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Electronic publishing
Tips for preparing Word documents

1 Learn how to use the Word features under the Tools/
Autocorrect submenu. Some people turn off all
autocorrection features because they are disconcerted
by Word’s default behaviour of adjusting capitalisation
and reformatting type on the fly, but these features
save a lot of time once you tune them in to match
your expectations. In particular, if you have a long
word like ‘hypergammaglobulinaemia’ that you need
to type repeatedly, turn on `Replace text as you type’
and add it to the replacement list.
2 Keep formatting to a minimum. editors, much prefer
manuscripts in a simple one-column layout. Only
use fonts that everybody has on their computers: for
example, Times New Roman for your main text font
and Arial as your font for headings. Turn off type
justification, automatic hyphenation, and automatic
paragraph numbering. On the other hand, the use
of bold, italic, superscript, and subscript text as
appropriate is good.
3 Use styles and style tagging rather than formatting the
article paragraph by paragraph. This makes it much
easier to format an article as you write and easier
again if you are asked to change the formatting later.
For your level I headings, therefore, define a Heading
l style, with the combination of font, spacing, and
alignment that you want to use, and then apply this to
each heading as you create it. To change all your level
I headings later, simply redefine the style and all will
be changed without having to select and manipulate
each heading.
4 Format text as one continuous flow. Use a page break
(Ctrl + Enter) to start a new page (e.g. after your title
page) not a stream of hard returns. put only one hard
return between each paragraph,. Do not break the
article up with Word’s section breaks.
5 Keep table formatting simple and consistent. A common
error is to place a column of separate items into a
single table cell, with each item separated by a hard
return: instead each data item should have a table cell
of its own. Sometimes tables are formatted with tabs

instead of cells: in this case, the key is to set the tab
stops for the whole table so that one tab equals one
column.
6 Image files should be sent as separate files. The same
goes for Excel spreadsheets or charts. If you are
embedding images in the file, it is probably best to do
it at the end, after the text and references.
7 Be prepared to send the data used to generate graphs.
Some publishers will use the data to regenerate the
graphs according to their own style rules. In such a
case, it helps if you send only the data that are actually
shown in the graphs – not the spreadsheet with all of
the data generated in the study.

What about PDF?

Send your Manuscript in a Word file. Don’t send it
as PDF or any other word processor format.
PDF files are not editable in the same way as word
processor files. Some publishers will ask for, or even
create, a pdf file of your manuscript for use during the
peer review process, but a Word file will also be required
for editing and production.

Tips for preparing images

Do not make electronic images too small . No
effective way exists to increase the resolution of an image
beyond its original size, and if an image is reduced in size
and saved, picture data is permanently lost. Image files
therefore have to be created and saved at high resolution.
For a colour image that is to be printed as 4 X 4 in., the
required size is (4 X 300) X (4 X 300) = 1200 X 1200 =
1440 000 dots. In many image formats (e.g. tagged image
file format, or tiff), each dot will take eight bits (one byte)
to store, so the image file will be 1.44 megabytes
Compression techniques can reduce the size of the
image file. Zip compression is safe, because it uses an
algorithm that packs the data tighter without throwing
any of it away; In Compression during which files are
saved in jpeg format ,select the option for large file size
(maximum picture quality).
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17th

(National Heart Institute)

2010

 International Joint Meeting on Thoracic

 46th Annual Meeting of The Society of Thoracic
Surgeons, Florida-January 25-27, 2010*

2009 more information on this meeting, contact
Oriol Seto, Acto Serveis, C/ 3onaire, 7, 08301
Matar6, Barcelona, Spain; telephone: 34-937-552382; fax: ;4-937-552-383; e-mail: thoracic.surgery@

For more information on this meeting, contact The
Society of Thoracic Surgeons, 633 N Saint Clair St, Suite
2320, Chicago, IL 60611-3658; telephone: (312) 2025800; fax: (312) 2025801; e-mail: sts@sts.org; website:
www.sts.org.

 Surgery of the Thoracic Aorta:
December 1, 2009 Italy

November 30-

 European Society of Thoracic Surgeons School of
Thoracic Surgery- France—February 15-16, 2010

Fifth Postgraduate Course-Bologna, Italy— telephone:
+39 051385 fax: +39 051 221894

For more information on this meeting, contact the
European Society of Thoracic Surgeons, PO Box 159,
Exeter EX2 5SH, United Kingdom; telephone: +44 13
9243-0671; fax: +44 13 9243-0671; e-mail: sue@ests.
org.uk; website: www.estsschool.org.

