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The Development of Basic  
Cardiovascular Techniques in Romania,  

Why Saving Hearts?

by V.S. Costache, S. Marchian, S. Sultan

130 years ago, Bucharest was called “Le Petit Paris”  
in a Europe without borders.

In 2007 Sibiu was nominated European Capital of Culture.

 The start of vascular surgery in Romania was associated to the in-
novations in general surgery and general anesthesia. In the late XIX th 
and early XX th century, the medical system in Romania had the privilege 
to be advanced by physicians and surgeons who were coached in France 
and Germany. At that time all Romanian intelligentsia was taught in 
western world so there was no gap between the level of knowledge and 
surgical techniques in Romania tallied to the rest of civilized world. 

Contemporary developments in medicine at that time were promptly 
put into practice in Romania so the first surgical department with its 
own X ray machine was founded by dr. Constantin Dimitrescu-Severeanu 
(1840-1930), only one year after Wilhem Rontgen introduced this tech-
nology in medicine. Dr. Severeanu was the first surgeon to achieve an 
arterial reconstruction in Romania and he pioneered the principle of 
arterial anastomosis stressing upon the significance of the eversion of 
the arterial wall.

The scientific effervescence of Romanian physicians by Prof Thoma 
Ionescu who, before becoming Rector of the University of Bucharest in 
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1912, was appointed professor of anatomy and surgery in Paris, where 
he performed the first resection of the cervical sympathetic chain for 
epilepsy and Basedow disease, extending this procedure to relief for 
angina pectoris. 

Interestingly, between 1909 and 1910, Prof Ionescu worked closely 
in Rochester with the Mayo brothers, performing surgical procedures 
on the upper segments of the body under high spinal anesthesia (Figure 
1). Another pioneer was Dimitrie Gerota, surgeon and anatomist, who 
developed his own method of studying lymphatic pathology after inject-
ing a contrast agent developed by him for lymph vessels that he pub-
lished in 1930 in Berlin as Injections Technik Limfgefass. This rapid un-
derstanding of vascular techniques led to the first successful forearm 
reimplantation, performed by dr Jianu in 1909.

However vascular surgery in Romania emerged slowly as a separate 
specialty; at the beginning, it was developed by forerunners in general 
surgery and starting from the 60`s it was for a long time performed by 

Figure 1

cardiovascular surgeons. This craze was seen in many countries, however 
the brutal introduction of communism in Romania after the Second 
World War had a huge impact on all the aspects of the civil society in 
the country, reflecting in the development of vascular surgery as a ​ 
single entity.

Currently vascular surgery units exist in Bucharest, Iasi, Cluj, 
Timisoara, Targu Mures, Sibiu, Constanta and Brasov. 

Bucharest was the birthplace of vascular surgery in Romania, as dr. 
Fagarasanu presented for the first time, the Dacron grafts and he oper-
ated his first successful Leriche syndrome in 1956. 

Coltea Hospital opened the first angiography room in parallel with 
an investigational cardiovascular unit, where a team led by dr Hortolomei 
continued vascular surgery in parallel with open cardiac procedures. 

Dr. V. Marinescu, former Ministry of Health of the communist regime, 
transferred this activity to the Fundeni Hospital where he organized 
cardiovascular surgery, cardiology and intensive care, while he inaugu-
rated a long era where cardiovascular medicine developed in close con-
nection with communist political activity and economical interests.  

During that time, successful vascular practice is related to surgeons 
who somehow managed to find a political compromise in order to ben-
efit of some training in western centers. A good example is dr Pop D. 
Popa, mainly a cardiac surgeon but who is the official founder of vascular 
surgery in Romania, as he introduced it for the first time in the list of 
medical specialties recognized by the Romanian Ministry of Health. 
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chief of department, dr Radu Popa underwent several fellowships on 
his own in Belgium and Israel. 

Currently two departments of vascular surgery exist in the University 
of Iasi, an independent vascular surgical department in “Sf. Spiridon 
Hospital” and a vascular unit in the “Cardiological Insitute”, functioning 
under the lead of cardiac surgeon. The two units are the only ones 
providing vascular surgical care for the region of Moldavia, for approx-
imate six million people. 

Both are performing open surgical solutions for carotid disease, 
aortic disease and arterial peripheral disease and have an on call system 
covering all vascular emergencies. Last year’s statistics for “Sf. Spiridon 
Hospital” show that they have performed 48 carotid artery endarterec-
tomies, 246 peripheral bypasses and 53 aortic procedures.

The region of Muntenia in the south part of Romania has a popula-
tion of eight million people and only the vascular surgical units from 
Bucharest provide vascular surgical assistance. 

In 2015 three public vascular surgical departments exist in Bucharest: 
the “C. C. Iliescu” Cardiovascular Institute, the Military Institute for 
Cardiovascular Disease and one unit in the “Floreasca Emergency 
Hospital”.  In 2013 the first private vascular surgical department was 
opened in the Monza Hospital in Bucharest while the Sanador Hospital 
opened the second one in 2015; their organizations are similar, cardiac 
surgery functioning together with the vascular department.

Vascular surgery is performed in five institutions in Transylvania, 
providing this service for approximate seven million people. All of them 

After fellowships at the Bakulev Institute in Moscow and at the 
Brussaix Hospital, dr Pop D. Popa established the second official cardiac 
and vascular unit in Targu Mures soon after his transfer from Cluj in 
1962. While becoming a close adviser to the former dictator Ceausescu, 
dr Pop D. Popa took over the directorship of the Fundeni Institute in 
1974 and he reorganized progressively the activity of the unit. Thanks 
to fellowships conducted in Texas Heart Center and in Portland, he 
improved postoperative results and manages to bring a part of dr 
Barnard`s South African team for three consecutive years, making 
Romanian doctors aware of the existence of different standards of care 
outside the soviet ones. 

Untill 1989, Romania had officially two vascular surgery centers for 
a country of over 24 million people, Bucharest and Targu Mures, where 
dr R. Deac successfully took over`s dr Pop D. Popa departure and devel-
oped the unit following the same model of organization.  

During the last year of the communist regime, in Cluj, the chief of 
the cardiology clinic managed to secretly organize a cardiovascular in-
stitute affiliated to the university but surgical activities only started in 
the 1990. This first breach in the monopole held for more than 30 years 
held by Bucharest and Targu Mures, concomitant to the fall of the com-
munist dictator in the country, was followed by a rapid reaction from 
the medical schools from Timisoara, Iasi and later Constanta and Sibiu 
who opened their vascular surgical facilities, all at the beginning, under 
the lead of a cardiovascular surgeon.

An interesting exception is Iasi, who developed a vascular surgical 
unit before the cardiovascular surgical institute opened in 2000, as its 
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the high spheres of the communist party but were tolerated as at that 
time Romania was a closed country, so communist politicians tried to 
have a good relationship with the few cardiovascular specialists who 
were supposed to treat them in an emergency setting.

 The fall of the regime in 1989 was followed by a long period of 
transition, the previous medical moguls started losing their influence 
as politicians and wealthy Romanians discovered that they can easily 
travel and receive better treatment abroad. A beneficial attempt to 
reform the system was the introduction in the late 90`s of the law nr.95 
regulating the medical system, largely inspired by German and French 
health systems.  Briefly this new text of law introduced a quota that 
each working Romanian was paying into the account of a new created 
institution, the National Social Security, who had autonomous branches 
in each economical region. 

The general leading principle was that “the money will follow the 
patient” and a short period of relative prosperity followed, which gave 
birth to many private medical projects that appeared to general popu-
lation as an attractive alternative to obsolete state institutions. 

Unfortunately this sudden amount of cash rapidly attracted the at-
tention of the newly formed socialist government in 2001, who abol-
ished the autonomy of the national social security and transferred all 
the funds collected for the health system into an opaque melting pot 
administered by the ministry of finance. To make things worse, a law 
was introduced against private insurances in order to limit informal 
payments and ease the pressure off the centralized system, after gross 
manipulation of the public opinion. 

are affiliated to the correspondent faculty of medicine; four of them are 
public – Timisoara, Targu Mures, Cluj and Brasov and a single private 
insititute, functioning in the European Hospital in Sibiu. 

The largest volume of open surgical procedures took place in the 
Fundeni Institute in Bucharest, where they perform each year around 
200 carotid and 200 aortic procedures and more than 400 surgeries on 
the peripheral arteries, while the other institutions usually perform half 
the number of these cases.

If open vascular surgery is somehow developed in Romania, a huge 
gap has emerged in endovascular surgery compared to the Western 
world, at this time less than 150 endovascular aortic interventions having 
been performed in this 20 million people country since the very begin-
ning of endovascular procedures. 

Several factors are responsible for this lack of expertise. Historically 
vascular surgery has been under the rule of influent cardiac surgeons, 
who used to control the funding of their institutions and redirect it 
mainly for cardiac activities. 

Another explanation is the way medicine and vascular surgery in 
particular is funded in Romania.  During the communist regime, the 
ministry of health used to fund vascular surgical activities according to 
the influence of the chief of the department. Compared to other surgical 
specialties, cardiovascular specialties used to be privileged, due to the 
proximity of some surgeons to communist leaders. At that time, the 
funding mechanism was very basic: the state was paying for everything 
the institution needed while many surgeons requested informal pay-
ments directly from the patients. These practices were known even in 
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before the Second World War and the brutal introduction of communism 
in Romania. 

In 2015 the Romanian Society of Endovascular Surgery was founded 
and one of its main priorities is to abolish these aberrant centralized 
mechanisms, to rethink funding of vascular and endovascular surgery 
according to modern principles and provide properly training for the 
young generations of vascular surgeons.

In July 2015,  at  Sibiu, the European capital of culture in 2008, there 
were over 50 final year medical students and young cardiovascular 
residents from France, Ireland, Romania and Sweden  attended a two 
week summer school in endovascular and cardiovascular surgery, funded 
by the European Union Erasmus + program, having lectures and work-
shops with reputed specialists from several European countries. All 
teaching and clinical activities take place in the cardiac and vascular 
department of the European Hospital from Sibiu, the only private health 
institution which was allowed to have teaching activities.

This was the beginning of Saving Hearts.

Two days before the end of the program, a 39 years old and father 
of two, was brought to the ER of the European Hospital in Sibiu, where 
the CT scan reveals a De Bakey type I aortic dissection (Figure 2). The 
cardiac team took him straight to the operation room, where the as-
cending aorta and anterior hemi arch were quickly replaced. 

The next morning, in the intensive care, the prognosis looks grim for 
this young patient as creatinine is rapidly going up together with lactate 
while the patient is anuric. A second CT scan confirms the darkest fears, 
pan aortic dissection but all main branches arises from the true aortic 

Currently money doesn’t follow the patient anymore and phantoms 
from the communist period emerged once more: only some institutions 
are funded and quotas for number of procedures, defying any logic, are 
established each year for each institution who is lucky enough to receive 
money for its cases. In this financial chaos another aberrance emerged 
– “the national health program for vascular surgery”, who provides less 
than 200 euros per patient for each case treated in the institutions in-
cluded in this program regardless of the type of pathology! 

The direct result of the above “reforms” is that in the last seven years 
more than 20  000 doctors have fled the country followed by an incal-
culable number of nurses and health technicians.  Medical tourism has 
“flourished” but in the wrong direction as wealthy patients prefer to 
travel abroad to get treatment, while middle class patients are burdened 
by bank loans in order to get treatment either abroad or in one of the 
newly opened private clinics who are well equipped but receive no 
funding from the ministry of health or from the social security for pa-
tients treated for cardiovascular diseases. 

For an EVAR procedure, a 70 years old patient who has paid health 
contributions for all his life, will be forced to spend his savings or to get 
a loan in order to pay the 15000 euros requested for the procedure.

The lack of funding and the influence of cardiac surgical priorities 
over vascular surgery led to the present day situation, when interven-
tional cardiologist performs most endovascular procedures while sur-
geons are often used only for vascular access.  However a new genera-
tion of surgeons emerged, mainly trained in western universities  
like their predecessors from the “golden period of Romanian surgery” 
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lumen except right renal artery, the patient suffered severe mal-perfu-
sion syndrome (Figure 3). A joint endovascular team from Ireland and 
Sibiu decided to do something that no one ever did before – a total 
endovascular elephant trunk. 

In the hybrid room, two new generation streamliner multi flow mod-
ulator devices  were deployed in the freshly sewn Dacron, at the level 
of both coronary arteries origin and ending in the distal infra renal ab-
dominal aorta; at the end of the procedure a double balloon fenestration 
technique, is successfully performed, in order to allow perfusion of the 

Figure 2

Figure 3

right renal artery that arises from the false lumen . Two weeks afterwards 
the patient is discharged after a simple postoperative course (Figure 3). 

The surgeon from Sibiu, trained for fourteen years in France, who 
started the largest endovascular aortic program in the country, only 
eighteen months before, is pleased that his mentor from Ireland was 
here with him once again. He knows that the key to success in endovas-
cular surgery is team work and close collaboration with elite western 
teams. Like it used to be…
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Epidemiology of  
Cardiovascular Disease

by A. Cojan

Cardiovascular diseases represent a group of non-communicable 
diseases (NCD). Cardiovascular diseases means the demage of the heart 
and blood vessels and include coronary heart disease, cerebrovascular 
disease, rheumatic heart disease, cardiomiopathy, peripheral vascular 
disease and congenital heart disease. Four out of five cardiovascular 
diseases (CVD) deaths are due to heart attacks and strokes. Individuals 
at risk of cardiovascular disease have high blood pressure, high level of 
glucose, and lipids as well as overweight and obesity. These can all be 
easily identified and measured in primary care services. Identifying those 
at highest risk of CVDs and ensuring they receive appropriate treatment 
can prevent premature deaths. 

According to the World Health Organization (WHO) 17.5 million 
people die each year from cardiovascular diseases, an estimated 31% 
of all deaths worldwide, more than >75% of CVD deaths occur in low-in-
come and middle-income countries and about 80% of all cardiovascular  
deaths are due to heart attacks and strokes.

In order to be able to evaluate the healthcare systems of the world, 
WHO has divided the world’s population into six regions. 

Each region has a Regional Office that coordinates healthcare sys-
tems of the countries belonging to the region. There are different pat-

II
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Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador, 
Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, 
Nicaragua, Panama, Paraguay, Peru, Saint Kitts and Nevis, Saint Lucia, 
Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago, 
United States of America, Uruguay and Venezuela.(1,2)

The WHO South-East Asia Region has 1.855.068.000 population and 
11 Member States: Bangladesh, Bhutan, Democratic People’s Republic 
of Korea, India, Indonesia, Maldives, Myanmar, Nepal, Sri Lanka, Thailand 
and Timor-Leste.(3) 

The WHO European Region contains 906.996.000 citizens and the 
Countries are as follows: Albania, Andorra, Armenia, Austria, Azerbaijan, 
Belarus, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, 
Czech Republic, Denmark, Estonia, Finland, France, Georgia, Germany, 
Greece, Hungary, Iceland,   Ireland, Israel, Italy, Kazakhstan, Kyrgyzstan, 
Latvia, Lithuania, Luxembourg, Malta, Monaco, Montenegro, 
Netherlands, Norway, Poland, Portugal, Republic of Moldova, Romania, 
Russian Federation, San Marino, Serbia, Slovakia, Slovenia, Spain, 
Sweden, Switzerland, Tajikistan, Macedonia, Turkey, Turkmenistan, 
Ukraine, United Kingdom and Uzbekistan.(3)  

In the Eastern Mediterranean WHO Region live 612.580.000 citizens 
and the countries that belong to this region are the following: 
Afghanistan, Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan,Kuwait, Lebanon, 
Libya, Morocco, Oman, Pakistan, Qatar, Saudi Arabia, Somalia, Sudan,   
Syria, Tunisia and United Arab Emirates.

In Western Pacific Region the population size is 1.857.588.000 and 
the countries that consists this region are the following: Australia, Brunei 

terns of mortality rate due to cardiovasculare disease as NCD  
between these six Regions. In Africa region, the leading cause of mor-
tality is from communicable diseases. In the last decade there was a 
significant decreasing trend in deaths from infectious diseases. In 
Americas Region as in Europe Region as in Western Pacific regions, more 
than 80%  of deaths,  are due to noncommunicable diseases (includig 
cardiovascular diseases).

In South-East Asia  as in  Eastern Mediteranean Region  there is an  
almost equal proportion of deaths from communicable and non-com-
municable diseases with an decreasing trend of communicable.

The six regions established by the World Health Organization (WHO) 
are: African Region, Region of the Americas, South-East Asia Region, Euro-
pean Region, Eastern Mediterranean Region, and Western Pacific Region.

In WHO African Region the population size is 927.371.000 and the 
countries that consists this region are as following: Algeria, Angola, 
Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cabo Verde, Central 
African Republic,Chad, Comoros, Congo, Côte d’Ivoire, Democratic 
Republic of the Congo,Equatorial Guinea, Eritrea, Ethiopia, Gabon, 
Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, 
Madagascar, Malawi, Mali, Mauritania, Mauritius,  Mozambique, 
Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal, 
Seychelles,Sierra Leone, South Africa,  South Sudan, Swaziland, Togo, 
Uganda, United Republic of Tanzania, Zambia and Zimbabwe.(1)

In Americas WHO Region the population size is 966.495.000 and the 
countries that consists this region are: Antigua and Barbuda, Argentina, 
Bahamas, Barbados, Belize, Bolivia, Brazil, Canada, Chile, Colombia, 
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1.   HIGH BLOOD PRESSURE (HBP)

The arterial hypertension  is named  “the silent killer”. 

Usually, the increase in blood pressure is not felt, so the  debut can 
not be precisely set.

Factors like age, family history, obesity, excessive alcohol consump-
tion, or salt,  increase the risk of HBP.

It is frequently accompanied by the presence of other risk factors: 
obesity, sedentarism, diabetes, high cholesterol. HBP afflects not only 
the heart but also the kidneys and represents it possible cause of dis-
ability through secondary cerebral stroke.

Arterial blood pressure (BP) is the pressure inside the blood vessels. 
Usually  the normal is 120/70 mmHg. 

The diagnosis of HBP is established  if the repeated measurements 
tension goes to 140 mmHg (for systolic) and 90 mmHg (for the dyastolic).

It is well known to have said  that  high blood pressure  can be called 
“white clothes  hypertension” because arterial pressure can rise when 
the patient goes to contact a health care provider. That’s why the in-
creased values ​​must be recorded repeatedly and is  encouraged home 
measurement of blood pressure (if available).

