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Introduction
Rarely in medical history has so much progress been made in the last three decades in the fields of investigation and treatment of cardiac disease. 

Formidable advances have been developed in diagnosis and made possible by superb technologically advanced equipment allowing accurate examination of the heart, both invasively and non-invasively. Developments in Cardiac Surgery especially in myocardial preservation have allowed safe surgery on most lesions of the heart. The development of coronary care and intensive care units with their array of sophisticated equipment, in addition to the advent of new cardiac drugs, have also had their profound and positive effects on the management of heart disease, to the extent that there was a definite decrease in mortality from heart disease in many countries.

In Jordan, closed heart procedures had been performed in small numbers since the early sixties and the open heart surgery program started on May 17th 1970 at the Base Military Hospital, Marka, Amman, Jordan.

Why cardiac surgery, at a time when Jordan was still in it’s early development? Our open heart program was started with three premises in mind:

1-  The country’s need for a cardiac unit to cover it’s population. This was all the more pressing since up to that time we had sent our cardiac surgery cases abroad at very great expense, and many patients could not be helped at all.

2-  Our belief that the development of primary and secondary care although not complete, had by that time made great strides and that it was time for various, more sophisticated areas of medicine to be developed.

3-  The great strides that were taking place in cardiac surgery in the decade prior to our commencement.

Open heart procedures
The start of the open heart program was rather slow, this was deliberate since there was no shortage of cases, the pace of progress was essential for the success of the project and allowed the surgeons and ancillary staff alike to get over the initial learning curve with as few mortalities and complications as possible, thus proving the project viable to the doubting majority of people at the time. Another important by-product at our center, was the setting up of a certain level of clinical and technical standards that other disciplines strived to achieve.

Coronary Artery Surgery 

Coronary artery disease remains the number one killer in most countries.

Coronary artery bypass grafting started in the United States in the late sixties and very soon became the most commonly performed procedure in cardiac surgery in most countries.

The first such procedure was performed in our center in 1973. The number of cases at the start was small but soon increased dramatically to constitute 55% of the 1200 or so cases that are performed yearly  in our unit at present.

The age distribution in our patients was interesting in that 76% of the cases fall in the 4th and 5th decades, probably reflecting the lower life expectancy in our part of the world, as well as the fact that we are a nation of smokers and that our diet contains more saturated fats than the average.

Prompted by the overwhelming evidence of the superior long term patency of internal mammary artery grafts, we started using the internal mammary artery routinely to the left anterior descending coronary artery since 1985 and currently both mammary arteries are used frequently and on occasions sequentially to more than one vessel.  The overall mortality of coronary bypass in our unit over the last year was 1.6%.

With increasing experience, new techniques have been introduced. In 1992, I performed the first coronary bypass without the use of the cardiopulmonary circuit, the procedure being performed on a beating heart thus avoiding the many problems of cardiopulmonary bypass, hypothermia and myocardial damage during aortic cross clamping. To date I have a personal series of 597 such procedures with a mortality rate of 1% and a perioperative infarction rate of 0.9%. The majority of these procedures were double bypasses to the LAD (left anterior descending) and the RCA (right coronary) coronary arteries, being the most accessible vessels, many cases received as many as four grafts. All the cases had at least one mammary artery, with several receiving both right and left mammary arteries. Post operative re- catheterization (1-3 years ) in 44 symptomatic patients, showed 98% of mammary grafts and 85% of vein grafts to be patent. 

With the increasing interest in thoracoscopic (without opening of the chest ) and minimally invasive surgery, it was natural that such procedures would eventually creep into the complex field of coronary revascularization. In the last two years I performed 58 mammary artery grafts, to the LAD via a mini thoracotomy or lower mini sternotomy with the skin incision not exceeding five centimeters, the remarkable simplicity of the post operative course and relative freedom from pain made it possible for the patients to be discharged on the third post operative day. To date the world wide application of this procedure is still limited but is fast gaining approval and many centers in the USA and Europe are utilizing the procedure in selected cases with much greater frequency.

Congenital Heart Surgery
Congenital heart surgery has always accounted for about 30% of our total work load. In the early days we were dealing with a large number of patients who had survived well into adulthood, since no corrective surgery was available to them prior to the inception of our program.

