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1. Einführung 

Die Atherosklerose ist die bedeutendste humane Gefäßkrankheit mit bevorzugtem Befall der 

großen und mittelgroßen Arterien vom muskulären und elastischen Typ (1, 2). Die ersten 

atherosklerotischen Läsionen sind bereits ab frühem Kindesalter nachweisbar (3), später 

werden die Läsionen komplexer (4) und ubiquitärer (5). Am deutlichsten ist in der Regel die 

Bauchaorta betroffen (6). Eine Reihe von Risikofaktoren der Atherosklerose wurde 

beschrieben (7); als Hauptrisikofaktoren gelten Störungen des Lipoproteinstoffwechsels, 

arterielle Hypertonie, Diabetes mellitus, Rauchen, genetische Vorbelastung und Alter (8); ihre 

Wichtung ist jeweils nach Gefäßregion unterschiedlich (9). Die molekulare Pathogenese der 

Atherosklerose wurde bisher nicht eindeutig geklärt (10). Als gemeinsames pathogenetisches 

Prinzip wird eine entzündliche Reaktion auf eine primäre Schädigung des Endothels im Sinne 

einer Verletzungsreaktion („response-to-injury“ hypothesis) angesehen (11). Im Verlauf der 

Erkrankung kommt es zu einer zunehmenden Verdickung der Gefäßwände, welche anfänglich 

durch eine Gefügedilatation (positive remodeling) kompensiert werden kann (12). Nach 

Ausschöpfung der Kompensationsreserven (in der Regel dann, wenn die Plaquelast 40% der 

durch die Elastika interna umschriebenen Fläche überschreitet) kommt es zu einer Verengung 

des Gefäßlumens und konsekutiver Minderdurchblutung der Endorgane. Diese in der Regel 

langsam fortschreitende Verdickung der Arterienwände wird von akuten athero-thrombo-

embolischen Komplikationen überlagert (13, 14). Klinisch wird die Atherosklerose durch 

Organischämien manifest.  

Traditionell wurden die Gefäßkrankheiten chirurgisch und internistisch behandelt. Während 

in der Chirurgie die Gefäßkrankheiten ursächlich als solche behandelt wurden, beschränkten 

sich in den internistischen Fächern die Behandlungen auf die Folgeerkrankungen 

(Organischämien). Zum Beispiel wurde der Herzinfarkt bis in die frühen 1980-er Jahre 

konservativ-medikamentös behandelt (15). Patienten mit klinisch manifester Atherosklerose 

in unterschiedlichen Gefäßregionen wurden den jeweiligen für die betroffenen Organe 

zuständigen Fachdisziplinen zugeordnet.  

Die Einführung der lokalen (16) und der systemischen (17) koronaren Fibrinolyse und dann 

insbesondere die Einführung der akuten Koronarinterventionen in der Therapie des akuten 

Herzinfarktes in den 1980-er Jahren (18)  haben auch die internistischen Behandlungen auf 

die kausal betroffenen Gefäße ausgerichtet und das traditionelle Organkonzept in Frage 
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gestellt. Außerdem haben die Fortschritte in der Gefäßtherapie das Spektrum der 

Behandlungsoptionen erweitert und den Trend zu weiteren Subspezialisierungen innerhalb der 

etablierten Fachdisziplinen verstärkt; ein weiteres Auseinanderdriften der vaskulären 

Fachkompetenzen schien unvermeidlich. Patienten mit einer klinisch bedeutsamen 

multifokalen Atherosklerose sahen sich in der Regel mit einer größeren Anzahl von 

Spezialisten  und Behandlungskonzepten konfrontiert.  

Das panvaskuläre Konzept wurde Anfang 2000 mit dem Ziel entwickelt, die 

unterschiedlichen vaskulären Fachkompetenzen zu vernetzen und durch ihre Bündelung 

sinnvolle Synergien im Bezug auf die Versorgungsqualität und Verwendung von Ressourcen 

zu realisieren. Obwohl die Bündelung der komplementären Fachkompetenz allen 

Gefäßpatienten zugutekommt, sind besondere Vorteile bei Patienten mit komplexen, 

multifokalen und seltenen Krankheitsbildern zu erwarten. Insbesondere bei diesen 

Risikogruppen sind für den angestrebten Therapieerfolg  optimale, innerhalb eines 

Kompetenzteams abgestimmte Behandlungsstrategien von besonderer Bedeutung (19). Das 

panvaskuläre Konzept wurde umfassend dokumentiert (Abbildung 1) (20), vielfach 

aufgegriffen und weiterentwickelt (Abbildung 2).  

 

 

Abbildung 1. Titelseite des Lehrbuchs zum panvaskulären Behandlungskonzept, Springer 

Verlag, 2002 (20). 
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Abbildung 2. Panvaskuläres Konzept der Deutschen Gesellschaft für Gefäßchirurgie und 

Gefäßmedizin, Jahrestagung 2012.  

 

1.1. Multifokale Atherosklerose 

Der Systemcharakter der Atherosklerose wurde den Pathologen bereits im 19. Jahrhundert 

vertraut (21), seine Bedeutung wurde von den klinisch tätigen Ärzten allerdings erst in der 

zweiten Hälfte des 20. Jahrhunderts erkannt. Die ersten Hinweise auf die klinische Bedeutung 

der multifokalen Atherosklerose lieferten der Gefäßchirurg Norman Hertzer und der Herz- 

und Gefäßchirurg Michael DeBakey in den 1980-er Jahren. Hertzer und Mitarbeiter haben in 

ihrem Krankengut von 1000 Patienten mit Indikation zur operativen Versorgung einer 

peripheren arteriellen Verschlusserkrankung (PAVK) in 25% der Fälle koronarangiographisch 

eine schwere koronare Herzerkrankung, KHK, festgestellt. Eine schwere KHK wurde als 

mindestens eine Stenose größer als 70% des Durchmessers definiert (22). In einer weiteren 

Arbeit haben Hertzer und Mitarbeiter bei 506 Patienten mit einer zerebrovaskulären 

Erkrankung (symptomatische extrakranielle Karotis interna, Anzahl N=288; 

asymptomatisches Karotisstenosegeräusch, N=218 Patienten) in 37% der Fälle eine schwere 

KHK koronarangiographisch gesichert (23). DeBakey hat in einem Kollektiv von 13.827 
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Personen die Atherosklerose in fünf DeBakey Verteilungsmuster eingeteilt. 

Verteilungsmuster Typ V, bestehend aus der Kombination von ≥ 2 DeBakey-

Verteilungsmustern I bis IV wurde bei 5.7% aller Patienten (mittleres Alter 60.8 Jahre, 73% 

Männer) festgestellt. Nach einer mittleren Beobachtungsdauer von 77.6 Monaten wiesen die 

Patienten mit dem DeBakey Verteilungsmuster V die häufigste systemische Progression der 

Atherosklerose (14.9%) auf (24). In der später in den 1990-er Jahren durchgeführten 

CAPRIE- Studie wurde die klinische Bedeutung der systemischen Ausbreitung der 

Atherosklerose bei Patienten mit ischämischen Organerkrankungen dokumentiert und die 

Bedeutung einer umfassenden Sekundärprävention belegt (25). In einer aktuellen Studie 

wurde das hohe kardiovaskuläre Risikopotential der Patienten mit multifokaler 

Atherosklerose (polyvascular disease) dokumentiert (26). Der Begriff der 

Gefäßmultimorbidität wurde als Vorhandensein einer klinisch manifesten Gefäßerkrankung in 

mindestens zwei voneinander unabhängigen Gefäßregionen definiert (19). In einer aktuellen 

Übersichtsarbeit wurden die klinischen Studien über die multifokale Atherosklerose 

zusammengestellt (27). 

 

1.2. Koronare Katheter-vermittelte Revaskularisationsverfahren 

Die Einführung der Katheter-vermittelten endovaskulären Verfahren hat den 

Paradigmenwechsel (primäre Behandlung des zuführenden Gefäßes statt des Endorgans) in 

der Therapie von Ischämiesyndromen ausgelöst. Diese Verfahren wurden in die Medizin am 

16. Januar 1964 durch Charles Dotter und Melvin Judkins, beide Radiologen an der Oregon 

Health Sciences University in Portland, Oregon, eingeführt. An diesem Tag haben die beiden 

Ärzte bei einer 82- jährigen Patientin namens Laura Shaw eine hochgradig verengte linke 

Femoralarterie über einen nach Seldinger Methode gewonnenen arteriellen Zugang (28) 

mittels steifer Dilatatoren aus Teflon sukzessiv geweitet und erfolgreich revaskularisiert (29).  

Zu den frühen Verfechtern dieser neuen perkutanen Methode der Gefäßtherapie gehörten in 

Deutschland insbesondere die Radiologen Werner Porstmann, Charite, Berlin, Eberhard 

Zeitler und Werner Schoop, beide Aggertal Klinik, Engelskirchen. Nach den experimentellen 

Arbeiten von Porstmann mit einem Korsett-Ballonkatheter (30) hat erst die Einführung des 

expandierbaren, doppellumigen und druckresistenten Ballonkatheters durch Andreas 

Grüntzig, Universität Zürich (31) der perkutanen Methode der Gefäßtherapie den Durchbruch 
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verschafft. Grüntzigs doppellumiger Ballonkatheter ermöglichte sowohl Gefäßdilatationen 

mittels des am distalen Ende des Katheters angebrachten Ballons als auch Druckmessungen 

bzw. Kontrastmittelgaben zur selektiven Gefäßdarstellung. Der Dilatationsballon aus 

Polyvinylchlorid, PVC, hatte einen Durchmesser von 3 bis 5mm und konnte mit Hochdruck, 

bis ca. 7 bar, aufgedehnt werden. Die ersten Dilatationskatheter dieser Art wurden 

kommerziell durch die Firma Schneider- Medintag, Zürich hergestellt. Der Ballonkatheter 

wurde in das Zielgefäß über einen 9French Führungskatheter eingeführt und mit einem am 

distalen Ballonende angebrachten kurzen Führungsdraht gesteuert. Die ersten klinischen 

Anwendungen der Ballondilatation führte Grüntzig nach tierexperimenteller Validierung (32) 

an peripheren Arterien und (33) und an Nierenarterien (34) durch.  

Nach einer Modifizierung des doppellumigen Katheters für den Einsatz in den 

Koronargefäßen (35, 36) und nach tierexperimentellen Untersuchungen (37, 38) wurde die 

erste Katheter-vermittelte Ballondilatation eines Koronargefäßes am Menschen am 9. Mai 

1977 im St. Mary’s Hospital, San Francisco intraoperativ von Grüntzig vorgenommen (39). 

Am 16. September 1977 führte dann Grüntzig im Universitätsklinikum Zürich die erste 

perkutane koronare Dilatation in einem Katheterlabor in kardiochirurgischer Bereitschaft 

durch (40, 41). Der Patient Adolf Bachmann, ein 38-jähriger Versicherungskaufmann, hatte 

klinisch eine instabile Angina pectoris bei koronarangiographischem Nachweis einer 

proximalen Ramus interventricularis anterior Stenose.  

Die ersten Dilatationskatheter waren im Koronarsystem aufgrund ihrer Steifigkeit und 

Robustheit nur schwer steuerbar, so dass meist nur proximale, konzentrische und nicht-

verkalkte Stenosen in geraden Koronarsegmenten einer endovaskulären Behandlung 

zugänglich waren (42). Spätere Fortschritte in der Kathetertechnologie haben die 

mechanischen Eigenschaften und die manuelle Handhabung der koronaren Dilatationskatheter 

verbessert und dadurch ihre klinischen Einsatzmöglichkeiten erweitert. Zu den wesentlichen 

Verbesserungen in der Kathetertechnologie gehörten die Entwicklung eines frei beweglichen 

mit Teflon beschichteten 175 cm langen, koronaren Führungsdrahts mit einem 0.46 mm 

(0.018 Zoll) Durchmesser und einer als J-geformten flexiblen Spitze. Die koronare co-axiale 

Über-den-Draht-Technik (co-axial over-the-wire technique, OTW) wurde damit 1982 durch 

John Simpson eingeführt (43). Der frei bewegliche koronare Führungsdraht hat den Vorschub 

und die Steuerbarkeit der Dilatationskatheter deutlich verbessert. Die Einführung der 300cm 

langen koronaren Führungsdrähte (Austauschdrähte) mit der „langen Führungsdraht-Technik“ 
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durch Martin Kaltenbach (44) hat es ermöglicht, bei einem Wechsel des Ballonkatheters den 

Führungsdraht im Koronargefäß zu belassen und dadurch während der gesamten Prozedur die 

Kontrolle über das koronare Zielgefäß zu behalten. Die lange Führungsdraht-Technik hat das 

Aktionsrisiko der koronaren Interventionen spürbar reduziert und eine deutlich schnellere 

Arbeitsweise ermöglicht. In Abwandlung der Kaltenbach- Methode wurden später 

Verlängerungsdrähte (extension wires), die an die Führungsdrähte mit normaler Länge 

angekoppelt werden konnten (docking), eingeführt. Einen wesentlichen Fortschritt für die 

koronaren Interventionen bedeutete die Einführung der durch eine Verkürzung des Lumens 

für den Führungsdraht modifizierten Ballonkatheter. Eine externe, zum Schaft des Katheters 

parallel verlaufende kurze Drahtführung hat Björn Nordenström bereits 1962 vorgeschlagen 

(45). Ein für die klinische Anwendung praktikables Verfahren wurde jedoch erst in der Mitte 

der 1980-er Jahre als „monorail“ Technik durch Tassilo Bonzel (46) und „rapid exchange, 

Rx“ Technik durch Paul Yock (47) eingeführt. Die neue Technik hat die Anwendung von 

Führungsdrähten mit normaler Länge (140 cm bis 180 cm) ermöglicht. Im Weiteren war die 

neue Methodik in der Handhabung und in der Schnelligkeit insbesondere beim Wechsel der 

Dilatationskatheter der gängigen OTW- Technik deutlich überlegen. Durch die Verkürzung 

des zweiten Lumens und durch die externe Drahtführung wurde allerdings die Festigkeit des 

Schaftes (push) des Dilatationskatheters (hypotube) reduziert. Um die Leistungsfähigkeit der 

neuen Ballonkatheter bei steigenden klinischen Anforderungen zu erhalten bzw. zu 

verbessern, musste die Gleitfähigkeit und Festigkeit der Materialien erhöht werden. Durch 

den raschen technologischen Fortschritt wurden für die koronaren Interventionen in Kürze 

hochwertige Ballonkatheter mit zunehmend niedrigen Profilen, hochdruckresistenten 

Dilatationsballons und schmaleren, mit Metall verstärktem Schaft verfügbar. Aufgrund des 

geänderten Designs musste jedoch bei der Anwendung dieser Dilatationskatheter auf die 

Möglichkeit einer distalen Kontrastmittelgabe und einer distalen intrakoronaren 

Druckmessung verzichtet werden. Ein weiterer Meilenstein in der koronaren Intervention 

bedeutete die Einführung der metallenen Gefäßstützen (bare metal stents, BMS) Ende der 

1980-er Jahre (48, 49) sowie der um 2000 eingeführten, mit Polymeren beschichteten und mit 

Medikamenten, insbesondere mit Antimetaboliten, getränkten Gefäßstützen (drug eluting 

stents, DES) (50). Der Einsatz der modernsten Materialien und Herstellungstechnologien im 

Rahmen des industriellen Wettbewerbs hat den klinischen Einsatz einer hochwertigen 

Instrumentation bei koronaren Interventionen ermöglicht und sukzessiv den Einsatz dieser 

Produkte bei Interventionen in nichtkoronaren Gefäßen angeregt.  
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Neben der endoluminalen Angioplastie wurde in der Folgezeit eine Reihe von weiteren 

Verfahren der perkutanen koronaren Therapie wie die direktionelle Atherektomie (directional 

atherectomy) (51), Rotationsatherektomie (rotablation) (52), Excimer-Laserangioplastie 

(excimer laser angioplasty) (53) und Brachytherapie (brachytherapy) (54) eingeführt. Im 

Zuge dieser Neuerungen wurde dann der von Grüntzig eingeführte Begriff der perkutanen 

transluminalen koronaren Angioplastie (percutaneous transluminal coronary angioplasty, 

PTCA) auf perkutane koronare Intervention (percutaneous coronary intervention, PCI) 

geändert.  

Obwohl die Grundlagen einer Reihe der Katheter-vermittelten Verfahren, insbesondere der 

perkutanen Angioplastie (29), der systemischen (55) und selektiven Fibrinolyse (56) sowie 

des Stentings (57), durch die interventionellen Radiologen zur Behandlung der peripheren 

arteriellen Verschlusskrankheit gelegt wurden, haben erst die Erfolge der von Grüntzig 

systematisch entwickelten Methodik der koronaren Dilatationen eine breitere klinische 

Akzeptanz der perkutanen endoluminalen Gefäßtherapie bewirkt.  

Das Prinzip der koronaren Angioplastie nach Grüntzig bestand in vier wesentlichen 

Arbeitsschritten: dem Legen eines peripheren arteriellen Zugangs nach Seldinger- Methode 

mittels einer Schleuse, Schaffung eines stabilen Arbeitskanals zwischen arteriellem 

Zugangsgefäß und dem koronaren Zielgefäß mittels eines Führungskatheters, Ansteuerung 

des Zielsegmentes mittels eines am Ballonkatheter befestigten Führungsdrahts und der 

Dilatation der Zielläsion mittels eines am Ende des Katheters befestigten Ballons. Später 

wurde die koronare Angioplastie nach Grüntzig mehrfach modifiziert, insbesondere wurde die 

Methodik des kurzen, am Dilatationskatheter befestigten Führungsdrahts verlassen und durch 

die OTW- und dann die Rx-Technologie ersetzt. Für den Erfolg der koronaren Intervention 

war die konsequente Optimierung und Weiterentwicklung der mechanischen Eigenschaften 

einzelner Komponenten und ihrer Synergie im co-axialen Interventionssystem, bestehend aus 

Schleuse, Führungskatheter, Führungsdraht, Dilatationskatheter bzw. später des Stentträgers, 

entscheidend. Der industrielle Einsatz modernster Technologien leistete zu Verbesserungen 

und Verfeinerungen des koronaren Instrumentariums einen entscheidenden Beitrag. Durch 

Einführung neuer Materialien und Herstellungsverfahren wurden die mechanischen 

Eigenschaften der traditionellen Instrumente wie Stabilität, Festigkeit, Flexibilität und 

Gleitfähigkeit weiter optimiert. So wurden beispielsweise in den koronaren Interventionen die 

bis in die späten 1990-er Jahre üblichen 8F (2.67mm bzw. 0.105“ Zoll) oder 9F (3.0mm bzw. 
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0.118“ Zoll) Systeme weitgehend durch 5F (1.67mm bzw. 0.065“ Zoll) und 6F (2.00mm bzw. 

0.079“ Zoll) Systeme ersetzt. Die konsequente Standardisierung und Weiterentwicklung der 

koronaren 0.014“ Zoll (0.36mm) Rx- und OTW- Technologie hat die Sicherheit der 

koronaren Interventionen deutlich verbessert und das Behandlungsspektrum wesentlich 

erweitert. Zusätzlich konnte die ausgereifte Kathetertechnologie und die klinisch vielfach 

erprobten koronaren Katheterverfahren sukzessiv auf Behandlungen von nichtkoronaren 

Gefäßen übertragen werden. Eine aktuelle Übersicht über die Anwendung der Koronartechnik 

in der Therapie der koronaren und nicht-koronaren Gefäßerkrankungen ist verfügbar (58). 

 

  

Abbildung 3. Titelseite des Lehrbuchs der endovaskulären Therapien der koronaren und 

nicht-koronaren Gefäßerkrankungen (58).  

 

Die erfolgreiche Anwendung der Koronartechnik in der Therapie der koronaren und nicht-

koronaren Gefäßerkrankungen setzt eine optimale Wahl der Instrumentation und die 

erforderliche Fachkompetenz der ausführenden Ärzte voraus. Die optimale Wahl der 

Instrumentation beruht auf der Abstimmung zwischen den biomechanischen Anforderungen 

des Zielgefäßes und den biomechanischen Möglichkeiten des gewählten Instrumentariums 

(matching) (59). Für die optimale Wahl sind daher gute Kenntnisse der wesentlichen 

technischen Eigenschaften der einzelnen Instrumente erforderlich. Als klinisch relevante 

technische Parameter können in-vitro die Vorschubfähigkeit (pushability), Steuerbarkeit 
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(trackability), Passagefähigkeit (crossability) und Drehfestigkeit (torque) der koronaren 

Kathetersysteme gemessen werden. In ihrer Gesamtheit bestimmen diese Parameter die 

Fähigkeit der koronaren Kathetersysteme den Zielort zu erreichen (deliverability) (60). Für 

die Qualität der Durchführung der Stentimplantation ist eine Reihe besonderer 

biomechanischer Eigenschaften wie Radialkraft, radiale Steifigkeit, Stressverhalten und viele 

andere, verantwortlich (61).  