Surgery-Barcelona, Spain—November 25-27,

actoserveis.com

 139 th Critical Care Congress , Florida – January
13 , 2010
more information on this meeting -contact the Society of
Critical
Care Medicine Customer Service, 500 Midway Dr,
Mount Prospect, IL 60056; telephone: (847) 827-6888;
fax: (847) 827-6886; e-mail: info@sccm.org; website:
www.sccm.org
 42nd Annual New York cardiovascular Symposium,
New York- December 11-12, 2009
New York City The Housing Connection _. West Temple,
Suite 140,
Lake City, UT 84101; telephone: 505-4606; fax: (801)
355-0250; -- email: thc@housingregistration.
 International Symposium on Endovascular
Therapy-Hollywood, Florida—January 17-21,2010
For more information on this meeting, contact Complete
Conference Management, 11440 N Kendall Dr, Suite 306,
Miami, FL 33176; telephone: (888) 334-7495; fax: (305)
2798221; e-mail: questions@ccmcme. com; website:
www.iset.org.

 30th Annual Cardiothoracic Surgery Symposium,
California—March 4-7, 2010
For more information on this meeting contact CREF
2010, 475 W Stetson, Ste. T, #388, Hemet, CA 92543;
telephone: (951) 765-2573; fax: (951) 765-2576; e-mail:
susan@amainc.com; website: www.amainc.com.
 Society for Cardiothoracic Surgery in Great
Britain and Ireland 2010 , March 7-9, 2010
Annual Meeting and Cardiothoracic Forum-Liverpool,
United Kingdom—
For more information on this meeting, contact Isabelle
Ferner, The Society for Cardiothoracic Surgery in Great
Britain and Ireland, 35-43 Lincoln’s Inn Fields, London
WC2A 3PE, United Kingdom; telephone: +44 020 78696893; fax: +44 020 78696890; e-mail: sctsadmin@scts.
org; website: www.scts.org.
 Interventional Cardiology 2010: 25th Annual
International
Symposium-Snowmass
Village,
Colorado—March 7-12, 2010

The Journal of Egyptian Society Cardiothoracic Surgery ● Volume 17, Number (3-4) A13

For more information on this meeting, contact Promedica
International CME, 2333 State St, Suite 203, Carlsbad,
CA 92008; telephone: (760) 7202263; fax: (760) 7206263; e-mail: ic2010@promedicacme.com; web-site:
www.promedicacme.com.
 European Society ofThoracic Surgeons School of
Thoracic Surgery-Antalya, Turkey—March 17-21,
2010
For more information on this meeting, contact the
European Society of Thoracic Surgeons, PO Box 159,
Exeter EX2 5SH, United Kingdom; telephone: +44 13
9243-0671; fax: +44 13 9243-0671; e-mail: sue@ests.
org.uk; website: www.estsschool.org.
 The Houston Aortic Symposium: Frontiers in
Cardiovascular Diseases, The Third in the SeriesHouston, Texas—April 8-10, 2010
For more information on this meeting, contact Promedica
International CME, 2333 State St, Suite 203, Carlsbad,
CA 92008; telephone: (760) 7202263; fax: (760) 7206263; e-mail: has2010@promedicacme.com
 32nd Charing Cross International SymposiumLondon, United Kingdom—April 10-13, 2010
For more information on this meeting, contact Biba
Conferences, 44 Burlington Rd, Fulham, London SW6
4NX, United Kingdom; telephone: +44 (0) 20-7736-8788;
fax: +44 (0) 7736-8283; e-mail: info@ cxsymposium.
com; website: www. cxsymposium.com.
 International Society for Heart and Lung
Transplantation 30th Anniversary Meeting and
Scientific Sessions-Chicago, Illinois—April 21-24,
2010
For more information on this meeting, contact the
International Society for Heart and Lung Transplantation,
14673 Midway Rd, Suite 200, Addison, TX 75001;