 With the passage of years the number of these older congenital cases dropped and this is clearly reflected in the respective drop in the average age of our congenital heart disease population. The average age of the congenital open heart cases in 1970 - 1975 was 15.4 years as compared to 3.8 years from 1990 - 1995.

The largest group was interestingly Tetralogy of Fallot (hole between the two ventricles with right ventricular enlargement and narrowing of the right ventricular outflow, a simple form of blue baby), followed closely by Atrial septal defects( hole between the right and left atria ) of all types, Ventricular septal defects (hole between the ventricles), formed the third largest group and these were closely followed by the more complex and diverse combinations of congenital heart disease. The overall mortality in the simpler congenital group was 3.1%.

Neonatal Heart Surgery 

Our neonatal (new born infants) surgery program came into being in 1985 and since then 77 infants underwent open heart surgical procedures. 

The reason for such early surgical intervention is that  90% of these infants with these complex congenital malformations will die before the age of one month. 

The ages ranged from 12 hours to 4 months and their weights ranged from 2.6 to 4.5 kilograms. 

There were 82 infants with Transposition of the great vessels (the main arteries from the heart are reversed, a severe form of blue baby), and the remainder with different types of complex lesions such as Total anomalous pulmonary venous return (the main veins returning to the heart from the lungs going to the wrong chamber), and large VSDs (ventricular septal defects, hole in the heart), with severe pulmonary hypertension (high pressure in the main artery going to the lungs).         

Of the transposition group 58 infants underwent the Arterial switch procedure (switching the main arteries that arise abnormally from the heart) the remaining 24, the modified Senning procedure (switching the main veins going to the heart), at the start we utilized surface as well as core cooling for deep hypothermia (lowering the body temperature to 15 oC) and total circulatory arrest (stopping the blood circulation), in the first 11 cases, later, under deep hypothermia and low flow bypass and recently, moderate hypothermia and full flow bypass. 

Our approach to these tiny infants was deliberately slow in order to gently overcome the learning curve with as little mortality and morbidity as possible. 

Accurate pre-operative assessment as well as meticulous post-operative care in these critically ill infants are as important to a successful outcome as the properly performed operative procedure itself.  The overall mortality in this group of critically ill patients  was 21%.

The Surgical treatment of Cardiac Failure 

The end result of untreated or neglected cardiac disease be it Ischemic, Valvular or Idiopathic, is Cardiac Failure, which manifests itself as Cardiomyopathy.

Medical treatment of Cardiac failure is effective in temporarily alleviating symptoms, however the patient usually deteriorates slowly and the eventual outcome is death.

Three modalities of surgical treatment are available in order to improve the outcome in Cardiomyopathy, Cardiac Transplantation, Cardiomyoplasty and  Ventriculoplasty.

I- Cardiac Transplantation
In the pre 1970 era, Cardiac Transplantation fell out of favor because of poor survival figures. At the time life expectancy after a heart transplant was in the region of months at best. And also because of the “experimental” label that such procedures carried. 

With improvement of anti rejection therapy, myocardial preservation and surgical technique, certain centers in the United States started getting more acceptable survival figures, especially after the introduction of “Cyclosporin A” in 1981.

The current status of Cardiac Transplantation has completely changed. It is no longer experimental, but has become a well recognized method of treatment for end stage cardiac disease.

With the mounting number of patients with end stage disease as well as the excellent results from major cardiac transplant units all over the world (survival figures of 80% for one year and 60% for 5 years are now routine with some patients surviving more than 25 years), we felt that the time for heart transplant in Jordan had arrived.

Several problems had to be faced however, Religious, Social as well as Cultural. The concept of  “BRAIN DEATH” had never been discussed let alone accepted. The people of Jordan are conservative in nature and on the whole the life style is strongly guided by traditions and a closely knit family set up, so the donation of a “BEATING HEART” from a “BRAIN DEAD” patient was a difficult concept to accept.

The religious leaders in the area met and issued a statement accepting the fact that death occurs when the  “Brain is Dead”. Death had thus been re-defined.

Following is the actual text of their declaration.