Die interventionelle Fachkompetenz setzt sich aus dem Fachwissen (knowledge) und aus einer 

Reihe von spezifischen Fertigkeiten (skills) zusammen. Das Fachwissen hat zwei wesentliche 

Komponenten (62). Das Fachwissen-Warum (knowledge-that) ist deskriptiv und betrifft den 

gesamten medizinischen, für die Durchführung der Intervention erforderlichen Hintergrund. 

Das Fachwissen-Wie (knowledge how) ist prozedural und betrifft vor allem die praktischen, 

für die eigentliche Durchführung der Intervention erforderlichen Kenntnisse. Das Fachwissen-

Warum wird in der Regel explizit, das Fachwissen-Wie vorwiegend implizit übertragen (63). 

Die Fertigkeiten sind Ausdruck der Qualität der Umsetzung des interventionellen Wissens in 

die praktische Tätigkeit während der Intervention (knowledge in action); sie sind entweder 

kognitiv (64) oder psycho-motorisch (65) fundiert. Im  Bereich der koronaren Interventionen 

stellt das Fachwissen-Warum im engeren Sinne die medizinische Begründung und 

Rechtfertigung der Indikation dar und legt die Rahmenbedingungen für ihre Durchführung 

fest. Das Fachwissen-Wie im engeren Sinne  stellt das Fundament der praktischen 

Durchführung der Interventionen dar.  

Der Erwerb des Fachwissen-Warum ist durch Studium der Fachliteratur möglich, der Erwerb 

des Fachwissen-Wie beruht traditionell auf Empirie. Die frühere Überzeugung, dass die 

Länge (in Jahren) der praktischen Erfahrung die Grundlage der fachlichen Qualifikation 

darstellt, wurde in den 1990-er Jahren eindeutig widerlegt. Es wurde in einer Reihe von 

Fachdomänen einschließlich der Medizin (66), und dort vor allem in der Chirurgie (67) und in 

der Anästhesiologie (68), gezeigt, dass das fachliche Können aus der Explikation des 

Fachwissen-Wie, der gezielten Praxis bestimmter Handlungen (deliberate practice) und aus 

der korrektiven Rückkoppelung (feed-back) abgeleitet wird (69).  

 

Die Übertragung des Fachwissens in der koronaren interventionellen Therapie wurde 

traditionell  meist implizit in Wechselwirkung zwischen dem Lernenden und seinem Mentor 

vorgenommen. Dieser Modus des Wissenstransfers ist in hohem Maße von der 
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Wahrnehmungsfähigkeit des Lernenden und von der Lehrfähigkeit des Mentors abhängig und 

daher oft unzuverlässig. Explikation des Fachwissens-Wie erlaubt eine effiziente und 

konsistente Wissensübertragung; sie ist für eine optimale Prozessqualität der 

Koronarverfahren in der Therapie der koronaren und nicht-koronaren Gefäßkrankheiten 

unabkömmlich (70). Eine umfassende Darstellung der expliziten Wissensübertragung in der 

Katheter-vermittelten kardiovaskulären Therapie wurde im Lehrbuchformat zusammengestellt 

(Abbildung 4) (71).  

 

 

Abbildung 4. Titelseite des Lehrbuchs über die explizite Wissensübertragung in der Katheter-

vermittelten kardiovaskulären Therapie (71).  

 

2. Zielsetzung 

Das gemeinsame Ziel der vorgelegten Studien war, die Inzidenz der multifokalen klinisch 

bedeutsamen Atherosklerose als besondere Zielgruppe für Koronarinterventionen in nicht-

koronaren Gefäßen zu definieren, die Voraussetzungen der Übertragung der kognitiven 

Leistungen bei Koronarinterventionen auf die Nicht-koronaren Interventionen zu untersuchen 

und die Übertragbarkeit der Koronarmethodik auf nichtkoronare Interventionen am eigenen 

Patientengut zu überprüfen.  
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Die Patienten mit multifokaler Atherosklerose stellen als potentielle Zielgruppe für koronare 

Katheter-vermittelte Verfahren zusätzlich eine besondere Risikopopulation dar und sind daher 

für die Therapieplanung von einer herausragenden Bedeutung. In der verfügbaren 

Fachliteratur wurde bisher vor allem die Inzidenz der multifokalen Atherosklerose bei 

Patienten mit peripherer arterieller Verschlusskrankheit untersucht. Das Ziel der ersten Studie 

war es, die Inzidenz der klinisch relevanten multifokalen Atherosklerose bei Patienten mit 

primärer koronarer Herzerkrankung zu untersuchen.  

Das Ziel der zweiten Studie war, die kognitiven Leistungen bei koronaren Interventionen zu 

untersuchen und ihre Übertragbarkeit auf Interventionen der nichtkoronaren Gefäße mono- 

oder multifokaler Genese zu untersuchen.   

Das Ziel der dritten und der vierten Studie war die Eignung der Koronartechnik für 

Revaskularisationen von extrakraniellen Stenosen der Arteria Carotis interna bei 

Hochrisikopatienten und bei Patienten mit hämodynamisch bedeutsamen Stenosen der 

Nierenarterien zu untersuchen.  

Die Folgestudie hatte zum Ziel die interventionellen Behandlungsmöglichkeiten von Patienten 

mit einer multifokalen, klinisch bedeutsamen Atherosklerose mittels Simultaninterventionen 

zu untersuchen.    
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3. Originalarbeiten 

3.1 Vascular multimorbidity in patients with a documented coronary artery disease 

 

2001 wurden 1855 konsekutive Patienten mit koronarangiographisch dokumentierter, 

hämodynamisch bedeutsamer koronarer Herzkrankheit, KHK, definiert als Angina pectoris in 

Verbindung mit dem Nachweis einer Myokardischämie oder mindestens einer 

koronarangiographischen Stenose ≥ 50% des Nominaldurchmessers untersucht. Eine 

zusätzliche klinisch bedeutsame nichtkoronare Gefäßerkrankung wurde definiert als eine 

zerebrovaskuläre Erkrankung bei anamnestischer Angabe eines Schlaganfalls oder beim 

Nachweis einer nach Duplexkriterien ≥50% Stenose der Arteria carotis interna, eine periphere 

arterielle Verschlusskrankheit beim Nachweis eines Knöchel-Arm-Indexes <0.9 und eine 

relevante Nierenarterienstenose als eine ≥50% Stenose mindestens einer Nierenarterie in 

selektiver angiographischer Darstellung. Die KHK war in 31.8% aller untersuchten Patienten 

mit mindestens einer signifikanten Erkrankung einer weiteren Gefäßregion vergesellschaftet. 

Am häufigsten war die KHK mit einer klinisch bedeutsamen peripheren arteriellen 

Verschlusskrankheit kombiniert (n=176; 9.5%). Die zweithäufigste Kombination war KHK 

und eine zerebrovaskuläre Erkrankung (n=160; 8.6%). Bei 91 (4.9%) Patienten lag 

gleichzeitig eine klinisch bedeutsame koronare, zerebrovaskuläre und periphere arterielle 

Erkrankung vor; bei 22 (1.2%) Patienten waren alle vier untersuchten Gefäßbereiche 

gleichzeitig betroffen. In der univariaten Analyse waren alle untersuchten kardiovaskulären 

Hauptrisikofaktoren (Diabetes mellitus Typ II, Lipoproteinstoffwechselstörung, arterielle 

Hypertonie, Rauchen, Alter und familiäre Prädisposition) mit der klinisch bedeutsamen, 

multifokalen Atherosklerose positiv und signifikant assoziiert. In der multifaktoriellen 

Analyse blieb eine signifikante Korrelation auf Patienten mit Diabetes mellitus Typ II 

beschränkt; sie galt sowohl für das Gesamtpatientenkollektiv der Diabetiker als auch für alle 

untersuchten Altersgruppen (35-54 Jahre, 55-74 Jahre und ≥75 Jahre) bei beiden 

Geschlechtern. Neben Diabetes war für das Auftreten der klinisch bedeutsamen, multifokalen 

Atherosklerose bei beiden Geschlechtern das Alter der bedeutendste Risikofaktor. 

[Lanzer P. Vascular multimorbidity in patients with a documented coronary artery disease. 

ZKardiol 2003;92:650-659] 
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3.2. Expanding the base for teaching of percutaneous coronary interventions: The 

explicit approach 

Der formale Ablauf der Katheter-vermittelten koronaren Interventionen wird in fünf 

Abschnitte eingeteilt. Die Initiierung (initialization) beginnt mit der Indikationsstellung und 

endet mit der Intubation des Ostiums des Zielgefäßes. Der wesentliche Bestandteil der 

Initiierung ist die Aufstellung einer Strategie. Die Strategie legt innerhalb des verfügbaren 

Entscheidungsraums den Weg vom Befund zum Behandlungsziel fest, sie basiert auf dem 

Fachwissen und den Fertigkeiten des agierenden Operateurs. Jede Strategie wird durch einen 

iterativen  Entscheidungsprozess motiviert. Die Strategie ist stets patientenspezifisch, ihre 

Bausteine, genannt interventionelle Module, sind jedoch allgemeingültig. Die drei für den 

Strategieaufbau entscheidenden Faktoren sind der Zustand des Patienten, die Erreichbarkeit 

und die biomechanischen Eigenschaften der Zielläsion sowie die aktuell verfügbare 

Fachkompetenz des Operateurs. Die interventionellen Module als Bausteine der Strategie 

bestehen jeweils aus vier Schritten: angiographische Darstellung des Interventionssitus, 

Bildauswertung, Entscheidung und Ausführung der Aktion. Sie sind generisch, d.h. in der 

jeweiligen Fallgruppe allgemeingültig. Der generische Charakter der interventionellen 

Module ermöglicht ähnlich den Bausteinen in einem Legospiel ihren Einsatz in 

unterschiedlichen klinischen Szenarien. Die Aktionen sind entweder diagnostische oder 

interventionelle Schritte. Mit Ausnahme des in der jeweiligen Intervention letzten Moduls 

triggert stets jede Aktion den Anfang des Folgemoduls. Die minimale Anzahl der Module, N, 

in einer Katheter-vermittelten Intervention ist N=2, ihre maximale Zahl kann mehrere 

Dutzend betragen. Der modulare Ablauf der Katheter-vermittelten Interventionen verleiht der 

Strategieplanung einen reproduzierbaren algorithmischen Charakter, der für die Ausbildung 

einer geeigneten interventionellen Heuristik gut geeignet ist.  

Bei der Planung und Durchführung einer Katheter-vermittelten Intervention ist die 

fortlaufende Risikoeinschätzung (risk accounting) von zentraler Bedeutung. Qualitativ 

entspricht das Risiko einem unerwünschten Ereignis, das während einer bestimmten 

Intervention passieren kann. Quantitativ ist das Risiko das Produkt der Wahrscheinlichkeit 

des Auftretens eines bestimmten unerwünschten Ereignisses und der Schwere der sich daraus 

ergebenden Folgen. Die Verwendung des Begriffs des quantitativen Risikos ist in der 

interventionellen Therapie sinnvoll, obwohl beide, sowohl die Wahrscheinlichkeit des 

Eintretens des unerwünschten Ereignisses als auch die Schwere der Folgen, im Voraus nicht 
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genau bestimmbar sind. Um das Gesamtrisiko einer jeden Intervention besser einschätzen zu 

können, werden zwei grundlegende Risikoarten unterschieden;  eine latente (latent risk) und 

eine aktive (actional risk) Risikoart. Latentes Risiko ist fallspezifisch und kann aus der 

Summe der Patienten- und Zielläsion- relevanten Faktoren geschätzt werden. Aktionsrisiko 

wird weiter in ein Risiko der optimalen Wahl – unvermeidbares Risiko - (optimum-choice 

risk) und ein Risiko suboptimaler Wahl, das sich aus Risiken als Folge von Wissenslücken 

(knowledge risk) und mangelnden Fertigkeiten (skill risk) zusammen setzt.  

Das latente Risiko ist nicht absolut sondern relativ und dazu noch beweglich; es wird stets 

durch die Fachkompetenz des Operateurs gewichtet und mit jeder neuen interventionellen 

Aktion neu definiert. Daher ist es notwendig während einer Intervention das latente Risiko 

gegen das Aktionsrisiko fortlaufend abzuwägen und das sich dann ergebende Nutzen-Risiko-

Verhältnis jeweils zu aktualisieren.  

Im Hauptzyklus (main interventional cycle) wird die Strategie Schritt-für-Schritt definiert. Die 

Qualität der Strategie entscheidet über den Erfolg in der praktischen Umsetzung. Im Idealfall 

werden alle durch die Strategie festgelegten interventionellen Module eins-zu-eins umgesetzt. 

In der Realität der interventionellen Praxis sind jedoch insbesondere in komplexen Fällen 

perfekte Strategien eher selten; vielmehr werden in der Durchführung öfter von der Strategie 

abweichende Schritte erforderlich. Die Summe der Abweichungen wird als Taktik bezeichnet, 

die geänderten interventionellen Module sind Improvisationen. In der Regel ist das 

Gesamtrisiko einer Strategie-motivierten Intervention am niedrigsten; das höchste 

Gesamtrisiko ist in der Regel bei weitgehend improvisierten Interventionen zu erwarten.  

Die Terminierung (termination) beginnt mit Entfernung der Instrumente aus dem 

Gefäßsystem und endet mit dem Verschluss des arteriellen Zugangs, der Hämostase. 

Nachsorge (aftercare) und Verlaufskontrollen (follow-up) schließen sich der interventionellen 

Behandlung an und werden zeitlich unterschiedlich definiert; beispielsweise endet die 

Nachsorge mit der Entlassung des Patienten und die Verlaufskontrollen werden sechs 

Monaten nach der Entlassung aus dem Krankenhaus beendet. Nach Erwerb der Kenntnisse 

über den formalen Ablauf der Katheter-vermittelten Interventionen werden die kognitiven 

Fähigkeiten und die manuellen Fertigkeiten der Operateure ausgebildet. Zu den elementaren 

jedoch hochkomplexen kognitiven Fähigkeiten gehört vor allem eine präzise, effiziente und 

konsistente Interpretation der statischen und dynamischen Angiogramme in Echtzeit; auch bei 
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Stressbelastungen und unter Zeitdruck. Die genaue Einschätzung der biomechanischen 

Eigenschaften der behandelten Gefäßregionen einschließlich der Zielläsionen und die 

Abstimmung (matching) zwischen mechanischen Anforderungen des interventionellen Situs 

und der technischen Eigenschaften der Instrumente gehören ebenfalls dazu. Diese 

hochkomplexen kognitiven Fähigkeiten sind Ausdruck einer Vielzahl von untergeordneten 

kognitiven Ressourcen wie Merkfähigkeit, Konzentration, Aufmerksamkeit, Abrufvermögen 

und weiteren Eigenschaften wie Stressfestigkeit, Ausdauerfähigkeit, Vorurteilsresistenz und 

anderen. Diese generischen kognitiven Fähigkeiten sind bei allen Katheter-vermittelten 

Interventionen anwendbar und werden dann durch ein Gefäßregion-spezifisches Wissen-

Warum und Wissen-Wie ergänzt. Die Effizienz und die Zuverlässigkeit des Erwerbs von 

neuen kognitiven Fähigkeiten durch explizites Lernen sind deutlich höher als bei impliziter 

Wahrnehmung.  

Ähnlich wie im Falle der kognitiven Fähigkeiten wird bei den Katheter-vermittelten 

Interventionen ebenfalls eine ganze Reihe von generischen technischen Fertigkeiten (skills; 

knowledge in action) benötigt. Die sichere Beherrschung der manuellen Fertigkeiten wird 

durch genaue verbale bzw. graphische Handlungsanweisungen bezüglich einzelner Schritte 

gefestigt und beschleunigt. Das interventionelle Wissen-Wie in Form von kognitiven 

Fähigkeiten und manuellen Fertigkeiten wird somit am effektivsten durch verbale 

Explikation, aktives Vormachen und gezieltes Nachmachen übertragen. 

Mittels einer Computersimulation wurden anhand einer vereinfachten, aus vier Aktionen 

bestehenden Intervention die Unterschiede im Entscheidungsverhalten zwischen einem 

erfahrenen, weniger erfahrenen und unerfahrenen Untersucher dargestellt. Aufgrund des 

formal ähnlichen Aufbaus sind die kognitiven Anforderungen an die im Bereich der 

Koronargefäße behandelnden Ärzte mit den kognitiven Anforderungen an die Untersucher in 

anderen Gefäßregionen ähnlich zu bewerten.  

[Lanzer P, Prechelt L. Expanding the base for teaching of percutaneous coronary 

interventions: The explicit approach. Cath Cardiovasc Interv 2011;77:372-380] 
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3.3. Carotid-artery stenting in a high-risk patient population – single centre, single 

 operator results 

In eigener Untersuchungsreihe wurden 143 konsekutive Patienten, davon 100 Männer und 43 

Frauen mit mittlerem Alter von 68.7± 8.0 Jahren und Nachweis einer hämodynamisch 

bedeutsamen Karotisstenose (definiert als Stenose >70% des nominalen Gefäßdurchmessers 

bei symptomatischem und Stenose >80% bei asymptomatischem Verlauf) perkutan mittels 

der koronaren Technologie und Interventionstechnik behandelt. Die koronare Methodik und 

das koronare Interventionsprinzip wurde durch die Anwendung folgender Instrumentation 

definiert: 6F (Frenchgröße) 90cm lange Einführungsschleuse in Verbindung mit einem 5F 

diagnostischen Koronarkatheter, oder ein 7F oder 8F koronarer Führungskatheter, ein 0.014“ 

Zoll koronarer Führungsdraht, ein Rx- Dilatationskatheters und ein Stentträgersystem mit 

einem sehr niedrigen Profil. In 96 Patienten wurde zusätzlich ein 

Thromboembolieschutzsystem eingesetzt. Technischer Erfolg, definiert als morphologisch 

vollständige Beseitigung der Stenose, wurde bei allen behandelten Patienten erreicht. 

Neurologische Komplikationen traten bei 3.5% der Patienten auf, davon waren 2.1% 

transitorisch ischämische Attacken (TIA) oder prolongiertes neurologisches Defizit (PRIND) 

und 1.4% Schlaganfall. Tod trat bei keinem der Patienten auf. Die neurologischen 

Komplikationen traten häufiger bei Patienten mit symptomatischen Karotisstenosen (2.7% vs. 

1.9% asymptomatische Karotisstenosen) auf und sie waren häufiger bei Interventionen ohne 

Einsatz der Thromboembolieschutzsysteme (TIA/PRIND 4.3% vs. 1.0% und Schlaganfall 

2.1% vs. 1.0%). Lokale Komplikationen wurden bei 4.2% der behandelten Patienten 

beobachtet, davon waren 3.5% Leistenhämatome ohne Notwendigkeit einer Bluttransfusion 

und 0.7% Pseudoaneurysmen. Zusammenfassend wurde festgestellt, dass die koronare 

Technologie und Interventionstechnik für die interventionelle Behandlung von Patienten mit 

Karotisstenosen optimal geeignet ist und vertretbare, der chirurgischen Therapie mindestens 

vergleichbare Komplikationsraten aufweist.  

[Lanzer P, Weser R, Prettin C. Carotid-artery stenting in a high-risk patient population – 

single centre, single operator results. Clin Res Cardiol 2006; 95:4–12] 
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3.4. Coronary-like revascularization for atherosclerotic renal artery stenosis – Results 

in 181 consecutive patients 

In eigener Untersuchungsreihe wurden 181 konsekutive Patienten, davon 102 Männer im 

mittleren Alter von 66.1± 9.2 Jahren und 79 Frauen im mittleren Alter von 68.4±9.2 Jahren 

und Nachweis einer hämodynamisch bedeutsamen Nierenarterienstenose (definiert als 

Stenose >50% des nominalen Gefäßdurchmessers) perkutan mittels der koronaren 

Technologie und Interventionstechnik behandelt. Die koronare Methodik wurde durch die 

Verwendung einer 6F Einführungsschleuse, eines speziellen oder eines koronaren (JR, 

Judkins rechts oder IMA, internal mammary artery) 6F Führungskatheters, eines 0.014“ Zoll 

Koronardrahts, eines Rx- Dilatationskatheters und eines Stentträgersystems definiert. Die 

Interventionen wurden in der Regel als direktes Stenting durchgeführt. Der durchschnittliche 

Stenosegrad vor Dilatation war 81.3±9.6%; 68.2% der Nierenarterienstenosen waren ostial, in 

9.4% lag eine bilaterale Nierenarterienstenose vor. Technisch erfolgreiche Intervention, 

definiert als residuale Stenose < 30%, wurde in 98.3% der Patienten und 98.5% der Läsionen 

erreicht. Bei einem Patienten konnte die Zielläsion nicht passiert werden, bei zwei Patienten 

war der residuale Stenosegrad >30%. Bei keinem Patienten traten schwere kardiovaskuläre 

Komplikationen, definiert als Tod, Organverlust oder Notoperation, auf. Bei 3.9% der 

Patienten traten lokale Komplikationen auf; in 2.2% handelte es sich um Hämatome, in 1.7% 

um Pseudoaneurysmata. Zusammenfassend wurde festgestellt, dass die koronare Methodik 

und Interventionstechnik für die interventionelle Behandlung von Patienten mit 

Nierenarterienstenosen gut geeignet ist und insgesamt ein niedriges Interventionsrisiko 

aufweist. 