telephone: (972) 490-9495; fax: (972) 490-9499; e-mail:
ishlt@ishlt. org; website:
www.ishlt.org.
 90th Annual Meeting of the American Association
for Thoracic Surgery-Toronto
Ontario, Canada, 2010 For more information on this
meeting, contact the American Association for Thoracic
Surgen-, 900 Cummings Center, Suite 221-U, Beverly,
MA 01915; telephone: (978) 927-8330; fax: (978) 5248890; e-mail: aats@prri.com; website: www.aats. org.
 18th European Conference on General Thoracic
Surgery Valladolid, Spain—May 30-June 2, 2010
For more information on this meeting, contact the
European Society of Thoracic Surgeons, PO Box 159,
Exeter EX2 5SH, United Kingdom; telephone: +44 13
9243-0671; fax: +44 13 9243-0671; e-mail: sue@ests.
org.uk; website: www.estsmeetings.org.
 5th International Meeting of the Onassis Cardiac
Surgery Center: Current Trends in Cardiac Surgery
and Cardiology-Athens, Greece—September 16-18,
2010
For more information on this meeting, contact Liana
Eliopoulou, Triaena Tours & Congress, 206 Sygrou
Ave, 176 72 Athens (Kallithea), Greece; telephone: +30
210 749-9353; fax: +30 210 770-5752; website: www.
ocsc2009. com.
 European Society of Thoracic Surgeons School of
Thoracic Surgery-Elancourt, France—September 2728, 2010
For more information on this meeting, contact the
European Society of Thoracic Surgeons, PO Box 159,
Exeter EX2 5SH, United Kingdom; telephone: +44 13
9243-0671; fax: +44 13 9243-0671; e-mail: sue@ests.
org.uk; website: www.estsschool.org.
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Editorial

Electronic Editing
and
Plagiarism
Guttenberg with his unparalleled achievement marking the end of middle ages, has disappeared with his outstanding
invention to be replaced by the electronic technology , this is the fate of everyone and every thing witth the presnt
volume we succeded to preach by the end .
Since the late nineties most of the journals editing ; all over the world and may be lately in Egypt became electronic,
i.e. via internet according to Tim Berners-Lee who invented the term in 1990.
Although the articles beforehand were submitted on paper and circulating for reviewing via ordinary postage mail
which could have taken ages during that time; The whole process was manual whether typing , marking or correcting
etc……and there was no electronic version.
In that volume of our journal we succeeded to get the permission from Blackwell to publish part from Doctor’s
George Hall book : “How to Write a Paper” which is considered the bible guide for scientific researchers teaching them
how to build and write their studies. There is also a part on how to choose the statistical method to be implemented
in the research. We have added as well to the editorial section the guidelines for Electronic Publication which is a
necessity today for any author, reviewer or journal editing.
We added a paragraph on Plagiarism to inform our Authors and Reviewers; that now any article can be checked for
any dishonesty by copying from other articles or international literature . There are now computer programs on the
internet for Plagiarism checking, through a very single procedure, so we implore our authors and researchers to take
care from this point which is now easily detected and can have a very bad impact on that person career and future as
it is considered now in many countries a criminal activity.
Finally we came to know that now most journals will be valued by what is known now as the “Impact Factor”
which is a numeric factor translating the number of times our journal is cited in other publications so we urge our
readers to cite our journal in their different studies and publications to increase its scientific impact bearing in mind
that the real waluation of our Journal infront of the distinguis hed Comniheas will depend on such factors .
Lastly after too many years as Co Editor and Editor to this Journal it is time to jump from the boat …. Oh; I am
just joking but as new musicians , actors, and also editors.
Thanks to the issuing date gap Almighty God and to you Readers, Authors, Reviewers ,Editors and Colleagues for
your support with special tribute to Dr Magdy Mostafa and Dr. Ezz El Din Mostafa to whom both I owe a lot , wishing
for our journal all the prosperity and advancement .
Yours Sincerely
Yasser Hegazy MD , FRCS
Editor - In - Chief
Journal Of The E S C T S
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How To Write A Paper
Structure of a Scientific Paper
George M. Hall

The research you have conducted is obviously of vital importance and
must be read by the widest possible audience. It probably is safer to
insult a colleague’s¬ spouse, family, and driving than the quality of his
or her research. Fortunately, so many medical journals now exist that
your chances of not having the work published somewhere are small.
Nevertheless, the paper must be constructed in the approved manner
and presented to the highest possible standards. Editors and assessors
without doubt will look adversely on scruffy manuscripts – regardless of
the quality of the science .All manuscripts are constructed in a similar
manner, although some notable exceptions exist, like the format used by
Nature. Such exceptions are unlikely to trouble you in the early ‘ stages of
your research career.
The object of publishing a scientific paper is to provide a document that
contains sufficient information to enable readers to:
assess the observations you made;
repeat the experiment if they wish;
determine whether the conclusions drawn are justified by the data.
The basic structure of a paper is summarised by the acronym imrad,
which stands for:
(What question was asked?)
Introduction
( How was it studied?)
Methods		
(What was found? and
Results		
(What do the findings mean?)
Discussion

T

he introduction should be brief and must state clearly the question

BMJ. Books
4th edition-Black well
Dr.George M. Hall
St George' Hospital
University of london

that you tried to answer in the study. To lead the reader to this
point, it is necessary to review the relevant literature briefly.
Many junior authors find it difficult to write the introduction
. The most common problem is the inability to state clearly what
question was asked. This should not be a problem if the study was planned
correctly – it is too late to rectify basic errors when attempting to write the
paper. Nevertheless, ;some studies seem to develop a life of their own, and the
original objectives can easily be forgotten. I find it useful to ask collaborators
from time to time what question we hope to answer. If I do not receive a short
clear sentence as an answer, then alarm bells ring.