The approach for  HBP (regimen and/or various types of medication) 
is different depending on the level of growth above normal, but also 
the presence of other associated diseases (for example the presence of 
diabetes) requires more aggressive treatment. 

Darussalam, Cambodia, China, Cook Islands, Fiji, Japan, Kiribati, Lao 
People’s Democratic Republic, Malaysia, Marshall Islands, Micronesia, 
Mongolia, Nauru, New Zealand, Niue Palau, Papua New Guinea, 
Philippines, Republic of Korea, Samoa, Singapore, Solomon Islands, 
Tonga, Tuvalu, Vanuatu, Viet Nam and Yemen.(4)

The main factors associated with cardiovascular diseases can be classified 
as follows: 

a. Risk factors that can not be influenced:

»» Age

»» Sex

»» Herredity

b. Risk factors that can be influenced:

»» Arterial hypertension

»» Smoking

»» Diabetes

»» Hypercholesterolemia

»» Obesity

»» Sedentarism

»» Other risk factors: fibrinogen, C-reactive protein, Homocysteine, 
lipoprotein (a), Apolipoprotein B, stress, depression

c. Protection factors:

»» HDL cholesterol

»» Physical activity

»» Estrogens

»» Alcohol in moderate amount
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The highest prevalence of hypertension in both sexes is recorded in 
WHO African Region (47%) followed by Eastern Mediterranean Region 
(41%) and European Region (40%). 

Table 2: The estimated prevalence of hypertension in 
selected  countries -WHO European Region(10):

Country Male 
(%)

Female (%) Both  
sexes (%)

Hungary 29,1 34 31,9

Bulgaria 26,2 33,1 31,9

Latvia 23,3 35,2 29,4

Germany 28 29,1 28,5

Lithuania 22,3 34,4 28,1

Slovakia 23,1 28,1 25,8

Portugal 22,5 28,2 25,3

Finland 24,1 26,2 24,9

Slovenia 24,7 25,2 24,8

Croatia 23 27 24,6

Czech Republik 23,5 23,8 23,7

Poland 21 25 23,1

Estonia 20 26 22,9

Malta 20,9 21,8 21,4

Austria 21 23 21,1

Greece 19 23 20,9

Italy 19 22 20,6

Spain 18,2 19 18,7

Denmark 17 18 17,7

HBP is related to cause an estimated 9.4 million deaths  worldwide/
year, approximate 50% of heart disease, stroke and heart failure, ac-
counting for 13% - 16% of deaths overall. In many countries 1 in 5 have 
prehypertension and approximately 4 in 10 adults over age 25 have 
hypertension. Two third of those with hypertension live in economically 
developing   countries and from those with HBP heart disease and stroke 
occur in younger people in economically  developing countries.(5,6,7,8)

The main changeable risk factors associated with hypertension are: 

•	 Overweight or Obesity are two to six times more likely to develop 
HBP

•	 High sodium salt usage – can cause fluid retention

•	 Lack af physical activity which can rise the Obesity

•	 Smoking which can demage the elasticity of the arteries

•	 Abuse of alcohol – enlarged heart, produced HBP and irregular 
pulse

•	 Stress – increases the level of adrenaline

Table 1: Age-standardized Prevalence of raised blood 
Pressure in adults – WHO Regions(9):

WHO Region Male (%) Female 
(%)

Both  
sexes (%)

African Region 48% 45% 47%

Region of the Americas 40% 31% 35%

South-East Asia Region 39% 37% 38%

European Region 43% 38% 40%

Eastern Mediterranean 42% 40% 41%

Western Pacific Region 40% 36% 38%
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Most countries apply screening programs for early detection of HBP 
and health education programs for Hypertension prevention.

2.   TOBACCO SMOKING

The second attributable risc factor in CVD is tobacco smoking. 
Tobacco smoking causes about six million deaths a year worldwide.

The profile of smokers is different between sexes and it is also dif-
ferent between the six WHO regions. The highest prevalence of smokers 
among men is recorded in Western Pacific Region followed by European 
Region. The highest prevalence of smoking among women is recorded 
in European Region followed by Region of the Americas. Global 
Prevalence of smoking is four  times higher in males than in women.

Table 3: Prevalence of smoking in adults, WHO regions(13): 

WHO Region Male (%) Female (%)

1
African Region 24,2 2,4

2 Region of the Americas 22,8 13,3

3 South-East Asia Region 32,1 2,6

4 European Region 39 19,3

5 Eastern Mediterranean 36,2 2,9

6 Western Pacific Region 48,5 3,4

Global 36,1 6,8

Country Male 
(%)

Female (%) Both  
sexes (%)

Romania 17 22 17,2

Neterlands 16 17 16,8

Belgium 16 17 16,5

UK 17 16 16,4

Sweeden 15,4 17 16,2

Turkey 12 21 16,1

Ireland 15 16 15,5

France 14 15 14,4

Norway 13,1 12,5 12,7

Lifestyle changes can be effective in reducing high blood pressure and can 
be summarized as follows:

•	 Eating a healthy diet

•	 Reducing salt intake (to less than 5g daily)

•	 Exercising regularly

•	 Stopping smoking

•	 Reducing alcohol consumption.

Some people have high sensitivity to sodium (salt), they respond 
better and faster to a reduction in sodium intake. Reducing sodium in-
take tends to lower the blood pressure.

“Salt-sensitive” people will experience a greater reduction in blood 
pressure than ”salt-resistant” people. Recently discovered  gene called  
cyp3a5  is responsable for  variation in a salt-regulating and it is most 
common in natives of sub-Saharan Africa.(12)
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Country Male Country Female

Netherlands 27,5 Albania 8,5

Finland 26 Slovenia 18,9

Norway 25,5 Slovakia 18,1

Ireland 24,2 Ukraine 14,4

Slovenia 23,6 Portugal 14

UK 21,8 Turkey 13,5

Denmark 21
Republic of 
Moldova

5,4

The prevalence of current smoking among women increased in the 
last decade. Women who smoke and use oral contraceptives have ten 
times greater risk of developing cardiovascular disease. 

Smoking addiction leads in one third of death from heart disease. 

Aortic aneurysm risk is 8 times higher in smokers compared to non-
smokers.(15)

Smoking increases the risk of stroke by 50% in people under 65 years. 

The association between smoking and the occurrence of cardiovascular 
disease is evidenced by a series of statistical and clinical data (16,17,18): 

•	 damages the endothelium (blood vessels) 

•	 increase fatty deposits in the arteries 

•	 increase clotting 

•	 increase LDL – ”bad” cholesterol 

•	 decrease HDL – ”good” cholesterol 

•	 promotes coronary artery spasm 

•	 nicotine, the addictive component of tobacco, raises blood 
pressure, accelerates the heart rate and increase blood pressure. 

Table 4.Age-standardized prevalence for smoking among 
adults, selected countries -European WHO Region(14):

Country Male Country Female

Greece 54,3 Serbia 39,8

Albania 52,1 Austria 35,9

Ukraine 51,4 Greece 34,2

Serbia 45,5 Croatia 32,3

Bulgaria 45,2 Bulgaria 30,4

Republic of 
Moldova

44,6 Germany 28,7

Turkey 42,7
Czech 
Republic

28,9

Slovakia 40,7 Spain 28

Romania 39,5 Hungary 26,5

Croatia 39,4 Poland 26,1

Czech Republic 38 France 25,8

Austria 37,4 Norway 24,9

Poland 34,9 Netherlands 24,7

Hungary 34,5 Ireland 23,5

Portugal 34,4 Romania 23,4

Spain 33,7 Switzerland 20,9

Germany 33,6 Belgium 20,9

France 31,1 UK 20,1

Italy 29,1 Italy 19,8

Switzerland 28,3 Finland 19,6

Belgium 28 Denmark 19
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Table5: Prevalence of Diabetes by WHO Regions(20):

WHO region Estimated Prevalence and No of people 
with diabetes 18+ years

Prevalence (%) Number (millions)

Africa 7,1 25

Americas 8,3 63

South-East Asia 8,6 96

Europe 7,3 64

Eastern 
Mediterranean 13,7 43

Western Pacific 8,4 131

Global 8,5 422

Population growth and ageing have contributed to this increase, but 
are not solely responsible for it. 

The prevalence of diabetes is growing in all counties of WHO 
European region. 

Table 6: Diabetes prevalence, selected countries in Europe 
WHO Region, 2015(20):

Country  
Diabetes prevalence 

(%) 

Malta  13.9

Portugal  13.6

Serbia  13.2

Montenegro  12.8

Turkey  12.5

Albania  12.0

Most countries apply public health programs to prevent and combat 
tobacco using, such as: 

•	 Intense mass media campaigns to inform the public about the 
harm of tobacco use

•	 Interdiction all forms on tobacco advertising (direct or indirect)

•	 Community and School Based Programs

•	 Restrictions on tobacco marketing to kids

•	 Raises taxes on tobacco

•	 Promoting smoke free environments

•	 Appling various treatment regimens for tobacco dependence 

3.   DIABETES

The third risk factor that is attributed to cardiovascular diseases is high 
blood glucose which can cause more than 2 milions deaths on year. There 
is convincing evidence for a causal relationship between higher – than 
optimal fasting blood glucose levels and cardiovascular disease (CVD).

Globally, an estimated 422 million adults were living with diabetes 
in 2014, compared to 108 million in 1980.The global prevalence 
(age-standardized) of diabetes has nearly doubled since 1980, rising 
from 4.7% to  8.5% in the adult population.

This reflects an increase in associated risk factors such as being 
overweight or obese. Over the past decade, diabetes prevalence has 
risen faster in low- and middle-income countries than in high-income 
countries. The WHO Eastern Mediterranean Region has experienced 
the greatest rise in diabetes prevalence, and is now the WHO region 
with the highest prevalence (13.7%).(19)
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Country  
Diabetes prevalence 

(%) 

Sweden  6.3

United Kingdom  6.2

Ireland  5.3

Diabetes mellitus is a metabolic disease characterized by hypergli-
cemia  resulting  from defects  in insulin secretion, insulin action, or 
both. Diabetic is someone who have fasting glucose more than 126 mg/
dl. And there are some other criteria levels after eating.

Risk factors which are associated with diabetes (21,22): 

»» Genetic Factors: develp antibodies against β cells, genetic defects 
in insulin action.

»» Endocrinopathies:  growth hormone excess (acromegaly) 
Cushing syndrome, hyperthyroidism, pheochromocytoma 
glucagonoma

»» Exocrine pancreas - disease

»» Infections: Cytomegalovirus infection, Coxsackievirus B

»» Drug –induced: Glucocorticoids, Thyroid hormone

»» Diabetes – predispozing factors:

»» Abdominal obesity

»» High blood pressure

»» High blood cholesterol

»» Sedentary lifestyle

»» Smoking

»» Age  > 65

Country  
Diabetes prevalence 

(%) 

Russian Federation  11.1

Slovenia  10.7

Romania  10.6

Germany  10.6

Cyprus  10.4

Spain  10.4

Czech Republic  9.9

Denmark  9.9

Slovakia  9.9

Austria  9.5

Hungary  9.3

EU 9,1

Finland  9.0

Bulgaria  8.4

Ukraine  8.0

Italy  7.9

Netherlands  7.9

Norway  7.8

Moldova  7.7

Switzerland  7.7

Poland  7.6

Greece  7.5

France  7.4

Croatia  6.8

Belgium  6.7
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Table 7:Prevalence of insufficient physical activity among 
adults, by WHO region(25): 

WHO region Male Female
Both 
sexes

Africa 17.3 24.4 20.9

Americas 26.7 37.8 32.4

South-East Asia 11.3 18.1 14.7

Europe 20.9 27.8 24.5

Eastern Mediterranean 25.6 37.1 31.1

Western Pacific 23.1 27.3 25.2

Global 19.8 26.8 23.3

The prevalence of insufficient physical activity is highest in the WHO 
Region of the Americas and the Eastern Mediterranean Region. In both 
these regions, almost 37% of women ere insufficiently active, while the 
prevalence for men is 26,7% in the Americas and 25,6% in Eastern 
Mediterranean. The South East Asian Region showed the lowest per-
centages (11,3% for men and 18,1% for women). In all WHO Regions, 
men were more active than women, with the biggest difference in prev-
alence between the two sexes in Eastern Mediterranean. This is also 
the case in nearly every country. 

»» Pregnancy In this physiological status - glucoze intolerance  is 
reverting (after delivery)

»» Stress - with a lot of metabolic desorders

CVD and Diabetes are recognising the same risk factors as Hypertension, 
High Triglycerides, Low good cholesterol, or abdominal obesity.

According to study results from Framighan, patients older than 64 
years with diabetes have a three times more risk of developing cardio-
vascular disease than patients who had normal blood sugar, even they 
are smokers or non-smokers. 

Diabetes increased the risk for CVD and heart attack for two to four 
times,  and also it can increase the risk for for microvascular and mac-
rovascular complications.

4.   PHYSICAL INACTIVITY

Insufficient physical activity is one of the leading risk factors for death 
worldwide. Insufficient physical activity is a key risk factor for noncom-
municable diseases (NCDs) such as cardiovascular diseases, cancer  
and diabetes.(23) 

Globally, around 23% of adults aged 18 and over were not active 
enough in 2010 (men 20% and women 27%). Several environmental 
factors which are linked to urbanization can discourage people from 
becoming more active, such as: fear of violence in outdoor areas, intense  
traffic, low air quality, lack of parks, sidewalks and sports/recreation 
facilities(24). 
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Country Male Female Both sexes

Slovakia 16.6 19.1 17.8

Croatia 15 17.4 16.2

Netherlands 14 17 15.5

Greece 10.1 15.7 12.9

Republic of 
Moldova

12.9 11.7 12.3

Ukraine 11.6 12.7 12.2

Russian 
Federation

10.2 8.8 9.5

American Heart Association has recomanded moderate activity which 
means at least 30 minutes/day, at least 5 days/week, for a total of 150 
minutes. 30 minutes per day of moderate activity can be achieved 
through 30 minutes of walking or cycling, 10 minutes of jogging, 5 mi
nutes of well-done steping (30 steps/min) or 20 minutes of swimming.

WHO defines physical activity as any bodily movement produced by 
skeletal muscles that requires energy expenditure – including activities 
undertaken while working, playing, carrying out household chores, trav-
elling, and engaging in recreational pursuits.

The Global Recommendations on Physical Activity for Health were 
published by WHO in 2010, and were focused on primary prevention of 
NCDs through physical activity (27). 

Table 8: Insufficient physical activity among adults in 
selected countries – WHO European Region (+18 years) 

(age-standardized estimate)(26): 

Country Male Female Both sexes

Serbia 33.5 43.8 38.7

UK 32.3 42.4 37.3

Ireland 30 40.1 35.1

Portugal 31.4 38.5 34.9

Cyprus 28.9 40.4 34.7

Belgium 28.3 38.2 33.2

Italy 28.2 38.1 33.2

Turkey 28.1 37.5 32.8

Spain 27.2 33.7 30.5

Norway 14 22.9 28.8

Sweden 24.4 33 28.7

Denmark 22.4 26.2 24.3

Denmark 22.4 26.2 24.3

Austria 19.2 28.5 23.8

Czechia 22.7 24.8 23.8

France 19.1 28.5 23.8

Finland 21.7 25.3 23.5

Slovenia 17.4 25.1 21.3

Germany 18.7 23.5 21.1

Bulgaria 18.2 23.8 21

Bulgaria 18.2 23.8 21

Poland 13.6 23.8 18.7

Hungary 17.2 19 18.1
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Table 9: Percent of population overweight (BMI>25)  
ages 25+, age std.(27):

WHO Region Male Female Both 
sexes

Africa 22 30 28 

Americas 62,5 61,5 62,5ce:

South-East Asia 12 15 14

Europe 58 50 55

Eastern Mediterranean 41 50 47

Western Pacific 27 25 26

Global 19.8 26.8 23.3 

Body mass index (BMI) is a simple index of weight-for-height that is 
commonly used to classify overweight and obesity in adults. It is defined 
as a person’s weight in kilograms divided by the square of his height in 
meters (kg/m2).

For adults, WHO defines overweight and obesity as follows(29):

•	 overweight is a BMI greater than or equal to 25; and

•	 obesity is a BMI greater than or equal to 30.

 
BMI provides the most useful population-level measure of overweight 
and obesity as it is the same for both sexes and for all ages of adults. 
However, it should be considered a rough guide because it may not 
correspond to the same degree of fatness in different individuals. 

There are different policy options to reach the recommended levels of 
physical activity globally, such as:

•	 the development and implementation of national guidelines for 
health-enhancing physical activity;

•	 the integration of physical activity within other related policy 
sectors, in order to secure that policies and action plans are 
coherent and complementary;

•	 the use of mass media to raise awareness of the benefits of being 
physically active;

•	 the surveillance and monitoring of actions to promote physical 
activity.