[Lanzer P, Weser R, Prettin C. Coronary-like revascularization for atherosclerotic renal 

artery stenosis – Results in 181 consecutive patients. Clin Res Cardiol 2006; 95:1–7] 
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3.5. Intentional single-stage revascularization of two different vascular beds in 

 patients with vascular multimorbidity; Clinical feasibility study 

In der Studie wurden 50 nichtkonsekutive Patienten, davon 28 Männer im mittleren Alter von 

68.6± 9.2 und 22 Frauen im mittleren Alter von 72.2± 6.4 Jahren,  mit Nachweis einer 

hämodynamisch (Stenose >50% des Nominaldurchmessers der koronaren und nichtkoronaren 

Arterien, außer der Arteria carotis interna, Stenose der Arteria carotis interna >70% des 

Nominaldurchmessers) und klinisch bedeutsamen (symptomatischen) mehrortigen 

Gefäßerkrankung perkutan mittels der koronaren Technologie und Interventionstechnik 

behandelt. Die koronare Methodik und das koronare Interventionsprinzip wurden durch die 

Anwendung einer 6F Einführungsschleuse, eines präformierten koronaren Führungskatheters, 

eines 0.014“ Zoll koronaren Führungsdrahts, eines Rx- Dilatationskatheters und eines 

Stentträgersystems definiert. Als mehrortige Interventionen in gleicher Sitzung wurden 

Koronarintervention kombiniert mit Intervention an Nierenarterien (40% der Patienten), 

Koronarintervention kombiniert mit Intervention an Beinarterien (34% der Patienten), 

Koronarintervention kombiniert mit Intervention an der Arteria carotis interna (20% der 

Patienten), Koronarintervention kombiniert mit Intervention an der Nierenarterie und 

Beinarterie, Intervention an den Beinarterien kombiniert mit Intervention an der Arteria 

carotis interna und Intervention an den Beinarterien kombiniert mit Intervention an der 

Nierenarterie (jeweils 2%) durchgeführt. Technischer Erfolg, definiert als Reststenose <30% 

des Nominaldurchmessers und Abwesenheit von relevanten kardiovaskulären Komplikationen 

(Major Cardiac and Cerebrovascular Events, MACCE) wurde bei allen behandelten Patienten 

erreicht. Bei 4.0% der Patienten wurde eine chirurgische Revision der Punktionsstelle 

erforderlich. Bei 4.0% der Patienten traten Leistenhämatome ohne Notwendigkeit einer 

Bluttransfusion auf. Im Rahmen dieser Durchführbarkeitsstudie wurden weitere relevante 

Daten im Bezug auf den zeitlichen Aufwand, Strahlendosis und Kontrastmittelverbrauch 

ermittelt.  

[Lanzer P, Weser R, Prettin C. Intentional single-stage revascularization of two different 

vascular beds in patients with vascular multimorbidity; Clinical feasibility study. Clin Res 

Cardiol 2007;96:1-5] 
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4. Diskussion 

Aus der Betrachtung der Atherosklerose als einer vaskulären Systemerkrankung wird das 

Konzept der klinisch relevanten multifokalen Atherosklerose abgeleitet. In der vorgelegten 

Studie konnte gezeigt werden, dass bei Patienten mit koronarer Herzkrankheit und Indikation 

zu einer Revaskularisationstherapie definitionsmäßig eine multifokale, klinisch bedeutsame 

Atherosklerose in 31.8% der untersuchten Patienten vorhanden war. Die klinisch bedeutsame 

koronare Herzkrankheit war am häufigsten mit einer peripheren arteriellen 

Verschlusskrankheit vergesellschaftet (9.5%). Das Risiko an einer klinisch relevanten 

multifokalen Atherosklerose zu erkranken stieg mit dem Alter an. Im multivariaten Modell 

war jedoch der Diabetes mellitus Typ II als einziger unabhängiger Risikofaktor identifiziert 

und das erhöhte Risiko war in allen untersuchten Altersgruppen erkennbar. In Anbetracht der 

demographischen Verschiebung und der steigenden Prävalenz von Typ II Diabetes in 

Deutschland und in den Industrienationen kann aufgrund der erhobenen Daten von einer 

stetigen Zunahme der klinisch relevanten multifokalen Atherosklerose ausgegangen werden. 

Desweiteren ist im Zuge dieser Entwicklung mit weiterer Zunahme der Inanspruchnahme der 

Katheter-vermittelten Verfahren zu rechnen. Abgesehen von den medizinischen Aspekten ist 

auch nach den wirtschaftlichen Gesichtspunkten ein optimaler Einsatz der Katheter-

vermittelten Therapien zwingend erforderlich.   

Der optimale Einsatz der Katheter-vermittelten Therapien erfordert die Verfügbarkeit einer 

technologisch ausgereiften Instrumentation und die Verfügbarkeit von fachkompetenten, in 

den interventionellen Verfahren gut ausgebildeten Ärzten. Die koronaren Interventionen sind 

heute das am besten ausgereifte und bei weitem am häufigsten angewandte Katheter-

vermittelte Verfahren. Der Einsatz der modernen Technologie hat über die Jahrzehnte zur 

Entwicklung eines hochwertigen und leistungsfähigen Instrumentariums geführt und zu der 

Sicherheit und Effizienz der koronaren Behandlungen beigetragen. Der häufige klinische 

Einsatz der koronaren Interventionen hat zudem die Ansammlung eines enormen 

Wissensvorrats über die operativen Möglichkeiten und Grenzen dieses endovaskulären 

Verfahrens ermöglicht. Die Explikation und der Transfer dieses Wissensvorrats ist für die 

Weiterentwicklung der Fachkompetenz entscheidend, zumal aufgrund der Grundähnlichkeit 

der kognitiven Leistungen in allen Katheter-vermittelten Verfahren seine Übertragung auf 

Behandlungen von nicht-koronaren Gefäßen von besonderem Interesse ist. In der vorgelegten 

Studie wurde der formale iterative Prozess der Koronarinterventionen dokumentiert und als 
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Modell einer Katheter-vermittelten Intervention schlechthin definiert. Im Weiteren wurden 

die entscheidenden kognitiven Leistungen, insbesondere in Bezug auf 

Entscheidungsfindungen beschrieben und anhand eines Computermodells abgebildet. Dabei 

wurde die grundlegende Bedeutung der Risikoabwägung in den Entscheidungsprozessen 

analysiert. Im Rahmen der Arbeit wurde gezeigt, dass die Explikationen der formalen und 

kognitiven interventionellen Prozesse unter Umständen eine deutliche Steigerung der 

Effizienz der Wissensübertragung ermöglicht und die Grundlage für eine gezielte praktische 

Ausübung der interventionellen Tätigkeit darstellen könnte.    

Aufgrund der Ähnlichkeiten des formalen Aufbaus und aufgrund der Vergleichbarkeit der 

kognitiven Anforderungen erscheint der Einsatz der Methodik der koronaren Interventionen 

in nicht-koronaren Gefäßbereichen zumindest theoretisch möglich. Der dadurch realisierte 

Wissenstransfer sollte den Lernprozess verkürzen und die Aufnahmefähigkeit für  

gefäßspezifische Besonderheiten verbessern. In der Tat wurden beispielsweise in der „Carotid 

Revascularization Endarterectomy versus Stenting Trial (CREST) Studie“ signifikante 

Unterschiede in den Ergebnissen der Katheter-vermittelten Carotisinterventionen 

demonstriert, wenn die Daten nach Berufsgruppen (Kardiologen, Gefäßchirurgen) analysiert 

wurden (unveröffentlichte Daten). In den vorliegenden Studien wurde die Methodik der 

koronaren Interventionen bei Risikopatienten mit signifikanten, symptomatischen und 

asymptomatischen Stenosen der Carotis interna und bei Patienten mit hämodynamisch 

bedeutsamen Stenose der Nierenarterien eingesetzt und ausgewertet. Die Auswertung beider 

Studien zeigte überzeugend, dass nach entsprechender Einarbeitung in die Besonderheiten 

beider behandelten Gefäßbereiche, insbesondere in Bezug auf den Zugang zum Zielgefäß, 

Platzierung eines Thromboembolieschutzsystems und Freisetzung einer selbstexpandierenden 

Gefäßstütze (Carotis interna) und in Bezug auf die Drahtführung in einem Parenchymorgan 

und Platzierung der Gefäßstütze im Bereich des Ostiums bei unterschiedlichen 

Zugverhältnissen (Nierenarterien), die in Koronarinterventionen erfahrenen Ärzte ohne 

langfristige Zusatzausbildung sehr gute klinische Ergebnisse in interventionellen 

Behandlungen erreichen können.  

Im Rahmen einer weiteren Studie konnte gezeigt werden, dass Ärzte mit Erfahrungen in 

interventionellen Behandlungen in unterschiedlichen Gefäßregionen mittels der 

Koronarmethodik mit ihren gefäßspezifischen Abwandlungen durchaus in der Lage sind, 

Behandlungen verschiedener Gefäßbereiche in einer Sitzung vorzunehmen, ohne dass das für 
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die monoterritoreale Interventionen bekannte Eingriffsrisiko, mit möglicher Ausnahme der 

lokalen Komplikationen des arteriellen Zugangs, erhöht wird. Bei Patienten mit multifokaler, 

klinisch bedeutsamer und behandlungsbedürftiger Atherosklerose bieten somit die 

Simultaninterventionen im Vergleich zur Durchführung von Eingriffen in getrennten 

Sitzungen insgesamt eine Risikoreduktion. Im Weiteren konnte durch die 

Simultaninterventionen im Vergleich zu getrennt durchgeführten Interventionen die 

Eingriffszeit verkürzt und dadurch die Gesamtbelastung der Patienten reduziert werden.   

 

5. Zusammenfassung und Ausblick 

Fachkompetenz in der Durchführung von Koronarinterventionen wird durch Explikation des 

Fachwissen-Wie und gezielte Praxis gefördert und weiter ausgebaut. Aufgrund der 

vergleichbaren kognitiven und technischen Grundanforderungen bei interventionellen 

Eingriffen in unterschiedlichen Gefäßregionen wird der Transfer von den bei koronaren 

Interventionen benötigten Fähigkeiten und Fertigkeiten auf die Katheter-vermittelten 

Behandlungen an nichtkoronaren Gefäßen deutlich erleichtert. Die Fortschritte und die 

schnelle Entwicklung in der Methodik und Technologie der koronaren Interventionen 

begünstigen zusätzlich den Wissenstransfer auf interventionelle Behandlungen anderer 

Gefäßregionen. Die bisherigen Erfahrungen zeigen, dass die koronaren Verfahren eine 

wichtige methodische und technische Grundlage für Behandlungen einer Reihe von 

nichtkoronaren Erkrankungen liefern. Diese Verfahren sind für die Simultaninterventionen an 

Gefäßen unterschiedlicher Regionen und für die kombinierten interventionellen und 

operativen Hybridinterventionen gut anwendbar. In Anbetracht des stattfindenden 

demographischen Wandels sowie der ansteigenden Prävalenz des Typ II Diabetes in 

Deutschland und den Industrienationen sind eine zunehmende Inzidenz der multifokalen 

Atherosklerose und steigender Bedarf an kardiovaskulärer interventioneller Fachkompetenz 

zu erwarten.  
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Gefäßmultimorbidität bei Patienten
mit dokumentierter koronarer
Herzerkrankung

n Zusammenfassung Atheroskle-
rose ist eine systemische Gefäßer-
krankung mit häufig vorkommen-
dem gleichzeitigen Befall von
mehreren Gefäßbereichen. Um
die Prävalenz und die topographi-
sche Verteilung der nichtkorona-
ren Atherosklerose in den peri-
pheren (PAD), zerebralen (CVD)
und renalen (RAD) Arterien bei
Patienten mit koronarangiogra-
phisch dokumentierter koronaren
Herzerkrankung (CAD) zu unter-
suchen, wurde an wegen Verdacht
auf koronare Herzerkrankung sta-
tionär eingewiesenen Patienten
eine Querschnittsstudie durchge-
führt. Zusätzlich wurde der Zu-
sammenhang zwischen der koro-
naren Herzerkrankung, dem mul-
titerritorialen Gefäßbefall und

den Hauptrisikofaktoren unter-
sucht.

1855 konsekutive Patienten,
mittleres Alter 65 ± 10,6 Jahre
(18–92 Jahre), 1184 (63,8%) Män-
ner und 671 (36,2%) Frauen mit
angiographisch nachgewiesener
CAD wurden untersucht. Die Pa-
tienten wurden in vier Gruppen
eingeteilt: Gruppe A < 35 Jahre,
Gruppe B 35–54 Jahre, Gruppe C
55–74 Jahre und Gruppe D
≥75 Jahre. 1265 (68,2%) der Pa-
tienten hatten keine Evidenz für
eine relevante nichtkoronare Ge-
fäßerkrankung. Dagegen wurde
bei 590 (31,8%) eine signifikante
nichtkoronare Gefäßerkrankung
mindestens in einer zusätzlichen
arteriellen Strombahn dokumen-
tiert. CAD war am häufigsten mit
der PAD assoziiert (n = 176; 9,5%).
In 22 (1,2%) der Patienten wurden
alle untersuchten Gefäßstrombah-
nen signifikant betroffen. Die
Prävalenz der multiterritorialen
Gefäßerkrankung nahm mit dem
Alter zu, sie war am niedrigsten in
der Gruppe A und am höchsten in
der Gruppe D. Im Gegensatz zum
Gesamtkollektiv wurde bei Frauen
die CAD sowohl mit der PAD als
auch mit der RAD in der Gruppe B
am häufigsten dokumentiert. In
der multiplen Regressionsanalyse
wurde Typ 2 Diabetes mellitus als
einziger unabhängiger Risikofak-
tor der Gefäßmultimorbidität er-
mittelt.

n Schlüsselwörter
Koronare Herzerkrankung –
Gefäßmultimorbidität –
Kardiovaskuläre Risikofaktoren

n Summary Atherosclerotic ar-
tery disease is a systemic vascular
disorder typically involving mul-
tiple vascular territories in the
same patient. To assess the preva-
lence and the topographic distri-
bution of non-coronary peripher-
al artery disease (PAD), cerebro-
vascular (CVD) and renal artery
disease (RAD) in patients with an
angiographically confirmed coro-
nary artery disease (CAD) a
cross-sectional survey among in-
patients admitted for symptoms
of CAD was performed. The rela-
tionship between CAD and multi-
territory vascular disease, and the
major risk factors were also as-
sessed. A total of 1855 consecu-
tive patients, mean age 65 ± 10.6
years (18–92 years), 1184 (63.8%)
men and 671 (36.2%) women
with an angiographically con-
firmed CAD were studied. The
patients were divided into four
age groups: group A < 35 years of
age, group B 35 to 54 years,
group C 55 to 74 years and group
D ≥75 years of age. While 1265
(68.2%) had no evidence of a re-
levant non-coronary artery dis-
ease, in 590 (31.8%) a significant
non-coronary artery disease in at
least one additional major vascu-
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lar territory was documented.
CAD was most frequently asso-
ciated with PAD in n = 176 (9.5%)
patients. In 22 (1.2%), all four
studied vascular territories were
significantly diseased. The preva-
lence of the multi-territory artery
disease increased with age: lowest

in group A and highest in the
group D. However, the data analy-
sis by gender revealed the highest
prevalence of CAD associated
with PAD and RAD, respectively,
in women 35 to 54 years of age.
Using the multivariant logistic re-
gression model, type II diabetes

was the only major risk factor for
a multi-territory expression of
atherosclerosis.

n Key words
Coronary artery disease –
vascular multimorbidity –
cardiovascular risk factors

Introduction
Atherosclerosis is a systemic disease of the large and
medium size arteries associated with disseminated
lesions, thromboembolic complications and general-
ized endothelial dysfunction (1–5). However, as stat-
ed by McGill more than thirty years ago “The sever-
ity of atherosclerosis in one artery does not predict
the severity in another artery. On a group basis, how-
ever, the average severity of atherosclerosis in one ar-
tery is closely associated with the average severity in
another artery” the disease expression varies greatly
among individuals and individual vascular beds (6).
The clinical course is punctuated by thromboem-
bolic events in multiple vascular beds frequently re-
sulting in multi-organ disease (7, 8). For coronary,
cerebral, peripheral, renal arterial and abdominal
aortic atherosclerotic disease a coincidence ranging
from 10% to 71% has been reported (9–21). How-
ever, the diagnosis of vascular multimorbidity will
be critically dependent not only on the population
in question but also on the methods and criteria uti-
lized to diagnose the disease. In early studies both
definition of patients’ cohorts and sophistication of
methods employed to diagnose the vascular disease
have been deficient.

In a previous series of 423 consecutive patient ad-
mitted in 2000 for peripheral artery disease to the
Department of Angiology, University Hospital Essen,
vascular multimorbidity was present in 77.2% of pa-
tients (Lanzer, Rudofsky, unpublished data). Whereas
it is recognized that the peripheral artery disease is
an important marker of atherosclerotic multi-mor-
bidity (22, 23), the significance of a symptomatic
coronary artery disease in vascular multimorbidity
appears less well understood.

Methods

Among 2034 consecutive patients admitted in 2001
to the Department of Cardiology and Angiology of
the Heart Center Coswig for symptoms of coronary
artery disease, a symptomatic clinically relevant cor-
onary artery disease was documented in 1855 pa-

tients. Clinically relevant coronary artery disease
was defined by the presence of angina associated
with evidence for myocardial ischemia either by
stress electrocardiography, stress 201thallium scinti-
graphy or dobutamine stress echocardiography and
at least one vessel with a blockage > 50% in coro-
nary angiography. In these patients the prevelance of
a relevant non-coronary peripheral artery disease
(PAD), cerebrovascular (CVD) and renal artery dis-
ease (RAD) atherosclerotic disease was determined.

Clinically relevant carotis artery disease was de-
fined by a history of cerebrovascular events and/or
presence of a greater than 40% carotis artery steno-
sis by PW Doppler criteria (vmax syst. > 120 cm/s, vmax

diast. < 40 cm/s) (24). Carotis duplex sonography was
performed in all patients with a history of cerebro-
vascular accidents, all patients with a high risk for
an atherosclerotic disease, i.e., those with at least
two main risk factors for atherosclerosis or those
with a documented atherosclerotic disease in at least
one non-coronary vascular bed, and in all patients
scheduled for coronary artery bypass surgery. A total
of 75% of all patients were screened by carotis du-
plex ultrasonography. In all asymptomatic patients
with an internal carotid stenosis ≥80% by PW Dop-
pler criteria and in all patients with an internal
carotid stenosis ≥60% by PW Doppler criteria who
were scheduled for coronary bypass surgery or those
who were symptomatic, a selective bilateral cerebro-
vascular DSA study was subsequently performed.

Clinically relevant peripheral artery disease was
defined by a history of claudication and/or ankle-
brachial index (ABI) < 0.9 (25). ABI was measured
in all patients studied as part of the established clin-
ical routine. In patients with claudication and ABI
< 0.9, a duplex ultrasonography of the lower leg ar-
teries was also performed. Additional diagnostic evi-
dence of a clinically relevant PAD was provided
when at least in one artery a blockage > 50% was
documented by the PW Doppler criteria (26). In pa-
tients with a history of at least Fontaine stage IIb pe-
ripheral DSA, arteriography was perfomed.

Clinically relevant renal atherosclerotic disease
was considered in patients with greater than 50% re-
nal artery stenoses on nonselective and/or selective
renal cine or DSA angiography (27). Renal angiogra-



phy was performed as a part of the coronary cathe-
rization procedure in all patients with history of hy-
pertension requiring at least two different antihyper-
tensive medications.

