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Anadolu Kardiyoloji Dergisi (AKD), çift-kör  “peer-review” dergi olarak kardiyoloji 
alanında kesinlikle klinik kardiyoloji uygulamaları ile ilişkili olabilecek deneysel, 
temel bilimler, orijinal klinik çalışmaları, mezuniyet sonrası kardiyoloji eğitimi, 
özellikle Türkiye toplum sağlığı ile ilgili incelemeler, olgu sunumları, bunlara 
yönlendirilen çeşitli soru, cevapları ve katkılar, kardiyoloji tarihi, yayın ve araştırma 
etiği ile Devlet kurumlarının hekimlerle ilgili kardiyoloji konularındaki, düşünülen, 
uygulanan, değişen ilişkileri ile Türk ve tüm Dünya Kardiyoloji Derneklerinin 
çalışma ve gelişmelerini yayınlar. Editörün yazı seçimine temel teşkil edecek 
hakem heyeti, dergide belirtilen danışmanlar ile yollanan yazı için yurt içi-dışı 
bağımsız otörlerden seçilir. Anadolu Kardiyoloji Dergisi Şubat, Mart, Mayıs, 
Haziran, Ağustos, Eylül, Kasım ve Aralık aylarında olmak üzere, yılda 8 sayı çıkar. 

Türk dilini iyi kullanmak çok önemlidir. Türk Dil Kurumu’nun Türkçe sözlüğü 
ve yazım kılavuzu ile Türk Kardiyoloji Derneği’nin Kardiyoloji Terimler Sözlüğü 
yazıda temel alınmalıdır. İngilizce yazılan yazılar özellikle desteklenmektedir.

Deneysel, klinik ve ilaç araştırmaları için ilgili uluslararası anlaşmalara uygun (Helsinki 
Declaration of 1975, revised 2008- http://www.wma.net/en/30publications/10policies/
b3/index.html, “Guide for the care and use of laboratory animals-www.nap.edu/
catalog/5140.html) etik komisyon raporu gerekmektedir. 

Tüm otörler bilimsel katkı, oran ve ilgili sorumluluklarını; ayrıca çıkar çatışması 
olmadığını bildiren toplu imza ile yayına katılmalıdır. Araştırmalara yapılan kısmi de olsa 
nakdi ya da ayni yardımların hangi kurum, kuruluş, ilaç-gereç firmalarınca yapıldığı dip 
not olarak bildirilmelidir. (ICMJE Potansiyel Çıkar Çatışmaları Bildirim Formu ve Yazarlık 
Katkı formu www.anakarder.com'dan ulaşılabilir). Dergimizin yayın ve araştırma etiği ile 
ilgili uygulamaları ICMJE, COPE ve HEART Grubu kuralları ile uyumludur.

Özgün Araştırma, hatta bazı Olgu Sunumları için genel etik kuralları çerçevesinde 
yayının yapıldığı kurumun yetkililerinin hazırladığı etik kurul onayı ya da eşdeğeri 
bir kabul yazısının sunulması şarttır. Olgu sunumları ve Özgün Görüntüler için 
sınırlı yer ayrıldığından, yüksek bilimsel ve akademik kalitesi özgün araştırma ve 
derleme yazıları öncelikli kabul etmekteyiz.

Yazılardaki düşünce ve öneriler tümüyle yazarların sorumluluğunda olup, editör 
ve yardımcılarının kanaatlerini yansıtmaz.

Yazılar başka yerde yayınlanmamış olmalıdır.  Daha önce bilimsel toplantılarda 
200 kelimeyi geçmeyen özet sunumlarının yayınları, durumu belirtilmek koşulu 
ile kabul edilebilir.

İşlemleri yürütülüp karar aşamasına yaklaşmış olan yazıların, makul bir neden 
olmadan geri çekilme talebi “ret” kapsamına girmektedir.

Yayına kabul edilen yazılar için birinci yazar, Türkçe ve İngilizce açısından olduğu 
gibi, metinde temel değişiklik yapmamak kaydı ile düzeltmelerin editörlerce 
yapılmasını kabul etmiş sayılır. 

Yazıların dergide yayınlanmak üzere kabul edilmesi için; atıf alabilme olasılığı, 
orijinal ve bilimsel akademik üst düzeyde olması ön koşuldur.

Yazılar derginin çevrimiçi makale kabul sistemi www.anadolukardiyolderg.com 
aracılığı ile Baş Editör ofisine gönderilebilir: Ayrıntılı bilgi www.anakarder.com. 
Yayına kabul edilmeyen yazılar, sanatsal resimler hariç geriye yollanmaz. Tüm 
yazılar, editörler başta olmak üzere, editör danışmanı, istatistik danışmanları ve 
en az üç danışman-hakem tarafından incelenir. Yazı konusunun en önde gelen 
otörü olan, fakat çalışmanın dışında olup yazarlarla ve kurumları ile ilişkisi-bilgisi 
olmayan üç kişinin ilk yazar tarafından - hakem olarak önerilmesi dergi için çok 
önemlidir. Daha önce başka bir dergiye yollanan ve yayınlanmayan yazıların, 
hakem raporlarının da birlikte yollanması zorunludur ve alınacak kararların 
çabuklaştırılmasına yardımcı olacaktır.

Editör, hakemlere yazıyı göndermeden önce aşağıda bildirilen biçimsel kurallara 
uygunluğunu araştırır. Düzeltmeler orijinal metin değil, düzeltilmesi istenen 
bölümlere kısıtlı olmalıdır. Yazılar yollanmadan önce yazım ve çizim hatalarından 
tam olarak arındırılmalıdır.

Yazım Kurallarına uygun hazırlanmayan makaleler değerlendirmeye 
alınmayacaktır. Yazardan revizyon bekleme süresi 24 gün, hakemlerde bekleme 
süresi 21 gündür.

Makalelerin formatı “Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals: Writing and Editing for Biomedical Publication (http://
www.icmje.org/)” kurallarına göre düzenlenmelidir.

Makale ile birlikte doldurulmuş Yazarlık Katkı Formu sunulması gerekir. Derginin 
Yazarlık Katkıları ile ilgili kurallar CSE (http://www.councilscienceeditors.org/i4a/
pages/index.cfm?pageid=3376) ve ICMJE http://www.icmje.org/ethical_1author.
html) önerileri ile uyumludur. 

Özgün Araştırmalar ve Derlemeler'in sunumu çalışma bildirimi kılavuzlarına göre 
düzenlenmelidir: randomize çalışmalar için CONSORT, gözlemsel çalışmalar 
için STROBE, tanısal değerli çalışmalar için STARD, sistematik derleme ve 
meta-analizler için PRISMA, hayvan deneyli çalışmalar için ARRIVE, randomize 
olmayan davranış ve halk sağlığına müdahale çalışmaları için TREND.

Haziran 2012 tarihinden itibaren Anadolu Kardiyoloji Dergisi’nde basılmak isteği 
ile yollanan olgu sunumları ve özgün görüntülerin incelenmeye başlanması 
için birinci yazarının Anadolu Kardiyoloji Dergisi’ne bir yıllık abone olması 
gerekmektedir. Bu abone koşulu yalnız yazının incelenmeye başlanması için 
olup, hiçbir şekilde basıma kabul ya da basım için öncelik sağlamamaktadır. 

Abone olan otorün yazısı genel kurallar ve özel bölümler başlığındaki usul ve 
esaslara göre değerlendirmeye alınır, kabul garantisi sağlamaz.  Abonelik ücreti 
120 TL olup işlemler için yayıneviyle temas kurulmalıdır: AVES- 0212 589 00 53 - 
info@avesyayincilik.com

1. Özgün Araştırmalar: Yazının tümünün 5000 kelimeden az ve yalnızca anlamada 
gerekli olan sayı ve içerikte tablo ve grafik desteği olmalıdır. Kaynakların 50’den 
az olması inandırıcılık için genelde yeterlidir.
1.1- Kapak sayfası: Birinci sayfadır ve ayrı WinWord dosyası olarak düzenlenir. 
Yazarların tam ve açık isimleri, son aldıkları akademik unvanlar ile 50 karakteri 
geçmeyecek şekilde yazının başlığı yazılır. Yazarların ilgili oldukları kurum, 
bölüm ve şehir sıra ile bildirilir. Birden fazla yerde yapılan çalışmalar sembollerle 
açıklanır. Bu sayfanın altına yazışmaya yetkili, düzeltmeleri yapacak yazarın 
açık adı, posta ve e-posta adresi, telefon ve faks numaraları yazılır. Ayrıca 
çalışma bilimsel toplantıda önceden bildirilen koşullarda tebliğ edildi ya da özeti 
yayınlandı ise açıklama yapılır. 

1.2- Özgün araştırma makalesi için bölümlü özet: Mutlaka 250 kelimeden kısa 
hazırlanmalıdır. Bu özet Amaç, Yöntem, Bulgular, Sonuç şeklinde alt başlıklarla 
düzenlenir. NLM MESH terimleri (http://www.nlm.nih.gov./mesh/MBrowser.html 
adresinde bulunabilir) ile uyumlu 6 tane anahtar kelime bölümlü özetin altında 
verilmelidir.

1.3- İngilizce bölümlü özet: 1.2 maddenin kurallarına uymak koşulu ile hazırlanan 
İngilizce bölümlü özettir.

1.4- Metin: Makale Başlığı, Giriş, Yöntemler (alt başlıklı), Bulgular, Tartışma, 
Çalışma kısıtlamaları ile Sonuçlar ve Kaynaklar kısımlarını içermelidir. Metnin 
özellikle yöntemler, bulgular ve tartışma kısmının alt başlıklara bölünmesi yararlı 
olabilir. Metin toplam 5000 kelimeyi geçmemeli ve 12 Times New Roman yazım 
sitili ile yazılmalıdır . En sona teşekkür yazılacak ise, ciddi bilimsel katkı dışında 
araştırmanın yürütülmesine önemli katkıda bulunanlarla, yazının son şeklinin 
verilmesine yardım edenler zikredilir.Bu bilginin e-posta ile gönderilmesi gerekir 
veya ayrı WinWord dosyasında “Teşekkür Notu” olarak sisteme yüklenir. 

1.5- İstatistiksel analiz, Tıbbi dergilerdeki istatistik verilerini bildirme 
kurallarına göre yapılmalıdır (Altman DG, Gore SM, Gardner MJ, Pocock SJ. 
Statistical guidelines for contributors to medical journals. Br Med J 1983: 
7; 1489-93). İstatistiksel analiz için kullanılan yazılım tanımlanmalıdır. Sürekli 
değişkenlerin karşılaştırılmasında parametrik testler kullanıldığı zaman verilerin 
ortalama±standart sapma olarak bildirilmesi gerekir, parametrik olmayan 
testler için de Medyan (Minimum-maksimum) veya Medyan (25inci ve 75inci 
persantiller) değerleri olarak bildirilmesi gerekir. İleri ve karmaşık istatistiksel 
analizlerde, göreceli risk (RR, relative risk), olasılık (OR, odds ratio) ve tehlike (HR, 
hazard ratio) oranları güven aralıkları (confidence intervals) ve p değerleri ile 
desteklenmelidir.

1.6- Kaynaklar: Metin içinde geçiş sırasına göre numaralandırılır. Ayrı sayfada 
çift aralıkla düzenlenir. Kişisel bilgi, yayınlanmamış veriler, baskıda gibi 
ulaşılamayan kaynaklar burada değil, metin içinde parantez ile sunulur. İki yıldan 
eski özetler kaynakçaya alınmaz; alınanlar parantezde (abstr.) şeklinde verilir. 
Kaynakların gerçekliğinden yazarları sorumludur. 

Periyodikler: Standart makale: Dergi isimlerinin kısaltmaları Index Medicus 
listesine göre yapılır (dergilerin kısaltmaları için NLM tarafından her yıl 
yayınlanan MEDLINE dergilerin listesine http://www.nlm.nih.gov/tsd/serials/lji.
html adresinden ulaşılabilir). Altı yazar ve daha az olan makalelerde tüm otörler 
yazılır. Yedi ve fazla olan otörlerden ilk altısı yazılır ve “et al.” ilave edilir. 

Yazar isimlerinden sonra, o yazının tam başlığı, yıl, cilt ve sahifeler sıralanır.

Örnek: Müller C, Büttner HJ, Petersen J, Roskomun H. A randomized comparison 
of clopidogrel and aspirin versus ticlopidine and aspirin after the placement of 
coronary-artery stents. Circulation 2000; 101: 590-3. 

Kitaplar
Kitap içinde bölüm: Sherry S. Detection of thrombi. In: Strauss HE, Pitt B, James 
AE, editors. Cardiovascular Medicine. 2nd ed. St Louis: Mosby; 1974. p.273-85.

Tek yazarlı kitap: Cohn PF. Silent myocardial ischemia and infarction. 3rd ed. New 
York: Marcel Dekker; 1993.

Yazar olarak editör (ler): Norman IJ, Redfern SJ, editors. Mental health care for 
elderly people. New York: Churchill Livingstone; 1996.

Toplantıda sunulan makale: 
Bengisson S. Sothemin BG. Enforcement of data protection, privacy and 
security in medical informatics. In: Lun KC, Degoulet P, Piemme TE, Rienhoff 
O, editors. MEDINFO 92. Proceedings of the 7th World Congress on Medical 
Informatics; 1992 Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland; 
1992. P. 1561-5.

Bilimsel veya teknik rapor: 
Smith P. Golladay K. Payment for durable medical equipment billed during 
skilled nursing facility stays. Final report. Dallas (TX) Dept. of Health and Human 
Services (US). Office of Evaluation and Inspections: 1994 Oct. Report No: 
HHSIGOE 169200860.

Tez: 
Kaplan SI. Post-hospital home health care: the elderly access and utilization 
(dissertation). St. Louis (MO): Washington Univ. 1995.
Elektronik formatta makale: 
Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis 
(serial online) l995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Available from: 
URL: http:/ www.cdc.gov/ncidodlElD/cid.htm.

1.7- Şekiller, Tablolar ve Resimler: Şekil ve resimler, hasta, doktor, kurum isimleri 
görülmeyecek şekilde hazırlanmalıdır. Metinden ayrı olarak, metin içinde geçiş 
sırasına göre numaralanarak verilir. Başlık ve altyazılar ayrı bir sayfada sunulur.  
Grafiklerde yeteri kalınlıkta çizgi kullanılır. Böylece gerekli küçültmelerde kayıplar 

en aza iner. Genişlikler 9 cm. ya da 18 cm. olmalıdır. Çizimlerin profesyonellerce 
yapılması uygundur. Gri renkler kullanılmamalıdır. Kullanılan kısaltmalar alt 
kısımda alfabetik sıra ile mutlaka açıklanmalıdır. Tablo ve Şekil başlıklarında ve 
tablonun yazı içinde anılmasında Roma rakamları kullanılmamalıdır. Metin, Tablo 
ve Şekillerde kullanılan ondalık sayılar nokta ile ayrılmalıdır. Özellikle tablolar 
metni açıklayıcı ve kolay anlaşılır hale getirme amacı ile hazırlanmalı ve metnin 
tekrarı olmamalıdır. Siyah/beyaz, gri tonlarda resimler/sanat eserleri yazarlara 
ek maliyetsiz basılmaktadır. Ancak renkli resimler/ sanat eserlerinin baskısı için 
yazarlardan ödemeleri  istenecektir. 
Ayrıntılar için Baş Editör Ofisi ya da AVES Yayıncılık ile temasa geçiniz. 

Not: Dergimizin web sayfasında (www.anakarder.com), derginin baskı 
versiyonunda olgu sunumu ve orijinal görüntülerinde yer alan resimlere ek 
olarak video/hareketli görüntüler ve ekstra imaj/statik görüntüler yayınlanacaktır. 

1. İmaj/statik görüntü formatında sunumlar: JPG, GIF, TIFF, BMP
2. Video/hareketli görüntü formatında sunumlar: MPEG, VMF.
3. Dosya boyutu maksimum 2 MB olmalıdır.
4. Resimlerde ve özellikle video görüntülerinde doktor, kurum, şehir ve hasta 
tanımlamaları tümü ile silinerek yollanmalıdır.

Makalenizde yer alan tablolar, şekiller ve resimler için orijinal oldukları ayrıca 
bildirilmeli. Orijinali dışında ve başka kaynaktan alındıklarında mutlaka alınan 
kaynağa atıfta bulunmalı ve alınan kaynağın “hardcopy” veya elektronik 
formatta (*.* pdf) versiyonları Telif Hakkı sahibinden (yayınevi, dergi veya otör) 
baskıya alınan izinler ile birlikte Baş Editör ofisine sunulmalı.

Kaynaklar, şekiller ve tablolar ile ilgili kurallar tüm makale türleri için geçerlidir. 

2. Derlemeler: Doğrudan ya da davetli otörler tarafından hazırlanabilir. Bir bilgi 
ya da konunun klinikte kullanılması için son vardığı düzeyi anlatan, tartışan,  
değerlendiren ve ileride yapılacak çalışmalara yön belirleyen bir yazıdır. 
Yazarının konusunda otör olması ve atıfta bulunulmuş yazıları gerekir.

Bölümsüz özet: 250 kelime ile sınırlıdır. NLM MESH terimleri  (http://www.nlm.nih.
gov./mesh/MBrowser.html adresinde bulunabilir) ile uyumlu 6 tane anahtar kelime 
bölümlü özetin altında verilmelidir. Kelime sayısı 5000, kaynak sayısı 50 ile sınırlıdır.

3. Editöryel Yorum: Dergide çıkan bir araştırmanın o konunun otörü veya iyi 
değerlendirme yapan hakem tarafından kısaca değerlendirilmesi amacı güder. 
Sonunda; klinik anlam ve kısa özet bulunur.

4. Olgu Sunumları: Otörlerce de çok nadir görülen, tanıda ve tedavide güçlük 
gösteren ya da uygulamada genellikle gözümüzden kaçtığı anlaşılan, yeni 
bir yöntem önerilen, textbook’larda olmayan bilgileri içeren çok ilgi çekici 
ve öğretici sunular yayınlanabilir. Bu özelliklere sahip olgular sınırlı sayıda 
basılmaktadır. Video görüntüsü olanların basılma şansı yüksektir. On kaynak 
ve 700 kelime ile sınırlıdır, özeti bulunmamakla birlikte, İngilizce başlık içerir.Olgu 
sunumu formatımız, Introduction/Giriş, Case Report/Olgu Sunumu, Discussion/
Tartışma, Conclusion/Sonuç başlıklarından oluşmaktadır.

5. Bilimsel Mektup: Yeni bilimsel buluş ve verileri duyurmayı amaçlayan, klinik 
açıdan önemli ancak ön bildiri niteliğinde olan yazılar bilimsel mektup olarak yayına 
kabul edilir. Bilimsel mektuplar içerik olarak alt başlıksız olup toplam 900 kelimeyi 
aşmamalıdırlar. Referans sayısı  10, tablo ve resim sayısı ise 2 ile sınırlı olmalıdır.

6. Editöre Mektuplar: Derginin temel yayın amaçlarından birini oluşturmaktadır. 
Yayınlanan bir yazının önemini, gözden kaçan bir yapısını ya da noksanını tartışır. 
Yazarlar, yayınlanan makaleler hakkında yorum içeren mektuplar dışında da 
okurlarımızın ilgi alanlarına giren konular veya özellikle eğitici vakalar hakkında 
da Editöre Mektup formatında yorumlarını sunabilirler. Beşten fazla kaynak 
gösterilmez. Başlık ve bölümleri yoktur. En fazla 500 kelimeden oluşturulur.

7. Eğitim: Son yıllarda araştırma sonuçları ile kesinleşen, akademik düzeydeki 
eğitimde yerini alan ve klinik uygulamada yer bulan bilgiler ayrıntıları ile sunulur.

Bölümsüz özet: 250 kelime ile sınırlıdır. NLM MESH terimleri (http://www.nlm.
nih.gov./mesh/MBrowser.html adresinde bulunabilir) ile uyumlu 6 tane anahtar 
kelime bölümlü özetin altında verilmelidir. Kelime sayısı 5000, kaynak sayısı 50 
ile sınırlıdır.

8. Orijinal Görüntü: Klinik bilime dayalı önemli bulguları yansıtan, kardiyovasküler 
hastalıkların temel mekanizmalarına ışık tutan, anormallikleri vurgulayan veya 
yeni tedavi yöntemlerini aydınlatan çarpıcı ve nadir görüntüler yayına kabul edilir. 
Video görüntüsü olanların basılma şansı yüksektir. Başlığı ile beraber tanımlayıcı 
metin ve resim alt yazıları (kaynaksız) toplam 250 kelimeyi geçmemelidir. Orijinal 
görüntü kurallarına göre hazırlanan makale yalnızca e-sayfa olarak yayınlanır.

9. Tarihten Notlar: Türkiye için özellikle, Kardiyoloji ve ilgili branşlardaki önemli 
tarihi olayları açıklayan, hastalığın tanı ve tedavisinin tarihi ile ilgili yeni bilgileri 
ortaya çıkaran makalelerdir.  Yeni tarihsel bulgular konu ile ilgili uygun araştırma 
çalışmalarının sonucu olmalıdır. Tarihten notların içeriği altbaşlıksız olmalıdır ve 
900 kelime,  kaynak sayısı 10 ile sınırlıdır.  

10. Yayın Etiği: Derginin bu bölümünde yayınlanan içerik yayın etiği ile ilgili aktüel 
bilgileri aktaran makalelerdir ve etik ihlali vakalarıdır. Makaleler 900 kelime ve 
kaynak sayısı 10 ile sınırlıdır. Yayın Etiği konusunda Prof. Dr. Arif Akşit’in tercüme 
ettiği “COPE Yayın Etiği Komitesinin Akış Şeması” örnek alabilirsiniz. 

11. Tanısal Bilmece: Okuyucuların dikkatini çekecek, nadir görülen olguların 
doğrudan, görüntülenme yöntemleri, EKG ya da operasyonda elde edilen 
fotoğrafları makroskopik-mikroskopik anatomik, patolojik bulgular yayınlanabilir. 
Özgün görüntülerden farklı olarak olgu ve resmin tanısı- sonucu önce gizlenir; 
çoktan seçmeli şeklinde 4 soru hazırlanır. Derginin sonraki sahifelerinde kesin 
tanı-sonuç, açıklama ve öğretici resimlerle doğru cevap bildirilir; tartışma ile 
değerlendirilir. Gönderilen olgu sunumu veya özgün görüntüyü Baş Editör, 
yazarın iznini alarak bilmece formatına çevirebileceği gibi, yazarlar 500 kelimeyi 
geçmeyecek şekilde 8 kelimelik başlık ve üç kaynak, beş resim ve video 
ekleyerek bilmece yazılarını yollayabilirler.
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The Anatolian Journal of Cardiology, being a double-blind peer-reviewed journal,  
publishes all articles on clinical cardiology with clear clinical relevance including 
experimental, fundamental and original clinical studies, postgraduate education on 
cardiology, investigations concerning especially Turkish public health, case reports, 
relevant letters with questions, answers and contributions, history of cardiology, 
publication and research ethics, as well as letters on expected, applied and changed 
relations between State institutions and physicians, works and developments of Turkish 
and World Societies of Cardiology. The referee’s board that advises the selection of 
papers for publication by Editor consists of the elected advisory experts of the journal 
and is selected from independent national and international experts in the relevant field. 
The Anatolian Journal of Cardiology is published 8 times per year, including February, 
March, May, June, August, September, November and December. 

Proper use of Turkish language is of special importance. Turkish Language Institution 
dictionary and orthography guide together with dictionary of cardiology terms published 
by Turkish Society of Cardiology should be taken as basic for literary language. Papers 
written in English language are particularly supported and encouraged. 

An approval of research protocols by Ethics Committee in accordance with 
international agreements (Helsinki Declaration of 1975, revised 2008 - available at 
http://www.wma.net/en/30publications/10policies/b3/index.html>, “Guide for the 
care and use of laboratory animals - www.nap.edu/ catalog/5140.html/) is required for 
experimental, clinical and drug studies. 

The submission of a written document with institutional approval of Ethics Committee 
or equivalent confirming the research protocol, even some case reports, are 
performed in frame of general ethical rules, is mandatory.  

The signed statement of scientific contributions and responsibilities of all authors and 
statement on absence of conflict of interests are required. (ICMJE Form for Disclosure 
of Potential Conflicts of Interest and Authorship Contributions form is available at 
www.anakarder.com). The journal’s policy on publication and research ethics is in 
compliance with ICMJE, COPE and HEART Group  rules.

The authors should acknowledge and provide information on grants, contracts or other 
financial support of the study provided by any foundations and institutions or firms. 

The priority in acceptance of manuscripts for publication is given to original research 
manuscripts and reviews of high scientific and academic quality, in addition limited 
number of case reports and original images and other types of manuscripts are 
accepted for publication. 

Statements and suggestions published in manuscripts are under the authors 
responsibility and do not reflect opinions of editors and their associates. 

Manuscripts are considered for review only in cases if they have not been published 
previously elsewhere or are not currently under consideration in other journals. Only 
those data presented at scientific meetings (notification of scientific conference of 
session is required) in form of preliminary results - abstracts that does not exceed 200 
words - could be accepted for consideration. 

The retraction requests of manuscripts, being under consideration and close to the 
final decision, without reasonable explanation will result in “reject” decision. 

The authors of the paper accepted for publication in AJC should be in consent of that 
editors could make corrections without changing the presented data or the basic 
meaning of the text of the manuscript written either in Turkish or English languages. 

To be accepted for publication, it is required that manuscripts should be original and of 
high scientific and academic quality, with probability of being cited. 

Manuscripts and accompanying letters could be submitted to the Editor-in-Chief office 
through on-line manuscript submission system www.anadolukardiyolderg.com: you 
may find information at www. anakarder.com 

Rejected manuscripts, except artwork usually are not returned. All manuscripts are 
reviewed by editors, editor’s consultant, statistical consultants and at least three experts/
referees. Proposal of names of three independent referees, who are unaware of the study 
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Türkçemizin gelişmesi açısından ulusal ve uluslararası eğiti-
min etkisinin çok önemli olduğu yadsınamaz. Dilimizin bilim dalı 
olarak gelişmesinde bilim insanlarımızın birinci derecede sorum-
lu olduğunu biliyoruz. Bizler “dilci” olmasak da, bize destek 
sağlayacak, eğitim verecek Türk dili uzmanlarının desteğine bu 
konuda da büyük gereksinimiz var. Gerek hayranlık, gerek duygu-
sal, gerek tembellik ve kolaya kaçmak nedeni ile; bilimdeki yeni 
gelişmelerle, uluslar arası toplantı ya da yayınlarda gözümüze 
çarpan ve öğrendiğimiz yabancı terimleri olduğu gibi, hemen ve 
aynen kullanmayı yeğlemekteyiz. Osmanlı’nın son devirlerinde, o 
zamanın yeni romancıları, Fransız hayranlığı ve görgü-bilgi alış-
verişimizin hızlanması ile, Fransa’da eğitim gören her düzey ve 
konudaki gençlerin taşıdığı Fransızca deyim ve sözleri pek acı bir 
şekilde hicvetmişlerdi. Ama Türkiyemizde göğüslerinde yabancı 
yazılı “T-shirt”lerle gezen gençler (benim tüm torunlarım dahil) 
Türk dili konusunda ne kadar geliştiğimize en güzel!!! örnektir. 
Bugün düştüğümüz bu çukur için daha birçok başka neden ve 
bahanemiz de ayrıca bulunabilir.

Diğer bir pencereden Anadolu Kardiyoloji Dergisi’ne baktığı-
mızda, 12 yıl önce Tam Türkçe’li olarak başladığımız bu bilim 
yayıncılığı, globalleşmenin en önemli yararı olan bilimdeki bilgi-
alışverişinin kolay ve çok hızlanması ile Mart sayımızda özgün 
araştırma-derlemelerde tek bir Türkçe yazı varken, Mayıs sayısı 
tümü ile İngilizce çıktı. Bu dil seçimi konusunda bir zorlamamız 
ve önyargımız olmadı. Ama şunu irdelemeler sonunda gördüm ki, 
Türkçe yazılar atıf almıyor, diğer bir deyişle Anadolu Kardiyoloji 
Dergisi’nin “Etki Faktörü”nü yükseltmiyor. IF yükselmeyince de 
gelen yazı sayısı azalıyor, Anadolu Kardiyoloji Dergisi yazı yolla-
ma seçiminde alt sıralara düşüyor. Bu durumu yazarlara bildire-
rek emeklerimizi daha geniş bir bilim alanına yaymaları açısın-
dan, seçimlerini öneriyorum. Geçmiş yüzyılda, Dr. Behçet adını 
Tıp Tarihine yazdırabildi ise üstün hekimliği ve gözlem gücünden 
de öte, Almanca yayın yapan bir dergiyi seçtiği içindir. O sıralar-
da Türkçe bilim dergilerinin varlığı konusunu Tıp Tarihçi’lerine 
bırakıyorum; her ne kadar meslekte tam yarım yüzyılı doldurmuş 

olsam bile. Sayın Mustafa Aydoğan bir yayınında da “Alman 
doktor Ganslenn, makalesinde diyabet tedavisinde kullanılan 
insülinin hastalara soluma yolu ile verilmesini önerdi. Ancak 
Ganslenn’in bu makalesi, Almanca yazıldığı ve yıllarca başka 
dile çevrilmediği için değeri 1970’lere kadar anlaşılamadan 
kaldı” demiştir.

Dostlara hatırını sorarken “Nasılsın?” dediğimde biri “Türkiye 
gibi” diyerek cevaplandırdı. Ağzımdan büyük bir “eyvahhh” çıktı. 
Esasında çevremdeki akademisyenlerde “Batsın bu Dünya” 
havasını görüyorum. Hem de “Baba”nın bahtsız ölümünden daha 
bile önce. Bu şarkı devir devir söylenir. Bazen nedeni “yöneten-
ler” bazen de “ yönetilen-akademisyen”ler olur. Ama halen 
Akademik bir depresyon yaşadığımızı biliyorum. Allah’tan bu 
konuda (Anadolu Kardiyoloji Dergisi dışında) hiçbir ciddi akade-
mik sorumluluk ve yetkim yok.

Yapılan en iyi bir araştırma dahi kullanılmadığı (yayınlanmadı-
ğı) takdirde bilimsel değer taşımaz. Okunacak ki; hipotezi sorgu-
lansın, yeni varsayımlar üretilsin, temel alınarak araştırmalar 
yapılsın ve ya sonuçlar kanıtlansın ya da reddedilsin. Varsayım-
sorgulama-araştırma-kanıtlama. Darılmayın; Anadolu Kardiyoloji 
Dergisi’ne gelen ve maalesef haberleri olmadan çok değerli ve 
deneyimli, üst düzey bilim insanı hocalarmızın da adlarını taşıyan 
bazı “özgün araştırma” yazıları günlük gazetelerdeki başlıklar ve 
içerikler gibi yazılmış, adeta bir “demeç”. Seçtiği konudaki temel 
bilgileri yeteri kadar incelemeden, neden bu araştırmayı yaptığını 
ve neler beklediğini belirten sağlam bir hipotez kurmadan, ne 
kanıtlayacağını açıklamadan “hadi bir de buna bakalım” tarzın-
daki yazılar beni temelden çok üzüyor. Dergimiz ve özümü aşağı-
lanmış hissediyorum. Bazı akademik kadrolar için zorunlu olma-
sa, YÖK dayatmasa, yönetim kurulları şart koşmasa bu arkadaş-
larımın kesinlikle ciddi bir araştırma ve bilgi üretme gibi gayretle-
ri olmayacak.

Yukarıdaki acı gerçeklere karşı Prof. Dr. Mehmet Özaydın ve 
arkadaşlarının “N-3 polyunsaturated fatty acids administration 
does not reduce the recurrence rates of atrial fibrillation and 
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inflammation after electrical cardioversion: A prospective ran-
domized study “başlıklı, 2011-Haziran sayılı Anadolu Kardiyoloji 
Dergisi’ndeki yazısı hem JAMA, hem de Circulation’dan atıf aldı. 
Büyük onur duydum, kutlarım.

Hakemler esastır diyordum önceki pek çok yazımda. Onlar 
bilimsel merak ve ciddiyetleri açısından hakemliği işlerinde 
öncelikli sıraya koyuyorlar. Acı bir kelime; “angarya”yı meslek 
olarak almışlar, hiçbir ciddi getirisi olmasa da. Zaten hakemliğin 
ne kadar önemli bir iş olduğunu geçen haftaki maçta gördük; 
ölümden döndü. Ben olsam o işi yapmam. Çünkü benim hakem-

lerimi bile o kadar koruyan çıkmıyor. Ne var ki; bu konudaki 
Editör’e mektubu 286. sayfada lütfen okuyun; özetle -hem yazı 
yollayıp Baş Editöre 10 hakem seçtiriyor yazarım, hem de 
hakemlik önerime cevap bile vermiyor. 

Olur böyle şeyler.

Bilgin Timuralp
Baş Editör
Eskişehir, Türkiye
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Shinya Yamanaka, M.D., Ph.D. - 2012 Nobel Prize Laureate: How his dream of 
a research career provides vision for the next generation of young scientists

2012 Nobel Ödül Laureat`i Dr. Shinya Yamanaka`nın araştırma kariyeri düşleri  gelecek nesil genç 
bilim adamlarına nasıl bir vizyon aktarıyor
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The career path of Dr. Shinya Yamanaka started with a dream 
to be a scientist and led to him receiving the 2012 Nobel Prize in 
Physiology or Medicine. Dr. Yamanaka discovered how to convert 
skin fibroblasts into induced pluripotent stem (iPS) cells, which 
are embryonic-like stem cells that could become any of the more 
than 120 different cell types in the body. His ground-breaking find-
ing, made through hard work, dedication, and a willingness to 
follow the research wherever it led him, has changed medicine 
forever. There is much to be gained by young scientists around the 
world, including Turkey, from Dr. Yamanaka’s career path and les-
sons learned, which can be summarized in just a few words: 
develop a vision and work hard to achieve it.

Postdoctoral Fellowship at the Gladstone Institutes in 
San Francisco
The year was 1993, and no one was returning Dr. Shinya 

Yamanaka’s phone calls. The physician and recent Ph.D. graduate 
of Osaka City University had given up a promising career as an 
orthopedic surgeon to pursue his dream as a research scientist. 
But now he was not receiving any responses to his application to 
become a postdoctoral research fellow in the United States.

Until, that is, Dr. Yamanaka’s application came across the 
desk of Thomas Innerarity, Ph.D., a senior investigator focused 
on cardiovascular research at the Gladstone Institutes in San 
Francisco. “I applied to many, many research institutes in the 
United States, but I received no responses,” recalled Dr. 
Yamanaka. “The one exception was Tom, who invited me to 
come to Gladstone and be a part of his research laboratory.”

It was a wise decision. Founded in 1979, Gladstone is an inde-
pendent, nonprofit research institute that focused primarily on 

research into cardiovascular and viral diseases at the time (later 
adding a third focus on neurological diseases in the mid-1990s) 
(www.gladstoneinstitutes.org). The work Dr. Yamanaka undertook 
as a Gladstone postdoctoral fellow  and the Gladstone notion 
that researchers must follow science wherever it leads  would 
form the basis for his subsequent discovery of how to reprogram 
adult skin cells into iPS cells. Now back at Gladstone as a senior 
investigator, this former Gladstone postdoctoral fellow has won 
the 2012 Nobel Prize in Physiology or Medicine.

When Dr. Yamanaka first arrived at Gladstone for his postdoc-
toral training more than 20 years ago, stem cells were far from his 
mind. Rather, Dr. Yamanaka focused his research on finding new 
ways to decrease the levels of low-density lipoproteins (LDL), a 
major risk factor for coronary artery heart disease. It was widely 
known among scientists that a protein called apolipoprotein (apo) 
B was the principal component of LDL. Gladstone scientists were 
investigating two forms of the apoB protein that existed in the 
body. The longer form (apoB100), normally found in the liver, is the 
structural protein of LDL and is recognized by LDL receptors that 
take up cholesterol. Another shorter form, apoB48, is the struc-
tural protein of chylomicrons and is synthesized in the intestine. 
Importantly, it does not bind to LDL receptors, making it less likely 
to contribute to cardiovascular disease. Dr. Yamanaka sought to 
understand how both forms were synthesized. If he could under-
stand that, he reasoned, he could then find ways to change the 
longer form so that it would resemble the shorter and harmless 
form and reduce the risk of heart disease.

In early experiments, Dr. Yamanaka studied an enzyme 
called APOBEC-1, which facilitates synthesis of the shorter 
apoB48 form. In the liver, APOBEC-1 is normally inactive, and the 



longer apoB is synthesized in this organ. Working under Dr. 
Innerarity’s guidance, Dr. Yamanaka and the other scientists in 
the laboratory thought that by activating the APOBEC-1 enzyme 
in the liver, they could mimic the intestinal process to create a 
shortened form of the apoB protein that would lower LDL levels 
and thus decrease the incidence of heart disease.

A failed scientific experiment?
The entire laboratory staff began planning and carrying out 

the experiments needed to test this hypothesis. Twenty years 
ago, experiments were very labor intensive because many of the 
reagents had to be prepared in the laboratory  things that today 
can easily be ordered from chemical supply catalogues. The 
research team would line up along the entire laboratory bench 
like an assembly line, with each person, including Dr. Yamanaka, 
taking on a different step in the experiment. The team’s experi-
ments on mice did show a reduction in LDL but, unpredictably, 
the experiments also had an unintended side effect  the mice 
developed hepatocellular carcinoma (1), which was a big disap-
pointment to all. Obviously, this approach would not be useful in 
treating heart disease. Instead of getting discouraged, Dr. 
Yamanaka, who had worked the hardest on this project, got curi-
ous. He wanted to understand what went wrong.

The Gladstone philosophy has always been to give scien-
tists-in-training, like Dr. Shinya Yamanaka, the freedom to follow 
wherever their curiosity and the science lead, even if that 
means switching research focus, primary methods, or disease 
expertise. So for Dr. Yamanaka, this latest turn of events did not 
constitute a failed experiment; but instead led to the beginning 
of a new project. This curiosity and willingness to pursue a 
research project, even in the face of what others would con-
sider a failure, have played a big part in making him the scientist 
and the person he is today.

Lessons learned by a young scientist
One of my roles as director of the Gladstone Institute of 

Cardiovascular Disease and president of the Gladstone Institutes 
was to encourage young scientists like Dr. Yamanaka. One year at 
our scientific retreat I told them about the secret of having a suc-
cessful scientific career: “VW.” It had nothing to do with the fact 
that I always drive a Volkswagen (VW) vehicle; rather, VW stands 
for vision (V) and hard work (W). Dr. Yamanaka has often said that 
one of the important lessons he learned at the Gladstone was the 
notion of VW, which guided him even through difficult times. By 
moving on from what some considered a failed project with a new 
vision and hard work, he truly embodied this notion. Today, Dr. 
Yamanaka frequently stresses to young scientists that being a 
successful researcher and human being requires a clear vision 
and a willingness to work hard to fulfill it.

A new path opens new doors
Dr. Yamanaka wondered if switching on APOBEC-1 in the 

liver was responsible for the tumor growth in the liver. Further 
research refined his theory: he found that switching on 
APOBEC-1 in the liver altered NAT1, a protein that, when modi-
fied, causes tumors to develop. Dr. Yamanaka had therefore 
found the cause of the tumor growth: expression of a dysfunc-
tional NAT1 (2). Now he wanted to find the solution.

Dr. Yamanaka wanted to study mice that lacked NAT1 to see 
whether they would still develop cancer. But to do so, he needed 
to develop genetically modified mice  a process that required 
embryonic stem (ES) cells. ES cells are called pluripotent, mean-
ing that they have the ability to develop into any type of cell, such 
as skin, muscle, heart, or blood cells. To obtain the ES cells he 
needed for his study, Dr. Yamanaka collaborated with Robert 
Farese, M.D. a Gladstone investigator whose laboratory was the 
only one with the tools to develop ES cell cultures. He learned 
every aspect of this relatively new technique, from generating 
and culturing the human ES cells to inserting the specific con-
structs lacking NAT1 into mouse eggs.  However, he was not able 
to reach the last stage of creating the genetically modified mice 
because the NAT1-lacking ES cells that he developed never 
matured; they just multiplied over and over again. Thus, by acci-
dent, he discovered that NAT1 was key to helping stem cells 
transform into individual cell types. After he made this important 
observation, he turned his central research focus to discovering 
the genetic factors involved in this process.

Back to Japan to forge his vision for the future
His new direction eventually took him back to Japan where, 

armed with the expertise gained at Gladstone, he undertook 
what seemed to be an impossible undertaking: to find out which 
genetic factors from among hundreds of possibilities instruct ES 
cells to become other types of cells. He sought to understand 
the molecular mechanisms that underlie the pluripotency and 
rapid proliferation of ES cells and to identify the factors that 
induce reprogramming. This laborious task involved sorting 
through many different factors that influence cell development 
and using them to reprogram somatic cells into ES-like cells. Dr. 

Figure 1. Dr. and Mrs. Robert Mahley and Dr. and Mrs. Shinya Yamanaka
(Photo taken in Stockholm, Sweden, on the occasion of the awarding of the 2012 Nobel Prize in 
Physiology or Medicine.)
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Yamanaka selected the most likely ones and began examining 
them in various combinations. With what was widely seen as 
stunning speed, he first announced the four genetic factors 
behind his iPS breakthrough in mice in 2006 (3).

Dr. Yamanaka reported that adult mouse fibroblasts could be 
induced to form pluripotent cells by expressing just four genes 
(Oct4, Sox2, Klf4, and c-Myc). The next question Dr. Yamanaka 
addressed was whether his method would work with human 
cells. In the past, attempts to translate other findings (e.g., 
nuclear transfer) from mouse to human cells had been extreme-
ly difficult to carry out. However, in November 2007, Dr. Yamanaka 
electrified the world with the news that iPS cells could be made 
from human skin cells with the same factors used in mice (4). 
The ease with which the iPS cell discovery was translated to 
human cells emphasizes the fundamental importance of his 
original work in mice. Dr. Yamanaka subsequently found that one 
of the factors, c-Myc, was not needed, and that reprogramming 
could occur in the absence of any genomic integration events, 
and this was confirmed by others. Also in 2007, he showed that 
iPS cells can produce fully reproductive mice  definitive proof 
that iPS cells are pluripotent (5).

Dr. Yamanaka’s original report was met with surprise and 
disbelief. The vast majority of scientists believed that nuclear 
reprogramming would require the use of early ES cells, via 
nuclear transfer or cell fusion. Major efforts on three continents 
to make nuclear transfer work in human cells had limited suc-
cess. Most biochemical efforts focused on identifying complex 
combinations of “reprogramming factors” in the cytoplasm of 
fertilized eggs. Thus, Dr. Yamanaka’s announcement that he 
could induce iPS cells from skin cells with a simple cocktail of 
four genes seemed too good to be true. His method (starting with 
skin fibroblasts) was radically different from those of other sci-
entists (nuclear transfer, cell fusion), and the combination of 
genes seemed much too simple. However, in short order, Dr. 
Yamanaka provided reagents to other laboratories, and his 
results were rapidly confirmed.

Dr. Yamanaka’s discovery altered the way scientists think 
about the processes that control activation and repression of 
genes: only three factors are sufficient to epigenetically “erase 
and re-mark” the entire genome. The simplicity of the final 
method emphasizes the beauty and complexity of human beings.

Dr. Yamanaka returns to his scientific roots: Gladstone
Dr. Yamanaka was recruited to Gladstone in 2007, this time 

as a senior investigator and a professor of anatomy at the 
University of California, San Francisco, with which Gladstone is 
affiliated, while still maintaining a laboratory in Kyoto.

The development of iPS cell technology by Dr. Yamanaka 
represents an entirely new platform for studying the fundamen-
tal mechanisms of human diseases and for developing therapies 
to overcome them. Rather than using models made in yeast, 
flies, or mice, which do not always recapitulate the features of 
human disease, this technology allows human stem cells to be 
created directly from patient tissues. As a result, these cells 
contain a complete set of the genes that resulted in a specific 

disease, potentially offering a far-superior human model for 
studying disease and testing new drugs and treatments.

While the application of iPS cells to regenerative therapies 
will require refinement, iPS technology is fundamentally altering 
the way scientists work. Dr. Yamanaka’s discovery of iPS cells is 
transforming multiple disciplines, from basic biology to regen-
erative medicine, and its simplicity has encouraged other 
researchers into this field, thereby accelerating progress in this 
field of research. Today, laboratories across the world are racing 
to generate iPS cells from humans with all types of disease, 
investigating cellular pathologic mechanisms in cells containing 
the disease-causing genetic background, and differentiating 
disease-specific iPS cells to screen for novel therapeutic 
agents. Finally, iPS technology provides the exciting possibility of 
harnessing the benefits of stem cells by producing patient-spe-
cific pluripotent cells for cell-based therapies that can avoid 
immunorejection and other biochemical issues.

Today, Dr. Yamanaka splits his time between San Francisco and 
Japan, where he is director of the Center for iPS Cell Research and 
Application at Kyoto University. After years of hard work and inter-
national recognition, his principal desireto find workable solu-
tions to pressing medical problems has never wavered.

On winning the 2012 Nobel Prize in Physiology or Medicine, 
Dr. Yamanaka stated: “The best part about this prize is that it will 
bring attention to, and will likely spur, the important stem cell 
work that scientists around the world are conducting. This iPS 
technology is for patients, and the more scientists who build on 
it, the faster we can help those who live with chronic or life-
threatening diseases.”

Advancement of science by nurturing the next generations
Mentoring, encouraging, and instructing young scientists is 

like planting trees, which give shade that extends beyond what 
we might imagine. There is no greater reward for a professor or 
teacher than participating in planting careers of young scien-
tists in fertile soil. The benefit of the shade has the potential to 
relieve the suffering of our patients from multiple diseases.

Congratulations, Shinya Yamanaka, for making a difference!
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Use of cardiac CT angiography imaging in an epidemiology study - the 
Methodology of the Multicenter AIDS Cohort Study cardiovascular 

disease substudy

Kardiyak BT anjiyografik görüntülemenin epidemiyolojik bir çalışmada kullanımı -
“The Multicenter AIDS Cohort Study” kardioyovasküler alt çalışmasının metodolojisi
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ABSTRACT
Objective: The methodology for use of cardiac CT angiography (CTA) in low risk populations is not well defined. In order to present a reference 
for future studies, we present CTA methodology that is being used in an epidemiology study- the Multicenter AIDS Cohort Study (MACS). 
Methods: The Multicenter AIDS Cohort Study (MACS) is an on-going multicenter prospective, observational cohort study. The MACS 
Cardiovascular Disease substudy plans to enroll 800 men (n= 575 HIV seropositive and n=225 HIV seronegative) age 40-70 years for coronary 
atherosclerosis imaging using cardiac CTA. The protocol includes heart rate (HR) optimization with beta blockers; use of proper field of view; 
scan length limitation; prospective ECG-gating using the lowest beam voltage possible. All scans are evaluated for presence, extent, and com-
position of coronary atherosclerosis, left atrial volumes, left ventricular volume and mass and non-coronary cardiac pathology. 
Results: The first 498 participants had an average radiation dose of 2.5±1.6 milliSieverts (mSv) for the cardiac CTA study. Overall quality of scans 
was fair to excellent in 98.6% of studies. There were three significant adverse events-two allergic reactions to contrast and one subcutaneous 
contrast extravasation. 
Conclusion: Cardiac CTA was safe and afforded a low effective radiation exposure to these asymptomatic research participants and provides 
valuable cardiovascular endpoints for scientific analysis. The cardiac CTA methodology described here may serve as a reference for use in 
future epidemiology studies aiming to assess coronary atherosclerosis and cardiac anatomy in low risk populations while minimizing radiation 
exposure. (Anadolu Kardiyol Derg 2013; 13: 207-14)
Key words: CT angiography, radiation dose, epidemiological study
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ÖZET
Amaç: Kardiyak BT anjiyografinin düşük riskli popülasyonlardaki kullanımı ile ilgili metodolojisi belirsizdir. Gelecekteki bu tür çalışmalara refe-
rans oluşturması amacıyla bu makalede “The Multicenter AIDS Cohort Study” kardioyovasküler hastalık (MACS-KAH) alt çalışmasının metodo-
lojisi sunulmaktadır.
Yöntemler: MACS-KAH alt çalışması birçok merkezli, prospektif ve gözlemsel-kohort çalışmadır. Bu çalışmada 40-70 yaş arası 575’i HIV seropo-
zitif ve 225’i HIV seronegatif olmak üzere toplam 800 erkeğin kardiyak BT aracılığıyla koroner görüntülemesi planlanmaktadır. Çalışma protokolü 
beta blokerlerle kalp hızının optimizasyonu, uygun görüntüleme alanının seçimi, scan uzunluğunun sınırlanması, prospektif EKG tetiklemenin ve 
olası en düşük ışın voltajının kullanımını içermektedir. Tüm olgular koroner aterosklerozun varlığı, yaygınlığı ve içeriği, sol atriyum hacmi, sol 
ventrikül hacmi ve kitlesi ve koroner dışı kalp patolojilerin varlığı açısından incelenmektedir. 
Bulgular: Çalışmaya alınan ilk 498 deneğin kardiyak BT’sinde ortalama radyasyon dozu 2.5±1.6 milliSievert olarak bulundu. Scanlerin görüntü 
kalitesi deneklerin %98.6’sında orta ve mükemmel arasında değişmekteydi. İkisi kontrast maddeye alerjik reaksiyon ve biri de kontrast ekstra-
vazasyonu olmak üzere toplam üç olguda beklenmeyen yan etki görüldü. 



Introduction

Human immunodeficiency virus (HIV) infection may be asso-
ciated with increased risk for coronary artery disease, dilated 
cardiomyopathy, myocarditis, endocarditis, pericardial effusion, 
and pulmonary arterial hypertension (1-3). Inflammatory chang-
es, endothelial dysfunction and prolonged exposure to antiretro-
viral protease inhibitor drugs resulting in metabolic changes 
such as dyslipidemia and lipodystrophy have been suggested as 
some of the probable predisposing factors. The evidence for 
accelerated atherosclerosis was chronologically provided by 
autopsy series, case reports, cross sectional studies using 
carotid Doppler ultrasound, coronary artery calcium imaging 
and a few small-scale studies using cardiac computed tomogra-
phy angiography (CTA) (4-7). At present, there are no published 
large-scale epidemiology studies that include cardiac CTA to 
evaluate the prevalence or progression of subclinical coronary 
atherosclerosis among asymptomatic HIV patients. 

Cardiac CTA is a robust non-invasive imaging modality with 
proven accuracy in diagnosis and quantification of coronary 
atherosclerosis (8). Besides coronary luminal narrowing, it pro-
vides important information about plaque composition (calcified 
vs. non-calcified) as well as other cardiac or extra-cardiac 
structures that may be adversely affected by HIV infection (i.e., 
cardiac chambers, myocardial mass, valves, pericardium, pul-
monary vasculature, etc.). However, due to concerns of radia-
tion exposure hazards based on relatively high dose estimates 
obtained during the early experience with 64-slice CCTA, 
experts in the field have recommended against its use in the 
screening of asymptomatic populations, as well as its use in 
epidemiology studies (8-12). 

Nevertheless, the past several years witnessed the develop-
ment of newer CT technologies and dose reduction protocols 
(i.e., use of lower field of view, prospective image acquisition 
protocol, use of lower kV and mA, and dose modulation tech-
niques) that resulted in substantially lower radiation exposures 
(as low as 1 mSv per study in some reports) than those reported 
earlier (13-20). Therefore, it is conceivable that the routine imple-
mentation of these new techniques could significantly diminish 
the radiation hazards associated with cardiac CTA imaging, 
eventually leading to its wider applicability in a broader spec-
trum of clinical and research settings. 

We describe the cardiac CTA methodology used in the 
Multicenter AIDS Cohort Study (MACS) Cardiovascular Disease 
(CVD) substudy, so that it may serve as a reference for the use 
of cardiac CTA in future epidemiology studies.

Methods

Cardiac CTA methodology in the MACS 
cardiovascular substudy 
The MACS-CVD substudy is a prospective multi-center 

observational epidemiology study that aims to compare the 
prevalence and progression of subclinical CVD between HIV 
seropositive and HIV seronegative men. The specific hypothesis 
of this study is that the metabolic, inflammatory, immunologic, 
and anthropomorphic changes associated with HIV infection 
and/or antiretroviral therapy lead to increased risk for subclini-
cal CVD. This is one of the first prospective studies to utilize 
cardiac CTA in an asymptomatic population, to identify the pres-
ence, size, and composition of coronary plaques (including the 
degree of coronary artery stenosis). The complete study proto-
col also involves additional limited CT scanning of the abdomen 
and thigh for adiposity, non-contrast CT for coronary artery 
calcium (CAC), carotid ultrasound for carotid intimal thickness, 
carotid plaque, and carotid artery distensibility, as well as phle-
botomy for various blood biomarkers. The current manuscript 
will focus only on the methodology of the coronary atheroscle-
rosis CT imaging acquired with CTA. 

The research protocol was approved by the Institutional 
Review Boards at each clinical site and participants signed 
informed consent prior to enrolling in the study. This research on 
human subjects is in accordance with ethical standards of their 
institution and with the Helsinki Declaration of 1975, as revised 
in 1983.

Participants
The MACS Cardiovascular Disease (CVD) substudy plans to 

enroll up to 800 men (n=575 HIV-positive and n=225 HIV-negative) 
aged 40-70 years, most of whom have already participated in the 
original coronary artery calcium (CAC) MACS CVD substudy (4). 

Eligibility criteria include the ability to give informed consent, 
age 40-70 years old (inclusively); absence of history of heart 
surgery (coronary artery bypass graft or valve surgery) or his-
tory of coronary angioplasty with or without stent placement 
and weight <=300 lbs. Participants are excluded from the con-
trast CT portion of this study, but can participate in the non-
contrast portion (which includes coronary artery calcium) if one 
of the following is present: estimated glomerular filtration rate 
by the Modification of Diet in Renal Disease equation (GFR/
MDRD) obtained within a month of the scan <60 mL/min or urine 
protein >3 g/L creatinine using a spot urine test; history of con-
trast allergy; or atrial fibrillation at the time of the scan. 