5.   OVERWEIGHT AND OBESITY

The prevalence of overweight and obesity were highest in the WHO 
Regions of the Americas (62% for overweight in both sexes, and 26% 
for obesity) and lowest in the WHO Region for South East Asia (14% 
overweight in both sexes and 3% for obesity). In the WHO Region for 
Europe and the WHO Region for the Eastern Mediterranean and the 
WHO Region for the Americas over 50% of women were overweight. 
For all three of these regions, roughly half of overweight women are 
obese (23% in Europe, 24% in the Eastern Mediterranean, 29% in the 
Americas). In all WHO regions women were more likely to be obese than 
men. In the WHO regions for Africa, Eastern Mediterranean and South 
East Asia, women had roughly double the obesity prevalence of men. 
Overweight and obesity are defined as abnormal or excessive fat accu-
mulation that may impair health(28). 
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WHO 
European 
Region – 
selected 
countries

Mean BMI
Male

WHO 
European 
Region – 
selected 
countries

Mean BMI 
Female

Republic of 
Moldova

26.3 Italy 25.1

Serbia 26.3 Romania 25.1

Ukraine 26.3 Netherlands 25.0

Romania 26.2 Austria 24.5

France 26.1 Denmark 24.5

Denmark 26.0 France 24.4

Netherlands 25.9 Switzerland 23.7

Overweight and obesity lead to adverse metabolic effects on blood 
pressure, cholesterol, triglycerides and insulin resistance. Risks of cor-
onary heart disease, ischemic stroke and type 2 diabetes mellitus in-
crease steadily with increasing body mass index (BMI), a measure of 
weight relative to height. Raised body mass index also increases the risk 
of cancer of the breast, colon, prostate, endometrium, kidney and gall 
bladder. Mortality rates increase with increasing degrees of overweight, 
as measured by body mass index. To achieve optimum health, the me-
dian body mass index for an adult population should be in the range of 
21 to 23 kg/m2, while the goal for individuals should be to maintain 
body mass index in the range 18.5 to 24.9 kg/m2. There is increased 
risk of co-morbidities for body mass index 25.0 to 29.9, and moderate 
to severe risk of co-morbidities for body mass index 30 or greater. (31) 

Table 10: Mean body mass index trends, age-standardized 
(kg/m²), by selected countries – WHO European Region (30):

WHO 
European 
Region – 
selected 
countries

Mean BMI
Male

WHO 
European 
Region – 
selected 
countries

Mean BMI 
Female

Ireland 27.8 Turkey 28.6

Czechia 27.6 Republic of 
Moldova

27.3

Spain 27.5 Greece 27.1

UK 27.4 Ireland 27.0

Greece 27.4 UK 27.0

Hungary 27.4 Slovenia 26.3

Germany 27.1 Ukraine 26.1

Slovakia 27.1 Czechia 25.8

Croatia 27.0 Spain 25.8

Italy 27.0 Poland 25.8

Poland 26.9 Albania 25.7

Turkey 26.8 Germany 25.6

Portugal 26.8 Hungary 25.5

Sweden 26.7 Slovakia 25.4

Austria 26.6 Finland 25.4

Bulgaria 26.6 Portugal 25.4

Slovenia 26.6 Sweden 25.3

Albania 26.5 Serbia 25.3

Switzerland 26.5 Bulgaria 25.2

Finland 26.4 Croatia 25.2
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The prevalence of elevated total cholesterol was highest in the WHO 
Region of Europe (54,1% for both sexes), followed by the WHO Region 
of the Americas (47,7% for both sexes). The WHO African Region and 
the WHO South East Asian Region showed the lowest percentages 
(23.1% for AFR and 30,3.0% for SEAR). 

Table 12: Raised total cholesterol (>= 5.0 mmol/L)  
(crude estimate)(33):

Selected countries
Europe WHO Region

Male Female Both sexes

Iceland 73.6 70.0 71.8

Denmark 70.9 68.5 69.7

Germany 72.2 67.4 69.7

UK 65.6 65.7 65.6

France 64.9 65.5 65.2

Italy 63.5 66.8 65.2

Belgium 65.9 64.4 65.1

Norway 65.5 63.2 64.3

Finland 59.2 67.4 63.5

Netherlands 64.1 62.3 63.2

Switzerland 62.6 62.2 62.4

Austria 62.8 61.6 62.2

Slovenia 57.8 59.2 58.5

Cyprus 59.3 57.8 58.5

Poland 60.4 56.8 58.5

Portugal 58.0 58.2 58.1

Spain 59.4 56.0 57.6

For the management of obesity, low-energy diets are effective in the 
short term, but increasing physical activity, increasing walking, and 
developing an activity programme can increase the eff ectiveness of 
obesity therapy.

6.   HIGH BLOOD CHOLESTEROL

High blood cholesterol has come to be recognized as a major risk 
factor in causing heart attacks. It has been clearly noted that the inci-
dence of cardiovasculare disease is higher in countries where fat and 
cholesterol intake is high. Nations with lower dietary intake of fat and 
cholesterol have lower percentage of people with coronary heart disesse. 

It has been confirmed that the incidence of heart disease starts rising 
once cholesterol rises over 150 mg/dl and there is a significant rise in 
the incidence of coronary heart disease once the cholesterol crosses 
the limit of 200 mg/dl.

Table 11:Raised total cholesterol (≥5.0 mmol/L),  
data by WHO region (32):

WHO Region Male Female
Both 
sexes

Africa 21,2 24,8 23,1

Americas 46,4 48,5 47,7

South-East Asia 28,4 32 30,3

Europe 54,1 52,7 53,7

Eastern Mediterranean 36,2 40,4 38,4

Western Pacific 34,9 40,2 38,9
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Children, adolescents and elderly people are typically more vul-
nerable to alcohol-related harm from a given volume of alcohol than 
other age groups (Hilton, 1987; Midanik & Clark, 1995; Mäkelä & 
Mustonen, 2000).

Harmful use of alcohol is the leading risk factor for death in males 
aged 15–59 years, yet there is evidence that women may be more vul-
nerable to alcohol-related harm from a given level of alcohol use or a 
particular drinking pattern. The vulnerability of females to alcohol-re-
lated harm is a major public health concern because alcohol use among 
women has been increasing steadily in line with economic development 
and changing gender roles (Grucza et al., 2008; Wilsnack, 2013) and 
because it can have severe health and social consequences for newborns 
(Abel & Sokol, 1987; Lupton et al., 2004; Popova et al., 2013).

A family history of alcohol use disorders is considered a major vul-
nerability factor for both genetic and environmental reasons (Merigankas 
et al., 1998; WHO, 2004a). 

Surveys and mortality studies, particularly from the developed world, 
suggest that there are more drinkers, more drinking occasions and more 
drinkers with low-risk drinking patterns in higher socioeconomic groups, 
while abstainers are more common in the poorest social groups. 
However, people with lower socioeconomic status (SES) appear to be 
more vulnerable to tangible problems and consequences of alcohol 
consumption (Grittner et al., 2012).

Selected countries
Europe WHO Region

Male Female Both sexes

Hungary 55.8 58.8 57.4

Sweden 58.6 53.7 56.1

Czechia 54.9 56.9 56.0

Slovakia 53.0 54.1 53.5

Bulgaria 51.0 53.1 52.1

Russian Federation 47.8 56.4 52.6

Croatia 50.3 54.0 52.3

Greece 51.3 50.7 51.0

Slovakia 53.0 54.1 53.5

Serbia 46.8 51.5 49.2

Romania 46.2 47.9 47.1

Ukraine 43.6 48.3 46.2

Albania 46.8 45.4 46.1

Turkey 37.2 39.3 38.3

Republic of Moldova 35.5 39.4 37.6

 
7.   ABUSE OF ALCOHOL

The relationship between alcohol consumption and cardiovascular 
diseases is complex. The beneficial cardioprotective effect of relatively 
low levels of drinking for ischaemic heart disease and ischaemic stroke 
disappears with heavy drinking occasions. Moreover, alcohol consump-
tion has detrimental effects on hypertension, atrial fibrillation and  
haemorrhagic stroke, regardless of the drinking pattern (Roerecke & 
Rehm, 2012).
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Selected countries – WHO 
European Region

litres of pure alcohol/
per capita/year

Sweden 7.2

Norway 6.7

Italy 6.5

Republic of Moldova 6.3

Albania 4.9

Turkey 1.4

 
8.   UNHEALTHY DIET

A healthy diet contains: (35,36,37,38,39,40)

Fruits, vegetables, legumes (e.g. lentils, beans), nuts and whole grains 
(e.g. unprocessed maize, millet, oats, wheat, brown rice).

At least 400 g (5 portions) of fruits and vegetables a day. Potatoes, 
sweet potatoes, cassava and other starchy roots are not classified as 
fruits or vegetables.

Less than 10% of total energy intake from free sugars which is 
equivalent to 50 g (or around 12 level teaspoons) for a person of 
healthy body weight consuming approximately 2000 calories per day, 
but ideally less than 5% of total energy intake for additional health 
benefits. Most free sugars are added to foods or drinks by the 
manufacturer, cook or consumer, and can also be found in sugars 
naturally present in honey, syrups, fruit juices and fruit juice 
concentrates. 

Less than 30% of total energy intake from fats. Unsaturated fats (e.g. 
found in fish, avocado, nuts, sunflower, canola and olive oils) are 
preferable to saturated fats (e.g. found in fatty meat, butter, palm and 
coconut oil, cream, cheese, ghee and lard)(3). Industrial trans fats (found 
in processed food, fast food, snack food, fried food, frozen pizza, pies, 
cookies, margarines and spreads) are not part of a healthy diet.

Less than 5 g of salt (equivalent to approximately 1 teaspoon) per day(6) 
and use iodized salt.

Table 13:Alcohol, recorded per capita (15+) consumption, 
three-year average with 95%CI (numeric)(34):

Selected countries – WHO 
European Region

litres of pure alcohol/
per capita/year

France 11.8

Czechia 11.8

Russian Federation 11.5

Slovakia 11.4

Ireland 11.4

Germany 11.3

Hungary 11.3

Portugal 11

Poland 10.9

Slovenia 10.6

Belgium 10.5

Denmark 10.4

UK 10.4

Romania 10.4

Bulgaria 10.3

Croatia 10.2

Switzerland 10.2

Finland 10

Spain 10

Austria 9.7

Netherlands 9.4

Ukraine 8.9

Greece 8.3
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were among the top three causes of years of life lost due to premature 
mortality globally.

A total-risk approach recommended by WHO enables integrated 
management of hypertension, diabetes and other cardiovascular risk 
factors in primary care, and targets available resources at persons most 
likely to develop heart attacks, strokes and diabetes complications. 
However, a sole focus on secondary prevention is insufficient to attain 
this target, as a considerable number of heart attacks and strokes  
are first attacks and many persons do not survive the fi rst attack, par-
ticularly in low- and middle-income countries with weak emergency 
health services(42).

Table 14: Ischemic heart disease,  
mortality rates-age standardised rates(42):

EU-countries Males EU-countries Females

Lithuania 428.5 Lithuania 229.5

Latvia 378.2 Slovak 
Republic

211.2

Slovak Republic 337.5 Latvia 177.8

Estonia 298.8 Hungary 167.4

Hungary 281.8 Estonia 150.2

Romania 239.8 Romania 147.4

Czech Republic 213.2 Croatia 131.2

Croatia 207.6 Czech 
Republic

123.2

Finland 176.7 Malta 85.4

EU-27 156.4 Bulgaria 80.8

Cardiovascular diseases are the number 1 cause of death globally: 
more people die annually from CVDs than from any other cause.

An estimated 17.7 million people died from CVDs in 2015, represent-
ing 31% of all global deaths. Of these deaths, an estimated 7.4 million 
were due to coronary heart disease and 6.7 million were due to stroke. 

Over three quarters of CVD deaths take place in low- and middle-in-
come countries. 

Out of the 17 million premature deaths (under the age of 70) due 
to noncommunicable diseases in 2015, 82% are in low- and middle-in-
come countries, and 37% are caused by cardiovascular diseases. 

Most cardiovascular diseases can be prevented by addressing  
behavioural risk factors such as tobacco use, unhealthy diet and  
obesity, physical inactivity and harmful use of alcohol using popula-
tion-wide strategies.

People with cardiovascular disease or who are at high cardiovascular 
risk (due to the presence of one or more risk factors such as hyperten-
sion, diabetes, hyperlipidaemia or already established disease) need 
early detection and management using counselling and medicines, as 
appropriate (41). 

Recent studies indicate that,  although the risk-factor burden is lower 
in low-income countries, the rates of major cardiovascular disease and 
death are substantially higher in low-income countries than in high-in-
come countries. Currently, over 80% of cardiovascular deaths occur in 
low- and middle-income countries. In 2012, heart disease and stroke 
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III

Management of Coronary Disease

by V. Costache, N.Florescu

1. BACKGROUND AND EPIDEMIOLOGY.

Acute coronary disease is a pathology with high mortality risk. In 
Romania, mortality due to cardiovascular disease is of high percentage, 
of about 50%.

Patients with coronary disease can benefit, for better outcomes, of 
surgical revascularization of myocardial tissue. This is possible through 
aortocoronary bypass surgery.

For pain relief in patients with acute coronary disease, Frank pro-
posed cervical sympatectomy, first done in 1916 by Tomas Ionescu. In 
1958, coronarography  was introduced by Mason Sones. This procedure 
visualizes lesions and their location. In 1953 Gibbon introduced the 
circulatory pulmonary-cardiac device. 

Carrel’s research in 1912 is revolutionary in cardiovascular practice. 
An experimental canine model was introduced, of bypass between aorta 
and stenosed coronary artery, using right carotid artery as conduit. In 
1950, Vineberg implants the mammary artery straight into the myocardial 
tissue. In 1960, Koleslov does the first direct anastomosis between internal 
mammary artery and the anterior descending artery, without having done 
any coronarography, and without extracorporeal circulation. 
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man deaths (after Russia and Ukraine), and 3rd in women deaths (after 
Ukraine and Russia) due to coronary disease and stroke(26).

This high incidence of cardiovascular disease can be explained by lifestyle, 
genetic predisposition and several biochemical factors such as:

-	 Cholesterol levels; increase in LDL, and decrease in HDL;

-	 Smoking:  can also increase blood pressure and cholesterol;

-	 Obesity;

-	 Sedentary lifestyle;

-	 Metabolic syndrome;

-	 Age: men after 45 years, and women after 55 years are at high risk;

-	 Hypertension: above normal is 140/90 mmHg blood pressure;

-	 Insulin resistance and diabetes mellitus  

-	 Family history.

Excepting age and family history, control of other risk factor can lead 
to decrease of cardiovascular mortality, especially in high risk patients.  

SYNTHESIS OF ANATOMY OF THE CORONARY SYSTEM

Coronary circulation is done by coronary arteries and venous system, 
as well as the lymphatics. Coronaries are the first branches of the aorta, 
having their origin in the right and left aortic sinuses. 

Right coronary artery

Arises in the left aortic sinus, in the middle or posterior side. The 
ostia is 3-4 millimeters thick at the adult, presenting at the origin an 
infundibulum that is 3-4 millimeters long. It has a trajectory tht is 

Thus started the modern era of myocardial revascularization.

Favaloro and Sones, at Clevland Clinic,  started in 1967 a series of 
aortocoronary bypass surgeries using saphenous vein grafts. 

Epidemiology.

 Chronic diseases have a high prevalence in global mortality in the 
past decades. By 2015, the total number of deaths due to cardiovascular 
disease (mainly coronary disease, stroke, rheumatic heart disease), 
increased from 14.4 million in 1990, to 17.5 million. Of those, 7.6 million 
were due to coronary disease, and 5.7 million due to stroke. More than 
80% of deaths were in low-medium income countries.

In 2015 the total number of deaths is estimated at about 20 million, 
representing about 30% of total global deaths. There is a higher per-
centage in deaths among women (55%), and a higher mortality in pa-
tients with low social status.

Cardiovascular disease is the leading factor that determines global 
mortality, and it will continue to be the number one cause of death in 
Romania in  the future, due to the lack of reaction of the health 
authorities.

Cardiovascular pathology is the leading cause of death also in 
Romania, were approximately 150 000 people die annually due to car-
diac disease. Of the 250 000 total of deaths per annum, 60% are due to 
cardiovascular disease. Thus, Romania is the 3rd ranking country world-
wide in cardiovascular deaths.

In a statistic made in 2014 by the AHA, Romania is ranking 3rd in 
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in the posterior interventricular sinus, where it is continued by the 
posterior interventricular artery, which terminates at crux cordis (60% 
in the left), on the right side (10%), between the crux cordis and the 
right margin (10%), and at the left margin (20%). It can terminally anas-
tomose with branches of left coronary artery (19). 

The sinoatrial node artery is ascending towards the sinoatrial node. 
It faces the internal face of the right auriculum, on the inferior side of 
the atrium, then arises the auricular dome, giving branches to the an-
terior facet of the atrium, the interatrial septum, and terminates then 
in terminal branches.

The atrial artery of the right margin has a tract on the right side  
of the atrium. It is 3 cm long and terminates on the sinus plane of the 
cava veins. 

The right chonus artery anastomoses with a branch of the anterior 
descending artery, and forms the Vieussen ring. 

The posterior interventricular artery is unique in 70% of the cases, 
it irrigates the diaphragmatic face of the left ventricle, the posterior-in-
ferior third of the interventricular septum, the Hiss branch. This gives 
branches to septal branches that perforate the interventricular septum. 
The ventricular branches also branch in recurrent arteries to atria (19).

Teritory:

-	 Right atrium and aurriculum;

-	 The interatrial septum;

-	 Important side of right ventricle;

-	 The posterior third of the interventricular septum;

descendant, anterior and to the right. It surfaces the anterior facet of 
the right atrium, the right side of the coronary sinus, and the posterior 
interventricular sinus to the apex of the heart (27).

There are three segments:

-	 The anterior atrio-ventricular: to the right side of the heart;

-	 The posterior atrio-ventricular: to the interventricular sinus; 

-	 The posterior interventricular.

Margins

•	 Anterior and to the left: right side of pulmonary artery trunk;

•	 Posterior and to the right: the superior facet of the right atrium.

After its trajectory through the right coronary sinus, then it passes 

Figure 1 - Right Coronary Artery
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Descending anterior artery continues the left coronary artery, at the 
level of the anterior interventricular sulcus, it touches the right margin 
of the heart, then terminates on the posterior face with the posterior 
apex artery. On the inferior side of the sulcus it is side to side with the 
anterior interventricular vein. At the apex of the heart, it slides at the 
right of the left apex of the ventricle, where it gives two branches that 
ascend: first on the right margin and the other on the left margin of the 
heart. Along with its trajectory, the anterior descending artery gives 
branches to the right ventricle, left branches for the left ventricle, and 
septal arteries.

The left infundibular artery arises from the initial segment of the 
anterior descending   artery, and anastomoses with the right infundibular 
artery (branch of the right coronary artery). 

Anterior septal arteries arise from posterior facet of the anterior 
interventricular artery. 

The circumflex artery goes along with the left margin of the heart, 
within the coronary sulcus, towards the diaphragmatic side of the heart. 
It terminates on the posterior facet of the left ventricle. It branches into 
atrial ascending arteries, that irrigate the anterior facet, left margin and 
posterior facet of the left atrium, and ventricular descendant arteries 
for the ventricle. 

The left atrial anterior artery arises at the origin of the atrioventric-
ular artery, and gives branches for the left atrium and aurriculmum, and 
the interatrial septum (19).  

The ventricular branches are more voluminous than the atrial ones. 
The left marginal artery branches from the circumflex artery in the 

-	 The sino-atrial node and the atrio-ventricular node;

-	 Hiss bundle, the right branch and partially   the left branch;

-	 The posterior and septal papillary muscles of the tricuspid valve;

-	  The anterior papillary muscle of the right ventricle.