In all patients all major risk factors including
type II diabetes mellitus, hypercholesterolemia, hy-
pertension, tobacco abuse and familial history of
cardiovascular disease were assessed and documen-
ted. Vascular multimorbidity was considered to be
present when at least two of the assessed vascular
territories had a clinically relevant disease as defined
by the above stated criteria.

Statistical analysis of data on vascular multimor-
bidity was performed using SPSS 9.0® (SPSS Inc., Il-
linois, USA). To determine the dependence of vascu-
lar multimorbidity on age and sex, the patients’ data
has been divided into groups based on age into
group A < 35 years of age, group B 35–54 years of
age, group C 55–74 years of age and group D
≥75 years of age and based on sex into males and fe-
males. To determine the importance of risk factors
for the presence of vascular multimorbidity, a multi-
variate binary logistic regression was perfomed.

Results

A total of 1855 patients, mean age 65 ± 10.6 years
(18–92 years), 1184 (63.8%) men and 671 (36.2%)
women were studied. Age frequency distribution is
shown in Figure 1. Ages < 35 years old were consid-
ered low risk, patients 35–54 years old were consid-
ered moderate risk, patients 55–74 years old were
considered high and those older than 75 years were
considered very high risk for vascular multimorbid-
ity. Figure 2 shows the distribution of these groups
by age (Fig. 2 a) and by sex (Fig. 2 b and c) within
the total population studied.

Among all patients studied 1265 (68.2%) patients
had no evidence of noncoronary artery disease as
defined in this study. In contrast, in 590 (31.8%) a
significant noncoronary artery disease in at least one
additional major vascular territory was documented.
The most frequent combination was the association
of coronary artery disease (CAD) and peripheral ar-
tery disease (PAD) disease in 176 (9.5%) patients. In
22 (1.2%) all four studied vascular territories were
significantly diseased. The frequency distribution of
the vascular disease of the individual vascular terri-
tories in the entire population is shown in Table 1.

Isolated coronary artery disease was present most
frequently in patients younger than 35 years (87.5%)
and it was the least frequent in patients older than
75 years (63.8%). The combination of coronary artery
disease (CAD) with peripheral artery disease (PAD)
(12.3%) and renal artery disease (RAD) (6.7%) were
most frequent in patients older than 75 years, whereas
the combination with cerebrovascular disease was
most frequent in patients 55–74 years of age (9.4%).
More complex vascular disease involving at least three
major vascular territories in various combinations
was observed most frequently in patients older than
75 years of age. The overall distribution of the vascu-
lar disease of the individual vascular territories by age
is shown in Table 2.
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Fig. 1 Frequency distribution of ages in years (18–92 years) in all 1855
studied patients

Fig. 2 Frequency distribution of patients (%) within the four age-groups in all
studied patients: Group A patients < 35 years (low risk category), Group B 35–
54 years (moderate risk category), Group C 55–74 years (high risk category) and

Group D > 75 years (very high risk category) (a), in females (Fig. 2 b) and in
males (Fig. 2 c)



The distribution of vascular disease by gender
mirrored in males the distribution pattern of the en-
tire population. In contrast, in females the highest
association of CAD with peripheral artery disease
(PAD( (11.1%) and with renal artery disease (RAD)
(13.0%) was the highest in patients 35–54 years of
age as was the association of CAD, PAD and cerebro-
vascular disease (CVD) (5.6%). The highest inci-
dence of CAD and CVD was observed in females
55–74 years of age (9.0%). Tables 3 and 4 show the
distribution of patterns of vascular disease in males
and females, respectively.

All evaluated major factors were significantly as-
sociated with the presence of vascular multimorbid-
ity. However, when entered into a multivariant mod-
el only diabetes mellitus remained an independent
risk factor and predictor of a multiterritory vascular
disease (Table 5).

Discussion

Vascular diseases, and in particular atherosclerosis,
are systemic disorders, typically involving multiple
vascular territories (28). Thus, although the patients
frequently consult a physician with symptoms related
to a single organ and to its vascular bed a general-
ized disorder with a systemic disease and distribu-
tion of lesions is likely present. Most frequently the
coronary, the cerebrovascular, renal and peripheral
arteries as well as the aorta are involved.

Atherosclerosis is a lifelong disease with the first le-
sions occurring at an early age (29). Regardless of vas-
cular territory the clinical manifestation usually fol-
lows a prolonged period of an asymptomatic disease.
Despite of the lack of symptoms the asymptomatic
stage is commonly associated with a pathologically se-
vere and extensive disease. However, neither the plani-
metric extent nor the severity of the arterial wall in-
volvement appear to predict the clinical significance

of the disease reliably (30, 31). Functional parameters
and more recently, inflammatory biomarkers appear
more reliable prognostic indicators (32).

Symptomatic atherosclerosis is treated based on
clinical symptoms secondary to the organ ischemia,
whereas silent atherosclerosis may remain unrecog-
nized and therefore untreated often for decades. Re-
cognition of a clinically silent disease is important
to step up prevention and/or in selected cases, such
as findings of a severe internal carotid stenosis in
coronary bypass candidates, to institute treatment.

In early studies the presence of multiterritorial
vascular disease has been repeatedly reported in dif-
ferent populations of patients (9–21). However, due
to inconsistent methods applied in these studies,
particularly in regard to the definition and detection
of the vascular disease, reliable data on vascular
multimorbidity are scarce (33). Moreover, the impor-
tance of the major cardiovascular risk factors for the
presence of a multiterritorial vascular disease has
not yet been established.

In this study patients with angiographically docu-
mented clinically relevant coronary artery disease
were evaluated for the presence of a co-incident dis-
ease in the peripheral, carotis and renal arteries. The
presence of a non-coronary artery disease was based
on clearly defined diagnostic criteria. Three major
findigns of this study are recognized. First, in 31.8%
of all patients with an angiographically documented
clinically relevant CAD, a significant atherosclerotic
disease was present in at least one additional major
vascular territory. Second, type II diabetes mellitus
was identified as the most important and the only
independent risk factor for a multiterritory vascular
disease. Third, the gender-specific patterns of vascu-
lar multimorbidity have been identified. Whereas in
males vascular multimorbidity appears primarily an
age dependent phenomenon occurring more fre-
quently with an increasing age and being more fre-
quent in all age groups when compared to females,
in females vascular multimorbidity appears to de-
pend more heavily on the presence of risk factors,
specifically type II diabetes. In both sexes, coronary
artery disease appears to be most frequently asso-
ciated with peripheral artery disease.

Based on the increasing prevalence of the major
risk factors, particularly type II diabetes worldwide
(34) and due to the major demographic shifts in
large populations (35) an in-depth study of vascular
multimorbidity in large cohorts and in different risk
populations is clearly needed. This study and the
previous unpublished data (Lanzer, Rudofsky, un-
published data) suggest that in patients with docu-
mented single territory vascular disease vascular
multimorbidity may be present in 31.8% to 77.2% of
all patients.
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Table 1 Frequency and percent distribution of patients with an isolated cor-
onary artery disease (CAD) and patients with CAD associated with different pat-
terns of the non-coronary vascular diseases in the studied population. CVD cer-
ebrovascular disease, PAD peripheral artery disease, RAD renal artery disease

Frequency %

CAD 1265 68.2
CAD + CVD 160 8.6
CAD + PAD 176 9.5
CAD + CVD + PAD 91 4.9
CAD + RAD 111 6.0
CAD + CVD + RAD 12 0.6
CAD + PAD + RAD 18 1.0
CAD + CVD + PAD + RAD 22 1.2

Total 1855 100.0
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Table 2 Distribution of different pat-
terns of the multivascular disease dif-
ferentiated by the disease and by the
age groups within each pattern in all
studied patients

Age group Total

< 35 years 35–54 years 55–74 years > = 75 years

CAD
n 7 229 821 208 1265
Disease group (%) 0.6 18.1 64.9 16.4 100.0
Age group (%) 87.5 74.8 67.6 63.8 68.2
Total (%) 0.4 12.3 44.3 11.2 68.2

CAD + CVD
n 20 114 26 160
Disease group (%) 12.5 71.3 16.3 100.0
Age group (%) 6.5 9.4 8.0 8.6
Total (%) 1.1 6.1 1.4 8.6

CAD + PAD
n 30 106 40 176
Disease group (%) 17.0 60.2 22.7 100.0
Age group (%) 9.8 8.7 12.3 9.5
Total (%) 1.6 5.7 2.2 9.5

CAD + CVD + PAD
n 11 62 18 91
Disease group (%) 12.1 68.1 19.8 100.0
Age group (%) 3.6 5.1 5.5 4.9
Total (%) 0.6 3.3 1.0 4.9

CAD + RAD
n 1 13 75 22 111
Disease group (%) 0.9 11.7 67.6 19.8 100.0
Age group (%) 12.5 4.2 6.2 6.7 6.0
’Total (%) 0.1 0.7 4.0 1.2 6.0
CAD + CVD + RAD
n 2 7 3 12
Disease group (%) 16.7 58.3 25.0 100.0
Age group (%) 0.7 0.6 0.9 0.6
Total (%) 0.1 0.4 0.2 0.6

CAD + PAD + RAD
n 1 13 4 18
Disease group (%) 5.6 72.2 22.2 100.0
Age group (%) 0.3 1.1 1.2 1.0
Total (%) 0.1 0.7 0.2 1.0

CAD + CVD + PAD + RAD
n 17 5 22
Disease group (%) 77.3 22.7 100.0
Age group (%) 1.4 1.5 1.2
Total (%) 0.9 0.3 1.2

Total
n 8 306 1215 326 1855
Disease group (%) 0.4 16.5 65.5 17.6 100.0
Age group (%) 100.0 100.0 100.0 100.0 100.0
Total (%) 0.4 16.5 65.5 17.6 100.0
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Table 3 Distribution of different
patterns of the multivascular disease
differentiated by the disease and by
the age groups within each pattern
in males

Age group Total

< 35 years 35–54 years 55–74 years > = 75 years

CAD
n 6 194 517 93 810
Disease group (%) 0.7 24.0 63.8 11.5 100.0
Age group (%) 85.7 77.0 67.0 60.8 68.4
Total (%) 0.5 16.4 43.7 7.9 68.4

CAD + CVD
n 17 74 12 103
Disease group (%) 16.5 71.8 11.7 100.0
Age group (%) 6.7 9.6 7.8 8.7
Total (%) 1.4 6.3 1.0 8.7

CAD + PAD
n 24 72 21 117
Disease group (%) 20.5 61.5 17.9 100.0
Age group (%) 9.5 9.3 13.7 9.9
Total (%) 2.0 6.1 1.8 9.9

CAD + CVD + PAD
n 8 48 13 69
Disease group (%) 11.6 69.6 18.8 100.0
Age group (%) 3.2 6.2 8.5 5.8
Total (%) 0.7 4.1 1.1 5.8

CAD + RAD
n 1 6 35 7 49
Disease group (%) 2.0 12.2 71.4 14.3 100.0
Age group (%) 14.3 2.4 4.5 4.6 4.1
’Total (%) 0.1 0.5 3.0 0.6 4.1
CAD + CVD + RAD
n 2 6 2 10
Disease group (%) 20.0 60.0 20.0 100.0
Age group (%) 0.8 0.8 1.3 0.8
Total (%) 0.2 0.5 0.2 0.8

CAD + PAD + RAD
n 1 8 2 11
Disease group (%) 9.1 72.7 18.2 100.0
Age group (%) 0.4 1.0 1.3 0.9
Total (%) 0.1 0.7 0.2 0.9

CAD + CVD + PAD + RAD
n 12 3 15
Disease group (%) 80.0 20.0 100.0
Age group (%) 1.6 2.0 1.3
Total (%) 1.0 0.3 1.3

Total
n 7 252 772 153 1855
Disease group (%) 0.6 21.3 65.2 12.9 100.0
Age group (%) 100.0 100.0 100.0 100.0 100.0
Total (%) 0.6 21.3 65.2 12.9 100.0
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Table 4 Distribution of different
patterns of the multivascular disease
differentiated by the disease and by
the age groups within each pattern
in females

Age group Total

< 35 years 35–54 years 55–74 years > = 75 years

CAD
n 1 35 304 115 455
Disease group (%) 0.2 7.7 66.8 25.3 100.0
Age group (%) 100.0 64.8 68.6 66.5 67.8
Total (%) 0.1 5.2 45.3 17.1 67.8

CAD + CVD
n 3 40 14 57
Disease group (%) 5.3 70.2 24.6 100.0
Age group (%) 5.6 9.0 8.1 8.5
Total (%) 0.4 6.0 2.1 8.5

CAD + PAD
n 6 34 19 59
Disease group (%) 10.2 57.6 32.2 100.0
Age group (%) 11.1 7.7 11.0 8.8
Total (%) 0.9 5.1 2.8 8.8

CAD + CVD + PAD
n 3 14 5 22
Disease group (%) 13.6 63.6 22.7 100.0
Age group (%) 5.6 3.2 2.9 3.3
Total (%) 0.4 2.1 0.7 3.3

CAD + RAD
n 7 40 15 62
Disease group (%) 11.3 64.5 24.2 100.0
Age group (%) 13.0 9.0 8.7 9.2
’Total (%) 1.0 6.0 2.2 9.2

CAD + CVD + RAD
n 1 1 2
Disease group (%) 50.0 50.0 100.0
Age group (%) 0.2 0.6 0.3
Total (%) 0.1 0.1 0.3

CAD + PAD + RAD
n 5 2 7
Disease group (%) 71.4 28.6 100.0
Age group (%) 1.1 1.2 1.0
Total (%) 0.7 0.3 1.0

CAD + CVD + PAD + RAD
n 5 2 7
Disease group (%) 71.4 28.6 100.0
Age group (%) 1.1 1.2 1.0
Total (%) 0.7 0.3 1.0

Total
n 1 54 443 173 671
Disease group (%) 0.1 8.0 66.0 25.8 100.0
Age group (%) 100.0 100.0 100.0 100.0 100.0
Total (%) 0.1 8.0 66.0 25.8 100.0



The major limitation of this study represents the
incomplete screening for the presence of a clinically
relevant cerebrovascular disease (75% of all patients)
and for the presence of a hemodynamically significant
renovascular disease (only patients with poorly con-
trolled hypertension requiring at least two different
medications recieved renal arteriography). Incomplete
screenig is likely to underestimate the true prevalence
of the atherosclerotic disease in these two locations in
this study. Furthermore, the small sample size in the
individual subgroups has limited the statistical power,
particularly in patients younger than 35 years of age
and in those subgroups with less frequent combina-
tions of vascular involvement such as CAD associated
RAD. In addition, a bias due to the high regional pre-
valence of vascular diseases in Saxony-Anhalt (36) and
other referral pattern related factors can not be ex-
cluded in this study. Finally, the impact of the newer
cardiovascular risk factors on the presence of multi-
territory vascular disease has not been elucidated (37).
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Vascular Morbidity Total

1 (CAD) > 1

Diabetes
No n 839 333 1172

Diabetes (%) 71.6 28.4 100.0
Vascular Multimorbidity (%) 66.3 56.4 63.2
Total (%) 45.2 18.0 63.2

Yes n 426 257 683
Diabetes (%) 62.4 37.6 100.0
Vascular Multimorbidity (%) 33.7 43.6 36.8
Total (%) 23.0 13.9 36.8

Total n 1265 590 1855
Diabetes (%) 68.2 31.8 100.0
Vascular Multimorbidity (%) 100.0 100.0 100.0
Total (%) 68.2 31.8 100.0

Vascular Morbidity Total

1 (CAD) > 1

Cholesterolemia
No n 686 349 1035

Cholesterolemia (%) 66.3 33.7 100.0
Vascular Multimorbidity (%) 54.2 59.2 55.8
Total (%) 37.0 18.8 55.8

Yes n 579 241 820
Cholesterolemia (%) 70.6 29.4 100.0
Vascular Multimorbidity (%) 45.8 40.8 44.2
Total (%) 31.2 13.0 44.2

Total n 1265 590 1855
Cholesterolemia (%) 68.2 31.8 100.0
Vascular Multimorbidity (%) 100.0 100.0 100.0
Total (%) 68.2 31.8 100.0

Vascular Morbidity Total

1 (CAD) > 1

Nicotin
No n 1053 486 1539

Nicotin (%) 68.4 31.6 100.0
Vascular Multimorbidity (%) 83.2 82.4 83.0
Total (%) 56.8 26.2 83.0

Yes n 212 104 316
Nicotin (%) 67.1 32.9 100.0
Vascular Multimorbidity (%) 16.8 17.6 17.0
Total (%) 11.4 5.6 17.0

Total n 1265 590 1855
Nicotin (%) 68.2 31.8 100.0
Vascular Multimorbidity (%) 100.0 100.0 100.0
Total (%) 68.2 31.8 100.0

Vascular Morbidity Total

1 (CAD) > 1

Hypertension
No n 317 134 451

Hypertension (%) 70.3 29.7 100.0
Vascular Multimorbidity (%) 25.1 22.7 24.3
Total (%) 17.1 7.2 24.3

Yes n 948 456 1404
Hypertension (%) 67.5 32.5 100.0
Vascular Multimorbidity (%) 74.9 77.3 75.7
Total (%) 51.1 24.6 75.7

Total n 1265 590 1855
Hypertension (%) 68.2 31.8 100.0
Vascular Multimorbidity (%) 100.0 100.0 100.0
Total (%) 68.2 31.8 100.0

Vascular Morbidity Total

1 (CAD) > 1

Genetic Predosposition
No n 1159 546 1705

Gen Predisp (%) 68.0 32.0 100.0
Vascular Multimorbidity (%) 91.6 92.5 91.9
Total (%) 62.5 29.4 91.9

Yes n 106 44 150
Gen Predisp (%) 70.7 29.3 100.0
Vascular Multimorbidity (%) 8.4 7.5 8.1
Total (%) 5.7 2.4 8.1

Total n 1265 590 1855
Gen Predisp (%) 68.2 31.8 100.0
Vascular Multimorbidity (%) 100.0 100.0 100.0
Total (%) 68.2 31.8 100.0

Table 5 Frequency distribution of the five major cardiovascular risk factors type II diabetes, hypercholesterolemia, cigarette smoking, hypertension and familiar
predisposition in patients with an isolated CAD [vascular morbidity 1 (CAD)] and in patients with CAD associated with different patterns of the non-coronary vascular
disease [vascular morbidity > 1]



However, based on the results of this study and
based on previous observations multiterritory vascu-
lar disease represents a new potentially important
clinical aspect of the medical management of pa-
tients with coronary artery disease and clearly de-
serves further in-depth elucidation.

n Acknowledgment I wish to thank to my co-workers in generat-
ing the clinical data utilized in this study, Ms. Schüler for her as-
sistance in establishing the data base and to Dr. Andre Wunder-
lich for statistical data analysis.
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Table 6 A multivariate binary logistic regression of the major cardiovascular
risk factors type II diabetes, hypercholesterolemia, cigarette smoking, hyperten-
sion and familiar predisposition associated with a multiterritory vascular disease

Risk factor Estimator Significance (p) Risk (OR)

Diabetes 0.4036 0.001 1.4972
Smoking 0.1340 0.3191 1.1433
Hypertension 0.1139 0.3401 1.1206
Dyslipoproteinemias –0.1783 0.0813 0.8367
Genetic Predosposition –0.1738 0.3583 0.8405
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Core Curriculum

Expanding the Base for Teaching of Percutaneous
Coronary Interventions: The Explicit Approach

Peter Lanzer,1 MD and Lutz Prechelt,2* PhD

Objectives: Accelerate and improve the training and learning process of operators per-
forming percutaneous coronary interventions (PCI). Background: Operator cognitive, in
particular decision-making skills and technical skills are a major factor for the success
of coronary interventions. Currently, cognitive skills are commonly developed by three
methods: (1) Cognitive learning of rules for which statistical evidence is available. This
is very incomprehensive and isolates cognitive learning from skill acquisition. (2) Infor-
mal tutoring received from experienced operators, and (3) personal experience by trial-
and-error are both very slow. Methods: We propose in this concept article a concep-
tual framework to elicit, capture, and transfer expert PCI skills to complement the cur-
rent approach. This includes the development of an in-depth understanding of the na-
ture of PCI skills, terminology, and nomenclature needed to streamline communication,
propensity of reproducible performance assessment, and in particular an explication of
intervention planning and intra-intervention decision-making. We illustrate the impact
of improved decision-making by simulation results based on a stochastic model of
intervention risk. Results: We identify several key concepts that form the basis of this
conceptual framework, in particular different risk types and the notions of strategy,
interventional module, and tactic. Conclusions: The increasing complexity of cases
have brought PCI to the point where the decision-making skills of master operators
need to be made explicit to make them systematically learnable such that the skills of
beginner and intermediate operators can be improved much faster than is currently
possible. VC 2010 Wiley-Liss, Inc.