Sonuç: Bu metodolojinin kullanımı ile kardiyak BT anjiyografinin bilimsel analizlerde değerli kardiovasküler verilerin elde edilmesi amacıyla 
semptomsuz araştırma deneklerinde düşük etkin radyasyon dozu sağlayarak güvenle kullanımı olasıdır. Dolayısıyla bu metodoloji, gelecekte 
düşük riskli popülasyonlarda koroner aterosklerozun ve kalp anatomisinin incelenmesini amaçlayan benzer epidemiyolojik çalışmalara referans 
olarak ışık tutabilir. (Anadolu Kardiyol Derg 2013; 13: 207-14)
Anahtar kelimeler: BT anjiyografi, radyasyon dozu, epidemiyolojik çalışma
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CT scanners/centers
While the original MACS substudy included noncontrast coro-

nary artery calcium (CAC) scanning with either electron beam 
tomography (EBT) or multidetector computed tomography (MDCT), 
the current cardiac CTA study utilizes only 64+ detectors MDCT 
scanners. CT scanning equipment includes General Electric (GE) 
LightSpeed VCT (64-slice MDCT, General Electric, USA) at Harbor-
UCLA Medical Center and University of Pittsburgh, Siemens 
Definition 64-slice Dual Source CT (DSCT, Siemens, Germany) at 
Northwestern University and Toshiba Aquilion One, 320-slice 
MDCT (Toshiba, Japan) at Johns Hopkins Hospital. 

Participant recruitment, screening and preparation 
Potentially eligible participants are mailed a brochure 

describing the MACS cardiovascular substudy. Recruitment and 
screening occurs in person at a MACS study visit or by phone. 
Screening is performed for eligibility as described above. All 
participants undergo serum creatinine testing within a month 
prior to CT scanning in order to be eligible for IV contrast on the 
day of their CT scan visit (acceptable estimated GFR is ≥60 mL/
min using the MDRD equation) (21). Men with contraindications 
for contrast (e.g. estimated GFR < 60 mL/min or with contrast 
allergy) receive a non-contrast CT scan only. 

On the day of the CT scan, participants are interviewed by a 
technologist, nurse or physician’s assistant at least 30 minutes prior 
to the procedure. Screening for contraindications for beta-blockers 
and nitroglycerin is performed. Blood pressure and heart rate are 
measured and peripheral IV access is obtained. Participants have 
one intravenous line placed (typically 20 gauge), preferably in an 
antecubital vein for contrast administration. The participant lies in 
supine position on the scanner table and is attached to a 12-lead 
electrocardiographic monitor and an automated blood pressure 
monitor. Baseline EKG, heart rate, and blood pressure are recorded 
and reviewed by study personnel. A physician is present at all times 
during contrast-enhanced MDCT imaging. 

Heart rate optimization 
Except for the participants undergoing DSCT studies all 

other participants with initial heart rates of ≥65 beats per minute 
(BPM) are given beta blocker therapy according to local proto-

cols. Generally, 50 mg of metoprolol is given orally up to one hour 
prior to the MDCT. If the HR remains >65 BPM, the physician 
then has an option to either try another oral dose of 50 mg or 
proceed directly to intravenous metoprolol 2.5 - 5 mg every 5 
minutes (maximum 40 mg) until a heart rate of 50-65 BPM is 
achieved (as long as blood pressure tolerates). Participants may 
receive IV or oral diltiazem or verapamil if there is a contraindi-
cation to using β-blockers (e.g. severe reactive airway disease). 

Pre-procedural nitroglycerin
Unless the participant is hypotensive (systolic BP<90 mm Hg 

supine), nitrate intolerant or received sildanefil (Viagra), tadalafil 
(Cialis), or vardenafil (Levitra) within 24-48 hours of the study, every 
participant receives 0.4 mg of sublingual NTG one minute prior to 
contrast administration in order to improve epicardial vasodilation. 

Contrast administration 
Based on the preference of each scanning center, either a 

low osmolar v.s iso-osmolar, non-ionic, iodinated contrast (either 
iohexol, iopamidol, or iodixanol) is usually administered at a rate 
of 5 mL/sec as an IV infusion of, on average, 50-60 mL (max.70 
mL), based on the participant’s size after completion of the non-
contrast CT studies. Based on the preference of each scanning 
center either a test bolus or an automated bolus tracking feature 
is used to assess contrast bolus arrival and optimize image qual-
ity. Participants are asked to hold their breath during scanning 
for up to 10 seconds. 

CT image acquisition and radiation dose reduction methods
The main radiation dose reduction methods used in the MACS 

Cardiovascular Substudy are listed in Table 1. First, scout images 
are obtained in order to determine the scan range in the anterior-
posterior and lateral views. In addition, all CTAs are preceded by a 
non-contrast cardiac CT scan, which is also used to determine the 
range of the CTA. Whenever possible the field of view (FOV) on the 
axial plane is limited to 25 cm in addition to using a proper size 
cardiac bowtie filter (small for GE scanners and medium for 
Toshiba Aquilion One scanner) so that the X-ray beam can be lim-
ited mostly to cardiac structures (20-22). Utmost effort is exerted to 
limit the scan length (the z-axis of the chest area imaged) as well. 

Dose Reduction Technique	 Description

Limitation of the field of view 	 Limit xy field of view (FOV) using proper size cardiac bowtie filter during image acquisition 
	 (FOV 25 cm with small bowtie filter for GE and medium bowtie filter for Toshiba). The FOV is 
	 centered on the heart with very minimal display of non-cardiac structures

Limitation of  the scan length  	 Limit scan length (z-axis of chest coverage). This requires efficient use of scout or 
	 CAC images for determination of the shortest optimal scan length (usual range  128-160 mm) 
	 so that all cardiac structures are optimally visualized along the z-axis starting from 1cm 
	 above the left main artery origin to 1 cm  below the diaphragm

Prospective ECG triggered image	 Obtaining images only during one phase (± padding) of cardiac cycle (mid-diastole), 
acquisition	 rather than continuous imaging during the entire cardiac cycle for the majority of studies

Low tube voltage settings	 Using the lowest tube voltage possible (preferably 80-100 kV, max. 120kV) based on body habitus

CAC - coronary artery calcium, ECG - electrocardiogram, FOV - field of view, kV - kilovolt

Table 1. Radiation dose reduction methods used in the MACS Cardiovascular substudy

Hacıoğlu et al.
Cardiac CT angiography in epidemiology

Anadolu Kardiyol Derg 
2013; 13: 207-14 209



This requires efficient use of the scout and/or CAC images for 
determining the shortest scan length (usual range 128-160 mm) 
that includes all cardiac structures along the z-axis, starting from 
1cm above the left main artery origin to 1 cm below the diaphragm. 

The goal is for all studies to use prospective ECG triggering. This 
technique requires obtaining images only during one phase range 
of the cardiac cycle with or without some limited padding (75% 
phase±5% padding), rather than continuous helical imaging (retro-
spective ECG-gating) during the entire cardiac cycle. This technique 
is preferred over retrospective ECG-gating imaging unless the heart 
rate is elevated or there is significant heart rate variability. For the 
Toshiba scanner, the goal is to perform a “one beat” prospective 
ECG-triggered scan. If the heart rate is elevated, then a “two beat” 
prospective ECG- triggered scan is performed.

The fourth method is the use of a reduced tube voltage (use 
of 80 or 100 kVp for participants with a body mass index <25 kg/
m2, rather than the typically employed 120 kVP), which has been 

shown to reduce radiation exposure by up to 44.8% independent 
of other techniques (23, 24). 

Each measure undertaken contributes to reducing radiation 
doses to a range acceptable for use in asymptomatic cohorts. 
The radiation dose per participant was estimated to fall in the 
range of 2-5 mSv depending on body mass index (BMI), cardiac 
height and heart rate. The specific scanning settings at each CT 
center are shown in Table 2.

Data transmission
When studies are completed they are transmitted to the 

core CT reading center (Los Angeles Biomedical Research 
Institute at Harbor/UCLA Medical Center) and are read using a 
dedicated workstation (GE Advantage Workstation® (AW)-
version 4.4, GE Healthcare, Milwaukee, WI) by one experienced 
reader (>10 years of expertise) who is blinded to participant 
demographic information.

	 Center 1	 Center 2	 Center 3	 Center 4

Scanner type, # of detectors	 GE LightSpeed, 64	 GE LightSpeed, 64	 Siemens Somatom 	 Toshiba Aquilion
			   Definition, 64	 One, 320

Image acquisition protocol	 Prospective for all if 	 Prospective for all if	 Prospective for all§	 Prospective for all; two
	 HR<65/min; otherwise	 HR<65/min; otherwise		  beats scanning‡ if
	 retrospective	 retrospective		  HR≥ 65/min

Tube voltage, kV	 For BMI<25: 80-100	 100	 For BMI <25: 80-100	 For BMI<25: 100
	 For BMI≥25: 100		  For BMI ≥25: 100	 For BMI≥25: 120

Tube current, mA	 mA	 (BMI)	 mA	 (BMI)	 200	 mA	 (BMI)

	 350	 (<25)	 350	 (<25)		  550	 (<25)

	 550	 (25-30)	 550	 (25-30)		  500/490¶	 (25-30)

	 750/650*	 (>30)	 750	 (>30)		  580/490¶	 (>30)

Collimation, mm	 64x0.625	 64x0.625	 64x0.6	 320x0.5

Rotation time, s	 0.35	 0.35	 0.33	 0.35

Reconstruction kernel	 Standard	 Standard	 B26	 FC43 (standard)

Acquisition window (phase)£	 70-80%	 70-80%	 70-80%	 70-80%

Reconstructed slice thickness, mm	 0.625	 0.625	 0.75	 0.5

Reconstruction interval, mm	 0.625	 0.625	 0.40	 0.25

Contrast medium	 Omnipaque®	 Visipaque®	 Isovue-370®	 Isovue-370®

Contrast rate, mL/s	 4-5	 5	 Determined by Medrad 	 5-6
			   P3T software	

Contrast amount, mL	 Based on weight:	 Based on weight:	 Determined by Medrad	 Based on weight:
	 50 for <60 kg	 50 for <60 kg	 P3T software based	 50 for <60 kg
	 60 for 60-99 kg	 60 for 60-99 kg	 on weight	 60 for 60-99 kg
	 70 for >100 kg	 70 for >100 kg		  70 for >100 kg
§Exceptions require approval by the radiologist
‡Prospective ECG gated scanning with total exposure time of 700 ms over portions of two R-R intervals
†This is the current protocol since January 2011; prior to that it was BMI based, in the range of 80-120 kV
*For retrospective ECG gated imaging protocol
¶For two beats scanning with Toshiba Aquilion One scanner
£For prospective ECG gated imaging

BMI - body mass index, CT - computerized tomography, CTA - computerized tomography angiography, ECG - electrocardiogram, HR - heart rate

Table 2. CTA scanning parameters by CT site
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Curved maximum intensity projection (MIP) and multiplanar 
reconstructions are performed for each coronary artery segment 
at the end-diastolic frame or the frame with the least motion arti-
fact. Based on the curved MIP, the reader identifies an area of 
abnormality and determines the point of minimum luminal diameter 
within the abnormal area. Multiplanar reformatting is also used to 
generate cross-sectional images of coronary segments using 
semi-automated software (AW 4.4, GE Healthcare, Milwaukee, 
WI). This yields a vessel centerline using the full-width-half-maxi-
mum standard method to delineate the contrast-filled vessel, as 
well as automatic maximum and minimum diameters at any cross-
section along the vessel centerline. A cross-sectional 5 mm MIP 
image is reconstructed at this location and semi-automatic soft-
ware is used to outline the intimal surface providing cross-section-
al vessel area. In cases where coronary segments are normal, the 
most proximal cross-sectional image is used for analysis. CT val-
ues are measured using the most visible images at each site of the 
coronary arteries, such as axial source or multiplanar images of the 
long-axis. All data sets are evaluated based on the modified 
15-segment model of the American Heart Association (25). The 
right coronary artery is defined to include segments 1-4, the left 
main artery and the left anterior descending (LAD) artery to include 
segments 5-10, and the left circumflex artery (LCX) to include seg-
ments 11-15. The intermediate artery (ramus artery), if present, is 
designated as segment 16. Side branches are used as anatomical 
landmarks to define coronary segments.

Assessment of the presence and extent of coronary artery 
plaque and stenosis
The CT reader interactively uses axial images, multi-planar 

reconstructions and maximum intensity projections to assess the 
presence and size of plaque and the degree of luminal narrowing 
and stenosis in all assessable coronary segments. Each segment 
is graded as to whether it has sufficient diameter and image qual-
ity to be accessed. The size of plaque and the percentage of coro-
nary arterial stenosis are estimated from cross-sectional images 
obtained from a curved multiplanar CTA reconstruction of stan-
dardized coronary segments. Plaque size is graded as 0=no 
plaque, 1=mild, 2=moderate, or 3=severe. Segment stenosis is 
defined as 0=no plaque, 1=1-29% (minimal) stenosis, 2=30-49% 
(mild) stenosis, 3=50-69% (moderate) stenosis, or 4=>70% (severe) 
stenosis. Diameter stenosis is reported by selecting the most nar-
rowed diameter even if the plaque is eccentric. The extent of 
atherosclerosis is expressed as the total plaque score (TPS) and 
is determined by summing the plaque size scores for all assess-
able coronary segments with any plaque (either calcific, noncal-
cific, or mixed) up to a maximum score of 45. The stenosis scores 
of all 15 individual segments are summed to yield a total stenosis 
score (TSS) ranging from 0 to 60. 

Composition of coronary atherosclerotic plaque
Plaque is evaluated from both axial source images and multi-

planar reconstruction images of the long axis at each site of the 
coronary arteries. Calcified atherosclerotic plaque is defined as 
any structure with a density greater than the contrast-enhanced 

lumen that can be visualized separately from the lumen, can be 
assigned to the coronary artery wall, and can be identified in at 
least two independent planes. Non-calcified atherosclerotic 
plaque is defined as any discernible structure that can be clearly 
assignable to the vessel wall (which has a CT density less than the 
contrast-enhanced coronary lumen but greater than the sur-
rounding connective tissue) and can be identified in at least two 
independent planes (26). Each coronary segment is classified as 
either normal or containing non-calcified plaque, mixed plaque 
(<50% of plaque area occupied by calcium) or calcified plaque. 
Standard display settings are used for the evaluation of the con-
trast-enhanced CT scans (window width 800 Hounsfield units; 
window center 250 HU). Reviewers independently evaluate the 
contrast-enhanced scans by assessment of the axial slices of 
multiplanar reformations and of three thin-slab maximum intensity 
projections. Oriented along the heart axis, the thin-slab (5 mm 
thickness, 1-mm increment) maximum intensity projections are 
reconstructed perpendicular to one another. 

Left ventricular volume and mass
Measurements are made for left ventricular (LV) volume, 

mass and left atrial (LA) volumes using Simpson’s method of 
discs, which has been previously validated (27). Estimation of 
end-diastolic LV volume is possible with the help of a prediction 
model using LV and LA volumes at the 75% phase [LV 
EDV=(1.021×75% phase LV volume) + (0.259×75% phase LA vol-
ume), adjusted R (2)=0.995] (28).

Non-coronary cardiac findings
Cardiac CTAs are also evaluated for major non-coronary 

cardiac findings that may alter patient management: aortic dis-
ease, valvular disease, pericardial disease, interatrial and inter-
ventricular shunts, and aneurysms. According to individual 
institutional practice, scans are read for non-cardiac incidental 
findings by a radiologist and/or for findings of clinical impor-
tance that are referred to a radiologist for interpretation, and 
then reported to the PI. The clinical follow-up of lung nodules is 
advised based on the Fleischner Society Recommendations (29).

Assessments for quality assurance and contrast medium, 
and radiation dose safety 
Quality assurance of CT images is performed using five dis-

tinct measures. First, each CT scan is visually inspected by the 
data manager at the core CT lab for compliance with the proto-
col, including appropriate kilovolts (kVs), milliAmperes (mAs), 
reconstruction field of view, slice thickness and phase recon-
structions, as well as radiation dose length product. Then the 
expert CT reader analyzes each image for adequate breath hold, 
presence of motion artifacts, and inclusion of all parts of the 
heart and descending thoracic aorta. Third, a contrast-to-noise 
ratio of the distal left anterior descending artery is calculated for 
each scan as a quantitative metric of image quality. Fourth, a 
randomly selected 5% of cases are measured for image quality 
assurance by the primary investigator as well as the CT reader. 
Fifth, CT scanners at each site perform daily calibration. 
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Image quality is assessed by looking at the axial data (repre-
sentative of the X- and Y-axes resolution) and the coronal refor-
mat slice (representative of the Z-axis resolution). All CTA scans 
are evaluated for presence or absence of slab, blurring, and 
partial volume-averaging artifacts. Image quality is graded for 
individual coronary artery segments and for the entire study.

One reader, blinded to clinical and scan parameters, scores 
each study. Parameters assessed include participant motion, respi-
ratory motion, cardiac motion, image noise (signal to noise ratios), 
contrast opacification and segment-based interpretability. Overall 
image quality is scored using a four-point Likert scale (30). Segments 
that cannot be evaluated are given a score of 4, which corresponds 
to a lack of vessel wall definition due to marked motion artifacts, 
poor vessel opacification, prominent structural discontinuity, or 
high image noise–related blurring. A score of 3 corresponded to 
some motion artifacts or noise-related blurring, fair vessel opacifi-
cation, or minimal structural discontinuity; a score of 2 indicates 
minor motion artifacts or noise-related blurring, good vessel opaci-
fication, and no structural discontinuity; and a score of 1 implies 
absence of motion artifacts or noise-related blurring, excellent 
vessel opacification, and no structural discontinuity. 

Each participating center is required to monitor vigilantly 
patient radiation and contrast doses via field site data collected 
and intervene to improve safety on a timely and ongoing basis. 
The contrast and radiation dosage of each scan is reviewed. If 
CTA mean radiation doses exceed 7 mSv or contrast doses 
exceed 100 cc, the CTA control liaison (CTA-CL) will initiate 
remedial actions at the enrolling site. Feedbacks that may be 
provided to the scanner technologist include suggestions for 
X-ray beam voltage reduction, adherence to prospective gating, 
limiting the field of view or scan length and improvement of 
heart rate optimization methods. The CTA-CL is also required to 
notify the site primary investigator regarding any of these issues.

Results

Radiation safety and quality assurance survey results 
The initial survey for quality assurance and radiation safety 

including estimated effective dose (ED), dose length product 
(DLP), X-ray beam voltage (kV), image quality, image noise and 
aorta attenuation was based on findings from the first 498 par-
ticipants (mean age 54±6 years, all men) of the MACS CVS sub-
study (Table 3). Optimal heart rate (HR<65 BPM) was achieved in 
74.5% (371/498) of participants. Prospective gating was per-
formed in 96.8% of participants (482/498). The effective radiation 
dose (ED) was calculated using the following formula: (ED=DLP 
x Conversion factor (0.014 for chest; 0.015 for abdomen; 0.0008 
for legs), was 2.5±1.6 mSv (mean±SD) for cardiac CTA studies; 
and total of 4.6±1.9 mSv for all CT studies combined, including 
CAC, cardiac CTA, abdominal and thigh scans. 

Radiation doses delivered were low for all scanners used in 
the study, with mean doses of 1.8±1.6 mSv for scans obtained 
using the General Electric VCT (64 detector system), 2.6±1.6 mSv 
for the Siemens DSCT, and 3.3±1.2 mSv for studies obtained with 
the Toshiba Aquilion One (320 detector system) (Table 3). The 

image noise was low and proportional to the effective radiation 
doses. There have been 7 cardiac CTA procedures with doses 
over 7 mSv. Six of these studies involved retrospective protocols 
undertaken because of variable heart rates or heart rates above 
threshold, and some after a prospective scan was felt to be 
inadequate. Only 3 scans involved radiation exposures >10 mSv 
(including the non-contrast portion) with the highest exposure 
being 17.6 mSv. The seventh was a scan using a “two beat” 
prospective ECG-gated protocol (dose for the cardiac CTA was 
7.8 mSv). Further training and clarification of the research proto-
col (only one CTA per participant) subsequently minimized these 
protocol deviations, with one site deciding not to perform any 
further retrospective scans (Northwestern).

Generally the CT scans were well tolerated. There were only 
two reported allergic reactions to contrast-one involving urti-
caria, and other nasal congestion and itchy throat. Both reac-
tions resolved with conservative medical therapy. One partici-
pant experienced contrast extravasation due to an infiltrated IV 
line and this resolved with conservative therapy. 

To date, there have been no cases of contrast induced 
nephropathy or radiation induced cancers detected. We did not 
measure DNA fracture rates as part of this study. 

Discussion

We herein describe a cardiac CTA methodology that imple-
ments multiple radiation- reducing measures as well as under-
takes numerous careful cardiovascular structural measure-
ments that, in sum, provide valuable cardiovascular endpoint 
data for scientific analysis while minimizing the radiation expo-
sure per study (<7 mSv). The mean effective radiation dose for 
the cardiac portion of the CTA was only 2.5±1.6 mSv. In addition, 
there were very few participants who received CTA radiation 
doses over 7 mSv (7/498 or 1.4%). Similarly, the incidence of 
significant adverse events (a mild allergic reaction and IV con-
trast extravasation) was low (3/498=0.6%) and had been 
described in the study consent form.

The efficacy and safety of the measures undertaken in our 
study to reduce radiation dose have been previously evaluated in 
numerous other reports. For example, the use of a proper bowtie 
filter was suggested as an important measure for limiting radia-
tion dose in a letter communication by Budoff et al. (20) in which it 
was proposed that reducing the FOV by using a small instead of a 
medium cardiac bowtie filter may result in up to a 40% radiation 
dose reduction (from 13.4 mSv to 8 mSv with retrospective imag-
ing, and to a level as low as 1 mSv with prospective imaging) (19). 
Use of bowtie filters also result in lower radiation exposure.

In another study by Gopal et al. (14) the CAC scan was used 
in order to limit the cranio-caudal coverage scan length (ideally 
covering only the area from ~1 cm above the visualized top of the 
coronary arteries extending down to 1 cm below the distal bor-
der of posterior descending artery). Using this method the scan 
length was reduced by ~ 3-4 cm per study, which translated into 
a ~ 30% overall radiation dose reduction, despite the added 1. 2 
mSv radiation due to CAC scanning. 
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Moreover, Shuman et al. (16) showed that, without using any 
other dose reduction technique, prospective ECG-triggering 
could reduce the mean radiation dose by 77% compared to ret-
rospective ECG-gating (4.2 mSv vs. 18.1 mSv, p<0.01), without 
compromising image quality or diagnostic accuracy (15). Another 
study similarly reported that the use of prospective ECG-
triggering reduced radiation exposure by 79% without compro-
mising image quality when compared to traditional retrospective 
ECG-gated acquisition (16). 

The fourth method employed in our study, which is the use of 
a reduced tube voltage (use of 80-100 kV for participants <85 kg 
rather than typically employed 120 kV) was previously studied by 
Hausleiter et al. (18) in patients undergoing retrospective ECG-
gating CTA with either 16-slice or 64-slice CT scanners. In this 
study researchers demonstrated that, compared to 120 kV volt-
age, the use of 100 kV could lower the radiation exposure by 22% 
when using 16 slice-scanners and 43% with 64-slice scanners, 
independent of any other techniques. 

Further technologic advances in radiation dose reduction 
with cardiac CTA have been implemented since the inception of 
this trial. Iterative reconstruction is now available on all scan-
ners, resulting in the achievement of additional radiation dose 
reductions of 30-40% (31). Furthermore, new detectors are now 
being introduced that allow for further radiation dose reduc-
tions, that will further enhance the safety of this tool in large 
cohort studies and patient populations.

Conclusion

If proven feasible and efficient, the methodologies that we 
describe in this report may enable the use of cardiac CTA as a 
safe and effective screening tool of choice for detection of sub-
clinical coronary atherosclerosis and structural cardiac pathol-
ogies, even in low risk populations such as in those that partici-
pate in epidemiologic population-based studies. 
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Effective dose - Cardiac CTA only, mSv	 2.5±1.6	 1.8±1.6	 2.6±1.6	 3.3±1.2

DLP - Entire study*, mGycm		  330.3±135.6	 276.6±131.4	 348.6±149.6	 387.9±91.2

Effective dose - Entire study*, mSv	 4.6±1.9	 3.9±1.9	 4.9±2.1	 5.4±1.3
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Overall image quality,	 Excellent	 268/498 (53.8)	 95/205 (46.3)	 89/149 (59.7)	 84/144 (58.3)
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Aortic attenuation, HU		  444.1±82.4	 429.8±88.5	 456.5±85.9	 450.6±66.7
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bpm - beats per minute, CT - computerized tomography, CTA - computerized tomography angiography, DLP - dose length product, DSCT - dual source CT, HU - Hounsfield unit, 
SD - standard deviation
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Kalp yetersizliği olan hastalarda kalp hızına yeni bir yaklaşım-Kalp hızı verim göstergesi: 
Gözlemsel bir çalışma
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ABSTRACT
Objective: In order to evaluate the utility of the heart rate performance index (HRPI), which is obtained by dividing HR mean by the difference 
of HR max and HR min in the context of Holter monitoring,  we sought to determine whether there was any correlation or relationship between 
the HRPI and LVEF values as determined by echocardiography and to compare the HRPI between the study and control groups.
Methods: This study is a cross-sectional, controlled observational study. Thirty-two patients with symptomatic or asymptomatic left ventricular systolic 
dysfunction (LVEF <45%) were included as study group and 32 subjects without chronic heart failure (CHF) were included as a control group. In the study 
group, 10 patients were in NYHA class I (31.2%), 12 - were in NYHA class II (37.6%) and 10 - were in NYHA class III (31.2%). Heart rate analysis was 
measured using 24-hour Holter ambulatory electrocardiography. To determine the HRPI, the difference between maximum (HR max) and minimum heart 
rate (HR min) was divided by mean heart rate (HR mean) (beats/minute): HRPI=(HR max-HR min) / HR mean. Statistical analysis was performed using 
t-test for independent samples, Mann-Whitney U test, Chi-square test, Kruskal-Wallis test, Pearson’s correlation and linear regression analyses. 
Results: The HRPI index value was markedly decreased [0.83 (0.58-1.1) and 1.10 (0.74-1.3), p<0.001] in the study group as compared to the control group. 
The data collected for the study group and the control group (n=64) demonstrated a positive correlation between the HRPI and LVEF (r=0.62, p<0.001) 
as well as a negative correlation between the HR mean and LVEF (r=-0.39, p<0.003). The HR mean was higher (80.2±11.3 and 75.2±6.7, p<0.007) and HR 
max-HR min (67.9±11.6 and 83.3±14.3, p<0.001) were lower in the study group as compared to the control group. Linear regression analysis demon-
strated no significant relationship between LVEF and HRPI and other heart rate derivatives (unstandardized β=42.43 95% CI: 21.98-50.51, p=0.231).
Conclusion: According to our findings, patients with CHF exhibited higher HR mean values, reduced HR max-min values and significantly 
decreased HRPI values. There is a positive correlation between HRPI and LVEF, a decreased HRPI is associated with a decreased LVEF, but 
there is no relationship between these two variables. Therefore HRPI values may represent a viable option for assessing daily exercise activity 
and potentially sympathetic activation in patients with CHF. The assessment of HRPI may be helpful the evaluation of CHF patients, as well as 
resting HR. (Anadolu Kardiyol Derg 2013; 13: 215-20)
Key words: Congestive heart failure, ambulatory electrocardiography, heart rates, ventricular ejection fraction, regression analysis
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ÖZET
Amaç: Yirmi dört saatlik Holter EKG incelemede kalp hızı verim göstergesi (KHVG), en yüksek kalp hızı ile en düşük kalp hızı arasındaki farkın 
ortalama kalp hızına bölünmesi ile elde edildi. KHVG çalışma ve kontrol grupları arasında karşılaştırıldı ve ekokardiyografi ile ölçülen sol ventri-
kül fırlatma yüzdesi arasında bir ilişki olup olmadığını araştırıldı.
Yöntemler: Bu çalışma kesitsel ve gözlemsel bir çalışmadır. Kapak hastalığı olmayan 32 kalp yetersizliği hastası ile birlikte, kalp yetersizliği 
olmayan 32 kişi alındı. KHVG’ni tespit etmek için Holter EKG de ölçülen en yüksek kalp hızı ile en düşük kalp hızı arasındaki fark (EYKH-EDKH) 
ortalama kalp hızına (OKH) bölündü. KHVG=(EYKH-EDKH) / OKH (vuru/dk).Istatistiksel analizde eşleştirilmemiş t-testi, Mann-Whitney U testi,  
Ki-kare testi, Kruskal-Wallis testi, Pearson korelasyon ve lineer regresyon analizleri kullanıldı. 



Introduction

An increased resting heart rate (HR) is an independent risk fac-
tor in patients with coronary artery disease (CAD) and chronic heart 
failure (CHF). The accurate measurement of resting HR is therefore 
of elevated importance in patients with CHF and CAD (1, 2). One of 
the most important adaptations in patients with CHF is activation of 
the sympathetic nervous system, which occurs early in the course 
of CHF (3). The changes of HR mean, HR max and HR min is expect-
ed in CHF patients due to a decreased capacity for exercise and an 
increased sympathetic tone.

Ambulatory Holter electrocardiogram monitoring (H-ECG) 
has been routinely used to determine the analysis HR deriva-
tives such as HR min, HR max and HR mean, as well as arrhyth-
mias, heart rate variability (HRV), heart rate turbulence, QT dis-
persion, T-wave alternans, signal-averaged ECG and late poten-
tials (4-10).Various H-ECG methods have been proposed to pre-
dict mortality in patients with CHF, but only left ventricular ejec-
tion fraction (LVEF) and resting HR are practical for using in CHF 
patients.

The measurement of resting HR and LVEF is very simple and 
also important in predicting of mortality, but up to now studies 
are very limited to show whether a relationship between the 
resting HR and LVEF or between the HR max-HR min and LVEF. 
HR mean indicates a variety of resting HR, is a predictor of mor-
tality in CHF, and HR max-HR min reflects a kind of heart rate 
reserve which is known as the difference of HR baseline and HR 
max on treadmill exercise testing and shows a chronotropic 
insufficiency (11). 

Dividing HR mean by HR max and HR min yields a new index, 
which here is denoted as the heart rate performance index: 
HRPI=(HR max-HR min)/HR mean. We want to investigate 
whether a correlation or relationship between LVEF and heart 
rate derivatives.

In the present study, we sought to determine whether there 
was any correlation or relationship between the HRPI and LVEF 
values as determined by echocardiography and to compare the 
HRPI between the study and control groups.

Methods

Study design
Study was designed as a cross-sectional observational con-

trolled study.

Study population
The study was conducted in our cardiology clinic. Participants 

enrolled in the study were selected among patients not requir-
ing hospitalization and subjects from January 2011 to June 2011. 
We selected the patients who had undergone routine clinical 
and laboratory examinations, including H-ECG, transthoracic 
echocardiography and routine blood tests.

The inclusion criteria for the CHF were as follows: New York 
Heart Association (NYHA) Class I-II and III, the patients with low 
LVEF, and Holter-ECG for 24 hours. Exclusion criteria were defined 
as the following: presence of atrial fibrillation or flutter, acute 
coronary syndromes, moderate -severe valvular disease, severe 
CAD, or any systemic disease as well as those on beta-blocker 
(BB) medication, digoxin and ivabradine. Ten of them were hyper-
tensive, 3 of them were smoking, and 8 of them have CAD. They 
were using only diuretics, Angiotensin II receptor blockers (ARB) 
and/or angiotensin-converting-enzyme inhibitors (ACEI).

Subjects in control group were not taking digoxin or BB 
medication and nine of them were using diuretics, ARB and/or 
ACEI due to hypertension. They were selected among the sub-
jects who had no cardiac any arrhythmias, CAD, CHF and any 
valvular heart disease.

Diabetes mellitus, hyperlipidemia, any congenital or pericar-
dial disease, any thyroid disease, stroke, malignancies, pulmo-
nary embolism or any systemic disease were the other exclu-
sion criteria for the both groups.

All patients gave oral and written informed consent. The 
study was approved by the local ethics committee and was 
conducted according to the Helsinki declaration.

Study protocol
Our study included 32 patients (15 female) with mild-moder-

ate non-valvular CHF (LVEF <45%) in sinus rhythm as study group 
and 32 subjects (14 female) without heart failure and CAD as 
control group. First, we planned to compare the values of HR 
mean, HR max-min and HRPI between the subjects without CHF 
and the patients with CHF. Second, we planned to combine the 
two groups’ data for better observation the correlation or rela-
tionship between LVEF and HR derivatives.

Study variables
The clinical variables including age, gender, body mass index 

(BMI), and major risk factors for CAD, functional capacity accord-
ing to NYHA and medication variables are summarized in Table 1. 

Bulgular: Konjestif kalp yetersizliği (KKY) hastalarında OKH daha yüksek (80.2±11.3 ve 75.2±6.7, p<0.007) iken, EYKH ve EDKH arasındaki farkı ise 
daha az (67.9±11.6 ve 83.3±14.3, p<0.001) bulundu. KHVG kontrol grubuna göre KKY grubunda azalmıştı [0.83 (0.58- 1.1) ve 1.10 (0.74-1.3), p<0.001]. 
KKY ve kontrol grubu verileri birlikte analiz edildiğinde KHVG ve SVFY arasında pozitif bir korelasyon vardı (r=0.62, p<0.001). Lineer regresyon 
analizinde SVFY ve KHVG arasında ilişki bulunmadı (β=42.43 95% CI: 21.98-50.51, p=0.231). 
Sonuç: KKY hastalarında KKY olmayanlara göre OKH değerleri daha yüksek iken EYKH ile EDKH değerleri arasındaki fark ise daha azdır ve KHVG 
değerleri daha düşüktür. KHVG ve SVFY arasında pozitif yönde korelasyon vardır, fakat ilişki yoktur. KHVG, KKY hastalarının günlük egzersiz 
aktivitelerinin ve olasılıkla sempatik aktivasyonlarının değerlendirilmesinde kullanılabilir. KKY hastalarında SVFY ve KHVG’nin istirahat kalp 
hızının yanısıra kullanılması faydalı olabilir. (Anadolu Kardiyol Derg 2013; 13: 215-20)
Anahtar kelimeler: Konjestif kalp yetersizliği, ambulatuvar elektrokardiyografi, kalp hızları, ventrikül ejeksiyon fraksiyonu, regresyon analizi
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Predictor variable was presence of CHF: the subjects with LVEF 
<45% were accepted as those with CHF. The outcome variables of 
study were HR mean, HR max-min and HRPI. Confounding factors 
were: age, gender, BMI, smoking, hypertension, and CAD. The 
subgroup analysis was performed according to NYHA functional 
class, treatment with ARB, ACEI and diuretics.

Holter monitoring and HRPI
Twenty four-hour Holter ECG was performed without hospital-

ization and analyzed using a three-channel ambulatory recorder 
(MT-101, Schiller AG, Baar, Switzerland). Since, the number of RR 
intervals taken from the calculation of the maximal and the mini-
mal heart rate is generally optional and very important, recordings 
were analyzed by two independent investigators utilizing a 24 h 
two-channel full disclosure. Finally, the analysis was performed by 
deleting ECG signal artifacts in the calculation of HR min, HR max 
and HR mean. Dividing HR mean by the difference of HR max and 
HR min yields an HRPI, which here is denoted as the heart rate 
performance index: HRPI=(HR max-HR min)/HR mean.

Echocardiography
Transthoracic echocardiographic examinations were per-

formed using commercially available instruments in combination 
with a cardiac probe (2.5-3.5 MHz) (Esaote, My Lab 50, Florence, 
Italy). Echocardiograms were obtained in standard parasternal 
long-axis and short-axis views as well as apical two-, four-, and 
five-chamber views. LVEF estimations were performed using the 
modified Simpson’s method (12). Two cardiologists agreed upon 
a diagnosis of CHF based upon an LVEF <45%.

Statistical analysis
SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA) was 

used for the statistical analysis. Categorical variables were 
reported as numbers (n) and percentages (%), whereas continu-
ous variables were expressed as mean and standard deviation 
(SD) and median and minimum-maximum where appropriate. 
Student’s t-test, Mann-Whitney U test and Chi-square test were 
used to compare differences between two groups. Kruskal-Wallis 
test was performed for comparing ejection fraction and HR 
derivatives in the study group’s subgroups. Correlations between 
the HR derivatives and LVEF were analyzed using Pearson’s test. 
Linear regression analysis was performed to find whether the 
relationship between HRPI and LVEF, HR mean and LVEF, HR max-
mean and LVEF, respectively. A p<0.05 was considered significant.

Results

Baseline characteristics of the population and 
heart rate derivatives
The study group included 17 male (53.1%) and 15 female 

(46.9%) subjects with systolic CHF, while the control group 
consisted of 18 male (56.2%) and 14 female (43.8%) without CHF. 
The study group did not differ significantly from the control 
group with regard to age, sex, smoking, hypertension, blood 

pressure, or BMI. Ten patients were classified as having NYHA 
class I (31.2%), 12 patients were classified as NYHA class II 
(37.6%), and 10 patients were classified as NYHA Class III 
(31.2%). Eight patients had CAD (25%), and 24 patients (75%) had 
non-ischemic heart failure. The characteristics of the two 
groups are summarized in Table 1.

In a subgroup analysis, there were differences between 
NYHA class I-III subgroups in LVEF, HR mean, HR max, HR min, 
HR max-min and HRPI, respectively, (p=0.020; p=0.030, p=0.011, 
p=0.041, p=0.028 and p=0.025) (Table 2).

HR mean was higher (p<0.007) and the difference between HR 
max and HR min was lower in the study group as compared to 
control group (p<0.001). HRPI values were markedly decreased in 
patients with CHF compared to control group [0.83 (0.58-1.1) and 
1.10 (0.74-1.3), p<0.001] (Table 3). The study and control groups 
were similar in terms of HR max and HR min (p<0.759 and p<0.287).

Relationship between HRPI and LVEF
When the two groups were analyzed together (n=64), there 

was a positive correlation between the HR max-min and LVEF 
(r=0.42, p<0.01) and a negative correlation between HR mean and 
LVEF (r=- 0.39, p<0.003) (Fig. 1, 2). A significant positive correlation 
was observed between the HRPI and LVEF (r=0.62, p<0.001) (Fig. 3). 

 Variables	 Study group	 Control group	 *p
	 (n=32)	 (n=32)	

Age, years	 60±12	 57±9	 0.956

Male, n (%) 	 17 (53.1)	 18 (56.2)	 0.568

Female, n (%)	 15 (46.9)	 14 (43.8)	 0.789

CAD, n (%) 	 8 (25)	 0	 <0.01

Smoking, n (%) 	 3 (9.3)	 4 (12.5)	 0.232

Hypertension, n (%)	 10 (31.2)	 9 (28.1)	 0.453

SBP, mmHg 	 123.2±16.6	 139.6±20.4	 0.080

DBP, mmHg 	 81±9.3	 85.2±9.4	 0.569

BMI, kg/m2	 27.2±2.87	 28.7±4.65	 0.678

Medication, n (%)			 

ARB/ACEI	 29 (90.6)	 9 (28.1)	 <0.05

Loop diuretic	 12 (37.5)	 5 (15.6)	 <0.01

Spironolactone	 10 (31.2)	 1 (3.1)	 <0.01

Acetylsalicylic acid	 25 (78.1)	 7 (21.8)	 0.765

NYHA functional capacity, n (%)	

Class I	 10 (31.2)	 0	 <0.01

Class II	 12 (37.6)	 0	 <0.01

Class III	 10 (31.2)	 0	 <0.01

Data are presented as number (percentage) and mean±SD
* Unpaired Student t-test and Chi-square test. 
ACEI - angiotensin-converting-enzyme inhibitors, ARB - angiotensin II receptor blockers, 
BMI - body mass index, CAD - coronary artery disease, DBP - diastolic blood pressure,  
EF - ejection fraction, SBP - systolic blood pressure

Table 1. The demographics and baseline characteristics of the study 
participants
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However, in linear regression analysis we did not find a relation-
ship between LVEF and HRPI (unstandardized β=42, 43, 95% CI: 
21.98-50.51, p=0.231), as well as there was no statistically a rela-
tionship between LVEF and HR mean, LVEF and HR max-min, 
respectively, (unstandardized β=-0.22, 95% CI: -0.52 -0.73, p=0.225 
and unstandardized β=-0.46, 95% CI -1.66-0.73, p=0.411) (Table 4).

Discussion

In our study, we present the novel use of one aspect of heart 
rate as determined by H-ECG in the evaluation of patients with 
CHF. This parameter is denoted here as HRPI and correlates with 
LVEF in patients with CHF. Notably, we observed a greater 
difference between HR max and HR min among control subjects 
as opposed to CHF patients due to the former’s increased 
capacity for exercise. HR mean was elevated in the CHF. We 
found that the HR mean was higher and the difference between 
HR max and HR min was lower in the study group as compared 
to control group. There was a positive correlation between the 
HRPI and LVEF (r=0.62, p<0.001) as well as a negative correlation 
between HR mean and LVEF (r=-0.39, p<0.003). There was no a 
relationship between LVEF and HRPI in linear regression (β=42, 
43 95% CI: 21.98-50.51, p=0.231). The results of the investigation 
showed us that HRPI is a simple practical marker of daily 
exercise activity and potentially sympathetic activation. 

The resting HR and LVEF are practical methods in the 
assessment of CHF patient, but the studies investigating a 
relationship between them are very limited. Improved tools will 
reduce the variability of these analyses and facilitate the 
evaluation of patients with CHF, particularly with respect to 
estimates of LVEF. Various heart rate parameters have been 
used to establish a relationship between autonomic tone and 
CHF. There is still a need in a new Holter ECG parameter, which 
could better show the relation between HR and clinical status of 
the patient. Some heart rate parameters such as heart rate 
turbulence and HRV are more useful in stratifying cardiovascular 
risk than in evaluating a given patient’s clinical status (13, 14). 
Although some publications in the past demonstrated the 
predictive power of the resting heart rate (15, 16), this finding 
was largely buried beneath the wealth of data on HRV (5, 6, 17). 

The increased HRPI values may be an alternative to a 
decreased resting HR as a target parameter in the assessment 
in patients with CHF who are only taking only ACEI, ARB or 
diuretics. The suppression of diurnal heart rate fluctuations in 
CHF patients results in reduced differences between minimal 
and maximal HR values as well as an increase in resting heart 
rate (3, 18). Numerous studies (CIBIS-II, MERIT-HF, COMET and 
SHIFT) have demonstrated a relationship among increased rest-
ing heart rate, mortality and health-related quality of life (2, 
19-22). Specifically, the magnitude of HR reduction in patients 
with HF is associated with a reduction in mortality. Patients with 
HF and HR>70 beats/min have a significantly greater rate of 
cardiovascular mortality and risk of hospital admission than 
those with HR<70 beats/min, and the discrimination by HR is 
even more accurate in predicting coronary-related vascular 
outcomes (15). The target heart rate in the treatment of patients 
with heart failure is typically about 60-70 beats/ min (2, 22). Heart 
rate can be easily determined during physical examination of 
the patient and therefore allows a simple hint on the prognosis 
and efficiency of therapy (23).

Variables	 NYHA 	 NYHA	 NYHA	 *Chi-	 *p
	 I	 II	 III	 square
	 (n=10)	 (n=12)	 (n=10)	

Age, years	 58 (33-74)	 60 (35-76)	 61 (38-78)	 0.84	 0.216 

LVEF, %	 40 (36-44)a,b	 34 (30-38)c	 28 (22-34)	 26.8	 0.020

HR mean, beats/min	 74±12a,b	 79±5c	 89±8	 7.43	 0.030

HR max, beats/min	 114±13b	 122±9	 130±8	 5.1	 0.011 

HR min, beats/min	 50±6b	 52±6c	 62±9	 10.3	 0.041 

HR max-HR min,  	 70±11a	 67±19	 67±15	 0.09	 0.028 
beats/min	

HRPI	 0.85 	 0.88	 0.75	 6.5	 0.025 
	 (0.68-1.1)a,b	 (0.64-1.02)c	 (0.58-1.1)	
Data are presented as mean ±SD and median (minimum-maximum) values.
*Kruskal-Wallis test, Mann-Whitney U test for the comparison between the groups: abetween 
NYHA I vs. NYHA II, bbetween NYHA I vs. NYHA III, cbetween NYHA II vs. NYHA III; p<0.05
HR mean - mean heart rate, HR max - maximal heart rate, HR min-minimal heart rate, 
HR max-min- the difference value between HR max and HR min,  HRPI - heart rate perfor-
mance index (maximum heart rate-minimum heart rate) /mean heart rate (beat per minute), 
LVEF - left ventricular ejection fraction

Table 2. Ejection fraction and HR derivatives in NYHA class subgroups

Variables	 Study group 	 Control group	 *p 
	 (n=32)	 (n=32)

Ejection fraction, %	 34±6	 59±5	 0.018 

HR mean, beats/min 	 80.2±11.3	 75.2±6.7	 0.007

HR max, beats/min	 120.3±12.5	 136.2±14.1	 0.087

HR min, beats/min	 32.4±7.6	 53.6±9.3	 0.759

HR max-HR min, beats/min	 67.9±11.6	 83.3±14.3	 0.001

HRPI	 0.83 (0.58-1.1)	 1.10 (0.74-1.3)	 0.001 
Data are presented as number and mean±SD. and median (minimum-maximum) values 
*Student t-test and Mann-Whitney U test.
HR mean-mean heart rate, HR max -maximal heart rate, HR min-minimal heart rate, HR 
max -min-the difference value between HR max and HR min, HRPI - heart rate performance 
index (maximum heart rate -minimum heart rate) /mean heart rate (beat per minute), 
LVEF - left ventricular ejection fraction

Table 3. 24- hour ambulatory electrocardiographic measurements in 
study and control groups

Variables	 Beta coefficient	 95% confidence 	 *p
		  interval

HR mean	 -0.60	 -1.30-0.86	 0.084

HR max-mean	 -0.46	 -1.67-0.74	 0.445

HRPI	 31.59	 -20.64-83.83	 0.231 
*Linear regression analysis 
HR mean-heart rate mean, HRPI-heart rate performance index (Maximum Heart Rate-Minimum 
Heart Rate) /Mean Heart Rate (beat per minute), LVEF - left ventricular ejection fraction

Table 4. Linear regression analysis of LVEF association with HR variables

Akyüz et al.
Heart rate performance index in CHF

Anadolu Kardiyol Derg 
2013; 13: 215-20218



The first disadvantage of HRPI, the measurement of HR mean 
and HR max-min is not routinely very practical, because the true 
HR min values can be usually obtained in the sleeping phase and 
the true HR mean value needs during 24 hours recording. But it 
may be useful in some clinics with no optional commercial 
Holter ECG tools such as HRV, heart rate turbulence. The analy-
sis of cardiac tone in bedside monitoring with memory capacity 
can be obtained by the HRPI method, especially in the clinics 
with the capabilities of ECG monitor having memory capacity and 
lack of Holter ECG tools. The second disadvantage of HRPI 
seems to be affected with medication BB, digoxin or ivabradine. 

Relatively small number of the study group is the first limita-
tion of the study. We could not find enough new untreated NYHA 
Class IV patients, especially with no medication on BB, digoxin 
or ivabradine, and also NYHA Class IV patients were excluded 
from the study for ethical reasons. Second, all CHF patients 
were taking medications such as ARB, ACEI and/or diuretics and 
some subjects of the control were hypertensive and have CAD. 
Finally, some authors concluded that HR parameters are affect-
ed by smoking, gender, physical inactivity and advanced age 
(24), but we did not take into account these mentioned factors. 

Conclusion 

We found that there is a positive correlation between LVEF 
and HRPI, which may be a new approach of the assessment of 
heart rate in patients with CHF. Our study shows that HRPI may 
potentially represent a valuable approach in assessing the daily 
exercise activity and potentially sympathetic activation among 
CHF patients examined by 24-hour Holter ECG analysis.

HRPI may also be better an alternative method to HR mean 
or resting HR for using as an indicator of the quality of autonomic 
cardiac function. The assessment of LVEF and HRPI together 
may facilitate the evaluation of CHF patients, as well as resting 
HR. Further studies will be necessary to confirm the utility of this 
clinical parameter in predicting autonomic activation or in 
supposing the clinical situation and LVEF in patients with CHF. 
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Figure 1. Correlation between HR max-mean and LVEF (Pearson’s coef-
ficient r= 0.42, p<0.01)
HR max - maximum heart rate during 24 hours, HR min - minimum heart rate during 24 hours, 
LVEF - left ventricular ejection fraction

Figure 3. Correlation between HRPI and LVEF (%) (Pearson’s coefficient 
r=0.62, p<0.001) 
HRPI - heart rate performance index: HR max-HR min / HR mean, LVEF - left ventricular ejec-
tion fraction

Figure 2. Correlation between HR mean and LVEF (%) (Pearson’s coeffi-
cient r=- 0.39, p<0.003) 
HR mean- averaged heart rate during 24 hours, LVEF - left ventricular ejection fraction
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The relationship between adiponectin, NT-pro-BNP and left ventricular 
ejection fraction in non-cachectic patients with systolic heart failure: 

an observational study

Kaşektik olmayan sistolik kalp yetmezlikli olgularda adiponektin, NT-pro-BNP ve sol ventrikül 
ejeksiyon fraksiyonu arasındaki ilişki: Gözlemsel bir çalışma 
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ABSTRACT
Objective: NT-pro-brain natriuretic peptide (NT-proBNP) has been shown to be an accurate diagnostic marker in patients with heart failure 
(HF). Adiponectin (Adp) levels are increased in HF but its diagnostic value is still uncertain in these patients. The study was designed to inves-
tigate the possible association of these markers in non-cachectic patients with newly diagnosed systolic heart failure.
Methods: Fifty-seven systolic HF patients and 20 matched controls were enrolled in an observational cross-sectional study. Physical and echo-
cardiographic examinations were performed and serum Adp, NT-proBNP, tumor necrosis factor-alpha (TNF-α) levels were measured. Study 
variables were compared between the groups. Correlation analyses were done and the diagnostic validity of the markers was compared with 
ROC analysis. 
Results: Adp and NT-proBNP levels were significantly higher in HF group (20.19±12.9 vs. 7.65±4.6 μg/mL; p<0.001 and 1051.74±606.2 vs. 
222.53±65.6 pg/mL; p=0.002; respectively). TNF-α levels were similar between the groups (2.83±1.8 vs. 2.08±1.2 pg/mL; p=0.582). Correlation 
analysis showed significant association among Adp and NT-proBNP levels, (r=0.448; p<0.001), and left ventricular ejection fraction (LVEF) values 
(r=-0.466; p<0.001). The Adp and NT-proBNP showed comparable diagnostic performances with mean [95% confidence interval] areas under 
the curves of 0.857 (0.771-0.944) and 0.888 (0.815-0.960), respectively. 
Conclusion: There were significant correlation between Adp levels with NT-proBNP levels and LVEF values but no any association between 
Adp levels with body mass index values and TNF-α levels in patients with newly diagnosed systolic heart failure. The result may arouse suspi-
cion about the hypothesis, which proposes that Adp levels simply reflects disease severity or cardiac cachexia in patients with HF. 
(Anadolu Kardiyol Derg 2013; 13: 221-6)
Key words: Heart failure, adiponectin, NT-ProBNP, cardiac cachexia, diagnostic accuracy
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ÖZET
Amaç: Kalp yetmezliği (KY) olgularında NT-pro-beyin natriüretik peptid'in (NT-proBNP) tanısal değeri bilinmektedir. Adiponektin (Adp) düzeyleri 
bu olgularda yükselmektedir, ancak tanısal değeri henüz belirsizdir. Çalışma, yeni tanı almış, kaşektik olmayan sistolik kalp yetmezlikli olgularda 
söz konusu serum göstergelerinin muhtemel ilişkisinin araştırılması için tasarlanmıştır. 
Yöntemler: Sistolik KY tanısı konan 57 olgu ile yaş-cinsiyet uyumlu 20 kontrol olgusu gözlemsel kesitsel çalışmaya dahil edildi. Fizik muayene ve 
ekokardiyografik değerlendirmenin yanı sıra serum Adp, NT-proBNP, tümör nekrozis faktör-alfa (TNF-α) düzeyleri ölçüldü. Çalışma değişkenleri 
gruplar arasında karşılaştırıldı. Korelasyon analizleri yapıldı ve göstergelerin tanısal geçerliliği ROC analizi ile karşılaştırıldı. 
Bulgular: Adp ve NT-proBNP düzeyleri KY grubunda anlamlı şekilde yüksek bulundu (sırasıyla 20.19±12.9’e karşılık 7.65±4.6 μg/mL; p<0.001 ve 
1051.74±606.2'e karşılık 222.53±65.6 pg/mL; p=0.002). TNF-α düzeyleri her iki grupta benzerdi (2.83±1.8 vs. 2.08±1.2 pg/mL; p=0.582). Korelasyon 
analizi Adp ile NT-proBNP düzeyleri (r=0.448; p<0.001) ve Adp ile sol ventriküler ejeksiyon fraksiyon (SVEF) değerleri arasında anlamlı korelasyon 



Introduction

As more patients are diagnosed with heart failure (HF) each 
year, HF management has become a growing public health issue. 
Biomarkers, such as natriuretic peptides, offer consistent and 
cost-effective means of monitoring response to therapy. 
Considering that, HF is a systemic disease, biomarkers reflecting 
cardiac and systemic abnormalities in HF may add incremental 
diagnostic and/or prognostic information to natriuretic peptides. 
There is a growing interest in using newer biomarkers to obtain 
pathophysiological insight into and, possibly, to improve the 
management of HF. 

Adiponectin (Adp) is an anti-inflammatory, insulin-sensitiz-
ing, and anti-atherogenic adipocytokine, which plays a funda-
mental role in energy homeostasis (1). Adp comprises 244 amino 
acids, and it is synthesized and secreted in large quantities from 
adipose tissue (1, 2). Paradoxically given its origin, circulating 
levels of Adp correlate inversely with body weight and body 
mass index (BMI), possibly as the result of a negative feedback 
interaction between the hormone and adipose tissue. It is well 
documented that high levels of circulating Adp have a favorable 
effect on metabolic processes and protect against derange-
ments that lead to obesity, metabolic syndrome, atherosclerosis, 
and subsequent cardiovascular disease (2, 3). Epidemiological 
studies have shown that low Adp levels correlate with an 
increased risk of cardiovascular disease in obese individuals, in 
subjects with insulin resistance and in diabetes (2-5).