Third meeting of the Islamic Figeh council in Amman, capital of the Hashimite Kingdom of Jordan.  8-14 Safar  1407 Hijra / 11-16 October 1986 A.D.    

After deliberation on the various aspects concerning resuscitation machines and having heard an exhaustive explanatory account from an expert panel of medical specialists decided the following.

It is recognized as legal according to Islamic law that a person dies and all Shari’a approved verdicts for death apply when one of the following markers become evident.

I -  If the person’s heart and breathing both stop completely and the medical practitioners judge that this stoppage is irreversible.

II -If the person’s functions fall into terminal failure and the medical practitioners judge that this failure is irreversible and that the brain has started decomposing. In this case, it is permissible to disconnect that person from resuscitation machines even if some organs, for example the heart, is still functioning mechanically due to the effect of the connected machinery.  

The first Heart Transplant in the third world was performed in the Queen Alia Heart Institute Amman, Jordan, by Dr. Daoud Hanania on August 9th 1985,( at the time Jordan was the eighth country in the world to perform cardiac transplantation),  the patient survived for seven years. Since then 14 transplants have been performed (the number is small due to the shortage of donors because of lack of family consent). Seven patients are still alive and well and holding full time jobs, two have gotten married and have had children. The longest survivor so far is 9 years post transplant.
I performed the first Heart Lung Transplant in Jordan in March 1998, on a 16 year old Jordanian girl, she is still alive and well to date.
The heart transplant program has in away been a breakthrough since it has heralded the acceptance of the brain death concept and has greatly helped the kidney and corneal transplant programs.

The criteria that govern Donor - Recipient matching are basically ABO (blood) compatibility and absence of donor specific lymphocyte toxicity. An appropriate size match is also important, a 20% discrepancy between the weights of the donor and recipient is considered the limit of acceptability.

The key to the success of any transplant is the ability to effectively combat rejection and infection. Meticulous care must be taken to ensure the relative sterility of the patient’s environment, and any infections must be treated immediately and aggressively. 

Diagnosis of rejection is usually diagnosed by endomyocardial biopsy, which is performed at preset intervals initially and later when needed. 

II-  Cardiomyoplasty

Whereas Cardiac Transplantation is performed as a last effort in patients with class IV failure, Cardiomyoplasty is reserved for patients with class III failure, in an attempt to prevent further escalation of their condition.

Although Cardiomyoplasty has only recently been added to the armamentarium of the surgical anti-failure procedures, it is by no means a new idea. Carpentier in France first applied this ingenious idea twelve years ago and since then a large number has been performed in Europe and Brazil and limited centers in the United States and is in the process of obtaining FDA ( food and drug administration) approval.

The Queen alia heart Institute, was one of nine centers in the world chosen to participate in a double-blind trial between medical anti-failure therapy and Cardiomyoplasty in patients with NYHA (New York Heart Association) class III cardiac failure. 

The surgical procedure consists of two parts.

I-  The patient is placed on his or her side, a longitudinal incision is made extending from the axilla (armpit) to the costal margin (lower edge of the rib cage), the skin flaps are dissected, and the Latissimus Dorsi muscle (a long, flat muscle that covers the postero-lateral aspect of the chest wall), is mobilized off the chest wall along with it’s neuro-vascular bundle (the pedicle that contains the nerve, artery and veins supplying the muscle). Two special leads are attached to the muscle pedicle in close proximity to the neuro-vascular bundle, the leads are then stimulated to produce muscular contraction and perform special conduction measurements. A 5 cm. Section of the second rib is resected, the pleura is opened and the muscle and leads are inserted into the chest. The wound then is closed. The patient is turned onto his/her back.

II-  The chest is opened via a midsternotomy (through the breast bone). The pericardium and appropriate pleura are opened, the Latissimus Dorsi muscle is pulled out of the chest and wrapped around the ventricles, the leads are tunneled to the anterior abdominal wall and are connected to a myostimulator, which is implanted behind the rectus muscle, and which can be programmed trans-cutaneously. The muscle is allowed to adhere to the surface of the ventricles for a period of two weeks, following which the programming is commenced gradually, in a process which takes up to six weeks at the end of which the Latissimus Dorsi muscle assists the myocardial contraction beat per beat. The myostimulator senses the ventricular contraction     and sequentially stimulates the contraction of the Latissimus Dorsi muscle thus  improving  myocardial contractility.