Key words: percutaneous coronary interventions; learning; training; teaching;
knowledge explication

INTRODUCTION

Percutaneous coronary intervention (PCI) is a highly
complex activity requiring many cognitive and techni-
cal skills based on highly specialized knowledge. Tra-
ditionally, the trainee learns these skills mainly by
observing and imitating his mentor. With growing ex-
perience, the trainee begins to perform his own super-
vised cases, proceeding from simple to more complex
interventions. Eventually, the trainee acquires sufficient
skills to work independently and to develop his own
clinical expertise. This approach, which we call the
empirical approach, is primarily based on tacit transfer
of knowledge relying on the internalization of a men-
tor’s skills and to a lesser degree on verbal instructions
or written documentation. Although the empirical
approach represents a powerful teaching strategy, it has
several important shortcomings. First, it is highly de-
pendent on the availability of highly qualified mentors.
Second, it is highly dependent on the ability of trainees

to grasp and to assimilate essential skills implicit in
the mentor’s performance. Third, lacking consistent
externalization and codification of the mentors’ skills,
the state of practice is subject to considerable
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fluctuations between individuals and institutions lead-
ing to ‘‘substantial variation in the quality of PCI serv-
ices’’ [1]. Fourth, the low degree of reproducibility and
standardization makes advances in the state of the art
difficult. To improve the transfer of cognitive PCI
skills, we propose to expand the base for teaching by
an explicit approach based on the externalization, codi-
fication, and systematization of PCI skills by the inter-
ventional community.

Introduction to Explicit Teaching

Fundamentally, knowledge and cognitive skills can
be transferred and acquired tacitly using nonverbal
means of communication or explicitly using verbal
instructions. Whereas the tacit mode relies primarily on
somatic experiences and subsidiary awareness associ-
ated with conceptual activities, the explicit mode
depends on focal awareness, externalization, and verbal
communication of knowledge [2]. In advanced teach-
ing, both approaches are complementary. In this article,
we shall not address the technical skills and focus on
the cognitive skills instead, in particular on decision-
making. The fundamental assumption underlying this
work states that sound decision-making can be learned
by mastering a coherent set of patterns and that these
patterns can be presented based on a modest number of
basic concepts that together describe a formal structure
of the interventional process. It is these basic concepts
that the present article is concerned with. Table I pro-
vides a first overview.

Formal Structure of Percutaneous
Coronary Interventions

All percutaneous coronary interventions exhibit a
single formal structure, a linear sequence of five dis-
tinct phases as shown in Table II. The first three
phases represent PCI proper.

Initialization comprises all preparatory steps up to
the placement of the guiding catheter at the ostium of
the target vessel and acquisition of the first preinter-
ventional angiogram. In all interventions the crucial
step is the design of a specific case-related strategy
based on findings and clinical presentations. Essential

components of PCI strategy design are summarized in
Table III.

Assessment of patient- and lesion-related factors is
critical for risk assessment and definition of suitable
aims for the intervention. At the heart of strategy for-
mation is a suitable plan for the main interventional
cycle, MIC: What steps will be done in what order,
what will each of them achieve, when will the proce-
dure be terminated? An appropriate selection of the
steps and a sufficiently accurate expectation for their
impact are key contributors to a quality intervention.
Constituents steps of the strategy are interventional
modules, IM (see section Strategies).

MIC represents the core of a PCI. Ideally, it follows
the designed strategy and consists of a foreseen num-
ber of rounds. Each round (except the last one) consists
of two basic phases:

1. Angiographic image acquisition, evaluation, and de-
cision upon action.

2. Performing the action, which can be either an inter-
ventional or a diagnostic step.

The decision in round N is always based on the out-
come of the previous round N � 1. The minimum
number of rounds is N ¼ 2, e.g., direct stenting; com-
plex interventions may consist of up to N ¼ 50 rounds,
rarely more. Each round is designed to advance the
intervention toward the stated goal. The last round
lacks an action and triggers the termination. In general,
the number of rounds comprising a MIC should be
kept at a minimum, as the total risk of the intervention
increases with each round. IMs are generic mental rep-
resentations of rounds constituting a specific MIC (see
later).

TABLE I. Components of Explicit Teaching of PCI Skills

Definition and analysis of the formal structure of the

PCI process

Development and updating of standardized terminology

Definition, analysis, and acquisition of the essential

cognitive and motor procedure-related skills

Definition, analysis, and development of the decision

making process

Structuring and staging of the teaching process

TABLE II. Basic Pattern of PCI

Initialization

Main interventional cycle (MIC)

Termination

Aftercare

Follow-up

TABLE III. Essential Components of PCI Strategy Design

Analysis of the patient-related factors, e.g., in PCI: comorbidities,

especially diabetes, status of the global and regional left

ventricular function, status of the renal function, etc.

Analysis of the target-lesion-related factors, e.g., in PCI:

angiographic morphology including the proximal and

adjacent segments, number and topographic distribution

of concomitant lesions, etc.

Comprehensive risk assessment

Definition of the aim of the intervention

Planning of MIC as a sequence of interventional modules (IMs)
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Termination concludes the intervention proper start-
ing with the removal of the instrumentation and ending
with the closure of the access site. Aftercare spans the
entire hospital stay following the intervention. Follow-
up refers to the time following the discharge; typical
time-frames are 30-days, 6 months, and 1 year after
the index intervention.

Essential Cognitive Skills

Essential cognitive skills are interrelated and specific
to the various phases that can be distinguished in PCI.
For example, reading and interpreting coronary angio-
grams throughout the course of the PCI represents one
of the basic cognitive skills required for PCI mastery.
These skills are in turn embedded in a more complex
category of skills responsible for the overall monitoring
of the evolution of the intervention. These specific and
more complex cognitive skills can be summarized in
compound skills such as focused attention, i.e., the
ability to screen out distracting stimuli, sustained atten-
tion, i.e., the ability to maintain vigilance, divided

attention, i.e., the capability to recognize and respond
to multiple stimuli at the same time, alternating atten-
tion, i.e., the ability to shift the focus of attention
quickly, central processing speed, i.e., the time it takes
to encode, categorize, and understand the meaning of
any sensory stimuli, conceptual reasoning including
concept formation, abstraction, deductive and inductive
logic, working memory, i.e., the ability to hold enough
task-relevant information while processing it, response
inhibition, i.e., the ability to avoid reflexively reacting
to incorrect stimuli, visual processing speed, i.e., the
time it takes to analyze visual stimuli, visual scanning
and tracking, i.e., the ability to find and follow a visual
cue, visuo-spatial classification, i.e., the ability to dis-
criminate between visual objects based on a concept or
rule, etc. Cognitive skills are fundamental to all deci-
sion making in PCI and they can be trained.

Decision-Making

Decision-making (DM) occurs in strategy formation
and in each round of the MIC in real-life interventions.

Fig. 1. Importance of decision-making in PCI: Good decisions lead to fast progress (left),
sub-optimal decisions lead to slower progress (middle), bad decisions can be counter-pro-
ductive (right) and may lead to failed interventions (X). There are millions of possible paths
through the decision space of even modestly complex interventions.
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It represents the most critical determinant of the PCI
outcome. Although the number of possible actions in
each round is limited, the combined effects of multiple
rounds create a huge decision space with a high degree
of uncertainty (Fig. 1).

To date DM in PCI has not yet been sufficiently
studied likely because it was perceived too complex to
allow a meaningful characterization. Yet, DM in PCI is
similar to other probabilistic DM processes associated
with complex cognitive activities [3], such as OPCAB
surgery [4]. To develop PCI teaching programs based
on the explicit training of the cognitive skills, the criti-
cal formative importance of some basic concepts out-
lined below must be appreciated.

Risk. Qualitatively, risk represents the possibility of
a specific adverse outcome in a given patient. Quantita-
tively, risk is defined as the probability of a specific
adverse outcome multiplied by the magnitude of the
expected damage. Exact quantification of either of
these parameters is usually infeasible, but the princi-
ples of fuzzy sets [5] or probability range qualifiers
such as very high (>10%), high (�3%), moderately
high (<3%), low (<1%), and very low (<0.1%) can
be helpful to describe the risk of specific complications
in PCI.

Fundamentally we have to discriminate the risk in-
herent in the patient’s health status, which we call
latent risk (e.g., the risk of heart failure following myo-
cardial infarction), from the risk incurred by the inter-
vention itself, which we call actional risk (e.g., the
damage of the target vessel due to a balloon inflation).
Reductions in latent risk are a way of expressing the
benefits obtained for the patient and short-term and
long-term benefits should be considered in a balanced
manner. For instance, long-term considerations may in
some cases speak against using a stent, since the pres-
ence of a stent could make a possibly needed future
intervention or surgery more difficult. Actional risk can
be divided into several parts. The following are the
most important ones: Optimum-skill actional risk is the
risk of damage to the patient even if the chosen inter-
vention is performed with perfect skill by an ideal
interventionist. This risk is never zero and it is thus
unavoidable. Knowledge risk is the actional risk due to
incomplete information about the status of the target
lesion and status of the patient (e.g., thrombotic lesion
not visualized by angiography). This risk may be
small, but will never be zero. Skill risk reflects the fact
that real interventionists are not ideal and will hence
not perform the step in a perfect manner. It may be
small when the interventionist is very skilled or larger
if not [6].

Based on this risk concept, the following rules
would apply to decision-making in PCI:

1. At each step during an intervention, the total risk
should be minimized; thus all plausible actions
should be considered, the actional risk incurred and
the latent risk saved by each assessed and those
steps with the least sum of both should be selected.

2. As long as the intervention produces overall benefits
for the patient, the total risk will become smaller in
each step, except for sudden changes in latent risk,
e.g., due to patient instability.

3. To minimize the total actional risk the number of
rounds should be kept at a minimum; rounds reduc-
ing the risk of subsequent rounds must be evaluated
in light of their own actional risk.

4. To prevent escalations in procedures with increasing
risk, termination of the intervention, or other treat-
ment options should be considered.

To apply the above risk-based decision-making
framework perfectly, the extremely difficult task of
risk quantification would need to be approached. Sys-
tematic evaluation of risk and feed-back on adverse
events shall improve operators’ ability to judge the risk
properly.

Strategies. As introduced above, a strategy (or
‘‘interventional strategy’’ in full) is a complete plan of
an intervention. Thus, a strategy represents the expecta-
tion about the most likely course the intervention will
take as a whole. This expectation is based on the inter-
ventionist’s experience about sequences of actions that
are useful and consequences that are likely. Strategies
are the critical constituent of initialization because they
postulate how to achieve the best possible outcome at
minimum risk. Although strategies are case-specific
they employ sequences of premeditated and semi-
standardized steps we call interventional modules
(IMs). IMs are generic mental representations of MIC
rounds in real-life interventions. An IM is selected
from a library of IMs based on patient and lesion char-
acteristics and the interventionist’s experience. They
describe intermediate situations that are common dur-
ing interventions, the specific decisions and corre-
sponding rationale, the respective action to be taken,
and the outcome that is both expected (i.e., likely) and
intended (i.e., positive progress of the intervention). As
such they are the natural building blocks of interven-
tional strategies [7].

Safe navigation of the huge decision space associ-
ated with PCI is guided by observation of the accepted
interventional rules i.e., definite and usually mandatory
standards of conduct and interventional recommenda-
tions i.e., less strict suggested standards of conduct
such as guidelines. However, although the interven-
tional rules and recommendations at present regulate
the overall PCI process they cut off only a few small
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corners of the actual total PCI decision space; most of
it has to be navigated based on the applied skills of the
individual interventionist.

The quality of strategies can be determined by com-
paring outcomes of actual interventions conducted in
similar clinical scenarios. Master strategies allow rea-
sonably accurate predictions regarding the likely out-
come, the amount of total risk at each point, and the
utilization of resources such as time and material. They
also allow preparing in advance for emergencies and
complications by implementing preventive measures.
However, perhaps the most important benefit of the
consequent implementation of strategies is develop-
ment and establishment of stable interventional rou-
tines. Routine intervention means the embodiment of
series of interventional actions within a given clinical
context correctly predicted by individual interventional
strategies of one particular interventionist. Routine
interventions allow a smooth and successful conduct of
entire procedures at predictable and low risk. Routine
interventions are therefore safe, effective, and efficient.
They enable the interventionist to fully focus on the
evolving procedure and are the basis for successful
treatment of increasingly complex cases over time.

Tactics. An ideal intervention will follow the
designed strategy step-by-step. However, in the real
world of clinical practice, even the conduct of a master
strategy will sometimes produce unexpected outcomes
forcing the interventionist to deviate from the plan and
to perform unplanned interventional actions. Changes
of strategies enforced by the unpredicted results of
interventional actions in real procedures we call tactics
and their constituent rounds we call impromptu actions,

IAs. Minor deviations from strategies include inser-
tions of single IAs; more substantial changes require
introduction of a series of IAs or switching to a dif-
ferent strategy; extreme cases may require more or
less complete deviation from the preconceived strat-
egy or even premature termination. Like strategies,
interventional tactic are specific to a patient and situa-
tion. In contrast to strategies, interventional tactic of-
ten have to be chosen under severe time constrains
and require therefore even higher clinical judgment
skills. The ability to make the right decision and to
perform the right actions at the right time under pres-
sure and frequently in emergency situations is a hall-
mark of master interventionists. In these instances, the
interventional decisions appear to be instructed by
intuition, a state of mind of highly trained professio-
nals likely rooted in embodiment of a broad spectrum
of interventional routines and expressed in abilities to
conceptualize and to handle non- routine events
instantaneously. Nevertheless, regardless of the skill
level of individual interventionists it appears that rou-
tine interventions carry a lower procedural risk com-
pared to tactic-guided interventions [8]. Figure 2 sum-
marizes the interplay between predesigned strategy
and tactics.

Illustrative examples. To illustrate the impact of
forming sound or ill-suited strategies and of making
correct or shaky tactical judgments, we designed a sim-
ple stochastic simulation model as follows:

• The initial strategy expects that the intervention will
take N rounds (here: N ¼ 4 rounds for a simple
case, N ¼ 10 rounds for a complicated one).

Fig. 2. Summary of strategy alone and combined strategy and tactics driven PCI. In principle,
both, strategy-based and mixed strategy-based and improvisation-driven PCI may result in
success or failure. However, the probability of success is higher and the level of risk is lower in
strategy based (blue panel) compared to mixed strategy-based and improvisation-driven PCI.
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• An intervention will be stopped because of the ex-
cessive risks as soon as it becomes clear that it can-
not be finished in 40 rounds or less.

• In any round i, the result will be different from the
expected result in D percent of the cases (we assume
D ¼ 10 for a master operator, D ¼ 15 for an inter-
mediate, and D ¼ 30 for an inexperienced one).
When this happens, it will often make one or two
additional rounds necessary or, occasionally, save
one round.

• However, in B percent of the rounds, the unexpected
result was actually the consequence of a rather bad
judgment and the effects are much more negative:
two to four additional rounds become necessary. We
assume that B ¼ 2 for a master operator, B ¼ 10 for
an intermediate, and B ¼ 20 for an inexperienced one.

• The number Ci of plausible action choices to be con-
sidered in round i fluctuates, with a mean of 3. How-
ever, after a bad judgment with negative effects, Ci

is twice as large as usual.
• The decision space grows exponentially as the pro-
cess unfolds; in each step, its size multiplies by Ci.

Using this model for a number of stochastic simula-
tions, Fig. 3 provides examples of the evolution and
outcome of some standard interventions, three each
conducted by a master, intermediate, and inexperienced
interventionist, respectively.

Using the same format, Fig. 4 shows the evolution
and outcome of complex interventions. These simula-
tions allow for the following observations:

• Standard interventions do sometimes and compli-
cated ones do usually take longer than initially
expected. The better the judgment capabilities of the
operator, the smaller is the difference.

• With low judgment capabilities, complex interven-
tions may escalate, i.e., in their course, the remaining
work to be done gets more rather than less and the
risk increases. With increasing judgment capabilities,
strength, and frequency of such crises decrease
gradually.

Although this model is far too simplistic for making
quantitative predictions of actual interventions, it
clearly demonstrates the consequences of less-than-
ideal strategic planning and tactical judgment and
emphasizes the need to train both.

Terminology and nomenclature. The ability to cap-
ture, elicit, articulate, and transfer expert cognitive
skills a comprehensive, precise, and standardized termi-
nology is required. Although in PCI an extensive ter-
minology has already been developed [9–11] most of
the available terms relate to conditions before, during,

or after interventions; terminology referring directly to
the cognition and actual performance is scarce. Thus,
development of operational terminology enabling dif-
ferentiations between the individual aspects of the
ongoing DM and IAs appears indispensable to allow
systematic step-by-step tracking, verbalization of the
relevant decision points and individual actions, and
consistent feed-back and evaluation. The accepted
terms should be properly substantiated and standar-
dized. For example, current clinical jargon commonly
uses the terms pushability, crossability, and trackabil-
ity, but these refer quite loosely to a whole range of
different phenomena; instead, they should be clearly
defined [12].

Knowledge- and Cognitive Skill-Based
Curriculum

Formal structure and objectives of training curricula
in interventional cardiology have been defined both in
Europe and in the USA [1,13–16]. These documents
state and set standards for training. However, although
the scope of training is clearly outlined, little space is
devoted to learning techniques and actual skill acquisi-
tion. In the daily practice of most PCI fellowship pro-
grams, some elements of explicit cognitive teaching
are likely present, however a comprehensive and stand-
ardized foundation is as of yet lacking.

To develop a consistent way of cognitive skill acquisi-
tion we suggest in this concept article the development of
a library of interventional cases and teaching regimes.

Library of interventional real-life cases. The
library of real-life PCI cases will provide a representa-
tion of the entire spectrum of coronary interventions in
typical scenarios, e.g., left main, left main ostium,
stem or bifurcation in elective and emergency settings.
The cases are documented in a standard format, e.g.,
image definition of the target vessel in moderate mag-
nification in two best projections, definition of the tar-
get site in high magnification in two orthogonal projec-
tions, definition of all relevant decision points, defini-
tion of the final results in high magnification in two
orthogonal projections, definition of the target vessel in
moderate magnification in two best projections. The
image documentation is completed by a written proce-
dural report including instrumentation and brief com-
mentary of the operator on decision points.

Meaningful case analysis requires a handful of
experts willing to agree on criteria to assess the quality
and merits of individual PCIs. Analysis of a sufficient
number of properly categorized representative cases,
constitute the library of interventional knowledge
allowing case selection and stratification in standard,
intermediate, and complex categories. Classes of cases
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documented and analyzed in a standardized and repro-
ducible fashion serve as teaching materials in individ-
ual program settings. They assist the learner with inter-
preting, reasoning, and decision making activities that
comprise the routine and nonroutine tasks allowing for
corrective feedback and structured development of task
specific cognitive skills and ultimately declarative
knowledge [17].

Teaching regime. Our knowledge- and cognitive
skill-based concept will complement the currently
prevalent mostly tacit teaching of cognitive skills it in
three basic stages of learning.

The first stage involves the classical learning ‘‘from
the books.’’ Here the trainee acquires the basic knowl-
edge about PCI according to the tenets outlined in the
current curricula on clinical competence in

Fig. 3. Stochastic simulation of the course of nine different random standard interventions
(N 5 4 rounds expected duration) for a master operator (top row), an intermediate operator
(middle row), and an inexperienced beginning operator (bottom row). All three master inter-
ventions go just as planned; two of the intermediate interventions need a few additional
steps; two of the beginner’s interventions initially even make matters worse and eventually
take much longer than required.
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interventional cardiology. At this stage, the explicit
approach adds notions such as strategy, tactic, interven-
tional module, the risk types, etc.

The second stage consists of learning the basic cogni-
tive interventional skills. Based on study of the library
cases and initial hands-on experience the trainee learns
to design basic interventional strategies based on the

specific data. The critical skills here are appropriate
evaluation and judgment of all input variables to select
suitable access sites and fitting instrumentation and the
ability to chain interventional modules in such a manner
that indirect risk is avoided, that the strategy is robust
against the knowledge risk involved in the initial assess-
ment of the case and against the uncertainty of module

Fig. 4. Stochastic simulation of the course of nine different
random complex interventions (N 5 10 rounds expected dura-
tion) for a master operator (top row), an intermediate operator
(middle row), and an inexperienced beginning operator (bot-
tom row). Not one of the nine interventions goes exactly as
planned and none of the operators can always avoid making
matters initially worse. However, the master operator can fin-
ish all of his interventions in 11–14 steps; the intermediate

can sometimes finish almost as fast (14 and 16 steps), but
encounters one case where the intervention steers far off
course, almost gets out of hand, and eventually requires 29
steps; the beginner can hardly control these complex cases
at all and finishes all of them only after a long struggle (36 or
37 steps) or not at all (second case). The decision space size
explodes never for the master, twice for the intermediate, and
always (and even quite early) for the beginner.
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outcomes, and that global parameters such as outcome,
total actional risk, procedure time, radiation exposure,
material cost etc. are optimized. The trainee learns to
chain interventional modules into complete strategies
and proceeds from standard to more advanced cases.
The trainee is required to explain and to justify the
selected strategies and to defend his choices in a dia-
logue with his mentor.