However, a paradoxical increase in Adp levels is observed in 
patients with systolic HF. Higher plasma concentrations of the 
hormone are associated with worse prognosis in HF, in contrast 
to what is seen in obese or diabetic patients (6-8). It is therefore 
not clear whether Adp is involved in the pathogenesis of HF or 
simply reflects the activation of complex and opposing maladap-
tive mechanisms. As a possible mechanism, previous studies 
proposed that in end-stage HF, wasting with the loss of adipose 
tissue (cardiac cachexia) might lead to increased levels of Adp 
(7, 9, 10). The mechanism raised suspicions about diagnostic 
values of Adp levels in HF patients without cardiac cachexia. 

We, therefore, sought to investigate the Adp levels and its 
possible association with natriuretic peptide levels and left ven-
tricular function in a cohort of non-cachectic patients with 
newly diagnosed systolic HF.

Methods

Study design
The current study has an observational cross-sectional 

design. 

Study population
Our population is represented by a total of 57 consecutive 

patients with HF who were admitted to outpatient cardiology 
clinic of the Central Hospital between January and June 2009. All 
patients fulfilled the following inclusion criteria: I. Clinical con-
gestive HF defined by Framingham criteria (11), II. Left ventricu-
lar (LV) systolic dysfunction (LV ejection fraction <35%) docu-
mented by echocardiography, III. New York Heart Association 
(NYHA) functional capacity class 3-4.

This study also enrolled age- and sex-matched 20 control 
subjects without obvious heart disease who underwent cardiac 
catheterization for atypical chest pain in our hospital during the 
same enrollment period. 

Patients were excluded if they had hemodynamically signifi-
cant obstructive valvular disease, cor pulmonale, myocarditis, 
constrictive pericarditis, congenital heart disease, renal dys-
function (serum creatinine concentration >2.5 mg/dL), or if they 
had experienced myocardial infarction or unstable angina within 
the last 4 months. 

Written informed consent was obtained from all patients with 
HF and control subjects prior to enrollment. The study was per-
formed in accordance with the principles stated in the Declaration 
of Helsinki and approved by the Local Ethics Committee.

Study protocol and definitions
All demographic and clinical features were collected from 

medical history of the patients. Baseline examination included a 
questionnaire involving gender, age and smoking status. BMI 
value was calculated as the ratio of the weight in kilograms to 
the height in squared meters. Hypertension was defined as sys-
tolic pressure >140 mmHg and/or diastolic pressure was >90 
mmHg or if the individual was taking antihypertensive medica-
tions (12). The diagnosis of diabetes was based on previous 
history of diabetes treated with or without drug therapies (12). 
Hyperlipidemia was defined by elevated total plasma choles-
terol levels (>200 mg/dL) (12). 

The medical history was obtained to document the etiology 
and the severity of HF symptoms according to the NYHA func-
tional class. An ischemic etiology was defined by a history of 
myocardial infarction (electrocardiographic findings or positive 
troponin levels) and/or positive results from a noninvasive stress 
test or cardiac catheterization. Evidence-based therapy for sys-
tolic HF was started to HF patients.

We analyzed clinical, echocardiographic and laboratory 
parameters between the study groups and also investigated 
possible relationship between Adp, natriuretic peptide levels 
and left ventricular function. 

olduğunu gösterdi (r=-0.466; p<0.001). ROC analizi ile Adp ve NT-proBNP seviyelerinin karşılaştırılabilir tanısal değere sahip olduğu saptandı: Eğri 
altında kalan alanlar sırası ile 0.857 (%95 GA; 0.771-0.944 ) ve 0.888 (%95 GA; 0.815-0.960) bulundu. 
Sonuç: Yeni tanı almış sistolik kalp yetmezlikli olgularda Adp seviyeleri ile NT-proBNP ve SVEF arasında anlamlı korelasyon mevcut iken; Adp 
ile beden kitle indeksi ve TNF-α düzeyleri arasında herhangi bir ilişki saptanmamıştır. Bu sonuç Adp seviyelerinin KY olgularında ilerlemiş has-
talığın veya kardiyak kaşeksinin bir göstergesi olduğu hipotezi ile çelişmektedir. (Anadolu Kardiyol Derg 2013; 13: 221-6)
Anahtar kelimeler: Kalp yetmezliği, adiponektin, NT-ProBNP, kardiyak kaşeksi, tanısal duyarlılık
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Study variables
The following demographic, clinical, echocardiographic vari-

ables were evaluated: age, gender, weight, waist circumference, 
body mass index, smoking status, prevalence of diabetes melli-
tus, hypertension, hyperlipidemia, LV ejection fraction, LV frac-
tional shortening, levels of NT-pro-brain natriuretic peptide 
(NT-proBNP), tissue necrosis factor alpha (TNF-α) and Adp. 
Primary end-point of the study was investigating the Adp levels 
and its possible association with natriuretic peptide levels and 
left ventricular function in a cohort of newly diagnosed systolic 
HF. The diagnosis of systolic HF was established as clinically 
defined by Framingham criteria (11) and confirmed by echocar-
diographic examination (LV ejection fraction <35%).

Echocardiography
Two-dimensional and Doppler echocardiographic examina-

tions (Philips EnVisor C, Andover MA, USA) were performed and 
analyzed in a blinded manner. Measurements of the systolic and 
diastolic chamber dimensions and wall thickness were obtained 
from 2-dimensional imaging according to the recommendations 
of the American Society of Echocardiography (13). Left ventricu-
lar ejection fraction (LVEF) was measured by Simpson’s modi-
fied biplane method (13). LV fractional shortening (FS) was cal-
culated from the M-mode using the following equation:

FS (%): [(LVIDD-LVIDS)/LVIDD] x 100

Laboratory analyses
Venous blood samples were drawn at admission. Whole 

blood was collected in non-heparinized tubes and centrifuged at 
1750 g for 10 minutes at 4°C. The obtained serum samples were 
stored at -20°C until they were assayed. 

Serum Adp concentrations (μg/mL) were determined by a 
commercially available enzyme-linked immunosorbent assays 
(ELISA) kit (Biovendor, Heidelberg, Germany). The detection 
limit reported is 0.2 µg/mL. The antibodies used in this ELISA are 
specific for human adiponectin. No cross reactivity has been 
observed for human leptin, leptin receptor and resistin at 100 ng/
mL. The intra-assay coefficient of variation measured was 5.9% 
and the inter-assay coefficient of variation was 6.3%.

NT-proBNP (pg/mL) was measured in plasma samples using 
commercially available kits from Biomedica (Vienna, Austria) 
with the intra- and inter-assay variation coefficient was 6% and 
8%, respectively. 

Serum TNF-α (pg/mL) was measured by a highly sensitive 
ELISA in a commercially available kit (Bender MedSystems, 
Vienna, Austria), with intra- and inter-assay coefficients of 
variation of 8.5% and 9.8%, respectively. The limit of detection 
was determined to be 0.13 pg/mL.

Statistical analysis 
Statistical analysis was performed with the use of SPSS 

Statistics version 15.0. (SPSS, Inc., Chicago, IL, USA). Quantitative 
variables are expressed as mean±standard deviation (SD), and 

qualitative variables as percentages. Continuous variables were 
compared between the two groups using Mann-Whitney U test, 
whereas proportions were compared by Fisher’s exact test. 
Correlation analyses were done by Spearman’s test. Receiver 
operating characteristic (ROC) analysis was used to assess the 
diagnostic validity of the markers, and areas under the ROC curve 
(AUC) were compared. All results were considered statistically 
significant at the level of p<0.05. 

Results

Clinical characteristics 
All HF patients had NYHA III or IV functional class at enroll-

ment. Twenty-eight patients (49%) had ischemic etiology in HF 
group. Clinical characteristics of patients with HF and control 
subjects are shown in Table 1. Waist circumference was signifi-
cantly higher in patients with HF than in control subjects 
(95.8±10.8 vs. 87±12 cm; p=0.015; respectively). 

Levels of biomarkers
Adp and NT-proBNP levels were significantly higher in HF 

group than in control group (20.19±12.9 vs. 7.65±4.6 μg/mL; 
p<0.001 and 1051.74±606.2 vs. 222.53±65.6 pg/mL; p=0.002; 
respectively). However TNF-α levels were similar between the 
groups (2.83±1.8 vs. 2.08±1.2 pg/mL; p=0.582; respectively). 
Biomarker levels of the study groups are shown in Table 1.

Variables	 Patients 	 Control	 *p
	 with HF	 subjects
	 (n=57)	  (n=20)	  

Age, years	 63.6±11.5	 60.8±9.5	 n.s

Male gender, %	 73	 55	 n.s

Weight, kg	 79.7±10.5	 81.6±10.2	 n.s

Waist circumference, cm	 95.8±10.8	 87±12	 0.015

Body mass index, kg/m2	 26.6±4.3	 30.5±4.9	 n.s

Diabetes mellitus, %	 15.7	 20	 n.s

Hypertension, %	 40.3	 35	 n.s

Smoking, %	 35.1	 40	 n.s

Hyperlipidemia, %	 40.3	 50	 n.s

LVEF, %	 24.2±4.7	 57.9±2.6	 <0.001

LVFS, %	 17±5	 39±4 	 <0.001

Adiponectin, μg/mL	 20.19±12.9	 7.65±4.6	 <0.001

NT-proBNP, pg/mL	 1051.74±606.2	 222.53±65.6	 0.002

TNF-α, pg/mL	 2.83±1.8	 2.08±1.2	 n.s
* Quantitative variables as mean ± standard deviation were compared by Mann-Whitney U 
test, **Qualitative variables as proportions were compared by Fisher’s exact test.
HF - heart failure, LVEF - left ventricular ejection fraction, LVFS - left ventricular fractional 
shortening, NT-proBNP - N terminal-probrain natriuretic peptide, TNF-α - tumor necrosis 
factor-alpha

Table 1. Clinical characteristics and biomarker levels of the study popu-
lation

Tengiz et al.
Adiponectin and NT-pro-BNP in HF

Anadolu Kardiyol Derg 
2013; 13: 221-6 223



Associations of Adp and other study variables
Correlation analysis showed positive association among 

Adp and NT-proBNP levels (r=0.448; p<0.001), LV end-diastolic 
(r=0.291; p=0.01), end-systolic diameters (r=0.424; p<0.001) and 
LV fractional shortening (r=-0.470; p<0.001) (Table 2). Furthermore, 
significant negative correlations were found between the LVEF 
and serum Adp (Fig. 1) and NT-proBNP levels (r=-0.466; p<0.001 
and r=-0.552; p<0.001; respectively), but there was no any sig-
nificant correlation between LVEF and TNF-α levels (r=-0.73; 
p=0.527). There was no any association between levels of Adp, 
NT-ProBNP and TNF-α in control subjects. Serum Adp was not 

correlated with BMI in both patients and control subjects 
groups. 

In patients with systolic HF, the Adp and NT-proBNP showed 
comparable diagnostic performances (Fig. 2) with mean [95% 
confidence interval (CI)] areas under the curves (AUC) of 
0.857 (0.771-0.944, p<0.001) and 0.888 (0.815-0.960, p<0.001), 
respectively. At the optimal cut off value of 8.79 μg/mL for Adp, 
sensitivity was 86% and specificity of 65% for predicting the 
presence of HF.

Discussion

In this study, we sought to investigate the Adp levels and 
its possible association with natriuretic peptide levels and 
left ventricular function in a cohort of non-cachectic patients 
with newly diagnosed untreated systolic HF. Our study has 
demonstrated that serum Adp levels were significantly increased 
in this population. Heart failure group of the study was selected 
meticulously and they had unique clinical characteristics. They 
were unaware that they had HF before the enrollment; the first 
hospital admission date due to HF symptoms of them was study 
enrollment time. Consequently, HF patients of the study had 
normal or overweight BMI ratios which confirming to exclude 
the cachectic HF patients from the study. The mean BMI was 
26.66±4.3 in patients with HF. 

Previous studies concluded that Adp may be a marker of 
muscle wasting in HF and it levels are elevated in patients with 
cardiac cachexia (3, 9, 10). Kung et al. (14) asserted that elevated 
Adp levels were significantly associated with advanced disease 

Variables	                                  Adiponectin, μg/mL

	 *r	 *p

Age, years	 0.173	 0.134

Body mass index, kg/m2	 -0.110	 0.417

LVedd, mm	 0.291	 0.01

LVesd, mm	 0.424	 <0.001

LAd, mm	 0.170	 0.139

IVS, mm	 -0.221	 0.053

PW, mm	 -0.112	 0.331

LVEF, %	 -0.466	 <0.001

LVFS, %	 -0.470	 <0.001

NT-proBNP, pg/mL	 0.448	 <0.001

TNF-α, pg/mL	 0.114	 0.326
*Pearson correlation analysis
HF - heart failure, IVS - interventricular septum, LAd - left atrial diameter, LVedd - left ventric-
ular end-diastolic diameter, LVesd - left ventricular end-systolic diameter, LVEF - left ventric-
ular ejection fraction, LVFS - left ventricular fractional shortening, NT-proBNP - N- terminal-
proBrain natriuretic peptide, PW - posterior wall, TNF-α - tumor necrosis factor-alpha

Table 2. The relationships of adiponectin levels with clinical, echocar-
diographic variables and other biomarkers in patients with systolic HF

Figure 1. The relationship between serum adiponectin levels and LVEF 
values in patients with systolic heart failure
LVEF - left ventricular ejection fraction

Figure 2. ROC curves comparing the diagnostic performances of serum 
NT-proBNP, Adp and TNF-α level for identifying patients with heart 
failure. Adp and NT-proBNP showed comparable diagnostic perfor-
mances with mean AUC of 0.857 (95% CI 0.771-0.944) and 0.888 (95% CI 
0.815-0.960), respectively. Diagnostic performance of TNF-α levels were 
not statistically significant. [AUC: 0.557 (95% CI: 0.338-0.727), p=0.447] 
Optimum cut-off value of serum Adp level is shown
Adp - adiponectin, NT-proBNP - NT-pro-brain natriuretic peptide, TNF-α - tissue necrosis fac-
tor alpha
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state and metabolic impairment. However, Adp levels were 
elevated in our HF group which had recently diagnosed and more 
reflective of early steps of metabolic disturbances due to HF. 

The role of Adp in HF is controversial. Theoretically, 
progression of HF is closely associated with a reduction in total 
body weight as part of a wasting process. This decrease in body 
weight will result in an increase in Adp levels. Elevated Adp 
levels may compensate a state of impaired energy metabolic 
efficacy (a progressive shift from fatty acid utilization to glucose 
utilization) and malnutrition (15). Hence, functional adiponectin 
resistance has been observed in the skeletal muscle of patients 
with chronic HF (16). This would explain why, despite known 
cardiac and vascular protective effects (4). Adp is paradoxically 
associated with increased mortality in HF (2, 4, 8, 10). However, 
the hypothesis which asserts that the increased Adp levels is a 
marker of the advanced disease state and metabolic disturbances 
is controversial, because in our study, Adp levels were also 
increased in the HF population with non-cachectic patients. 
Adp is mainly expressed in adipose tissue; serum adiponectin 
level correlates negatively with BMI in stable CHF (2, 3, 10). In 
our study population, serum adiponectin concentrations were 
not correlated with BMI or waist circumference. Although the 
patients with HF had greater waist circumference than in control 
subjects, this may be as a result of hepatic or fluid congestion. 
Thus, major sources of circulating Adp are not thought to be 
adipose tissue in our HF population. Heart failure patients of the 
study were enrolled at the first hospital admission time due to 
HF symptoms and all of them at first days of stage C- HF. Recent 
studies have shown that Adp mRNA and protein are expressed in 
cardiomyocytes of rodents and humans and immunoreactive Adp 
was found in the myocardial tissues obtained from the autopsied 
heart (17-19). Takano et al. (20) showed significant transcardiac 
gradient of Adp levels in patients with HF. Adp may be released 
from the heart in patients with HF and the amount of heart-
originated Adp may constituted significant part of serum levels. 
We have no data about the source of Adp in the present study.

The factors controlling Adp secretion in HF are still poorly 
understood and remain controversial. It is possible that increased 
proinflammatory cytokines may stimulate Adp secretion. Previous 
studies have proposed that TNF-α has been suggested to increase 
Adp secretion, although this literature is conflicting (21, 22). Heart 
failure population of the study had normal TNF-α levels and we 
did not find any relationship between serum Adp and TNF-α 
levels which supporting these conflicted results. However, our 
study demonstrated that serum Adp levels correlated positively 
with LVEF values and serum NT-proBNP levels. Takano et al. (20) 
proposed that Adp is released from the heart into the circulation 
in proportion to the severity of LV dysfunction in patients with HF 
irrespective of etiologies of HF. Accordingly; heart-originated Adp 
may at least partly contribute to the increased levels of Adp seen 
in patients with HF who had severe LV systolic dysfunction and 
normal BMI such as the study HF population. 

Previous studies showed strong correlation between Adp 
and natriuretic peptide levels (20, 23). Whether the correlation 
between two markers simply reflects a parallel evolution of 
two biomarkers that mirror disease severity, or whether there 
is a causal association remains to be further explored. Moro 
et al. shown that atrial natriuretic peptide directly stimulates 
Adp production in adipocytes cultured under lipolysis inhibition 
(24). Thus, atrial natriuretic peptide and BNP, whose levels are 
increased in HF, might possibly stimulate adiponectin secretion 
resulting in increased adiponectin levels in patients with HF. 
Indeed, Tsukamoto et al. (25) demonstrated that natriuretic 
peptides increase the production of Adp by human adipocytes.

Study limitations
There are several limitations of the current study. First, the 

design was observational cross-sectional and measurements of 
serum biomarkers, BMI and LVEF values were performed at the 
same visit. The study was a single-center study performed in a 
relatively small sample of patients and restricted to Caucasian 
patients only. We measured Adp levels in peripheral venous 
samples, but not in coronary sinus samples. We were unable to 
determine transcardiac gradient of Adp. The assay used in our 
study measured total Adp levels and we have no data about the 
source of Adp. We were therefore unable to distinguish between 
the low molecular weight and the high molecular weight form. 
Finally, our study is not a diagnostic accuracy study; however, 
we found that Adp levels displayed to comparable diagnostic 
performance with NT-proBNP for diagnosis of systolic HF. 
Therefore, further studies are needed to explore its validity.

Conclusion

Major findings of our study were the presence of significant 
correlation between Adp levels with, NT-proBNP levels and LVEF 
values, but absence of any association between Adp levels with 
body mass index values and TNF-α levels in patients with newly 
diagnosed systolic heart failure. The result may arouse suspicion 
about the hypothesis, which proposes that Adp levels simply 
reflects disease severity or cardiac cachexia in patients with HF. 
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Impaired coronary flow reserve evaluated by echocardiography is 
associated with increased aortic stiffness in patients with metabolic 

syndrome: an observational study

Metabolik sendromlu hastalarda ekokardiyografik olarak gösterilen bozulmuş koroner akım 
rezervi artmış aort sertliği ile ilişkilidir: Gözlemsel bir çalışma
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ABSTRACT
Objective: Metabolic syndrome (MetS) is a strong predictor of cardiovascular events and coronary flow reserve (CFR), an indicator of micro-
vascular function, has been found to be impaired in MetS. Aortic stiffness (AS) is a simple and effective method for assessing arterial elastic-
ity. The aim of this study was to evaluate whether there is an independent association of impaired coronary flow and aortic elasticity in patients 
with MetS. 
Methods: Forty-six patients (mean age 47.3±6.6 years) with the diagnosis of MetS according to the ATP III update criteria and 44 age and gender 
matched controls (mean age 46.0±6.1 years) were included into the cross-sectional observational study. Peak diastolic coronary flow velocities 
were measured in left anterior descending artery by pulsed wave Doppler at baseline and after adenosine infusion, and CFR was calculated 
as the ratio of hyperemic to baseline velocities. Aortic strain, distensibility and stiffness were calculated by M-mode echocardiography. 
Statistical analysis was performed by using Student t-test, Chi-square test, Pearson correlation and linear regression analyses. 
Results: CFR was significantly lower in patients with MetS than in controls (2.3±0.2 vs 2.7±0.2, p<0.001). In the MetS group, aortic distensibility 
(10.4±3.5 cm2.dyn-1.10-6 vs. 12.7±3.4 cm2.dyn-1.10-6, p=0.002) was decreased and AS was significantly increased (6.5±2.0 vs. 3.2±0.8, p<0.001). In 
multivariate linear regression analysis, AS (β=-0.217, p=0.047), systolic blood pressure (β=-0.215, p=0.050) and waist circumference (β=-0.272, 
p=0.012) had an independent relationship with impaired CFR.
Conclusion: This study demonstrated that coronary flow reserve is impaired in patients with MetS and there is an independent relationship 
between impaired CFR and increased aortic stiffness, systolic blood pressure or waist circumference.
(Anadolu Kardiyol Derg 2013; 13: 227-34)
Key words: Metabolic syndrome, coronary flow reserve, aortic stiffness, echocardiography, regression analysis
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ÖZET
Amaç: Metabolik sendrom (MetS) kardiyovasküler olayların güçlü bir belirleyicisidir. Koroner akım rezervi (KAR) mikrovasküler fonksiyonun 
göstergesidir ve MetS’de bozulduğu gösterilmiştir. Arteriyel elastikiyetin değerlendirilmesinde aortik sertlik (AS) basit ve önemli bir metottur. Bu 
çalışmada MetS’li hastalarda bozulmuş koroner akım ve aortik elastisite arasında bağımsız bir ilişki olup olmadığının değerlendirilmesi amaç-
lanmıştır.
Yöntemler: Enine kesitli gözlemsel çalışmaya güncellenmiş ATP III kriterlerine göre MetS tanısı alan 46 hasta (ortalama yaş 47.3±6.6 yıl) ve 44 
kontrol (ortalama yaş 46.0±6.1 yıl) hastası alındı. Pik diyastolik koroner akım, distal sol ön koroner arterden adenozin infüzyonu öncesi ve son-
rasında transtorasik nabız dalga Doppler ile ölçüldü ve hiperemik pik diyastolik hızın başlangıç zirve diyastolik hıza oranı KAR olarak kabul 
edildi. M-mode ekokardiyografi ile aortik strain, distensibilite ve sertlik hesaplandı. İstatistiksel analizde Student t-testi, Ki-kare testi, Pearson 
korelasyon ve lineer regresyon analizleri kullanıldı.



Introduction

Metabolic syndrome (MetS) is defined as a clustering of 
multiple cardiovascular risk factors, including dyslipidemia, obe-
sity, hypertension and impaired glucose tolerance (1). These 
factors contribute to a high incidence of cardiovascular disease 
in patients with MetS (2, 3). MetS impairs the ability of the coro-
nary circulation to regulate vascular resistance and balance 
myocardial oxygen supply and demand (4, 5). Coronary micro-
vascular dysfunction in MetS is evidenced by reduced coronary 
venous PO2, diminished vasodilation to endothelial-dependent 
and independent agonist and altered functional and reactive 
hyperemia (4-9). Alterations in coronary microvascular function 
could contributed to the increased cardiovascular morbidity and 
mortality observed in patients with MetS (10). Recently micro-
vascular dysfunction characterized by impaired coronary flow 
reserve (CFR) has been identified in patients with MetS prior to 
overt atherosclerotic disease (7).

Aortic stiffness describes the elastic resistance that the 
aorta sets against its distension (11). Aortic stiffness is one of 
the most important cardiovascular risk factors predicting cardi-
ovascular morbidity and mortality (12). Aortic elasticity can be 
assessed by various parameters measured by echocardiog-
raphy, which is a non-invasive method (13). MetS causes an 
increase in arterial stiffness independently of other cardiovas-
cular risk factors (14). Several components of the MetS, inclu-
ding high blood pressure, hyperglycemia, and abdominal fat, 
have been related to increased aortic stiffness (12, 15).

Aortic stiffening may cause an increase in aortic pulse pres-
sure, left ventricular load, and ultimately left ventricular hypert-
rophy. This together with the decreased diastolic transmyocar-
dial pressure gradient interacts with coronary flow and flow 
reserve (11). Significant correlations between coronary flow 
reserve and aortic stiffness parameters have been demonstra-
ted in different populations such as hypertension, aortic valve 
stenosis, and hypercholesterolemia (16-19). 

However, presence of an association between aortic stiff-
ness (AS) and impaired CFR in MetS has never been evaluated. 

The aim of this study was to evaluate whether there is an inde-
pendent association of impaired coronary flow and aortic elasticity 
by utilizing transthoracic echocardiography in patients with MetS.

Methods

Study design
The present study was designed as a cross-sectional, 

observational study.

Study population
Forty-six patients (mean age 47.3±6.5 years) with the diagno-

sis of MetS according to the Adult Treatment Panel III Final 
Report criteria (20) without clinical coronary artery disease 
were included in the study. Forty-four age and gender matched 
healthy subjects (mean age 46.0±6.1 years) were recruited as 
the control group. Patients were excluded if they had coronary 
artery disease, severe valvular disease, hypertrophic cardiom-
yopathy, chronic obstructive pulmonary disease, malignancy, 
congenital heart disease, chronic heart failure, cardiac rhythm 
other than sinus, uncontrolled hypertension prior to study, syste-
mic disease such as collagenosis, chronic autoimmune, hemoly-
tic, hepatic and chronic renal disease, or inadequate transthora-
cic echocardiographic images. 

The study protocol was approved by the local ethics committee 
and written informed consent was obtained from each subject.

Study variables
The baseline variables of study were as following: age, sex, 

smoking status, systolic (SBP) and diastolic (DBP) blood pressure, 
history of diabetes mellitus (DM), hypertension (HT), body mass 
index (BMI), waist circumference, fasting plasma glucose (FPG), 
total cholesterol, triglycerides, high-density (HDL) and low-density 
(LDL) lipoprotein cholesterol, high sensitive C-reactive protein 
(hsCRP), and echocardiographic measurements. In our study, pre-
sence of MetS was a primary predictor variable, the outcome 
variables were CFR and aortic stiffness and confounding variables 
were age, waist circumference, SBP, FPG, HDL-cholesterol, trigl-
ycerides, hs-CRP, and left ventricular mass index (LVMI). 

Clinical and laboratory examinations
All patients underwent clinical and laboratory examinations. 

Demographic data including classical risk factors of atherosclero-
sis (HT, dyslipidemia, smoking) were noted. Blood samples were 
obtained after overnight fasting. Plasma glucose, total cholesterol, 
HDL and LDL cholesterol, triglyceride levels were measured using 
standard methods (HITACHI MODULAR EVO P800, Roche 
Diagnostics GmbH, Mannheim, Germany). The levels of hsCRP 
were measured with immunonephelometric method (IMMAGE 
Immunochemistry Systems; Beckman Coulter, California, USA). 

Definitions
Metabolic syndrome was diagnosed if three or more of the 

followings were present according to the Adult Treatment Panel 
III Final Report criteria (20): (i) abdominal obesity: waist circum-
ference >102 cm in men and >88 cm in women; (ii) plasma trigl-
ycerides: ≥150 mg/dL; (iii) plasma HDL cholesterol:<40 mg/dL in 
men and <50 mg/dL in women; (iv) SBP ≥130 mmHg or DBP ≥85 

Bulgular: MetS’li hastalarda kontrol grubuna kıyasla KAR’ı düşük (2.3±0.2’ye karşılık 2.7±0.2, p<0.001), aortik distensibilite düşük (10.4±3.5’e karşılık 
12.7±3.4, p=0.002) ve sertlik ise anlamlı yüksek saptandı (6.5±2.0’e karşılık 3.2±0.8, p<0.001). Lineer regresyon analizinde, AS (β=-0.217, p=0.047), 
sistolik kan basıncı (β=-0.215, p=0.050) ve bel çevresi (β=-0.272, p=0.012) ile KAR’daki bozulma arasında bağımsız bir ilişki olduğu saptandı.
Sonuç: MetS’li hastalarda koroner akım rezervi bozulmuştur ve artmış aort sertliği, bel çevresi ve sistolik kan basıncı ile azalmış koroner akım 
rezervi arasında bağımsız bir ilişki vardır. (Anadolu Kardiyol Derg 2013; 13: 227-34)
Anahtar kelimeler: Metabolik sendrom, koroner akım rezervi, aortik sertlik, ekokardiyografi, regresyon analizi
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mmHg or use of an anti-hypertensive medication; (v) FPG 
≥110mg/dL. Hypertension was defined as SBP >140 mmHg or 
DBP >90 mmHg or use of an antihypertensive medication (21). 
Diabetes mellitus was defined in case of a history of oral antidi-
abetics, insulin medication or fasting blood glucose ≥126 mg/dL 
at study entrance (22). Coronary artery disease was defined as 
the presence of 1 of the following: a past history of a myocardial 
infarction/revascularization, typical angina, ST-segment or 
T-wave changes specific to myocardial ischemia, Q waves on 
electrocardiogram, wall motion abnormality on echocardiog-
raphy, a non-invasive stress test demonstrating ischemia or any 
perfusion abnormality, coronary artery stenosis on angiography. 
Height and weight were measured according to a standardized 
protocol. BMI was calculated as body weight divided by height 
squared (kg/m2). Waist circumference was measured on bare 
skin during mid-respiration at the natural indentation between 
the tenth rib and the iliac crest to the nearest 0.5 cm.

Transthoracic echocardiography
All the patients underwent transthoracic echocardiography 

using a Vivid 7 Dimension Cardiovascular Ultrasound System 

(GE Healthcare, USA) with a 3.5 MHz transducer. Two dimensio-
nal, M-mode and transthoracic Doppler echocardiographic 
examinations were performed according to the recommendati-
ons of the American Society of Echocardiography (23) and ima-
ges were digitally stored and analyzed by an experienced echo-
cardiographer blinded to the study protocol. Left ventricular 
mass was calculated from M-Mode records taken on paraster-
nal long-axis images according to Devereux’s formula (24). The 
LVMI was calculated as LVM/body surface area.

CFR determination 
Left anterior descending (LAD) coronary artery was visuali-

zed using a modified, foreshortened, 2-chamber view, and an 
optimal alignment to the interventricular sulcus was obtained. 
The color gain was adjusted to provide optimal images and coro-
nary flow in the distal LAD was examined by color Doppler flow 
mapping over the epicardial part of the anterior wall. By placing 
the sample volume on the color signal, spectral Doppler of the 
LAD showed the characteristic biphasic flow pattern with larger 
diastolic and smaller systolic components. Hyperemia was indu-
ced by intravenous infusion of adenosine at a rate of 0.140 µgr/
kg/min over 4 minutes. Coronary diastolic peak velocities were 
measured at baseline and after adenosine by averaging the 
highest 3 Doppler signals for each measurement. CFR was cal-
culated as the ratio of hyperemic to baseline diastolic peak 
velocities (Fig. 1) (25).

Assessment of aortic stiffness
Aortic elasticity was assessed using a two-dimensional gui-

ded M-mode evaluation of systolic aortic diameter (AoS) and 
diastolic aortic diameter (AoD), 3 cm above the aortic valve (13, 
26). AoD was obtained at the peak of the R wave on the simulta-
neously recorded electrocardiogram, while AoS was measured 
at the maximal anterior motion of the aortic wall; for each dia-
meter, 3 measurements were averaged (Fig. 2). The following 
indexes of aortic elasticity were calculated: % aortic 
strain=100xAoS-AoD/AoD, aortic distensibility= [2x (AoS-AoD) / 

Figure 1. Demonstration of coronary flow velocity at (A) baseline and (B) hyperemia obtained by transthoracic pulsed wave Doppler echocardiogra-
phy in the distal left anterior descending coronary artery
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Figure 2. Measurements of aortic diameters shown on the M-mode trac-
ing obtained at a level 3 cm above the aortic cusps
AoD - diastolic aortic diameter, AoS - systolic aortic diameter



AoD (pulse pressure)] (10-6.cm-2.dyn-1); and aortic stiffness 
(AS)=ln (SBP / DBP) / [(AoS-AoD) / AoD], where SBP and DBP 
refer to brachial systolic blood pressure and diastolic blood 
pressure, measured in millimeters of mercury; pulse pressure 
was calculated as SBP-DBP, and ln (SBP / DBP) refers to the 
natural logarithm of the relative pressure (13, 26). 

Statistical analysis
Statistical analysis was performed using SPSS software 

(Version 15.0, SPSS Chicago, USA). Continuous data were pre-
sented in median±IQR (interquartile range) or mean±standard 
deviation (SD). Comparisons of multiple mean values were car-
ried out by student t test or Mann-Whitney U test. To test the 
distribution pattern, the Kolmogorov-Smirnov test was utilized. 
Categorical variables were summarized percentages and com-
pared with the Chi-square test or Fisher’s exact test. Correlations 
were sought by the Spearman’s and Pearson correlation test. 
The multivariate linear regression analysis was performed to 
determine independent relationship between CFR and aortic 
stiffness and other potential confounding variables. A p value 
<0.05 was considered statistically significant. 

Results

Baseline characteristics
Demographic and clinical characteristics and laboratory 

results of the study population are summarized in Table 1. The 
mean age of the study population was 47.3±6.47 years. Gender 
and mean age were similar between the groups (p>0.05). As 
expected, the prevalence of HT was significantly higher in pati-
ents with MetS. The mean values for BMI and waist circumferen-
ce were significantly higher in patients with MetS (p<0.05 for all). 
The mean values hsCRP and FPG levels were significantly higher 
in patients with MetS than in controls. Patients with MetS had 
significantly higher LDL cholesterol and triglyceride concentrati-
ons, and lower HDL cholesterol levels (p<0.05 for all). Twenty of 
MetS patients underwent coronary angiography and found normal 
coronary arteries within last 6 months. All patients in both groups 
had exercise stress test, which revealed as negative for all. 

CFR and aortic distensibility
During adenosine infusion, no major adverse reactions were 

observed. The mean baseline diastolic peak velocity (DPV) value 
was similar in both groups (26.3±1.5 cm/s vs. 26.6±1.8 cm/s, 
p=0.430) but the mean hyperemic DPV was significantly lower in 
patients with MetS compared with control subjects (60.1±4.5 
cm/s vs. 67.7±5.2 cm/s, p<0.001). When CFR was compared bet-
ween groups, patients with MetS had significantly lower CFR 
values than did those without MetS (2.3±0.2 vs. 2.7±0.2, p<0.001).

There were no significant differences with regard to end-
diastolic volume, end-systolic volume and ejection fraction bet-

ween the groups. LVMI was significantly higher in patients with 
MetS than in control subjects (p<0.001). Aortic distensibility was 
significantly decreased, and aortic stiffness (AS) was increased 
significantly in patients with MetS compared to controls (10.4±3.5 
/ 10-6.cm-2.dyn-1 vs. 12.7±3.4 / 10-6.cm-2.dyn-1, p=0.002, 6.5±2.0 vs. 
3.2±0.8, p<0.001) (Table 2).

Association of CFR with clinical and 
echocardiographic variables
In correlation analysis, CFR was significantly correlated with 

age (r=-0.220, p<0.0001), systolic blood pressure (r=-0.596, 
p<0.001), diastolic blood pressure (r=-0.216, p=0.042), waist cir-
cumference (r=-0.642, p<0.001), total cholesterol (r=-0.251, 
p=0.018), HDL-cholesterol (r=0.514, p<0.001), triglyceride (r=-
0.507, p<0.001), fasting glucose (r=-0.358, p<0.001), hsCRP (r=-
0.227, p=0.033), LVMI (r=-0.396, p<0.001), and AS (r=-0.604, 
p<0.001).

In multivariate linear regression analysis in which CFR was 
taken as a dependent variable and age, waist circumference, SBP, 
FPG, HDL-cholesterol, triglyceride, LVMI and AS were taken as 
independent variables, we found that AS (β=-0.217, p=0.047), SBP 
(β=0.215, p=0.050) and waist circumference (β=-0.272, p=0.012) 
have an independent association with impaired CFR (Table 3).

Variables	 MetS (n=46)	 Controls (n=44)	 *p

Age, years	 47.3±6.5	 46.0±6.1	 0.215

Men, n (%)	 25 (54.3)	 18 (40.9)	 0.214

Smoker, n (%)	 20 (43.5)	 13 (29.5)	 0.195

Hypertension, n (%)	 29 (63.0)	 0 (0)	 <0.001

Diabetes mellitus, n (%)	 3 (3.3)	 0 (0)	 0.242

BMI, kg/m2	 31.9±4.1	 24.0±3.4	 <0.001

Waist circumference, cm	 107.1±8.7	 84.9±8.7	 <0.001

Fasting glucose, mg/dL	 106.1±18.3	 90.0±7.8	 <0.001

Total cholesterol, mg/dL	 213.1±33.2	 186.2±33.1	 <0.001

LDL cholesterol, mg/dL	 127.7±35.7	 114.2±26.6	 0.046

HDL cholesterol, mg/dL	 37.7±8.3	 53.1±10.6	 <0.001

Triglyceride, mg/dL	 243.6±64.3	 95.8±32.7	 <0.001

hs-CRP, mg/L	 3.6±3.0	 2.1±2.1	 0.008

Baseline PDV, cm/s	 26.3±1.5	 26.6±1.8	 0.430

Hyperemic PDV, cm/s	 60.1±4.5	 67.7±5.2	 <0.001

CFR	 2.3±0.2	 2.7±0.2	 <0.001

LVMI, g/m2	 107.5±17.2	 80.7±10.6	 <0.001

LV EF, % 	 64.1±2.1	 65.1±1.6	 0.214
Data are presented as mean±SD and number (percentage) 
*Student's t-test and Chi-square test
BMI - body mass index, CFR - coronary flow reserve, HDL - high-density lipoprotein, hs-high 
sensitive, hsCRP  - high-sensitive C - reactive protein, LDL - low-density lipoprotein, LVEF - 
left ventricular ejection fraction, LVMI - left ventricular mass index,  MetS - metabolic syn-
drome, PDV - peak diastolic velocity

Table 1. Comparison of clinical, laboratory and transthoracic and 
Doppler echocardiography findings
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Discussion

This study demonstrated that coronary flow reserve is impa-
ired in patients with MetS and there is an independent relations-
hip between impaired CFR and increased aortic stiffness evalu-
ated by echocardiography.

MetS is a group of risk factors including obesity, dyslipide-
mia, insulin resistance/impaired glucose tolerance, and/or 
hypertension and is accompanied by pro-inflammatory and 
thrombotic states (27). Since all components of MetS have unfa-
vourable effects on the endothelium, endothelial dysfunction 
more prevalent in patients with MetS and could play a role in the 
increased risk for cardiovascular disease and type 2 DM in this 
population (28). Many reported studies have used several moda-
lities to investigate the relationship MetS and coronary micro-
vascular circulation. Turhan et al. (29) reported an impaired 
coronary blood flow using the Thrombolysis in Myocardial 
Infarction frame count method in MetS patients with angiograp-
hically normal coronary arteries. Pirat et al. (7), using transtho-
racic echocardiography, have reported an impaired vasodilatory 
response to pharmacologic agents in the LAD of coronary arte-

ries in patients with MetS. In present study, we also evaluated 
CFR, the magnitude of the increase in blood flow at maximal 
coronary vasodilation, by using transthoracic Doppler echocar-
diography as a reliable and reproducible way to assess CFR (30) 
and found that there is a coronary microvascular endothelial 
dysfunction in MetS patients. 

MetS impairs the ability of the coronary circulation to regu-
late vascular resistance and balance myocardial oxygen supply 
and demand (9). All the components of MetS (hypertension, 
dysglycemia, dyslipidemia, and obesity) can individually impair 
microvascular function (10, 28, 31). Exact mechanisms underl-
ying impaired pharmacologic coronary vasodilation in MetS 
have not been clearly defined, but are likely related to altered 
functional expression of receptors and ion channels, endothelial 
and vascular smooth muscle function, paracrine and neuro-
endocrine influences, structural remodeling of coronary arterio-
les and/or microvascular rarefaction (9). Coronary vasomotor 
dysfunction in the MetS is related to chronic activation of the 
renin-angiotensin and sympathetic nervous system that leads to 
augmented angiotensin II tip 1 and alpha 1-adrenoceptor medi-
ated coronary vasoconstriction (5, 32).

Aortic stiffness describes the elastic resistance that the 
aorta sets against its distension (11). Many methodologies, both 
invasive and non-invasive, have been applied to the assessment 
of arterial elasticity (33). To evaluate aortic stiffness, two impor-
tant variables should be noted: the change in volume due to 
blood injection in the aorta, and the pressure change caused by 
this volume change (11). Noninvasive measures fall into three 
board groups:1) measuring pulse wave velocity (PWV), 2) rela-
ting change in diameter (or area) of an artery to distending 
pressure, and 3) assessing arterial pressure waveforms (11, 34). 
PWV, which is defined as the velocity of the arterial pulse for 
moving along the vessel wall, plays an important clinical role in 
defining patients under high cardiovascular risk and it is inver-
sely correlated with arterial elasticity and relative arterial comp-
liance (35). Measurement of aortic stiffness by applanation 
tonometry with pulse-wave velocity has been the gold-standard 
method and is well validated in large populations as a strong 
predictor of adverse cardiovascular outcomes (34). Additionally, 
pulse wave velocity can also be assessed noninvasively by 
echocardiography with pulse wave Doppler. Although this met-
hod has not been as commonly used, it seems to have good 
correlation (r=0.83) with the applanation tonometry (36). The 
main advantage of ultrasound techniques is their wide availabi-
lity, and the main limitation is the incomplete visualization of the 
aortic arch (34). To non-invasively quantity aortic stiffness mea-
surement of systolic blood pressure, diastolic blood pressure 
and changes in aortic diameters are necessary. Aortic diame-
ters can be measured noninvasively with echocardiography, 
computed tomography, and magnetic resonance imaging. 
Stefanadis et al. (13) demonstrated that the noninvasively evalu-
ated aortic stiffness is comparable with invasive methods with a 
high degree of accuracy. There is growing evidence that large 
artery stiffness is a significant predictor of adverse cardiovas-

Variables	 Metabolic	 Controls	 *p
	 syndrome	 (n=44)
	 (n=46)	 	

Systolic blood pressure, mmHg	 131.4±15.3	 110.0±10.6	 <0.001

Diastolic blood pressure, mmHg	 74.6±10.8	 68.4±7.5	 0.002

Aortic systolic diameter, cm	 3.40±0.23	 3.28±0.31	 0.035

Aortic diastolic diameter, cm	 3.12±0.23	 2.90±0.31	 <0.001

Aortic strain, %	 10.5±2.9	 12.1±5.1	 0.08

Aortic distensibility,cm2.dyn-1.10-6	 10.4±3.5	 12.7±3.4	 0.002

Aortic stiffness 	 6.5±2.0	 3.2±0.8	 <0.001
Data are presented as mean±SD
*Unpaired Students` t-test

Table 2. Comparison of aortic elastic properties of the groups

Independent variables	 Beta regression coefficient   	 p

Age	 -0.067	 0.413

Waist circumference	 -0.272	 0.012

Systolic blood pressure	 -0.215	 0.050

Fasting glucose	 0.045	 0.625

HDL-cholesterol	 0.133	 0.202

Triglyceride	 -0.117	 0.229

hsCRP	 0.004	 0.959

LVMI	 -0.028	 0.746

Aortic stiffness	 -0.217	 0.047
Multivariate linear regression analysis
CFR - coronary flow reserve, HDL - high-density lipoprotein, hsCRP - high- sensitive C - 
reactive protein, LVMI - left ventricular mass index

Table 3. Independent relationship between CFR and confounding variab-
les by multivariate linear regression analysis (r2=0.571, p<0.001)
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cular outcome (12). MetS causes an increase in arterial stiff-
ness independently of other cardiovascular risk factors (14). 
Several components of the MetS, including high blood pressure, 
hyperglycemia, and abdominal fat, have been related to increa-
sed aortic stiffness (12, 15). 

Relations between microvascular function and aortic stiffness 
have been reported (37, 38). In the Framingham Heart Study offs-
pring cohort increased aortic stiffness was associated with hig-
her forearm vascular resistance at baseline and during reactive 
hyperemia, and with blunted flow reserve during hyperemia (39). 
Aortic stiffening may cause an increase in aortic pulse pressure, 
left ventricular load, and ultimately, left ventricular hypertrophy 
(LVH). This LVH, together with the decreased diastolic transmyo-
cardial pressure gradient caused by the decrease in diastolic 
blood pressure, interacts with coronary flow and flow reserve (17, 
40). Besides the aortocoronary hemodynamic relationship, aortic 
stiffness may be a marker of a more generalized vascular disease 
or coexists with microvascular disease (13). Another interpretati-
on is that abnormalities in the microcirculation and, therefore, in 
peripheral vascular resistance, lead to the perturbations in aortic 
stiffness (41). The hypothesis that coronary flow may be influen-
ced by aortic elastic properties was introduced by Bouvrain et al. 
(42), and was confirmed by experimental studies (37, 38). In previ-
ous studies, significant correlations between CFR and  
aortic stiffness assessed by pulse wave velocity have been 
demonstrated in patients with hypertension and coronary artery 
disease (43, 44). Aortic stiffness has been described to reduce 
the improvement in hyperemic coronary blood flow after a suc-
cessful percutaneous coronary intervention (45). Nemes et al. 
(46) described reduced CFR and increased indices of aortic 
stiffness [E(p) and E(s)] in patients with LAD coronary artery 
disease as compared with patients with normal epicardial coro-
nary arteries. In addition to these findings in patients with coro-
nary artery disease, Nemes et al. demonstrated significant cor-
relations between CFR and aortic stiffness in patients without 
coronary artery disease, but with hypertension, aortic valve 
stenosis, type-2 diabetes and hypercholesterolemia (16-19). 
However, presence of an association between aortic stiffness 
and impaired CFR in MetS has never been evaluated. 

Each of components of the MetS has been independently 
associated with vascular dysfunction (6, 47). In hypertension, the 
structure and function of the microcirculation are altered (48). As 
the vasoconstriction takes place with the decreases in vasodila-
tation, wall to lumen ratio of precapillary arterioles increases (41). 
The obese patients have similar alterations in microcirculation 
(49). Insulin resistance is also associated with impaired capillary 
recruitment and microvascular vasodilation (41). In addition, obe-
sity is associated with insulin resistance and insulin resistance 
leads to endothelial dysfunction (31). Endothelial and microvascu-
lar dysfunction are present in obese subjects even in the absence 
of hypertension or hyperglycemia, and it is better correlated to 
waist/hip ratio than BMI (50). Additionally, endothelial dysfuncti-
on may lead to functional stiffening of large arteries as the 
reduced availability of nitric oxide and increased activity of 

vasoconstrictors (51). Endothelial dysfunction may lead to smo-
oth muscle cell proliferation and increased synthesis of structu-
ral proteins such as collagen. The insulin resistance of obesity is 
known to be associated with arterial stiffness (52). Our study 
revealed an independent relationship of decreased coronary 
flow reserve with increased aortic stiffness, waist circumferen-
ce or systolic blood pressure.

Study limitations
Our study has several limitations. The most significant of all 

is the small number of patients in both groups. Another major 
concern is the measurement method of aortic stiffness, which 
was not performed with pulsed wave velocity analysis. Owing to 
the lack of clinical indications and the invasive nature of the 
procedure, we did not perform coronary angiography in all pati-
ents. Also we did not assess invasively CFR. However, transtho-
racic Doppler echocardiography with pharmacological stress for 
the assessment of CFR has been demonstrated to be a useful 
and highly reproducible tool to evaluate CFR (30). The cross-
sectional design of this study, causation cannot be established. 
Although our data suggest that these echocardiographic proper-
ties are related to overall effect of MetS on the aorta and coro-
nary arteries, confirmatory longitudinal work is necessary.

Conclusion

The cluster of metabolic and hemodynamic abnormalities pre-
sent in metabolic syndrome is associated with impaired coronary 
flow reserve. Waist circumference, systolic blood pressure or aortic 
stiffness has an independent association with coronary microvascu-
lar dysfunction. These results can suggest the overall effect of MetS 
on the function and structure of the aorta and coronary arteries. 
Using a noninvasive and readily available tool, transthoracic Doppler 
echocardiography, aortic stiffness and coronary flow reserve can 
easily be simultaneous evaluated. However, future research is war-
ranted to provide more robust information on direct evaluation of 
aortic stiffness and CFR in patients with MetS. 
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Editorial Comment Editöryel Yorum 235

The metabolic syndrome (MetS) is characterized by abdomi-
nal obesity, elevated blood pressure, hypertriglycemia, low high-
density lipoprotein (HDL) cholesterolemia, and hyperglyceridmia 
(1). Vascular dysfunction caused by endothelial dysfunction is 
an early abnormality in the MetS that may contribute to prema-
ture atherosclerosis (2). Each of the components of the MetS 
has been independently associated with vascular dysfunction 
(3-5). Because there was the 2.6-fold increased risk of coronary 
death among those with the MetS (6), other mechanisms may 
contribute to the potential adverse effect of features of the MetS 
on vascular function and, in particular, endothelial function, 
thereby increasing the potential for atherothrombotic complica-
tions (7). Several studies demonstrated the relationship between 
MS and coronary microvascular circulation. MetS patients 
showed impaired response of myocardial blood flow to a cold 
press or test in by PET analysis (8), indicating the presence of 
coronary microvascular endothelial dysfunction. Similarly, MetS 
patients showed an impaired coronary blood flow in with angio-
graphically normal coronary arteries by Thrombolysis in 
Myocardial Infarction frame count method (9). Moreover, 
patients with MetS showed an impaired vasodilatory response 
to pharmacologic agents in the left ascending of coronary artery 
by transthoracic echocardiography (10). Possible mechanisms 
for impaired coronary vasodilation in patients with MetS are 
insulin resistance which may induce endothelial dysfunction 
mediated by oxidative stress (11), reduced adiponectin which 
have a role in the phosphorylation of eNOS (12), release of pro-
inflammatory cytokines (e.g., interleukin-6, tumor necrosis 
factor-α) by visceral adipose tissue (13). These mechanisms 
may solely and/or multifactorially contribute to coronary endo-
thelial dysfunction in MetS patients (14). 

The present study revealed that coronary flow reserve (CFR) 
is impaired in patients with MetS and there is an independent 
relationship between impaired CFR and increased aortic stiff-
ness evaluated by echocardiography. This study demonstrates 
that CFR was significantly correlated with age, blood pressure, 
waist circumference, lipid profile, fasting glucose, high-sensitiv-
ity C-reactive protein, left ventricular (LV) mass index , and aor-

tic stiffness. The relationship between CFR and aortic stiffness 
persisted after adjusting for age and each components of MetS. 

 In this study, the evaluation of aortic stiffness was per-
formed via relating change in diameter of aorta to distending 
pressure, not assessed by pulse wave velocity (PWV) (15). In 
previous studies, significant correlations between CFR and aor-
tic stiffness assessed by PWV have been demonstrated in 
patients with hypertension and coronary artery disease. PWV is 
the gold standard of aortic stiffness and easily performed in 
clinical practice. To prove the efficacy of newly non-invasive 
method to detect the aortic stiffness, the description of the 
method is needed, but the authors did not describe the method-
ological review of aortic stiffness. Moreover, the hypothesis that 
coronary flow may be influenced by aortic elastic properties 
was not confirmed by simply demonstrating the relationship 
between CFR and aotrtic stiffness. Because increased left ven-
tricular (LV) end diastolic pressure associated with LV hypertro-
phy and endothelial dysfunction may interacts with aortic stiff-
ness and CFR in MetS, further evaluations such as LV filling 
pressure and brachial flow-mediated dilatation, which was 
associated with aortic stiffness in the Framingham Heart Study 
offspring cohort (16) are needed. 

However, the finding of impaired coronary microvascular 
dysfunction is more prominent in MS patients may provide 
important information clarifying the pathogenesis of MetS-
induced cardiovascular events. Moreover, further evidence is 
needed for the early presence of impaired endothelium-inde-
pendent and endothelium-dependent coronary vasodilator func-
tion in patients with MetS and if these abnormalities in coronary 
vasodilator function are worsened by the combined presence of 
already-established cardiovascular risk factors (i.e., dyslipid-
emia, smoking, and CAD). 
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Relationship between hospital volume and risk-adjusted mortality rate 
following percutaneous coronary intervention in Korea, 2003 to 2004

2003 ve 2004 yılları arasında Kore'de perkütan koroner girişim sonrası hastane hacmi ve 
risk-ayarlı mortalite arasındaki ilişki
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ABSTRACT
Objective: There have been a large number of studies that have investigated the relationship between outcomes and provider volume for a wide 
variety of medical conditions and surgical conditions. The objective of this study was to explore the relation between hospital volume and risk-
adjusted mortality following percutaneous coronary intervention between 2003 and 2004 in Korea.
Methods: This is a retrospective analysis of database in National Health Insurance Review & Assessment Service and Korean National 
Statistical Office. The study data set confined to the ICD-10 diagnosis and procedure codes that were recorded in the National Health Insurance 
Review Agency. Risk modeling was performed through logistic regression and validated with cross-validation. The statistical performance of 
the developed model was evaluated using c-statistics, R2, and Hosmer-Lemeshow statistic. Crude and risk-adjusted 30-day mortality was 
evaluated among patients who underwent Percutaneous Coronary Intervention (PCI) between 2003 and 2004 at low (less 200 cases/year), 
medium (200~399 cases/year), and high (400 cases or more/year) PCI volume hospitals.
Results: The final risk-adjustment model consisted of ten risk factors for 30-day mortality. These factors were found to have statistically sig-
nificant effects on patient mortality. The c-statistic and Hosmer-Lemeshow χ2 goodness-of-fit test and the model’s performance were good 
[R2=0.147, c-statistic 0.823, 4.1037 (p=0.8476)]. A total number of 60 low-volume hospitals (9.071 patients) and 27 medium-volume hospitals (15.623 
patients) and 15 high-volume hospitals (19.669 patients) were included. Crude 30-day mortality rate was 1.4%, 1.1%, and 1.0% (p=0.0106) in each 
volume hospitals. But risk-adjusted mortality rate was not significantly different among three groups (1.3%, 1.0%, and 1.1% in each volume 
hospitals). 
Conclusion: Although we found a significant different crude 30-day mortality rates according to hospital PCI volume, but did not find a relation-
ship between hospital volume and 30-day risk-adjusted mortality rates following PCI in Korea. (Anadolu Kardiyol Derg 2013; 13: 237-42)
Key words: Percutaneous coronary intervention, volume, outcome, risk-adjustment, mortality, regression analysis
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ÖZET
Amaç: Çok değişik tıbbi ve cerrahi durumlar için, hizmet sağlayanın volümü ile sonuçlar arasındaki ilişkiyi araştıran pek çok çalışma vardır. Bu 
çalışmanın amacı, 2003 ve 2004 yılları arasında Kore'de perkütan koroner girişim sonrası hastane hacmi ve risk-ayarlı mortalite arasındaki iliş-
kiyi ortaya çıkarmaktı.
Yöntemler: Bu çalışma Ulusal Sağlık Sigorta İnceleme ve Değerlendirme Servisi ve Kore Ulusal İstatistik Ofisi veritabanının retrospektif bir 
analizidir. Çalışmanın verileri Ulusal Sağlık Sigorta İnceleme Ajansı’nda kaydedilmiş ICD-10 tanı ve işlem kodlarını kapsar. Risk modelleme lojis-
tik regresyon yoluyla yapıldı ve çapraz-doğrulama ile doğrulandı. Geliştirilen modelin istatistiksel performansı c-istatistikleri, R2, ve Hosmer-
Lemeshow istatistiği kullanılarak değerlendirildi. Basit ve riske ayarlı 30 günlük mortalite, Perkütan Koroner Müdahale (PKM) yapılan hastalar 



Introduction

In general, it is believed that technically challenging manual 
procedures will result in a better outcome if it is performed by 
skilled specialists at high-volume institutions. Previous studies 
also have demonstrated above suggestions in many surgical 
procedures, such as coronary artery bypass graft, pancreatic 
and thoracic surgery (1-3). In cardiology, the relationship 
between hospital percutaneous coronary intervention (PCI) 
volume and in-hospital mortality has been widely investigated (4, 
5). There is some evidence that the disparity in outcomes of PCI 
between high-and low-volume hospitals has narrowed over 
time (6). But a recent meta-analysis reported this relationship 
has not attenuated over time (7). Most of the studies related with 
hospital volume and outcome originated from USA hospitals. 
The number of studies from outside the USA was too small to 
explore the similarity of the effect across countries. Only a 
couple of studies originated from Japan (8-10). In addition, it is 
unclear whether previous results can be generalized to other 
countries outside the USA. So we tried to evaluate the relation-
ship between hospital volume and risk-adjusted mortality rate 
following PCI in Korea. 