I performed four such procedures at the Queen Alia Heart Institute as part of the FDA trial, all patients were  NYHA class III, three the patients improved dramatically at the end of the muscle training (Class I - II), the first went back to university and completed his Masters degree. One patient remained in Class III, and died eight months post operatively following a cerebro-vascular accident. 

All Cardiomyopathy patients are susceptible to serious ventricular arrhythmias, and eventually succumb to ventricular fibrillation. The newer generation of myostimulators will have a built in defibrillator. Under development is a pediatric unit which for the time being is not yet available.  

Cardiomyoplasty, is an effective surgical anti-failure treatment, which should be attempted in cardiomyopathy patients, before they get to the stage of requiring Transplantation. The limiting factor in Cardiomyoplasty is the cost of the Myostimulator which at the moment costs around  (US$ 25000). 

Lately Carpentier in France has combined Cardiomyoplasty with ventricular reduction with improved results. However late follow up has shown that the skeletal muscle eventually tires and the procedure gradually slipped into oblivion.  

III- Ventriculoplasty   

The observation in animals, that the ratio between the size of the heart and the body during health is constant (in the snake the ratio is the same as in the elephant), led some investigators to conclude that the size and shape of the left ventricle, is essential for normal function and that in dilated cardiomyopathy the large size of the left ventricle is partly responsible for the hemodynamic problem.

Batista from Brazil applied this principle in some patients with Cardiomyopathy, by excising a large wedge of the posterior left ventricular wall, between the papillary muscles thus reducing the size of the left ventricular cavity and reshaping the left ventricular outflow, the results were very impressive with some patients increasing their ejection fraction from 20%- 50%,  with remarkable clinical improvement. 

Increasing interest led some investigators in Europe and the USA, to apply the procedure to some of their patients, the results were good, however they could not match the mortality of the Batista series. 

Even with a mortality of 50%, one must keep in mind that we are dealing with a patient population, that have an average life expectancy of about six months, also keeping in mind the extreme worldwide shortage of heart donors, this relatively inexpensive procedure may offer a solution to the large population of patients with terminal cardiac failure. At the Queen Alia Heart Institute over 60 patients with Cardiomyopathy die each year waiting for a heart. 

IV-Total Artificial Hearts & Left Ventricular Assist Devices

Left ventricular assist devices and total artificial hearts, are specialized pumps that were devised to assist the circulation in patients with terminal heart failure. The older versions were large and pneumatic (driven by an external air pump), which were attached to the patient via tubes protruding from the Abdomen. The original idea was to use these devices as a bridge to transplantation, until a heart was found for the patient.

 Lately came the newer generation of totally implantable electrical Total artificial hearts that run on a battery that can be recharged trans-cutaneously, these provide a more reasonable lifestyle. However the durability and long term problems of these devices, still limit their use as a bridge to cardiac transplantation which can return the patient to normal life and has stood the test of time.  

The other limiting factor to the use of these devices is their cost, a Total artificial heart costs in the region of US$ 250000, which is beyond what most institutions and individuals can afford. This procedure has not been performed in Jordan.    

The Surgery of Valvular Heart Disease
Valvular disease used to account for about  50% of our work load and with the passage of  time the percentage has come down appreciably to constitute about 25% of the total number of cases currently performed.

Histologically, rheumatic valve disease accounted for almost all the valves replaced; however only 40% of patients gave a definite history of rheumatic fever.

Unlike Europe and the United States, rheumatic fever remains a serious problem in the Middle East and it’s natural history seems to be more aggressive which is reflected in the fact that the average age for valve replacement in our series is 34 years (1.5 to 78 years), as compared to the European average of  55 years.  24% of our cases were performed in children under the age of 14 years.

As a result of the excellent primary care implemented in our country, it is rare to see an acute case or rheumatic carditis in Jordanians. As a matter of fact Rheumatic fever in Jordan is rare, and this is reflected in the relatively small number of rheumatic valve disease seen in Jordanians nowadays. Most of the cases of valve surgery performed in our unit, are usually on patients that come for treatment from the Gulf and other neighboring countries.