The main contribution of the explicit approach in
this stage is the library of interventional cases. Its first
version will serve as the source from which to identify
the set of typical interventional modules, subsequent
versions will then use those modules as explicit and
well-defined terminology.

Combined with hands on training, mastering stages
one and two shall enable an interventionist to perform
supervised standard interventions effectively, effi-
ciently, and at low total risk.

The third stage consists of learning how to design in-
termediate and more advanced strategies how to handle
unexpected outcomes and how to conduct more complex
procedures. Practical training, embodiment of acquired
knowledge and development of interventional routines
represent the main focus of teaching and learning here.
The interventionist learns (still assisted by the mentor)
how to decide and act independently. While the knowl-
edge used in stage two consists of a set of heuristic rules
and recommendations that are applied and combined in
conventional ways, the knowledge used in stage three
ads some heuristic rules that are applied and combined
in less standard ways in face of higher uncertainty.

Mastering the third stage enables an interventionist to
independently perform standard and moderately complex
interventions at low risk even when an intervention breaks
out of its expected path requiring skilled conduct of non-
routine interventions. From this point, continued practice
is the road toward becoming an expert interventionist.

CONCLUSIONS

The concept of the explicit knowledge and cognitive
skill-based approach has been designed to complement
the current mostly tacit and empirical approach to train-
ing of cognitive PCI skills. Systematic extraction, codifi-
cation and transfer of interventional knowledge will ena-
ble practitioners to acquire a much larger fraction of
their knowledge and skills explicitly, by cognitive learn-
ing, rather than relying mostly on tacit modes. We
expect that codifying and externalizing PCI knowledge
in this manner will help improve both the state-of-the-art
and the state-of-practice of the PCI field.
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n Summary Aims The aim of
this study was to assess the out-
come of carotid-artery stenting
(CAS) in high-risk patients in
routine clinical settings while ex-
cluding the impact of multiple
operators and the learning curve
of individual operators on the
outcome, and to determine the
impact of individual risk factors,
including vascular multimorbid-
ity, on the outcome. Methods and
results A total of 143 consecutive
patients, 100 (69.9%) males and
43 (30.1%) females, mean age
68.7±8 years treated between Feb-
ruary 1999 and May 2004 in the
Heart Centre Coswig by a single
operator for a symptomatic
(n = 37) and asymptomatic
(n = 106) on average greater than
70% (82.3 ± 10.7%) or 80%
(85.0 ± 9.1%) NASCET carotid-ar-
tery stenosis, respectively, were
studied. At least one NASCET ex-
clusion criteria was present in
140 patients (97.9%), and vascu-
lar multimorbidity was present in
94 (65.7%) patients. In 28
(19.6%) patients there was a com-
plete occlusion of the contralat-
eral internal carotid artery and in
12 (8.4%) patients the procedure
was performed prior to emer-
gency coronary bypass surgery.
In all, 47 (32.9%) procedures
were performed without and 96
(67.1%) were performed with
thromboembolic protection. Tech-

nical success was achieved in all
patients. Combined neurological
complications, TIA, PRIND and
stroke, occurred in 5 (3.5%) pa-
tients, of which 3 (2.1%) were
PRIND and 2 (1.4%) were
strokes. The neurological compli-
cations were more frequent and
more severe in symptomatic pa-
tients compared to asymptomatic
patients (PRIND 2.7% vs 1.9%;
stroke 0% vs 5.4%). In patients in
whom thromboembolic protection
was used, the rate of neurological
complications was lower com-
pared to those without protection
(PRIND 1.0% vs 4.3%; stroke
1.0% vs. 2.1%). There was no
death related to the procedure.
Neurological complications were
more frequent and more severe in
patients with vascular multimor-
bidity compared to those with an
isolated carotid-artery stenosis
(4.2% vs 2.0%). The rate of neu-
rological complications was simi-
lar in type II diabetics and non-
diabetics (2.9% vs 4.1%). In 4.2%,
minor complications related to
the arterial puncture site were
observed (3.5% hematoma not re-
quiring blood transfusion, 0.7%
pseudoaneurysm). At follow-up
after a minimum of 6 months, 9
(6.3%) patients had died, the ma-
jority of whom had died of cardi-
ovascular disease (3.5%). Conclu-
sions CAS can be performed with
an acceptable risk in high-risk
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patients in routine clinical set-
tings when it is performed by an
experienced operator. The use of
thromboembolic protection de-
vices reduces the risk of neuro-

logical complications. Presence of
vascular multimorbidity, but not
diabetes, appears to increase the
risk of all causes and of neurolog-
ical complications.
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Introduction

Carotid-artery stenting (CAS) has recently become
an increasingly accepted clinical method to treat car-
otid artery disease in symptomatic patients with at
least 50% and in asymptomatic patients with at least
80% NASCET-stenosis [1]. Indications for CAS typi-
cally include patients with high operative risk, post-
endarterectomy restenosis, radiation-related stenosis,
stenosis in patients with neck dissection, tandem
stenosis, stenosis associated with fibromuscular dys-
plasia, Takayasu arteritis and carotid dissection. In-
dications for carotid endarterectomy include patients
with long and highly irregular stenoses requiring
more than two stents, long filiform stenoses and
greater than two quadrants highly calcified stenoses,
whereas stenoses with high risk of thromboemboli-
sation can be treated by either technique [2]. CAS is
associated with a definite risk of death, neurological
and puncture site complications which are compar-
able to those of carotid endartectomy [2–4]. The
combined risk of death and neurological complica-
tions in CAS appears primarily determined by the
patient’s risk status and selection criteria [5, 6] the
lesion’s characteristics [7–9] the use of thromboem-
bolic protection devices [10] and the operator’s skills
[11]. However, their precise impact on the outcome
still remains to be determined.

Here, we report the outcome of a single centre,
single operator CAS registry in high-risk patients
[12] who were treated for severe symptomatic or
asymptomatic internal carotid artery stenosis in rou-
tine clinical settings. The impact of accepted risk
factors and of vascular multimorbidity [13] on the
outcome was assessed.

Methods

n Study population

One hundred and forty-three consecutive patients re-
ferred between February 1999 and May 2004 to the
Heart Centre Coswig with symptomatic internal caro-
tid disease and patients screened for internal carotid
disease before coronary bypass surgery or because
of significant vascular disease in other vascular terri-

tories were evaluated for the presence of significant in-
ternal carotid artery disease by color Duplex ultraso-
nography. In all patients with significant disease by
Duplex, selective carotid DSA digital subtraction an-
giography (DSA) was performed. Indications for treat-
ment were recent neurological symptoms, emergency
bypass surgery, subtotal occlusive lesions, high-grade
lesions associated with ipsilateral perfusion defects on
CT and/or MRI, and contralateral internal carotid oc-
clusion associated in the majority of symptomatic pa-
tients with NASCET carotid-artery stenosis > 70%, and
in asymptomatic patients with NASCET carotid-artery
stenosis > 80%. In each patient, the clinical, non-inva-
sive and invasive findings were evaluated by the inter-
ventional cardiologist and the vascular surgeon. Based
on set criteria [2], patients were assigned to catheter-
based or open-surgery revascularisation. All patients
included in this study selected for carotid-artery stent-
ing (CAS) were consecutive cases treated by a single
operator (RW).

n Study protocol

In all patients studied, the demographic data and the
presence of the major cardiovascular risk factors hy-
pertension, diabetes mellitus type II, hypercholestero-
lemia, smoking and family history of cardiovascular
disease, presence of neurological symptoms prior to
admission and the presence of vascular disease in
the major vascular territories including coronary ar-
teries, abdominal aorta and peripheral arteries, renal
arteries and deep peripheral veins were determined.
Significant coronary artery disease was considered
present in patients with a history of coronary artery
bypass surgery, percutaneous coronary intervention
or with coronary artery stenosis greater than 50%
documented by x-ray coronary angiography. Signifi-
cant peripheral artery disease was present in patients
with a history of aortic and/or peripheral bypass sur-
gery, aortic and/or peripheral artery percutenaous in-
tervention, patients with peripheral artery stenosis
greater than 70% documented by arterial DSA or pa-
tients with ankle-brachial-doppler index of less than
0.8. Significant renal artery disease was present in
all patients with renal artery stenosis greater than
50% on arterial DSA. Deep vein thrombosis was diag-
nosed in all patients with equivocal documentation by
phlebography, duplex sonography, post-thrombotic



syndrome and/or reliable history. Vascular multimor-
bidity was considered present in patients with a defi-
nite disease in at least one additional major vascular
territory as defined by the above-stated criteria and
in patients with the occluded contralateral internal
carotid artery, and/or in patients with cerebrovascular
insufficiency as a sign of multivascular cerebral dis-
ease. In all patients, modified NASCET exclusion crite-
ria including organ failure or advanced dysfunction
(heart, liver, kidney, lungs), unstable cardiac and cere-
bral vascular symptoms, poorly controlled hyperten-
sion and diabetes, history of major recent illness
and lesion’s characteristics (tandem lesion, restenosis,
thrombus, high grade ulceration) were registered [12].

In all patients considered for carotid artery revas-
cularisation, aortic arch and selective bilateral caro-
tid artery digital subtraction angiography (DSA) was
performed. The degree of stenosis was judged vi-
sually and subsequently quantitively measured utilis-
ing the NASCET method [12]. Prior to treatment de-
cision in all patients, cerebral computed tomography
and/or magnetic resonance tomography and a com-
plete neurological examination by a neurologist were
performed. In patients with indication for carotid ar-
tery revascularisation confirmed by a neurologist,
the findings were reviewed by an interventional car-
diologist and vascular surgeon and the strategy of
revascularisation, carotid-artery stenting (CAS), or
carotid endarterectomy (CEA), was selected based
on a consensus decision. Subsequently, the decision
on revascularisation strategy was discussed with the
patient and an informed consent was obtained.

n Carotid artery stenting (CAS) protocol

Patients were premedicated with 75 mg clopidogrel
from the time of decision for CAS. On entry to the
catheterisation laboratory, a volume expander infusion
was started. All procedures were performed via the
femoral artery. Following the puncture 5F sheath
was placed, 5000 units unfractioned heparin were giv-
en and 5F catheter, typically head hunter configuration
was placed in the distal common carotid artery, the le-
sion and the intracerebral vascular tree were visualised
in multiple projections. Subsequently, 0.035�� wire, typ-
ically 260 cm Road runner (Cook, Inc.), was advanced
into the distal branches of the ipsilateral external car-
otid artery and the 5F catheter was replaced by 90 cm
7F sheath (Cook, Inc.) with the tip at a safe distance, 2–
3 cm, distal to the lesion. In patients with difficult aor-
tic arch anatomy, telescopic approach using the 5F
catheter and the 7F sheath was utilised to advance
the tip of the sheath distally to the bifurcation. With
the sheath securily positioned, the 0.035�� wire was re-
placed by a soft tip extra support 0.014�� guidewire

which was navigated through the stenosis with the
tip positioned in the petrose segment of the carotid ar-
tery. In patients with extremely tight stenosis, a short
low pressure, usually 6 bar, predilatation with a
3.0 × 30 mm was performed. Following the introduc-
tion of the thromboembolic protection devices, which
have been standard in all patients since early 2003, in
cases where no predilatation was necessary, the 0.014��
wire of the device was used to cross the lesion. The de-
vice was deployed distally to the lesion, preferably in a
straight segment of the extracranial carotid artery. In
the course of the study, AngioGuard (Cordis), Neuro-
Shield (MedNova), EPI Filterwire (Boston Scientific),
Accunet (Guidant) and (Spider, ev3) protection devices
were utilised. Prior to stent deployment, the patient re-
ceived 0.5 mg atropin intraveneously with an addi-
tional 0.5 mg atropin as needed. Then the stent, typi-
cally Wall Stent (Boston Scientific), was placed across
the lesion and deployed. To allow for optimal stent ap-
position, subsequent dilatations with up to 10 mm bal-
loons were performed at the discretion of the operator.
Following the stent placement, the blood was vigor-
ously withdrawn from the sheath; the filter device
and the sheath were carefully withdrawn and final an-
giograms in multiple projections taken.

Initially, the patients were monitored during the
procedure by a neurologist, later by the operator
and the staff. Following the procedure, the patient
was brought to an intermediate care unit for
24 hours’ monitoring. The sheath was removed when
activated clotting time (ACT) was less than 180 s.
Clopidogrel was continued and, if there were no
complications, the patients were transferred to the
ward for another 48 to 72 hour’s observation and
usually discharged on day four. Patients who devel-
oped neurological deficits were evaluated immedi-
ately by a neurologist and CT and/or MRI imaging.

Technical success was considered when the lesion
had been successfully crossed and revascularised.
Procedural success was defined as removal of steno-
sis without relevant end-organ complications. All pa-
tients were evaluated for neurological complications,
TIA, PRIND and major stroke, and the arterial
puncture site complications, moderate to large he-
matoma, pseudoaneurysm and fistula, following the
procedure and prior to discharge.

n Follow-up

At a minimum of 6 months following the procedure,
the referring physicians of all patients were con-
tacted by mail and the follow-up regarding occur-
rence of death and major cardiovascular events
(MACE) was completed. In patients who had died,
the cause of death was recorded, if known.
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n Data analysis

In all patients, the demographic data, the major car-
diovascular risk factors diabetes type II, hyperten-
sion, hypercholesterolemia, family history and smok-
ing, NASCET exclusion criteria, neurological symp-
toms prior to admission and presence of significant
vascular disease in one of the major vascular terri-
tories besides carotid arteries, deep vein thrombosis,
occluded contralateral carotid artery and chronic
cerebrovascular insuffiency, were assessed and ana-
lysed. The severity of the carotid-artery stenosis be-
fore the procedure was determined from the DSA
angiograms according the NASCET method. All
complications following the procedure were analysed
prior to discharge and at follow-up after a minimum
of 6 months.

The statistical analysis of data was performed
using software SPSS (version 11.0). Absolute and rel-
ative frequencies were calculated. The comparison of
independent groups was performed with nonpara-
metric Mann and Whitney U-test.

Results

The data of 143 consecutive patients mean age
68.7 ± 8 years treated between February 1999 and
May 2004 in the Heart Centre Coswig with CAS by a
single operator were analysed. The primary indica-
tion for referral was confirmed or suggested carotid
artery disease in 77 (53.8%), carotid and coronary
artery disease in 27 (18.9%), coronary artery disease
in 11 (7.7%), peripheral artery disease in 2 (1.4%)
und miscellaneous indications such as poorly con-
trolled hypertension or diabetes in 22 (15.4%) pa-
tients. One hundred (69.9%) patients were males
and 43 (30.1%) were females with a mean age of
68.7 ± 8.3 years and 68.8 ± 7.5 years, respectively. In
all, 93.0% of patients had at least one cardiovascular
risk factor, the most frequent risk factor was poorly
controlled hypertension (82.5%), followed by poorly
controlled type II diabetes (49.0%). Table 1 sum-
marises the frequency of the five major cardiovascu-
lar risk factors in the study population. Among the
patients, 106 (74.1%) had no neurological symptoms
prior to the admission and 37 (25.9%) were sympto-
matic (Table 2). Among asymptomatic patients, ipsi-
lateral perfusion defects were documented in 57,
subtotal occlusion (> 90%) was present in 48, con-
tralateral internal carotid artery was occluded in 22,
and emergency bypass surgery was scheduled in 8.
There was no statistically significant difference in
the distribution of the cardiovascular risk factors be-
tween the groups of the asymptomatic and sympto-

matic patients. In asymptomatic patients, mean se-
verity of stenoses was 85.0 ± 9.1%, whereas in symp-
tomatic patients it was 82.3 ± 10.7%.

A total of 140 (97.9%) patients had at least one of
the NASCET exclusion criteria; three (2.1%) patients
had none of the risk factors defined by the NASCET
study. Table 3 summarises the distribution of the
NASCET risk factors in the study population. Vascu-
lar multimorbidity was present in 94 (65.7%) of the
patients. Table 4 summarises the occurrence of vas-
cular multimorbidity in the study population.

Thromboembolic protection device was used in
96 (67.1%) of the procedures and there was no sta-
tistically significant difference in the distribution of
its use between asymptomatic and symptomatic pa-
tients. From 1999 through early 2003, thromboem-
bolic protection device had not been used in all pa-
tients. Primary indications were high-risk morphol-
ogy lesion including thrombus, major ulceration and
high plaque burden. Since February 2003, all proce-
dures have been device supported.

Technical success was achieved in all patients. Pro-
cedural success was achieved in 96.5% of patients.
There was no death due to the intervention. Neurolog-
ical complications occurred in 5 (3.5%) patients,
whereas in 6 (4.2%) patients complications of the
puncture site occurred with none of them requiring
blood transfusion or surgical intervention. Table 5
summarises the overall incidence of neurological
and local vascular complications in the entire popula-
tions and in subsets of asymptomatic and sympto-
matic patients. Table 6 summarises the occurrence
of TIA, PRIND and major stroke in all patients and
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Table 1 Summary of the five major cardiovascular risk factors

Cardiovascular risk factor Number of cases %

Diabetes type II 70 49.0
Hypertension 118 82.5
Hypercholesterolemia 64 44.8
Smoking 28 19.6
Family history 7 4.9

Table 2 Summary of neurological status prior to intervention

Neurological
symptoms

Number of cases %

Absent 106 74.1
Present 37 25.9

Ischemic insult 15 10.5
PRIND 4 2.8
TIA 21 14.7



in the asymptomatic and symptomatic subgroups. The
occurrence of neurological complications was three
times less in patients in whom thromboembolic pro-
tection device was used (Table 7).

The risk of overall, neurological and puncture site
complications was not statistically different between
the patients with type II diabetes mellitus compared
to non-diabetics (Table 8). In contrast, the presence
of vascular multimorbidity increased the incidence

of complications of all causes (9.6% vs 4.1%), and in
particular of all neurological complications (4.3% vs
2,0%) (Table 9). Among patients with vascular multi-
morbidity, the neurological complications were the
highest in those with peripheral artery disease,
(n = 3, 10, 3%) followed by patients with coronary ar-
tery disease, (n = 3, 4.8%). The patent or occluded sta-
tus of the contralateral carotid artery did not have an
impact on neurological complication (3.5% vs 3.6%).
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Table 3 Summary of NASCET exclusion criteria in the entire cohort, and in asymptomatic and symptomatic patients

Risik profile (NASCET-criteria)

Total Asymptomatic Symptomatic

N % N % N %

NASCET exclusion criteria Absent 3 2.1 2 1.9 1 2.7

NASCET risk factors Present (≥ 1) 140 97.9 104 98.1 36 97.3
n Heart failure 21 14.7 19 17.9 2 5.4
n Liver failure 0 0.0 0 0.0 0 0.0
n Respiratory insufficiency 6 4.2 3 2.8 3 8.1
n Renal insufficiency 20 14.0 17 16.0 3 8.1
n History of ischemic insult 22 15.4 5 4.7 17 45.9
n History of cardiac valve replacement 22 15.4 15 14.2 7 18.9
n History of ipsilateral TEA 11 7.7 9 8.5 2 5.4
n Diabetes/hypertension a 129 90.2 95 89.6 34 91.9
n Unstabile angina pectoris 26.6 32 30.2 6 16.2
n Progressive neurological symptoms 13 9.1 6 5.7 7 18.9
n History of contralateral TEA 1 0.7 1 0.9 0 0.0
n Major surgical procedure 6 4.2 6 5.7 0 0.0
n Recent history of neoplasia 5 3.5 4 3.8 1 2.7
n Ipsilateral restenosis 9 6.3 6 5.7 3 8.1
n Complicated tandem-stenosis 10 7.0 8 7.5 2 5.4
n Complicated ulcerated stenosis 21 14.7% 14 13.2 7 18.9
n Complicated stenosis with thrombus 4 2.8% 3 2.8 1 2.7

a Patients with clinically unstable disease

Table 4 Vascular multimorbidity in all patients and in asymptomatic and symptomatic subgroups

Vascular multimorbidity

Total
N = 143

Asymptomatic
N = 106

Symptomatic
N = 37

N % N % N %

Isolated carotid artery disease 49 34.3 30 28.3 19 51.4

Carotid artery disease with ≥ 1 additional
clinical vascular disease and/or occlusion
of the contralateral carotid artery

94 65.7 76 71.7 18 48.6

n History of coronary bypass/PCI 63 44.1 53 50.0 10 27.0
n Coronary bypass scheduled within 1–3 days 12 8.4 11 10.4 1 2.7
n History of peripheral bypass/PTA 29 20.3 23 21.7 6 16.2
n Renal artery stenosis ≥ 50% on DSA 20 14.0 15 14.2 5 13.5
n Cerebrovascular insufficiency secondary

to multiple ischemic insults
3 2.1 3 2.8 0 0.0

n Deep vein lower extremity thrombosis 3 2.1 3 2.8 0 0.0
n Contralateral carotid artery occlusion 28 19.6 22 20.8 6 16.2



At follow-up after a minimum of 6 months, 9
(6.3%) patients had died, the majority from heart
disease (3.5%). Table 10 shows the frequency of
death by cause for the entire populations.