Methods

Database
We analyzed data from the Korea National Health Insurance 

Review & Assessment Service and Korean National Statistical 
Office between 2003 and 2004 for this study. We used American 
Agency for Healthcare Research and Quality (AHRQ) for guid-
ance of our study (11). So we defined general patient informa-
tion and all the International Statistical Classification of 
Diseases, Tenth Revision (ICD-10) diagnosis and procedure 
codes. In the present study, PCI patients were defined as the 
ones who were diagnosed with such codes as M6551, M6552, 
M6561, M6562, M6563, M6564, M6571, and M6572. We excluded 
patients under the age of 18 and neonatal or obstetric admis-
sions in order to restrict our evaluation to the use of PCI in a 
typical adult population. We consulted with five expert interven-
tional cardiologists working in university hospitals to reduce 
selection bias of risk factors. 

Hospital PCI volume groups
To assess the validity of the annual hospital PCI volume 

threshold of 400 cases recommended by ACC/AHA PCI guide-
lines (12) and by the Leapfrog Group (13) we divided above data 
into three groups. Hospitals with fewer than 400 annual cases 
were divided into those below 200 cases (hereafter referred to 
as low-volume) and 200 to 399 cases (medium-volume). Hospitals 
with above 400 annual cases were classified as high-volume 
hospitals. 

Definition of death 
Major cardiac adverse events frequently occurred within 

one month of PCI so we investigated 30 day mortality rates (14) 
and we compared the deceased patient’s biological information 
with data from the Korean National Statistical Office. We includ-
ed only patients expired in hospital and excluded expired out of 
hospital or unidentified death in our analysis. 

Variables for analysis 
Patient characteristics such as admission source (referral, 

emergency medical services or others), admission type (outpa-
tient or emergency room) and presence of diabetes mellitus, 
hypertension, hyperlipidemia, congestive heart failure (CHF), 
cardiogenic shock, arrhythmia, chronic obstructive lung disease 
(COPD), renal disease, peripheral vascular disease, stroke, mul-
tivessel procedure, stent deployment and the type of coronary 
artery disease (stable angina, unstable angina, myocardial 
infarction) were analyzed. 

Statistical analysis
The SAS 9.1 statistical software (SAS Institute Inc., Cary, NC, 

USA) was used to perform the statistical analysis of the data. 
Patients biological, admission and comorbidity information were 
compared across the three hospital PCI volume groups using 
global chi-square analyses for categorical variables and risk-
adjustment model. We performed univariate logistic regression 
analysis to evaluate risk factors that influence 30-day mortality. 
Those variables that were significant predictors on univariate 
analysis were entered into the multivariate logistic regression 
model. We calculated adjusted mortality rate and compared 
relationship between severity determining risk factors and hos-

2003 ve 2004 yılları arasında,  düşük (200’den az olgu/yıl), orta (200~399 olgu / yıl) ve yüksek (400 olgularda veya fazla/yıl) PKM hacimli hastane-
lerde değerlendirildi.
Bulgular: Son risk düzeltme modeli 30-günlük mortalite için on risk faktörinden oluşuyordu. Bu faktörlerin, hasta mortalitesi üzerine anlamlı 
etkilerinin olduğu saptandı. C-istatistik ve Hosmer-Lemeshow χ2 ``goodness-of-fit`` testi ve modelin performansı iyiydi [R2=0.147, c-statistic 
0.823, 4.1037 (p=0.8476)]. Altmış düşük-hacimli hastanenin (9.071 hasta) ve 27 orta-hacimli hastanenin (15.623 hasta) ve 15 yüksek-hacimli has-
tanenin (19.669 hasta) toplam sayısı dahil edildi. Basit 30-günlük mortalite oranı her bir hastane volüme için sıra ile %1.4, %1.1 ve her birimin 
hastanelerde oranı %1.0 (p=0.0106) idi. Buna karşılık, risk ayarlı ölüm oranı üç grup arasında anlamlı değildi (%1.3, %1.0, ve %1.1; her bir hasta-
ne volümü için).
Sonuç: Kore’de hastane PCI hacmine göre, basit 30-günlük mortalite oranlarında önemli farklılık bulmamıza rağmen PKG sonrası 30 günlük risk-
ayarlı ölüm oranları ile hastane hacmi arasında bir ilişki bulamadık. (Anadolu Kardiyol Derg 2013; 13: 237-42)
Anahtar kelimeler: Perkütan koroner girişim, hacim, sonuç, risk-ayarlı, ölüm, regresyon analizi
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pital volume. The statistical performance of the developed 
model was evaluated using C-statistics, R2, and Hosmer-
Lemeshow statistic. 

	 	        Actual Number of Deaths
Adjusted Mortality Rate =     x Overall Mortality Rate

	                          Predicted Number of Deaths

Odds ratios with 95% confidence intervals were calculated 
for each covariate. Statistical significance was defined as p 
values <0.05.

Results

Our analysis involved 44.363 patients. The mean age of the 
patient population was 63.8 years. 64.9 % were men and 35.1% 
were women. Clinical characteristics and variables included in 
our study are presented in Table 1. There were 102 hospitals 
performing PCI during the study period. A total of 60, 27 and 15 
hospitals were in low, medium and high-volume hospital groups. 
9.071 (20.5%) patients were treated at high-volume hospitals, 
15.623 (35.2%) at medium-volume hospital and 19.669 (44.3%) at 
low-volume hospital. Mean age, admission type, diabetes, hyper-
tension, hyperlipidemia, unstable angina, acute myocardial 
infarction (AMI), congestive heart failure (CHF), arrhythmia, 
chronic obstructive lung disease (COPD), renal disease, periph-
eral vascular disease, stroke, multivessel procedure and stent 
deployment to be significant predictors for 30-day mortality 
(Table 2). These significant risk factors entered into the multi-
variate logistic regression analysis. The logistic-regression 
model revealed age, emergency visitors, AMI, CHF, arrhythmia, 
COPD, renal disease, stroke, multivessel procedure and stent 
deployment to be significant predictors (Table 3). Hosmer-
Lemeshow χ2 goodness-of-fit test showed a p value of 0.8476 
and good-model quality. The Cochran-Armitage trend test 
(p=0.0106) showed crude 30-day mortality rates declined with 
increasing volume and rates were 1.4% in low, 1.1% in medium 
and 1.0% in high volume hospitals, p<0.05. When we considered 
crude 30-day mortality rates patients treated at low-volume 
hospitals had significantly higher mortality rates than those 
treated in medium-volume (1.4% vs. 1.1%, p<0.05) or high-vol-
ume hospitals (1.4% vs. 1.0%, p<0.05). But we could not find any 
relationship between hospital volume and 30-day risk-adjusted 
mortality rates (1.3% in low, 1.0% in medium and 1.1% in high 
volume hospitals) following PCI in Korea (Table 4). 

Discussion

The use of administrative data to identify inpatient complica-
tions is technically feasible and inexpensive but unproven as a 
quality measure. Weingart et al. (15) suggested that screening 
administrative data may offer an efficient approach for identify-
ing potentially problematic cases for physician review. 

Sundararajan et al. (16) said ICD-10 Charlson comorbidity cod-
ing algorithm had a good to excellent discrimination in their 
ability to predict mortality. So we used ICD-10 diagnosis and 
procedure codes. During the past 20 years researchers have 
focused on measuring and explaining the association between 
patient outcomes and the volume of health services provided by 
hospitals and physicians (17). Mant studies have documented 
that higher volume is associated with better outcomes. They 
suggested this results may be because physicians develop more 

Variables	 No. of patients	 %

Sex		

	 Male	 28.787	 64.9

	 Female	 15.576	 35.1

Age, years* 	 63.8±10.2	

	 40~50	 4.521	 10.2

	 51~60	 9.947	 22.4

	 61~70	 16.240	 36.6

	 ≥70	 13.655	 30.8

Admission source		

	 Referral	 3.736	 8.4

	 Emergency medical services	 1.268	 2.9

	 Others	 39.336	 88.7

Admission type		

	 Emergency room	 17.617	 39.7 

	 Outpatient	 26.723	 60.3

Diabetes mellitus	 7.116	 16.8

Hypertension	 20.952	 47.2

Hyperlipidemia 	 4.542	 10.2

Coronary artery disease		

	 Stable	 2.035	 4.6

	 Unstable	 18.970	 42.8

	 AMI	 20.468	 46.1

CHF	 3.187	 7.2

Cardiogenic shock	 367	 0.8

Arrhythmia	 1.898	 4.3

COPD	 729	 1.6

Renal disease	 1.166	 2.6

Peripheral vascular disease	 1.519	 3.4

Stroke	 2.583	 5.8

Multivessel procedure	 210	 0.5

Stent employed	 27.008	 60.9

Total	 44.363	 -

Data are presented as mean±SD, number and percentage
AMI – acute myocardial infarction, CHF – congestive heart failure, COPD – chronic 
obstructive pulmonary disease

Table 1. Patient’s characteristics

Kim et al.
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effective skills if they treat more patients (practice makes per-
fect) and physicians and hospitals achieving better outcomes 
receive more referrals and thus accrue larger volumes (selec-
tive referral) (18, 19). That is patients treated at high-volume 
hospitals encounter a lower risk of mortality when compared 
with patients treated at low-volume hospitals. But Burton et al. 
(20) reported a result that 17, 417 PCIs performed in Scotland 
between 1997 and 2003 found no influence of the annual PCI 
volume of the participating hospitals on 30-day death rate. A 
Task Force of the German Society of Cardiology on quality assur-
ance in invasive cardiology concluded that only a weak volume-
outcome relation exists for contemporary PCI (21). Moscucci et 
al. (22) and Spaulding et al. (23) reinforced the volume-outcome 
relation with the limitation that it could be observed in high-risk 
patients. So there are some debates on volume-outcome result 
of PCI patients, especially from the cutoff point of annual PCI 
volume. In Korea, Korean Circulation Society started nationwide 
multicenter PCI registry since 2006. Before this year only one 
center registry data was valuable. So our volume-outcome rela-
tionship study is the first report in Korea. Although crude 30-day 

Variables	 OR (95% CI)	 p

Hospital PCI volume		

<200	 1.530(1.170-2.025)	 0.0082

200-399	 1.325(1.011-1.554)

>400	 1.0	

Sex		

Male	 1.0	 0.1313

Female	 0.988 (0.816-1.196)	

Age	 1.068 (1.058-1.079)	 <.0001

Admission type		

Outpatient	 1.0	 <.0001

Emergency 	 1.585 (1.313-1.915)	

AMI	 4.093 (2.984-5.615)	 <.0001

CHF	 1.583 (1.239-2.023)	 0.0002

Arrhythmia	 2.481 (1.899-3.240)	 <.0001

COPD	 1.765 (1.162-2.682)	 0.0078

Renal disease	 1.740 (1.134-2.670)	 0.0112

Peripheral vascular disease	 1.170 (0.773-1.771)	 0.4579

Stroke	 1.415 (1.050-1.906)	 0.0224

Multivessel procedure	 4.870 (2.836-8.364)	 <.0001

Stent employed	 2.370 (1.470-3.821)	 0.0004

R2		  0.147	

C - statistic	 0.823	

Hosmer-Lemeshow χ2 	 4.1037 (0.8476)
goodness-of-fit test (p value)		
AMI - acute myocardial infarction, CHF - congestive heart failure, CI - confidence inter-
val, COPD - chronic obstructive pulmonary disease, OR - odds ratio, , PCI - percutaneous 
coronary intervention

Table 3. Multiple logistic regression analysis for 30-day mortality

Risk Factors		  Live, 	 Death,
		  n (%)	 n (%)	 *p

No. of patients		  43.872 (98.9)	 491 (1.1)	 -

Sex	 Male	 28.502 (99.1)	 285 (0.9)	 0.0014

	 Female	 15.370 (98.7)	 206 (1.3)	

Mean age±SD		  63.7±10.1	 71.1±9.9	 <.0001†

Admission source	 Referral	 3.708 (99.2)	 28 (0.8)	 0.0724

	 EMS	 1.251 (98.7)	 17 (1.3)	

	 Others	 38.913 (98.8)	 446 (1.2)	

Admission type	 Emergency	 17.313 (98.3)	 304 (1.7)	 <.0001

	 Outpatient	 26.559 (99.3)	 187 (0.7)	

Diabetes	 Yes	 7.045 (94.3)	 420 (5.6)	 <.0001

	 No	 36.827 (99.8)	 71 (0.2)	

Hypertension	 Yes	 20.778 (99.2)	 174 (0.8)	 <.0001

	 No	 23.094 (98.7)	 317 (1.3)	

Hyperlipidemia	 Yes	 4.059 (89.4) 	 483 (10.6)	 <.0001

	 No	 39.813 (99.9)	 8 (0.1)	

Coronary artery disease			 

Stable angina	 Yes	 2.023 (99.4)	 12 (0.6)	 0.0225

	 No	 41.849 (98.9)	 479 (1.1)	

Unstable angina	 Yes	 18.892 (99.6)	 78 (0.4)	 <.0001

	 No	 24.980 (98.4)	 4138 (1.6)	

AMI	 Yes	 20.045 (97.9)	 423 (2.1)	 <.0001

	 No	 23.827 (99.7)	 68 (0.3)	

CHF	 Yes	 3.101 (97.3)	 86 (2.7)	 <.0001

	 No	 40.771 (99.0)	 405 (1.0)	

Cardiogenic shock	 Yes	 363 (98.9)	 4 (1.1)	 0.1971††

	 No	 43.509 (98.9)	 487 (1.1)	

Arrhythmia	 Yes	 1.829 (96.4)	 69 (3.6)	 <.0001

	 No	 42.043 (99.0)	 422 (1.0)	

COPD	 Yes	 703 (96.4)	 26 (3.6)	 <.0001

	 No	 43.169 (98.9)	 465 (1.1)	

Renal disease	 Yes	 1.142 (97.9)	 24 (2.1)	 0.0016

	 No	 42.730 (98.9)	 467 (1.1)	

Peripheral vascular	 Yes	 1.493 (98.3)	 26 (1.7)	 0.0219
disease	 No	 42.379 (98.9)	 465 (1.1)	

Stroke	 Yes	 2.531 (98.0)	 52 (2.0)	 <.0001

	 No	 41.341 (98.9)	 439 (1.1)	

Multivessel	 Yes	 193 (91.9)	 17 (8.1)	 <.0001††

procedure	 No	 43.679 (99.0)	 474 (1.0)	

Stent employed	 Yes	 26.544 (98.3)	 464 (1.7)	 <.0001

	 No	 17.328 (99.8)	 27 (0.2)	
*Chi-square test
†Student's t-test
††Fisher's exact test 
AMI - acute myocardial infarction, CHF - congestive heart failure, COPD - chronic 
obstructive pulmonary disease, EMS - emergency service

Table 2. Comparison of risk factors in 30-day mortality
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mortality rates were significantly different among three groups 
[1.4%, 1.1%, and 1.0% (p=0.0106)], risk-adjusted mortality rates 
were not significantly different among these groups (1.3%, 1.0%, 
and 1.1% in each volume hospitals). The patients treated at hos-
pitals that performed fewer than 200 PCI procedures annually 
may have a similar mortality rates in any other PCI volume group. 
Several concerns have been raised about attempts to assess 
the previous results be generalized to other countries outside 
the USA. Lin et al. (10) suggests that current ACC/AHA PCI hos-
pital volume minimums may need to be reevaluated in non-
Western countries such as Taiwan. Epstein et al. (4) suggested 
that there is narrowing difference in mortality rates between 
high-and medium-volume hospitals due to accumulating experi-
ence with PCI procedures among surgeons, especially those 
serving in medium-PCI volume hospitals. In our study, crude 
30-day mortality rate was 1.1% (Table 2). Zahn et al. (24) reported 
an in-hospital mortality of 1.85% in hospitals belonging to the 
lowest PCI volume quartile and 1.21% in the highest quartile. But 
technological improvement of PCI, PCI instruments and new 
pharmacologic therapies in recent years it might have reduced 
mortality. We used risk-adjusted mortality rate in this study. This 
equation is composed of actual number of deaths, predicted 
number of deaths and overall mortality rate. The statistical per-
formance of the developed model was evaluated using c-statis-
tic, R2, Hosmer-Lemeshow statistic. They showed good model 
quality. Future studies of the PCI volume-outcome association 
will need to determine the process through which volume and 
outcomes are linked and to identify recent year’s trends.

Study limitations
Our analysis used ICD-10 diagnosis and procedure codes 

data, and thus may not had captured the full clinical detail of a 
patient’s risk profile. In particular, no data regarding target coro-
nary vessel characteristics, stent types, left ventricular ejection 
fraction or Killip class, type of arrhythmias, type of peripheral 
vascular disease, and use of antiplatelet agents were precisely 
recorded which makes the analysis incomplete. We evaluated 

in-hospital mortality alone and could not assess other patient’s 
outcomes, including periprocedural complications, repeat 
revascularization rates, or longer-term outcomes. Another limi-
tation is we did not track the experience of individual operators. 
So we cannot account for the influence of individual operator 
PCI volume on the association between hospital PCI volume and 
mortality. Although we had finely analyzed database of Korean 
National Statistical Office, we included only patients deceased 
in hospital and excluded deceased out of hospital or unidentified 
death in our analysis. 

Conclusion

Although we could find significant relationship between dif-
ferent crude 30-day mortality rates according to hospital PCI 
volume, we could not find a relationship between hospital vol-
ume and 30-day risk-adjusted mortality rates following PCI in 
Korea. 
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Hospital volume and mortality relation in PCI - Is there a need for 
modification of ACC/AHA percutaneous coronary intervention 

guidelines in Asia?  

PKG’lerde hastane vaka sayıları ile mortalite ilişkisi-ACC/AHA’nın perkütan koroner girişim 
kılavuzlarında Asya ülkeleri için değişikliğe gerek var mı? 
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The relationship between hospital volume and outcome rela-
tion in percutaneous coronary intervention (PCI) is important for 
patients, policy makers and referring physicians. Hospital vol-
ume is the explicit criterion for health care purchasers recom-
mended by Leapfrog group. In accordance with current American 
College of Cardiology/American Heart Association (ACC/AHA) 
percutaneous coronary intervention (PCI) clinical practice 
guidelines, Leapfrog has established a minimum institutional 
volume requirement of 400 cases per year for hospitals offering 
PCI (1, 2). For these reason, centralization of PCI cases in core 
facilities has been advocated. This volume threshold is mainly 
based on studies originating from USA in the 1980s and 1990s 
which showed increased PCI mortality for patients treated at 
hospitals with annual volumes <400 cases (3, 4). However, there 
have been many changes in recent years in PCI practice by 
widespread use of low profile balloons, stents, glycoprotein IIb/
IIIa inhibitors and intra-aortic balloon pumps. These changes 
and widespread PCI education opportunities increased inter-
ventional cardiologists’ abilities and self-confidence, which 
raise the possibility that currently recommended hospital PCI 
volume threshold of 400 cases may no longer be appropriate. 

Turkish Society of Cardiology published a national guideline 
for competency in interventional cardiology in 2004 and stated 
that 150 PCI cases/year is enough for a hospital to perform PCI. 
Recommended physician volume is 50 PCI cases/year. They 
stated that higher volume is better but setting an unrealistically 
high volume would deter hospitals and physicians from estab-
lishing PCI programs and restrict patient access to life saving 
therapies (5). Currently volume mortality statistics for PCI are not 
available for Turkey but they will be valuable to determine 
whether suggested guidelines are appropriate and can be gen-
eralized to other Asian countries. 

A study representing contemporary PCI in clinical practice 
showed a small but significant volume-outcome relation for in-
hospital mortality. However, this relation was only apparent in 
high-risk subgroups, such as patients presenting with acute myo-

cardial infarction (6). It is unclear whether this minimum value 
standard applies to non-Western countries. A Japanese study 
enrolling 401 acute myocardial infarction patients from 11 hospi-
tals between years 2004-2006 did not find an obvious relationship 
between hospital PCI volume and in-hospital outcomes (7). In a 
study from Taiwan, adjusted odds of 30-day mortality for patients 
undergoing PCI at medium-volume hospitals (200-399 cases/year) 
was not significantly different from those of patients treated at 
high-volume hospitals (>400 cases/year). This suggests that cur-
rent ACC/AHA PCI hospital volume minimums may need to be re-
evaluated in non-Western countries such as Taiwan (8).

Another western study of 362.748 patients found no evidence 
of higher in-hospital mortality in patients undergoing PCI at 
medium-volume hospitals (200-399 cases/year) compared with 
patients treated at hospitals with annual PCI volumes of 400 
cases of more suggesting current ACC/AHA PCI hospital volume 
minimums might merit reevaluation (9). 

In this issue of Anatolian Journal of Cardiology Kim et al. (10) 
found a significant different crude 30-day mortality rates accord-
ing to hospital PCI volume, but did not find a relationship 
between hospital volume and 30-day risk-adjusted mortality 
rates following PCI in Korea. Their large study analyzing patient 
statistics between year 2003-2004 and involving 102 hospitals 
and 44.363 patients is valuable to show mortality trends which 
are not thoroughly published in Asian countries like in Europe 
and USA. Their study will lead to more detailed studies to define 
characteristics of low volume hospitals and operators which 
make them as successful as high volume centers when risk 
adjusted mortalities are compared. Their mortality values will 
set a benchmark and stimulate other Asian countries to deter-
mine their volume-mortality relations and implement guidelines 
according to the local resources, needs and physician qualifica-
tions. Although regionalizing care for less common, elective 
surgeries may be practical, regionalizing acute care, particularly 
for common medical conditions like acute myocardial infarction, 
seems both clinically and politically infeasible and may disrupt 



care for patient. More detailed studies should be done giving 
physician education and volume characteristics, stent usage, 
antiplatelet and anticoagulant use in Asian countries. Establishing 
common education goals and short courses for interventional 
cardiologists in Asian countries can be very useful. Those joint 
efforts can establish an “Asian alumni”, improve cooperation 
between people with similar culture and local problems. 
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The effects of chronic usage of  enzyme inhibitors and angiotensin 
receptor blockers on contrast-induced nephropathy in low-risk patients

Düşük riskli hastalarda anjiyotensin dönüştürücü enzim inhibitörleri ve anjiyotensin reseptör 
blokerlerinin kronik kullanımının kontrast madde nefropatisi üzerine etkileri
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ABSTRACT
Objective: There is conflicting data about the role of renin- angiotensin- aldosterone system (RAAS) blockers in contrast-induced nephropathy (CIN) 
pathophysiology. In this study, we aimed to investigate the effects of chronic usage of RAAS blocker drugs on development of CIN in low risk patients.
Methods: Study was designed as a prospective cohort study. A total of 295 patients were enrolled in the study. Study population was consisted 
of three subgroups according to prior usage of RAAS blockers: no RAAS blocker group (n=95), angiotensin-converting enzyme inhibitor (ACEI) 
group (n=106), angiotensin receptor blocker (ARB) group (n=94). CIN was defined as an increase of ≥25% in creatinine over the baseline value 
or 0.5 mg/dL rise within 48-72 h of angiography. Mehran score was calculated for each patient. Baseline variables and percentage of CIN were 
compared with ANOVA, Mann-Whitney U, Kruskal-Wallis and Pearson Chi-square tests between groups. In order to determine the independent 
predictors of CIN, binary logistic regression analyses were performed.
Results: CIN occurred in 18 patients (17.0%) in the ACEI group, 17 patients (18.1%) in ARB group and 7 patients (7.4%) in the no RAAS group. CIN 
occurrence was significantly higher in RAAS than no RAAS group (17.5% vs. 7.4%, p=0.01). Chronic RAAS blocker administration was an inde-
pendent predictor of CIN (OR=2.69; 95% CI: 1.025-7.067; p=0.04). Mehran score was the only other independent predictor for CIN (OR=1.15; 95% 
CI: 1.019-1.310; p=0.02).
Conclusion: In patients with near normal renal functions who are undergoing elective coronary procedure, chronic usage of ACEI and ARB 
increases the risk of CIN. (Anadolu Kardiyol Derg 2013; 13: 245-50)
Key words: Contrast-induced nephropathy, angiotensin-converting enzyme inhibitor, angiotensin receptor blocker, regression analysis
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ÖZET
Amaç: Kontrast madde nefropatisi (KMN) koroner girişim yapılan hastalarda önemli bir sorundur. Renin- anjiyotensin-aldosteron sistemi (RAAS) bloker-
lerinin KMN gelişimindeki rolüne ait veriler çelişkilidir. Bu çalışmada düşük riskli hastalarda kronik RAAS blokeri ilaç kullanımının KMN gelişimi üzerine 
olan etkisinin araştırılması amaçlanmıştır.
Yöntemler: Prospektif kohort olarak dizayn edilen çalışmaya elektif koroner girişim yapılan 295 hasta alındı. RAAS blokeri kullanımına göre hastalar 3 ayrı 
gruptan oluşturuldu: RAAS blokeri kullanmayanlar (n=95), anjiyotensin dönüştürücü enzim inhibitörü (ADEİ) kullananlar (n=106), anjiyotensin reseptör 
blokeri (ARB) kullananlar (n=94). KMN koroner girişim sonrası 48-72 saat içinde bazal kreatinin değerinde %25 ve üzeri veya 0.5 mg/dL artış olması şek-
linde tanımlandı. Her hasta için Mehran skoru hesaplandı. Gruplar arasındaki bazal veriler ve KMN gelişimi ANOVA, Mann-Whitney U, Kruskal-Wallis ve 
Pearson Ki-kare testleri ile karşılaştırıldı. KMN için bağımsız öngördürücülerin bulunabilmesi için binary lojistik regresyon analizi yapıldı.
Bulgular: ADEİ grubunda 18 (%17.0), ARB grubunda 17 (%18.1), RAAS blokeri kullanmayan grupta 7 (%7.4) hastada KMN gelişti. RAAS blokeri alan grupta 
KMN gelişimi almayan gruba göre anlamlı olarak fazlaydı (sırasıyla %17.5 - %7.4, p=0.01). Kronik RAAS blokeri kullanımı (OR=2.69; %95 GA: 1.025-7.067; 
p=0.04) ve Mehran skoru (OR=1.15; %95 GA: 1.019-1.310; p=0.02) KMN için bağımsız öngördürücüler olarak bulundu.



Introduction

Contrast-induced nephropathy (CIN) is characterized by 
acute deterioration of renal functions that occurs after paren-
teral administration of contrast media in the absence of other 
possible causes of renal impairment. Its incidence varies widely 
due to usage of different definitions, and also different population 
characteristics. The most commonly used definition is an 
increase in serum creatinine by 25% or by 0.5 mg/dL from a base-
line value by 48-72 h post contrast administration (1). In patients 
with normal renal functions, CIN has been reported as occurring 
in 3.3-14.5% of patients (2). Factors that have been identified to be 
associated with CIN include: diabetes mellitus, congestive heart 
failure, recent acute myocardial infarction, cardiogenic shock, 
and pre-existing renal impairment. CIN is associated with renal 
failure, prolonged hospitalization, increased mortality and mor-
bidity (3). As there is no specific therapy for CIN, the main focus 
is on preventive strategies. Some preventive measures are well 
defined such as optimal hydration of the patients, avoidance of 
concomitant nephrotoxic drug usage and minimizing the amount 
of contrast media. However the role of renin-angiotensin-aldo-
sterone system (RAAS) blocking agents, angiotensin-converting 
enzyme inhibitors (ACEI) and angiotensin receptor blockers 
(ARB) in the pathophysiology of CIN remains controversial, as 
the available literature is conflicted and discordant. Some reports 
have implicated these RAAS blocking agents as nephrotoxic and 
exacerbating renal failure with CIN whereas other reports have 
touted the use of these same RAAS blocking agents to protect the 
kidneys from the effects of CIN (4-8). 

Previous studies on this topic generally focused on the 
patients with chronic kidney disease, hemodynamic insufficiency 
and acute myocardial infarction (5-8). In the majority of these 
studies the role of continuing or withdrawing of ACEI and ARB on 
development of CIN were examined. However the knowledge 
about chronic usage of these drugs in stable patients who under-
went elective cardiac angiography and intervention is limited.

In this study we aimed to investigate the effects of chronic 
usage of RAAS blocker drugs on development of CIN and to 
establish the predictors of CIN in stabile patients who under-
went elective coronary angiography and intervention.

Methods

Study design
A prospective cohort study was designed.

Study population and study protocol
Study was performed in patients 18 years of age and older 

who were referred to our cardiology department for non-emer-
gent coronary angiography between May 2010 and July 2012. 

Study population was designed as 3 subgroups; group 1 with 
no RAAS blockers; group 2 patients on chronic use of ACEI and 
group 3; patients on chronic use of ARB. Enrolling 100 consecu-
tive patients for each group was planned. 

The patients who underwent emergent or early invasive 
coronary procedures (coronary procedures within initial 48 
hours of acute coronary syndromes), who had hemodynamic 
instability, who had severe chronic renal disease (glomerular 
filtration rate <30 mL/min) were excluded from the study. Usage 
of aldosterone antagonists and other nephrotoxic drugs were 
also defined as exclusion criteria. 

Contrast-induced nephropathy was our primary end-point 
and the secondary end-point was change of creatinine (delta 
Cre) after procedure compared to baseline value.

All of the participants gave written informed consent and the 
local research ethics committee had previously approved the 
study protocol. The patients were followed for 48-72 hours after 
the procedure for the assessment of renal functions. After exclu-
sion of 33 patients who did not complete the post procedural fol-
low-up, a total of 295 patients were enrolled in the study. Among 
these, 95 were in group 1 (no RAAS blocker), 106 were in group 2 
(patients on ACEI) and 94 were in group 3 (patients on ARB). 

Study variables and definitions
The presence of hypertension, diabetes mellitus, hyperlipid-

emia and history of coronary artery disease were assessed via 
patients’ medical questioning. Blood pressure was measured 
according to recommendations.

Chronic RAAS blocker usage was defined as the use of the 
drug for a minimum of one month. No RAAS blocker group con-
sisted of patients who did not use any RAAS blockers more than 
one month. Baseline and follow-up glomerular filtration rate 
(eGFR) were estimated using the Cockcroft-Gault formula: 
(140-age)*weight (kg)/serum creatinine (mg/dL)* 72 (*0.85 in 
female) (9). Mehran score was calculated according to assess-
ment of the associated risk factors, including dose of contrast 
media, baseline eGFR, age, presence of hypotension, heart fail-
ure, anemia, and diabetes mellitus (10). As long as the study 
population was consisted of stabile patients, some parameters 
of Mehran score such as hypotension and usage of intra-aortic 
balloon pump were ignored. CIN defined as an increase of 
serum creatinine 25% over the baseline value or 0.5 mg/dL rise 
within 48-72 h of coronary angiography procedure (1). 

Laboratory analysis
A blood sample for serum creatinine, blood urea nitrogen 

(BUN), glucose, albumin, total cholesterol, sodium, and hemoglo-
bin was drawn before the angiography after an 8-hour overnight 
fast and follow-up serum creatinine and BUN were measured 

Sonuç: Elektif koroner girişim yapılan, normal veya normale yakın böbrek fonksiyonları olan hastalarda kronik ADEİ ve ARB kullanımı KMN gelişimi riski-
ni arttırmaktadır. (Anadolu Kardiyol Derg 2013; 13: 245-50)
Anahtar kelimeler: Kontrast madde nefropatisi, anjiyotensin dönüştürücü enzim inhibitörü, anjiyotensin reseptör blokeri, regresyon analizi
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48-72 h after angiography. Serum creatinine was determined using 
an auto-analyzer, enzymatically and using the Jaffé method. 

Angiography and contrast media
Type and amount of contrast media used were recorded for 

each patient. Three types of contrast agents (ioxaglate, iodixanol 
and iopromide) were used for coronary procedure. According to 
ethical rules, the patients whose baseline creatinine was ≥1.2 
mg/dL, received preventive treatment including 0.9% isotonic 
infusion (1 mL/kg/h, upper limit 100 mL/h) and N-acetylcysteine 
600 mg twice daily as our previous study (11). The usage of 
N-acetylcysteine with fluid infusion was recommended in 
guideline as a class II recommendation but only N-acetylcysteine 
administration was not recommended (12).

Statistical analysis
The SPSS statistical software (SPSS for Windows15.0, Inc., 

Chicago, IL, USA) was used for all statistical calculations. 
Continuous variables were given as mean±standard deviation 
(SD), and categorical variables were defined as percentage. 
Continuous variables were analyzed with Kolmogorov-Smirnov 
for testing normal distribution. Differences between groups 
were tested using one-way analysis of variance (ANOVA), 
Mann-Whitney U, Kruskal-Wallis and Chi-square test when 
appropriate. Paired t-test and Wilcoxon signed ranks test were 
used to compare differences within groups following an inter-
vention. We performed binary logistic regression with the pres-
ence of CIN as the dependent variable and the following as 
potential covariates: age, eGFR, contrast amount, serum creati-
nine, left ventricular ejection fraction, Mehran score, presence 
of hypertension, diabetes mellitus, RAAS blocker use, female 
gender, hyperlipidemia and history of coronary artery disease. 
Variables that were statistically significant in univariate analysis 
were included in the final multivariate model to identify predic-
tors of CIN. A two-sided 95% confidence interval (CI) was con-
structed around the point estimate of the odds ratio (OR). All 
tests were two-sided, and a p value of less than 0.05 was con-
sidered for statistical significance.

Statistical power of this study was calculated for CIN, it was 
found as 98.6%.

Results

Demographic and baseline characteristics
Baseline characteristics were comparable for 3 groups 

except hypertension. Prevalence of hypertension was signifi-
cantly higher (p<0.05) in RAAS blocker group (ACEI and ARB) 
than no RAAS blocker group as expected. Contrast agent’s type 
and volume were comparable for 3 groups (Table 1). 

Primary and secondary end-point outcome
When we compared ARB and no RAAS blocker group, CIN 

was significantly higher in ARB than no RAAS blocker group [17 
(18.1%) vs. 7 (7.4%) respectively, p=0.04]. Although CIN was 

higher in ACEI than no RAAS blocker group, p value did not reach 
significance [18 (17.0%) vs. 7 (7.4%) respectively, p=0.06]. CIN 
rate was significantly higher in ACEI and ARB (RAAS blocker 
group) than no RAAS blocker group [35 (17.5%) vs. 7 (7.4%) 
respectively, p=0.01] (Fig. 1). Our secondary end-point delta Cre 
was comparable for ACEI, ARB and no RAAS blocker groups 
(0.08±0.2, 0.12±0.3 and 0.09±0.3 mg/dL, respectively, p=0.25).

When the subgroup of patients with eGFR 30-60 mL/min was 
analyzed, there was no statistical significant difference for CIN 
between ACEI, ARB and no RAAS blocker groups (30.8%, 25.0% 
and 11.5%, respectively, p=0.23).

CIN predictors
When the patients with and without CIN were compared, 

percentage of hypertension, Mehran score, age and baseline 
serum creatinine were significantly higher, baseline eGFR was 
significantly lower in patients with CIN (Table 2). When we per-

Variables	 All groups	 No RAAS	 ACEI	 ARB	 *p
	 (n=295)	 (n=95)	 (n=106)	 (n=94)	

Age, years	 63.8±12.7	 61.9±12.9	 64.1±12.0	 65.4±13.1	 0.16

Female, %	 28.5	 28.4	 23.6 	 34.0 	 0.26

Hypertension, %	 60.7 	 27.4 	 75.5 	 77.7 	 <0.001

SBP,  mmHg	 126.7±14.5	 124.4±11.0	 127.7±14.6	 128.0±17.2	 0.21

DBP,  mmHg	 78.2±10.9	 76.4±9.5	 79.2±10.5	 78.9±12.6	 0.10

Diabetes mellitus	 34.6 	 33.7 	 34.0 	 36.2 	 0.92

Hyperlipidemia	 52.5 	 54.7 	 50.9 	 52.1 	 0.86

History of CAD	 23.7 	 17.9 	 23.6 	 29.8 	 0.40

eGFR (baseline), 	 87.0±35.1	 87.9±34.6	 89.3±37.1	 83.5±33.3	 0.49 
mL/min	

Creatinine, mg/dL 	 0.98±0.31	 1.00±0.32	 0.97±0.33	 0.97±0.26	 0.77

LVEF, %	 47.9±12.8	 46.9±13.7	 48.5±12.5	 48.4±12.3	 0.73

Contrast volume, 	 111.0±34.4	 110.0±25.8	 111.7±38.6	 111.1±37.1	 0.37 
mL	

Iodixanol, %	 21.4 	 18.9 	 23.6 	 21.3 	 0.53

Ioxaglate, %	 40.7 	 46.3 	 40.6 	 35.1 	 0.53

Iopromide, % 	 38.0 	 34.7 	 35.8 	 43.6 	 0.53

Mehran score	 4.64±3.78	 4.51±3.72	 4.55±3.86	 4.86±3.78	 0.81

Preventive 	 20.3 	 21.1 	 16.0 	 24.5 	 0.32 
treatment, %	

Patients with	 76 (25.8)	 26 (27.4)	 26 (24.5)	 24 (25.5)	 0.89
(30 ≤eGFR 	  
baseline <60),  
n (%)	
Continuous variables are presented as mean±SD, and categorical variables are presented as 
percentage
*ANOVA. Kruskal-Wallis and Chi-square tests 
ACEI - angiotensin-converting enzyme inhibitor, ARB - angiotensin receptor blocker, CAD - cor-
onary artery disease, DBP - diastolic blood pressure, eGFR - estimated glomerular filtration 
rate, LVEF - left ventricular ejection fraction, RAAS - renin angiotensin aldosterone system, 
SBP - systolic blood pressure.

Table 1. Baseline characteristics of study patients
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form multivariate analysis, we found Mehran score and RAAS 
blocker usage as independent predictors for CIN (Table 3).

All study population analyzed for serum creatinine and eGFR. 
After contrast administration, serum creatinine significantly 
increased (0.98±0.31 vs. 1.08±0.47 mg/dL, p<0.05) and eGFR sig-
nificantly decreased (87.0±35.1 vs. 82.4±36.0 mL/min, p<0.05).

Discussion

The main finding of our study was significantly higher inci-
dence of CIN in chronic RAAS blocker users compared to patients 
with no RAAS blocker treatment. In the baseline characteristics, 
only hypertension was significantly higher in our RAAS blocker 

group. It is actually associated with our selection bias. This factor 
could indeed affect the primary endpoint of CIN development, as 
hypertension is a well-known risk factor for nephrosclerosis. 
However, considering the similar baseline values of eGFR, sys-
tolic and diastolic blood pressures in 3 subgroups, we thought that 
the effect of hypertension on CIN could be ignored. Multivariate 
analysis also confirmed this assumption, presenting chronic 
RAAS blocker usage as an independent predictor of CIN develop-
ment. The second main finding was Mehran score which was the 
only other independent predictor of CIN even in our low-risk study 
population. Mehran risk score is an important parameter which 
can predict the risk of CIN in patients with elective coronary pro-
cedures and also with acute coronary syndromes. Recently it has 
been shown that Mehran risk score was also successful in pre-
dicting long-term major adverse cardiac event and mortality in 
acute myocardial infarction patients treated with percutaneous 
coronary intervention (13).

In our study, mean creatinine of all study population was 
0.98±0.31 (0.50-2.38) mg/dL which indicates a relatively good 
baseline kidney function compared to the other similar studies 
in literature. The mean eGFR of the total study population was 
87.0±35.1 mL/min and the percentage of the patients whose 
eGFR below 60 was only 25.8%. Average Mehran score of our 
group was also relatively low. These findings were related to our 
inclusion criteria as we had excluded the patients with unstable 
clinical conditions. As a result, we can say that, our study group 
consisted of low risk, stable patients with nearly normal renal 
functions who underwent elective intervention. In daily clinical 
practice, vast majority of patients who underwent coronary 
angiography are similar to our study population. As mentioned 
previously, reports regarding the effects of RAAS blockers on 
CIN development are mostly focused on patients with mild to 
moderate renal impairment. At this point this study is the first 
showing the effects of chronic RAAS blocker usage on CIN 
development in patients with normal renal functions.

Controversial results for relation of ACEI, ARB and CIN were 
reported in literature. Some studies reported RAAS blockers 
were preventive for CIN (6, 7). A study by Gupta et al. (7) in India 
randomized patients to captopril 25 mg TID for three days (start-
ing 1 h prior to contrast administration) and found a 79 % risk 
reduction in developing CIN compared to controls who received 
no therapy. It has been speculated that ACEIs may confer pro-
tection against CIN by counteracting afferent arteriolar vaso-
constriction and subsequent medullary ischemia caused by 
angiotensin II activation after contrast administration. On the 
contrary, the vast majority of the studies reported that RAAS 
blocker cause deterioration of renal functions. In a recent study 
Hölscher et al. (14) prospectively assess predictors of CIN and 
long-term outcomes of affected patients. Utilizing the data from 
the 412 patients studied in the Dialysis-Versus-Diuresis (DVD) 
trial, post-procedural hemodialysis, left ventricular ejection 
fraction <35%, serum phosphate, and ACEI use were found to be 
independently associated with increased incidence of CIN. ACEI 

Variables	 CIN (+)	 CIN (-)	 *p
	 (n=42)	 (n=253)	

Age, years	 68.8±10.0	 63.0±12.9	 0.006

Hypertension, %	 76.2 	 58.1 	 <0.001

Mehran score	 7.0 (0-16)	 4.0 (0-14)	 <0.001

eGFR (baseline), mL/min	 70.1±27.2	 89.8±35.5	 0.001

Creatinine (baseline), mg/dL	 0.9 (0.5-2.38)	 1.0 (0.57-2.30)	 0.013
Variables are  presented as mean±SD and as percentage
*t-test for independent samples, Mann-Whitney U test and Chi-square test
CIN - contrast-induced nephropathy, eGFR - estimated glomerular filtration rate

Table 2. Clinical variables in patients with and without CIN

Variables	 Odds Ratio	 95% CI	 p 

Age	 0.993	 0.947-1.042	 0.78

eGFR (baseline)	 0.994	 0.974-1.015	 0.58

Cre (baseline)	 1.433	 0.344-5.966	 0.62

Hypertension 	 0.898	 0.373-2.164	 0.81

Mehran score	 1.15	 1.019-1.310	 0.02

RAAS blocker	 2.69	 1.025-7.067	 0.04
Cre - creatinine, CI - confidence interval, eGFR - estimated glomerular filtration rate, 
RAAS - renin angiotensin aldosterone system

Table 3. Independent predictors of CIN according to binary logistic 
regression analyses

Figure 1. Comparison of CIN percentage between groups
Chi-square test
*p=0.04 for No RAAS and ARB groups, p=0.02 for No RAAS and RAAS (ACEI+ARB) groups, 
p=0.06 for No RAAS and ACEI groups
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intake was associated with a six-fold increase in the incidence 
of CIN post-procedure (OR 6.16, 95% CI 2.01-18.93) (14). ACE 
inhibitors prevent the conversion of angiotensin I-II, thus releas-
ing the vasoconstriction of the efferent glomerular arterioles, 
with a subsequent decrease in the glomerular hydrostatic pres-
sure. With a lower glomerular hydrostatic pressure, there is less 
glomerular filtration (15). It has been suggested that this decrease 
in eGFR may predispose to the development of CIN in patients 
taking ACEI and ARB (4, 5). Most of the studies investigated the 
effect of continuation or acute withdrawing of RAAS blockers. 
Rosenstock et al. (16) investigated the patients with chronic kid-
ney disease (Stage 3-4) who are on chronic ACEI-ARB therapy 
(16). They continued or discontinued the drug 24 h before coro-
nary angiography. Additionally, they had a no RAAS blocker group. 
The authors found no statistically significant differences between 
the groups in the incidence of CIN: continuation group 6.2%, dis-
continuation group 3.7%, and no RAAS blocker group 6.3% 
(p=.66). Rosenstock et al. (16) concluded that ACEIs do not 
increase the incidence of CIN. They recommended not withhold-
ing ACEIs prior to contrast exposure. However a recent report 
from Mayo clinic suggests withdrawal of RAAS blocker usage 
24-48 hour before elective interventions, relying on their own 
clinical experience and also an earlier literature data (17, 18). 
Chronic ACEI administration was investigated by Cirit et al. (5). 
They found that chronic ACEI administration was a risk indicator 
of CIN. CIN occurred in 17 patients in the ACEI group and 7 
patients in the control group (15.6% vs. 5.8%, p=0.015). In this 
study, the study population was also consisted of patients with 
mild to moderate renal insufficiency. Recently a review has been 
published by Patel et al. (19). This review focused on the role of 
ACEIs in CIN. In this review, the results of 5 randomized clinical 
trials and 678 patient were analyzed. Based on these data they 
concluded that there is no definite correlation between ACEIs 
and the occurrence of CIN in the cardiac catheterization labora-
tory and withholding ACEIs prior to catheterization does not 
probably decrease the incidence of CIN and is not recommend-
ed. They also stated that starting ACEIs before the procedure for 
the sole purpose of lowering the risk of CIN cannot be recom-
mended based on the current evidence (19).

The presence of different conclusions can result from sig-
nificant differences in methodology, study populations, interven-
tions. The possible consideration of potential factors contribut-
ing to ACE inhibitors in prevention of contrast-induced nephrop-
athy included baseline Cre levels, volume of contrast media, age, 
diabetes mellitus, dose, and the structure of ACEIs. Besides, the 
definition of contrast-induced nephropathy was also variable 
among the studies.

Renin-angiotensin-aldosterone system blockers constitute a 
major treatment modality for cardiovascular and renal diseases, 
and the use of ACEIs is very common among patients undergo-
ing coronary angiography. Currently, it is not known whether 
withholding ACEIs before angiography is a potential preventive 

measure for CIN. However chronic usage of RAAS blockers 
seems to be a risk factor for CIN development. Previously this 
was proven in patients with mild to moderate renal insufficiency. 
In this study, it is shown that chronic RAAS blocker usage is also 
a risk factor for CIN development in patients with near normal 
renal functions. This study is also the important in regard of 
results related to ARB. Angiotensin receptor blockers were 
found to increase the CIN development significantly. This asso-
ciation was even stronger in ARB group compared to ACEI 
group. In a recent study, impact of ACEI and ARB on the fre-
quency of CIN was evaluated through a post hoc analysis from 
the DVD trial (20). This study showed that patients receiving 
ACEI or ARB while undergoing cardiac catheterization signifi-
cantly more often developed CIN within 72 h after coronary 
procedure. However, in this study, patients receiving ACEI or 
ARB were not evaluated separately. Moreover only 12% of the 
patients with RAAS treatment, were ARB users, that the impact 
of ARB on CIN development was not analyzed in a separate 
manner. 

Study limitations
Our study has some limitations. First of all, it has a single-

center design that the results could better be generalized if they 
will be repeated in other future trials. Second, the dose and the 
structure of the ACEI and ARB were not homogeneous among 
the groups. Although we had data about the structure of the 
drugs, we did not further analyze as the patient numbers in sub-
groups would be too small for interpreting the data.

Conclusion

The results of the present study show that in patients with near 
normal renal functions who are undergoing elective coronary pro-
cedure, chronic use of ACEI and ARB increase the risk of CIN. In 
daily practice, considering this finding could be particularly impor-
tant in the pre-procedural risk assessment of the patients.

Conflict of interest: None declared.

Peer-review: Externally peer-reviewed.

Authorship contributions: Concept - N.B.; Design - N.B., E.Ö.; 
Supervision - S.G., N.B.; Resource - S.G., N.B., E.Ö., B.A.; Materials 
- N.B.D., H.K.; Data Collection&/or Processing - N.B.D, H.K., S.G.; 
Analysis&/or Interpretation - N.B., B.A.; Literature Search - N.B., 
E.Ö.; Writing - N.B., E.Ö.; Critical Reviews - S.G., B.A.

References

1.	 Pucelikova T, Dangas G, Mehran R. Contrast-induced nephropathy. 
Catheter Cardiovasc Interv 2008; 71: 62-72. [CrossRef]

2.	 Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, Best PJ, et al. Incidence 
and prognostic importance of acute renal failure after percutaneous 
coronary intervention. Circulation 2002; 105: 2259-64. [CrossRef]

Barış et al.
Contrast-induced nephropathy and RAAS inhibition

Anadolu Kardiyol Derg 
2013; 13: 245-50 249

http://dx.doi.org/10.1002/ccd.21207
http://dx.doi.org/10.1161/01.CIR.0000016043.87291.33


3.	 McCullough PA, Wolyn R, Rocher LL, Levin RN, O’Neill WW. Acute 
renal failure after coronary intervention: incidence, risk factors, 
and relationship to mortality. Am J Med 1997; 103: 368-75. [CrossRef]

4.	 Toprak O, Cirit M, Bayata S, Yeşil M, Aslan SL. The effect of pre-
procedural captopril on contrast-induced nephropathy in patients 
who underwent coronary angiography. Anadolu Kardiyol Derg 
2003; 3: 98-103.

5.	 Cirit M, Toprak O, Yeşil M, Bayata S, Postacı N, Pupim L, et al. 
Angiotensin-converting enzyme inhibitors as a risk factor for contrast-
induced nephropathy. Nephron Clin Pract 2006; 104: 20-7. [CrossRef]

6.	 Komenda P, Zalunardo N, Burnett S, Love J, Buller C, Taylor P, et al. 
Conservative outpatient renoprotective protocol in patients with 
low GFR undergoing contrast angiography: a case series. Clin Exp 
Nephrol 2007; 11: 209-13. [CrossRef]

7.	 Gupta RK, Kapoor A, Tewari S, Sinha N, Sharma RK. Captopril for 
prevention of contrast-induced nephropathy in diabetic patients; a 
randomized study. Indian Heart J 1999; 51: 521-6. 

8.	 Dangas G, Iakovou I, Nikolsky E, Aymong ED, Mintz GS, Kipshidze 
NN, et al. Contrast-induced nephropathy after percutaneous 
coronary interventions in relation to chronic kidney disease and 
hemodynamic variables. Am J Cardiol 2005; 95: 13-9. [CrossRef]

9.	 Gault MH, Longerich LL, Harnett JD, Wesolowski C. Predicting 
glomerular function from adjusted serum creatinine. Nephron 1992; 
62: 249-56. [CrossRef]

10.	 Mehran R, Aymong ED, Nikolsky E, Lasic Z, Iakovou I, Fahy M, et al. 
A simple risk score for prediction of contrast induced nephropathy 
after coronary intervention: development and initial validation. J 
Am Coll Cardiol 2004; 44: 1393-9. [CrossRef]

11.	 Özcan EE, Güneri S, Akdeniz B, Akyıldız IZ, Şenaslan O, Barış N, et 
al. Sodium bicarbonate, N-acetylcysteine, and saline for prevention 
of radiocontrast-induced nephropathy. A comparison of 3 regimens 
for protecting contrast-induced nephropathy in patients undergoing 
coronary procedures. A single-center prospective controlled trial. 
Am Heart J 2007; 154: 539-44. [CrossRef]

12.	 The ad-hoc working group of ERBP: Fliser D, Laville M, Covic A, 
Fouque D, Vanholder R, Juillard L, et al. A European Renal Best 
Practice (ERBP) position statement on the Kidney Disease 
Improving Global Outcomes (KDIGO) Clinical Practice Guidelines 
on Acute Kidney Injury: Part 1: definitions, conservative 

management and contrast-induced nephropathy. Nephrol Dial 
Transplant 2012; 27: 4263-72. 