Left coronary artery  

Emerges from left aortic coronary sinus, at the free margin level of 
the aortic valve (48%), or above the free margin (34%), or beneath this 
margin (18%). The ostia is about 3-4 millimeters. It descends between 
the left auricullum, and the trunk of pulmonary artery, then enters the 
left side of the coronary sinus, on the sternocostal side. Terminally it 
gives branches on the inferior side of the heart, close to the apex (19). 

Margins

•	 Anterior- pulmonary artery trunk;

•	 Posterior- anterior facet of the left atrium, ant partially with left 
aurriculum.

Figure 2 - Left Coronary Artery
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There can be:

-	 Right dominance, 70% of individuals, the posterior descending 
artery is a brunch of the right coronary artery;

-	 Left dominance, 15% of individuals, the posterior descending artery 
is a brunch of the left coronary artery;

-	 Codominance, 25% of individuals, the posterior descending artery 
is irrigated both by the left and right coronary arteries.

CORONARY DISEASE- GENERAL ASPECTS.

Coronary disease most often occurs due to coronary atherosclerosis. 
After atheroma plaque develops, the vascular lumen has a level of ste-
nosis, thus appearing acute or chronic ischemia, due to a disproportion 
of the supply/ demand level of oxygen to myocardial tissue. 

Clinical forms of coronary disease:

Acute coronary syndromes:

1. Unstable angina

2. Mycardial infarction:

	 - with ST segment elevation

	 - without ST segment elevation

3. Sudden cardiac death

Chronic ischemia:

1. Stable angina

2. Vasospastic angina (Prinzmetal)

3. Silent ischemia(40).

interatrioventricular sulcus, then arises obliquely to the margin of the 
heart, where it branches and terminates above the apex (19, 27). 

The left coronary artery irrigates 60 to 80 % of the heart muscle:

-	 The left atrium and ventricle;

-	 The adjacent side of the interventricular sulcus of the  
	 right ventricle;

-	 The anterior papillary muscle of the right ventricle;

-	 Two anterior thirds of the interventricular septum;

-	 The right brunch and partially the left brunch of Hiss bundle.

Coronary dominance

Refers   to the artery that branches the posterior descending artery, 
that irrigates the inferior side of the heart. 

Figure 3 - Heart Vascularization
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BYPASS GRAFTS USED IN CARDIAC SURGERY

Aortocoronary bypass is the connection made between the stenotic 
coronary artery and the aorta. Thus for bypass the are two types of 
grafts used: venous and arterial grafts. There can be a unique bypass 
surgery, or multiple: double, triple, quadruple. Selection of the graft is 
based on the type and severity of the lesion.

The qualities that a graft has to accomplish:

-	 Sufficient length;

-	 Wall thickness of maximum 1 millimeter;

-	 Caliber has to be no smaller than the bypassed artery, nor to be 
greater than twice its size

-	 No plaque;

-	 At least 80% patency in 10 years.

Arterial grafts.

Anatomically, physiologically and embryological, arterial grafts can be 
classified in:

1. Type 1- somatic arteries:

-	 internal mammary artery;

-	 inferior epigastric artery;

-	 subscapular artery;

-	 intercostal arteries.

2. Type 2- splanchnic arteries:

-	 gastroepiploic artery;

-	 splenic artery;

-	 inferior mesenteric artery.

Diagnosis

Diagnosis is based on medical history of the patient, and family history, 
evaluation of risk factors, physical examination and clinical investigations. 

Of the clinical investigations, most important are:

1.	 EKG - can be normal in about one third of cases, outside of the 
angina crisis, or can present ST - T wave alterations, endocardic sign, 
blocks (bundle branch blocks, atrioventricular), or ventricular 
arrhythmias. 

2.	 Physical stress test- indicated when patients present with chest 
pain, but with normal EKG;

3.	 Transthoracic echocardiography- can evaluate kinetics of the 
myocardial tissue: akinetic, hypokinetic, dyskinetic;

4.	 Technetium 99 ventriculography - showing kinetic alterations, 
function, at rest or effort;

5.	 MR- evaluation of myocardial fibrosis, evaluation of viable 
myocardium, very useful for indication of revascularization in patients 
with ventricular dysfunction and coronary disease;

6.	 Laboratory exams, for evaluation of risk factors- dyslipidemia, 
diabetes, renal dysfunction; 

7.	 Coronary angiography:

	 Indications:

	 - Patient with persistent thoracic pain at effort, cold, or at rest;

	 - Syncope or extreme fatigue at effort;

	 - Rest or effort EKG modified;

	 - Refractory angina pectoris.

	 It diagnoses:

	 - Location of lesions;

	 - Degree of stenosis;

	 - Studies the kinetics of ventricular wall;

	 - Evaluates left ventricle fuction. 
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The right internal mammary artery can be used as pediculate, skel-
etal or semi-skeletal and can anastomose to internal left mammary 
artery, in T or Y suture, or can be anastomosed to ascending aorta. Using 
a pediculate graft doesn’t need proximal anastomosis. 

If the harvesting is skeletal type, the graft is longer, the flow is better, 
and collateral circulation of the sternum is preserved. 

Usually the internal right mammary artery is not sufficiently long for 
being used as an in-situ graft, thus it is being used as a free graft as 
anastomosed to the aorta, or sutured in T or Y with the left mammary 
artery. It is being used for the right coronary system revascularization. 
Also, it can be sutured at the distal end of another arterial graft, for 
expanding this one. Usually, the radial artery is used, rarely, the inferior 
epigastric or ulnar artery.

3. Type 3- limb arteries:

-	 radial; 

-	 ulnar;

-	 femoral circumflex (12). 

 Internal mammary artery.

One of the most used grafts, due to long term results. It originates 
in the first segment of subclavian artery, posterior of subclavian head. 
It bifurcates at the level of 6th intercostal space in musculophrenic artery 
and superior epigastric artery. It is an elastic type artery, with thin intima 
and well developed internal elastic membrane (14). 

It is harvested as pediculate, skeletal or semi-skeletal. If pediculate, 
it is harvested at the level of rib three or four, in order to harvest also 
the venous vessels (12,14).

In skeletal harvesting, only the artery is being dissected, the veins 
remaining intact. In the semi-skeletal harvesting, the artery is being 
dissected along with two satellite veins, the rest of connective tissue 
being left intact.   

The left mammary artery most often is anastomosed to the left 
coronary system, and both mammary arteries are used to bypass the 
right coronary artery (12). 

The left mammary artery is most often anastomosed to the anterior 
descending artery, but can be used for grafting a marginal artery, or an 
important intermediary ramus. 

Figure 5 - T Suture Figure 6 - Y Suture
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It is recommended that before harvesting the radial artery, the risk 
of had ischemia is evaluated. This can be done by using the Allen test, 
or Doppler Echography of the main vessels of the limb (29).

It is harvested as a pedicle, together with the veins, of the non-dom-
inant arm of the patient.  It is a muscular type artery that can be subject 
to vasospasm, thus it needs operatory and postop preparation for 
avoiding spasm and compromising the graft. Thus, topic papaverin 1% 
is used, and also diltiazem- systemically, obtaining a 93-95% patency 
at one year(12, 29). 

It is not indicated to use the radial artery if the subclavian, brachial, 
or ulnar arteries are stenosed in a significant degree. Sometimes, at 
patients with diabetes mellitus the arterial walls can have severe cal-
cinosis. Also, at patients with severe renal failure, there is a need to 
preserve the radial artery in the eventual need of an arteriovenous 
fistula(28, 29). 

The inferior epigastric, splenic, subscapular, inferior mesenteric, 
ulnar, intercostal, and descendant ramus of femoral circumflex arteries 
are rarely used as coronary grafts.

Inferior epigastric artery

Originates above the inguinal arch, on the anteromedial side of the 
external iliac artery.  It is a muscular type artery, with a thin wall. 
Dissection of the inferior epigastric pedicle is made with a section of 
the peritoneal fat, to avoid damaging the graft. After dissection, it is 
covered with papaverine solution(2, 12).

Internal mammary artery grafts are resistant to atherosclerosis; this 
is why their patency at 10 years is estimated to about 95% (6,12).  

Usually, it is not indicated to graft an internal mammary artery if the 
subclavicular arteries are severely stenosed, or if the vessel is affected 
during harvesting, or at patients with diabetes or obesity. 

Right gastroepiploic artery.

It is one of the main branches of the gastroduodenal artery, which 
branches from the hepatic artery. After a superior trajectory, it irrigates 
the pancreas, the duodenum and stomach, then gives omental and 
other gastric branches, then anastomoses with arteries from the left 
gastroepiploic artery. It is a muscular type artery, therefore, it can be 
subject to severe postop vasospasm (15).

It is harvested as a pedicle formed by the artery and the satellite 
veins. The dissection is being made proximally to the level of the pillory, 
and distally to the level of the left gastroepiploic artery. This pedicle can 
be positioned anterior or posterior of the liver. Usually it is being used 
as a graft for the posterior descending artery, rarely it can be used as a 
free graft, or for suturing with other grafts. 

Graft patency is good at 6 years, of about 88% (15,24).

Radial artery.

Emerging from the humeral artery, proximal of the biceps tendon, 
it is being accompanied by a satellite venous plexus.  It is 18-22 cm long, 
and 2-3 millimeters thick. 
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It can be used as a revascularization myocardial graft, in case of 
reintervention(12).

Inferior mesenteric artery

Branches from the terminal aorta, 3-4 centimeters above its bifur-
cation. It divides into two branches:  left colic artery, 2-3 sigmoid 
branches, and then continues with the superior rectal artery. 

It is harvested, then kept in heparinized saline solution, afterwards 
infused in papaverine.  

It can be used as a free graft, together with the left colic artery, for 
secondary myocardial revascularization, or alone as free graft for left 
coronary territory revascularization(35). 

Ulnar artery

It emerges in the cubital fossa, as a terminal ramus of the humeral 
artery. On its trajectory, it is accompanied by the ulnar nerve, and the 
satellite veins. It gives three branches at its origin, three at the distal 
end, and various muscular collaterals, as well as ulnar nerve branches. 

The recurrent ulnar arteries, anterior and posterior branches, emerge 
at the cubital fossa level, to form the cubital anastomotic circle (12). 
Distally, the anterior and posterior carpal arteries form the anterior and 
posterior carpal arches.  

It is harvested by a distal dissection, along with the satellite veins, 
and in the artery a solution made of heparinized blood with Ringer 
lactate and papaverine is injected. 

It can be used as a T suture, with the right or left internal mammary 
artery, for the revascularization of diagonal or marginal branches, or 
can be anastomosed terminally with the internal mammary for revas-
cularization of the distal territory of the right coronary artery. 

One of the frequent complications is thee retroperitoneal or abdom-
inal hematoma; it is not indicated to use when the patient presents with 
advanced peripheral artery disease(2).

Splenic artery 

Harvesting this artery begins near the pancreas, and continues to 
its origin in the celiac trunk.  The spline can be viable if it is intact, its 
vascularization being done by short gastric arteries. If the right gastro-
epiploic artery is also used, then splenectomy is necessary. It can be 
used as an in situ graft, or as a free graft. In situ it is usually used for the 
revascularization of the right coronary territory, being sutured with the 
gastroepiploic artery or the internal saphen vein(12). 

If it is used as a free graft, it can be used for the revascularization of 
the anterior descending artery, diagonal artery, intermediar ramus, or 
right coronary artery. 

Its use is limited, when there is no need of repeating the revascu-
larization procedures(6, 12). 

Subscapular artery

It branches from the distal third of the axillar artery. It is a muscular 
type artery. Used as a free graft it can be 12-14 centimeters long. It can 
be dissected by left thoracotomy, or by right axillar incision. 
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at patients with high surgical risk, low life expectancy, or when the 
patient is in cardiogenic shock.   

Internal saphenous vein

It is the main venous graft used in cardiac surgery. It originates at 
the level of dorsomedial arch of the foot, and goes ascendant. It passes 
the medial face of the tibia malleolar notch, then on the internal face 
of the leg, then on the medial side of the femur, then towards the sa-
phenous hiatus, 3-4 centimeters under the inguinal ligament. At this 
point, through an arch, it unites with the femoral vein. 

Depending on the surgeons’ decision, it can be harvested at the leg 
level, where its diameter is bigger, or at the hip level, where the incision 
heals more rapidly. Also, the dissection can be made endoscopic or 
open, through large incisions or smaller- seriated incisions (25).

In the case of open dissection, the surgeon starts with incisions at 
the upper hip level, knee or ankle. These incisions follow the vein tra-
jectory, separating the vein from connective tissue and collateral vessels. 
After harvesting, it is kept in heparinized solution. 

In the case of endoscopic dissection, the infectious complications 
are fewer, and the morphology, structure and endothelial function are 
better preserved.  First, a 1-2 centimeter incision is done on the medial 
side of the lower limb. For visualization and dissection, carbon dioxide 
is inflated, then the dissection is done by sectioning the collaterals with 
the electrocautery. It is then brought to surface using endoscopic guid-
ance, through a small incision at the inguinal level (12, 25).

The ulnar artery can be used as a free graft or sutured in T or Y model 
with the internal mammary artery (6, 12). 

The descendent ramus of the circumflex femoral artery. 

The circumflex femoral artery is a branch of the profound femoral 
artery. It has ascendant, transverse and descendant branches, and the 
origin of the descendent ramus is at the level of the profound femoral 
artery or at the common femoral artery. 

It is a muscular type artery, therefore needs vasodilator treatment 
when dissected and afterwards(37). It is harvested by an incision at the me-
dial third of the hip. After harvesting it is infused in papaverine solution. 

It can be used as a free graft or mounted in T or Y technique, with 
the internal mammary artery. It is a graft with good patency, easy dis-
section and reduced ischemic risk (37).

Intercostal arteries

They are elastic type arteries, being resistant to atherosclerosis and 
less subject to spasm, than the muscular type arteries. Also, they are 
long, and can be used for revascularization of any region of the heart. 
Practically, these arteries are not used in surgery, having a small diam-
eter, and being difficult to dissect. Also, in the process, medullar ischemia 
can occur (17).

Venous grafts

It is considered that venous grafts have a lower patency than arteries, 
and arteries are preferred as much as possible. Venous grafts are used 
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of other saphenous grafts. Therefore, it is used only when other grafpts 
are not available (12). 

AORTOCORONARY BYPASS SURGERY INDICATIONS -  
THE ROLE OF THE SURGEON AND OF THE  
INTERVENTIONAL CARDIOLOGIST

The aortocoronary bypass surgery is a surgical treatment method 
used for obtaining a proper vascularization of the myocardium. The 
intervention is usually made for arteries that have above 50% stenosis, 
excepting those less than a millimeter in diameter.

Indications:

•	 Chronic stable angina class III and IV, for better prognosis or 
symptom relief; 

•	 Unstable angina

•	 Acute ischemia or hemodynamic instability after percutaneous 
coronary angioplasty;

•	 Post myocardial infarction angina;

•	 Acute myocardial infarction in the first 4-6 hours;

•	 Ventricular arrhythmias of ischemic cause;

•	 Positive stress exercise testing before abdominal or major vascular 
surgery;

•	 Ischemic pulmonary edema; 

•	 Significant coronary lesions that are comorbidities for other 
structural cardiac diseases that need surgical correction;

•	 Congenital coronary abnormalities;

Venous graft dysfunction may be caused by:

-	 Thrombosis- usually appears in the first month after surgery, and is 
caused by lesions of the vascular wall and dynamic changes of the 
blood flow;

-	 Intimal hyperplasia- usually appears between 1 month and one 
year after surgery, and is the main cause of graft stenosis;

-	 Atherosclerosis- usually appears after more than one year postop, 
and it is the main cause of the reappearance of symptoms (31).

Other venous grafts

When other venous grafts are not available, for coronary revascu-
larization external saphenous vein and the cephalic vein can be used.

External saphenous vein

Starts from the lateral extremity of the venous dorsal arch of the 
foot, backwards to the external malleoli of the peroneus, has a straight 
trajectory towards the popliteal fossa, perforates the popliteal fascia, 
then unites with the popliteal vein. 

It is harvested through an incision at the half distance between the 
tendon of Achilles and the external malleoli of the peroneus, through 
lateral or inferior approach. While dissecting the vein, lesion of the sural 
nerve must be avoided. 

The cephalic vein

For harvesting this vein, incisions superiorly at the level of medial 
face of the arm are made. It has a thin wall, and inferior patency than 
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circulation device, which maintains the circulatory, respiratory 
and thermoregulation functions, while the heart and lungs are 
not functioning. It is done with the patient completely under 
anesthesia, and starts with a median sternotomy, the first step 
being aortic cannulation. The aria selected for cannulation 
shouldn’t be atherosclerotic. Heparin is administered, and the 
blood pressure is maintained under 100 mmHg. The cannula is 
fixed with two surgical wires. The end of the venous cannula is 
inserted in the inferior vena cava. Protection of the myocardium 
is realized by anterograde perfusion with cold blood, containing 
high dose of potassium, and crystalloid solution, in hypothermia 
of 34 degrees Celsius(6, 12).   

After initiation of the procedure, an end of each graft is sutured on 
the coronary arteries distal of the obstruction, and the other is sutured 
to the aorta, or one of its branches. 

After the grafts were sutured, the patient is heated to normal tem-
peratures, and the air is removed from the left ventricle and the aorta 
with a needle or a ventilation cannula. The lungs are inflated and cardiac 
pacing begins. In case of low cardiac function, inotropic agents are 
administered. When the patient is stable, protamine is administered for 
reversing the effect of heparin. The cannulas are removed, the sternum 
is closed and then the patient is monitored in the intensive care unit. 

Off Pump Coronary Artery Bypass Grafting – OPCABG.

Is done without stopping the heart or using an extracorporeal cir-
culation device. The surgical procedure is mostly the same with the 

•	 For better prognosis in patients that have:

	 - main left coronary stenosis over 50%;

	 - proximal descending and circumflex arteries with over 70% 
stenosis;

	 - three vessel disease with EF<50%

	 - three vessel disease with EF>50%, but with significant ischemia;

	 - one or two vessel disease with high risk, but without indications 
for percutaneous coronary angioplasty. 

All other forms of coronary artery disease – single and two vessels 
disease or even three vessel disease with focal lesions – are treated 
percutaneously by the interventional cardiologist. Also primary angio-
plasty is right now the gold standard for all acute coronary syndromes.