Discussion

Carotid-artery stenting (CAS) carries an acceptable
risk of neurological complications even in high-risk
patients, when it is performed by an experienced op-

erator. The rate of neurological complications ob-
served in this study was similar to that reported in
the literature [1, 14]. In agreement with the pub-
lished data, the rate of neurological complications
was higher in symptomatic compared to asympto-
matic patients in this study [15, 16]. Furthermore, in
this study, the beneficial effect of thromboembolic
protection devices in risk reduction of neurological
complications was confirmed in both symptomatic
and asymptomatic patients, as previously reported
in the literature [17–19]. In this study of high-risk
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Table 5 Summary of neurological and puncture site complications in the entire cohort, and in the asymptomatic and symptomatic subsets

Overall complications

Total
N = 143

Asymptomatic
N = 106

Symptomatic
N = 37

N % N % N %

No complications 132 92.3 101 95.3 31 83.8
≥ 1 any complication 11 7.7 5 4.7 6 16.2
Puncture site 6 4.2 3 2.8 3 8.1
n Local hematoma 5 3.5 2 1.9 3 8.1
n Local aneurysm 1 0.7 1 0.9 0 0.0
Neurological 5 3.5 2 1.9 3 8.1
Death prior to discharge 0 0.0 0 0.0 0 0.0

Table 6 Neurological complications in the entire population, and in the asymptomatic and symptomatic subsets

Neurological complications

Total
N = 143

Asymptomatic
N = 106

Symptomatic
N = 37

N % N % N %

No complications 138 96.5 104 98.1 34 91.9
≥ 1 complication 5 3.5 2 1.9 3 8.1
n TIA < 24 h 0 0.0 0 0.0 0 0.0
n PRIND < 7 days 3 2.1 2 1.9 1 2.7
n Stroke 2 1.4 0 0.0 2 5.4

Table 7 Frequency and distribution of neurological complications based on the entire cohort, and in subsets with and without thromboembolic protection device

Neurological complications and thromboembolic protection

Total
N = 143

With thromboembolic protection
N = 96

With thromboembolic protection
N = 47

N % N % N %

No complications 138 96.5 94 97.9 44 93.6
≥ 1 complication 5 3.5 2 2.1 3 6.4
n TIA < 24 h 0 0.0 0 0.0 0 0.0
n PRIND < 7 days 3 2.1 1 1.0 2 4.3
n Stroke 2 1.4 1 1.0 1 2.1



patients, the presence of type II diabetes did not in-
crease the procedural risk, nor did the presence of
the contralateral carotid artery occlusion. Interest-
ingly, in patients with vascular multimorbidity, i.e.
definite presence of a clinically relevant disease in at
least one additional major vascular territory, the rate
of all causes, neurological and punctures site compli-

cations was higher. The presence of a definite pe-
ripheral artery disease carried a higher risk of com-
plications than the presence of a definite coronary
artery disease. Given the high prevalence of vascular
multimorbidity in patients typically admitted to
heart centres, improved risk stratification prior to
CAS by panvascular screening [20] might be justi-
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Table 8 Distribution of overall, neurological and puncture site complications in all patients, and in comparison between type II diabetics and non-diabetics

Overall complications in type II diabetics and non-diabetics

Total
N = 143

Type II diabetics
N = 70

Non-diabetics
N = 73

N % N % N %

No complications 132 92.3 64 91.4 31 83.8
≥1 any complication 11 7.7 6 8.6 5 6.8
Puncture site 6 4.2 4 5.7 2 2.7
n Local hematoma 5 3.5 3 4.3 2 2.7
n Local aneurysm 1 0.7 1 1.4 0 0.0
Neurological 5 3.5 2 2.9 3 4.1
n TIA < 24 h 0 0.0 0 0 0 0.0
n PRIND < 7 days 3 2.1 1 1.4 2 2.7
n Stroke 2 1.4 1 1.4 1 1.4

Table 9 Summary of complications in the entire population, and in patients with and without vascular multimorbidity

Overall complications in patients with vascular multimorbidity

Total
N = 143

Vascular multimorbidity
N = 94

Isolated carotid artery disease
N = 49

N % N % N %

No complications 132 92.3 85 90.4 47 95.9
> 1 any complication 11 7.7 9 9.6 2 4.1
Puncture site complications 6 4.2 5 5.4 1 2.0
n Local hematoma 5 3.5 4 4.3 1 2.0
n Local aneurysm 1 0.7 1 1.1 0 0.0
Neurological complications 5 3.5 4 4.2 1 2.0
n TIA < 24 h 0 0.0 0 0 0 0.0
n PRIND < 7 days 3 2.1 2 2.1 1 2.0
n Stroke 2 1.4 2 2.1 0 0.0

Table 10 Summary of follow-up of all patients, and in asymptomatic and symptomatic subsets, at minimum of 6 months

Outcome at 6 months

Total
N = 143

Asymptomatic
N = 106

Symptomatic
N = 37

N % N % N %

Total death 9 6.3 7 6.6 3 8.1
n Cardiovascular (except stroke) 5 3.5 3 2.8 2 5.4
n Stroke 2 1.4 3 2.8 2 5.4
n Non-cardiovascular 2 1.4 2 1.9 0 0.0
n Unknown cause 3 2.1 2 1.9 1 2.7



fied. The increased mortality in patients following
CAS (6.3%) with the majority of patients dying from
heart disease (3.5%) appears to support this notion.

n Study limitations

The major limitation of this study is the low number
of patients to allow statistical analysis of subsets of
patients and factors affecting the outcome. Thus, for
example, to allow statistically meaningful definition
of the risk of neurological complications due to the
presence of a definite peripheral artery disease or
coronary artery disease, 300 to 500 patients with a
similar risk profile to the studied population would
be needed. Similarly, more reliable analysis of out-
come of symptomatic and asymptomatic patients
would require a more balanced number between
these two patient populations.

Another limitation represents heterogeneity intro-
duced by inconsistent use of thromboembolic de-
vices throughout the study. While initially throm-
boembolic devices were used primarily in high-risk
lesions, later in the study they were employed in all
patients regardless of the morphological appearance
of the lesion. Furthermore, the impact of technical
improvements in CAS instrumentation between 1999
and 2004 needs to considered. Thus, transition from
0.035�� to 0.014�� systems allowed the use of low pro-
file dilatation balloon catheters. Development of Car-

otis-Wall-Stent based on Easy-Wall-Stent was asso-
ciated with greater radial force and lower less trau-
matic crossing profile. Market introduction of nitinol
based Wall-Stent competitors brought about better
selection of stents with differences in tracking abil-
ity, radial forces, mesh sizes and longitudinal stabili-
ty. Similarly, thromboembolic protection devices ini-
tially limited to distal occlusion systems have be-
come available in a number of perfusion permitting
filters with variable crossing profiles, wall apposition
properties, mesh sizes and other variables.

Conclusions

This study documents that carotid-artery stenting
(CAS) can be performed with an acceptable risk of
neurological complications in unselected high-risk pa-
tients routinely referred to a heart centre for coronary
and non-coronary revascularisation procedures, pro-
vided the procedure is performed by an experienced
operator. Neurological examination performed by a
neurologist and consensus between the interventional-
ist and vascular surgeon regarding revascularisation
strategy, and stringent neurological follow-up are inse-
parable components of a routine clinical protocol. Im-
proved risk stratification, including the assessment of
the impact of vascular multimorbidity on outcome, is
needed to increase the safety of the CAS intervention.
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ORIGINAL PAPER

n Summary Aims The aim of
this study was to document the
early outcome of coronary-like re-
vascularization for atherosclerotic
renal artery stenosis (ARAS).
Methods and results A total of 181
consecutive patient, 102 men,
mean age 66.1 (± 9.2) years and
79 females, mean age 68.4 (± 9.2)
years and 198 lesions were treated
between February 1999 and May
2004 for ARAS and retrospec-
tively analyzed. At least one ma-
jor cardiovascular risk factor was
present in 179 (98.9%) patients.
Pre-dilatation ARAS was
81.3 ± 9.6%, 27 ARAS were
50–70% and no ARAS was < 50%.
135 (68.2%) of the ARAS lesions
were ostial and 63 (31.8%) were
non-ostial. In 17 (9.4%) patients
bilateral ARAS were present.
Technical success defined as re-
sidual stenosis ≤30% was
achieved in 178 (98.3%) of pa-
tients and 195 (98.5%) of lesions.

In one patient (0.5%) the target
ARAS could not be crossed,
in two (1.1%) patients residual
stenosis was > 30%. No major
adverse cardiac or cerebral effects
were observed. In 3.9% of pa-
tients minor local complications
of the access site occurred;
4 (2.2%) inguinal hematoma,
3 (1.7%) pseudoaneurysm were
documented. Serum creatinine
concentrations and systolic and
diastolic blood pressure before
and after the intervention were
not statistically different.
Conclusions Coronary-like
approach to ARAS revasculariza-
tion is technically feasible and
associated with a very low com-
plication rate.

n Key words Atherosclerotic
renal artery stenosis –
renal artery revascularization –
precutaneous treatment

Introduction
Renal artery stenosis, RAS, is a common cause of
hypertension (renovascular hypertension, RVH), hy-
pertensive nephropathy (HTN), ischemic nephropa-
thy (IN) and renal insufficiency including end stage
renal disease. The most common cause of RAS is
atherosclerosis (up to 90%) and fibromuscular dys-
plasia (up to 10%) of patients (for review, see [1]).

Atherosclerotic RAS (ARAS) usually involves the
proximal third of the artery, frequently (about 75%)

including the ostia. In up to 30% of cases both renal
arteries may be stenosed. The rate of progression of
ARAS is matter of debate; in one study using duplex
classification of renal stenosis severity the cumula-
tive rates of progression from normal to < 60% nar-
rowing at 1, 2 and 3 years were 0, 0 and 8% and
those from < 60% to > 60%, 30, 44 and 48%, respec-
tively [2]. Progression of ARAS appears to be asso-
ciated with a progressive loss of renal tissue [3].

Surgical treatment of ARAS became available in
1973 [4]. At present essentially three different surgi-



cal approaches of revascularization are available:
aorto-renal bypass, thromboendearterectomy and re-
implantation (for review, see [5]). Although, in the
published series the short-term and long-term re-
sults of surgical ARAS revascularization have been
satisfactory (for review, see [6]) the use of surgery
for isolated RAS has rapidly declined with the avail-
ability of endovascular treatments.

Renal artery angioplasty was introduced by
Grüntzig in 1978 [7]. In early series [8, 9] technical
success rates ranged between 75 and 100% in pa-
tients with nonostial ARAS; the corresponding rates
of medical cure and improvement ranged between
7 to 47% and 31 to 60%, respectively (for review, see
[10, 11]). Introduction of renal stents in the early
1990s [12] has improved the procedural safety, ex-
tending the interventional spectrum to include ostial
lesions [13]. In more recent studies, increasingly
low-profile catheter systems have gradually replaced
the 0.035 inch – based technology, thus, markedly
improving success while lowering the complication
rates [14–16].

In accordance with the consensus document for
reporting on renal artery revascularization in clini-
cal trials [17], we have retrospectively analyzed the
results of ARAS interventions in 181 consecutive
patients to document the anatomic success of per-
cutaneous revascularizations. The coronary-like
approach defined by the use of small French size co-
axial systems typically including 6F guiding cathe-
ters, 0.014 inch guidewires, and low-profile rapid-ex-
change dilatation balloon catheters and stent-deliv-
ery systems was employed.

Methods

Data on 181 consecutive patients referred to the Heart
Center Coswig for suspected atherosclerotic renal ar-
tery stenosis (ARAS) or coronary and/or peripheral ar-
tery disease with documented significant ARAS and
treated between February 1999 and May 2004 were ret-
rospectively analyzed. Percutaneous revascularization
was indicated in patients with ARAS > 50% diameter
renal artery stenosis and one of the following condi-
tions: poorly controlled hypertension defined as sys-
temic blood pressure > 140/90 mmHg despite at least
three different blood pressure lowering medications,
chronic renal insufficiency defined as elevation of se-
rum creatinine > 115 �mol/L, both of the latter two
conditions, medically borderline controlled systemic
hypertension (≤140/90 mmHg) in the presence of an-
giographically documented ARAS > 80% and hemody-
namically significant stenosis. Hemodynamically sig-
nificant ARAS was considered to be present in patients

with > 70% diameter narrowing. In borderline ste-
noses (50–70%), the translesional gradient was routi-
nely measured; mean gradient > 10 mmHg was consid-
ered significant [17]. Renal artery duplex studies have
not been routinely employed.

In all patients the demographic data and the pres-
ence of the major cardiovascular risk factors includ-
ing hypertension, diabetes mellitus type II, hyper-
cholesterolemia, smoking habits and family history
of cardiovascular disease were assessed. In addition,
the definitive evidence for clinically manifest cardio-
vascular diseases in other vascular beds was as-
sessed. Vascular multimorbidity was considered in
patients with a definitive evidence of vascular dis-
ease involving at least two major vascular beds at
the time of presentation. Coronary artery disease
was considered significant in presence of any of the
following: history of coronary artery bypass surgery
or catheter-based interventions, coronary angiogra-
phy with documented stenoses > 50% diameter. Sig-
nificant peripheral arterial disease was present in
patients with a history of a peripheral aortic and/or
artery bypass and/or peripheral catheter-based inter-
vention, and patients with an ankle-brachial index
< 0.9. Cerebrovascular disease was considered to be
present in patients with a documented medical his-
tory of cerebral infarction, carotid artery stenting or
Duplex findings of > 50% diameter stenosis. Deep
vein thrombosis of the lower leg was considered
present in patients with a documented disease by
Duplex or phlebography. Pulmonary embolization
was considered present in patients with a history of
the disease documented by pulmonary angiography
or scintigraphy. Prior to the procedure in all patients
informed consent was obtained based on the estab-
lished clinical guidelines.

n Study protocol

In all patients selective renal artery digital subtrac-
tion angiography (RADSA) was performed. The ste-
nosis was measured using the edge-detecting algo-
rithm for quantitative angiography (Philips, Eidho-
ven, The Netherlands) and the degree of stenosis
was calculated as 1 minus the ratio of the diameter
of the lumen at the stenosis to the diameter of the
lumen of the target renal artery distal to the stenosis
both measured in millimeters (mm) multiplied by
100 [13].

The coronary-like approach to ARAS intervention
defined by the use of small size introductory sheath,
typically 6F, pre-shaped guiding catheters, coronary
0.014 inch guidewires, low profile dilatation balloon
catheters and/or stent-delivery devices with rapid-ex-
change design was employed in all patients. Using the
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right common femoral artery and less frequently bra-
chial artery for primary access and sheath placement,
the coaxial technique was employed to catheterize the
target renal artery. During the early phase the short-
ened Judkins right or multiple purpose (MP) coro-
nary guides, while later the 50 cm long, renal double
curve, RDC, guiding catheters were used. In techni-
cally more demanding cases, the telescopic principle
utilizing a coaxial diagnostic catheter inside the
guide was used to improve steering and stability of
the system and to facilitate the engagement of the os-
tium. Following a stable seating of the guide at the
ostium of the target renal artery, RADSA was per-
formed and the degree of ARAS was determined.
Subsequently, a coronary 0.014 inch floppy tip, stiff
shaft guidewire was employed to navigate the ostium
and to cross the lesion. In early stages, primary bal-
loon dilatation was performed. In cases with stentlike
results defined as a residual stenosis < 30% in ab-
sence of angiographic dissections, stenting was not
performed. However, with subsequent improvements
and broad availability of the low-profile, rapid ex-
change technology most ARAS were directly stented
using the dedicated (high radial force) peripheral
balloon-expansible 4–7 mm diameter and 12–18 mm
long stents deployed at high inflation pressures
(usually 12 bar). In cases with stent recoil careful
after-dilatations with balloons sized to the nominal
diameter of the target renal segment were performed.
In cases with an extremely tight stenosis or in subto-
tal occlusions pre-dilatations were performed using
2–3 mm diameter low-profile coronary balloon cathe-
ters. To allow precise positioning in ostial lesions
strictly ostial orthogonal projections were selected;
to this end 30 degrees left and right anterior oblique
and anterior-posterior projections were usually ac-
quired. In all cases the attempt was made to position
the proximal stent-end to match the inner endovascu-
lar interface of the abdominal aorta or to slightly
overreach it approximately by one ring of the stent,
corresponding typically to 1–2 mm. In all ostial le-
sions, after-dilatations with oversized balloons were
performed to improve the stent to wall adaptation
and strut apposition. Subsequently, RADSA were ac-
quired to document the results. In cases with techni-
cally successful results considered when residual ste-
nosis was < 30% diameter, the intervention was ter-
minated. In cases with technically suboptimal results
additional interventional steps including stent expan-
sions, dilatations of the adjacent segments and neces-
sary a second stent placement were employed. To de-
termine the degree of the residual stenosis, quantita-
tive RADSA measurements were performed as de-
scribed above.

After the procedure the patients were transferred
for up to 12 hours ECG and blood pressure monitor-

ing. In stable patients the sheath was removed usual-
ly within 2 hours after the procedure. Creatinine
concentration in serum was measured at 2–4,
12 hours and then daily up to the discharge usually
on day two after the intervention. In patients with
any rise in creatinine, serial creatinine controls were
ordered to assure normalization. Blood pressure
medication was adjusted to the during the postinter-
ventional period (usually up to two weeks) fre-
quently fluctuating blood pressure values.

n Data analysis

In all patients the demographic data, the major car-
diovascular risk factors including hypertension, dia-
betes mellitus, hypercholesterolemia, smoking and
family history of cardiovascular diseases and the
presence of concomitant clinically relevant coronary
artery, cerebrovascular or peripheral vascular disease
were assessed. In addition, in all patients renal
blood pressure and serum creatinine concentration
were measured before and after the intervention.
The severity of ARAS was determined as described
above. Ostial were considered all lesions < 5 mm
from the ostial plane. Presence of bilateral ARAS
was noted. To determine the anatomical outcome of
the interaction the highest degrees of stenosis before
and after the intervention were compared. In all pa-
tients the presence of major cardiac and cerebrovas-
cular events, MACCE, i.e., myocardial infarction, ce-
rebral ischemia, death and reintervention on the tar-
get renal artery as well as presence of bleeding, i.e.,
minor bleeding not requiring blood transfusion, ma-
jor bleeding requiring blood transfusion and compli-
cations of the access site, i.e., pseudoaneurysm and
arterio-venous fistula without or with the need for
surgical revision were statistically analyzed. Further-
more, in all patients the total amount of contrast
agent used for the initial diagnostics and interven-
tion were assessed. In addition, number of implanted
stents per lesion was also determined. Finally, in a
subset of patients the amount of contrast agent used,
the fluoroscopy time and the radiation exposure
used for the ARAS intevention were assessed.

The statistical analysis of data was performed
using software SPSS (version 11.0). Absolute and rel-
ative frequencies were calculated.

Results

A total of 181 patients, 102 men, mean age 66.1
(± 9.2) years and 79 females, mean ages 68.4 (± 9.2)
years were studied. At least one major cardiovascular
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risk factor was present in 179 (98.9%) patients. Ta-
ble 1 shows the distribution of major cardiovascular
risk factors among patients. Table 2 summarizes the
distribution of vascular co-morbidities.

Indications for ARAS revascularization included
poorly controlled hypertension in 84 (46.4%) pa-
tients, chronic renal insufficiency in 21 (11.6%) pa-
tients, poorly controlled hypertension and chronic
renal insufficiency in 24 (13.3%) medically border-
line controlled systemic hypertension (≥ 140/
90 mmHg) associated with angiographically docu-
mented ARAS > 80% in 28 (15.5%) patients and
ARAS 50–70% with significant translesional gradient
in 24 (13.3%) patients.