Choice  of valve substitute  

When one talks about valve replacement, the question that comes to mind is which valve does one use? The Ideal valve substitute should be durable, should have excellent hemodynamics and should not be subject to sudden failure. It also should be non thrombogenic. Unfortunately no such ideal prosthesis exists yet. 

Time has shown that the tissue valve at the present stage of it’s development is on the average a ten year valve. All tissue valves will have to be changed sooner or later. Many of the world centers that used tissue valves almost exclusively at some time or the other have now limited their use to older patient groups or in cases where long term anticoagulation is either not feasible or is contraindicated. 

The prosthetic valve has come a long way since it’s inception and there is no question that the new generation of valves are durable, but despite many modifications over the years in materials and design, thromboembolism continues to be their main disadvantage.

Valve Repair
The current trend of valve repair in lieu of valve replacement crept into our series rather late, the reason is two fold: 

One, was the fact that at the start we lacked the experience in the proper techniques of valve repair.

The second, was the quality of the valves seen in our part of the world, usually heavily calcified with shrunken fibrotic leaflets and fused sub-valvular apparatus, making repair in most cases less than ideal and occasionally impossible. This was probably due to the aggressiveness of the rheumatic process and the fact that most of the patients presented very late, frequently with severe pulmonary hypertension, that makes leaving even a minimal degree of incompetence not desirable.

Valve repair especially in the Mitral and Tricuspid valves should be the procedure of choice whenever possible. 

In our practice nowadays, almost all tricuspid valves are repaired.  De Vega annuloplasty is the most commonly used procedure, with or without commissurotomy. Other procedures include the use of annuloplasty rings as well as leaflet resection techniques as the case may demand.

Mitral valve repair techniques are varied, the individual case dictates the procedure to be used. These techniques include leaflet decalcification, commissurotomy, papillary muscle incision, chordal lengthening, shortening and transfer as well as quadrangular and triangular leaflet resection according to the intra-operative findings. All these procedures are usually combined with the use of an annuloplasty ring or on occasions a ringless posterior annuloplasty especially in children below ten years of age, in whom the use of the annuloplasty ring is not recommended. Cases with ischemic Mitral incompetence, the valve repair procedure is performed along with myocardial revascularization. 

Mitral stenosis with pliable leaflets and good sub-valvular apparatus, rarely come to surgery these days with the advent of balloon valvotomy techniques done by the invasive cardiologists. 

Aortic valve repair in our unit is usually limited to either a commissurotomy or leaflet shortening and re-suspension. We have not utilized leaflet augmentation techniques since they have not gained universal acceptance and their long term results are less than encouraging.
Valve Replacement
The basic technique of valve replacement has not changed much over the years. 

The deterioration of left ventricular function following Mitral valve replacement is partly due to the chordal and papillary muscle resection. Nowadays Mitral valve replacement is usually performed with chordal preservation, this seems to preserve the left ventricular architecture and reflects positively on the left ventricular function. The use of the newer low profile bi-leaflet valves in these cases, abolishes the risk of leaflet entrapment and valve malfunction. 

Aortic valve replacement is usually performed as an independent procedure, frequently though it is performed together with replacement of the ascending aorta, in cases of ascending aortic aneurysm and annulo-aortic ectasia, as a composite graft with coronary  re-implantation. Less frequently in ascending aortic dissection, the aortic arch is also replaced. 

Other Cardiovascular Centers in Jordan
The Queen Alia Heart Institute, is the premier Cardiovascular unit in Jordan, it is one of three hospitals constituting the King Hussein Medical Center, in Amman, Jordan. It is a 100 bed independent unit dedicated fully to Cardiology and Cardiac Surgery, performing about 1200 open heart procedures yearly. It is the only Public sector Facility offering this service.

The Private Sector In Jordan has grown tremendously over the last few years. A number of Superb Hospitals have been built to the highest standards, and boast the most modern equipment available in the most advanced medical centers in the world. Five of these hospitals currently have a first class Cardiovascular facility.

About 1500 open heart procedures are performed yearly in the Private Sector Hospitals. A large proportion of these patients come from neighboring countries in search of the advanced medical care for which Jordan has become known for.
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