Surgical techniques, the role of Heart Team

Aortocoronary bypass mainly consists of connecting the aorta and the 
obstructed vessel, distally from the lesion, using arterial or venous grafts. 

Surgical techniques:

•	 On pump by-pass, using extracorporeal circulation techniques (the 
heart is stopped)- CABG

•	 New techniques:

	 1. Off-pump bypass- OPCABG

	 2. Minimally invasive bypass- MIDCABG

	 3. Endoscopic bypass – TECABG

	 4. Robotically assisted coronary revascularization- RACABG (39, 41).

Classic Coronary Artery Bypass Grafting – CABG – on-pump- 
consists in stopping the heart, and using an extracorporeal 
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postoperative outcomes, these improvements are no longer apparent 
on long-term follow-up. In fact, several studies suggest that long-term 
survival may be significantly reduced in OPCAB patients compared with 
patients in whom on-pump techniques were used. This may be attrib-
utable to the significant increase in incomplete revascularization seen 
in OPCAB patients and may be responsible for the increase in recurrent 
angina and need for revascularization procedures seen in OPCAB pa-
tients. Proponents of OPCAB may argue that fewer grafts are performed 
during OPCAB procedures because surgeons are more likely to perform 
OPCAB on patients with singleand double-vessel disease. However, 
studies defining complete revascularization as the ratio of grafted versus 
diseased vessels continue to show that OPCAB patients are underrev-
ascularized, regardless of the surgical anatomy. Furthermore, studies in 
which graft patency has been assessed show that OPCAB patients have 
a significant decrease in overall longterm graft patency.

Minimally invasive CABG- MIDCABG

This procedure uses the left internal mammary artery, dissected 
through a limited incision, under direct visual control, then it is sutured 
to left anterior descending artery. Mostly this intervention is used for 
monovascular disease. For multivascular disease this procedure can be 
associated with PCI. 

The necessary incision is 4 centimeters long, in the 4th intercostal 
space, for monovascular lesions, and in the 3rd intercostal space for 
multivascular lesions. A device for movement limitation is used. Due to 
small incisions, recovery is faster and less painful. 

classic intervention. After sternum opening, a stabilizing device is placed 
on the surface of the heart, for movement limitation. The coronaries 
are opened distally of the obstruction, and then the grafts are sutured. 
Drain catheters are mounted near the heart, which are removed after 
24 hours if the evolution is normal(13, 21, 34).  

One of the main advantages of this technique is the elimination of 
the risks regarding the extracorporeal circulation, especially in elderly 
or high atherosclerotic patients. 

Should OPCAB be the gold standard for coronary artery 
revascularization?

Retrospective nonrandomized, prospective randomized,and me-
ta-analyses trials have failed to show any significant improvement in 
short-term morbidity or mortality withOPCAB techniques. Even in those 
studies in which OPCAB has resulted in a small improvement in early 

Figure 7 - OPCAB
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comorbidities, can have a better path to healing. Also, there is a better 
patency of arterial grafts, than the venous ones. 

After CABG the patient is monitored in the intensive care unit, and 
if the evolution is favorable, the patient is extubated by the end of the 
day, also drain catheters are removed within 24 hours. After classical 
intervention with median sternotomy, the patient is fully recovered in 
6-12 weeks, with physical activity after 4 weeks from surgery. 

COMPLICATIONS

Major complications can be considered postoperative bleeding, 
myocardial infarction, arrhythmias, heart failure, stroke, pulmonary 
complications, wound infection, renal impairment, and death (40, 41). 

Cardiac complications:

Can affect directly the heart. In 2-4% of patients there can be ob-
served EKG alterations suggestive for a myocardial infarction. This hap-
pens more often in patients with multiple interventions, or multivessel 
disease. Also, arrhythmic disorders can occur: atrial fibrillation, ventric-
ular arrhythmia, bradycardia. 

Bleeding. 

Some of the patients need blood transfusion in postop. There are 
certain drugs that must be stopped several days before surgery: clopi-
dogrel, prasugrel, aspirin, ibuprofen, anticoagulants. 

Robotic Assisted CABG- RACABG

Median sternotomy is avoided, incisions are very small, the pain is 
of low intensity, and hospital stay is shorter. 

For this intervention, three incisions are made, at intercostal spaces 
level, through which the arms of the robot are introduced: the endo-
scope, the electric cautery, and the forceps arm. It can be don of-pump, 
or on-pump, using special cannulas Heart Port System. These are in-
serted percutaneously, without the need of thoracic incisions. The whole 
intervention is done from a console, the surgeon moving through the 
help of levers (12,20).

Evolution

Several factors influence the postop evolution. Age is an important 
factor for after surgery recovery; thus young patients, without significant 

Figure 8 - MIDCABG
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atherosclerosis, when the atheroma plaque diminishes the lumen, and 
the blood flow is insufficient.  

For reestablishing the normal blood flow, a connection is made be-
tween the aorta and the obstructed vessel. This intervention is recom-
mended when there is a severe stenosis, or when the lesion cannot be 
treated by PCI. 

Though the first bypass surgery was off-pump, afterwards on-pump 
techniques were preferred, because of the lack of stabilizing techniques. 
Nowadays these techniques are better developed, the intervention can 
also be minimally invasive, or robot assisted, being one of the most 
frequent intervention made worldwide. 

RESEARCH OBJECTIVES

The aim of this research is to carefully analyze the diagnostic pattern 
of coronary pathology, the main risk factors and analyze the surgical 
strategies of solving these pathologies.

Evolution of medical knowledge led to low-risk surgical solutions for 
this pathologies, in such ways that recovery is fast, without significant 
effort from the patients. Once minimally invasive techniques developed, 
and the capacity of doing the interventions off-pump, the perioperative 
risk is lower, and also, with fewer postoperative complications. 

Considering that the intervention does not solve the atherosclerotic 
disease, but reliefs symptoms, increases quality of life and improves survival 
rates, repeated medical check-ups, and life style change are necessary. 

Neurological complications:

As stroke, cognitive impairment, depression, delirium, can occur, in 
a small percentage, more often in women and elderly. 

Infections. 

Can occur at the sternal suture or at the level of limbs where the 
grafts were dissected. 

Renal impairment. 

Mild alteration of renal function can occur. 

Pulmonary effusion. Phrenic nerve lesions. Intercostal 
nerve lesions. Aortic dissection. Thrombocytopenia (40, 41). 

CORONAY ARTERY DISEASE MANAGEMENT DURING SAVING 
HEARTS – INTERACTIVE LIVE CASES AND ALL PATIENTS 
RESULTS

Cardiovascular diseases are the leading cause of death in Romania, 
and worldwide. This mortality rate will continue to dominate the future, 
this is why significant attention should be given to diagnosis, treatment, 
and complication prevention on long term, in order to have lower mor-
tality rates. 

Ischemic coronary disease is the main pathology, and it can benefit 
from myocardial revascularization for symptom control and survival 
rates increase. Coronary artery stenosis occurs because of 
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-	 History of heart failure and classification;

-	 History and type of myocardial infarction;

-	 History of PCI;

-	 Arrhythmias

-	 History and type of valvulopathies;

-	 Dyslipidemia, obesity;

-	 Smoking

-	 EF

-	 Coronary stenosis severity and localization;

-	 Number and type of grafts, and technical aspects;

-	 Necessity of transfusion

-	 Postoperative complications: arrhythmias, inotropic, bleedings, 
renal failure, infections, heart failure.

RESULTS

Age

After classification in age groups, we notice that the group of patients 
between 71 and 84 years had 33.7% of the total procedures, followed 
by the groups aged between 51 and 60, and from 61 to 70 years each 
with 29.35%. The group of patients with ages from 37 to 50 years had 
7.61% of the interventions.

Gender

Of masculine gender there were 77.17% of the patients, and 22.83% 
were women.

For reducing the risk of atherosclerotic plaque development, and 
the necessity of a new intervention, it is very important that a new, 
healthier lifestyle is adopted, with a diet without fat and sweets. Also, 
quitting smoking and alcohol consumption, as well as body weight con-
trol and regular exercise are needed.

This paper analyzes the CABG interventions that were carried out 
at Polisano European Clinic, on a 3 year period, during the Saving 
Hearts project, regarding risk factors, patient history, used grafts and 
the main complications. 

Methods

This is a retrospective study carried on a number of 92 patients with 
aortocoronary by-pass graft surgery, that were admitted in the 
Cardiovascular Clinic in Sibiu. 

Patient data was obtained from patient files, admittance registries 
and surgical protocols. 

This study comprises men and women between 37 to 84 years old. 

Data was analyzed concerning:

-	 Age;

-	 Gender;

-	 Number of days of hospitalization;

-	 Concomitant hypertension;

-	 Concomitant diabetes mellitus and type of treatment;

-	 History of stroke;

-	 History of angina pectoris;
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Angina pectoris 

Only 6.76% of the patients had stable angina. The rest of the patients 
had unstable angina.

Heart failure

 44.57 of the total had heart failure. 55.43 did not. NYHA class II 
34.15%. NYHA class III 43.9%. 

History of myocardial infarction

33.7% had at least one MI in the past. 

History of PCI 

15% of the patients had some form of PCI in the past. 

Arrhythmias before surgery. 

37% had at least one form of arrhythmia: 

-	 25 patients had AFib or atrial flutter.

-	 5 had LBBB and one RBBB. Three had fascicular block

-	 3 had ventricular tachycardia

-	 Two  had atrioventricular block, without the need of pacing. 

 Valvulopathies 

61% had some form of valvulopathy. By far, mitral regurgitation is a 
comorbidity in most of the patients, appearing in some form and degree 
in 87.5% of the cases. Aortic stenosis follows, in 17 patients.  

Number of days of hospitalization 

The majority of 63.04% were hospitalized between 11 to 20 days. 
32.61% were hospitalized less than 10 days. 4 patients were hospitalized 
more than 20 days.

Hypertension

Only 16.3% of the patients were non-hypertensive. Most of the 
patients had high or very high risk II and III-degree hypertension (30.43% 
second degree, high risk; 10.87% second degree, very high risk; 16.3% 
third degree, high risk; 9.78% third degree, very high risk).

Diabetes mellitus

40.22% have diabetes, of which 29.73% are on insulin, 59.46% are 
on oral antidiabetics, and 8.11% are on combined treatment. Only one 
is on diet. 

 
History of cerebrovascular disease

 Of the total of 92 patients, 38 also had cerebrovascular disease: 

-	 Stroke 18.42%

-	 Transient ischemic attack 5.26%

-	 Carotid artery stenosis 31.58%

-	 Carotid occlusion 15.79%

-	 Carotid atherosclerotic plaque 26.32% 

-	 Carotid revascularization 2.63%
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Lesion severity.

ADA<70% 9 5,36

ADA>70% 51 30,36

ADA OCLUSION 5 2,98

ACX<70% 14 8,33

ACX>70% 37 22,02

ACD<70% 6 3,57

ACD>70% 23 13,69

ACS>70% 1 0,60

TACS<70% 8 4,76

TACS>70% 14 8,33

 
Number of grafts 

The majority of patients were with two (40.22%) or three (41.30%) 
grafts. 4 patients had quadruple CABG. 

Number of arterial grafts. All of the patients had one or more arterial grafts:

Number of arterial 
grafts

Number of patients Percent

1 27 29,35

2 60 65,22

3 5 5,43

Dyslipidemia. 56.52% of the patients had dyslipidemia.  Obesity. 
41.3% of the patients were obese. 

Smoking. In 72.83% of the cases, data is unavailable. 14 patients are 
noted as ex-smokers. 

Renal failure. 64.13% of the patients have normal renal function. 
5% of the patients have serum creatinine>2mg/dl.

Ejection fraction. Only 35.87% of the patients had EF>60%. 18 pa-
tients had EF<40%.

Stenosis localization (number of patients)

ADA 7

ADA+CX 10

ADA+ACD 11

ADA+CX+ACD 19

ADA+CX+TACS 4

ADA+TACS 1

ADA+CX+ACD+TACS 10

ADA+ACD+TACS 6

CX+ACD 2

Difuse ADA 2

Difuse ACS 1

Difuse ACD 1

Difuse CX 4

Difuse TACS 3
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Necessity of transfusion:

46% of the patients required at least one transfusion: 23 patients 
required just blood transfusion; 18 patients needed both blood and at 
least one other compound (plasma, thrombocytes). One patient needed 
just plasma. 

Postoperative arrhythmias. 45% of the patients had at least one form 
of arrhythmia or block. 30 patients had AFIB. Two had atrial flutter. Three 
patients had ventricular tachycardia. 

Inotropic supportive treatment was necessary in 12% of the cases. 

Gastrointestinal bleeding was present in 2 cases. 

13% of the patients had renal failure; of them, 2 were with acute 
renal failure.

5.4% of the patients had infection at the incision site:

Stafilococ 2

Streptococ 1

Morganella 1

Serattia 1

 

Number of Y anastomosed grafts: 40 (43%). 

Graft localization:

Graft localization Number of patients Percent 

AMIS/IVA 68 44.16

AMID/IVA 22 14.29

AMID/DG 5 3.25

AMIS/MG 28 18.18

AMID/MG 29 18.83

AMIS/DG 2 1.3

Number of venous grafts (of the total of patients  
that had venous grafts):

Number of venous 
grafts

Number of patients Percent

1 52 96,3

2 2 3,7

Venous grafts localization (VSI- internal saphenous vein):

Nr. Pacienți Percent

VSI/ACD 14 26,42

VSI/IVP 30 56,6

VSI/MG 6 11,32

VSI/DG 3 5,66
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Endovascular Treatment of Complex 
Aortic Pathology, Literature Review, 

Midterm Results and Lessons Learned 
from the Romanian Registry

 
by V.S. Costache, N. Florescu, S. Sultan, N. Hynes, A. Santa

 

BACKGROUND

Aortic aneurysms and dissections are a common pathology in an 
ageing population, and their prevalence is increasing. Historically aor-
ta-related pathology was either treated medically or surgically, up until 
the late 80’s when the first endovascular repair was successfully per-
formed1. For a significant period of time the endovascular approach 
was limited to intrarenal aneurysms without iliac artery involvement, 
due to the impossibility of maintaining branch patency while also achiev-
ing aneurysm exclusion.  Recently though hybrid techniques, fenestrated 
endovascular repair and branched endovascular repair were proposed 
as alternatives to surgery in complex cases involving branch arteries, 
but with disappointing results2,3. Even when open surgery is deemed 
possible the rate of severe complications in juxtarenal, thoraco-abdom-
inal or complicated aneurysms and type B dissections is unacceptably 
high, up to 14% operative mortality, up to 12% need for renal replace-
ment therapy and up to 13% spinal cord injury4.  As such the best choice 
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argued that this occurs in a more physiological manner, since it appears 
that the aneurysm size reduction is a combination of local thrombus 
formation, aortic wall remodeling, incorporation of the stent-graft into 
the aortic wall and vacuum forces exerted by the laminar flow5. 

The most important consequence of the meshed design is the fact 
that each visceral or spinal artery promotes flow through the pores 
allowing endothelisation without obstruction of the branch ostium. 
Computational studies have shown how the flow through the stent mesh 
is directed through each branch in a laminar manner5, which avoids the 
possibility of secondary dilation due to turbulent flow. This is very ad-
vantageous in juxtarenal or thoraco-abdominal aneurysms, in extended 
dissections or complex and long lesions with the potential of implicating 
spinal branches or other important side branches. 

Another major difference between MFM stents and conventional 
endografts is the fact that the former are designed to have a material 
compliance which is closer to that of the aortic wall, whereas the latter 
are stiff and non-compliant. It has been shown that the stiffness of the 
endografts may lead to drag forces and an increased risk of stent dis-
placement and migration7 and also neck dilation8. This is avoided when 
using the MFM firstly due to the material properties and also through 
the rapid endothelisation, both leading to lower values of wall stress9. 

By directing the blood flow predominantly through the lumen of 
the graft and not through the excluded aneurysm, the MFM leads to 
thrombus formation and a decrease in aneurysm size over time, fol-
lowing an initial increase immediately after implantation. There is no 
consensus on the role of thrombus formation in this setting, some 

of treatment in those patients where open surgery is not an option or 
those cases of complex anatomy is as of yet unknown.

Multilayer flow modulator stents have been specifically designed to 
be used in complex aortic cases, due to the fact that they do not occlude 
branch arteries, can be overlapped to form complex structures and also 
be custom built to match patient anatomy.  Firstly used for peripheral 
aneurysms in 2009 and then for aortic aneurysms in 2010, they are 
currently being evaluated for short and midterm results in the STRATO 
trials. Initially met with skepticism due to a couple of reports of device 
rupture and migration reported by inexperienced teams, this method 
has since been safely used in large patients groups4.

THE TECHNOLOGY BEHIND THE MULTILAYER STENT

The main structural attribute differentiating the MFM stents from 
conventional prostheses is the bare metal multilayered meshes forming 
a complex web with varying porosity, 60% or 70%, depending of in-
tended use, made from cobalt-alloy wire. This has been shown in com-
putational fluid dynamics studies to promote laminar blood flow, both 
inside the stent and around it through the aneurysm, in turn promoting 
thrombus formation and aneurysm size reduction5.  This is achieved by 
forcing blood flow through the small pores of the structure, thus elim-
inating vortices and decreasing velocities, leading to reduced wall stress 
and deformation5.

As opposed to conventional stent-grafts, the MFM allows for rapid 
endothelisation5 and through the high radial forces due to using a slightly 
oversized device6 leads to better occlusion of the false lumen. It can be 
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good outcomes might not always be correlated, especially when con-
sidering that the sicker the patient the higher chance of non-aortic re-
lated events to occur, leading to patient death.

Using the MFM outside of the indication range has led to unsatis-
factory results, as reported by Sultan et al12. A total of 38 patients in-
cluded in the MFM registry, receiving an MFM endoprosthesis through 
a compassionate basis were analyzed. Procedural success was 0%, even 
if there were no in-hospital deaths, paraplegia, stroke or renovisceral 
compromise. These 38 patients had previous TEVAR, mycotic aneurysms, 
rupture on presentation, dissection or saccular aneurysms. Aneurysm 
related deaths were 74% at 18 months (versus 6.5% inside the indication 
of use)10, being 100% in those with rupture at presentation. Also signif-
icant was the fact that among the 11 patients with branch stenosis prior 
to MFM treatment, 8 had branch related vascular complications, 4 of 
them resulting in deaths and 4 successfully addressed surgically. The 
study concluded that technical errors and poor patient selection were 
causal to the poor results and highlighted the fact that in such cases 
there must be a strict adherence to the indications of use12. A few crucial 
lessons were learned from these cases and applied afterwards: stent 
oversizing of between 15-25%, deployment of the smaller stent first, 
landing zones to be in normal non-aneurysmal aorta for at least 20 mm, 
synthetic graft should not be in contact with the MFM, overlap with the 
arch should be avoided and the MFM should not be used (or used with 
caution) in patients with contraindications10,12. 