13.	 Wi J, Ko YG, Shin DH, Kim JS, Kim BK, Choi D, et al. Prediction of 
contrast-induced nephropathy with persistent renal dysfunction 
and adverse long-term outcomes in patients with acute myocardial 
infarction using the mehran risk score. Clin Cardiol 2012 Oct 1. doi: 
10.1002/clc.22060. [CrossRef]

14.	 Hölscher B, Heitmeyer C, Fobker M, Breithardt G, Schaefer RM, 
Reinecke H. Predictors for contrast-induced nephropathy and 
longterm survival: prospectively assessed data from the Dialysis-
Versus- Diuresis (DVD) trial. Can J Cardiol 2008; 24: 845-50. [CrossRef]

15.	 Schoolwerth AC, Sica DA, Ballermann BJ, Wilcox CS. Renal 
considerations in angiotensin-converting enzyme inhibitor therapy: 
a statement for healthcare professionals from the Council on the 
Kidney in Cardiovascular Disease and the Council for High Blood 
Pressure Research of the American Heart Association. Circulation 
2001; 104: 1985-91. [CrossRef]

16.	 Rosenstock JL, Bruno R, Kim JK, Lubarsky L, Schaller R, 
Panagopoulos G, et al. The effect of withdrawal of ACE inhibitors or 
angiotensin receptor blockers prior to coronary angiography on the 
incidence of contrast-induced nephropathy. Int Urol Nephrol 2008; 
40: 749-55. [CrossRef]

17.	 Onuigbo MAC, Onuigbo NTC. Does renin-angiotensin aldosterone 
system blockade exacerbate contrast-ınduced nephropathy in 
patients with chronic kidney disease? A prospective 50-month 
Mayo Clinic study. Renal Failure 2008; 30: 67-72. [CrossRef]

18.	 Louis BM, Hoch BS, Hernandez C, Namboodiri N, Neiderman G, 
Nissenbaum A, et al. Protection from the nephrotoxicity of contrast 
dye. Renal Failure 1996; 18: 639-46. [CrossRef]

19.	 Patel K, King CA, Jovin IS. Angiotensin-converting enzyme 
inhibitors and their effects on contrast-induced nephropathy after 
cardiac catheterization or percutaneous coronary intervention. 
Cardiovasc Revasc Med 2011; 12: 90-3. [CrossRef]

20.	 Kiski D, Stepper W, Brand E, Breithardt G, Reinecke H. Impact of 
renin-angiotensin-aldosterone blockade by angiotensin-converting 
enzyme inhibitors or AT-1 blockers on frequency of contrast 
medium-induced nephropathy: a post-hoc analysis from the 
Dialysis-Versus-Diuresis (DVD) trial. Nephrol Dial Transplant 2010; 
25: 759-64.  [CrossRef]

Barış et al.
Contrast-induced nephropathy and RAAS inhibition

Anadolu Kardiyol Derg 
2013; 13: 245-50250

http://dx.doi.org/10.1016/S0002-9343%2897%2900150-2
http://dx.doi.org/10.1159/000093255
http://dx.doi.org/10.1007/s10157-007-0480-9
http://dx.doi.org/10.1016/j.amjcard.2004.08.056
http://dx.doi.org/10.1159/000187054
http://dx.doi.org/10.1016/S0735-1097%2804%2901445-7
http://dx.doi.org/10.1016/j.ahj.2007.05.012
http://dx.doi.org/10.1002/clc.22060
http://dx.doi.org/10.1016/S0828-282X%2808%2970193-4
http://dx.doi.org/10.1161/hc4101.096153
http://dx.doi.org/10.1007/s11255-008-9368-1
http://dx.doi.org/10.1080/08860220701742153
http://dx.doi.org/10.3109/08860229609047689
http://dx.doi.org/10.1016/j.carrev.2010.01.002
http://dx.doi.org/10.1093/ndt/gfp582


Evaluation of right ventricular functions in patients with nasal 
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ABSTRACT
Objective: The aim of this study was to assess the right ventricular functions in patients with nasal polyposis using the strain (S) and strain rate 
(SR) echocardiography. 
Methods: A prospective, cross-sectional observational study was performed. The study included 40 patients with nasal polyposis (NP) (Group 
1), and 25 healthy controls (Group 2). The study comprised patients with Stage 2 and Stage 3 nasal obstruction and no symptoms that could be 
associated with right ventricular heart failure. Longitudinal peak systolic strain (PSS) and peak systolic strain rate (PSSR) were measured from 
the basal-mid and apical segments of the right ventricle free wall. Student’s t-test, Pearson’s correlation analysis and Bland-Altman test were 
used for statistical analysis.
Results: Pulmonary arterial systolic pressure was significantly higher in group 1 than group 2 (31.2±5.8, 19.7±4.3, respectively, p<0.001). PSS and 
PSSR values at the basal, mid and apical segments of the right ventricular lateral wall of the group I were significantly lower compared to the 
control group (p<0.001, p=0.002 and p=0.002 for PSS, p=0.003, p<0.001 and p<0.001 for PSSR, respectively). The comparison of Stage 2 and Stage 
3 NP patients revealed a significant difference only in the SR measurement of the right ventricular mid segment (p=0.002). There was a signifi-
cant correlation between the systolic pulmonary arterial pressure (sPAP) and right ventricular S and SR values (p<0.001). 
Conclusion: In this study, S/SR echocardiography showed a subclinical deficit of the right ventricular longitudinal functions in patients with NP 
who are considered to have normal right ventricular functions. (Anadolu Kardiyol Derg 2013; 13: 251-6)
Key words: Nasal polyposis, right ventricular functions, strain/strain rate
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ÖZET
Amaç: Bu çalışmada amaç nazal polipozisi olan hastalarda sağ ventrikül fonksiyonlarını gerilme/gerilme hızı ekokardiyografi metodları ile değer-
lendirmektir. 
Yöntemler: Çalışma enine kesitli gözlemsel prospektif olarak planlandı. Çalışmaya nazal polipozisli (NP) 40 hasta (Grup 1) ve sağlıklı 25 kontrol 
grubu (Grup 2) birey alındı. Hasta grubu nazal obstrüksiyonun seviyesi evre 2 ve evre 3 olan ve sağ kalp yetersizliğine bağlı olabilecek herhangi 
bir semptomu olmayan hastalardan oluşturuldu. Sağ ventrikül serbest duvarının bazal-mid ve apikal segmentlerinden longitüdinal pik sistolik 
strain (PSS) ve pik sistolik strain rate (PSSR) değerleri ölçüldü. İstatistiksel analizde Student-t test, Pearson korelasyon analizi ve Bland-Altman 
testi kullanıldı.
Bulgular: Pulmoner arter sistolik basınç Grup 1’de oldukça anlamlı düzeyde daha yüksek bulundu (31.2±5.8, 19.7±4.3, p<0.001). PSS ve PSSR 
değerleri NP grubunda sağ ventrikül lateral duvarının bazal, mid ve apikal tüm segmentlerinde kontrol grubuna göre oldukça anlamlı derecede 
düşük bulundu (PSS için sırasıyla; p<0.001, p=0.002 ve p=0.002, PSSR için sırasıyla; p=0.003, p<0.001 and p<0.001). Evre 2 ve evre 3 NP’li hastalar 
kendi aralarında karşılaştırıldığında ise; yalnızca sağ ventrikül mid-segmenti SR değerinde anlamlı farklılık gözlendi (p=0.02). Sistolik pulmoner 
arteriyal basınç (sPAP) yüksekliği ile sağ ventrikül S ve SR değerleri arasında oldukça anlamlı düzeyde bir korelasyon olduğu görüldü.
Sonuç: Çalışmamız, sağ ventrikül (SV) fonksiyonları normal olarak kabul edilen NP’li hastalarda S/SR ekokardiyografi ile SV longitüdinal fonksi-
yonlarında subklinik düzeyde bozulma olduğunu göstermiştir. (Anadolu Kardiyol Derg 2013; 13: 251-6)
Anahtar kelimeler: Nazal polipozis, sağ ventrikül fonksiyonları, gerilme/gerilme hızı 



Introduction

Nasal polyposis (NP) is a chronic inflammatory disorder of 
nasal and sinus mucosa with prominent nature of eosinophilia. 
This chronic inflammation results in a mass formation originating 
from mucosa of the sinus and prolapsing mostly through the lumen 
at the nasal mucosal surface (1). These mass formations leading 
to nasal obstruction are responsible from the clinical picture. This 
obstruction may also result in pulmonary hypertension (PH) and 
cor pulmonale (2). Nasopharyngeal muscles relax during sleep in 
patients with nasal obstruction. This relaxation increases the 
upper airway resistance during inspiration, leads to paralaryngeal 
collapse and hypoventilation, which end up with hypoxia and 
hypercapnia (3, 4). Chronic hypoxia and hypercapnia cause pul-
monary arterial vasoconstriction and PH. If left untreated, this 
condition may lead to overloading, hypertrophy and dilatation of 
the right ventricle due to already increased pulmonary vascular 
resistance and pulmonary arterial pressure, which consequently 
causes right ventricular (RV) insufficiency and death (5, 6). Thus, 
early detection and treatment of myocardial disease are essential 
in such patients to prevent cardiopulmonary complications. 

Tissue Doppler Imaging (TDI) is a technique, which is based 
on the demonstration of the movement of myocardial tissue with 
the low-frequency and high amplitude by filtering the move-
ments of blood components with high-frequency (7). Strain (S) 
and strain rate (SR) echocardiography, which have been derived 
from myocardial colored TDI technique are clinically significant 
parameters and measure the global and regional myocardial 
functions rapidly and accurately (8). Studies on S/SR echocar-
diography techniques to investigate the RV functions have 
shown that these imaging techniques are convenient and effec-
tive in displaying the RV functions (9). They have suggested that 
S/SR echocardiography detects patients who are missed with 
conventional echocardiography, at an early subclinical stage. 

We thought that, because of the hypoxia, hypoventilation 
and hypercapnia, right ventricular functions in patients with 
nasal polyposis could be affected in myocardial tissue level. To 
our knowledge, this hypothesis has not been confirmed before 
in the literature.

The aim of this study was to assess the right ventricular 
functions using S/SR echocardiography parameters in patients 
with nasal obstruction due to NP for at least one year. 

Methods

Study design
A cross-sectional prospective observational trial was per-

formed at Department of Ear, Nose and Throat, in Atatürk 
University, School of Medicine, Erzurum, Turkey between June 
2009 and July 2010.

Patient selection
Consecutive 40 patients (Group 1) who presented with diag-

nosis of NP and 25 healthy controls (Group 2) were enrolled in 

the study. The patients younger than 18 years and older than 45 
years, those with a nasal pathology obstructing the nasal pas-
sage, diabetes mellitus, hypertension, chronic obstructive lung 
disease, asthma and known coronary artery disease were 
excluded. Age-and gender-matched controls were recruited 
from among healthy patients attending the same hospital during 
the same study period.

Informed consent was received from all patients. The study 
protocol was approved by the Ethics Committee Atatürk 
University School of Medicine, Erzurum, Turkey. 

Endoscopic examination
Nasal obstruction and NP diagnosis were based on history, 

symptoms, anterior rhinoscopy findings and endoscopic exami-
nation. NP was staged according to endoscopic findings (10) 
such as Stage 0: No polyps, Stage 1: Mild polyposis, Stage 2: 
Intermediate polyposis, and Stage 3: Severe polyposis. 

For endoscopic examination, 4 mm rigid 0 and 30-degree 
endoscope (Karl-Storz® GmBH&Co. Tuttlingen, Germany) were 
used. The study group comprised patients with Stage 2 or 3 
nasal obstructions and without any symptoms that could be 
attributed to right heart failure. 

Echocardiography
Echocardiographic measurements of the patients were done 

in the left lateral position with Vingmed ultrasound system 
(Vingmed System 7, General Electric, Horten, Norway) using a 2.5 
MHz transducer, under single lead electrocardiography monitor-
ization. The measurements were performed, independently, by 
two cardiologists unaware of the groups. Parasternal long axis 
and apical four chamber images were recorded according to the 
recommendations of the American Society for Echocardiography. 
Parasternal long axis images were used for left ventricular end-
diastolic diameter (LVED), left ventricular end systolic diameter 
(LVES) and left atrial diameter (LA) measurements. Following this 
left ventricular ejection fraction (LVEF) was calculated using the 
Teicholz method. Right atrial (RA) and right ventricular diastolic 
(RV) diameters were measured based on apical four chamber 
images (11). Systolic pulmonary arterial pressure (sPAP) was cal-
culated with the simplified Bernoulli equation, by adding the right 
atrial pressure value (10 mmHg) to the value calculated using the 
tricuspid flow velocity, considering the diameter of vena cava 
inferior and the level of its collapse resultant from respiration. In 
the apical four -chamber imaging, pulse wave Doppler sampling 
volume was placed on the interception point of the right ventricle 
lateral wall with the tricuspid annulus and the peak systolic myo-
cardial velocity (Sm), diastolic early (Em) and late (Am) wave-
lengths were recorded (Fig. 1).

Strain/Strain rate imaging
First, the RV free wall was visualized parallel to the trans-

ducer in 2-dimensional imaging and the tissue velocity imaging 
(TVI) function frame rate was considered >100/s. Images were 
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obtained with the minimum possible angle and maximum frame 
rate, only including the RV free wall. Images including three 
consecutive sinus beats at end of the expiratory stage were 
digitally recorded. The colored Doppler myocardial images were 
analyzed offline using software (EchoPC, GE Vingmed, Horten, 
Norway). Longitudinal peak systolic strain (PSS) (Fig. 2) and 
peak systolic strain rate (PSSR) (Fig. 3) were measured at the RV 
free wall basal-mid and apical segments (12). Distance between 
the two measured points was chosen as 10 mm. Three segments 
were analyzed for each individual in both groups. Measurements 
were performed two times on separate days, and average values ​​
were taken. Weak images and segments with an angular differ-
ence >30 degrees were excluded from the study.

Statistical analyses
Data were analyzed with SPSS 11.0 (Statistical Package for 

Social Sciences, SPSS Inc., Chicago, IL, USA). The Kolmogorov-
Smirnov test was used to evaluate whether the variables were 
normally distributed. The continuous variables were expressed 
as mean±standard deviation; categorical data were expressed 
as percent (%). Student’s t-test was used to compare paramet-
ric variables between the patient and control groups, Chi-square 
test - categorical variables, and Pearson’s correlation analysis 
was used to assess the correlation between pulmonary arterial 
systolic pressure and S and SR parameters. Inter-observer and 
intra-observer agreements were assessed by Bland-Altman 
analysis. A p value <0.05 was considered statistically significant.

Results

Age, gender, body mass index (BMI), and systolic and dia-
stolic blood pressures were similar in both groups. In echocar-
diographic examination, LVED dimension, interventricular sep-
tum (IVS) thickness, LA, RA and RV diameters were similar in 
both groups. LVEF displayed no difference between the two 
groups whereas LVED dimension was significantly higher in 
Group 1 than Group 2; on the other hand, PAPs was significantly 
higher in Group 1 (p<0.001). The demographic and echocardio-
graphic data for groups were listed in Table 1. TDI findings from 
the right ventricular lateral wall tricuspid annulus revealed that 
Sm, Em and Am velocities were similar in both groups (Table 2).

Assessment of strain rate and strain values
PSS and PSSR values from the RV lateral wall basal, mid and api-

cal segments were significantly lower in the NP group compared to 
the control group. The total rate of segments that could not be exam-
ined in patient and control groups was 3% for S and 7% for SR. 
Moreover, intra-observer and inter-observer variables were computed 
5% and 7.2%, respectively. PSS and PSSR values for all segments and 
their statistical comparisons were demonstrated in Table 3.

Comparison of Stage 2 and Stage 3 NP patients revealed that 
only the SR value for the RV mid-segment was significantly dif-
ferent (p=0.02); other segments did not show a significant differ-
ence in S and SR values (Table 4). 

Pulmonary arterial pressure level was inversely correlated 
with RV S and SR values in all segments (Table 5).

Discussion
 
This study showed a subclinical level of impairment on right 

ventricular functions with S/SR echocardiographic methods in 
patients with NP. 

Cardiovascular complications of NP are attributed to the 
chronic upper airway obstruction. Chronic alveolar hypoxia may 
lead to hypoxemic pulmonary vasoconstriction within time, 
which may result in hypertension and right ventricular heart 
failure (6, 13, 14). Chronic upper airway obstruction will increase 
the pressure load of the right ventricle and this in turn will lead 
to hypertrophy and subendocardial ischemia by increasing the 
RV wall tension, which eventually ends up with RV dysfunction 
(15). Pulmonary hypertension may not be an early sign. Fuster et 
al. (16) reported that the mean time from initial symptoms to 
diagnosis was 1.9 years in patients with PH. Thus, early diagno-
sis is of utmost importance in such patients.

Variables	 Group 1 (n=40)	 Group 2 (n=25)	 *p

Age, years	 36±9	 38±6	 0.41

Gender, M/F	 25/15	 16/9	 0.91

BMI, kg/m2	 25.29±2.4	 24.75±2.0	 0.35

SBP, mmHg	 116±12.9	 112.6±11.2	 0.28

DBP, mmHg	 74.0±7.5	 70.8±7.7	 0.10

LVDD, mm	 46.6±3.9	 44.0±4.1	 0.01

LVSD, mm	 30.2±3.1	 28.8±3.5	 0.09

IVS, mm	 9.43±1.4	 9.40±1.3	 0.94

LVEF, %	 63.2±4.0	 64.3±4.6	 0.28

LA, mm	 34.4±2.7	 33.0±2.9	 0.09

RA, mm	 34.5±4.0	 34.8±2.9	 0.78

RV, mm	 34.6±4.6	 35.0±2.7	 0.71

sPAP, mmHg	 31.2±5.8	 19.7±4.3	 <0.001
Results are shown as mean±standard deviation and numbers
*Unpaired Students` t-test and Chi-square test
BMI - body mass index, DBP - diastolic blood pressure, F - female,, IVS - interventricular sep-
tum, LA - left atrium, LVDD - left ventricular diastolic diameter, LVEF - left ventricular ejection 
fraction, LVSD - left ventricular systolic diameter, M - male, RA - right atrium, RV - right ventri-
cle, SBP - systolic blood pressure, sPAP - systolic pulmonary artery pressure

Table 1. Demographic and echocardiographic data of nasal polyposis 
patients and control subjects

Variables	 Group 1 (n=40)	 Group 2 (n=25)	 *p

Sm, cm/s	 13.1±1.6	 13.2±1.6	 0.98

Em, cm/s	 12.9±3.4	 13.1±3.0	 0.77

Am, cm/s	 12.3±2.5	 13.2±2.1	 0.05
Results are shown as mean±standard deviation
*Unpaired Students` t- test 
Am - late diastolic myocardial velocity, Em - early diastolic myocardial velocity, RV - right ven-
tricular, Sm - systolic myocardial velocity

Table 2. Tissue Doppler findings of the RV lateral wall tricuspid annulus
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Echocardiography is the method of choice to assess RV func-
tions in daily practice. Studies assessing RV functions have shown 
that the TDI technique is practical and handy, and has potential 
value (17, 18). However, TDI has some limitations such as the nega-
tive effect on velocity of the increasing distance between the heart 
and the probe due to the elongation of the myocardium, transfer of 
active and passive deformation in neighboring segments and res-
piration (8). S and SR techniques have been developed from tissue 
Doppler velocities to overcome those problems. Recent studies 
have suggested that S/SR echocardiography methods are superior 
to tissue Doppler velocities in assessing myocardial functions (19-
21). The assessment of RV longitudinal functions in our study 
revealed that while the Sm, Em and Am values did not display a 
significant difference between the patient and the control groups 
in the tissue Doppler arm, S/SR parameters revealed that the RV 
functions were significantly decreased in the patient group com-
pared to the control patients. 

Although the PAPs values of the patients were intermedi-
ately increased (31.2±5.8) in our study group, they had no symp-
tom attributable to RV insufficiency. Moreover, RA and RV diam-
eters were within normal range in conventional echocardiogra-
phy (34.6±4.6 mm and 34.5±4.0 mm respectively). Our patient and 

Pulmonary arterial pressure	 *R	 *p

Basal RV PSS	 -0.55	 <0.001

Mid RV PSS	 -0.45	 <0.001

Apical RV PSS	 -0.40	 0.001

Basal RV PSSR	 -0.49	 <0.001

Mid RV PSSR	 -0.55	 <0.001

Apical RV PSSR	 -0.49	 <0.001
*Pearson’s correlation analysis
PSS - peak systolic strain, PSSR - peak systolic strain rate, RV - right ventricle

Table 5. Correlation between pulmonary arterial pressure and right 
ventricular lateral wall peak systolic strain and peak systolic strain rate

	 Peak systolic strain (%)	 Peak systolic strain rate (/s)

	 Group 1 	 Group 2	 *p	 Group 1	 Group 2	 *p
	 (n=40)	  (n=25)		   (n=40)	  (n=25)	

Basal	 -19.6±3.0	 -22.9±2.60	 <0.001	 -2.16±0.32	 -2.44±0.40	 0.003

Mid	 -22.0±2.90	 -24.2±2.30	 0.002	 -2.12±0.33	 -2.44±0.35	 <0.001

Apical 	 -20.7±3.50	 -23.4±2.80	 0.002	 -2.11±0.38	 -2.51±0.32	 <0.001
Results are shown as mean±standard deviation
*Unpaired Students` t-test 

Table 3. Peak systolic strain and strain rate values of the right ventricu-
lar lateral wall 

	 Peak systolic strain (%)	 Peak systolic strain rate (/s)

	 Stage 2	 *p 	 Stage 3	 *p
	 (n=25)		  (n=15)

Basal	 -20.4±3.90	 -18.9±2.0	 0.12	 -2.26±0.36	 -2.09±0.27	 0.1

Mid	 -22.8±2.90	 -21.3±2.70	 0.1	 -2.25±0.33	 -2.09±0.27	 0.019

Apical 	 -21.0±3.20	 -20.4±3.80	 0.58	 -2.16±0.42	 -2.07±0.36	 0.46
Results are shown as mean±standard deviation
*Unpaired Students` t-test 

Table 4. Peak systolic strain and strain rate values of the right ventricu-
lar lateral wall in Stage 2 and Stage 3 nasal polyposis patients

Figure 1. Tissue Doppler imaging of the right ventricular lateral wall tri-
cuspid annulus in a patient with nasal polyposis
Am - late diastolic myocardial velocity. Em - early diastolic myocardial velocity, Sm - systolic 
myocardial velocity

Figure 2. Peak systolic strain (PSS) measurement of the right ventricular 
lateral wall mid segment in a patient with nasal polyposis

Figure 3. Peak systolic strain rate (PSSR) measurement of the right ven-
tricular lateral wall mid segment in a patient with nasal polyposis
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control groups had similar clinical and conventional echocardio-
graphic findings. However, examination with S/SR echocardiog-
raphy revealed a subclinical dysfunction in the patient group. 
Moreover, there was a significant negative correlation between 
the PAPs and S/SR values in the RV basal-mid and apical seg-
ments. In other words, S/SR values decreased as the PAPs 
increased. Early detection of such findings may be fundamental 
for the treatment of patients with NP. 

Studies about the value of S/SR echocardiography tech-
niques to assess RV functions have reported that these methods 
are practical and effective to show RV functions. Vitarelli et al. 
(22) categorized patients with obstructive lung disease and PH 
according to their PAPs values as Group 1 (<35 mmHg) and 
Group 2 (>35 mmHg) and compared them with healthy controls. 
They found that the decrease in RV S/SR values were correlated 
with the extent of PAPs and pulmonary function test results and 
they suggested that S/SR values might be clinical prognostic 
markers of RV insufficiency. Lopez-Candales et al. (23) reported 
that the RV longitudinal free wall S values were significantly 
decreased in patients with a high mean pulmonary arterial pres-
sure (78±24 mmHg) compared to healthy individuals. A review by 
Gondi et al. (9) on the clinical usefulness of RV TDI suggested 
that all data obtained by comparing various patient populations 
revealed that TDI was an acceptable, reproducible and practical 
additional echocardiographic parameter in assessing RV sys-
tolic and diastolic functions. However, they suggested that such 
patients had subclinical conditions that could not be detected 
with conventional echocardiography. 

Study limitations 
Similar to previous studies, the major limitation in our study 

was angle dependence and artifacts. The angle difference 
increases from the basis to the apical part of the heart. The 
amount of deformation increases when the angle difference 
exceeds 30 degrees. We took care to keep the tissue direction 
less than 30 degrees and parallel to ultrasound waves. Besides, 
we tried to keep the frame rates high to decrease the margin of 
error. Lack of magnetic resonance imaging and/or invasive tech-
niques, which are considered the gold standard in the assess-
ment of RV functions, is another major limitation. However, 
studies have shown that S/SR parameters correlate well with 
invasive hemodynamic parameters. Other limitation is relatively 
small number of patients included in this study.

Conclusion

The results of our study suggest that NP patients who are 
clinically asymptomatic and have normal RV functions with con-
ventional echocardiography have subclinical RV longitudinal 
dysfunction with S/SR echocardiography. S/SR echocardiogra-
phy may be used as a reliable determinant of RV systolic func-
tions in patients with no right heart failure findings. 
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ABSTRACT
Mitral stenosis (MS) is a common disease that causes substantial morbidity. Timely recognition and treatment of the mitral stenotic lesion is 
very important. Stress echocardiography plays an important role in evaluating asymptomatic patients with significant mitral stenosis and symp-
tomatic patients with only mild disease at rest. In patients with mitral stenosis, stress echocardiography protocols assess for the change in the 
mean transmitral pressure gradient and a peak pulmonary artery systolic pressure during exercise. In this review, clinical use of stress echo-
cardiography in patients with mitral stenosis is summarized. (Anadolu Kardiyol Derg 2013; 13: 257-60)
Key words: Mitral stenosis, stress echocardiography, exercise test, dipyridamole, dobutamine, pulmonary artery systolic pressure
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ÖZET
Mitral darlığı önemli morbiditeye neden olan bir hastalıktır. Mitral darlığının zamanında tanınması ve tedavi edilmesi önemlidir. Stres ekokardi-
yografi ileri düzeyde mitral darlığı olan semptomsuz ve orta düzeyde mitral darlığı olup semptomlu olan hastaların değerlendirilmesinde önemli 
rol oynar. Stres ekokardiyografi protokolü ile ortalama mitral kapak gradyanı ve pulmoner arter sistolik basıncında egzersiz ile oluşan değişiklik 
saptanır. Bu derlemede, mitral darlığı olan hastalarda stres ekokardiyografinin yeri özetlenmiştir. (Anadolu Kardiyol Derg 2013; 13: 257-60)
Anahtar kelimeler: Mitral darlık, stres ekokardiyografi, egzersiz testi, dipiridamol, dobutamin, pulmoner arter sistolik basıncı 

Introduction

Several diseases have been accepted as pathological 
causes for mitral valve stenosis (MS), especially rheumatic val-
vular disease is still a prevalent in underdeveloped and develop-
ing countries (1). The main features are leaflet thickening, nodu-
larity, and commissural fusion, all of which result in narrowing of 
the valve to the shape of a fish mouth. The leaflets might be 
calcified. Chordal fusion and shortening adds a further resis-
tance to blood flow (2). Timely recognition and treatment of the 
underlying mitral stenotic lesion can prevent development of 
irreversible pulmonary hypertension, ventricular dysfunction 
and other complications (3). Patient management involves moni-
toring for clinical symptoms or functional deterioration assessed 

by echocardiography and Doppler examination. While resting 
values of mitral gradients and pulmonary arterial pressures do 
not always reflect the severity of the disease, stress echocar-
diography may provide the necessary clues to determine the 
clinical and hemodynamic impact of MS (4). 

This review evaluates whether the use of stress echocar-
diography to assess disease severity and to determine the opti-
mal time for either surgical or percutaneous intervention of 
mitral stenosis.

Clinical importance
Stress echocardıography plays very ımportant role in evalu-

ating patients with mitral stenosis. Hence, guidelines of both the 
American College of Cardiology/American Heart Association 



(ACC/AHA) and European Society of Cardiology (ESC) have 
placed emphasis on the role of exercise testing to provide 
objective evidence of exercise capacity, symptom status and 
echocardiographic parameter (1, 5). Advances in diagnosis and 
risk stratification, progress in percutaneous balloon valvulo-
plasty, surgical options including closed or open valvotomy and 
valve replacement have led to improved outcomes of patients 
with valvular heart disease in the past 5 decades (1). The most 
important indication for intervention in patients with significant 
valve disease (mitral valve area <1.5 cm2) is the development of 
symptoms, as emphasized in recent ACC/AHA and ESC guide-
lines (1, 5). Although Doppler echocardiographic examination at 
rest is now the preferred imaging modality for the evaluation of 
patients with cardiac valvular disease, the current ACC/AHA 
guidelines have given a class I recommendation for stress echo-
cardiography in patients with mitral stenosis and discordance 
between symptoms and stenosis severity (1).

 
Stress echocardiography
Stress echocardiography for mitral valve disease is per-

formed via both exercise and pharmacologic protocols. The 
measurement of pulmonary artery pressures and mean transmi-
tral pressure gradient during stress echocardiography can help 
to distinguish those who could benefit from valvuloplasty or 
valve replacement from those who should be maintained on 
medical therapy (6-8). 

 
General test protocol
Stress echocardiography for mitral stenosis is performed 

with either exercise or pharmacologic stress. Exercise echocar-
diography is usually preferred over pharmacological stress 
because it provides information about exertional symptoms and 
blood pressure response (6). 

Exercise test: Exercise echocardiography is often used to 
assess functional capacity and the hemodynamic response in 
patients with mitral stenosis (9). Exercise echocardiography can 
be performed using either a treadmill or a bicycle protocol. 
Treadmill exercise can be performed with Bruce or modified 
Bruce protocols, and bicycle exercise echocardiography is per-
formed during either an upright or a recumbent posture. 
Workload is gradually increased until the patient achieves target 
heart rate or develops symptoms of fatigue or shortness of 
breath. Images were obtained at baseline during rest and imme-
diately after discontinuation of exercise. The most important 
advantage of bicycle exercise is the chance to obtain images 
during the various levels of exercise. When a treadmill test is 
performed, scanning during exercise is not feasible, most proto-
cols rely on immediate post exercise imaging. Therefore, the 
patient is moved immediately from the treadmill to an imaging 
bed and that imaging may be completed within 1-2 min (9). The 
advantage of treadmill exercise echocardiography is that it is the 
most commonly practiced protocol, and patients usually achieve 
higher workloads in exercise (10). On the other hand, the disad-

vantage is that the data acquisition is restricted to images at 
baseline and post-maximal exercise, and rapid position changes 
after exercise are required. The collection of echocardiographic 
data should be performed within the 1-2 minutes of the maximal 
exercise. The advantage of bicycle exercise echocardiography is 
the chance to obtain images during the various level of exercise, 
but elderly patients may not exercise well in this position (9).

Dobutamine: If pharmacologic stress is necessary, the stan-
dard dobutamine protocol using continuous intravenous infusion 
is used (3, 11, 12). Dobutamine echocardiography was performed 
using three-min stages and starting at 5 mcg/kg/minute, followed 
by 10, 20, 30, and 40 µg/kg per min. Atropine (total dose ≤2 mg) 
was administered at the start of the 40 µg/kg per min stage if 
needed to augment heart rate (9). 

Dobutamine stress echocardiography is a good alternative if 
the patient cannot exercise (6). 

Dipyridamole: The standard dipyridamole protocol consists 
of an intravenous infusion of 0.84 mg/kg over 10 min, in two 
separate infusions. If no endpoint is reached, atropine is added. 
Aminophylline (240 mg iv) should be available for immediate use 
in case an adverse dipyridamole-related event occurs (9).

Adenosine: Adenosine can be used, infused at a maximum 
dose of 140 µg/kg/min over 6 min (9).

Pacing: Pacing is started at 100bpm and increased every 2 
min by 10 bpm until the target heart rate is achieved or until other 
standard endpoints are reached (9).

Accordingly, we can identify two groups of patients whose 
symptoms do not correlate with the resting mitral valve area and 
gradient. The first group, who lead a sedentary life style and do 
not complain of symptoms, but have significant mitral stenosis. 
The second group, whose severe symptomatology appears to be 
out of proportion to their resting mitral valve area (>1.5 cm2). An 
increase in the mitral valve area without significant changes in 
the transmitral gradient and pulmonary artery pressure during 
exercise will point less severe disease in second group from the 
first group (3).

The threshold values proposed by the ACC/AHA guidelines 
for consideration for intervention are a mean transmitral pres-
sure gradient >15 mmHg or a peak pulmonary artery systolic 
pressure >60 mmHg during stress. In patients with pulmonary 
artery pressures or valve gradients above these values, percuta-
neous balloon valvotomy or surgical intervention is recom-
mended, even for patients with apparently moderate mitral ste-
nosis at rest (1, 9). 

In patients who have predominantly mitral stenosis peak 
exercise pulmonary artery systolic pressure is inversely related 
to exercise capacity (13). The transmitral mean pressure gradi-
ent commonly increases during exercise, regardless of the 
severity of stenosis, in accordance with exercise duration and 
exercise induced changes in cardiac output (7, 12). Symptoms 
like dyspnea and fatigue that most of these patients developed 
during the test can be attributed to the elevated left atrial pres-
sure caused by flow- dependent increases in gradients across 
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the stenotic mitral valve. Tunick et al. (4) have shown that 
patients with mitral stenosis who were limited by dyspnea 
developed a greater increase in pulmonary artery pressure dur-
ing stress testing than those who were limited by fatigue. In 
addition, Brochet et al. (14) investigated the role of values 
recorded during the first stage of exercise Doppler echocardiog-
raphy in asymptomatic patients. Mitral stenosis severity and rest 
and peak systolic pulmonary artery pressures were not different 
between patients who did and did not develop dyspnea. 
Progressions of mean gradient and relative peak systolic pulmo-
nary artery pressure (sPAP) (ratio of sPAP/baseline sPAP) were 
significantly greater in patients who developed dyspnea com-
pared with those who did not, whereas no difference was 
observed for absolute systolic pulmonary artery pressure pro-
gression. Onset of dyspnea was associated with a high increase 
of relative peak systolic pulmonary artery pressure, but not with 
the 60 mmHg peak systolic pulmonary artery pressure threshold. 
Grimaldi et al. (8) reported, predictors of adaptation to exercise 
were age, mean pulmonary gradient and systolic pulmonary 
pressure, according to multivariate analysis, best predictor was 
resting mean pressure gradient.

Previous studies of MS have reported an association 
between the echocardiographic findings and functional class 
and increase in plasma levels of N-terminal pro-brain natriuretic 
peptide (NT pro-BNP) (15). Tanboğa et al. (16) showed BNP level 
and sPAP better correlated with mitral valve (MV) resistance 
than mitral valve area (MVA) and mean MV gradient. Uçar et al. 
(17) found elevated plasma BNP levels in pure MS in sinus 
rhythm and plasma BNP levels correlated with disease severity, 
such as transmitral gradient, sPAP, functional capacity, left ven-
tricular end -systolic diameter.

In a recent study by our group, we investigated whether 
elevated NT pro-BNP predicts pulmonary artery systolic pres-
sure increase on exercise stress echocardiography in asymp-
tomatic or mildly symptomatic patients with moderate to severe 
mitral stenosis. We demonstrated, NT pro-BNP levels correlate 
with functional class and echocardiographic findings in patients 
with mitral stenosis and indicate exercise induced augmenta-
tion of peak pulmonary artery systolic pressure >60 mmHg (18). 
Exercise echocardiographic methods have certain limitations 
the results may be affected by the person who performs the 
echocardiography, this point that the measurement of NT pro-
BNP appears to be the method to be employed in the assess-
ment of the severity of MS, for its features as shortness, simplic-
ity, objectivity, and being noninvasive. Results of these studies 
suggest that natriuretic peptide testing may be an addition to the 
information obtained by echocardiography in the assessment of 
MS in clinical practice.

New stress echocardiographic techniques
3D echocardiography
3D echocardiography enables visualization from both left ven-

tricular and left atrial side perspectives. Evaluation of the mitral 
apparatus using 3D echocardiography is most useful defining the 

extent and location of pathology, severity of valvular dysfunction. 
Three -dimensional stress echocardiography has been performed 
with exercise, dobutamine and dipyridamole. Multislice views from 
3D echocardiography stress studies should be interpreted in a simi-
lar 2D stress studies evaluating stress-induced wall motion and 
thickening abnormalities (19, 20).

2D Strain echocardiography
Tissue Doppler imaging and derived strain and strain rate 

measurement have offered alternatives for quantification of 
regional contraction at rest or during stress. Strain, describes 
myocardial deformation, that is, the fractional change in the 
myocardial segment. Strain rate, is the rate of change in strain 
and usually expressed as 1/sec or sec-1. These techniques pro-
vide incremental information in clinical settings. For both tech-
niques, the accuracy of measurement, however, depends on 
image quality and the accuracy of tracking. In expert hands, 
strain and strain rate parameters can improve accuracy and 
prognostic value of stress test echocardiogram (21). 

Future clinical trials, especially in mitral stenosis patients, 
needs include standardization and acquisition.

Conclusion

The role of stress echocardiography in assessing mitral ste-
nosis is evolving. In mitral stenosis a patient whose symptom 
complex is discordant to resting hemodynamic data, stress 
echocardiography has been successful in clarifying the extent of 
valvular involvement. Together with exercise capacity and symp-
tomatic responses to exercise, it provides the clinician with 
diagnostic and prognostic information that can contribute to 
subsequent clinical decisions. Furthermore, with a better under-
standing of its utility, there is an expected increase in the use of 
exercise echocardiography to help management decisions in 
patients with mitral stenosis.

All of the above-mentioned considerations clinical trials 
should be designed and developed on the basis of a thorough 
knowledge of physio-pathological, prognostic, and technical 
characteristics of stress echo-Doppler techniques and parame-
ters, choosing the most performable and reproducible.  
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Address for Correspondence/Yaz›şma Adresi: Dr. Cihan Şengül, Koşuyolu Mahallesi Huzur Apt. 158 Kadıköy, İstanbul-Türkiye
  Phone: +90 505 335 05 96   Fax: +90 212 615 38 49  E-mail: drcsengul@yahoo.com   

Accepted Date/Kabul Tarihi: 19.09.2012   Available Online Date/Çevrimiçi Yayın Tarihi: 06.02.2013
©Telif Hakk› 2013 AVES Yay›nc›l›k Ltd. Şti. - Makale metnine www.anakarder.com web sayfas›ndan ulaş›labilir.

©Copyright 2013 by AVES Yay›nc›l›k Ltd. - Available online at www.anakarder.com
doi:10.5152/akd.2013.075

Cihan Şengül, Olcay Özveren1

Division of Cardiology, Gaziosmanpaşa Hospital, İstanbul-Turkey 
1Department of Cardiology, Faculty of Medicine, Yeditepe University, İstanbul-Turkey 

ABSTRACT
Visceral fat tissue is an important predictor of cardio-metabolic diseases, carrying more risk than general fat accumulation. Epicardial fat, a 
particular form of visceral fat deposited around the heart, is considered an important cardiovascular risk predictor, in view of producing and 
releasing several adipo-cytokines. There is growing evidence about the physiological and metabolic importance of epicardial fat. Epicardial fat 
thickness and volume have both strong correlation between obesity, impaired fasting glucose, insulin resistance, metabolic syndrome, hyper-
tension, diabetes mellitus, and atherosclerosis. Epicardial fat can be assessed by transthoracic echocardiography, cardiac magnetic resonance 
imaging, and computed tomography. In this article, we reviewed the anatomy, physiology, function, and the methods of assessment of epicar-
dial fat tissue. We also have tried to discuss its relationship to metabolic syndrome and coronary atherosclerosis in the lights of recent findings. 
(Anadolu Kardiyol Derg 2013; 13: 261-5)
Key words: Epicardial fat, visceral fat, cardiac imaging, cardiometabolic risk
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ÖZET
Kardiyo-metabolik hastalıkların önemli bir belirteci olan visseral yağ dokusu genel yağ birikiminden daha fazla risk oluşturmaktadır.  Visseral 
yağın kalp etrafında depolanan özel bir şekli olan epikardiyal yağ, çok sayıda adipo-sitokin üretme ve salma yeteneği sayesinde önemli bir 
kardiyovasküler risk belirteci olarak düşünülmektedir. Epikardiyal yağın fizyolojik ve metabolik önemine dair artan deliller mevcuttur. Epikardiyal 
yağ kalınlığı ve hacminin her ikisinin de obezite, bozulmuş glikoz intoleransı, metabolik sendrom, hipertansiyon, diyabet ve ateroskleroz ile güçlü 
korelasyonları mevcuttur. Epikardiyal yağ transtorasik ekokardiyografi, kardiyak manyetik rezonans ve bilgisaarlı tomografi ile değerlendirilebilir. 
Bu yazıda epikardiyal yağ dokusunun anatomisini, fizyolojisini, fonksiyonunu ve değerlendirme metotlarını gözden geçirdik. Aynı zamanda meta-
bolik sendrom ve koroner ateroskleroz ile ilişkisini son bilgiler ışığında tartışmaya çalıştık. (Anadolu Kardiyol Derg 2013; 13: 261-5)
Anahtar kelimeler: Epikardiyal yağ, visseral yağ, kardiyak görüntüleme, kardiyometabolik risk

Introduction

Anatomy and physiology of EAT 
Cardiac fat tissue resides in three locations: epicardium, 

pericardium, and intracellular fat. Epicardial adipose tissue 
(EAT) is present on the surface of the heart between the myo-
cardium and visceral pericardium and covers more than three 
quarters of the surface of the heart (1). EAT is concentrated in 
the atrioventricular and interventricular grooves, along the 

major branches of the coronary arteries, around the atria, over 
the free wall of the right ventricle (RV) and over the apex of the 
left ventricle (LV) (2) in the normal adult population. EAT is sup-
plied by side-branches of the coronary arteries similar to the 
microcirculation of the myocardium. Therefore, EAT can locally 
modulate both myocardium and coronary arteries (3, 4). There 
are sufficient data suggesting that there are differences between 
EAT and other visceral adipose tissue of the body. Microscopically 
EAT is composed of adipocytes which are smaller than those in 
cutaneous and other visceral fat depots, and inflammatory, stro-



movascular and immune cells (5), but interestingly the number of 
adipocytes per gram of tissue is greatest in EAT. As fatty acid 
synthesis is greater in EAT, the rate of fatty acid breakdown is 
significantly higher than other fat depots of the body. 

Both adipocytes and tissue macrophages have secretory 
properties in EAT and they are capable of producing adipokines 
and cytokines as in omental and mesenteric visceral adipose 
tissue. These adipokines and cytokines influence the myocardi-
um and coronary arteries via two mechanisms (i.e. paracrine 
and vasocrine). Paracrine release of cytokines from EAT can 
traverse the coronary wall by diffusion from outside-to-inside 
and interact with cells in each layers of the vessel wall (6). On 
the other hand, in vasocrine signaling adipokines and free fatty 
acids might be released from EAT directly into vasa vasorum 
and be transported downstream into the coronary wall (7). Both 
of these mechanisms may be associated with atherogenesis. 

Another function of EAT is the maintenance of fatty acid 
homeostasis. It may buffer the heart against excessively high cir-
culating levels of fatty acids by its ability to rapidly take up and 
incorporate fatty acids. Furthermore, this fat depot serves as a 
local energy source for cardiac muscle in times of high demand (8). 
EAT might function similar to brown fat in order to defend the myo-
cardium and coronary arteries against hypothermia (9). Finally, it is 
also proposed to buffer the coronary artery against the torsion 
induced by the arterial pulse wave and cardiac contraction (10). 

EAT has cardioprotective properties through local secretion 
of anti-inflammatory and anti-atherogenic adipokines such as 
adiponectin and adrenomedullin. Recently, Iacobellis et al. (11) 
have demonstrated that chronic coronary artery disease (CAD) 
down regulated these adipokines. The Framingham offspring 
cohort revealed that EAT is greater in men than in women (12). 
However, some of echocardiographic studies disagree with the 
findings of Framingham cohort (13). There is also controversy 
whether age influences the amount of EAT. Smith et al. (14) dem-
onstrated that there was no relationship between age and EAT 
in their autopsy study. Echocardiographic examination measur-
ing the thickness of the EAT has supported their findings in a 
small subgroup (15). The Framingham offspring cohort demon-
strated significant correlation between age and EAT (12).

Imaging techniques 
Epicardial adipose tissue can easily be measured by transtho-

racic 2D-echocardiography. Echocardiograms can be obtained 
during cardiac cycles as the subject is the left lateral decubitus 
position. The investigators usually choose to measure epicardial 
fat on the free wall of the RV since it is accessible from both para-
sternal long and short axis views and includes the highest abso-
lute epicardial fat layer thickness. Echo free space can be mea-
sured with optimal cursor orientation in each view. Iacobellis et al. 
(16) reported maximum EAT values at any site over the free wall of 
the RV is 1.8- 16.5 mm in healthy subjects. Echocardiographic 
epicardial fat thickness (EFT) reflects visceral adiposity rather 
than general obesity. Although Abbara et al. (17) demonstrated 

that echocardiography cannot give adequate window of all car-
diac segments especially in obese subjects and is highly depen-
dent on acoustic windows, the study demonstrated a good repro-
ducibility with a coefficient of variation between two echocar-
diographers of only 3%. Echocardiography calculation of EFT on 
the free wall of the RV is in good reliability with EAT measure-
ments with MRI (r=0.91, p=0.001) (16). EAT measurement with 
echocardiography in both clinical and research scenarios have 
several advantages, including its low cost, easy accessibility, 
rapid applicability and good reproducibility (18). Quantification of 
EAT with multislice computed tomography (CT) scanning can also 
easily be obtained. Measurement of the EAT volume on CT is usu-
ally performed by tracing the regions of interest on short axis 
views (19). EAT volume is obtained by adding up the traced areas 
which are measured from the apex of the heart to the center of the 
left atrium taking into account of the slice thickness. Automated 
computer assisted methods for quantification can also be used. In 
general, multidetector CT measurements of volumetric EAT are 
considered more reproducible than multidetector CT measure-
ments of EAT. However, EAT is easier to perform and less time-
consuming compared to the work for measurements of volumet-
ric EAT; and therefore more suitable for research purposes. CT 
imaging of EAT can be done with high spatial resolution and ath-
erosclerotic burden can also be measured in the same session. 
Disadvantages of CT are radiation exposition and high costs, 
which make it less practical for routine use.

MRI allows an accurate but more expensive and cumber-
some measurement of EAT. Maximum EFT at the right ventricular 
free wall can be measured in different views: in a transversal 
4-chamber view and in consecutive short-axis views covering 
the whole ventricle. In addition, mean EFT can be calculated by 
averaging results from the long-axis and short-axis measure-
ments. MRI also allows quantitative assessment of the amount 
of EAT at the end diastole in the short-axis views covering the 
entire left and right ventricle by using the modified Simpson’s 
rule with integration over the image slices (20). 

Cardiometabolic risk and EAT

Metabolic syndrome
Metabolic syndrome (MS) is a cluster of several cardiovas-

cular risk factors, which are found to be associated with two 
fold increase in risk of cardiovascular disease (CVD), mortality 
and stroke, and a 1.5-fold increase in risk of all-cause mortality 
(21). Insulin resistance and central obesity are the key compo-
nents of MS, leading to glucose intolerance and dyslipidemia. The 
identification of predictors for premature atherosclerosis is cru-
cial because subclinical atherosclerosis develops years before 
the clinical manifestations of CVD. EAT in MS influences on oxida-
tive stress, endothelial dysfunction and vascular remodeling by 
adipokines. Recent findings suggest that EAT as a kind of visceral 
adipose tissue is associated with various components of meta-
bolic syndrome as well as MS itself (22). Gorter et al. (19) docu-
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mented in a CT study that patients with high body mass index (>27 
kg/m2) have more EAT volume than those with a BMI <27 kg/m2. 
Both MRI and echocardiographic studies support that EAT strong-
ly and independently reflect intra-abdominal visceral fat (18-20). 

Interestingly epicardial fat decreases after a very low calorie 
diet (6-month long weight loss program mean 20 kg by adhering 
to 900 kcal/day), bariatric surgery induced weight loss (average 
weight loss of 40 kg), or moderate aerobic exercise (23). The 
decrease in epicardial fat during weight loss is quicker and 
larger than the decrease in common indices of body fatness. This 
might be used for therapeutic target during weight-loss interven-
tions including exercise or pharmaceutical treatments (24). 

Glucose metabolism contributes to the development of ath-
erosclerosis and relationship of EAT with it has been recently 
addressed. There is a strong correlation exists between fasting 
plasma glucose and EAT measured with echocardiography and 
CT (22). Recent studies demonstrated that both glucose trans-
porter -4 and retinol binding protein levels affect local unfavor-
able glucose profile in EAT (25). Additionally, the relationship 
between epicardial fat and plasma insulin and mRNA expres-
sion of resistin which is a molecule linked with insulin resistance 
has been documented (16). Therefore, EAT seems to contribute 
to the development of insulin resistance. Iacobellis et al. (26) 
showed that cut-off value of EFT was 9.5 mm when insulin resis-
tance was considered separately. In this study, highest values of 
EFT were found in patients with extremely high intra-abdominal 
fat and insulin resistance. In a recent study, an association has 
been found with the EAT volume and presence and extent of 
CAD in diabetic or non-diabetic patients (27).

Excess visceral fat is associated with increased blood pres-
sure presumably through the renin-angiotensin system. The 
association of epicardial fat with hypertension has been demon-
strated in some recent studies (28). We have demonstrated that 
EAT quantity increases in the non-hypertensive healthy patients 
with exaggerated blood pressure response to exercise stress 
testing. All these individuals were in risk for future hypertension 
(29). Echocardiographic EFT was found to be increased in 
untreated hypertensive patients with non-dipper blood pressure 
pattern (30). Increased EFT is also associated with changes in LV 
and RV mass and diastolic function (31). LV hypertrophy is 
related to a proportionate increase in EAT independent from 
obesity and age. Mechanical and biomolecular mechanisms 
could explain these associations (32).

Atherosclerosis
An increase of the quantity of EAT is associated with inci-

dent CAD and with major adverse cardiac events (33). 
Associations are independent from body mass index and other 
traditional risk factors. EAT is actually one of the factors contrib-
uting to CAD compared with other visceral adipose tissue (34). 
A recent meta-analysis of 2872 patients, Xu et al. (35) concluded 
that EFT and EAT volume are significantly increased in the CAD 
group compared to the non-CAD group. Patients in the higher 

EAT tertile (≥100 mL) were more likely to have CAD compared 
with those in the lower EAT tertile (<100 mL) (risk ratio 0.69, 95% 
CI: 0.52, 0.92, p=0.01). The authors pointed that patients with 
coronary plaque had increased EAT volume compared with 
patients without coronary plaque. Another study demonstrated 
that EAT had significant correlation between both non-stenotic 
lesions and non-calcified plaque. Higher EAT volume was found 
in patients with noncalcified plaques than in patients with calci-
fied plaques (36). This may be relevant for the development of 
acute coronary syndromes as non-calcified parts of a plaque 
contribute to plaque vulnerability (37). Furthermore, EAT volume 
is a strong and independent determinant of the presence of total 
coronary occlusions (38). EAT might affect the coronary micro-
vascular function. Sade et al. (39) found that EFT was an inde-
pendent predictor of diminished coronary flow reserve in 
women with angiographically normal coronary arteries.

EAT might also be used for screening the patients with inter-
mediate risk of CAD. Bachar et al. (40) noted a strong positive 
correlation between EFT and coronary atherosclerosis quanti-
fied by the CT calcium score in 190 asymptomatic subjects with 
>1 cardiovascular risk factors. Therefore, EFT with low dose or 
without injection of contrast medium may be used as a coronary 
risk screening examination (40). A recent study has demon-
strated an independent relationship between EFT and arterial 
stiffness, suggesting that echocardiographic EFT measurement 
could be an easy-to-measure tool for early detection of sub-
clinical target organ damage (41).

EAT mediates the inflammatory process within the athero-
sclerotic plaque (42). The paracrine or vasocrine secretion of 
epicardial inflammatory adipokines, such as tumor necrosis fac-
tor alpha, plasminogen activator inhibitor-1, interleukin-6, inter-
leukin -1b, monocyte chemo-attractant protein-1, and resistin 
contribute to the metabolic and inflammatory milieu that pro-
motes atherogenesis (43). Whether the atherogenic effect of 
EAT occurs through vasocrine or paracrine pathway is unknown. 
Two longitudinal studies have reported results that supported 
the hypothesis of ‘outside to inside signaling’ as a cause of ath-
erosclerosis. Oxidative stress also plays a role in the develop-
ment of atherosclerosis. EAT exhibits higher reactive oxygen 
species and includes lower catalase activities compared with 
subcutaneous fat tissue (44). However, the relation of epicardial 
fat and oxidative stress is more complex and involves other 
cytokines and vasoactive factors such as leptin and angiotensin 
II (36). Besides, all these other inflammatory mediators and sol-
uble intercellular adhesion molecules participate in several 
stages of the atherosclerotic process including chemotaxis, 
smooth-muscle cell proliferation, foam-cell development and 
migration, and plaque destabilization (45).

EAT may contribute to atherosclerosis not only through the 
secretion of bioactive molecules but also through specific 
mechanical effects. For instance, atherosclerotic plaque in cor-
onary arteries leads to an asymmetric expansion of the vessel 
wall named positive remodeling (46). Because of its intrinsic 
compressibility, epicardial fat has been suggested to play a per-
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missive role in vessel expansion. Coronary lesions, which are 
surrounded by the epicardial fat undergo expansion more easily 
than those lesions surrounded by the myocardium since the 
myocardium is relatively incompressible. This hypothesis is 
demonstrated in postmortem studies as well as in studies using 
CT by absence of atherosclerosis in coronary artery segments 
with myocardial bridges (47). 

Conclusion

EAT is a unique fat depot in the body in terms of the size of its 
adipocytes, biochemical composition, and metabolic activity. EAT 
has significantly higher rates of lipolysis and lipogenesis com-
pared to other visceral fat depots. Given its anatomical proximity 
to the heart, it interacts locally with the coronary arteries and the 
myocardium through paracrine or vasocrine pathways. EAT has 
strong correlation with visceral obesity, MS, diabetes mellitus, 
and CVD. It can be easily detected and measured by imaging 
modalities such as echo, CT and MRI. Understanding the role of 
epicardial fat in atherosclerosis is still unclear. Future clinical and 
experimental studies should aim to elucidate the function of epi-
cardial fat in different physiological conditions. 
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ÖZET
Kalp yetersizliği, tedavide sağlanan tüm gelişmelere karşın halen önemli bir halk sağlığı problemi olmayı sürdürmektedir. Kalp yetersizliği ile 
daha etkin mücadele edilebilmesi için pek çok alanda yeni tedavi stratejileri geliştirilmekte ve test edilmektedir. Klinik çalışmalarda etkinliği 
kanıtlanan tedavi stratejileri ise klinik uygulamaya girmektedir. Bu yazıda kalp yetersizliği tedavisinde klinik uygulamaya eklenen son tedavi 
stratejileri özetlenecek ve halen araştırma safhasında olan klinik uygulamaya girmeye aday stratejilere göz atılacaktır.  
(Anadolu Kardiyol Derg 2013; 13: 266-74)
Anahtar kelimeler: Kalp yetersizliği, klinik çalışma, kılavuzlar

ABSTRACT
Heart failure is still an important public health problem despite important advances regarding its treatment. Several new treatment strategies 
are being investigated in order to contend with this disease. Strategies proved to be safe and effective in clinical trials are being adapted to 
clinical practice. In this review, we will first focus on most recent treatment strategies that are recommended to be used in clinical practice 
and then try to mention novel strategies which are still being explored in preclinical studies.    
(Anadolu Kardiyol Derg 2013; 13: 266-74)
Key words: Heart failure, clinical trials, guidelines

Giriş

Kalp yetersizliği, tedavide elde edilen önemli gelişmelere 
karşın yüksek mortalite ve morbidite nedeni olan bir halk sağlığı 
problemi olmayı sürdürmektedir. ‘Heart Failure Prevalence and 
Predictors in Turkey (HAPPY)’ çalışması verilerine göre ülkemiz-
deki erişkin kalp yetersizliği ve asemptomatik sol ventrikül dis-
fonksiyonu prevelanslarının mutlak değerleri sırasıyla %2.9 ve 
%4.8; tahmini değerleri ise sırasıyla %6.9 ve %7.9’dur (1). Klinik 
çalışmalarda, kalp yetersizliği olan hastalarda mortalitenin yıllık 
%8-12 arasında olduğu bildirilmiştir (2). Günümüzde kalp yeter-
sizliği tedavisinde öncelikle ilaç dışı uygun tedavi stratejileri (tuz 
kısıtlaması, egzersiz, alkolün kesilmesi) ve farmakolojik tedavi 

uygulanmaktadır. Son yıllarda intrakardiyak defibrilatör (IKD) ve/
veya kardiyak resenkronizasyon tedavisi (KRT) gibi cihaz tedavi-
leri ile mortalite ve morbiditede ek kazanımlar sağlanmıştır. Son 
evre hastalarda ventriküler yardımcı cihazlar (‘asist device’) ve 
kardiyak transplantasyon da kullanılabilinecek tedavi seçenek-
leri arasındadır. 

