Guiding Cathe-
ter vs. 6.0 Fr Glidesheath Slender. EuroIn-
tervention 13:2018−25, 2018 

[226] Hahalis GN, Leopoulou M, Tsigkas G 
et al. Multicenter randomized valuation of 
high versus standard heparin dose on in-
cident radial arterial occlusion after trans-
radial coronary angiography: The SPIRIT 
OF ARTEMIS Study. JACC Cardiovasc In-
terv 11:2241−50, 2018 

[227] Pancholy S, Coppola J, Patel T et al. Pre-
vention of radial artery occlusion-patent 
hemostasis evaluation trial (PROPHET 
study): a randomized comparison of tradi-
tional versus patency documented hemo-
stasis after transradial catheterization. Ca-
theter Cardiovasc Interv 72:335−40, 2008 

[228] Cubero JM, Lombardo J, Pedrosa C et al. 
Radial compression guided by mean artery 
pressure versus standard compression 
with a pneumatic device (RACOMAP). Ca-
theter Cardiovasc Interv 73:467−72, 2009 

[229] Barbeau GR, Arsenault F, Dugas L et al. 
Evaluation of the ulnopalmar arterial ar-
ches with pulse oximetry and plethysmo-
graphy: comparison with the Allen’s test 
in 1010 patients. Am Heart J.147:489–93, 
2004 

[230] Kotowycz MA, Dzavík V. Radial artery 
patency after transradial catheterization. 
Circ Cardiovasc Interv 5:127−33, 2012 

[231] Valgimigli M, Gagnor A, Calabro P et al. 
Radial versus femoral access in patients 
with acute coronary syndromes under-
going invasive management: a randomi-
sed multicentre trial. Lancet 385:2465−76, 
2015 

[232] Ando G, Capodanno D. Radial access 
 reduces mortality in patients with acute 
coronary syndromes: results from an up-
dated trial sequential analysis of randomi-
zed trials. JACC Cardiovasc Interv 
9:660−70, 2016 

[233] Fastner C, Behnes M, Unsal M et al. Cli-
nical outcomes of femoral closure compa-
red to radial compression devices follo-
wing percutaneous coronary intervention: 
the FERARI study. Heart Vessels 32: 520–
30, 2017 

[234] Kolkailah AA, Alreshq RS, Muhammed 
AM et al. Transradial versus transfemoral 
approach for diagnostic coronary angio-
graphy and percutaneous coronary inter-
vention in people with coronary artery 
disease. Cochrane Database Syst Rev 
4:CD012318, 2018 

[235] Sirker A, Kwok CS, Kotronias R et al. In-
fluence of access site choice for cardiac ca-
theterization on risk of adverse neurologi-
cal events: A systematic review and 
meta-analysis. Am Heart J 181:107−19, 
2016 

[236] Dziewierz A, Siudak Z, Tokarek T et al. 
Determinants of stroke following percuta-
neous coronary intervention in acute 
myocardial infarction (from ORPKI Polish 
National Registry). Int J Cardiol 223: 236–
8, 2016 

[237] Dziewierz A, Siudak Z, Rakowski T et al. 
Transradial access and the risk of peripro-
cedural stroke. Am Heart J 186:e5–6, 2017 

[238] Rashid M, Lawson C, Potts J et al. Inci-
dence, determinants, and outcomes of left 
and right radial access use in patients un-
dergoing percutaneous coronary interven-
tion in the United Kingdom: a national 
perspective using the BCIS dataset. JACC 
Cardiovasc Interv 11:1021−33, 2018

L | 40 5 Diagnostische Koronarangiografie