The fact that reported cases of MFM used outside the indication 
range show poor results should not deter surgeons from improving the 
technique and offering options in otherwise optionless patients, since 

studies showing potentially harmful effects by the means of fibrin, 
antiplasmin and metallopeptidase being produced locally in the pro-
cess, while others showing possible beneficial effects through a me-
chanical shielding mechanism5.

INDICATIONS FOR MFM USE 

Currently the indications for MFM stent use are aortic aneurysm 
with a maximum diameter of <6.5 cm and subacute/chronic aortic dis-
section (Stanford types A and B)10. Contraindications for use include, as 
previously described by Sultan and Haynes10,11:

1.	 Ruptured aortic aneurysm 

2.	 Stenotic branches (visceral, great vessels of the head and neck, 
iliac, coronary) 

3.	 Occluded aortoiliac segment 

4.	 Infection associated with previously inserted grafts or endografts

5.	 Mycotic aneurysms with active signs of infection 

6.	 Myeloproliferative blood disorders 

7.	 Arterial connective tissue disorders 

8.	 Malignancy 

9.	 Life expectancy< 6 months

It is clear that cases outside the indication range are complex cases 
with a high risk of death regardless of treatment choice, be it surgical, 
endovascular or medical. Also, many of the patients presenting with 
aortic disease have other cardiovascular risk factors or comorbidities, 
which in themselves affect the prognosis, independent of the endovas-
cular procedure. This poses an issue when determining outcomes after 
MFM stenting in the more complex cases, since procedural success and 
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mortality (9.5% vs 2%) and significantly higher morbidity even in patients 
who would otherwise be eligible for open repair2. 

The MFM technology was intended to address this particular type 
of scenario, where surgical risk is high and branch patency is an issue. 
As of 2015 the Global MFM registry contains data on 272 patients with 
aortic aneurysms, 198 being reported in a recent study by Sultan et al13. 
Indications included Crawford type I-V, suprarenal, juxta-renal, infra-re-
nal, aortic arch, multiple saccular, total body, ascending thoracic and 
mycotic aneurysms13. 

A recent meta-analysis reports 125 cases of aortic aneurysms re-
paired using MFM stents published in the literature, operated on ac-
cording to the indication of use. There were 86 (69%) thoracoabdominal, 
19 (15%) suprarenal abdominal, 9 (0.7%) infrarenal, 8 (0.6%) arch and 
3 (0.02%) saccular/mycotic aneurysms10.  Mortality was 17.4% in males 
and 10.8% infemales, being higher in those presenting with lower he-
moglobin or higher CRP; a note is that this report included patients 
operated outside the indication of use.  Aneurysm size remained rela-
tively static with total volume and thrombus volume increasing over 
time during follow-up, indicating aneurysm thrombosis without 
progression13. 

Technical success was 98%, with no reports of neurological sequelae 
or renal failure.  Early (30 day) mortality was 0% with 1 year aneurysm 
related mortality being 6.7%10. The low mortality and lack of clinically 
significant visceral/renal/spinal occlusions seems to confirm that the 
MFM technology is suitable for complex aortic aneurysms due to the 
fact that its meshed structure leads to branch patency. Due to this 

these are cases with limited outcomes and no possibility of surgical care 
without immense risks. Careful planning and good proficiency with MFM 
deployment could improve results even in these complex cases, espe-
cially in those with previous TEVAR, where the outcome seems to be 
most related to technical errors and poorly placed stents. The only re-
maining question is the choice between repair and palliation in patients 
with limited life expectancy, and whether offering a salvage procedure 
with high risk is preferable to no procedure at all.

USAGE AND RESULTS IN AORTIC ANEURYSMS

Mortality and morbidity after aortic aneurysm repair, be it surgical 
or endovascular, depends mainly on two groups of factors: patient re-
lated factors like comorbidities, anesthesia risk and associated cardio-
vascular pathologies and disease related factors like the size of the 
aneurysm, its location and relationship to spinal and visceral branches. 
The decision to use open surgery repair is taken on a case-to-case basis, 
and often patients are deemed unfit for this method.

The simplest choice is when the aneurysms are suprarenal and do 
not involve any visceral branches, since then the choice between surgical 
and endovascular treatment depends on the overall clinical condition 
of the patient, and both methods offer good results. The more pressing 
issue is in the case of thoracoabdominal aneurysms, juxtarenal aneu-
rysms or long and complex pathologies. In these situations conventional 
endovascular treatment cannot ensure branch patency, and so alterna-
tive options need to be used, such as fenestrated or branched endovas-
cular repair. A propensity matched study comparing fenestrated EVAR 
to surgery found that the latter is associated with higher procedural 
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to the fact that it allows for maintained intra-stent flow, branch patency 
and also dissection fold thrombosis and size reduction. 

There are 35 cases of aortic dissection reported so far from the global 
MFM registry: 32 with a type B, 1 with a type A and 2 with both type A 
and B dissections. There were no aortic aneurysm related deaths re-
ported and 16% general mortality at 3 years, with 25% reintervention 
rate. There was a 22% false lumen reduction, a 14% true lumen increase 
and a total volume decrease of 10% in the first 12 months of follow-up 
by angio-CT13.

Following the experience with the use of MFM stents in aortic 
dissections, Sultan et al.13 suggest the following rules when addressing 
this pathology:

1. The diastolic pressure between the true and false lumen must be 
equalized.

2. Treatment of the dissection must be from normal to normalaorta, 
rather than just treating the dissection entry point.

3. The entire aortic length of the dissection must be coveredalong with 
major arterial branches, disregarding the 15 cmlimitations according to 
the INSTEAD and IRAD data.

4. Induce spiral flow at the distal aorta using a phantom,which will 
improve distal perfusion.

5. Return the elastic recoil to the aorta.

6. Augment flow to all spinal branches.

In our clinic we treated 8 cases of aortic dissection. Indications in-
cluded: type B dissection (n=4), residual type B after type A surgical 
correction (n=3), and acute type A after surgical correction requiring 
immediate TARMAD for severe malperfusion syndrome (n=1). Five 

prerogative it is our opinion that such multilayered stents are good al-
ternatives to both surgery and existing endovascular grafts, even more 
so when considering the low mortality in otherwise sick patients without 
indication for open repair. 

There are 15 patients included in the global MFM registry as of 2015 
treated with the Phantom technique (thoracic MFM stents with addi-
tional bilateral iliac stents), for 9 infra-renal, 5 juxta-renal and one 
Crawford Type II aneurysms, with no cases of renal impairment13. 

The results from the meta-analysis are similar to those from our 
clinic, where we treated 24 consecutive patients with aortic aneurysms, 
including a redo endovascular repair after a previous MFM type proce-
dure. The Phantom technique were used in 18/24 patients (75%).There 
were 2(8%) procedural complications due to the vascular access: one 
femoral hematoma due to vascular access and one case of bilateral 
femoral thrombosis due to vascular access complications requiring ur-
gent surgical revascularization. There were three cases of endo-leak 
(12%), none with hemodynamic significance. There were no early deaths 
in this group, and early reintervention rate was 4%, but no endograft 
related reinterventions. Initial procedural success was 100% with no 
branch occlusions.

USAGE AND RESULTS IN AORTIC DISSECTIONS

While aortic aneurysms remain the main indication for MFM stents, 
there are more and more patients with subacute or chronic dissections 
being treated using this method. Its attractiveness in this setting is due 
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Among these there was the first reported case of the Phantom 
technique in an aortic dissection extending to the iliac arteries after 
surgical repair of an acute Type A dissection, successfully treated with 
two MFM stents extending from below the left common carotid to the 
iliac bifurcation and two vascular stents overlapping at the distal part 
of the MFM extending to the common iliac arteries to form a Phantom-
like construct14. 

MIDTERM RESULTS FROM THE STRATO TRIAL

So far there have been reports on short term procedural success and 
one year survival and freedom from reintervention, but aortic pathology 
is defined by its progressive nature, and the patients who would otherwise 
receive endovascular treatment are defined by their comorbidities and 
poor clinical conditions. As such longer follow-up is needed to determine 
if the use of MFM stents is warranted in complex aortic disease.

patients had previous open aortic reconstruction surgery in order to 
repair the tear in the ascending aorta,  two patients required mechanical 
conduit placements (Bentall procedure) while the remaining three ben-
efitted from a valve sparring technique. Endovascular repair with MFMF 
was secondly performed with amean time  of 148 days (2-511 days), as 
a total kinetic elephant trunk technique (Fig. 1A), (Fig. 1B) (Fig. 1C). 
There were 3 early complications: one case of pericardial and pleural 
effusion requiring drainage, one minor stroke without sequelae and one 
distal aortic and bilateral iliac thrombosis, due to femoral access com-
plication which required urgent revascularization by axillary-femoral 
bypass. Initial procedural success was 100% with no branch occlusions. 
Early reintervention was 12.5% (1/8), and there were no late reinter-
ventions. There were no deaths in this group up to the last follow-up, 
with a mean follow-up of 236 days, while the longest is in a 28 years old 
patient requiring TERMAD after a type A dissection repair who has a 
800 days follow up with a 2 years CT scan showing for the first time in 
the world, total healing and remodeling of the aortic wall after MFM 
endovascular repair with a two stage total kinetic elephant trunk tech-
nique for type A pan aortic dissection (Fig.2A), (Fig.2B).

Fig. 1C Fig. 2A Fig. 2B

Fig. 1BFig. 1A - 



102 103

EXPERIENCE OF A SINGLE CENTER – POLISANO EUROPEAN 
HOSPITAL SIBIU

The following four cases from our clinic’s experience reflect the ad-
vantages and challanges of MFM stents in complex aortic pathology.

Case 1: A 45 year old male with known bicuspid aortic valve, with a 
previously operated type A acute aortic dissection, when a Bentall op-
eration was performed, presents with a residual type B chronic dissec-
tion. The angio-CT shows that the dissection spans from the aortic arch, 
through the brachiocephalic trunk, including the left subclavian artery, 
down to the right iliac artery (Fig 3A). He received a full aortic endo-
prosthesis, with MFM stents on the brachiocephalic trunk, left subcla-
vian and both iliac arteries (Fig 3B) with preserved flow through the 
abdominal branches, no visceral injury and normal kidney perfusion. A 
minor paraprothetic leak was observed. This case highlights the use of 

The STRATO group recently reported the results in a group of 23 
patients enrolled between 2010 and 2011, with more than 3 years of 
follow-up. These included 10 Crawford II and 13 Crawford III thoraco-ab-
dominal aortic aneurysms, without indication for surgery and within 
the indication of use for MFM15.

Survival at 3 years was 64%, without documented aneurysm related 
deaths (but with suspected device related deaths), achieving a mean 
survival after repair of 32 months. There were no cases of spinal cord 
injury, device migration or fracture, respiratory, renal, or peripheral 
complications.Two devices were explanted, 3 patients were lost to fol-
low-up and 7 patients died, resulting in 11 patients being alive with their 
device in position. Out of these 11 all had stent patency. At 24 months 
branch patency was 100%, but included the two patients with explanted 
devices and one patients with emergency reintervention by thrombec-
tomy with bypass at 14 days after MFM placement. Hemodynamically, 
in the 10 patients with imaging at 36 months, the mean ratio of aneu-
rysm flow volume to total volume had decreased by 83% while the mean 
ratio of thrombus volume to total volume increased by 15915.

The fact that these are patients without surgical indication, unsuit-
able for conventional endovascular repair makes the results difficult to 
interpret, as attrition is expected to be both aneurysm related and 
non-aneurysm related. Still, the fact that more than half the patients 
are alive at 3 years is promising and should translate into increased 
interest for this method. Also, the hemodynamic results are exceptional, 
achieving both the exclusion of the false lumen, with its thrombosis and 
the reduction of aneurysm blood flow, while maintaining branch patency 
even in complicated scenarios.

Fig. 3A Fig. 3B Fig. 4A
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Case 3: A 70 year old male patient with associated ischemic coronary 
disease, previous stroke and several non-cardiac comorbidities, is re-
ferred to our clinic after the diagnosis of a panaortic aneurysm. Due to 
the presence of angina we performed a coronarography, which showed 
a focal 90% stenosis on a large caliber marginal artery, which was 
stented. The angio-CT shows a dissected aortic aneurysm, with a dilated 
ascending aorta, arch and descending thoracic aorta (maximum diam-
eter of 64 mm), with a type B chronic dissection from the descending 
aorta to the origin of the renal arteries (Fig 5A). We decided to address 
the aortic aneurysm first through open surgery, replacing the ascending 
aorta and arch with a conduit and reimplantation of the supraaortic 
branches (Fig 5B, C). Two months following the surgery he underwent 
endovascular treatment with an MFM construct spanning the arch, 
descending thoracic and abdominal aorta (Fig 5D), with good results 
and just minor endoleak. This case shows how a hybrid, staged approach 
to complex pathology can be used, with proximal lesions being 

multiple MFM stents to address dissections spanning not only the whole 
lengths of the aorta but also large branches, a situation when the pa-
tency of visceral vessels is crucial. 

Case 2: A 56 year old male with chronic type B dissection was re-
ferred to our clinic for endovascular treatment. The angio-CT shows an 
aneurysm at the jonction between the arch and the thoracic aorta with 
a maximum diameter of 60 mm and a dissection spanning close to the 
renal artery emergence, apparently without involving their ostia (Fig 
4A). Two MFM stents were placed, one in the descending thoracic aorta 
and one in the arch, with good results (Fig  4B). Shortly after the pro-
cedure the patients develops a pleural and pericardic effusion, and in 
day 8 a surgical drainage through a subxiphoidian incision was per-
formed. There were no signs of endoleaks or aortic wall rupture on two 
consecutive imaging sutdies, day 2 and day 8. This case shown an un-
expected complication to endovascular treatment, in the absence of 
discernable post-procedural vascular lesions. 

Fig. 4B Fig. 5A Fig. 5B Fig. 5C Fig. 5D
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THE FUTURE OF COMPLEX AORTIC PATHOLOGY TREATMENT

The trend nowadays in cardiovascular surgery is to go from open to 
minimal invasive hybrid or transcatheter approaches, due to lower risks, 
lower overall costs and less discomfort for the patient. Historically such 
methods were first only used in cases with no other options, moving 
progressively to broader and broader indications of use. As an example, 
the transcatheter aortic valve replacement, currently used in patients 
with high surgical risk, is undergoing trials to evaluate its potential use 
in intermediate risk patients, and it is expected for the guidelines to 
change soon. 

Looking back at the reported MFM results so far we can only con-
clude that they surpassed the original expectations and controversy. 
But in the same time the quality of the available data is poor, with just 
one prospective registry with short-midterm follow-up. Many of the 
patients who received a multilayer flow modulator device were other-
wise inoperable, and conventional endovascular treatment would have 
been unsuitable. A comparison between MFM stents and fenestrated 
EVAR would be warranted, but with the high incidence of death and 
complications surrounding fenestrated EVAR in complex cases, there is 
the question of the feasibility of such a comparison. 

Currently there are a few centers which offer repair of aortic pathol-
ogies with MFM stents, but their number is increasing. The main lim-
itation is the fact that using these devices is in no way simple at the 
moment, with careful planning, patient selection and execution being 
needed to ensure good results. Improper deployment or use outside of 
indication leads to extremely poor results, but in the same time in the 

addressed surgically and distal lesions can be resolved by endovascular 
methods, thus avoiding redo-operations. 

Case 4: A 76 years old patient with a history of infrarenal aortic aneu-
rysm and superior lobectomy for bronho-pulmonary neoplasm has referrd 
to our clinic for the treatment of his asymptomatic AAA which has lately 
increased in diameter. The CT scan showed also a dilatation of the celic 
trunk and a dilatation of the left common iliac artery.(Fig 6A). In order to 
keep the blood in the celiac trunk an MFM was placed followed by ab-
dominal aorta and both iliac arteries stenting(Fig. 6B).  Because of the 
small diameter of the left superficial femoral artery, while retracting the 
sheet a parietal defect has been observed which required an interposition 
of a Dacron tube.  In this case placing the MFM stent on the celic trunk it 
has been the only key for maintaining the blood flow in this branch. 

Fig. 6A Fig. 6B
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Figure list:

hands of an experienced surgeon this method can become the only tool 
available in extremely complicated cases.

In the future we should be seeing more reports on MFM usage from 
the global registry, with a widening of usage to intermediate risk pa-
tients. If the results continue to be satisfactory then, and only then, can 
we plan a randomized trial comparing the MFM stent with open surgery 
and conventional EVAR. But when it comes to complex aortic patholo-
gies, it appears that the multilayer stent can be safely used, when other 
methods cannot. 
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Fig. 1A- The Pre-op CT scan- Aortic Arch dissection

Fig . 1B- Post Surgery- Reconstruction of the Arch

Fig 1C- 1 year follow-up after kinetic elephant trunk with 

multilayer endograft

Fig 2A- Aortic dissection after surgical treatment of the 

ascending aorta and arch

Fig 2B- Aortic dissection after complete treatment

Fig. 3A- chronic type B aortic dissection

Fig. 3B- chronic type B aortic dissection treated with MFM

Fig. 4A- chronic type B aortic dissection

Fig. 4B- chronic type B aortic dissection treated with MFM

Fig. 5A- Pan aortic aneurysm

Fig. 5B, C - The ascending aorta and arch were 

reconstructed

Fig. 5D- Pan aortic aneurysm treated through hybrid 

treatment, kinetic elephant trunk technique

Fig. 6A- Infrarenal aortic aneurysm, dilatation of the celiac 

trunk

Fig. 6B- Infrarenal aortic aneurysm treated with MFM (+  

multilayer stenting for celiac trunk)
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V

Management of Aortic Aneurysms – from 
Open Surgery to On Pump Repair

by V. Costache, A. Santa

I.DEFINITION

An aortic aneurysm is an abnormal bulge that occurs in the major 
blood vessel (aorta) that carries blood from your heart to your body 
with risk of expansion or rupture. It also can be defined as a permanent 
dilatation with more than 50% than the normal diameter (for abdominal 
aorta from 3cm, for thoracic aorta from 4.5cm).