Kalp yetersizliği ile mücadelenin daha etkin sürdürülebilmesi 
için pek çok araştırma yapılmakta, yeni tedavi stratejileri ve farma-
kolojik ajanlar test edilmektedir. Kontrollü, randomize klinik çalış-
malarda etkinliği ispatlanan tedavi yöntemleri günlük kullanıma 
girmekte ve düzenli aralıklarla kılavuzlar yenilenmektedir. 

Bu yazıda son çalışmalar ve kılavuzlar ışığında kalp yetersiz-
liği tedavisindeki yenilikler ve gelecekte uygulanması öngörülen 
tedavi stratejileri özetlenmiştir. 



Kalp yetersizliği tanısında yenilikler

Natriüretik peptidler 
Avrupa Kardiyoloji Cemiyeti (AKC) 2008 yılı kılavuzunda 

serum ‘beyin natriüretik peptid (BNP)’ değerinin 100 pg/mL ve 
serum ‘N-Terminal-proBNP (NT-proBNP)’ değerinin 400 pg/mL 
değerinin altında olduğu olgularda kalp yetersizliği tanısının 
yüksek olasılıkla dışlanabileceği belirtilmiştir (3). Aynı kılavuzda 
serum BNP değerinin 400 pg/mL ve serum NT-proBNP değerinin 
2000 pg/mL değerinin üzerinde olduğu olgularda ise kalp yeter-
sizliği tanısının yüksek olasılıkla konulabileceği söylenmiştir.

Avrupa Kardiyoloji Cemiyeti (AKC) 2012 yılı kılavuzunda ise 
serum BNP ve NT-proBNP ölçümlerinin özellikle kalp yetersizliği 
tanısının dışlanmasında kullanılması önerilmiştir (4). Bununla 
birlikte kalp yetersizliği tanısının dışlanmasında kullanılması 
önerilen serum BNP ve NT-proBNP eşik değerlerinde değişiklik-
ler yapılmıştır. Buna göre akut semptomlarla başvuran hastalar-
da BNP için tanıyı dışlayıcı eşik değeri 100 pg/mL, NT-proBNP 
için ise 300 pg/mL kabul edilmiştir. Akut semptomlarla başvurma-
yan olgular için ise tanıyı dışlayıcı eşik değerleri BNP için 35 pg/
mL, NT-proBNP için ise 125 pg/mL olarak belirtilmiştir. 2008 
yılındaki kılavuzun aksine BNP ve NT-proBNP için tanısal eşik 
değer belirtilmemiştir. 

Yakın zamanda yapılmış geniş çaplı randomize klinik çalışma-
larda kalp yetersizliğinde kullanılan ilaç tedavisinin serum natri-
üretik peptid seviyesine göre titre edilmesi stratejisi, standart 
stratejiyle karşılaştırılmıştır. Yakın zamanda yayımlanan meta-
analizlerde, düşük ejeksiyon fraksiyonlu (EF) kalp yetersizliği 
hastalarında tedavinin natriüretik peptid düzeyine göre titre 
edilmesi ile tüm nedenlere bağlı mortalitede önemli azalma sağ-
landığı ancak tüm nedenlere bağlı hastaneye yatış oranlarında 
değişiklik olmadığı bildirilmiştir (5). Bu bilgiler ışığında natriüretik 
peptid rehberliğinde tedavi titrasyonunun yalnızca standart teda-
vi ile yeteri kadar yanıt alınamamış sol ventrikül sistolik disfonk-
siyonu olan kalp yetersizliği hastalarına sınırlandırılması öneril-
mektedir (5). 

Kalp yetersizliğinde non-farmakolojik 
tedavide yenilikler

Fiziksel aktivite ve rehabilitasyon
Pek çok sistemik derleme ve küçük çalışmaların meta analiz-

lerinde düzenli fizik egzersiz ile kalp yetersizliği hastalarında 
fiziksel kondisyonda iyileşme sağlandığı, semptomlarda ve nöro-
hormonal anormalliklerde düzelme izlendiği, hastaneye yatış 
oranlarında ise azalma gözlendiği bildirilmiştir (4). 

Yakın zamanlarda yayımlanan ve konu ile ilgili tek geniş çaplı 
randomize çalışma olan ‘Heart Failure. A Controlled Trial 
Investigating Outcomes of Exercise Training (HF- ACTION)’ 
çalışmasında aerobik egzersizin EF değeri %35’in altında olan 
kalp yetersizliği hastalarında yaşam kalitesini arttırdığı görül-
müştür (6). Çok değişkenli analizde düzenli egzersizin tüm 

nedenlere bağlı mortalite ve tüm nedenlere bağlı hastaneye 
yatış oranlarını içeren klinik sonlanım noktalarında anlamlı 
düzelme sağladığı saptanmıştır.

Bu sonuçlar ışığında sistolik kalp yetersizliği hastalarına özel 
fizik tedavi programları önerilmektedir. Buna karşın çalışmalarda 
yeteri kadar temsil edilmedikleri için yaşlı kalp yetersizliği popü-
lasyonunda fizik aktivitenin etkileri net değildir. Benzer şekilde 
sol ventrikül sistolik fonksiyonları korunmuş kalp yetersizliği 
hastalarında da konu ile ilgili belirsizlik devam etmektedir (5). 

Kalp yetersizliğinde farmakolojik tedavide 
yenilikler

Anjiyotensin II reseptör blokerleri
Anjiyotensin II reseptör blokerleri (ARB), anjiyotensin dönüş-

türücü enzim (ADE) inhibitörlerini tolere edemeyen hastalarda 
alternatif ilaç olarak kullanılabilirler. Önceki AKC kılavuzunda 
ADE inhibitörü ve beta-blokeri içeren optimal tedaviye rağmen 
semptomatik olan EF değeri %40’ın altındaki kalp yetersizliği 
hastalarında tedaviye ARB eklenmesi önerilmiştir (3). Buna kar-
şın son AKC kılavuzunda bu hastalarda tedaviye ARB eklenmesi, 
mortalite yararı olmadığı gerekçesi ile artık önerilmemektedir (4). 

‘Heart Failure Endpoint Evaluation of Angiotensin II 
Antagonist Losartan (HEAAL)’ çalışmasında ADE inhibitörünü 
tolere edemeyen sistolik kalp yetersizliği hastalarında 150 mg 
dozunda uygulanan losartan tedavisinin 50 mg’a göre mortaliteyi 
ve hastaneye başvuru oranlarını azaltmada daha üstün olduğu 
gösterilmiştir (7). Bu gözlem kalp yetersizliği hastalarında renin 
anjyotensin sisteminin maksimum dozlarda bloke edilmesinin 
önemini göstermektedir. 

Aldosteron antagonistleri
Önceki kılavuzlarda ‘The Randomized Aldactone Evaluation 

Study (RALES)’ çalışması ışığında optimal tedavi altında ‘New 
York Kalp Cemiyeti Sınıflamasına (NYHA)’ göre sınıf 3 ve 4 semp-
tomları olan kalp yetersizliği hastalarına spiranolakton eklenme-
si önerilmiştir (3, 8). 

Aldosteron antagonistlerinin “remodelling” üzerine etkisini 
araştırmak icin düzenlenen ‘Eplerenone Post-Acute Myocardial 
Infarction Heart Failure Efficacy and Survival Study (EPHESUS)’ 
çalışmasında selektif bir aldosteron antagonisti olan eplereno-
nun miyokart enfarktüsü sonrası diyabetik hastalarda veya sol 
ventrikül disfonksiyonu gelişen hastalarda (EF ≤%40) etkileri 
araştırılmıştır (9). Eplerenon tedavisi alan grupta 16 aylık takip 
sonunda %15 mortalite azalması bildirilmiştir. Kalp yetersizliğine 
bağlı hospitalizasyonda da %15’lik azalma saptanmıştır (9).

Yakın zamanda yayımlanan ‘Eplerenone in Mild Patients 
Hospitalization and Survival Study in Heart Failure (EMPHASIS-
HF)’ çalışmasında mineralokortikoid antagonistlerinin sol ventri-
kül sistolik disfonksiyonu olup optimal tedavi altında sınıf 2 
semptomları olan hastalarda mortalite ve morbidite üzerine 
etkileri araştırılmıştır (10). Bu hastalarda eplerenon tedavisi ile 
kardiyovasküler ölüm ve kalp yetersizliğine bağlı hospitalizasyon 
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için %37’lik relatif risk azalması sağlandığı görülmüştür. Bu çalış-
ma ışığında son AKC kılavuzunda ADE inhibitörü (veya ARB) ve 
beta bloker tedavi altında semptomları devam eden tüm sistolik 
kalp yetersizliği hastalarına, kontrendikasyon yoksa mineralo-
kortikoid reseptör antagonisti başlanması önerilmiştir (4). 

Ivabradin
Ivabradin sinüs nodunda If kanallarını bloke eden bir ilaçtır. 

Bu ilacın bilinen tek farmakolojik etkisi sinüs ritmindeki hastalar-
da kalp hızının azaltılmasıdır (AF hastalarında ventrikül hızını 
azaltmazlar) (4). 

Geçmiş dönemlerde yapılmış olan geniş çaplı epidemiyolojik 
çalışmalarda (Chicago ve Framingham çalışmaları) genel popü-
lasyonda kalp hızı ile kardiyovasküler ve total mortalite arasında 
önemli ilişki olduğu saptanmıştır (11, 12). Paris prospektif çalış-
masında 5713 asemptomatik erkek birey 23 yıl boyunca takip 
edilmiş ve istirahat kalp hızının miyokart enfarktüsüne bağlı ani 
ölümün bağımsız öngördürücüsü olduğu saptanmıştır (13). 
FINRISK çalışmasında ise bireyler kalp hızlarına göre 5 gruba 
ayrılmış, kalp hızı yüksek olan gruplarda toplam mortalitenin 
daha yüksek olduğu görülmüştür (14). Bu çalışmada istirahat 
kalp hızı ve total mortalite arasındaki ilişkinin erkeklerde daha 
güçlü olduğu saptanmıştır. 

‘International Verapamil-SR/trandolapril Study (INVEST)’ 
çalışmasında koroner arter hastalığı ve hipertansiyon hastala-
rında başlangıçtaki ve takiplerdeki istirahat kalp hızının artan 
ölüm, non-fatal miyokart enfarktüsü ve non-fatal inme ile ilişkili 
olduğu görülmüştür (15). 

Kalp yetersizliği hastalarında beta blokerlerin (β-bloker) kul-
lanımını inceleyen 23 çalışmanın meta-regresyon analizinde 
(n=19209), uygulanan beta bloker dozundan çok kalp hızında 
sağlanan azalmanın kardiyovasküler olay gelişimini engellediği 
görülmüştür (16). 

‘The Systolic Heart Failure with the If Inhibitor Ivabradine Trial 
(SHIFT)’ çalışmasında kalp hızı 70/dk ve üzerinde olup fonksiyonel 
kapasitesi NYHA sınıf 3 ve 4 olan sinüs ritmindeki 6588 kalp yeter-
sizliği hastası üzerinde ivabradinin etkileri araştırılmıştır (17). 
Hastalar geçmiş 12 ay içerisinde kalp yetersizliğine bağlı hastane-
ye yatış öyküsü olanlardan seçilmiştir. Hastalar standart tedaviye 
ek olarak ivabradin veya plasebo kollarına randomize edilmişler ve 
23 ay boyunca izlenmişlerdir. Bu çalışmada hastaların %26’sının 
tam doz beta bloker aldığı belirtilmiştir. Ivabradin tedavisi ile çalış-
manın kardiyovasküler nedenlere bağlı ölüm veya kalp yetersizli-
ğine bağlı hospitalizasyonu içeren primer sonlanım noktaları için 
%18’lik relatif risk azalması sağlandığı bildirilmiştir. Birleşik morta-
lite ve morbidite sonlanım noktası için ivabradin tedavisi ile elde 
edilen net risk azalma oranı %4.2 olarak bulunmuştur. Ivabradin 
tedavisi ile sol ventrikül fonksiyonlarında ve yaşam kalitesinde 
artış saptandığı da bildirilmiştir. Ivabradin tedavisi alan hastalarda 
semptomatik bradikardi oranı %5 iken plasebo grubunda bu oran 
%1 olarak bulunmuştur. Görsel yan etkiler ivabradin alan hastala-
rın %3’ünde saptanırken, aynı yan etki oranının plasebo grubunda 
%1 olduğu görülmüştür (17). 

Ivabradinin kalp yetersizliğinde kullanımı ile ilgili düzenlenen 
daha önceki ‘Morbidity-mortality Evaluation of the If Inhibitor 
Ivabradine in Patients with Coronary Artery Disease and Left 
Ventricular Dysfunction (BEAUTIFUL)’ çalışmasında kalp hızı 60 /
dk’ın üzerinde ve ejeksiyon fraksiyonu %40’ın altında olan 10917 
hasta ivabradin veya plasebo kollarına randomize edilmiş ve 19 
ay izlenmişlerdir (18). Ivabradin tedavisi ile bu çalışmada kardi-
yovasküler ölüm, miyokart enfaktüsü veya kalp yetersizliği nede-
niyle hastaneye yatış oranlarında plaseboya göre farklılık sap-
tanmamıştır. Buna karşın ivabradin tedavisinin iyi tolere edildiği 
bildirilmiştir (18). 

Bu çalışmalar ışığında son AKC kılavuzunda ivabradinin has-
taneye yatış oranının azaltılması için, optimal beta bloker tedavi-
si altında kalp hızı 70/dk’nın üzerinde seyreden sistolik kalp 
yetersizliği (EF <%35) hastalarında standart tedaviye eklenmesi 
önerilmiştir (sınıf 2a endikasyon). Beta bloker ilaçları tolere ede-
meyen sistolik kalp yetersizliği (EF <%35) hastalarında da, kalp 
hızı 70/dk’nın üzerinde ise ivabradin kullanımı düşünülebilir (sınıf 
2b endikasyon) (4).

Kalp yetersizliğinde cihaz tedavisinde yenilikler 

Biventriküler pacing
Önceki kılavuzlarda şu kriterlere sahip hastalara kardiyak 

resenkronizasyon tedavisi (KRT) uygulanması önerilmiştir (3);
1.	 Optimal medikal tedaviye rağmen NYHA sınıf 3 ve 4 semp-

tom gösteren hastalar 
2.	 Ejeksiyon fraksiyonu %35 altında olan hastalar 
3.	 QRS süresinin 120 ms üzerinde olması 
4.	 Ritmin sinüs olması
Yakın zamanlarda yapılan 2 randomize kontrollü çalışmada 

fonksiyonel kapasitesi daha iyi durumda olan geniş QRS’li kalp 
yetersizliği hastaları üzerinde KRT’nin etkinliği araştırılmış ve 
olumlu sonuçlar bildirilmiştir (19, 20). Bu çalışmalardan 
‘Resynchronization/Defibrillation for Ambulatory Heart Failure 
Trial (RAFT)’ çalışmasında fonksiyonel kapasitesi NYHA sınıf 2 
(%80) ve sınıf 3 (%20) olup QRS süresi 120 ms üzerinde olan kalp 
yetersizliği hastaları (EF ≤%30) optimal tedaviye ek olarak ICD 
veya KRT-Defibrilatör (KRT-D) kollarına randomize edilmişler ve 40 
ay süresince izlenmişlerdir (19). Sonuçta KRT-D tedavisi ile ölüm 
ve kalp yetersizliğine bağlı hastaneye yatış oranlarında %25 relatif 
risk azalması sağlandığı bildirilmiş, tüm nedenlere bağlı mortalite-
de ise %25 azalma tespit edilmiştir. QRS süresi 150 ms ve daha 
üzeri olan hastalarda relatif yararlanım daha fazla olmuştur. 

Fonksiyonel kapasitesi nispeten daha iyi olan hastaların çalı-
şıldığı ‘Multicenter Automatic Defibrillator Implantation Trial 
with Cardiac Resynchronization Therapy (MADIT-CRT) çalışma-
sında EF değeri %30’un altında ve QRS süresi 130 ms ve üzerinde 
olan tümü sinüs ritminde 1820 hasta (%80 NYHA sınıf 2 ve %20 
NYHA sınıf 1) optimal tedaviye ek olarak ICD veya CRT-Defibrilatör 
(CRT-D) kollarına randomize edilmişlerdir (20). Ortalama 2.4 yıllık 
takip döneminden sonra gruplar arasında mortalite oranları açı-
sından anlamlı fark saptanmaz iken kalp yetersizliği ile ilgili olay 

Kepez ve ark.
Kalp yetersizliği tedavisi

Anadolu Kardiyol Derg 
2013; 13: 266-74268



görülme sıklığında CRT-D ile %41 azalma sağlandığı saptanmıştır. 
Bu azalmanın primer olarak QRS süresi 150 ms ve daha üzerinde 
olan hastalardan kaynaklandığı bildirilmiştir. 

Bu çalışmalar ışığında son AKC kılavuzunda nispeten hafif 
semptomları olan kalp yetersizliği hastalarına QRS süresi ≥150 
ms ise veya sol dal bloğu ile birlikte ≥130 ms ise CRT takılması 
önerilmiştir (4). 

Sol ventrikül sistolik fonksiyonları korunmuş 
kalp yetersizliği tedavisinde yenilikler 

Bu gruptaki hastalarda halen mortalite ve morbiditeyi tutarlı 
şekilde düşüren tedavi mevcut değildir. Bu grup hastalar için 
önerilen tedavi eşlik eden hipertansiyon, diyabet veya miyokar-
diyal iskemi gibi risk faktörlerinin agresif şekilde kontol altına 
alınması ve sıvı retansiyonuna bağlı semptomlar için diüretik 
ilaçların kullanılmasıdır (3, 4). Küçük çaplı iki çalışmada verapa-
milin bu hastalarda semptomları ve efor kapasitesini olumlu 
etkilediği tespit edilmiştir (4). 

Yakın zamanlarda konu ile ilgili çeşitli ajanlarla mortalite ve 
morbidite çalışmaları yapılmıştır. Kandesartan ile yapılan 
‘Candesartan in Heart Failure: Assessment of Reduction in 
Mortality and Morbidity (CHARM-preserved)’, perindopril ile 
yapılan ‘Perindopril for Elderly People with Chronic Heart Failure 
(PEP-CHF)’ ve irbesartan ile yapılan ‘Irbesartan in Heart Failure 
with Preserved Systolic Function Trial (I-Preserve)’ çalışmala-
rında kardiyovasküler ölüm ve kalp yetersizliğine bağlı hastane-
ye yatış oranlarında azalma izlenmemiştir (4). 

Bu grup hastalar üzerinde beta blokerler ile yapılmakta olan 
‘Beta-blocker in heart failure with normal left ventricular ejecti-
on fraction (beta-PRESERVE)’ ve spiranolakton ile yapılmakta 
olan ‘Treatment of preserved cardiac function heart failure with 
an aldosteron antagonist (TOPCAT)’ çalışmaları halen devam 
etmektedir (21, 22). 

Kalp yetersizliğinde komorbid durumların 
tedavisinde yenilikler

Pulmoner hipertansiyon
Sol kalp hastalıkları pulmoner hipertansiyonun en sık nedeni-

dir (23, 24). Sistolik veya diyastolik sol ventrikül disfonksiyonu 
veya kapak hastalıklarına bağlı artan sol atriyal basınç pulmoner 
vasküler yatakta pasif olarak basınç artışına neden olmaktadır. 
Bazı hastalarda pasif basınç artışının tetiklediği pulmoner arteri-
yel vazokonstriksiyon ve vasküler yeniden şekillenme ile karak-
terize aktif süreç pulmoner arteriyel basıncı daha da artırabil-
mektedir. Bu hastalarda ortalama pulmoner arter basıncı ile 
pulmoner kapiller kama basıncı arasındaki fark olarak tanımla-
nan transpulmoner basınç gradiyentinin hesaplanması önemli-
dir. Transpulmoner basınç gradiyentinin 12 mmHg üzerinde 
olduğu durumlarda orantısız pulmoner hipertansiyon varlığından 
söz edilir. Bu hastalarda pasif basınç artışının pulmoner arteriyel 
yatakta aktif yeniden şekillenmeyi başlattığı düşünülür (23, 24). 

Sol kalp yetersizliği ile ilgili yapılan çoğu çalışmada pulmoner 
hipertansiyon varlığının diğer prognostik faktörlerden bağımsız 
olarak prognozu öngördürdüğü saptanmıştır (25). Kardiyak trans-
plantasyon alanında sağlanan tüm gelişmelere karşın pulmoner 
hipertansiyon varlığı halen mortalite için önemli bir risk faktörü-
dür. Kılavuzlar farmakolojik olarak düşmeyen şiddetli pulmoner 
hipertansiyon varlığının (sistolik pulmoner arter basıncı >50 
mmHg, pulmoner vasküler direnç >5 Wood, transpulmoner gra-
dient >16 mmHg) transplantasyon için kontrendikasyon oluştur-
duğunu kabul etmektedir (26). Geçmiş yıllardaki çalışmalarda, 
pulmoner hipertansiyon nedeniyle transplantasyonun kontrendi-
ke olduğu son dönem kalp yetersizliği hastalarında sol ventrikül 
destekleyici cihazlarının ventrikülü dekomprese ederek pulmo-
ner hipertansiyonu azalttığı ve transplantasyona imkân sağladığı 
gösterilmiştir (25).

Sol ventrikül sistolik disfonksiyonu olan daha hafif hastalar-
da ADE inhibitörü, beta bloker ve gerektiğinde resenkronizasyon 
tedavisi ile çoğunlukla pulmoner hipertansiyon gerilemektedir 
(25). Buna karşın medikal ve cihaz tedavisine dirençli orantısız 
pulmoner hipertansiyon vakalarında pulmoner arteriyel yeniden 
şekillenmeye yönelik spesifik tedavi uygulanması düşünülmüş 
ve konu ile ilgili çeşitli çalışmalar yapılmıştır. Teorik olarak pulmo-
ner vazodilatasyon ile kompliansı yeterli olmayan bir sol ventri-
kül varlığında kardiyak dolum basınçlarında ani yükselme riski 
mevcuttur. Örnek olarak inhale nitrik oksitin uygulamadan kısa 
süre sonra pulmoner kapiller kama basıncında artışa neden 
olduğu gösterilmiştir (25, 27). Bu nedenle pulmoner arteriyel 
hipertansiyonun spesifik tedavisinde kullanılan ajanlar sol kalp 
yetmezliğine bağlı pulmoner hipertansiyon tedavisinde zararlı 
olabilirler. Literatürdeki küçük çaplı çalışmalarda prostaglandin 
analogları ve endotelin antagonistleri ile sol kalp yetersizliğine 
bağlı pulmoner hipertansiyon tedavisinde olumlu etki sağlana-
madığı bildirilmiştir (25). 

Pulmoner arteriyel hipertansiyon spesifik tedavisinde kulla-
nılan diğer bir ilaç grubu ise fosfodiesteraz-5 inhibitörleridir. 
Günümüzde bu grup ajanlar içerisinde yalnızca sildenafil kalp 
yetersizliğine bağlı pulmoner hipertansiyon tedavisinde denen-
miştir. Pulmoner vasküler yatak üzerine olan olumlu etkilerinin 
yanında sildenafilin kardiyomiyosit apopitozunu ve hipertrofisini 
engellediği öne sürülmüştür (28). Lewis ve ark. (29) kalp yetersiz-
liğine bağlı pulmoner hipertansiyon hastaları üzerinde yaptıkları 
randomize, plasebo kontrollü çalışmada 12 haftalık sildenafil 
tedavisi ile 6 dakikalık yürüme testi mesafesinde ve yaşam kali-
tesi skorlarında artış, hastaneye yatış oranlarında ise azalma 
olduğunu bildirmişlerdir. Buna ek olarak pulmoner vasküler 
direnç ve kardiyak debiyi içeren hemodinamik verilerde de 
anlamlı iyileşme saptanmıştır. Stabil sol kalp yetmezliği olan has-
talarda sildenafil ile yapılan diğer çalışmalarda pulmoner arter 
basıncında ve pulmoner vasküler dirençte azalma, endotel fonk-
siyonlarında korunma, egzersiz kapasitesinde ve kardiyopulmo-
ner egzersiz testindeki ‘peak Vo2’ değerlerinde artış tespit edil-
miştir (25). Yakın zamanda yayımlanan bir çalışmada Guazzi ve 
ark. (30) sildenafilin sistolik kalp yetersizliği olan hastalarda kli-
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nik durumu ve fonksiyonel kapasiteyi arttırmasının yanında sol 
ventrikül diyastolik fonksiyonunu ve kardiyak geometriyi de 
olumlu yönde etkilediğini göstermişlerdir. 

Yakın zamanda üzerinde çalışılmaya başlanan bir diğer konu 
ise sol ventrikül sistolik fonksiyonu korunmuş kalp yetersizliği 
hastalarında görülen pulmoner hipertansiyonun tedavisidir. 
Böylelikle henüz net tedavisi olmayan bu durum için erken evre-
den itibaren etkin olabilecek tedavi gelişimi mümkün olabilecek-
tir. Konu ile ilgili yapılan bir çalışmada sildenafil ile pulmoner 
basınç ve direnç değerlerinde azalma, sağ ventrikül fonksiyon 
ve boyutlarında düzelme ve sol ventrikül diyastolik fonksiyonla-
rında kısmi iyileşme gözlendiği bildirilmiştir (31). Sildenafilin sol 
kalp yetersizliği ile ilgili pulmoner hipertansiyonda kullanımı ile 
ilgili umut verici gözlemlerden sonra fosfodiesteraz inhibitörleri-
nin morbidite ve mortaliteye olan etkilerinin daha net değerlen-
dirilebileceği geniş çaplı klinik çalışmalar düzenlenmeye başlan-
mıştır. Konu ile ilgili ilk çok merkezli klinik çalışma olan 
‘Phosphodiesterase-5 inhibition to improve quality of life and 
exercise capacity in diastolic heart failure (RELAX)’ çalışmasın-
da diyastolik kalp yetmezliği hastalarında kronik sildenafil kulla-
nımının etkileri test edilecektir. Halen devam etmekte olan bu 
çalışmanın hasta popülasyonu yüksek oranda yaşlı, hipertansi-
yon ve sol ventrikül hipertrofisi olan ve çoğunlukla kadın hasta-
lardan oluşmaktadır. Hastaların %40’ına yakın kısmında pulmo-
ner hipertansiyon bulunduğu bildirilmiştir. Çalışmanın ana sonla-
nım noktaları metabolik egzersiz kapasitesi, sol ventrikül kitlesi 
ve sol ventrikül fonksiyonundaki değişiklikler olacaktır (25). 

İleri evre kalp yetersizliği hastalarında sildenafil tedavisinin 
etkilerini araştıran retrospektif ve tek merkezli bir çalışmada kronik 
sildenafil tedavisinin iyi tolere edildiği, hastaların çoğunun fonksi-
yonel kapasitesinin arttığı ve 16 hastanın 2’sinde klinik düzelmeye 
bağlı olarak transplantasyondan vazgeçildiği bildirilmiştir (32). 

Mevcut veriler ışığında kalp yetersizliği hastalarında sildena-
filin iyi tolere edildiği ve kardiyovasküler ve pulmoner fonksiyon-
larda olumlu etkileri olduğu gözlenmektedir. Fosfodiesteraz 
inhibitörleri, standart tedavi ile halen semptomatik olan veya 
tedaviye rağmen pulmoner hipertansiyonu gerilemeyen kalp 
yetersizliği hastalarında bir tedavi seçeneği olabilir. Konu ile 
ilgili daha net öneriler için takip süresi uzun olan geniş çaplı 
çalışmaların sonuçlarına ihtiyaç vardır. 

Anemi ve demir eksikliği 
Erkeklerde hemoglobin (Hb) konsantrasyonunun 13 g/dL, 

kadınlarda ise 12 g/dL’nin altında olması olarak tanımlanan 
anemi kalp yetersizliği hastalarında sık görülür. Kalp yetersizliği 
hastalarında anemi etyolojisi multifaktöryel olup; böbrek yeter-
sizliği, pro-inflamatuvar sitokin aktivasyonu, hemodilüsyon ve 
kronik hastalığa bağlı eritropoezde izlenen değişiklikler anemi 
gelişimine neden olabilir (2). Bu hastalara endojen eritropoetin 
hormonuna karşı kemik iliği cevabında azalma olduğu öne sürül-
müştür (2). Anemi kalp yetersizliği hastalarında daha düşük 
fonksiyonel kapasite ile ilişkili olup bu hastalarda mortalite ve 
hastaneye yatış için bağımsız risk faktörüdür (33). Kalp yetersiz-

liğinde anemi şiddeti ile klinik sonuç arasındaki ilişkinin araştırıl-
dığı bir çalışmada Hb değerinde 1 g/dL azalma ile yıllık toplam 
mortalite oranının %2 arttığı gösterilmiştir (34). Anemi tanısı 
konulduğunda düzeltilebilir nedenler araştırılmalı ve tedavi edil-
melidir. Kalp yetersizliği hastalarında özellikle demir eksikliği 
araştırılmalıdır. Bu hastalarda malnutrisyon, malabsorbsiyon ve 
kardiyak kaşeksiye bağlı demir eksikliği gelişebilir. Bunun yanın-
da bu hastalarda sıklıkla kullanılan aspirin ve oral antikoagülan-
lar gastrointestinal sistemden mikroskopik kan kaybına neden 
olarak demir eksikliğini arttırabilirler (2).

Kalp yetersizliği hastalarında demir eksikliğinin intravenöz 
(İ.V.) demir ile tedavi edilmesinin araştırıldığı ‘Effect of intraveno-
us iron sucrose on exercise tolerance in anemic and nonanemic 
patients with symptomatic chronic heart failure and iron defici-
ency FERRIC-HF’ çalışmasında, demir eksikliği olan kalp yeter-
sizliği hastaları İ.V. demir sükroz verilen veya tedavi verilmeyen 
olmak üzere 2 gruba randomize edilmişlerdir (35). Intravenöz 
demir sükroz verilen grupta efor kapasitesi ve semptomlarda 
anlamlı düzelme olduğu görülmüş, yararlanımın anemik hasta-
larda daha fazla olduğu saptanmıştır. 

Kalp yetersizliği hastalarında daha stabil bir demir preparatı 
olan demir karboksimaltozun etkinliğinin araştırıldığı ‘Ferric car-
boxymaltose in patients with heart failure and iron deficiency 
(FAIR-HF)’ çalışmasında fonksiyonel kapasitesi NYHA sınıf 2 ve 3 
olan ve hemoglobin değerleri 9.5 ile 13.5 g/dL arasında olan 459 
hasta 2:1 oranında İ.V. demir karboksimaltoz veya İ.V. salin grup-
larına randomize edilmişlerdir (36). Altı aylık tedavi sonrasında 
demir tedavisi alan grupta hastaların fonksiyonel kapasiteleri ve 
yaşam kalitelerinin arttığı görülmüştür. Bu çalışmada İ.V. demir 
karboksimaltoz verilen anemik olan veya olmayan tüm hastalar-
da benzer yararlanım olduğu saptanmıştır.

Anemisi olan kalp yetersizliği hastalarında eritropoetin-stimu-
le eden ajanların (ESA) etkisi küçük çaplı kontrolsüz çalışmalarda 
araştırılmış; kardiyak fonksiyonlar ve fonksiyonel kapasitede artış 
ile birlikte hastaneye yatış oranlarında azalma saptanmıştır (37). 
Buna karşın bu çalışmaların çoğunda demir ve ESA birlikte kulla-
nılmıştır (37, 38). Nedeni belli olmayan anemisi olan kalp yetersiz-
liği olan hastaları üzerinde ESA’ların etkisini araştıran geniş çaplı, 
randomize bir çalışma halen devam etmektedir (39). 

Kalp yetersizliği tedavisinde gelecek 

Kalp yetersizliği tedavisinde gelecekte sağlanması öngörü-
len ilerlemeler başlıca 3 başlık altında sınıflandırılabilir;

1.	 Etkinliği kanıtlanmış tedavilerin optimizasyonu 
2.	 Geniş çaplı klinik çalışmalarda yeteri kadar temsil edilme-

miş hasta grupları için tedavi geliştirilmesi 
3.	 Yeni terapötik hedefler için yeni tedavilerin geliştirilmesi 

Etkinliği kanıtlanmış tedavilerin optimizasyonu
Renin-anjiyotensin-aldosteron sistemi ile sempatik sinir siste-

minin etkilerini bloke eden ilaçlar günümüzde sistolik kalp yetersiz-
liği tedavisinde standart tedavidir. Bu tedavilerin etkilerinin optimi-
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ze edilmesi için klinik çalışmalarda etkinliğin gösterildiği dozlara 
çıkılması önemlidir. Buna karşın, ADE inhibitörleri ve β-blokerlerin 
etkileri için hastalar arasında geniş biyolojik varyasyon olduğu 
gösterilmiştir (2). Gelecekte bu ilaçların dozlarının kişiye göre ayar-
lanması söz konusu olabilecektir. Bu amaçla farmakogenomik yak-
laşımın kullanıldığı çalışmalar devam etmektedir. 

ADE geninin DD genotipinin ADE inhibitörü tedavisi altında 
dahi ADE aktivitesinde artış ile ilişkili olduğu gösterilmiştir (2). Hem 
β1, hem de β2 adrenerjik reseptörlerde çeşitli tek- nükleotid poli-
morfizmleri tanımlanmıştır (2). Bu polimorfizmlerin kalp yetersizliği 
hastalarında β-reseptör blokerlerine ve β-reseptör parsiyel ago-
nistlerine yanıtı önemli derecede etkilediği saptanmıştır. ‘A trial of 
the beta-blocker bucindolol in patients with advanced chronic 
heart failure (BEST)’ çalışmasında genel olarak busindolol tedavi-
sinin sistolik kalp yetersizliği hastalarında yararlı olmadığı göste-
rilmiştir (40). Buna karşın β1 reseptörü 389. kodonunda arginin 
değişikliği (siklik AMP fonksiyon artışına neden olan) olan hasta-
larda busindolol diğer hastalara göre daha faydalı olmuştur. Tüm 
bu çalışmaların retrospektif çalışma olmaları nedeniyle farmako-
genomik yaklaşımların rutin kullanımları için prospektif çalışmala-
rın sonuçlarının beklenmesi gerektiği bildirilmiştir (2). 

Geniş çaplı klinik çalışmalarda yeteri kadar temsil 
edilmemiş hasta grupları için tedavi geliştirilmesi 
Akut kalp yetersizliği Akut kalp yetersizliği tedavisinde 

öncelikli amaç hemodinamik stabilizasyon ile ventilasyon ve 
oksijenizasyon desteğinin sağlanmasıdır. Hemodinamik stabili-
zasyon için dobutamin ve milrinon gibi inotropik ajanlar, nitrogli-
serin gibi vazodilatörler ve nesiritid gibi natriüretik peptidler kul-
lanılmaktadır. Pek çok çalışmada inotropik ajanların miyokardi-
yal oksijen tüketimini ve aritmi gelişimini uyararak mortaliteyi 
arttırdığı gösterilmiştir (41). Genel olarak günümüzde akut kalp 
yetersizliğinde kullanılan ajanlardan hiçbirisiyle plasebo kontrol-
lü randomize çalışmalarda mortalite yararlanışı sağlanamamış-
tır. Bu grup hastalarda yeni ilaçların geliştirilmesine şiddetle 
ihtiyaç duyulmaktadır. 

Sol ventrikül sistolik fonksiyonları korunmuş kalp yetersiz-
liği: Yazımızda daha önce de belirtildiği gibi bu grup hastalar için 
halen etkinliği kanıtlanmış tedavi bulunmamaktadır. Bu grup 
hastaların tedavisi için pek çok ilaç geliştirilme ve test edilme 
aşamasındadır.

Yeni terapötik hedefler için yeni tedavilerin geliştirilmesi 
Bilinen sistemler için yeni hedefler: Renin-anjiyotensin-

aldosteron sisteminin (RAAS) inhibisyonu için direk renin inhibitör-
leri test edilmektedir. Teorik olarak bu ajanların kullanımı ile 
RAAS’ın daha proksimalden blokajı mümkün olacaktır. Böylelikle 
anjiyotensin 1 ve anjiyotensin 2’nin refleks aktivasyonunun engel-
lenmesi ve yan etki insidansının azaltılması beklenmektedir. Bu 
grubun peptid olmayan ve oral kullanılabilen bir üyesi olan aliskiren, 
ADE inhibitörü ve β-bloker kullanan kalp yetersizliği hastaları üze-
rinde test edilmiştir (42). Bu çalışmada aliskiren genel olarak iyi 

tolere edilmiş ve plaseboya kıyasla hastaların plazma NT-proBNP 
ve idrar aldosteron düzeylerinde anlamlı azalma sağladığı gösteril-
miştir. Bu olumlu gözlemlerden sonra sistolik kalp yetersizliği has-
talarında aliskirenin test edildiği geniş çaplı prospektif bir çalışma 
olan ‘Aliskiren trial of minimizing outcomes for patients with heart 
failure (ATMOSPHERE)’ çalışması başlatılmıştır (43). Çalışma halen 
devam etmektedir. Aliskirenin akut kalp yetersizliği hastaları üze-
rindeki etkilerinin araştırıldığı çok merkezli, geniş ölçekli ve plasebo 
kontrollü ‘Aliskiren Trial on Acute Heart Failure Outcomes 
(ASTRONAUT)’ çalışması da halen devam etmektedir (44). 

Kardiyorenal sendrom için geliştirilmekte olan tedaviler: 
Kardiyorenal sendromun patofizyolojisinde intrarenal hemodina-
miklerde bozulma, transrenal perfüzyon basıncında azalma ve 
sistemik nörohormonal aktivasyon rol oynar (2). 

Adenozin antagonistleri kardiyorenal sendromda kullanılabile-
cek, adenozin reseptörlerini bloke edip diürezi arttıran yeni bir ilaç 
grubudur. Glomerüler filtrasyon azaldığında adenozin salınmakta 
ve A1 reseptörleri aracılığı ile afferent arteriollerde konstriksiyon 
sağlanmaktadır. Renal kan akımında azalma proksimal tubüllerden 
sodyum emilimini arttırmaktadır. Adenozin antagonistleri ile teorik 
olarak renal kan akımınının ve sodyum atılımının arttırılması müm-
kündür (2). Furosemid alan kalp yetersizliği hastalarına bir A1 
reseptör antagonisti olan BG9719’un uygulandığı bir çalışmada 
adenozin antagonistinin diürezi önemli olarak arttırdığı ve furose-
mide bağlı gelişmesi beklenen renal fonksiyonlardaki bozulmayı 
engellediği gösterilmiştir (2). İntravenöz yolla uygulanan bir A1 
reseptör antagonisti olan rolofilin böbrek yetersizliği olan akut kalp 
yetersizliği hastalarında denenmiştir. Erken faz çalışmalarda umut 
verici sonuçlar gözlense de, 2000 hastalık geniş çaplı bir çalışma-
da bu ajan ile anlamlı yararlanım elde edilememiştir (2). 

Relaksin kalp yetersizliğinde izlenen hemodinamik ve reno-
vasküler adaptasyonda önemli rol oynayan bir peptiddir. 
Relaksinin etkileri arasında nitrik oksit üretiminin artışı, endote-
lin ve anjiyotensin 2’nin inhibisyonu ile vasküler endotelyal büyü-
me faktörü ve matriks metalloproteinazların üretiminin uyarılma-
sı sayılabilir (2). Relaksin bu mekanizmalar ile sistemik ve renal 
vazodilatasyonu sağlayıp arteriyel kompliansı arttırır. Kronik kalp 
yetmezliği hastalarında relaksin ile hemodinamik parametreler-
de olumlu değişiklikler olduğu tespit edilmiştir (2). ‘Relaxin for 
the treatment of patients with acute heart failure (RELAX-AHF)’ 
çalışmasında akut kalp yetersizliği hastalarında relaksinin etki-
leri araştırılmış ve relaksin ile dispnenin erkenden düzeldiği ve 
60 günlük takip süresinde kardiyovasküler ölüm ve hastaneye 
tekrar yatış ve renal disfonksiyon oranlarında anlamlı azalma 
olduğu saptanmıştır (45). 

Siklik guanilat siklaz yolu ile etki eden ajanlar kalp yetersizli-
ği tedavisinde denenmeye başlanmışlardır. Nesiritide ve ürodila-
tin partikül halindeki guanilat siklaz yoluyla etki göstererek 
vazodilatör, natriüretik ve diüretik etki gösterirler (2). Akut kalp 
yetersizliği hastaları üzerinde ürodilatinin etkilerinin araştırıldığı 
çalışmalarda nörohormonal aktivasyon ve hipotansiyon gelişme-
den diürezin sağlandığı ve pulmoner arter basıncının düştüğü 
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gösterilmiştir (2). Cinaciguat ise çözünebilir siklik guanilat siklaz 
üzerinden etki eden yeni bir ajandır. Etki mekanizmasının farklılı-
ğı nedeniyle etkilerinin nesiritide veya ürodilatin ile sağlanan 
etkileri arttıracağı düşünülmüştür. Buna karşın erken faz çalış-
malarda bu tedavi ile akut kalp yetersizliği hastalarında sempto-
matik iyileşme sağlanamamış ve düşük dozlarda bile hipotansi-
yon geliştiği izlenmiştir (46). 

Adrenomedullin normal fizyolojik şartlarda dolaşımın düzen-
lenmesinde önemli düzenleyici rol oynadığı düşünülen bir pep-
tiddir (2). Vazodilatör, natriüretik, antifibrotik ve nörohormonal 
düzenleyici etkileri olmasından dolayı adrenomedullinin akut 
kalp yetersizliği ve kardiyorenal sendrom tedavisinde kullanılabi-
leceği düşünülmektedir. Küçük çaplı pilot çalışmalarda olumlu 
hemodinamik etkiler gözlenmiştir (2). 

Doğrudan miyokardın hedef alındığı geliştirilmekte olan 
tedaviler: Kalp yetersizliğinde süreci başlatan asıl olay miyokardi-
yal kontraktilitenin azalması olup hücresel ve moleküler seviyede 
bu olayın gelişim mekanizmaları iyi anlaşılmıştır. Yakın zamanda bir 
kardiyak miyozin aktivatörü olan ‘omecamtiv mecarbil’ ve bir Na/K 
ATPaz inhibitörü olan ‘istaroksim’ kalp yetmezliğinde çalışılmaya 
başlanmıştır. İstaroksim aynı zamanda sarkoplazmik retikulum 
kalsiyum ATPaz izoform 2a’yı da inhibe etmektedir. Böylece ista-
roksim ile sistol sırasında sitozolik kalsiyum miktarında artış sağ-
lanırken diyastolde ise kalsiyum sekestrasyonu sağlanmakta ve 
hem sistolik hem de diyastolik fonksiyonlarda yararlı etkiler oluş-
turulmaktadır (2). İstaroksimin akut kalp yetersizliğinde etkilerinin 
araştırıldığı bir klinik çalışma olan HORIZON-HF çalışmasında 
tedavi ile hastaların pulmoner kama basınçlarının düştüğü, sistolik 
kan basınçlarının yükseldiği ve diyastolik sertliğin (‘stiffness’) 
azaldığı tespit edilmiştir (47). ‘Omecamtiv mecarbil’ selektif bir 
kardiyak miyozin aktivatörü olup miyokardiyal oksijen ihtiyacını 
arttırmadan ve sistol süresini uzatarak inotropik etki gösterir. Bu 
ajanla akut kalp yetersizliği hastaları üzerinde yapılan faz 2 çalış-
malarda umut verici sonuçlar elde edilmiştir (48). 

Kalp yetersizliği hastalarında yeniden şekillenmeyi (‘remo-
delling’) azalttığı gösterilen RAAS blokerleri ve β-blokerleri mor-
talite ve morbidite üzerine olan kuvvetli etkilerinin anlaşılmasın-
dan sonra yeniden şekillenme üzerine etkili olabilecek yeni 
ajanlar üzerinde çalışılmaya başlanmıştır. Bu amaçla ‘pirfenidon’ 
gibi doğrudan antifibrotik büyüme faktörü inhibitörleri, ‘tranilast’ 
gibi enflammatuvar sitokin inhibitörleri, metalloproteinaz inhibi-
törleri ve ryanodin reseptör stabilize edici ajanlar gibi pek çok 
ajan araştırma çalışmalarında kalp yetersizliği modelleri üzerin-
de denenmektedir (2, 49). 

Sonuç 

Kalp yetersizliği halen mortalite ve morbiditesi yüksek olan bir 
durumdur. Klinik sonuçların düzeltilmesi için halen kullanılmakta 
olan tedavilerin optimizasyonu yanında yeni tedavi stratejilerine 
ihtiyaç duyulmakta ve bu amaçla pek çok araştırma yapılmaktadır. 

Gelecekte kalp yetersizliğinin gelişmeden önlenmesi üzerine 
odaklanılacağı ve bu amaçla yeni ilaçların geliştirileceği düşünül-
mektedir. Tanı ve risk değerlendirmesindeki gelişmeler ile spesifik 
hasta gruplarına daha erken dönemde daha etkin tedaviler uygu-
lanabilecektir. Ayrıca tedavinin, farmakogenomi kullanılarak kişile-
re göre optimizasyonu sağlanacak ve her hasta için yüksek etkin-
lik elde edilecektir. Yakın zamanda üzerinde daha fazla durulmaya 
başlanan bir başka konu da ko-morbid durumların tedavisidir. Bu 
durumların etkin tedavisi ile kalp yetersizliği sürecinin ilerlemesi-
nin yavaşlatılacağı düşünülmektedir. 
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The effect of distance-based learning on the fifth stage medical 
students’ perception in peripheral vascular diseases course: 

a questionnaire survey

Periferik damar hastalıkları stajında uzaktan eğitim sisteminin beşinci sınıf tıp öğrencilerinin 
algılaması üzerine etkisi: Anket çalışması
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Task-based learning (TBL), a part of the active learning pro-
cess, is an educational model integrating problem-based learn-
ing system with the multidisciplinary training viewpoint. “Task” 
is used in a meaning of clinical “duty” or “work” (1-3). 

E-learning, distance education and computer-supported 
education systems have gained popularity in undergraduate 
education. Many medical schools have adopted course man-
agement systems to facilitate e-learning activities. Modular 
object-oriented dynamic learning environment (Moodle) is the 
most commonly used (4). 

The aim of the study was to assess the effects of distance-
based learning in combination with the traditional teaching 
system on the undergraduate medical students’ perception by 
means of a satisfaction questionnaire. 

The educational program for the students in their fifth years 
in our Medical Faculty has been constituted on the basis of TBL 
for ten years. The principal aim of the program of the peripheral 
vascular diseases course carried out by the Cardiovascular 
Surgery Clinic is to provide the students with: (i) an access to the 
fundamental learning objectives, (ii) an implementation of their 
theoretical knowledge in a clinical practice, and (iii) an improve-
ment of their clinical skills.

The feedbacks of the fifth stage students on the Peripheral 
Vascular Disease course collected over 3 years were evaluated. 
Afterwards, web-based electronic portal named “Moodle” (4) was 

installed with the aim of contributing to the solution of the problems 
confronted with during the courses. Our clinic was the first one in 
our medical school to introduce Moodle platform for the students. 

There were two groups in stage V in the spring term with 27 
students. All of them were included in the study. The students 
were equipped with individual passwords for access to the 
system (Fig. 1).

The lecture notes of the voluntary teaching staff were made 
available for download immediately after their presentations. 
Summaries, presentations, case report samples, videos with 
applied examples, practical examination cards, educational 
scenario examples and quizzes were uploaded. The system was 
enriched with an interactive discussion platform. Except for the 
addition of the computer-supported system, no change was 
made in the running of the course-scheduled program. 

The students were asked to complete pre-course and post-
course questionnaires to evaluate their feedbacks on the 
peripheral vascular diseases course carried out in combination 
with a computer-supported education system. The question-
naire enabled participants to evaluate the diverse parts of the 
running of the course including its content, ability to facilitate 
students’ access to the course material, contribution to the 
practical implementations and the elimination of the anxiety 
about the exams. Participants’ responses were rated on a 
2-point Likert scale (1=agree, 2=disagree). 



The statistical analysis of the data obtained from the inquiry 
was made with SPSS 17.0 for Windows (SPSS, Inc., Chicago, 
USA) using Mc-Nemar Chi-square test. Differences of p<0.05 
were considered significant.

At the beginning of the course, one third of the students had 
anxiety about the access to the presentation documents. This 
percentage was found to be significantly decreased with the 
introduction of the new system (p<0.05). The problems originating 
from the inadequate supply of supplementary source materials 
were shown to be decreased due to the computer supported 
education system (p<0.05). The respondents’ view that the visual 
material was insufficient changed significantly at the end of the 
course (p<0.05). The implementation of the new system was found 
to reduce the anxiety about the exams (p<0.05) (Table 1).

No difference was observed in the content of the scenarios 
prepared for the course (p>0.05). Additionally, no difference was 
found between the views of the students regarding the inade-
quacy of the surgical implementations (p>0.05).

It is not always possible to represent every disease in the 
curriculum during the clinical education. In these situations, 
various videos properly prepared with regard to the learning 
contents can support the education system (5). Most of the stu-
dents indicated that although they had seen the arterial and 
venous system diseases on the patients, they understood them 
more clearly with the videos on the digital system. 

On-line formative evaluations have the potential to provide 
the students with a chance for self-evaluation whenever and 
wherever they desire (6). In our study, the outcomes of these 
evaluations were visible on the system by the students and the 
teaching staff. Therefore, the missing points in the given lecture 
come on the scene and the complementation of them is provid-
ed by giving an immediate feedback to the students and making 
the required changes in the system. 

A cornerstone of medical education is the practicum. 
Nevertheless, acquiring common skills before practicing on real 
patients is essential for the physician (7). For that purpose, we 
benefit from structured scenarios. Students are encouraged to 
deliver learning objectives from these scenarios. Then, they 
make researches according to these objectives. This learning 
method directs the students towards deep learning (8, 9). 

At the end of the course, the question bank and the docu-
ments in the digital environment were left open to maintain 
access of the students after their graduation. In that way, the 
participants will have an access to the system wherever they 
want after the graduation, can update their knowledge and can 
exchange considerations with their colleagues. 

Our results indicate that the combination of the traditional 
teaching system with a computer-supported education system 
results in an increased students’ satisfaction, decreased concern 
about the exams, and increment in the attainment of the source 
materials. E-learning may have a particular role in explaining 
complicated disease mechanisms in cardiovascular surgery. 
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Acute coronary syndrome with 
intraventricular thrombus after using 
erythropoietin 

Eritropoetin kullanımı sonrası intraventriküler 
trombüs ile birlikte akut koroner sendrom

Introduction

Erythropoietin (EPO) is a hemopoietic hormone, which controls 
erythropoiesis, produced by the renal interstitium in response to 
hypoxia (1). Furthermore, erythropoietin receptors were found on endo-
thelial cells, fibroblasts and cardiomyocytes (1). Erythropoietin was 
associated with significant reduction in infarct size and apoptosis, 
improvement in ischemia-induced neovascularization and increase in 
left ventricular function (2-5). 

We describe a professional wrestler, who had taken intravenous 
EPO with the intention of doping 1 day before the contest, with acute 
coronary syndrome (ACS) with intraventricular thrombus.  

Case report

A-29-year-old professional wrestler man was referred with a history 
of substernal chest pain and cold sweeting during a traditional oil wres-
tling contest. He confessed intravenous erythropoietin 4000 i.u. usage 
with the intention of doping 1 day before the contest. He had not the 
medical history of diabetes, hypertension, smoking nor family history. 
Physical examination and laboratory findings were normal (total choles-
terol: 176 mg/dL, high-density lipoprotein cholesterol: 46 mg/dL, low-
density lipoprotein cholesterol: 99 mg/dL and triglyceride: 155 mg/dL). 
ECG showed ST-T changes in leads V1 to V6 (Fig. 1a). Two-dimensional 
transthoracic echocardiography (TTE) showed akinesia of the anterior, 
septal and apical segments with apical thrombus (1.1cm x 1.1 cm) (Fig. 1b). 
Left ventricular ejection fraction was 45%. Coronary angiogram was 
performed, which revealed widespread thrombus in the mid and distal 
left anterior descending coronary artery (Fig. 2a, Video 1-3. See corre-
sponding video/movie images at www.anakarder.com). A decision of 
medical therapy and periodic follow up was made. Intravenous tirofiban 
was administered for 2 days. But also simultaneously acetylsalicylic acid 
300 mg/d, clopidogrel 75 mg/d, metoprolol 25 mg bid, simvastatin 20 mg/d 
were given orally. One week later a control coronary angiogram and TTE 
were performed which showed nearly total resolution of intracoronary 
thrombus (Fig. 2b) and intraventricular thrombus. The patient was made 
an uneventful recovery and was discharged on the seventh day. The 
patient was called via telephone five years later. He is very good in condi-
tion and he is continuing oil wrestling with having some championships.