In 181 patients 198 lesions were treated. 135
(68.2%) of ARAS lesions were ostial and 63 (31.8%)
were non-ostial. In 17 (9.4%) patients bilateral ARAS
was present. The mean severity of ARAS was
81.3± 9.6% prior and 2.5± 10.4 after the intervention.
Prior to the intervention sixteen 27 stenoses were
50–70%. In 148 (81.8%) of patients and in 33
(18.2%) stent-supported and plain balloon angio-
plasty were used, respectively. Technical and ana-
tomical success was achieved in 178 (98.3%) of pa-
tients. In one patient the target renal artery stenosis
could not be crossed with the dilatation balloon and
the intervention was terminated after several unsuc-

cessful attempts. In two other cases large plaque bur-
den prevented full stent expansion with the residual
stenosis of 78 and 34%. In two patients with a single
ARAS each successful revascularization was per-
formed but the angiographic data have been lost. In
196 lesions one stent per lesion was used. In two
lesions a second stent was needed to cover a distal
dissection and to improve ostial lesion coverage, re-
spectively. Figure 1 shows the distribution of degree
of stenoses before and after the intervention.

The mean serum creatinine concentration before
and after the intervention was 106.7 ± 45.9 �mol/L
and 106.1 ± 47.8 �mol/L, respectively; in 40 (22.1%)
patients a transient increase in serum creatinine
> 10% of the baseline value was observed following
the intervention. Figure 2 shows the distribution of
individual serum concentration levels before and
after the intervention. The mean systolic and diasto-
lic blood pressure before and after the intervention
were 156 ± 27 mmHg versus 136 ± 21 mmHg and
74 ± 15 mmHg versus 72 ± 13 mmHg, respectively.
Figure 3 shows the distribution of individual systolic
and diastolic blood pressure measurements before
and after the intervention. The differences in serum
creatinine, systolic and diastolic blood pressure be-
fore and after the intervention did not reach statisti-
cal significance. The average amount of contrast me-
dia used for the diagnostic evaluations and interven-
tion was 146 ± 91.2 ml (n = 181 patients). In a sub-
group of patients the average amount of contrast
agent used for ARAS revascularization was
87.2 ± 47.8 ml (n = 51 patients). In addition, the mean
fluoroscopy time and radiation exposure was
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Table 1 Distribution of major cardiovascular risk factors in the patients stud-
ied

Risk profile
Any risk factor

No risk factors
≥ 1 risk factor

2
179

1.1%
98.9%

Unknown 0 0.0%

Risk profile
Individual risk factors n Diabetes 81 44.8%
(multiple factors possible) n Hypertension 172 95.0%

n Hypercholesterolemia 94 51.9%
n Nicotine 47 26.0%
n Family history 23 12.7%

Table 2 Presence and distribution of co-incident clinically relevant and defi-
nitely documented vascular disease in other vascular territories (panvascular
status) in the patients studied

Any vascular disease No 102 56.4%
≥ 1 vascular disease 79 43.6%
Unknown 0 0.0%

Individual vascular diseases
(multiple diseases possible) n CAD 38 21.0%

n PAD 9 5.0%
n CVD 46 25.4%
n Lower leg deep vein

thrombosis
1 0.6%

n Pulmonary embolization 1 0.6%

Fig. 1 Distribution of degree of the atherosclerotic renal artery stenoses be-
fore and after the intervention in all patients treated



10.4 ± 7.1 min (n = 49 patients) and 95.8± 44.9 cGy/
cm2, respectively.

No major adverse cardiac and cerebral effects
were observed. In 3.9% of patients minor local com-
plications of the access site were observed. In 4
(2.2%) patients inguinal hematoma was observed; all
patients were treated conservatively, surgical revision
or blood transfusion were not required. In 3 (1.7%)
patients pseudoaneurysm occurred; ultrasound
guided compression was successful in all three pa-
tients.

Discussion

The coronary-like approach for ARAS revasculariza-
tion can be performed with a high technical success
and low complication rates in routine clinical set-
tings. To keep the complication rates related to dis-
sections and perforations low careful handling of the
guidewire is of particular importance. Specifically, a
soft tip 0.014 inch coronary guidewire should be po-
sitioned in one of the segmental branches of the re-
nal artery and left steady in place throughout the
entire intervention. To avoid proximal dissections
with the risk of threatened or actual closure in cases
with subtotal ostial stenoses, stable seating of the
guide and gentle exploration of the site with a floppy
guidewire tip is required. In a large proportion of le-
sions direct stenting with a low profile stent delivery

system is possible and should be performed if tech-
nically feasible. If predilatations are needed under-
sized low profile coronary dilatation catheters of
rapid exchange design should be employed. In pa-
tients with ostial lesions adaptation of the proximal
rings of the stent to the aortic wall using oversized
balloons is recommended. In patients with a large
plaque burden a complete removal of the stenosis
might not be possible, particularly in cases with cir-

5P. Lanzer et al.
Coronary-like revascularization for atherosclerotic renal artery stenosis

Fig. 2 Distribution of individual serum concentration levels before and after
the intervention in all patients treated

Fig. 3 Distribution of individual systolic (a) and diastolic (b) blood pressure
measurements before and after the intervention in all patients treated

a

b



cumferential plaque distribution. In these cases, ana-
tomically suboptimal (up to 40% diameter residual
stenosis) but functionally adequate (0 mmHg trans-
lesional pressure gradient) seem acceptable. Using
low-profile catheter based technology, similarly fa-
vorable results have been reported previously by
others [18] endorsing the results of this study. The
results achievable when miniaturized coronary-like
techniques and technology are used are strikingly
improved compared to earlier results reported from
the use of the more robust instrumentation, mostly
using the 0.035 inch techniques and technology, cus-
tomary in peripheral interventions up to the late
1990s [19]. The use of more than one stent per le-
sion either to cover a dissection or to improve the
results appears rare (1% in this study). In rare cases
with non-dilatable lesions due to high plaque burden
and/or high circumferential rigidity and in rare
cases with non-crossable lesions, open surgery ARAS
revascularization may still provide a reasonable al-
ternative in selected patients. Bilateral ARAS are rel-
atively frequent (9.4% of patients in this study) and
both lesions can be safely treated in one setting.

The availability of stable high technical success
low overall risk revascularization techniques utiliz-
ing the coronary-like approach provides an excel-
lent starting point for future trials designed to study
the question of the clinical impact of ARAS revascu-
larization in different subsets and patients popula-
tions.

n Study limitations

The major limitation of this study was lack of a
complete battery of postprocedural tests to assess
subclinical complications such as small renal infarcts
and disseminated embolizations. Thus, serial assess-
ments of serum levels of lactate dehydrogenase, eosi-
nophilia and hypocomplementemia and routine eva-
luations of urine sediment for the presence of cells
or casts, hematuria and red cell casts, and proteinur-
ia as indirect laboratory findings suggestive of renal
infarctions and/or embolizations have not been per-
formed (for review see [20]). In addition, the pa-
tency of the target renal artery and the degree of
restenosis was not assessed on a long-term follow-up
required to fully validate the described approach.
However, the rates of in-stent restenosis following
stent-supported angioplasty for ARAS have been
abundantly reported in the literature and show con-
sistent results (for review see [19]). In a recent
study, restenosis rate for in-stent restenoses ≥ 50%
diameter was 17.4% [15].

Conclusions

The study demonstrates that the coronary-like
approach to ARAS revascularization can be per-
formed with high success and low complication
rates. This stable and now established technique of
renal artery stenosis revascularization appears to be
well suited for clinical trials evaluating the impact of
improved renal perfusion on renal function and
blood pressure in the concerned, usually high-risk
populations.
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n Abstract Aims The aim of this
retrospective study was to assess
the feasibility of catheter-based
interventions in two different vas-
cular beds performed in a single
stage in patients with vascular
multimorbidity. Methods and re-
sults Fifty patients, 28 males,
mean age 68.6 ( ± 9.2) years and
22 females, mean ages 72.2
( ± 6.4) years were studied. At
least one major cardiovascular
risk factor was present in 48
(94%) of all patients. The most
frequent combination of interven-
tions was coronary artery disease
(CAD) and renovascular disease
(RVD) (20 patients, 40%) fol-
lowed by CAD and peripheral ar-
tery disease (PAD) (17 patients,
34%). In all patients technical
success, defined as residual steno-
sis ≤ 30% diameter, and procedur-
al success, defined as lack of ma-
jor adverse cardiac and cerebro-

vascular events (MACCE) during
the in-hospital period, were
achieved. In two patients surgical
revision of the access site was re-
quired and in two additional pa-
tients minor local bleeding was
observed. Conclusions Sequential
vascular interventions in different
vascular beds may be performed
in a single stage with high suc-
cess rates, however, compared to
historical controls possibly at a
higher rate of access site compli-
cations. A larger study using con-
trols is needed to assess the med-
ical benefits and cost efficacy of a
single stage approach in patients
with clinically relevant vascular
multimorbidity.

n Key words
endovascular treatment –
vascular multimorbidity –
feasibility study

Introduction
Atherosclerosis is a systemic vascular disorder fre-
quently involving multiple vascular beds [1]. Vascular
multimorbidity can be defined as presence of clinically
relevant disease in at least two major vascular terri-
tories manifest at the same time in a single patient
[2]. A typical example of vascular multimorbidity is
a patient with intermittent claudication (peripheral ar-
terial disease (PAD)) and angina (coronary artery dis-

ease (CAD)). Clinical presentation of vascular multi-
morbidity is usually dominated by the symptoms re-
lated to one of the ischemic organs, partially or com-
pletely masking symptoms related to ischemia in other
organs. Recognition of vascular multimorbidity is im-
portant to allow treatment and it is critical in patients
undergoing major vascular and non-vascular surgery
for risk stratification [3]. A typical example is a patient
with symptomatic CAD and significant carotid artery
disease scheduled for coronary artery bypass surgery.



At present, patients with vascular multimorbidity,
when detected, will be treated by coronary or vascu-
lar surgeons or interventionists based in cardiology,
radiology, neuroradiology or other medical subspeci-
alty programs depending on the topographic distri-
bution of the vascular disease and locally available
expertise. However, because of the multiplicity of
specialists participating in treatments of these pa-
tients the treatments are heterogeneous and fre-
quently based on variable principles and standards
[4].

Endovascular therapy is by its very principle mul-
titerritorial: establishing a single arterial access
opens the “door” for interventions at multiple sites
along the selected vascular pathways [5]. However,
despite this unique advantage, intentional systemic
revascularization (ISR) treatments have been rarely
utilized in clinical settings. In fact only scattered
publications, mostly case reports, are available in the
literature [6, 7].

In this study we evaluated the technical feasibility
of single stage endovascular interventions in patients
with documented critical vascular multimorbidity.

Methods

Fifty patients admitted to the Heart Centre Coswig
between May 2001 and November 2004 with vascular
multimorbidity were treated by single stage endovas-
cular interventions involving two major vascular
beds were retrospectively studied. Major vascular
beds were considered carotid, coronary, iliac, lower
extremity and renal arteries and the aorta. In all pa-
tients the vascular disease was considered significant
based on the following criteria: CAD – documenta-
tion of myocardial ischemia by ergometry or dobuta-
mine stress echocardiography testing and ≥ 70%
coronary artery stenosis in the related coronary ar-
tery by angiography; cerebrovascular disease (CVD)
– documentation of cerebral infarction by history
and CT- or MR-imaging in presence of ≥ 70% ipsilat-
eral internal carotid artery stenosis documented by
angiography and determined using NASCET method
[8]; renovascular disease (RVD) – documentation of
a systemic hypertension suboptimally controlled on
triple antihypertensive medication and/or chronic
renal insufficiency in presence of ≥50% ipsilateral
renal artery stenosis [9]; aortic and peripheral arte-
rial disease (PAD) – documentation of intermittent
claudication ≥ Fontaine II b in presence of ≥70% ip-
silateral aortic, iliac, femoral, popliteal or infrapopli-
teal artery stenosis. The suitability of patients for
single stage intervention was decided by the operator
based on clinical grounds. Prior to the procedure in

all patients informed consent was obtained accord-
ing to the guidelines.

n Study protocol

In all patients the demographic data and the pres-
ence of the major cardiovascular risk factors includ-
ing hypertension, diabetes mellitus type II, hyper-
cholesterolemia, smoking habits and family history
of cardiovascular disease were assessed. In addition,
the presence of clinically manifest cardiovascular
diseases in other vascular beds was assessed. Revas-
cularizations were performed using the standard
approach established for each vascular territory in
our laboratory [10–12]. Typically, 6F systems were
primarily used but in some patients multiple ex-
changes of sheaths were necessary. In patients with
CAD usually coronary interventions were performed
first followed by non-coronary procedures. In two
patients without CAD the peripheral arterial inter-
vention was performed first. All patients were
treated according to standard clinical protocols; no
special precautions or considerations during the
periinterventional period were taken. After termina-
tion of the procedure typically the patients were
transferred for up to 12 hours ECG and blood pres-
sure monitoring. In stable patients the sheath was
removed usually within 2 hours after the procedure.
Creatinine concentration in serum was measured
2–4, 12 hours and then daily up to the discharge
usually on day two after the intervention. In patients
with any rise in creatinine ≥ 10% serial controls were
ordered to assure return to baseline.

n Data analysis

In all patients the demographic data, the major car-
diovascular risk factors including hypertension, dia-
betes mellitus, hypercholesterolemia, smoking and
family history of cardiovascular diseases were noted.
Quantitative measurements of the stenosis severity
determined in percent of diameter of a non-stenotic
were performed from cine single frame images in
patients with CAD, and from digital subtraction an-
giograms (DSA) in patients with PAD, CVD and
RVD according to the established standards. Techni-
cal success was considered to be present when resid-
ual stenosis in any territory was < 30% diameter.
Procedural success was considered to be present
when no major adverse cardiac and cerebrovascular
events (MACCE) occurred during hospitalization. To
characterize the single stage-two territories interven-
tion the length of the hospital stay in days, length of
the procedure in minutes defined as the time from
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positioning the patient at the table up to the termi-
nation of the procedure, fluoroscopy time, radiation
dose and material costs for each patient were noted.
Any complications associated with the procedure up
to discharge were reported. Specifically, the presence
of a minor bleeding not requiring blood transfusion,
major bleeding requiring blood transfusion, surgical
interventions and MACCE complications were re-
corded. The statistical analysis of data was per-
formed using software SPSS (version 11.0). Absolute
and relative frequencies were calculated. The com-
parison of independent or dependent groups was
performed with nonparametric test by Mann and
Whitney or Wilcoxon, respectively.

Results

Fifty patients – 28 males, mean age 68.6 (± 9.2) years
and 22 females, mean ages 72.2 (± 6.4) years – were
studied. At least one major cardiovascular risk factor
was present in all patients. Table 1 shows the distri-
bution of major cardiovascular risk factors in stud-
ied patients. In 48 (96%) one of the two interven-
tions involved the coronary arteries. The most fre-
quent combination of interventions was CAD and
RVD (20 patients, 40%) followed by CAD and PAD
(17 patients, 34%). The average severity of CAD,
CVD, RVD and PAD stenoses was 78 ± 7, 81 ± 12,

68 ± 9 and 75 ± 10%. Technical and procedural suc-
cess was achieved in all patients (100%). In two pa-
tients surgical revision for a large pseudoaneurysm
was required and in two patients minor bleeding
occurred. Table 2 shows the distribution of all in-
hospital complications associated with the access
site. Table 3 summarizes the feasibility data for each
combination of the single stage multiterritory inter-
ventions. Figs. 1 and 2 show comparisons between
combined interventions performed in patients with
CAD and CVD, or PAD, or RVD.

Discussion

To our knowledge this is the first study demonstrat-
ing the technical and procedural feasibility of com-
bined interventions in a single stage in patients with
vascular multimorbidity in a larger cohort of pa-
tients. The data show that interventions in different
vascular beds may be combined and performed with
high technical and procedural success rates in single
stage.

Based on this preliminary evidence it appears that
the success rates of single stage multivascular terri-
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Table 1 Distribution of major cardiovascular risk factors in 50 patients with
vascular multimorbidity

Major cardiovascular risk factors
absent. 2 4%
≥ 1 risk factor 48 96%

Risk profile (including multiple entries)
n Diabetes 21 42%
n Hypertension 44 88%
n Hypercholesterolemia 40 80%
n Nicotine 10 20%
n Family history 4 8%

Table 2 Incidence of all in-hospital complications of the access site ob-
served in all patients in this study

Vascular territory N Bleeding Bleeding Surgical
targeted by the without requiring revison
interventions blood blood

transfusion transfusion N %

N % N %

PAD + CVD 1 0 0 0 0 0 0
PAD + RVD 1 0 0 0 0 0 0
CAD + PAD 17 0 0 0 0 1 6
CAD + CVD 10 0 0 0 0 0 0
CAD + RVD 20 1 5 0 0 1 5
CAD + RVD + PAD 1 0 0 0 0 0 0

PAD peripheral arterial disease, CAD coronary artery disease, CVD cerebrovas-
cular disease, RVD renovascular disease

Table 3 Feasibility data for 47 out of 50 studied patients with vascular multimorbidity and combined single stage revascularizations

Interventions in
vascular territories

Number of patients Fluoroscopy time
(min ± SD)

Duration of procedure
(min ± SD)

Radiation dose
(Gy/cm2)

Length of hospital stay
(days ± SD)

Material costs
(� ± SD)

CAD + PAD 17 22.1 ± 17.6 96.7 ± 40.9 146.7 ± 74.5 7.4 ± 6.2 1525.17 ± 832.39
CAD + CVD 10 22.0 ± 9.0 103.4 ± 29.0 79.4 ± 24.7 9.1 ± 5.2 3022.22 ± 989.28
CAD + RVD 20 21.0 ± 9.8 83.0 ± 31.8 135.5 ± 58.2 7.4 ± 4.8 1904.19 ± 716.13

CAD coronary artery disease, PAD peripheral arterial disease, CVD cerebrovascular disease, RVD renovascular disease, Gy Gray, SD standard deviation, � euro
currency. Three patients, one with PAD + CVD, one with PAD + RVD and one with CAD + RVD + PAD were not included because no statistical means could be
obtained



tory interventions are comparable to those observed
in staged procedures, thus potentially reducing the
overall risk. For example, in our own series technical
and anatomical success were achieved in 178
(98.3%) of patients with atherosclerotic renal artery
stenosis [11]. Similarly, in patients with stent-angio-
plasty for internal carotid stenosis the procedural
success was achieved in 96.5% of patients [10].

In this preliminary study, two patients required
surgical intervention for pseudoaneurysm repair. For
comparison in our previous studies the rate of ac-
cess site complications was 4.2 and 3.9%, respec-
tively, but no patients needed blood transfusion or
surgery [10, 11]. Longer intervention and longer in-
travascular sheath residence times, as well as multi-
ple exchanges of sheath may be in part responsible
for these access site complications. In this study the
sheath was left in place in all patients following the
intervention to increase safety in case of complica-
tions. In none of the patients was a closure device
used. Early sheath removal and use of closure de-
vices may reduce access site complications.

The major drawbacks of single stage multi-terri-
tory procedures may place greater demands on the
patient and on the interventionists due to a longer
procedural time compared to the standard staged
approach. Greater practice and greater compatibility
of endovascular instrumentation may reduce proce-
dural duration.

Study limitations

The major limitation of this study is its retrospective
character and the lack of randomized controls for
comparisons. Historical controls from our laboratory
(unpublished data) indicated a mean duration of
percutaneous coronary interventions of 49.3 ±
28.9 min (n = 148 procedures) and for peripheral ar-
terial interventions 66.8 ± 41.9 min (n = 103 proce-
dures) (unpublished data). This limited comparison
would for example suggest a savings of approxi-
mately 19 min or 16% (116 versus 97 min) less pro-
cedure time in patients with CAD and PAD if both
vascular territories were revascularized in a single
stage rather than in staged procedures. However,
direct comparisons based on larger population of
patients are needed to determine the real clinical
merits and the cost efficacy of single stage proce-
dures in patients with vascular multimorbidity.

Conclusions

The study demonstrates that catheter-based interven-
tions in two vascular beds can be performed safely
and with high success rates in a single stage. With
now documented feasibility of single stage multiple
vascular territory interventions more comprehensive
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Fig. 1 Fluoroscopy time (mean and standard deviation) in 47 patients with
single stage percutaneous interventions for coronary artery (CAD) and periph-
eral arterial disease (PAD) or cerebrovascular disease (CVD) or renovascular
disease (RVD) observed in this study
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comparisons of the standard and the proposed
approach in a larger population of patients appear
justified.
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