Fig. no 1: A-Normal aorta; 
B- Thoracic oortic aneurysm; 
C-Abdominal aortic aneurysm
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II.AORTIC ANATOMY-SEGMENTATION:

-   segment 0 is represented by the aortic root known also as sinuses of 
Valsalva;

-   segment 1 is represented by the ascending aorta arising from the 
sinotubular junction till the origion of TBC;

-   segment 2 is represented by the aortich arch;

-   segment 3 is represented by the descending aorta till the diaphragm;

-   segment 4 is represented by the abdominal aorta.

III. CLASSIFICATION

Aortic aneurysms are classified by their location or shape.
By their location aortic aneurysms are classified into:

-thoracic aneurysm,

Fig. no 2: Aortic segmentation

-abdominal aneurysm or

-thoracoabdominal aneurysm.

By their shape aortic aneurysms are classified into:

-fusiform aneurysms (is the commeonest shape of an aneurysm and 
appears as symmetrical bulges around the circumferences of aorta);

-saccular aneurysms (usualy induced by an injury or a severe aortic 
ulcer appears as assymetrical of one side of the aorta).

Another classification divides the aneurysms into ruptured ao un-
ruptured aneurysms.

In 1986, Crawford described the first TAAA classification scheme based on 
the anatomic extent of the aneurysm:

-   Type I involves most of the descending thoracic aorta from the origin 
of the left subclavian to the suprarenal abdominal aorta. 

-   Type II is the most extensive, extending from the subclavian to the 
aortoiliac bifurcation.

-   Type III involves the distal thoracic aorta to the aortoiliac bifurcation. 

Fig. no 3: Crawford classification of TAAA
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-   Type IV TAAAs are limited to the abdominal aorta below the 
diaphragm. 

-   Safi’s group modified this scheme by adding Type V, which extends 
from the distal thoracic aorta including the celiac and superior 
mesenteric origins but not the renal arteries.

IV. ETHIOLOGY

IV.1. Thoracic aneurysms:

Congenital: Sinuses of Valsalva aneurysm, Bicuspid aortic valve and 
ascending aorta aneurysm, Kommerell aneurysm.

Structural deficiencies: Collagen disease, Marfan disease, Ehlers 
Danlos disease.

Degenerative

Inflammatory: Takayasu disease, Horton disease, Reiter syndrome, 
Behcet disease.

Infectious: Syphilis, Infected aneurysm.

Traumatic aneurysms.

IV.2. Abdominal aneurysms:

The abdominal aortic aneurysms (AAA) are the commonest 
aneurysms.

The main factors involved in development and increase of an AAA are:

- smoking, gender(more often in males, the age (the AAA increase 
rapidly after 55y in male and after 70y in females), hypertension, 

hyperlipidemia and atherosclerosis (which is considered to be the main 
factor in development of AAA by causing tissue damage and changes in 
the lining of artery wall). There are others factors who are involved in 
the development of and AAA such as: genetic factors, environment 
factors, immunologic and hemodynamic factors.

V.SYMPTOMATOLOGY

V.1 Thoracic aortic aneurysms (TAA)

At least half of the patients who present TAA are asymptomatic, but when 
the TAA becomes larger the patients can present:

•	 the signs of aortic insufficiency associated with congestive heart 
failure,

•	 superior vena cava syndrome,

•	 chest pain,

•	 shortness of breath,

•	 coughing,

•	 hoarseness.

•	 in case of ruptured TAA it appers a sudden, intense and persistent 
chest pain associated with signs of hypovolemic shock;

•	 another symptom associated with aneurysm dissection is among 
the intense pain the seansation of chest burn;

•	 less common for TAA is the rupture into the esophagus causing 
aorto-esophageal fistula symptomatic through hemathemesis. 

V.2 Abdominal aortic aneurysms (AAA)

Most of the abdominal aortic aneurysms are asymptomatic being 
discovered after a rutine investigation for other pathology. The most 
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constant symptom is the abdominal pain which may take for several 
hours with the same intensity and is not variable with the movement.

V.3 Ruptured AAA

Symptoms of a ruptured AAA may include:

»» sudden, intense and persistent abdominal/back pain;

»» pain that radiates to your back or legs;

»» sweatiness;

»» nausea;

»» low blood pressure.

It is described a patognomonic triade for ruptured AAA which in-
volves: persistent abdominal/back pain, pulsatile abdominal pseudotu-
mor and hypotension.

VI. DIAGNOSIS

Aortic aneurysms are often found during routine medical tests such 
as a chest X-ray or ultrasound for the heart, sometimes ordered for 
another reason. 

Clinical examination has poor datas for aneurysmal pathology.

For thoracic aneurysm sometime it can be useful chest X-ray. 
Echocardiography is the gold standard method for diagnose a TAA being 
able to provide informations about Valsalva sinus, ascending aorta and 
aortic arch.

For abdominal aneurysm the best method for diagnose an aneurysm 
is represented by the computer tomograph examination. CT examination 
is a safe and precise method which provide informations regarding shape, 

extention and anatomic relations between aneurysm and visceral 
branches. Multislice CT is the method which allows the 3D reconstruction 
of the abdominal aneurysm being more precise than any other method. 

VII. MANAGEMENT OF AORTIC ANEURYSM

The management for aortic aneurysms are based on size, growth 
rate, which segment of the aorta is involved, presence of dissection 
or not.

The first therapy is based on controlling the high blood pressure to 
prevent the expansion or rupture of the aneurysm and is represented 
by the beta-blockers.

Initial size is an important predictor factor giving informations about 
the growth rate. All the aortic aneurysms have to be controlled period-
ically. The European and Nord-American Cardiology guidelines recom-
mend the surgical or endovascular treatment for aortic aneurysms when 
the diameter is becoming critical for the risk of rupture. Rapid expansion 

Fig. no 4: Transesofageal echography showing 
the dilatation of Valsalva sinus

Fig no 5: CT examination showing the 
abdominal aneurysm 
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of the aneurysm, symptomatic patients and patients with acute aortic 
dissection are all indications for surgical treatment. 

For ascending aorta surgical treatment is indicated when the aneu-
rysm is >5.5cm or 5cm when the patient has a valve or coronary 
disease.

For patients with Marfan disease or bicuspid valve the indication is 
when the aneurysm is 4.5cm.

For abdominal aortic aneurysms the recommendation is to observe 
it periodically. If in 1 year the aneurysm is growing more than 1cm or in 
6 months more than 0.5cm then the patient has to undergo for surgical 
treatment. Another indications for surgical or endovascular treatment 
are: abdominal aortic aneurysms over 5cm, ruptured abdominal aneu-
rysms, saccular aneurysms and the aneurysms which have high rate of 
growth.

Another important point of management is reducing risk factors by the 
controlling the hypercholesterolemia, hypertension and quit smoking. 

The surgical procedures for abdominal aortic aneurysms involve the 
opening of aneurysmal sac and replace it with a Dacron tube. The sur-
gical treatment has a high morbidity and mortality especially in old 
patients and with comorbidities associated. Another disadvantage would 
be the required of a long ICU recover and hospitalization period. All of 
this disadvantages has lead to the endovascular treatment which has 
became nowadays the election treatment for AAA. The endovascular 
treatment is preferred for many people with an AAA with very good 
results and low rate of mortality and morbidity.

VIII. SURGICAL TECHNICS

VIII.1. Surgery of ascending aorta: segment 0 and 1

Degenerative diseases of the media with aneurysm formation are 
the most common disorders of the aortic root and ascending aorta. The 
most common acces way is through median sternotomy. The surgical 
treatement of ascending aorta is performed using extracorporeal circu-
lation and stop the heart.

When the aneurysm is located at segment 1 of the aorta, isolated, 
without being involved the annulus, the indication is to be replaced with 
a Dacron tube. 

The aneurysmal sac has to be resected and then has to be replace 
with a Dacron tube.

Fig no 6: Aneurysm of ascending aorta  
(segment 1- isolated)

Fig no 7: Resection of the aneurysm
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Bentall intervention

When the disease affects segment 0 and 1 of the aorta most of 
cardiovascular surgeons will prefer the technique described by Bentall 
and Bono in 1968. This technique consist of replacing the aortic valve, 
aortic root and ascending aorta with reimplantation of coronary 
arteries. 

Technique: aortotomy, resection of aortic valve cusps (usually are 
2- aortic bicuspid valve), then is removed the aortic part which is dilated. 
Then the surgeon does the right measurements for the valve and the 
tube. After fixation of the tube containing the valve (mechanic or bio-
prosthetic) the coronary artery are reimplanted into the tube. Then is 
performed the distal anastomosis of the tube.

Fig no 8: Bentall procedure

The disadvantage of Bentall procedure is the replacement of native 
aortic valve with a mechanical valve which has some adverse reaction 
by using the anticoagulation: bleeding, thrombosis of the valve, stroke. 
It can be realised a Bentall procedure with a bioprosthetic valve but this 
will prolonge the cross clamping time because it doesn’t exist a conduct 
with biological valve si the surgeon has to stich it on a backtable.

In order to avoid all of this disadvanteges were described in 1980 
the valve sparing procedures with preserving the native aortic valve. 
There are 2 sort of this intervention: remodelling or reimplanting de-
scribed by Yacoub and Tyron David and Feindel.

Yacoub intervention

This procedure consists of repair the aortic valve, the aortic root and 
restablished the coaptation of aortic cusps.

 Technique: The proximal portion of ascending aorta is resected and 
sectioned at the level of sinotubular jonction. Then the ortic valve is 

Fig no 9: A-the graft;  
B-remodelling of aortic root
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inspected and is measured the high of each aortic cusp. Then is per-
formed the rmodelling using a graft with 3 new sinuses respecting the 
sigmoid shape of aortic annulus. Then the coronary arteries are 
reimplanted.

The major disadvantage of this technique is that with time the aortic 
annulus will get larger and larger with aortic insufficiency.

Tyron David intervention

This type of procedure is used when is a dilatation of segment 0 and 
1 but the valve isn’t sick.

Technique: the aneurysmal sac is removed, the aortic root is dis-
sected, then 3 stiches are passed in U and the valve is inspected. Then 
are dissected the coronary arteries and the calibration. At level of aortic 
annulus are stiched 6 sutures in U and then through the Dacron graft. 

Fig. no 10: Tyron David procedure

After this the Dacron tube is fixed and then the coronary arteris are 
reimplanted in the tube.

Yacoub-Lansac intervention

This technic was described to prevent the annulus dilatation after 
the remodelling. It combines the Yacoub and Tyron David procedures 
with the new concept of the remodelling. The new concept consist in 
adding a Dacron ring around the aortic root to prevent dilatation.

Wheat intervention

The indication for this type of procedure is when an isolated aortic 
aneurysm of segment 1 is associated with aortic stenosis. The Wheat 
procedure consists of replacing the aortic valve with a bioprosthetic 
or mechanical valve and the aneurysm of ascending aorta with a 
Dacron tube.

Fig. no 11: A,B-Insertion of the ring; C-The final aspect of aortic root
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VIII.2 Surgery of aortic arch

Usually the aortic arch is touched by aneurysmal disease when is 
involved ascending aorta ar descending aorta. Very rare you can find an 
aortic arch aneurysm isolated. Stopping the circulation in hypothermia 
is the most used technique for cerebral protection during the surgery 
for the aortic arch. If the aneurysmal disease includes only the incipient 
part of the arch, it can be performed a partial replace of aortic arch, or 
when is affected the whole arch, it can be performed a total replace of 
aortic arch.

Elephant trunk technique

When we are talking about an aortic arch aneurysm which include part 
of the descending aorta then is preferred elephant trunk technique.

VIII.3 Surgery of descending thoracic aorta

The replacement of descending thoracic aorta is performed through 
left lateral thoracotomy with the patient positioned in right lateral de-
cubit. It consists of resection of the aneurysm and replace it with a 
Dacron tube.

For descending thoracic aorta aneurysm nowadays the most used 
techniques are the endovascular ones, using a stent-graft placed into 
the aneurysmal sac.

VIII.4 Surgery of abdominal aorta

The standard surgery for abdominal aorta consists of resection of 

aneurysmal sac and replace it with a vascular prosthesis in aorta with 
vascular stiches. This invasive procedures is associated with a high mor-
tality and  morbidity.

The complications and disadvantages for open surgery in treating AAA are:

•	 high blood pressure above the aortic clamp,

•	 low blood pressure right after declamping,

•	 ischemic lesions by reducing the sangvine flux during clamp time,

•	 intraoperative hemorragia,

•	 hypothermia,

•	 distal embolization,

•	 paraplegia,

•	 erectyl disfunction,

•	 deep venous thrombosis,

•	 stroke,

•	 renal impairment,

•	 gastrointestinal complications.

Fig. no 12: Elephant trunk technique Fig no 13: Open surgery for AAA
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Also exists some of the late complications such as: pseudoaneurysm, 
graft infection, thrombosis or even the appearance of a second 
aneurysm.

VIII.5 Endovascular treatment for AAA

Endovascular treatment is a less invasive method than open surgery 
for AAA nowadays being often used because of the progress of technics 
and new generations of aortic stents.

The principle of endovascular treatment is to exclude the aortic 
aneurysm from circulation by introducing into the aneurysmal sac a 
stent-graft.

One of the major difficulty of this technique is represented by the 
endoleaks which appear on angiograph like a persistence of contrast in 
aneurysmal sac. It means that the aneurysm hasn’t been completely 
excluded from the circulation. This complication may lead to expantion 
or even rupture of the aneurysm if is not treated in time.

Fig. no 14: Endovascular treatment for AAA involving iliac arteries

To performe an endovascular aortic repair (EVAR) there are some 
conditions as:

- the aneurysm has to be infrarenal;

- proximal suitable landing zone;

- distal suitable landing zone.

Contraindications:

- inadequate morphology;

- infected aneurysms;

- AAA associated with collagen disease.

The only absolute contraindication for EVAR is the ruptured aneurysm.

EVAR complications:

-   local: hematoma, pseudoaneurysm, infection;

-   at distance: trombembolism of visceral brances;

-   general: cardiac, pulmonary, renal, cerebrovascular complications, 
deep venous thrombosis, TEP, spinal ischaemia.
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VI

Pediatric Cardiology Overview

by Petru Liuba, Marcus Carlsson

I. GENERAL CONSIDERATIONS

Congenital heart defects (CHD) are the most common type of congen-
ital malformations. Pediatric cardiology deals mainly with CHD.  However, 
other types of cardiac conditions such as arrhythmias and cardiac muscle 
diseases are also an important part of pediatric cardiology. 

The diagnosis of CHD is largely based on ultrasound technology 
(“echocardiography”). Cardiac catheterization has long been used as an 
invasive diagnostic tool in children with more complex types of CHD for 
both hemodynamic and anatomical investigation often prior to subse-
quent surgical treatment. In recent years, non-invasive investigative 
methods such as magnetic resonance imaging and three-dimensional 
echocardiography have been increasingly employed in pediatric patients 
with both congenital and acquired cardiac disease to improve the diag-
nosis and the follow up. 

Genetic screening is an important complement in the diagnosis of 
complex CHD and arrhythmias (e.g., long QT syndrome) but also in 
guiding the treatment. For instance, presence of trisomy 13 in a neonate 
with CHD often implies a poor prognosis regardless of the type of CHD. 
Another example is implantation of intracardiac defibrillator (ICD) in 
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children with hypertrophy cardiomyopathy (HCM), which is more often 
indicated in the presence of certain HCM genotypes associated with 
increased risk for death. 

II. EPIDEMIOLOGY

CHD are encountered in 1% of general population. The risk increases 
to 3% in children whose siblings have CHD. The risk is even higher (ca 
15 %) if the mother has CHD or if the mother has been exposed to certain 
drugs, infections or alcohol during pregnancy.  Associated chromosome 
anomalies may further increase the risk for CHD. Thus, nearly half of 
patients with Down syndrome (trisomy 21) have CHD. 

Among CHD, shunt defects (ventricular and atrial septal defects and 
patent ductus arteriosus) are the most prevalent (Table 1), accounting 
for almost half of all CHD (Figure 1). 

 III. PHYSIOLOGICAL AND PATHOPHYSIOLOGICAL 
CONSIDERATION

The fetus circulation is formed very early during pregnancy and is 
characterized by low systemic vascular resistance, which facilitates the 
work of the heart. Pulmonary circulation is largely bypassed via two 
important structures called foramen ovale (a small hole in the atrial 
septum) and the arterial duct (between the distal ends of the main 
pulmonary artery and the aortic arch) because of significantly increased 
pulmonary vascular resistance due to the non-ventilated lungs. The 
mother´s placenta replaces the function of the lungs by allowing ma-
ternal oxygenated blow to enter the fetal circulation through umbilical 

vein. The deoxygenated blood leaves fetal circulation via umbilical ar-
teries and enters maternal circulation via placenta (Figure 2). 

At birth, the placenta is disconnected from the neonate`s circulation, 
pulmonary vascular resistance drops rapidly as the lungs fills with air 
and the system vascular resistance increases. Both the foramen ovale 
and the arterial duct close spontaneously during the first days after birth 
(Figure 3). 

Failure to close is coincident with patent foramen ovale (PFO) which 
is encountered in nearly 20-25 % of the adult population, and patent 
ductus arteriosus (PDA), which may lead to significant left-to-right shunt 
in infants.  

In primary or secondary lung disease (e.g., due to meconium aspi-
ration) pulmonary vascular resistance remains high with persisten 

Figure 1: Nearly half of CHD  
are shunt lesions.  

Table 1: The most 
common types of CHD 
and their prevalence                                                            
among CHD.
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right-to-left shunt via ductus arteriosus and foramen ovale, a situation 
called persistent fetal circulation (PFC). In severe cases, continuous in-
fusion with vasodilating prostanglandin may be needed in order to 
maintain the duct open and to assure pulmonary pressure unload via 
righ-to-left shunt across the arterial duct (Figure 4).  