 
Discussion

Erythropoietin has long been identified as a primary regulator of 
erythropoiesis. In particular, the tight interactions of EPO with the nitric 
oxide pathway, apoptosis, ischemia, cell proliferation and platelet acti-
vation appear of great interest (2-5). Erythropoietin was associated with 
significant reductions in infarct size and apoptosis, improvements in 
ischemia-induced neovascularization, increases in left ventricular func-
tion and preventions of ventricular remodeling (2-5). Erythropoietin might 
reduce the infarct size by inhibiting apoptotic cell death. Nevertheless, 
this reduction in myocardial damage was accompanied by prevention of 
left ventricular dilation and improved left ventricular ejection fraction. 
Although enhanced EPO synthesis is viewed as an appropriate compen-
satory mechanism in the cardio-renal syndrome, which features conges-

tive heart failure and chronic renal failure, maladaptive excessive EPO 
synthesis in the advanced stages of these diseases appears to be pre-
dictive of higher mortality. Increased EPO values may lead to hyperten-
sion, seizures, vascular thrombosis, thromboembolism and death, pos-
sibly related to abruptly increased hematocrit values (6).  

A case of late thrombosis of a sirolimus-eluting stent, 16 months 
after implantation, is described (7). Two weeks prior to presentation 
with stent thrombosis the patient had a 50% dose increase of long term 
erythropoietin. In patients with STEMI who had successful reperfusion 
with primary or rescue PCI, a single intravenous bolus of epoetin alpha 
within 4 hours of PCI did not reduce infarct size and was associated 
with higher rates of adverse cardiovascular events (8). 

The prothrombotic effect of erythropoietin may have precipitated 
the thrombotic event. The precise mechanism by which EPO induces a 
thrombotic event, remains unclear. Prothrombotic effect of EPO might 
associated with abruptly increased hematocrit values,  enhanced 
platelet production or reactivity, stimulation of endothelial cells or 
reduced coagulation inhibitors (9, 10).

We reported a case of ACS thought to be associated with using 
intravenous EPO. The presence of both intracoronary and intraventricu-
lar thrombus is very interesting. Intracoronary thrombus may be related 
to embolism of intraventricular thrombus.

Even to date, there is no consensus as to the best management 
when treating ACS caused by coronary thrombus. In this case, tirofiban 
infusion achieved successful treatment intracoronary and intraven-
tricular thrombus.

Conclusion

When intracoronary thrombus is detected with coronary angiogra-
phy, we must investigate an intraventricular thrombus and using an 
unusual drugs or using drug abuse in young patients. 

Figure 1. a) Electrocardiogram showing ST changes in V3-V6 leads 
b) Echocardiography showing an apical thrombus in left ventricle
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Video 1. Coronary angiography showing a thrombus in the distal left 
anterior descending artery (antero-posterior caudal view)
Video 2. Coronary angiography showing  thrombi in the mid (exten-
ding to first septal artery) and distal left anterior descending artery 
(right anterior oblique cranial view)

Video 3. Thrombi are  seen in the mid (extending to first septal 
artery) and distal left anterior descending artery (lateral view)
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Variant high origin of both right and 
left coronary arteries from the 
ascending aortic wall 

Çıkan aort duvarından  yüksek kökenli hem sağ ve 
sol koroner arter

Introduction

We report here the interesting case of anomalous origin of both 
coronary arteries. The prevalence of high takeoff (more than 1 cm 
above the sinotubular junction) is reported as 6% (1, 2). Presence of 
coronary artery anomalies may create challenges during coronary 

Figure 2. a) Thrombi are seen in the mid (extending to first septal 
artery) and distal left anterior descending artery, b) Thrombi are seen  
disappeared on control angiography
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angiography and other procedures during which attention to be paid on 
the position of the coronary orifice. In adults, the clinical interest in 
coronary anomalies relates to their occasional association with sudden 
death, myocardial ischemia, congestive heart failure, or endocarditis.

Case Report

During routine student’s dissection, this anomaly was observed in 
a donated male cadaver aged, 60 years. He had never been medically 
treated and no traumatic findings.

On dissection, both lungs and pericardium appeared to be normal. 
The right coronary ostia was circular shaped (Fig. 1, 2) with a diameter 
of 4 mm located 18 mm above the rim of the sinotubular junction origi-
nating at the right anterolateral aspect of the ascending aorta with an 
angle of 45 degree. Its further course was normal.

The left coronary ostia was pocket shaped (Fig. 1, 2) with a diameter 
of 6 mm located 17 mm above the rim of the sinotubular junction origi-
nating at the left anterolateral aspect of the ascending aorta with an 
angle of 80 degree. After origin, it was divided into anterior interven-
tricular and left circumflex branch at a distance of 20 mm and continued 
in its normal course.

Discussion

Ectopic high origin (high takeoff of the coronary ostia) of coronary 
arteries has been defined as having ostia originating more than 5 mm 
above the supra valvular ridge or 10 mm above the sino tubular junction, 
which is seen in our case. In a study by Eckart et al. (3), coronary artery 
abnormalities were the most common cardiac abnormality (61%). Some 
authors have mentioned that in acute high ectopic origins of the coro-
nary artery, increase in blood flow during exercise made the artery pull 
the upper border of the aortic wall, and push the lower border upward, 
resulting in transient flow impairment of the anomalous ectopic coro-
nary artery (4, 5). High take-off of the coronary arteries may cause dif-
ficulty in cannulating the vessels during coronary arteriography. Sudden 
death also has been reported which is mainly due to impairment in the 
diastolic coronary artery flow. Knight et al. (6) has found the mean 
ostial positions in relation to the aortic annulus were 17 mm and 15.3 
mm for the right and left coronary ostia respectively (whereas in our 
study, it is 18 mm- right and 17 mm- left). 

 Conclusion 

This person survived till 60 years and had a natural death even 
though having high take off origin of both side of coronary arteries. This 
concludes that he was leading a non-stressful life. High origin of the 
coronary artery is a potential source of sudden death that should be 
considered when no other significant autopsy findings are present. We 
believe that this case will be useful for cardiologist in detecting this 
infrequent anomaly and also its implication in forensic practice. 
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Figure 1. Radiography taken to show coronary course in the specimen

Figure 2. Pathology view of coronary arteries and its ostia
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Miyokart enfarktüsü sonrası implante edilen 
ICD tarafından sağ ventrikül uyarılmasına 
bağlı kötüleşen kalp yetersizliğinin 
resenkronizasyon ile tedavisi 

Worsening of heart failure due to right ventricular 
apical pacing by ICD implanted after myocardial 
infarction and treatment with resynchronization

Giriş

Kronik sağ ventrikül apikal (VA) uyarısı ventriküler dissenkroni, artmış 
serum BNP ve kalp yetersizliği ile ilişkilidir (1). Bu olgu sunumunda miyokart 
enfarktüsü (ME) sonrası ventriküler taşikardi (VT) nedeniyle implante edile-
bilir kardiyoverter-defibrilatör (ICD) implante edilen bir hastada, izlemde 
atriyoventriküler tam blok gelişmesi sonucunda ICD tarafından sağ ventrikül 
apikal uyarılmasına bağlı kötüleşen kalp yetersizliği anlatılmıştır. 

Olgu Sunumu

Üç yıl önce akut ME geçiren, izlemde VT nedeniyle  ICD  implante 
edilen 66 yaşındaki erkek hasta optimal medikal tedavi almasına rağmen 
NYHA III nefes darlığı ile koroner yoğun bakım ünitesine yatırıldı. 
Öyküsünden ME sonrası altıncı ayda ejeksiyon fraksiyonunun (EF) %32 ve 
Holterde süreksiz VT saptanması üzerine tek odacıklı ICD implante edildi-
ği, bir yıl önce devamlı yavaş hızlı VT nedeniyle başka bir merkezde 
başarılı radyofrekans ablasyonu yapıldığı öğrenildi. Üç yıl önce çekilen 
EKG’sinde sinüs ritmi, eski anteroseptal ME örneği görüldü ve QRS süresi 
160 ms olarak ölçüldü. Yeni EKG’sinde pil ritmi saptandı ve QRS süresi 240 
ms idi (Şekil 1, 2). EF’si %26 idi. Mitral akım E dalga hızının lateral mitral 
anülüs E' miyokardiyal hızına oranı  (E/E') 17 olarak bulundu. Hastanın 
ICD’sinin pil fonksiyonu görmesi, sağ ventrikül apikal uyarılması sonrası 
kalp yetersizliği semptomlarının giderek kötüleşmesi nedeniyle hastaya 
ICD işlevli biventriküler kalp pili implantasyonu kararı verildi. İşlem sonra-
sı QRS süresi 160 ms olarak ölçüldü (Şekil 3). Bir ay sonra kontrole çağı-
rılan hastada NYHA I-II dispne vardı. EF %28 ve E/E`oranı 9 olarak ölçüldü.

Tartışma
	
Kronik sağ ventriküler apikal pacing ventrikül fonksiyonlarını kötüleş-

tirmekte ve hastanın fonksiyonel kapasitesini ventrikül fonksiyonu normal 
olsa dahi bozmaktadır (2). EF’si azalmış hastalarda sağ ventriküler uyarı-

dan biventriküler kalp pili uygulamasına geçişin klinik yararı gösterilmiştir 
(3). Bu nedenle ICD endikasyonu olan ve ileride pacemaker gereksinimi 
gelişebilecek kalp yetersizliği hastalarında defibrilatör işlevli kardiyak 
resenkronizasyon tedavisi (CRT-D) öncelikli olarak düşünülmelidir. Sol 
ventrikül sistolik disfonksiyonu ve hafif düzeylerde kalp yetersizliği olan 
hastalarda, özellikle QRS süresinin 150 ms’nin üzerinde olması durumunda 
CRT’nin kalp yetersizliğinin kötüleşmesini önlediği, kalp yetersizliği nede-
niyle hastaneye yatışları ve mortaliteyi azalttığı gösterilmiştir (4). 

Miyokart enfarktüsü (ME)  sonrası hastane döneminde sebat eden 
intraventriküler ileti defekti gelecekte atriyoventriküler (AV)  blok riski-
nin yüksek olduğunu gösterir ve kötü prognostik bir bulgudur. Yüksek 
dereceli AV blok için risk faktörleri 1. derece AV blok, bifasiküler blok 
veya alterne sağ dal-sol dal bloğu ve yeni gelişen dal bloğu olarak belir-
lenmiştir. Birinci derece AV blokla birlikte bilateral dal bloğu veya yeni 
gelişen dal bloğu en yüksek riski taşımaktadır. 

Akut ME sonrasında AV blok risk derecelendirmesi için elektrofizyo-
lojik çalışma rutin olarak kullanılmamaktadır. Ancak, ileti sistemindeki 
bozukluğun yerini belirlemek için His demeti elektrogramı kullanılabilir. 
Distal ileti sisteminde blok saptanması yüksek dereceli AV blok riskini 
artırmaktadır. Anteriyor ME sonrası sıklıkla distal ileti sistemi etkilen-
mektedir. EKG’de PR mesafesi normal olup, dal bloğu bulunan hastaların 
yaklaşık yarısında His-ventrikül (HV) intervali normalden uzundur.

Akut ME sonrası kalıcı kalp pili endikasyonu olan tüm hastalar aynı 
zamanda ICD ve CRT açısından da değerlendirilmelidir. Geçici 2. veya 3. 
derece AV blok ile beraber kalıcı dal bloğu bulunan hastalara kalp pili 
implante edilmelidir. Bu hastalarda blok yerini belirlemek için elektrofiz-
yolojik çalışma yapılabilir. Akut ME geçiren ve AV blokla birlikte dal 
bloğu gelişen birçok hastaya sol ventrikül disfonksiyonu nedeniyle 
birincil korunma amaçlı ICD implantasyonu da gerekmektedir. 

Bizim hastamızda anteriyor ME sonrası ejeksiyon fraksiyonu %30’un 
altına düşmüştür ve QRS süresinin 160 ms olması intraventriküler ileti sis-Şekil 1. Anteriyor miyokart enfarktüsü sonrasında QRS süresinde 

uzama ve QRS’te fragmantasyon izlenmektedir

Şekil 2. İzlemde atriyoventriküler tam blok gelişen hastada ICD 
tarafında sağ ventrikül apikal uyarılmasına bağlı olarak QRS süresinin 
belirgin olarak uzadığı görülmektedir

Şekil 3. Resenkronizasyon tedavisi sonrasında QRS’te daralma dikkati 
çekmektedir. CRT - D sonrasında hastanın semptomlarında ve eko-
kardiyografik bulgularında belirgin iyileşme gözlenmiştir
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teminde hasar bulunduğunu düşündürmektedir. Ayrıca yavaş ventriküler 
taşikardi nedeniyle yapılmış olan radyofrekans ablasyon da ileti sistemin-
deki hasarı artırmış olabilir. Sağ ventrikül uyarılmasına ek olarak atriyovent-
riküler dissenkroninin de kalp yetersizliğini kötüleştirdiği düşünülmüştür. 
Hastanın cihazının CRT-D olarak değiştirilmesiyle sol ventrikül doluş basın-
cında düşüş ve kalp yetersizliği semptomlarında düzelme sağlanmıştır. 

Sonuç

Miyokart enfarktüsü sonrası VT nedeniyle ICD implante edilmeden 
önce elektrofizyolojik çalışma ile ileti sistemindeki hasar bölgesinin 
belirlenmesi ve yüksek dereceli AV blok riskinin öngörülebilmesi müm-
kündür. Böyle bir hastada AV blok nedeniyle ICD’nin sağ ventrikül apikal 
uyarı yapması ve atriyoventriküler dissenkroni hastanın kalp yetersizli-
ğini kötüleştirebilir. Sol ventrikül işlevlerinin kötüleşmesinin önüne 
geçilebilmesi amacıyla elektrofizyolojik çalışmada distal ileti sistemi 
kusuru gösterilen hastalarda CRT-D düşünülebilir.

Ali Deniz, Mehmet Kanadaşı, Mesut Demir, Ayhan Usal
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Renal coloboma syndrome associated 
with double- chambered right ventricle 

Renal kolobom sendromu ile çift odacıklı sağ 
ventrikül birlikteliği

Introduction

Renal coloboma syndrome (RCS) (papillorenal syndrome) is an 
autosomal dominant entity characterized by hypodysplastic kidneys 
and optic nerve abnormalities ranging from optic pit to total optic disc 
coloboma (1, 2). The double-chambered right ventricle (DCRV) is a rare 

congenital heart abnormality caused by anomalous location of hyper-
trophic muscle bands creating an obstacle for the right ventricular 
ejection (3). In this paper we discuss clinical properties of a patient with 
papillorenal syndrome associated with congenital heart disease (CHD) 
including DCRV. To the best of our knowledge, this association has not 
been reported.

Case Report

A 21-year-old man without any ocular history presented to our 
clinic with loss of vision in his right eye for two months. His initial oph-
thalmologic examination revealed optic disc pit in both eyes and serous 
macular detachment in the right eye (Fig. 1). Slit lamp examination was 
unremarkable. His best-corrected visual acuity (BCVA) was 20/100 in 
the right and 20/20 in the left eye.

The patient had a history of surgery for atrial septal defect (ASD), 
pulmonary valve stenosis (PVS) and deformity of conus arteriosus 
when he was 3-year-old. Cardiac magnetic resonance imaging and 
echocardiography demonstrated DCRV, aneurysmal formation of the 
membranous septum, pulmonary and tricuspid regurgitation (Fig. 2). No 
treatment was given due to compensated cardiac disease.

He had also been suffering from vomiting, fatigue and spasms for 
two months. Blood work-up showed elevated serum creatinine (8.72 

Figure 1. Dilated fundus exam revealing optic pit in both eyes (a, b). There 
is an optic pit-related serous macular detachment in the right eye (c)

Figure 2. Cardiac MRI demonstrating anomalous muscle bundle dividing 
right ventricle into proximal and distal chambers (a, d), and membra-
nous interventricular septal aneurysm (b, c)
MRI - magnetic resonance imaging
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mg/dL), urea (200 mg/dL), phosphorus (5.84 mg/dL), parathyroid hor-
mone (1196 pg/mL) and decreased levels of Fe+ (26 µg/dL), red blood 
cell (3.83x106/pL) and hemoglobin (11.6 g/dL). Urinalysis revealed pro-
teinuria. Abdominal ultrasonography and computed tomography showed 
bilateral renal hypoplasia (Fig. 3) and a diagnosis of end-stage renal 
failure was made. Renal transplantation was performed, followed by 
six-month hemodialysis treatment. Two months after the successful 
renal transplantation, serous submacular fluid reduced and macular 
anatomy recovered but BCVA remained at the same level. The patient 
received no ophthalmologic treatment for the optic pit. 

Discussion 

Renal coloboma syndrome is inherited autosomal dominantly and 
PAX2 is the only gene known to be associated with RCS (4). PAX2 has 
critical roles in eye and renal embryogenesis.

Primitive eye is separated into two parts (later forms a fissure) by 
sonic hedgehog (SHH). During 3th week of gestation SHH upregulates 
PAX2 which is leading to fissure closure (5). Optic pit or coloboma can 
occur if this fissure fails to close between 3th and 7th weeks. Coloboma is 
frequently associated with other congenital abnormalities one of which is 
kidney. As with most organs, differentiation of the kidney involves epithe-
lial mesenchymal interactions. During the 5th week PAX2 and WNT pro-
teins promotes these interactions leading to formation of renal tubules (5). 

In contrast to renal development, WNT proteins act as an inhibitor 
role in cardiac development. During the 4th to 7th weeks, the heart under-
goes into a typical four-chambered structure with endocardial cushions, 
which have critical role in many cardiac deformities (5). DCRV is rela-
tively rare as an isolated anomaly (approximately 0.5-2% of CHD) with no 
inheritance pattern (6). Patients with DCRV frequently have other con-
genital cardiac anomalies. The most common associated cardiac lesions 
include ventricular septal defect, PVS and subaortic stenosis (7). The 
embryological basis of DCRV has not been clearly described and DCRV 
coexisting ASD and PVS may be the result of conus arteriosus deformity. 
Development of aneurysmal formation of the membranous septum in our 
patient was probably caused by septal infarct secondary to abnormal 
septal hypertrophy rather than an embryological defect.

In our case there might be a defect concerning those molecular 
mediators that mentioned above in any stage of development (at most 
probably between 3-7 weeks) and PAX2 does not appear to be the only 

factor in this association. Therefore identifying PAX2 mutation is not nec-
essary for definite diagnosis which is particularly based on clinical evalu-
ation. Mutations in PAX2 have been identified in 50% of persons with RCS 
(1, 8) and it is estimated that about half of individuals with RCS do not have 
a known genetic basis (9). In our patient PAX2 gene were amplified from 
extracted DNA by using polymerase chain reaction primers. Mutation 
screening was performed by single strand conformation polymorphism. 
No pathologic allelic variant was observed. We consider that other gene 
mutations different from PAX2 may also cause this clinical entity. 

Conclusion

Renal coloboma syndrome is a multisystem disorder and a collabora-
tive approach including specialists in ophthalmology, cardiology nephrol-
ogy and medical genetics is necessary for a definite diagnosis. To the best 
of our knowledge, this is the first case report of RCS coexisting with DCRV.

Patient consent: We confirm that the patient has given written 
informed consent to the publication of this original article.

Disclosures: None of the authors has any conflicts of interest to 
disclose.
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Figure 3. Abdominal ultrasonography and computed tomography views 
of bilateral renal hypoplasia
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Thoraco-Omphalopagus conjoined 

Torako-Omfalopaguslu yapışık ikizler

Introduction

Conjoined twins are rarely seen in medical practice, and the inci-
dence is reported as 1 in 50.000 to 1 in 100.000 live births; 60% of these 
die in utero or are stillborn (1). The thoracopagus is the most common 
type, accounting for 40% of all conjoined twins cases (2). Thoracopagus 
conjoined twins have the highest incidence of cardiovascular abnor-
malities; they may have cardiac abnormalities in any type of fusion, and 
90% of these twins share a common pericardial sac. The type of car-
diac fusion is a critical factor for mortality (3).

Case Report

A 33-year-old mother presented a conjoined twin pregnancy at 35 
weeks of gestation. Ultrasonographic examination had not been made 
until the week of the birth. Her pregnancy was spontaneous. There was 
no remarkable risk factor for congenital anomalies in her history. 
Female thoracoomphalopagus twins weighing 3000 g in total were 
delivered by cesarean section. The Apgar scores were 4 at 1 minute 
(min) and 6 at 5 min. The twins shared the thorax and abdomen (Fig. 1). 
Postnatal echocardiographic examination revealed that the babies 
shared a four-chamber heart with two ventricles and two atria (Fig. 2). 
The left ventricle (LV) connected to two aorta (Ao-1, Ao-2) and one 
pulmonary artery (PA-1) (Fig. 3, 4), while the right ventricle (RV) con-
nected to only one pulmonary artery (PA-2) (Fig. 5). The pulmonary and 
systemic venous return could not be displayed. Multidetector comput-
ed tomography was planned to display the anatomical and vascular 
structure of the heart. However, the twins died shortly after birth due to 
cardiovascular collapse and progressive metabolic acidosis despite 
maximal inotropic and ventilatory support. The parents were informed 
that the infants had inseparable hearts and could not be saved. They 
refused the post-mortem examination.

Discussion

Thoracopagus conjoined twins with a fused heart always have 
complex abnormal cardiac anatomy (4-7). The degree of cardiac fusion 
is most often the pivotal factor in the prognosis (6). Leachman et al. (4) 
classified twinning on the basis of cardiac fusion as follows: separate 
normal hearts (type A), fused atria with separate ventricles (type B), 
and fused atria and ventricles (type C). Andrews et al. (5) reported 
echocardiography results in the evaluation of 23 sets of conjoined twins 
with thoracic level fusion, and classified them into four groups as: group 
A: separate hearts, separate pericardium; group B: separate hearts, 
common pericardium; group C: fused atria, separate ventricles; and 
group D: atrial and ventricular fusion. Thoracopagus and thoraco-
omphalopagus twins have complex cardiac abnormal anatomy in both 
classifications. The present twins were thoraco-omphalopagus with a 
four-chambered heart. Three great arteries connected the left ventricle, 
while only one pulmonary artery connected the right ventricle. 
McMahon et al. (8) reported cardiac malformations in a review of 1262 
cases of all types of conjoined twins. Of all the cases studied, 314 twins 
were thoracopagus and typically shared a single multi-chambered 

Figure 2. Echocardiogram showing a four-chambered heart with two 
ventricles and two atria
LA - left atrium, LV - left ventricle, RA - right atrium, RV - right ventricle

Figure 3. Echocardiogram showed aorta-1 and pulmonary artery-1 
connecting the left ventricle
Ao - aorta-1, LV - left ventricle, PA - pulmonary artery-1

Figure 1. Photo (A) and X-ray (B) images of the twins showing the 
shared thorax and abdomen
(Permissions to use the pictures of twins in publication are obtained from parents)
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Olgu Sunumları
Case Reports

Anadolu Kardiyol Derg 
2013; 13: 278-85284



heart; there were from one to four atria and from one to four ventricles, 
with several variations of the great vessels, and triple-outlet connection 
was observed in only three cases of all 1262 twins. The present case had 
a triple-outlet connection from the left ventricle; two aorta and one pulmo-
nary artery were visualized as connecting the left ventricle. Spitz et al. (2) 
classified management of 17 conjoined twins in three distinct categories. 
The nonoperative management group includes twins with inseparable 
hearts as with our case. The present twins also had only a single four-
chambered heart and triple-outlet left ventricle. This also distinguishes our 

case from the other cases of cardiac fusion in conjoined twins reported in 
the literature; however, the prognosis was not different (1-8). Our twins 
died on the first day due to heart failure and progressive metabolic acido-
sis. For inseparable twins, early diagnosis may be offered to the parents if 
they wish to consider pregnancy termination (9). 

Conclusion

Although conjoined twins, especially thoracopagus type, are known 
to present several cardiac anomalies, a shared single four-chambered 
heart with triple-outlet left ventricle is a rare condition. The abnormali-
ties can be determined in the fetal period with regular monitoring of the 
pregnancy and fetal echocardiographic examination.
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Figure 4. Echocardiogram showing aorta-2 connecting the left ventricle 
Ao2 - aorta-2, LA - left atrium, LV - left ventricle, RV - right ventricle

Figure 5. Echocardiogram showing pulmonary artery-2 connecting the 
right ventricle
PA2 - pulmonary artery-2, RV - right ventricle
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Letters to Editor-in-Chief

Baş Editöre mektuplar

Sayın Editör

Dergimizin 2013 Şubat sayısında yayınlanan ‘Artan yazı sayısı ve 
okuyucu mektupları (``Güzin abla``!!!) – Editörden’ başlıklı yazınızı 
büyük bir ilgiyle okuduk. Ne yazık ki ülkemizde bilim ve bilimsel olma 
algısı bizce olması gerekenden çok farklı bir noktada. Ve yine ne yazık ki 
kişinin bilimselliği Pubmed’deki yazı sayısı ya da akademik ‘’title’’ı ola-
rak görülmekte. Oysa bilimsel üretim süreci yalnızca data toplamakla, 
yazı yazmakla, yazılan yazıyı kabul ettirmekle kalmamalı.   Bir başkası 
tarafından bilim dünyasına sunulan bir yazıyı da bilgisi, ilgisi, deneyimi 
doğrultusunda yorumlayabilmek, katkıda bulunmak, eleştirmek kısacası 
yayın aşamasında hakem olarak görev almak da olmalıdır. Kendi maka-
lesinin değerlendirilmesi ya da kabul aşamasında aceleci davranan pek 
çok araştırmacı herhangi bir derginin herhangi bir konuda hakemliğine 
başvurması durumundaysa yine aynı aceleciliği bu kez hakemlik daveti-
ni reddetme konusunda gösteriyor ya da cevap bile vermeyerek yazının 
değerlendirme sürecinin daha da uzamasına neden oluyor. Bugüne 
kadar dergimize birçok yazı yolladık ve doğal olarak bunların bir kısmı 
kabul edildi, bir kısmıysa reddedildi. Önümüzdeki günlerde –eğer uygun 
görürseniz- dergimizin yayın sürecinde yazılarımızla olduğu kadar, ilgili 
olduğumuz konularda hakemlik sürecinde de daha aktif görev almaktan 
onur duyarız.

Sonsuz Hürmet ve Saygılarımızla

Dr. X ve Dr. X

Yazarın Cevabı

Sayın Dr. X ve Dr. X,

Şubat sayımızda yayınlanan “Artan yazı sayısı ve okuyucu mektup-
ları (``Güzin abla``!!!) ” başlıklı editörden yazıma ilgi gösterip, bu konuda 
fikirlerinizi bildirdiğiniz için çok teşekkür ederim. E-postanızda, bilimsel-
likle ilgili belirttiğiniz tüm görüşlerinize (hakemlik vs. ) katılıyorum ve size 
çok hak veriyorum. Aynı düşüncelere sahip olduğumuzdan dolayı çok 
mutlu oldum. Sizin bu güzel yorumlarınızı ve düşüncelerinizi izniniz olur-
sa, isimli veya isimsiz “Editöre Mektup” olarak yayınlamak isterim. 

Bu konuda en kısa sürede cevabınızı bekler, sonsuz selam, sevgi ve 
saygılarımla gözlerinizden öperim.

Saygılarımla

Prof. Dr. Bilgin Timuralp, EFESC
AKD Baş Editörü

Sayın Editör

Zaman ayırıp yazdığınız cevapla bizleri onurlandırdığınız ve gönder-
diğimiz elektronik postayı yayınlamayı düşündüğünüz için teşekkür 

ederiz. Size gönderdiğimiz mektubu yazmamızdaki tek amaç; sizin bu 
konuda kardiyoloji camiasına ince bir kırgınlığınız ya da siteminiz 
(hakemlik konusunda) olduğu düşüncesini taşıyarak naçizane yanınızda 
olduğunuzu hissettirmekti. Hocam, Size yolladığımız yazı – biz kaleme 
alsak ta- aslında bizler ve Siz gibi düşünen insanlar adına yazılmış ortak 
bir düşüncenin, duygunun ifadesidir. Yazı hedef kitlesi olan okuyucu 
tarafından okunduğunda, okuyucunun algısında iki kişinin yazdığı bir 
düşünceden ziyade bu düşünceyi ifade eden bir topluluk olduğu fikrinin 
hakim olacağını düşünüyoruz. Yazının ne şekilde yayınlanacağı konu-
sunda tabii ki Siz daha uygununu ve doğrusunu bilirsiniz, ancak biz bu 
düşüncedeki isimsiz kişiler olarak kalmak isteriz.

Sonsuz hürmet ve saygılarımızla

Dr. X ve Dr. X

Ischemic stroke in the course of 
thrombolytic treatment of prosthetic 
valve thrombosis: thrombolysis is 
suggested 

Protez kapak trombozunun trombolitik tedavisi 
sırasında iskemik inme: Tromboliz önerilir

Dear Editor,

We have read with great interest the excellent report Özkan et al. 
(1). This woman of 25 years old with diagnosis of prosthetic valve 
thrombosis (PVT) received thrombolytic therapy-low-dose and pro-
longed infusion of tissue-type plasminogen activator (tPA). After the 
two hours the infusion was finished and was diagnosed and checked 
for cerebral computed tomography (CT) scan a cerebral embolism as a 
complication. Thrombolytic treatment was continued. The final result 
was successful for both (PVT and ischemic stroke).

We should make some considerations
The PVT is a serious complication of cardiac valve replacement 

because it is dangerous in the sick person's life. The initial therapeutic 
decision must be immediate. Currently, the initial therapeutic decision is 
difficult and controversial. Clinical practice guidelines express no uni-
form opinions. The European Society of Cardiology proposed surgery as 
the initial treatment, regardless of clinical status and the size of the 
thrombus. The Society of Heart Valve Disease recommends that the 
first choice be thrombolysis in all cases of PVT, unless such treatment 
is contraindicated. The American Heart Association and American 
College of Cardiology reserve thrombolysis only for patients with non-
obstructive PVT and hemodynamic stability. The American College of 
Chest Physicians recommends that the main criterion in the therapeutic 
decision be the size of thrombus, indicating thrombolysis as the treat-
ment choice if the thrombus has an area of +0.8 cm2 and surgery in 
older thrombi. On the basis of the evidence displayed in many studies 
and our experience over more 20 years, our working group suggests 



that continuing the search for the best therapy for PVT is no longer 
necessary. Two therapeutic alternatives exist for managing these 
severe patients (thrombolytic therapy and surgery), but they are com-
plementary. We propose thrombolysis as the initial treatment if no 
contraindications are present (e.g., thrombi + 10 mm). Surgery is 
reserved for patients with contraindications to thrombolysis, those in 
whom this therapy is unsuccessful, and per se, who present with stroke 
and left atrial thrombus (2).

The main related limitation with the thrombolytic treatment is when 
the cerebral embolism occurs. An interesting option to treat this com-
plication during the thrombolytic treatment in the PVT is the thromboly-
sis continuity as it has reported in this case for Özkan et al. (1).

In the year 2004, Lengyel et al. (3) indicated that twenty cases of 
non-hemorrhagic stroke or transient ischemic attack have been treated 
with thrombolysis, with only one hemorrhagic transformation. 

In the year 2005 were published the guidelines of the Society of 
Heart Valves Disease for the management of PVT and recommend as an 
indication Class III the thrombolysis in presence of ischemic stroke 
documented for cerebral CT scan before the 4 hours that initiate the 
symptoms (4).

We suggest that the thrombolytic therapy in the ischemic stroke can 
be effective in the first 3 hours of the beginning of symptoms if the 
cerebral scan do not show signs of hemorrhages. It is generally recom-
mended to interrupt thrombolysis for PHVT if there is clinical evidence 
of a cerebrovascular accident during treatment, and to perform an 
urgent cranial CT scan to differentiate between a hemorrhagic and 
ischemic origin. If there is no evidence of brain hemorrhage on CT scan, 
thrombolytic therapy can be restarted (5).

 
Fidel Manuel Caceres-Loriga
Department of Cardiology, Institute of Cardiology and 
Cardiovascular Surgery, Havana-Cuba 
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Author Reply

Dear Author,

Thank you very much for your comprehensive and encouraging  
comments on our article published in "letter to editor" section of  
Anatolian Journal of Cardiology that I was entirely agree and feel noth-
ing to add on top of it.

Mehmet Özkan
Clinic of Cardiology, Kartal Koşuyolu Yüksek İhtisas Education and 
Research Hospital, İstanbul-Turkey
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Influence of gender, C- reactive 
protein and triglycerides in risk 
prediction of coronary heart disease 

Koroner arter hastalığı riskini öngörmede cinsiyet, 
C-reaktif protein ve trigliseridin etkisi

Dear Editor,

Having read the article entitled “Clinical biomarkers of high-density 
lipoprotein dysfunction among middle-aged Turks” by Onat et al. (1), 
where the mentioned author studied some clinical biomarkers of high-
density lipoprotein dysfunction in a stratified adult Turkish population. 
We would like to join the discussion about the influence of gender, and 
C-reactive protein (CRP) and triglycerides (TG) levels in risk prediction 
of coronary heart disease (CHD). For this purpose, we show the results 
of our small-sample study of schizophrenic patients on long-term clo-
zapine, a drug that consistently raises CRP levels, where we evidenced 
that women had lower CRP increases than men (about a half) in 
response to a constant stimulus as clozapine long-term treatment. Also, 
we found that elevated CRP levels were associated with high levels of 
cholesterol, low-density lipoprotein and body mass index (2).

Cholesterol and TG, rise CRP levels through the activation of toll-like 
receptor 4 (TLR4) and subsequently liberation of proinflammatory cytokines 
such as tumor necrosis factor and interleukin -6, among others. This CRP-
release, in turn, can activate TLR4 and lead, under certain circumstances 
and/or stimuli to a self-perpetuating cholesterol/TG-CRP loop (3, 4).

Moreover, TLR4 constitutes a link between nutrition, lipids and 
proinflammatory cytokines, being TG and cholesterol from any source, 
including diet, the most common metabolic-triggers for TLR4 (5). This 
TLR4 activation is also gender-dependent, with an LPS-stimulated 
accumulation of proinflammatory cytokines, significantly decreased in 
women (6), where its production would be facilitated by the presence 
of elevated levels of TG.

Putting it all together, we can conclude that women, whose innate 
immune response TLR4-mediated as mentioned also by İmahara (6) is 
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more decreased than men, requires higher levels of TG than men to 
stimulate production of CRP, TLR4 mediated, and that TG constitutes a 
clinical biomarker of impaired antiinflammatory or atheroprotective 
function in women, while in men it would be CRP, whose release would 
not depend on TG; in agreement with the findings of Onat et al. (1), about 
the usefulness of CRP and TG, among others, as clinical biomarkers of 
impaired or atheroprotective high-density lipoprotein antiinflammatory 
function for men and women, respectively.

 
Roberto Lozano, Reyes Marin*, M-Jesus Santacruz*

Clinics of Pharmacy and *Psychiatry, Hospital Real Ntra Sra de 
Gracia, Zaragoza-Spain
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Author Reply

Sex divergence in rise of serum CRP to pro-inflammatory mediators
Proinflamatuvar mediyatörlerin serum CRP artışında cinsiyet farkı

Dear Author,

Regarding prediction of coronary heart disease, for which we tried 
to identify clinical biomarkers in the population at large in our recently 
published study (1), Lozano et al. (2) commented on the influence of 
gender on circulating C-reactive protein (CRP), representing the inflam-
matory response of the organism. Concurring with our conclusion that, 
added to fasting triglyceride concentrations, elevated CRP was pro-
posed to mark high-density lipoprotein (HDL) dysfunction in cardio-
metabolic diseases among men but not in women (in whom elevated 
complement C3 was identified as independent marker), the author 
pointed out that, in the long-term treatment of schizophrenic patients 
with clozapine, a drug that consistently raises CRP levels, women 
respond with about half as great a rise in CRP as men. 

We have reached the opinion since our study was concluded, that 
this sex difference on CRP is related to the association of circulating 

lipoprotein [Lp] (a) with triglycerides and the possible concomitant 
existence of autoimmune activation, a slow process which comprises 
aggregation between certain damaged proteins and protective serum 
proteins, and predominates in females (3). HDL dysfunction in males is 
usually, though not exclusively, due to simple pro-inflammatory state 
whereas it is associated in women commonly with inflammation-
induced autoimmune process as well which often involves Lp(a) and 
apolipoprotein A-I. The immune complex formation is associated with 
complement C3 elevation (4) and with less independence from other 
clinical markers of systemic inflammation (including fasting triglycer-
ides) and a lesser degree of rise in CRP levels. Hence, the divergence 
between sexes in rise of CRP levels to certain pro-inflammatory media-
tors. One may speculate whether clozapine, beyond stimulating CRP 
release, affects in women the induction of autoimmune processes.

Altan Onat
Emeritus Professor, Cerrahpaşa Medical Faculty, İstanbul 
University, İstanbul-Turkey
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Can isolated ST elevation in aVR lead 
be a sign of acute pulmonary 
embolism? 

aVR’de izole ST yükselmesi akut pulmoner emboli 
belirtisi olabilir mi?

Dear Editor,

Pulmonary embolism (PE) remains the major challenge of acute 
chest disease. The clinical and electrocardiographic manifestations may 
deviate to a diagnosis of acute coronary syndrome and even myocardial 
infarction. The current report documents the case of a 42-year-old 
woman who presented to the emergency department with chest pain 
and dyspnea. She had no known history of ischemic heart disease, car-
diomyopathy, arrhythmia, or central nervous system disease. She had a 
6-year history of minimal tobacco use. On examination, the patient's 
blood pressure was 100/60 mm Hg in the supine position; oxygen satura-
tion, 96%; and heart rate, 123 beats per minute and regular. Her electro-
cardiogram showed interestingly isolated ST elevation in aVR lead and 
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diffuse ST depression in all other leads (Fig. 1). Troponin I was top nor-
mal. Chest X-ray findings were unremarkable. As a result, therapy for 
acute coronary syndrome was initiated and arrangements were made 
for emergency cardiac catheterization for suspected acute coronary 
occlusion. Results from an angiogram, however, failed to reveal coronary 
artery disease and was normal. After cardiac catheterization, transtho-
racic echocardiography revealed moderate right ventricular enlarge-
ment with mildly reduced function and displacement of the interven-
tricular septum into the left ventricle; however, left ventricular systolic 
function was normal. In addition, pulmonary artery pressure was elevat-
ed moderately but the patient did not demonstrate “McConnell's sign”. 
CT angiography revealed massive bilateral pulmonary embolism.

As stated previously, ST-segment elevation associated with PE is rare, 
and the direct relationship remains unclear. Anteroseptal or anterior 
ST-segment elevation was noted in few cases (1-3). Recently it is noted that 
the presence of STE in lead aVR in patients with APE is associated with 
poor prognosis. The presence of STE in lead aVR could be an easily obtain-
able and noninvasive ECG parameter, helpful in risk stratification of patients 
with APE (3, 4). Most ECG abnormalities associated with PE are thought to 
be a consequence of a sudden pressure overload on a non-compensatory 
right ventricle. This additional strain may induce global or focal myocardial 
ischemia. Therefore, another potential theory suggests that ST elevation in 
PE results from epicardial or micro-vascular coronary vasospasm induced 
by such strain. A third theory suggests that severe hypoxemia induces a 
catecholamine surge, which increases myocardial workload and results in 
ischemia (1, 3-5). Also the serum potassium level in our patient at the time 
of the ECG was 5.5 mEq/L, lower than that seen in some cases of 
ST-segment elevation (1, 5). In addition the severity of metabolic acidosis in 
our patient (bicarbonate, 20.3 mEq/L) is less than that seen in cases associ-
ated with ST elevation attributed to metabolic abnormalities. Indeed the 
most interesting finding in our case is ST elevation only in aVR lead that 
may be seen in few cases of acute coronary syndrome.

In conclusion; specific abnormal findings on ECGs may provide clues 
to the diagnosis and according to previous studies (3, 4) for risk stratifica-
tion of PE in patients presenting with chest pain, dyspnea, or both; how-
ever, the present case illustrates the rare and interesting association of 
PE with ST-segment elevation in the aVR lead. Therefore, we recommend 
that physicians consider the presence of PE in patients with chest pain 
or dyspnea, even when ST-segment elevation is present in aVR lead. 

 
Anita Sadeghpour, Azin Alizadeasl1

Echocardiography research center, Tehran University Medical 
Science, Tehran-Iran
1Department of Cardiology, Tabriz University, Tabriz-Iran
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A deadly chain of events in a case; 
Deep venous thrombosis, pulmoner 
embolism, patent foramen ovale and 
cerebral embolism

Bir vakada ölümcül olaylar zinciri; derin ven 
trombüsü, pulmoner emboli, patent foromen ovale 
ve serebral emboli

A 67-year-old overweight female with history of hypertension was 
admitted to our emergency room due to mental confusion, weakness of 
the right side of the body and shortness of breath starting 12 hours ago. 
She had stable hemodynamic status with a blood pressure of 140/70 
mmHg and heart rate of 106 bpm. Her physical examination was unre-
markable with sinus rhythm.

She was diagnosed acute stroke and underwent a cranial magnetic 
resonance imaging (MRI). Her cranial MRI showed a large infarct in the 
left middle cerebral artery region (Fig. 1). For the determination of the 
source of embolus, her echocardiographic examination demonstrated 
moderate pulmonary hypertension of 65 mmHg accompanying mild right 
ventricle dilatation with spared apical motion (McConnell sign). The car-
diac chambers including main pulmonary artery were clear, and ejection 
fraction was normal (65%). Transesophageal echocardiography was per-
formed for further evaluation of the interatrial septum. The contrast study 
demonstrated a large amount of bubble passing through a tunnel like 
patent foramen ovale (PFO) (<10 mm) (Fig. 2-4. Video 1-3. See correspond-
ing video movie images at www.anakarder.com). All tests were normal 
except for a slight elevation of D-dimer (500 mg/L). With suspected pulmo-
nary embolism (PE), we performed a tomographic pulmonary angiography, 
and it revealed a large thrombus partially obstructing the proximal parts of 

Figure 1. A 12-lead electrocardiogram in patient with acute pulmonary 
thromboembolism, note the ST segment elevation in aVR lead
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both pulmonary arteries (Fig. 5). Low-molecular-weight heparin with anti-
platelet therapy was started. An extensive thrombus was also detected in 
the right femoral vein using lower extremity veins with duplex ultrasound. 
As a result, paradoxical cerebral embolism as well as PE caused by deep 
venous thrombosis (DVT) and its association with PFO was diagnosed 
evidently. During her follow-up period, her hemodynamic condition 
remained stable, and all imaging tests were repeated after 8 days. Her 
echocardiographic examination showed a decrease in the pulmonary 
artery pressure to 40 mmHg without any remarkable changes of the right 
heart size. In addition, a slight reduction of thrombus in the pulmonary 
arteries was detected by tomographic pulmonary angiography. After a 
short period of time, her clinical condition deteriorated and on her cranial 
tomography, severe hemorrhage was observed in previous cerebral infarct 
region. Unfortunately, the patient was eventually died. 

PE is an important clinical entity characterized by still a high mortality 
rate if not diagnosed early. The most common cause of PE is DVT. The risk 
level of all patient with PE should be determined to plan an appropriate 
therapy on the basis of three crucial factors; hemodynamic status, right 
ventricular dilatation and myocardial injury (1). In case of PE, the right 
heart pressures will increase, and in the presence of PFO, the passage 

Figure 4. 3D Real time TEE image form 120 degree midesophageal level 
shows an PFO (Arrow)
PFO - patent foramen ovale, TEE - transesophageal echocardiography

Figure 2. TEE image from 120 degree midesophageal level shows a 
PFO. (Arrow) After administration of agitated saline both spontane-
ously and Valsalva maneuver, plenty of bubble passed through right to 
left atrium (Arrow) 
PFO - patent foramen ovale, TEE - transesophageal echocardiography

Figure 3. TEE image from 120 degree midesophageal level shows a 
PFO. (Arrow) After administration of agitated saline both spontane-
ously and Valsalva maneuver, plenty of bubble passed through right to 
left atrium (Arrow) 
PFO - patent foramen ovale, TEE - transesophageal echocardiography

Figure 1. Brain MRI images of acute cerebral infarctions in the left 
middle cerebral artery territory (arrows)
MRI - magnetic resonance imaging, MCA - middle cerebral artery
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become much easier (2, 3). It is always possible that DVT may lead to 
systemic embolism through the PFO, called as paradoxical embolism (4). If 
a cerebral embolism exists, the clinical condition may be predominantly 
neurologic, and PE may be overlooked. In the event of cryptogenic stroke, 
the existence of PFO and DVT is generally searched, respectively. In these 
patients, PE should be kept in mind and investigated. The presence of DVT, 
PE, PFO and systemic embolism in a case together seems to be the most 
frightening and deadly association, as seen in our case.  

 
Murat Eroğlu, Murat Yalçın*, Zafer Işılak*, Murat Velioğlu**

Department of Emergency Medicine, *Cardiology and **Radiology, 
Gülhane Military Medical Academy, Haydarpaşa Hospital, 
İstanbul-Turkey

Video 1. TEE color image from 120 degree midesophageal level 
shows an PFO
PFO - patent foramen ovale, TEE - transesophageal echocardiography

Video 2. TEE color image from 120 degree midesophageal level shows 
after administration of agitated saline both spontaneously and Valsalva 
maneuver, plenty of bubble passed through right to left atrium
PFO - patent foramen ovale, TEE - transesophageal echocardiography

Video 3. 3D Real time TEE  120 degree midesophageal level shows 
an PFO
PFO - patent foramen ovale, TEE - transesophageal echocardiography
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Komplike akut Tip B disseksiyonla 
başvuran Marfan sendromlu hastada 
başarılı endovasküler greft-stent tedavisi

Successful endovascular stent-graft treatment in a 
patient with Marfan syndrome presenting with 
complicated acute Type B dissection

Yirmi bir yaşında erkek hasta, acil servise ani başlayan sırt ağrısı, 
her iki bacakta uyuşma ve karın ağrısı yakınması ile başvurdu. Hastanın 
özgeçmişinde, iki yıl önce Ghent kriterlerine göre Marfan sendromu 
tanısı alıp, mitral valve prolapsusuna bağlı ileri derecede mitral yetersiz-
lik, asendan aort anevizması ve orta dereceli aort yetersizlik nedeniyle 
de Benthall ve mitral protez kapak operasyonu hikayesi bulunmaktaydı. 
Yırtılır tarzda sırt ağrısı olan hastanın her iki femoral nabızının zayıf olduğu 
saptandı. Bunun üzerine yapılan bilgisayarlı tomografide sol subklavyan 
arter distalinde desendan aortada intimal yırtık ve diseksiyon flebi görül-
dü (Şekil 1A, B). Hasta; medikal tedaviye dirençli şiddetli karın ve sırt 
ağrılarının devam etmesi ve hemodinamik stabilitenin bozulması üzerine 
endovasküler greft stent uygulaması için kateter laboratuvarına alındı. 
Sağ koldan yapılan aortografide diseksiyon flebinin (yalancı lümenin) her 
sistolde kanla dolarak abdominal aortada lümünal daralmaya yol açtığı 
görüldü (Video 1. Video/hareketli görüntüler www.anakarder.com’ da 
izlenebilir). İntimal yırtık alanı aortografide belirlendikten sonra (Video 2. 
Video/hareketli görüntüler www.anakarder.com’da izlenebilir) sağ femo-
ral arter yolundan intimal yırtığın proksimalindeki sağlam dokuyu da içine 
alacak şekilde greft stent implante edildi (Video 3. Video/hareketli görün-
tüler www.anakarder.com’da izlenebilir). İşlem sonrasında kontrol aor-
tografi ile endoleak olmadığı saptanan hasta, işlemin üçüncü gününde 
olaysız taburcu edildi (Video 4. Video/hareketli görüntüler www.anakar-
der.com’ da izlenebilir).

Stanford Tip B diseksiyon komplike değilse bugün için kabul gören 
tedavi seçeneği medikal tedavidir. Ancak, komplike akut tip B diseksi-
yon (KATBD) hayatı tehdit eden bir klinik tablodur ve acil girişimsel 
tedavi gerektirir. Bu amaçla, açık cerrahi onarım uzun yıllardır başarı ile 
uygulanan konvansiyonel metoddur. Son dekatda ise, endovasküler 
greft stent (EGS) uygulaması da pratikte kullanılmaya başlanmıştır. 
KATBD’de açık cerrahi ve EGS’nin karşılaştırıldığı bir çalışmada EGS’nin 
hastane içi erken dönem sonuçlarının daha iyi olduğu ortaya konulmuş-
tur (1). EGS’nin orta dönem sonuçlarının açıklandığı başka bir çalışmada 
ise; 1. ve 5. yıl sağ kalım oranları sırasıyla %79, %61 saptanmıştır (2). Beş 
çalışmanın değerlendirmeye alındığı meta-analizde ise; Yazarlar 

Figure 5. Computed tomographic scan of the chest with contrast agent. 
(A) Bilateral pulmonary embolism. Arrow point to the pulmonary 
emboli (Arrow)
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EGS’nin erken dönem mortaliteyi azaltmış olmasına rağmen, yeniden 
girişim oranlarının ve bazı hasta guruplarındaki başarısının düşük olma-
sı nedeniyle, uzun dönem sonuçları ve randomize kontrollü çalışmaların 
sonuçları açıklanmadan cerrahinin yerini almasına şüpheyle baktıkları-
nı belirtmişler (3). EGS’nin başarısının tartışıldığı önemli bir grup ise 
Marfan sedromlu KATBD hastalarıdır. Marfan sendromunda muhtemel 
kollojen dokunun farklılığından dolayı EGS tedavisinden sonra erken ve 
geç endoleak komplikasyonu diğer KATBD hastalarına kıyasla daha 
fazla görülmektedir (4). Günümüzde, Marfan sendromlu KATBD hastala-
rında EGS, bizim hastamızda da olduğu gibi daha önceden açık kardiyak 
cerrahi geçirmiş hastalarda daha güçlü önerilmektedir (5).

Marfan sendromlu KATBD’lerde kanıta dayalı tedavi seçeneğini 
belirlemek için randomize klinik çalışmalara ihtiyaç vardır. Girişimsel 
tedavi seçeneğini düşünen hekimler, erken ve geç endoleak komplikas-
yonu yönünden hastayı iyi değerlendirmelidirler. 

 
Can Yücel Karabay, Cihan Dündar, Kürşat Tigen, Cevat Kırma
Kartal Koşuyolu Eğitim ve Araştırma Hastanesi, Kardiyoloji Kliniği, 
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Video 1. İşlem öncesinde sağ koldan yapılan aortografi
Video 2. İntimal yırtıktan yalancı lümene opak akışı 
Video 3. Endovasküler stent greftin yerleştirilmesi
Video 4. İşlem sonrası aortografi
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Warfarin kullanan hastalara ilaca 
ilişkin verilen grup eğitiminin bilgi 
düzeylerine etkisi

The effect of group education about drug usage in 
the patient's on warfarin therapy

Tromboembolik olaylarda tedavi amacıyla yaygın olarak antikoagü-
lan bir ilaç olan warfarin kullanılmaktadır. Warfarine alternatif ilaç 
gelişiminde hızlı bir ivme olsa da bu ilaçların günde iki kez kullanımı, ilaç 
unutulduğunda nasıl uygulama yapılacağı, doz aşımındaki önlemler ve 
yan etkiler ile ilgili hala net olmayan sonuçlar vardır. Bu durum 
Warfarinin bir süre daha klinik pratikte yoğun olarak kullanılacağı anla-

Şekil 1. A) Bilgisayarlı tomografide sol subklavyen arter distalinde intimal yırtık (ok) ve B) diseksiyon flebi (iki başlı ok) izlenmektedir
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mına gelmektedir. Warfarin dozunun ayarlanması için düzenli olarak INR 
(International Normalized Ratio) kontrolü yapılmalıdır. Çünkü fazla anti-
koagülasyon kanama riskini; yetersiz antikoagülasyon ise tromboembo-
lik riski artırmaktadır (1). Klinik pratikte de bu ilacı herhangi bir endikas-
yonla kullanan hastalarda, sık kanama ve özellikle protez kapak trom-
büsleri gözlenmektedir ve ne yazık ki tedavi yönetimi son derece güçtür. 
Oral antikoagülan kullanan hastaların ilaç yönetimine yönelik bireysel 
yönetim bilgi ve becerisinin geliştirilmesi ile ölüm riski, majör komplikas-
yon riski önemli derecede azalmakta, teröpatik INR aralığını sürdürme 
süresi artmaktadır (2). Bu nedenle warfarin kullanan hastaların ilacın 
kullanım nedeni, önemi, etkisinin kontrolü, ilaç-ilaç ve ilaç-besin etkile-
şimlerine ilişkin eğitim stratejilerinin geliştirilmesi oldukça önemlidir. 
Eğitim yaklaşımlarında bireysel eğitime ilaveten görsel, yazılı materyal-
lerin kullanılması ve grup eğitimi eğitimin etkinliğini daha da artıracaktır 
(3). Özellikle hasta ve yakınlarının bir arada olduğu grup eğitiminde 
eğitime katılan bireylerin deneyimlerini paylaşması, karşılıklı hekim- 
hemşire- hasta etkileşimleri hastaların hem bilgi düzeylerini arttıracak 
hem de sosyal destek sisteminin gelişmesine katkı sağlayacaktır.

Bu çalışmada warfarin kullanan hastalara ilacın etkisi, yan etkisi, 
ilaç izlemi ve ilaç kullanımına ilişkin öz-bakım aktivitelerine yönelik 
sağlık ekibi (hekim, hemşire) tarafından inter aktif yöntemle verilen 
eğitimin hastaların bilgi düzeylerine etkisine bakıldı.