Prostaglandin infusion in neonates may also be required in certain 
types of cyanotic CHD in which systemic or pulmonary circulation may 
be dependent of arterial duct patency (“duct-dependent pulmonary or 
systemic circulation”). For instance, neonates with severe pulmonary 
stenosis or absent pulmonary valve (so-called pulmonary atresia) or 
neonates with severe aortic stenosis or with HLHS will typically develop 
severe cyanosis shortly after birth when the duct begins to close, indi-
cating deficient pulmonary or systemic circulation depending on the 

Figure 2: Fetal circulation. The red circles 
denote the foramen ovale (located between 
the atria) and the arterial duct between the 
main pulmonary artery and the aortic arch. 

Figure 3: Neonatal circulation. Placenta 
is disconnected while the foramen ovale 
and arterial duct close spontaneously 
during the first days of life. 

location of CHD. Once the diagnosis is established, prostaglandin infu-
sion is immediately started, giving the medical team the opportunity to 
stabilize the patient´s hemodynamics and to choose the correct treat-
ment option depending on the patient’s heart defect. When the duct 
needs to be open for longer time, as it may be the case after perforation 
of atretic pulmonary valve with residual impairment of the right ventri-
cle´s filling function, a stent may be inserted across the arterial duct 
percutaneously (Figure 5A). Alternatively, a small Gore-tex tube 
(“Blalock-Taussig shunt”) may be surgically placed between the systemic 
and the pulmonary circulation (Figure 5B). 

IV. CHD TREATMENT OVERVIEW

CHD have been for many years treated exclusively surgically. Cardiac 
surgery on cardiopulmonary bypass remains the most common treat-
ment in complex types of CHD such as cyanotic and univentricular CHD. 
A small percentage of CHD, such as pulmonary atresia with VSD and major 
aortopulmonary collateral arteries (MAPCA) and univentricular heart may 
require multiple surgeries typically during the first years of life. 

Figure 4: Persistent fetal 
circulation in a neonate with lung 
disease. Both the foramen ovale 
and the arterial duct are patent 
with righ-to-left shunt due to high 
pulmonary vascular resistance. 
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During the past 2 decades, an increasing number of patients have 
been treated percutaneously using transcatheter technique. Nowadays, 
the vast majority of patients with atrial septal defects (Figure 6) and 
arterial duct may be closed percutaneously using specifically designed 
implants (“devices”). 

Balloon dilatation of isolated obstructive defects such as pulmonary 
and aortic valve stenosis (Figure 7) is nowadays the treatment mainstay 
with excellent outcome. 

Certain types of ventricular septal defects may also be closed using 
the transcatheter technique, particularly when defects are located in 
the muscular part of the ventricular septum. Stent dilatation of arterial 
or venous stenosis has been typically limited to older children but recent 
improvements in stent technology have enable congenital intervention-
alists to employ this technique even in smaller children and infants, 
particularly in those in whom surgery is deemed risky due to associated 
severe cardiac failure or comorbidities that contraindicate cardiopul-
monary bypass. 

Figure 5: Transcatheter stenting of PDA (Panel A) or surgical placement of 
a Blalock-Taussig shunt between the brachiocephalic artery and the right 

pulmonary artery in duct-dependent pulmonary circulation. 

Transcatheter implantation of stented valves such as Melody (Medtronic 
Inc) and Sapien (Edwards Lifesciences) in pulmonary or aortic position 
(Figure 8) have enriched the field of interventional congenital cardiology 
with an additional valuable treatment option which was exclusively in the 
hands of surgeons until the beginning of 2000. Further technological valve 
refinements are expected to help interventional cardiologists to apply this 
treatment not only in older children but also in infants. 

More recently, collaboration between surgeons and interventional 
cardiologists in very complex CHD cases has paved way for “hybrid” 
treatment, meaning that surgeons and interventionists work together 
in the same room (typically a larger operating room with fluoroscopic 
equipment - Figure 9) to achieve best possible treatment outcome. 

One example is hypoplastic left heart syndrome (HLHS) which tradi-
tionally requires 3 surgical palliations with the first one shortly after birth 

Figure 6: Device closure of atrial 
septal defect using transcatheter 
technique. A double-disk device 
typically made of nitinol mesh is 
placed through the defect and 
the catheter (blue) is afterwards 
removed. 

Figure 7: Balloon dilatation of pulmonary valve. A 
balloon tipped catheter is advanced through the 
inferior vena cava, right atrium (RA), right ventricle 
(RV) into the pulmonary artery (PA) with the balloon 
across the stenosed pulmonary valve. The balloon 
is inflated and the valve´s commissures are thus 
opened. LA: left atrium; LV: left ventricle. 
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consisting of surgical reconstruction of the ascending aorta and aortic 
arch and implantation of a shunt (Blalock-Taussig or Sano) between the 
systemic and the pulmonary circulation. In neonates with very low birth 
weight or comorbidities contraindicating cardiopulmonary bypass, hybrid 
treatment is nowadays the preferred option, aiming to balance systemic 
and pulmonary circulation by post-sternotomy transpulmonary stent 
insertion in the arterial duct by interventional cardiologists followed at 
the same stage by banding of the pulmonary artery branches without 
use of cardiopulmonary bypass by cardiac surgeons (Figure 10). In the 
case the atrial communication is restrictive, transcatheter balloon sep-
tostomy (BAS) or stent enlargement may be used. 

Expanding the use of hybrid treatment in other high risk cases with 
CHD is expected to further improve the postoperative care and the 
long-term outcome.

V. SUMMARY

Congenital heart defects represent the most common form of birth 
defects and the most frequent pathology in pediatric cardiology. The 
survival and quality of care for patients with CHD have improved signifi-
cantly during the past decades, in parallel with advancements in diagnostic 
and treatment technology. Although cardiac surgery remains the mainstay 
for treatment of complex CHD, transcatheter treatment has become the 
gold standard in the majority of shunt and obstructive lesions. 
Transcatheter valve implantation and combined transcatheter-surgical 
approach in complex CHD with high risk for cardiopulmonary bypass are 
expected to be increasingly used in pediatric cardiology in the future. 

Figure 8: Percutaneous transcatheter pulmonary 
valve replacement. The pulmonary valve is sewed 
inside a covered stent and is placed in pulmonary 
valve position using the same route as in pulmonary 
valve ballooning.  

Figure 9. Hybrid suite at the Skåne 
University Hospital in Lund, Sweden. 

Figure 10. Hybrid palliation in neonates with hypoplastic left heart syndrome (HLHS). The main 
goals include balancing of pulmonary and systemic circulation via 1. transpulmonary placing of 
a stent in the arterial duct (PDA) by interventional cardiologists and 2. bilateral banding of the 
pulmonary arterial branches (PAB) by cardiac surgeons. Enlargement of atrial communication 
via balloon septostomy or stent is achieved via transcatheter balloon septostomy at same stage. 
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VII

The role of Magnetic Resonance Imaging 
in congenital heart disease

by Marcus Carlsson

HEMODYNAMICS – CENTRAL CONCEPTS 

•	 The role of the heart is to deliver pressurized volume in order to meet 
the demands of the body

•	 Blood pressure is tightly controlled by the cardiovascular center

Blood pressure = Cardiac output x Total peripheral resistance

Cardiac output = Heart rate x Stroke volume

OXYGEN DELIVERY TO THE BODY, THE FICK PRINCIPLE:

Oxygen delivery to the body (l/min) = HR x SV x Hb x 1.34 x AV 
difference

Example at rest of oxygen delivery to the body: 

HR x SV= 50/min x 100 ml= 5 l/min 

Hb x 1.34 = 200 ml/l blood 

AV difference : 100-75%= 25% 

Oxygen delivery to the body at rest  = 250 ml/min

Example of oxygen delivery to the body at peak exercise
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HRxSV= 200/min x 125 ml= 25 l/min 

Hbx1.34= 200 ml/l blood 

AV difference: 100-75%= 75%

Oxygen delivery to the body at peak exercise= 3750 ml/min

Thus, the increase of oxygen delivery is driven by a up to fivefold 
increase in  cardiac output and a threefold increase of extraction of 
oxygen from the blood in the peripheral circulation. The reson why the 
AV-difference cannot be higher is that there is still perfusion of kidneys 
and brain during exercise and in these tissues there is not a very high 
extraction of oxygen. 

PRESSURE, FLOW AND RESISTANCE

The flow distribution also changes during exercise. At rest 650 ml/
min (13%) of the cardiac output goes to the brain and that does not 
change much in absolute values during exercise but because cardiac 
output becomes larger the percentage of cardiac output to the brain 
decreases. The abdominal organs get less perfusion both absolute and 
relative during exercise. The large net increase during exercise is the 
blood supply to the skeletal muscle. 

Flow is driven by pressure differences, not the absolute pressure. 
Ohm´s law can be used to calculate the relationship between flow, 
pressure and resistance. 

Compare the electrical physical relationship of :

Electrical Current (A)=Potential difference (V)/Resistance

To the formula regulating blood flow: 

Flow = Pressure difference/Resistance

Thus, if the absolute pressure at the beginning and end of a vessel 
both increases by 100 mmHg, the pressure difference will be the same 
and thus there will be the same blood flow. Blood flow is mainly regu-
lated in the body by changing the resistance of the vessels. This is done 
by changing the diameter of the vessels. The arterioles are the resistance 
vessels and as this is where the main resistance is found in the circulatory 
system this is also the main regulatory portion of the system to regulate 
flow. The resistance is related to the radius of the vessel raised to the 
power of four. Therefore, a small change in diameter gives a large change 
in resistance and thus blood flow. Double the radius will give a 16 time 
increase in flow.

OVERVIEW OF THE CIRCULATORY SYSTEM

The circulatory system is composed of two systems in a serial cou-
pling. They share the same pump, the heart that must generate the 
same flow for both systems but at two different pressures. The left 
ventricle delivers a blood pressure of typically 100-200 mmHg and the 
right ventricle 20-40 mmHg. The different conditions is a results from 
different resistance in the circulatory systems. The pulmonary circulation 
has 5-fold lower resistance than the systemic circulation. A thin vascu-
lature with low resistance is needed to have an exchange of gas between 
the air in the alveol and the blood in the capillary. A higher blood pres-
sure is needed in the system to enable circulation to the brain against 
gravity and through working skeletal muscle. The result of these 
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differences in demand is that the left ventricle acts as a pressure-volume 
pump with the emphasis on pressure that demands most energy and a 
thick myocardial wall in contrast to the thin walled right ventricle, pri-
marily being a volume pump.

COMMON MISCONCEPTIONS OF VENTRICULAR PUMPING

A common misconception of ventricular pumping is that there is a 
radial inward contraction of the myocardium in systole and the squeezing 
of the blood generates the stroke volume. This would have the conse-
quence that the walls would move inward and pull the surrounding 
tissue towards the ventricle in systole. Unnecessary work would be spent 
on this movement. Most teaching books depicts this inward motion and 
an apical motion in systole towards the base. In reality, the apex is sta-
tionary in systole and the outer walls rarely move during systole. The 
combined stroke volumes of the left and right ventricle is 200 ml and 
that would mean a 25% decrease in the size of the heart (atria and 
ventricles combined 800 ml). Rather, the measured decrease during 
systole is 8%. How can this be explained? This is due to the fact that 
during ventricular systole there is a longitudinal shortening of the ven-
tricle moving the atrio-ventricular plane towards the apex. The apical 
movement of the atrio-ventricular plane result in a suction of blood into 
the atria during systole, similar to the filling of a syringe. The concomi-
tant filling and emptying of the heart explains why there is a much 
smaller outer volume change of 8% compared to 25%. 

The fact that there is an 8% of decrease shows that the longitudinal 
shortening does not explain 100% of the generation of stroke volume. 
There is mainly on the left ventricle also a radial inward motion of the 

ventricle that do not cause atrial filling. The degree of longitudinal/radial 
contribution to stroke volume for the left ventricle has been quantified 
to 60/40% and in the right ventricle 80/20%.

HOW TO ASSESS HEMODYNAMICS WITH MAGNETIC RESONANCE 
IMAGING

There are two techniques that are used with magnetic Resonance 
Imaging to quantify hemodynamics: 

Cine images of structures over time that enable the delineation of 
the ventricles or atria so that ventricular volumes in all time phases of 
the cardiac cycle and thus stroke volume can be calculated. This is typ-
ically collected in a stack of images in the short axis plane to give the 
3dimensional volume over time. In addition single planes in four-cham-
ber, three-chamber and two-chambers are collected and often also a 
right ventricular outflow tract view.

Flow images of vessels with so called phase contrast velocity map-
ping. This technique enables the measurement of velocities in the tissue, 
e.g. blood and thus blood flow. The measurements are highly accurate 
especially for volume flows and thus Magnetic Resonance Imaging is 
well suited to assess valvular insufficiencies and is suited for several 
questions in congenital heart disease. Peak velocities are better assessed 
with Doppler echocardiography.

The advantage of Magnetic Resonance Imaging is that it can be 
acquired in any imaging plane and in 3D without any restrictions to 
acoustic window as in echocardiography. Also, there is no ionizing radi-
ation and cine and flow images can be acquired without contrast agents.



144 145

The downside is that Magnetic Resonance Imaging scanners are costly 
and patients can experience claustrophobia. In contrast to echocardiog-
raphy it is not a bedside examination and the availability is limited.

THE ROLE OF MAGNETIC RESONANCE IMAGING IN CONGENITAL 
HEART DISEASE 

The most common patients referred to Magnetic Resonance Imaging are:

•	 Tetralogy of Fallot and other patients with

•	 pulmonary valve surgery/conduits

•	 Coarctation of the aorta

•	 Left-right shunts (ASD + pulmonary

•	 anomalous venous return)

•	 Fontan / Total cavopulmonary connection

•	 Transposition of great arteries (TGA)

Practical tips for patients with congenital heart disease referred to 
Magnetic Resonance Imaging?

»» What does the referral say? The most important part is to read the 
referral carefully and tailor the imaging protocol to the need of 
the patient. 

»» If in doubt call the referring physician. Sometimes it is not clear 
from the referral what is needed. In that case a phone call will 
help.

»» Review clinical history and surgery performed. These patients 
have often undergone surgery and anatomy will in many cases be 
very different from the text book. It is important to know the type 
of surgery performed as different procedures come with different 
problems.

»» Review previous imaging studies. Many patients have undergone a 
previous imaging study and it is essential to review these images 

before starting to scan the patient. This will save time at the 
scanner and enable the correct images to be acquired. 

»» All congenital patients have had an echo. A lot of information is 
often already present from the echocardiography. The reason that 
the patient has been referred for a magnetic resonance imaging 
study is what is not known from the echocardiography and it is to 
that end that the magnetic resonance imaging study should be 
focused.

»» Many patients have done a thoracic CT. Quite often a thoracic CT 
scan have been made, e.g. for pulmonary embolism. Sometimes 
the answer to the clinical referral can be found in the images 
already acquired and the referral can be sent back without the 
need of a magnetic resonance imaging scan.

What do the guidelines say about magnetic resonance imaging in 
congenital heart disease?

Magnetic resonance imaging is helpful to assess:

Right ventricular volumes and function

Image the right ventricular outflow tract and conduit function

Quantify pulmonary regurgitation

Assess pulmonary trunc and branches for stenosis or aneurysm

Assess the entire aorta for stenosis or aneurysm

Assess pulmonary and systemic veins, especially for anomalous return 
of vessels or obstructions in veins

Furthermore the use of gadolinium based contrast agent enables 
the detection of fibrosis in the myocardium. This is the same technique 
used for infarct detection but in congenital heart disease patients the 
scarred myocardium can be due to previous surgery but also due to 
ischemic damages if the coronary artery are malformed or damaged 
during surgery.
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Tetralogy of Fallot (and similar diagnosis)

The right ventricle is often affected because of pulmonary regurgi-
tation or stenosis after the corrective surgery. 

A stack of transversal cine images are useful to get ventricular func-
tion, images of the atria and  pulmonary arteries and detection of AV-
valve jets

Flow measurements of the pulmonary artery and aorta together 
with planimetric measurements of the right ventricle enables the dif-
ferentiation of right ventricular dilatation due to pulmonary regurgita-
tion, pulmonary stenosis, tricuspid regurgitation or ventricular septal 
defect. 

In the flow quantification the ratio between pulmonary artery and 
aortic flow should be 1.0. A higher value is caused by a left to right shunt

High velocities in the pulmonary artery would indicate pulmonary 
stenosis

A negative flow in diastole in the pulmonary artery indicates pulmo-
nary regurgitation. The degree of regurgitation can be directly quantified 
from the flow curve. In the clinical report RV volumes and EF, pulmonary 
insufficiency, pulmonary branch stenosis and tricuspid regurgitation 
should be quantified.

Coarctation

The clinical question is often to detect stenosis or aneurysm of the 
aorta. Also the severity of the coarctation can be quantified using flow 
measurements, both the peak velocity at the stenosis but also the 

degree of collateral flow. Two flow measurements in the descending 
thoracic aorta are done, one proximal and one at the diaphragmal level. 
Normally, there will be a decrease in flow distally in the aorta as blood 
flow is fed into the intercostal arteries. In the presence of collateral flow 
due to a significant coarctation the blood flow direction changes and 
flow is directed towards the descending aorta in the intercostal arteries 
to by-pass the stenosis. This means that the blood flow will increase in 
the distal aorta compared to the more proximal part.  In addition, left 
ventricular function is regularly quantified in coarctatio patients.

Left to right shunts including atrial septal defects

Atrial septal defects the second most common congenital heart 
defect – often no need of magnetic resonance imaging before catheter 
closure.

Magnetic resonance imaging can add more accurate calculation of 
the shunt flow and ventricular function. The most common clinical 
question is to detect other shunts than secundum atrial septal defects, 
e.g. anomalous pulmonary vein anatomy and sinus venosus defects.

Fontan circulation or Univentricular hearts

This patient group have only one ventricle pumping the blood after 
surgery. The blood to the pulmonary circulation is passively driven by 
the pressure in the systemic veins that are directly connected to the 
pulmonary arteries. The clinical question for doing a magnetic resonance 
imaging study can be to asses ventricular function, stenosis in the sys-
temic veins or quantification of atrio-ventricular insufficiencies.
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If the perfusion of the lungs is inadequate the body forms aortopul-
monary collaterals feeding arterial oxygenated blood to the lungs. This 
can be quantified by flow magnetic resonance imaging by measuring 
flow in the aorta and inferior and superior caval veins. If the difference 
aorta- caval veins is not zero there are aortopulmonary collaterals.

Transposition of the great arteries

The most common question is to assess fibrosis or perfusion of the 
myocardium because the coronary arteries may have been damaged 
during surgery.
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