Ön test-son test tipte yapılan çalışmada, bir üniversite hastanesi 
kardiyoloji polikliniğine başvuran hasta ve yakınlarına eğitim için rande-
vu verildi. Eğitim öncesi hastaların ilaç kullanımı, izlem ve öz-bakım 
aktivitelerine ilişkin bilgi düzeylerini belirlemek için “Veri Toplama 
Formu” ile veriler toplandı. Daha sonra bir hekim ve iki hemşire tarafın-
dan başlangıçta onbeş dakikalık sunum tarzında daha sonra ise soru 
cevap şeklinde interaktif eğitim toplantısı yapıldı. Eğitimin süresi 40- 60 

ortalama 50 dakika sürdü. Eğitimin etkinliğini değerlendirmek için eğitim 
sonrası “Veri Toplama Formu” tekrar uygulandı. İlaca ilişkin bilgi düze-
yinin değerlendirilmesinde sıfır (0)’dan 10’a kadar numaralandırılan 
sayısal skala kullanıldı. İstatistiksel analizde; eşleştirilmiş t testi ve tek-
rarlayan ölçümler ANOVA testi kullanıldı. p≤ 0.05 anlamlı kabul edildi

Çalışmaya katılan 40 hastanın %60’ı kadın, çoğunluğu (%77.5) evli ve 
yaş ortalaması 55.2±12.7 idi. Hastaların %57.5’inde ilave kronik hastalı-
ğın olduğu, bunların %43.5’inde hipertansiyon, %30.4’ünde diyabetes 
mellitus olduğu belirlendi. Hastaların çoğunluğunun (%72.5) mitral 
kapak hastalığı, %17.5’inin ise operasyon sonrası emboli nedeniyle 
warfarin kullandığı, tamamına yakınının ilacı düzenli kullandığı ve iste-
nen sıklıkta INR testini yaptırdığı belirlendi. Hastaların %42.5’inde war-
farin kullanımına bağlı sorunlar yaşandığı, bu sorunların çoğunluğunun 
(%71) sebepsiz yere ciltte morluklar, burun ve diş etinde kanamalar gibi 
minör, %29.4’ünün ise mide kanaması gibi major komplikasyonun yaşan-
dığı saptandı. 

Hastaların warfarin ilacını kullanımına ilişkin bilgi puan ortalaması-
nın eğitim öncesi (4.7±2.8) orta, eğitim sonrası ise (8.1±1.2) yüksek 
düzeyde olduğu, eğitim öncesi ve sonrası bilgi puan ortalamaları arasın-
da istatiksel olarak ileri düzeyde anlamlı fark olduğu belirlendi (p<0.001)  
(Tablo 1). Çalışmamızda hastaların düzenli ilaç kullanma ve INR kontolü-
nü yaptırma önerilerine uyumun yüksek olduğu ortaya çıkmıştır. 
Çalışmamızda, hastaların warfarine ilişkin bilgi düzeylerinin orta ve 
hekim, hemşire tarafınadan interaktif yöntemle verilen grup eğitiminin 
bilgi düzeylerini artırmada oldukça etkili olduğu sonuçları diğer çalışma 
sonuçları ile uyumludur (2-5).

Sonuç olarak warfarin kullanan hastalara, sağlık ekibi tarafından 
ilaca yönelik eğitim programların geliştirilmesi ve sürdürülmesi ile has-
taların ilaca ilişkin bilgi, uyumlarında ve hasta güvenliğinin artmasında, 
warfarin kullanımına ilişkin komplikasyonların dolayısıyla maliyetin 
azalmasında etkili olacaktır.
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Özellikler	 Sayı	 Yüzde
	 n	 %

Warfarin kullanım süresi	

Bir yıldan az	 6	 15

1-5 yıl	 19	 47.5

6 ve üzeri yıl	 15	 37.5

İlave kronik hastalık	 23	 57.5

Hipertansiyon	 10	 43.5

Diyabetus mellitus	 7	 30.4

Koroner arter hastalığı	 3	 13.0

Diğer (Akdeniz anemisi, kanser)	 3	 13.0

Hedeflenen INR* değerini bilme	 24	 60

Düzenli ilaç kullanma	 38	 95

Düzenli kan testini yaptırma	 37	 92.5

Warfarin kullanımına ilişkin yaşanan sorunlar	 17	 42.5

Burun, diş eti kanamaları, sebepsiz ciltte morluklar	 12	 71.6

Mide kanaması	 5	 29.4

Warfarin kullanımına ilişkin Bilgi Düzeyi 	 Eğitim 	 Eğitim
	 öncesi	 sonrası

Bilgi düzeyi puan ortalaması X±SD	 4.7±2.8**	 8.1±1.2**

*International Normalized Ratio
**p<0.001

Tablo 1. Hastaların warfarin kullanımına ilişkin bazı klinik özellikleri ve 
eğitim öncesi-sonrası bilgi puan ortalamaları
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Çok düşük doğum ağırlıklı prematüre 
bir bebekte başarılı aortopulmoner 
pencere cerrahisi

Successful surgical closure of aortopulmonary 
window in a very low birth weight premature infant

Yirmi sekiz haftalık 1200 gr doğmuş 8 günlük erkek olgu, solunum sıkıntısı 
nedeniyle hastanemize sevk edildi. Fizik muayenede patolojik olarak taşikardi 
ve takipne, interkostal ve subkostal çekilme, S2 sertliği, tüm odaklarda duyulan 
devamlı üfürüm ve hepatomegali saptandı. Kan basıncı 64/18 mmHg ölçüldü. 
Telekardiyografide kardiyomegali ve konjesyon bulguları mevcut idi. 
Ekokardiyografide apikal anteriyor açılama (Şekil 1A) ve parasternal kısa 
eksen (Şekil 1B) görüntülemelerde; aort ve pulmoner kapakların hemen üstün-
de, çıkan aort ve ana pulmoner arter arasında 6 mm genişliğinde soldan sağa 
şantlı defekt (Video 1, 2. Video/hareketli görüntüler www.anakarder.com’ da 
izlenebilir), suprasternal görüntülemede inen aortada retrograd diastolik akım 
paterni (Şekil 2) olduğu izlendi.  Ayrıca 3 mm boyutlarında patent foramen 
ovale (PFO), orta derecede mitral ve triküspit kapak yetersizliği saptandı. 
Aortopulmoner pencereye bağlı konjestif kalp yetersizliği tanısı ile medikal 
tedavi başlandı ve cerrahi kapatma için kalp damar cerrahisine danışıldı.

Aortopulmoner pencere normal olarak gelişen iki semilüner kapağın 
hemen üzerinde, çıkan aort ile ana pulmoner arter arasındaki anormal 
ilişkidir ve aortikopulmoner septasyonda embriyolojik hayatta oluşan 
defektler nedeniyle oluşur. Tüm doğuştan kalp hastalıkları arasındaki 
insidansı %1’den azdır (1). Semilüner kapakların varlığı aortopulmoner 
pencere (APP) defektini trunkus arteriosusdan ayırır (1, 2). Yüksek sol-sağ 
şant sebebiyle yenidoğan döneminde konjestif kalp yetersizliği, gelişme 
geriliği ve pulmoner hipertansiyon gelişebilir. Bu nedenle yenidoğan 

döneminde erken cerrahi girişim planlanmalı ve geriye dönüşümsüz pul-
moner vasküler hastalık gelişmeden defekt kapatılmalıdır (2, 3).

Richardson sınıflamasına göre APP anatomik olarak üç tipe ayrılmak-
tadır. Tip 1’de defekt dairesel kenarlıdır, çıkan aort ile ana pulmoner arter 
arasında yerleşir ve küçük-orta genişliktedir, tip 2’de nispeten spiral şek-
lindedir ve sağ pulmoner arter çıkışına kadar yayılma gösterir, tip 3’de ise 
sağ pulmoner arter çıkan aorttan ayrılır (4). Aortopulmoner pencereye 
eşlik eden başka bir kardiyak defekt yoksa veya minör defektler (atriyal 
septal defekt, ince PDA, PFO gibi) varsa basit APP’den bahsedilir. Eşlik 
eden kardiyak defekt, büyük arterlerin transpozisyonu, Fallot tetralojisi ve 
aortik ark anomalileri gibi daha önemli patolojiler ise, kompleks APP olarak 
değerlendirilir (3, 5). Olgumuzdaki defekt tip 1 basit APP’ye uymaktaydı.

Tanıda ekokardiyografi yeterli bir yöntemdir (3). Kalp kateterizasyonu ve 
anjiyografi daha çok akciğer vasküler hastalığının araştırılması için daha 
sonraki yaşlarda yapılmaktadır (3). Tip 1 APP cerrahi tedavisinde ekstrakor-
poreal dolaşım altında otolog veya PTFE (politetrafloroetilen) yama ile 
kapatma, her iki arterin ayrılıp ayrı ayrı yama konulması gibi teknikler tanım-
lanmıştır (2-5). İnotrop destek tedavisi sonrası defekt transaortik yolla 
perikard yama ile tek seansta başarılı bir şekilde kapatıldı. Ekstrakorporeal 
dolaşım sonrası yoğunbakım ünitesinde açık sternum durumda iki gün 
izlendikten sonra sternum kapatılarak hasta ekstübe edildi. Operasyon 
sonrası izlemde komplikasyon gelişmedi. Kontrol ekokardiyografilerinde 
defektin tamamen kapandığı, inen aortadaki retrograd diyastolik akım 
paterninin kaybolduğu izlendi. Mitral ve triküspit kapak yetersizliklerinin 
postop ikinci haftada düzeldiği saptandı ve hasta şifa ile taburcu edildi.

Bu olgu, bilgilerimize göre literatürdeki en küçük yaş ve en düşük 
ağırlıkla opere edilip şifa ile taburcu edilen APP olgusudur. Erken 
dönemde konjestif kalp yetersizliği, gelişme geriliği ve pulmoner hiper-
tansiyon gelişmesi nedeniyle APP’nin vakit kaybedilmeden medikal 
destek tedavi ile birlikte çok düşük doğum ağırlıklı prematüre bebekler-
de bile başarılı bir şekilde opere edilebileceğini ve operasyonun gecik-
tirilmemesi gerektiğini vurgulamak istiyoruz.
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Video 1. Ekokardiyografide apikal anteriyor açılama ile elde edilen 
görüntüde çıkan aorta ile ana pulmoner arter arasındaki defekt
Video 2. Ekokardiyografide renkli Doppler görüntülemede çıkan aorta 
ile ana pulmoner arter arasındaki sol-sağ şantlı defekt görüntüsü
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ABSTRACT
This Almanac highlights recent papers on congenital heart disease in the major cardiac journals. Over 100 articles are cited. Subheadings 
are used to group relevant papers and allow readers to focus on their areas of interest, but are not meant to be comprehensive for all 
aspects of congenital cardiac disease. (Anadolu Kardiyol Derg 2013; 13(0): 000-000)
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Epidemiology
The prevalence of congenital heart disease in Europe was 

recently reported in two major papers. Data from a central data-
base for 29 population- based registries in 16 countries showed 
a total prevalence of 8 per 1000 (1). The overall detection rate of 
non-chromosomal congenital heart disease prenatally was only 
20%, although 40% of severe cases were diagnosed before 
birth. It was estimated that each year in the European Union 36 
000 children are live born with congenital heart disease and 
another 3000 are diagnosed with congenital heart disease but 
die as a termination of pregnancy for fetal abnormality. In a sys-
tematic review (2) of 114 papers and 24091 867 live births the 
prevalence of congenital heart disease increased over time 
from 0.6/1000 in 1930 to 9.1/1000 after 1995. The rate stabilised in 
the past 15 years but equates to 1.35 million children born each 
year with congenital heart disease. The prevalence was higher 
in Europe than in North America.

An increased risk of congenital heart disease was seen with 
assisted reproductive techniques using data from the Paris Reg-
istry of Congenital Malforma-tions (3). The higher risk varied 
with the method of assisted reproductive technique and the type 
of cardiac abnormality. The authors speculate that this may be 
due to the reproductive technology or to the underlying reason 
for infertility of the couple.

Genetics
Three-quarters of patients with 22q11.2 deletion syndrome 

(22q11.2DS) have congenital heart disease and although it is 
common practice to test all children with typical cardiac lesions 
for 22q11.2DS, many adult patients have not been investigated. 
An adult population of 479 patients with typical lesions (tetralogy 
of Fallot and pulmonary atresia and ventricular septal defect) 
was reviewed (4). Twenty patients were already known to have 
22q11.2DS but a microdeletion was detected in a further 24 



patients. The authors consider that as the syndrome has impor-
tant clinical and reproductive implications, genetic testing 
should be considered in all adult patients with tetralogy of Fallot 
and pulmonary atresia with ventricular septal defect.

Tetralogy of Fallot is common in individuals with hemizygous 
deletions of chromosome 22q11.2 that remove the cardiac tran-
scription factor TBX1. TBX1 exons were sequenced in 93 
patients with non-syndromic tetralogy (5). Single nucleotide 
polymorphism analysis was performed in 356 patients with 
tetralogy, their parents and healthy controls. Three new variants 
not present in 1000 chromosomes from healthy ethnically 
matched controls were identified. This study demonstrated that 
rare TBX1 variants with functional consequences are present in 
a small proportion of patients with non- syndromic tetralogy. The 
thorny issue of the use and interpretation of genetic tests was 
reviewed by Caleshu et al. (6)

Familial transposition of the great arteries was shown to be 
caused by multiple mutations in the laterality genes (7) in a study 
of seven families. This provides evidence that some cases of 
familial transposition are caused by mutations in laterality genes 
and therefore are part of the same disease spectrum of hetero-
taxy syndrome, and argues for an oligogenic or complex mode of 
inheritance in these pedigrees. The editorial by Keavney (8) 
considered this a useful step forward in understanding transpo-
sition. Homo- cysteine is known to be an independent risk factor 
for congenital heart disease and genetic abnormalities which 
affect homocysteine may be expected to influence the inci-
dence of congenital heart problems. This was demonstrated 
when a functional variant in methionine synthase reductase 
intron-1 significantly increased the risk of congenital heart dis-
ease in the Han Chinese population (9).

Fetal Cardiology
Fetal cardiology remains a cornerstone of congenital heart 

practice. The paper by Marek et al. (10) offered a unique over-
view of prenatal diagnosis in the Czech republic, which by virtue 
of the strict organisation of the health service enabled a com-
prehensive national registry to develop over two decades. There 
were some particular successes and in recent years antenatal 
diagnosis of hypoplastic left heart reached 95.8%, whereas 
transposition was diagnosed in only 25.6% of cases.

Whether the antenatal development of the cardiac cham-
bers is dependent on flow is debated, but an elegant paper by 
Stressig et al. from Bonn (11) demonstrated that preferential 
flow to the right heart in the setting of a diaphragmatic hernia 
does impair left heart development.

Isolated fetal atrioventricular block was reviewed in a retro-
spective European study of 175 cases (12). Risk factors for poor 
outcome were gestation <20 weeks, ventricular rate <50/min, 
hydrops and impaired ventricular function. No significant effect of 
treatment with corticosteroids was seen. In a multicentre French 
study (13), 141 patients with non-immune atrioventricular block, 
diagnosed in utero or up to age 15 years, were followed up long 

term and showed surprisingly good outcomes, with no deaths or 
dilated cardiomyopathy at a mean follow-up of 11.6±6.7 years.

Atrioventricular block can reflect prenatal exposure to 
maternal anti-SSA/Ro antibodies and the high mortality associ-
ated with cardiac neonatal lupus has been shown (14). In a 
non- randomised multicentre study of 20 fetuses exposed to 
maternal lupus antibodies (15) it was found that treatment with 
intravenous gamma globulin and steroids potentially improved 
the outcome for these children, with better than expected sur-
vival. However, a prospective study of 165 fetuses with exposure 
to anti-Ro/La antibody found that fetal atrioventricular prolonga-
tion did not predict progression to heart block so management 
based on the strategy of identifying and treating fetal atrioven-
tricular prolongation was questioned (16).

Transplacental drug treatment for fetal tachyarrhythmias 
was reviewed in a multicentre study (17), which showed the 
superiority of flecainide and digoxin; however, the study was 
weakened by being non-randomised.

Cardiomyopathy, Heart Failure and 
Transplantation
Pre-participation screening for cardiomyopathy is gaining 

more attention in the media. An Italian study on the value of pre-
participation screening of children with ECGs demonstrated that 
postpubertal persistence of T-wave inversion was associated 
with an increased risk of cardiomyopathy (18).

When to propose transplantation remains difficult in ambula-
tory patients. The risk of death and transplantation in paediatric 
dilated cardiomyopathy was reviewed in a multicentre database, 
and the authors showed that an increased left ventricular end- 
diastolic dimension was associated with increased risk of trans-
plantation but not death (19). Work by Giardini et al. (20) has 
shown that metabolic exercise testing is useful in predicting 
prognosis, but the percentages of predicted values are better 
than absolute numbers. Transplantation for congenital heart 
disease is generally considered higher risk, although encourag-
ing results were shown in a small adult congenital transplant 
series from the UK (21). An American database review of over a 
thousand transplants for adult congenital heart disease con-
firmed the high 30-day mortality, but better late survival after 
transplantation. Although heart transplants remain a precious 
resource, at present the results justify the continued expansion 
of adult congenital heart transplant programmes (22).

An international database showed that extracorporeal mem-
brane oxygenation does not appear to be a reliable long-term 
circulatory support for children awaiting heart transplantation 
(23). Fortunately, other options of support exist, and Stiller et al. 
(24) provide a useful overview of mechanical cardiovascular 
support in infants and children.

The Single Ventricle
Patients with a single ventricle remain a great focus for con-

genital heart disease resources. Many controversies exist about 
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the management of these patients. ACE inhibitors are often used 
in this complex circulation, but the effects of their vasodilatation 
are unclear. Work in children with bidirectional cavopulmonary 
shunts demonstrated that enalaprilat did not increase total car-
diac output but redistributed flow to the lower body, with a 
concomitant decrease in arterial oxygen saturation (25). The 
authors concluded that it is difficult to increase cardiac output 
in these patients and ACE inhibitors should be used with caution 
in those with borderline aortic saturations. This work fits rather 
well with the results of a randomised multicentre trial, which 
found administration of enalapril to infants with single-ventricle 
physiology in the first year of life did not improve somatic 
growth, ventricular function or heart failure severity (26). In a 
further analysis of their study population, the authors have also 
shown that the renin aldosterone genotype influences ventricu-
lar remodelling in infants with a single ventricle (27).

The late outcomes after the Fontan operation remain a concern. 
In some patients there is a progressive failure of the circulation over 
time, the underlying pathophysiology of which is not fully under-
stood. In a review of the current evidence for alterations in the 
pulmonary vasculature in Fontan patients, the potential of treat-
ments approved for pulmonary arterial hypertension which may 
provide benefits was discussed (28). Liver disease is now recog-
nised as a serious problem late after a Fontan operation. Hepatic 
dysfunction and cirrhotic change were often seen in a series of 
Fontan patients (29). Hepatic complications were correlated with 
the duration of Fontan circulation. The authors concluded that 
these patients need regular evaluation of hepatic function, although 
some non-invasive hepatic fibrosis markers can be used effectively. 
At a recent consensus meeting on this problem the group recom-
mended a prospective study protocol on the assessment of hepatic 
function 10 years after a Fontan operation (30).

The use of anticoagulation after a Fontan operation remains 
controversial. A multicentre randomised study of warfarin or 
heparin after a Fontan procedure was reported (31). A total of 
111 patients were randomised. There was a similar, but very, 
incidence of thrombosis in both groups: 12/57 with aspirin and 
13/ 54 in the warfarin group. Although there were no differences, 
the authors concluded that as the thrombosis rate was so high, 
alternative approaches should be considered.

Another Fontan controversy involves the use of fenestra-
tions as although they may improve early surgical results, there 
is concern about late complications. The late results for fenes-
tra- tion of the systemic venous pathway at the time of the Fon-
tan operation were reported in a multicentre retrospective non- 
randomised study (32). Of the 361 fenestrations, there were few 
deleterious later outcomes a mean of 8±3 years after surgery. 
Saturations were 89% versus 95% in the fenestrated group.

Imaging
Three-dimensional echocardiography is developing rapidly 

and its application to congenital heart disease may be one of its 
key uses in future years (33). Other emerging imaging methods 

include a new high-resolution ultrasound technique (34). The 
authors described the technique in adolescents after coarcta-
tion repair in early childhood and demonstrated increased pre-
ductal arterial intima media thickness, left ventricular mass and 
ascending aortic stiffness in adolescents. The more pronounced 
cardiovascular abnormalities after coarctation stent implanta-
tion were felt to be related to older patient age at the time of 
intervention.

Surgery
The Dutch Congenital Corvitia (CONCOR) registry for adults 

with congenital heart disease was reviewed for the results of 
surgery in predominantly young adults with congenital heart 
disease (35). One-fifth required cardiovascular surgery during a 
15-year period and in 40% the surgery was a reoperation. Men 
with congenital heart disease had a higher chance of undergo-
ing surgery in adulthood and had a consistently worse long-term 
survival after reoperations in adulthood than women.

Detailed functional outcomes 8.1 years (range 2.0-14.0) after 
the Ross operation were reported in 45 subjects (aged 24.6 
years, range 16.9-52.2 years) who underwent the Ross proce-
dure between 1994 and 2006. Cardiovascular magnetic reso-
nance imaging, echocardiography and cardiopulmonary exer-
cise testing were used (36). The authors demonstrated minor 
autograft and homograft dysfunction in the majority of patients 
after the Ross procedure, associated with good ventricular 
function and exercise capacity. Late survival was compared in a 
study of 918 Ross patients and 406 mechanical valve patients 
18-60 years of age who survived an elective procedure (1994-
2008). With the use of propensity score matching, late survival 
was compared between the two groups (37). In comparable 
patients, there was no late survival difference in the first post-
operative decade between the Ross procedure and mechanical 
aortic valve implantation with optimal anticoagulation self-
management. The authors demonstrated that survival in these 
selected young adult patients was excellent, perhaps as a result 
of highly specialised anticoagulation self-management, better 
timing of surgery and improved patient selection in recent years. 
Despite the advent of the Ross operation, aortic valve surgery in 
children remains a complex and difficult area and a useful over-
view was provided by d’Udekem (38).

In a report of neurodevelopmental risk from surgery (39), 

neuropsychological and structural brain imaging assessments in 
children 16 years of age with transposition of the great arteries 
who underwent the arterial switch operation as infants were 
reviewed. Children were randomly assigned to total circulatory 
arrest or continuous low-flow cardiopulmonary bypass but few 
significant differences between the treatment group were 
found. However, adolescents with transposition of the great 
arteries who have undergone the arterial switch operation are 
at increased neurodevelopmental risk. The authors consider 
that children with congenital heart disease may benefit from 
ongoing surveillance to identify emerging difficulties.
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Tetralogy of Fallot
A study using speckle tracking data in patients with cor-

rected tetralogy of Fallot demonstrated that right ventricular 
outlet deformation is delayed, causing a reduction in right ven-
tricular time delay which is significantly related to impairment in 
right ventricular performance (40). Late right heart failure is a 
serious problem in tetralogy and congenitally corrected trans-
position. In a study of 40 of these patients, with myocardial 
contrast echocardiography it was found that right ventricular 
myocardial microvascular density of the septal wall in patients 
with hypertrophy due to pressure and/or volume overload is 
reduced. The authors considered that this may be related to a 
reduced myocardial perfusion reserve and impaired right ven-
tricular systolic function (41). A report on the impact of restric-
tive physiology on right ventricular function after repair of tetral-
ogy found that diastolic right ventricular stiffness was increased 
(42). However, the lusitropic response to b adrenergic agents 
was abnormal regardless of restrictive physiology. In an investi-
gation of 29 asymptomatic children with repaired tetralogy (43), 
despite moderate right ventricular dilatation and right bundle 
branch block compared with controls, the authors demonstrated 
neither right ventricular nor left ventricular dyssynchrony at rest 
but exercise induced mechanical dyssynchrony. This was unre-
lated to QRS duration, ventricular volumes and function, or peak 
oxygen consumption. In a study of repaired adult tetralogy, left 
ventricular longitudinal dysfunction was associated with greater 
risk of sudden cardiac death or life-threatening arrhythmias (44). 

The authors conclude that in combination with echocardio-
graphic right heart variables, these measures provided impor-
tant outcome information for estimating prognosis.

Pulmonary Hypertension
Further evidence of the benefits of pulmonary vasodilators in 

Eisenmenger syndrome was provided in a prospective open-
label study of sildenafil in 84 patients (45). Twelve months of oral 
sildenafil treatment was well tolerated and appeared to improve 
exercise capacity, systemic arterial oxygen saturation and hae-
modynamic parameters in patients with Eisenmenger syndrome. 
The importance of pulmonary vasoreactivity as an independent 
predictor of outcome in 38 patients with Eisen-menger receiving 
bosentan was reported (46).

A unique national patient cohort of childhood pulmonary 
hypertension was reported from the UK (47). The authors 
showed, for the first time, that the incidence of pulmonary 
hypertension is lower in children than adults and that the clinical 
features can be different. Most children present with clinical 
evidence of advanced disease, and clinical status at presenta-
tion is predictive of outcome. This 7-year experience confirmed 
the significant improvement in survival over historical controls. 
The same group also reported a new CT approach to prognosis 
(48). They found that fractal branching quantifies vascular 
changes and predicts survival in pulmonary hypertension. The 
need for paediatric drug development for pulmonary hyperten-

sion was emphasised by Barst (49). A study of patients with 
Eisenmenger syndrome (n=181, age 36.9±12.1 years, 31% with 
Down’s syndrome), in whom B-type natriuretic peptide (BNP) 
concentrations were measured as part of routine clinical care, 
found they predicted outcome (50). In addition, the authors 
speculated that disease-targeting treatments may help to 
reduce BNP concentrations in this population, while treatment-
naive patients have static or rising BNP concentrations. This 
topic was discussed in more detail in an editorial by D’Alto (51).

Arterial Abnormalities in Congenital 
Heart Disease
While aortic wall abnormalities have been described in inher-

ited connective tissue disorders such as Marfan syndrome and 
bicuspid aortic valve disease (52, 53), recent reports indicate 
similar aortic involvement in classical congenital heart disease 
entities such as coarctation of the aorta, tetralogy of Fallot and 
transposition of the great arteries; MRI is central in defining the 
problem (54). Pulmonary artery dilatation is seen with pulmonary 
valve abnormalities and connective tissue disease, but also 
occurs in association with bicuspid aortic valve, in the absence of 
a pulmonary valve abnormality, suggesting a primary vessel wall 
pathology predisposing to arterial dilatation (55).

Catheter Intervention
With the increased use of interventional cardiological proce-

dures in the young it is clearly important to consider radiation 
exposure. Data from Italy raised a concern that children with 
congenital heart disease are exposed to a significant cumulative 
dose of radiation (56). Indirect cancer risk estimations and 
direct DNA studies showed that children with congenital heart 
disease are exposed to a significant radiation dose and empha-
sised the need for strict radiation dose optimisation in children. 
The accompanying editorial from Hoffmann and Bremerich 
expanded on the risks (57).

New developments in catheterisation techniques continue. 
A prospective, randomised, multicentre, investigational device 
exemption trial in America compared the use of cutting balloons 
with high-pressure balloons in treating pulmonary artery steno-
sis. The authors found a greater efficacy for cutting balloons and 
a similar safety profile (58). Data from the UK on over 100 stent 
procedures for coarctation from a single centre (59), demon-
strated that stenting for aortic coarctation and re-coarctation is 
effective with low-immediate complication rates. Postproce-
dural aneu- rysm was rare and stent fractures were not seen 
with the newer- generation stents. The optimal method of fol-
low-up of these patients is unclear with both CTand MRI consid-
ered useful (60). A multicentre observational study from the USA 
reported data from 350 children with native coarctation >10 kg 
(61). There were 217 stents, 61 balloon angioplasties and 72 
surgical procedures. Stenting and surgery were better than bal-
loon angioplasties in reducing upper limb to lower limb blood 
pressure gradient at short-term follow-up and had better inte-
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grated aortic arch imaging outcomes. Stent patients had the 
shortest stay and the lowest complication rate, although they 
were more likely to require a planned intervention. The authors 
cautioned over interpretation of the results as the study was not 
randomised. Balloon angioplasty for aortic arch obstruction is 
commonly needed after the Norwood procedure, and results 
from a retrospective review (62) reported that only 58% of those 
having an initial balloon angioplasty were free from arch reinter-
vention at 5 years, with the greatest risk of reintervention in 
those <3 months at initial intervention and those with less suc-
cessful initial results.

Roberts et al. (63) report multicentre experience of success-
ful percutaneous tricuspid valve replacement using the Melody 
valve in 15 patients. All patients had a prior bioprosthetic valve 
or conduit in place and had developed significant stenosis or 
regurgitation. Encouraging results were reported with the 
Edwards SAPIEN transcatheter valve for conduit failure in the 
pulmonary position in 36 patients from four centres (64). Helpful 
images of this device were published by Lauten et al. (65) The 
outcomes of pre-stenting 1 year after using the Melody valve in 
the pulmonary position (66) were reported in 65 patients. The 
early haemodynamic results were sustained at 1 year, but there 
was no evidence of further positive functional remodelling after 
the immediate acute effects.

The strategies surrounding cardiac pacing in infants and 
children are often debated. A recent multicentre study showed 
that left ventricular pacing was associated with better systolic 
function than right ventricular pacing (67), and a useful review 
put the problems of pacing in children into context (68).

Adult Congenital Heart Disease
The expanding population of adults with congenital heart 

disease is reflected in the increasing numbers of publications in 
this field. The emerging burden of hospital admissions of adults 
with congenital heart disease was described using a Dutch 
national registry (69). During 28 990 patient-years, 2908 patients 
(50%) were admitted to hospital. Median age at admission was 
39 years (range 18-86). Admission rates were at least two times 
higher than in the general population, and most marked in the 
older-age groups. With the ageing of this population, the authors 
advocate timely preparation of healthcare resources.

A paper from Toronto described the respiratory and skeletal 
muscle weakness in adults with congenital heart disease which 
resembles that seen in older adults with advanced heart failure 
(70). The importance of this shift in focus in the mechanisms of 
reduced exercise tolerance in congenital heart disease is fur-
ther discussed in the editorial by Giardini (71). Biomarkers may 
also have an important role in assessment of these patients. The 
relationship of systemic right ventricular function to ECG and 
NT-proBNP levels in adults late after the Senning or Mustard 
procedure was investigated (72). Circulating NT-proBNP levels 
and several surface ECG parameters were shown to constitute 
surrogate markers of systemic right ventricular function and 

provide additional information on heart failure status. Although 
paediatricians are well aware of the association of Down’s syn-
drome and congenital heart disease, information from the Neth-
erlands documented that 17% of patients with Down’s syndrome 
living in residential centres had undiagnosed congenital heart 
disease. Thirty-one centres and 1158 patients were included in 
the first stage of the study (73). The authors recommend cardiac 
screening in older patients with Down’s syndrome, for whom 
new therapeutic options are available, and for prevention of 
cardiac complications in old age.

Stroke was a major cause of morbidity in adult congenital 
heart disease in a retrospective analysis of aggregated Europe-
an and Canadian databases (74) with a total of 23 153 patients 
aged 16-91 years (mean 36.4). Among them, 458 patients (2.0%) 
had one or more cerebrovascular accident. The highest preva-
lence was in cyanotic lesions 50/215 (23.3%).

A meta-analysis and systematic review of atrial septal 
defect closure identified 26 studies including 1841 patients who 
underwent surgical closure and 945 who underwent percutane-
ous closure (75). Meta-analysis using a random effects model 
demonstrated a reduction in the prevalence of atrial tachyar-
rhythmias after atrial septal defect closure [OR=0.66 (95% CI 0.57 
to 0.77)]. This effect was demonstrated after both percutaneous 
and surgical closure. Immediate (<30 days) and mid-term (30 
days-5 years) follow-up also showed a reduction in the preva-
lence of atrial tachyarrhythmias.

Inuzuka et al. reviewed data of 1375 consecutive adult 
patients with congenital heart disease (age 33±13 years) who 
underwent cardiopulmonary exercise testing at a single centre 
over a period of 10 years (76). They showed that cardiopulmo-
nary exercise testing provides strong prognostic information in 
adult patients with congenital heart disease. However, they 
considered prognostication should be approached differently, 
depending on the presence of cyanosis, use of rate-lowering 
drugs and achieved level of exercise.

Pregnancy and Congenital Heart Disease
Heart disease has become the major factor in maternal mor-

tality during pregnancy in developed countries. The increasing 
number of women with congenital heart disease surviving to 
adult life has made care in pregnancy for this group an important 
area of obstetric cardiology. The care needed for this vulnerable 
group has been highlighted (77). The outcomes of 405 pregnan-
cies of women with congenital heart disease were investigated 
and late cardiac events investigated (78). While adverse events 
during pregnancy are well known, the problem of late cardiac 
events after pregnancy is less well known. The authors found 
pre-pregnancy maternal characteristics can help to identify 
women at increased risk for late cardiac events. Adverse car-
diac events during pregnancy were also important and are 
associated with an increased risk of late cardiac events. 
Opotowsky et al. (79) used the US national registry of hospital 
admissions to assess annual deliveries for women with congenital 
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heart disease. These increased 34.9% from 1998 to 2007 com-
pared with an increase of 21.3% in the general population. 
Women with congenital heart disease were more likely to sustain 
a cardiovascular event (4042/100 000 vs 278/100000 deliveries); 
arrhythmia was the most common cardiovascular event. Death 
occurred in 150/100000 patients with congenital heart disease 
compared with 8.2/100000 patients without. Complex disease was 
associated with greater odds of having an adverse cardiovascular 
event than simple congenital heart disease (8158/100000 vs 
3166/100000, multivariable OR=2.0, 95% CI 1.4 to 3.0).

Lui et al. (80) investigated heart rate response during exer-
cise and pregnancy outcome in women with congenital heart 
disease. Peak heart rate, percentage of maximum age predicted 
heart rate and chronotropic index were associated with a car-
diac event. Neonatal events occurred in 20%. Peak oxygen 
consumption was not associated with an adverse pregnancy 
outcome. The authors concluded that an abnormal chronotropic 
response correlates with adverse pregnancy outcomes in 
women with congenital heart disease and should be considered 
in refining risk stratification schemes.

Global Burden of Cardiovascular Disease
Congenital heart disease in developing countries is clearly 

important as the great majority of patients are born there. A 
concerning finding from New Delhi (81) is that female gender is 
an important determinant of non-compliance with paediatric 
cardiac surgery. Their prospective study of 405 cases included 
in-depth interviews. They concluded that deep-seated social 
factors underlie this gender bias. An interesting overview of this 
problem is given by Daljit Singh and colleagues (82). In a devel-
oped country (Taiwan) an investigation of 289 patients with adult 
congenital heart disease found that female gender was associ-
ated with poor physical and psychological quality of life (83). The 
common denominators for quality of life were primarily person-
ality trait, psychological distress and family support, but interest-
ingly, not disease severity.

A patent ductus is an easily treatable lesion but, if untreated, 
large ducts can lead to pulmonary vascular disease. Late pre-
sentation in developing countries means that many patients 
have a level of pulmonary hypertension that could make inter-
vention dangerous. The results from a study in Mexico (84) are 
important and encouraging. They reported 168 patients with 
isolated patent ductus arteriosus (PDA) and pulmonary artery 
systolic pressure $50 mm Hg. Mean age was 10.3±14.3 years 
(median 3.9), PDA diameter was 6.4±2.9 mm (median 5.9), pulmo-
nary artery systolic pressure was 63.5±16.2 mm Hg (median 60), 
The overall success rate was 98.2%. Follow-up in 145 (86.3%) 
cases for 37.1+/-±24 months (median 34.1) showed further 
decrease of the pulmonary pressure to 30.1±7.7mm Hg (p<0.0001). 
The authors have shown that in selected cases percutaneous 
treatment of hypertensive ductus is safe and effective and that 
pulmonary pressures decrease immediately and continue to fall 
with time.

Images of Congenital Heart Disease
Perhaps one of the most alluring aspects of congenital heart 

disease is the aesthetics of the abnormalities. This lends itself to 
imaging, and congenital heart images brighten up the pages of 
many major cardiac journals. Therefore it seems appropriate to 
end this Almanac with reference to some of the more stunning 
images that reflect the key areas in congenital heart disease 
that were discussed above, including intervention (85-91), fetal 
and neonatal (92-95), heart failure and mechanical support (96), 
adolescent and adult congenital heart disease (97, 98), advanced 
imaging with MRI and CT (99, 100) and unusual morphology (101-
107). All of which are well worth a look to brighten up a night 
catching up on the cardiac journals.
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Prof. Dr. Ahmet Mithat Özer’i 16 Mart 2013 tarihinde kaybettik.
Prof. Dr. A. Mithat Özer 1928 yılında Manisa da doğmuştur. 

1953’te İstanbul Tıp Fakültesini bitirdikten sonra kısa bir süre 
Manisa, Akhisar Gölmarmara da serbest hekimlik ve belediye 
başkanlığı yaptıktan sonra, İstanbul Haydarpaşa Numune hasta-
nesinde iç hastalıkları kliniğinde asistan olmuş ve 1960 yılında 
uzman unvanını almıştır. 1960-67 yılları arasında Almanya'da 
çalışmış ve orada kardiyoloji uzmanı olmuştur.

Ege Üniversitesi İç hastalıkları kliniği kardiyoloji biriminde 
1967 yılında çalışmaya başlamıştır. 1973-74 yıllarında Şikago 
Üniversitesinde kardiyoloji kliniği çalışmıştır. 1978 yılında Ege 
Üniversitesinin ikinci tıp fakültesi olan İzmir Tıp Fakültesine geç-
miş, burada İç hastalıkları ana bilim dalı başkanlığı ve dekan 
yardımcılığı görevinde bulunmuştur. 1982 yılında yeni kurulan 9 
Eylül Üniversitesinde, 1993 yılına kadar büyük emeklerle kurduğu 
Kardiyoloji ana bilim dalı başkanlığını sürdürmüştür. Son yıllarını 
İstanbul da serbest hekimlik yaparak geçirmiştir. 16 Mart günü 
İstanbul Tıp Fakültesinde yapılacak altmışıncı yıl mezunlar töre-
nine katılmak için evinden ayrılmış bindiği tramvayda fenalaşa-
rak orada vefat etmiştir.

Prof. Dr. Özer gerek Ege Üniversitesinde ve gerekse 9 Eylül 
Üniversitesinde pek çok kardiyoloğun yetişmesinde emeği 
geçen, kurucuları arasında olduğu 9 Eylül Üniversitesi Tıp 
Fakültesinin gelişmesinde büyük katkıları olan bir hoca idi. Pek 

çok araştırmada görev almış ulusal ve uluslar arası yayınlarda 
bulunmuştur. Ayrıca İzmir de kurulan ve Türkiye’deki pek çok 
hocanın katıldığı “Hipertansiyonla Mücadele derneği” nin kuru-
cusu ve ilk başkanı idi.

Yaptığı başarılı işlerinin yanında mütevazi, uzlaştırıcı, seve-
cen kişiliği ile, Türk Kardiyoloji camiasında unutulmazlar arasın-
da yerini alacaktır.

Prof. Dr. İstemi Nalbantgil
Ege Üniversitesi Tıp Fakültesi,
Kardiyoloji Anabilim Dalı, Emekli Öğretim Üyesi İzmir-Türkiye
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Ali Deniz, Oğuz Akkuş, Mehmet Kanadaşı, Mesut Demir, Adana-Turkey

Electroanatomic mapping guided radiofrequency ablation of multifocal atrial tachycardia in a child
Multifokal atriyal taşikardi'li bir çocuğun elektroanatomik haritalama sistemi eşliğinde radyofrekans kateter ablasyonu
Tevfik Demir, Yakup Ergül, Celal Akdeniz, Volkan Tuzcu, Eskişehir, İstanbul-Turkey

Percutaneous right internal jugular venous cannulation in minimally invasive cardiac surgery
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Suspected endocarditis after CoreValve® implantation: a word of caution
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A favorable outcome of a post-myocardial infarction ventricular septal rupture
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Paloma Manea, Rodica Ghiuru, Flavia Cociorva, Mircea Balasanian, Grigore Tinica, Romania
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Color M-mode propagation velocity as a valuable but neglected parameter 
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Sait Demirkol, Şevket Balta, Mustafa Çakar, Ankara-Turkey
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Thrombus aspiration may decrease bleeding risk in the early postoperative myocardial infarction treated with 
percutaneous intervention
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riskini azaltabilir
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Şevket Balta, Murat Ünlü, Sait Demirkol, Turgay Çelik, Ankara-Turkey
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Faruk Erzengin, Ramime Özel, Mustafa Özcan, Hüseyin Oflaz, İstanbul-Turkey
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Mutlu Çağan Sümerkan, Serkan Bulur, Mehmet Ağırbaşlı, Düzce-Turkey
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Sait Demirkol, Cem Barçın, Şevket Balta, Murat Ünlü, Ankara-Turkey
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Ahmet Elibol, Sabit Sarıkaya, Taylan Adademir, Kaan Kırali, İstanbul-Turkey
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Coexistence of accessory mitral 
papillary muscle and ventricular 
septal defect

Aksesuvar mitral papiller kas ve ventriküler septal 
defekt birlikteliği 

A 21-year-old female patient presented with a complaint of exer-
tional dyspnea. On cardiac examination, a grade 3/6 pansystolic mur-
mur was heard over the mesocardiac region. ECG revealed sinus 
rhythm and left ventricular hypertrophy with left axis deviation evident 
in lateral chest derivations. Transthoracic echocardiography (TTE) dem-
onstrated a left ventricular ejection fraction of 65% and a perimembra-
neous ventricular septal defect (VSD) jet with a 120 mmHg maximal 
gradient obtained by the continuous wave Doppler. Right ventricular 
chamber size was normal and the calculated Qp/Qs ratio was 1.6. 
Apical four chamber and apical short axis views showed an accessory 
mitral papillary muscle with its chordae located parallel to the interven-
tricular septum extending to the anterior mitral leaflet. There was no 
mitral regurgitation or stenosis, nor an evident stenosis of the left ven-
tricular outflow tract (LVOT) (Fig. 1-3 and Video 1, 2. See corresponding 
video/movie images at www.anakarder.com). A subsequent real-time 
three-dimensional transesophageal echocardiography (TEE) revealed 
the presence of an accessory mitral papillary muscle and an associated 
chordae extending from the anterolateral papillary muscle parallel to 
the interventricular septum to the edge of the anterior mitral leaflet in 
the LVOT and a perimembraneous VSD (Fig. 4, 5 and Video 3, 4. See 
corresponding video/movie images at www.anakarder.com). For com-
prehensive evaluation of the anatomy, a cardiac magnetic resonance 
imaging was also performed. Vertical long and short-axis images con-
firmed the diagnosis of the accessory papillary muscle originating from 
anterolateral papillary muscle and perimembraneous VSD (Fig. 6, Video 
5. See corresponding video/movie images at www.anakarder.com). The 
patient was scheduled to an elective surgical operation. 

Figure 1. TTE in the parasternal long- axis and api-
cal four- chamber views. Color Doppler imaging 
demonstrating the perimembraneous VSD, and 
two-dimensional echocardiogram showing the 
accessory papillary muscle across the LVOT
LVOT - left ventricular outflow tract, TTE - transthoracic echocar-
diography, VSD - ventricular septal defect

Figure 2. TTE in the parasternal long- axis and api-
cal four- chamber views. Color Doppler imaging 
demonstrating the perimembraneous VSD, and 
two-dimensional echocardiogram showing the 
accessory papillary muscle across the LVOT
LVOT - left ventricular outflow tract, TTE - transthoracic echocar-
diography, VSD - ventricular septal defect

Figure 3. TTE in the modified two-chamber view. 
The accessory papillary muscle originating from 
the anterolateral papillary muscle is seen
TTE - transthoracic echocardiography

Figure 4. TEE demonstrating the perimembraneous VSD
TEE - transesophageal echocardiography, VSD - ventricular septal defect
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Video 1. TTE in the parasternal long-axis color-Doppler imaging 
demonstrating shows the perimembraneous VSD
LVOT - left ventricular outflow tract, TTE - transthoracic echocardiography, VSD - vent-
ricular septal defect
Video 2. TTE in apical four-chamber color-Doppler imaging demons-
trating shows the accessory papillary muscle across the LVOT
LVOT - left ventricular outflow tract, TTE - transthoracic echocardiography
Video 3. TEE shows demonstrating the perimembraneous VSD
TEE - transesophageal echocardiography, VSD - ventricular septal defect
Video 4. Real-time three dimension TEE demonstrating the acces-
sory papillary muscle extending from the interventricular septum to 
the LVOT
LVOT - left ventricular outflow tract, TEE - transesophageal echocardiography

Video 5. Cardiac MRI in the vertical axis showing the accessory 
papillary muscle
MRI - magnetic resonance imaging
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All-in-one case: constrictive pericarditis, 
secundum atrial septal defect, 
persistent left superior vena cava and 
anomalous drainage of hemiazygos 
vein to coronary sinus

Hepsi bir vakada: Konstrüktif perikardit, sekundum 
atriyal septal defekt, persistan sol süperiyor vena 
kava ve hemiazigos venin koroner sinüse açılması

We present a 31-year-old female with history of constrictive peri-
carditis operation due to childhood tuberculosis who complained of 
breathlessness and swelling (Fig. 1A). We diagnosed secundum atrial 
septal defect (ASD) and dilated coronary sinus (CS) in her control echo-
cardiography (Fig. 1B). Contrast echocardiography via left brachial 
venous injection revealed persistent left superior vena cava (PLSVC). 
To evaluate the heart and the pericardium, contrast enhanced mul-
tislice computerized tomography was performed via left brachial 
venous injection. Volume rendered images showed PLSVC and hemia-
zygos vein anomalous drainage to CS were diagnosed (Fig. 2A, B). There 
were no abnormal shunts from PLSVC and hemiazygos vein to other 
cardiac areas. Vena cava inferior (VCI) was right- sided and draining to 

Figure 5. Real-time three-dimensional TEE demon-
strating the accessory papillary muscle extending 
from the interventricular septum to the LVOT
LVOT - left ventricular outflow tract, TEE - transesophageal echo-
cardiography

Figure 6. Cardiac MRI in the vertical axis showing 
the accessory papillary muscle
MRI - magnetic resonance imaging

Figure 1. A) Multislice CT angiogram, three-dimensional bone-win-
dow image of pericardial calcification, B) Color Doppler echocardiog-
raphy showing secundum atrial septal defect
CT - computerized tomography
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the right atrium. In her right and left ventricular (RV-LV)  catheterization, 
RV and LV pressure curve showed signs of dip and plateau (square 
root) indicating constrictive pericarditis. RV and LV end-diastolic pres-
sure (EDP) were measured as of 35 and 40 mmHg consecutively. 
Because of symptoms, severe calcification in the pericardium (Fig. 
1A-2A) and high end-diastolic pressure, redo-operation was planned. 
Although there are different combinations of this conditions, we have 
not found all in one case in the literature. 
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Severe pulmonary vein stenosis due to 
invasion of metastatic lung cancer

Metastatik akciğer kanseri invasyonuna bağlı 
gelişen ciddi pulmoner ven darlığı

A 40-year-old-woman presented to the emergency department with 
dyspnea and hemoptysis. She had been complaining of dyspnea and 
hemoptysis for about eleven months. On admission, she had dyspnea (class 
IV according to the New York Heart Association) and respiratory rate of 28 
breaths/min, regular pulse rate of 110 beats/min. The electrocardiogram 
showed sinus tachycardia and chest radiography revealed left sided pleural 
effusion (Fig. 1A). Transthoracic echocardiography revealed a turbulent 
flow in the upper left pulmonary vein in the entrance of left atrium on apical 
long-axis position (Fig. 2A). No other cardiac structural abnormalities were 
found on transthoracic echocardiography but estimated pulmonary artery 
systolic pressure was 70 mmHg. Transesophageal echocardiography and 

multislice computed tomography (MSCT) revealed severe obstruction in the 
anastomotic site of left upper pulmonary venous confluence to the left 
atrium (Fig.1B) and invasion of the wall of the left atrium. Pulmonary vein 
stenosis was diagnosed by spectral Doppler interrogation of the pulmonary 
veins (continuous, turbulent flow with calculated mean gradient up to 36 
mm Hg) (Fig. 2B, 1C). MSCT also revealed a small mass in the middle lobe 
of the lung and metastatic invasion of left upper pulmonary vein (Fig. 1D). 
For further staging and therapeutic evaluation patient was sent to a hospital 
of respiratory and oncology center. 
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Figure 2. A) Multislice CT angiogram, vascular-window image of  
PLSVC and pericardial calcification, B) Multislice CT angiogram, 
vascular-window image of anomalous drainage of hemiazygos (ADH)
CT - computerized tomography, PLSVC - persistent left superior vena cava

Figure 1. A) Chest radiography view of left sided pleural effusion, B) 
Computed tomography view of stenosis of upper left pulmonary vein of left 
atrial wall, C) 2D transesophageal echocardiography apical four-chamber 
view of high pulmonary venous gradient (36 mmHg), D) Computed tomog-
raphy; view of a mass in the middle lobe
LA - left atrium, LPV - left pulmonary vein, PA - pulmonary artery, RPV - right pulmonary vein

Figure 2. A) 2D transthoracic echocardiographic apical four-chamber 
view of a color imaging turbulent flow in upper left pulmonary vein in 
entrance of left atrium. B) 2D transesophageal echocardiography apical 
four-chamber view of obstruction of left upper pulmonary vein
LA - left atrium, LUPV - left  upper pulmonary vein, LV - left ventricle, RA - right atrium, RV - right 
ventricle 
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Free-floating intra-aortic thrombus 
causing coronary artery occlusion: 
appearance in ECG-gated computed 
tomography with cine-images

Sine-görüntüleri ile EKG-gated BT’de koroner arter 
tıkanmasına neden olan intra-aortik serbest-yüzen 
trombüs

A 36-year-old man who admitted to emergency service with chest 
pain referred to our clinic for coronary artery computed tomography 
(CT) examination. There was no family history of ischemic heart dis-
ease. Electrocardiographic examination was normal. Echocardiography 
examination showed suspect hypokinesis in apical region. 

Contrast-enhanced CT depicted approximately 1 cm long distal left 
anterior descending artery (LAD) occlusion (Fig. 1). Proximal 2/3 seg-
ments of LAD and other coronary arteries were normal and free of even 
minor atherosclerotic plaques. CT examination also showed perfusion 
defect and hypokinesis in left ventricular apical region (Fig. 2, Video 1. See 
corresponding video/movie images at www.anakarder.com). When eval-
uating extra-cardiac structures we saw a pedunculated mass in the 
ascending aorta, which was attached to medial wall of aorta with a thin 
stalk (Fig. 3). Cine images showed that the mass is highly mobile (Video 2, 
3. See corresponding video/movie images at www.anakarder.com). Intra-
aortic thrombus was thought in the first order differential diagnosis. 

Figure 2. Axial image demonstrates hypodense left ventricular apex 
(arrow) relative to normal perfused myocardium

Figure 4. Axial image (approximately the same level with figure 3) shows 
that the mass in ascending aorta no more exists. Bilateral pleural effusion 
and consolidation in the middle lobe is seen after heart attack

Figure 3. Axial (A) and oblique sagittal (B) images demonstrate a well-
defined, pedunculated, spherical mass (arrows) located in ascending 
aorta slightly above the left coronary sinus

A B

Figure 1. Contrast-enhanced ECG-gated multi-slice spiral computed 
tomography MIP image, diastolic phase shows segmental distal LAD 
occlusion. Distal to occlusion there is retrograde\collateral filling (arrow). 
Note that proximal and mid segment of LAD is free of arteriosclerosis
ECG - electrocardiogram, LAD - left anterior descending artery
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Twelve days later control CT examination showed that ascending 
aorta and thoracic aorta were free of thrombus (Fig. 4). CT examination 
showed a new thrombus in the proximal segment of LAD (Fig. 5), which 
caused enlargement of perfusion defect effecting both apical and sep-
tal wall of left ventricle. There was severe hypokinesis in the mid and 
septal part of left ventricle consisted with LAD territory (Video 4. See 
corresponding video/movie images at www.anakarder.com). 

Although there was no histopathology diagnosis of the mobile aor-
tic mass, it is highly probable that it was an intra-aortic thrombus, which 
was broken away, causing a new more proximal embolus in LAD. 
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Video 1. Cine-image two-chamber view shows akinesia in the left 
ventricle apex
Video 2. Cine-image shows, mobile mass attached to the wall of 
proximal ascending aorta with a thin stalk
Video 3. Cine-image shows the relation of the mass with left coro-
nary artery, aortic valves. Note the mass is very mobile which may 
predict its potential to break away
Video 4. Four-chamber cine-image shows akinesia in the mid-septal 
region as well as apex. Apex and septum show hypodense suben-
docardium consisted with hypoperfusion
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Interventricular septal cardiac 
hydatid cyst mimicking hypertrophic 
cardiomyopathy

Hipertrofik kardiyomiyopatiyi taklit eden 
interventriküler septal kist hidatik 

A 27-year- old, male patient with nonobstructive hypertrophic cardio-
myopathy was admitted to our clinic with exertional dyspnea. Physical 
examination and routine laboratory tests were normal. Transthoracic 
echocardiography revealed asymmetric septal hypertrophy (29 mm) with-

Figure 5. Contrast-enhanced ECG-gated multislice spiral computed 
tomography MIP image, demonstrates more proximal LAD (arrow) 
occlusion after disappearance of aortic mass
ECG - electrocardiogram, LAD - left anterior descending artery

Figure 1. A) Asymmetric septal hyperthrophy was evident in transtho-
racic echocardiography, B) A mass surrounded by a  hyperechogenic 
calcified membrane, containing a water-like fluid (arrow) was dem-
onstrated by transthoracic echocardiography
Ao - aorta, IVS - interventricular septum, LA - left atrium, LV - left ventricle,  RA - right atrium 
RV - right ventricle

Figure 2. A cystic mass localized in the interventricular septum was 
demonstrated on cardiac magnetic resonance imaging
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out gradient in the left ventricular outflow tract (Fig.1 A). A cystic structure 
encircled by a hyperechogenic calcified membrane compatible with 
cardiac hydatid cyst was demonstrated in apical four -chamber view 
(Fig. 1B). A cystic mass localized in the interventricular septum was 
demonstrated in cardiac magnetic resonance imaging (Fig. 2, Video 1. 
See corresponding video movie images at www.anakarder.com).  
Patient was operated with the diagnosis of cardiac mass of unknown 
origin. Histopathological examination of surgery specimen revealed 
diagnosis of hydatid cyst. Hydatid cyst rarely involves heart and par-
ticularly interventricular septum. The diagnosis of hydatid cyst of the 
interventricular septum is difficult because of clinical and radiographic 
findings may be lacking or nonspecific.
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Video 1.  A cystic mass localized in the interventricular septum was 
demonstrated on cardiac magnetic resonance imaging
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