London, Uk
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The introduction must not include a review of the
literature. Only cite those references that are essential
to justify your proposedd study. Three citations from
different groups usually are enough to convince most
assessors that some fact is `well known’ or ‘well
recognised, particularly if the studies are from different
countries. Many research groups write the introduction
to a paper before the work is started, but you must never
ignore pertinent literature published while the study is in
progress.

example introduction:

It is well known that middle-aged male runners
have diffuse brain damage,` but whether this is present
before they begin running or arises as a result of repeated
cerebral contusions during exercise has not been
established. In the present study, we examined cerebral
function in a group of sedentary middle-aged men before
and after a six month exercise programme.

Methods:

This important part of the manuscript increasingly
is neglected, and yet the methods section is the most
common cause of absolute rejection of a paper. If
the methods used to try to answer the question were
inappropriate or flawed, then there is no salvation for the
work. Next part contains useful advice about the design
of the study and precision of measurement that should be
considered when the work is planned – not after the work
has been completed.
The main purposes of the methods section are to
describe, and sometimes defend, the experimental design
and to provide enough detail that a competent worker
could repeat the study. The latter is particularly important
when you are deciding how much to include in the text. If
standard methods of measurement are used, appropriate
references are alll that is required. In many instances.
`modifications’ of published methods are used, and it is
these that cause difficulties for other workers. To ensure
reproducible data, authors should:
• give complete details of any new methods used;
• give the precision of the measurements undertaken;
• sensibly use statistical analysis.
Input from a statistician should be sought at the planning
stage of any study. Statisticians invariably are helpful, and
they have contributed greatly to improving both the design
and analysis of clinical investigations. They cannot be
expected, however, to resurrect a badly designed study.

Results :

The results section of a paper has two key features:
there should be an overall description of the major
findings of the study; and the data should be presented
clearly and concisely.
You do not need to present every scrap of data
that you have collected. A great temptation is to give
all the results, particularly if they were difficult to
obtain, but this section should contain only relevant,
representative data. The statistical analysis of the
results must be appropriate. The easy availability of
statistical software packages has not encouraged young
research workers to understand the principles involved.
An assessor is only able to estimate the validity of the
statistical tests used, so if your analysis is complicated
or unusual, expect your paper to undergo appraisal by
a statistician.
You must strive for clarity in the results section by
avoiding unnecessary repetition of data in the text,
figures, and tables. It is worthwhile stating briefly what
you did not find, as this may stop other workers in the
area undertaking unnecessary studies.

Discussion :

The initial draft of the discussion is almost
invariably too long. It is difficult not to write a long and
detailed analysis of the literature that you know so well.
A rough guide to the length of this section, however,
is that it should not be more than one-third of the total
length of the manuscript (Introduction + Methods +
Results + Discussion). Ample scope often remains for
further pruning.
Many beginners find this section of the paper difficult.
It is possible to compose an adequate discussion around
the points given in Box 1.1.

1.1 Writing the discussion
•
•
•
•
•
•

Summarise the major findings
Discuss possible problems with the methods used
Compare your results with previous work
Discuss the clinical and scientific (if any)
implications of your findings
Suggest further work
Produce a succinct conclusion
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Common errors include repetition or data already
given in the results section, a belief that the methods
were beyond criticism, and preferential citing of previous
work to suit the conclusions. Good assessors will seize
upon such mistakes, so do not even contemplate trying
to deceive them.

here. If you were reading a newspaper, you probably would
— and that is why journalists writing a news story will try to
give the essence of their story in the first line. An alternative
technique used by journalists and authors is to begin with
a sentence so arresting that the reader will be hooked and
likely to stay for the whole piece.

Although IMRAD describes the basic structure of a
paper, other parts of a manuscript are important .The title
summary(or abstract),and list of Authors are described in
chapter 6. It is salutary to remember that many people
will read the title of the paper and some will read the
summary, but very few will read the complete text. The
title and summary of the paper are of great importance
for indexing and abstracting purposes, as well as
enticing readers to peruse the complete text. The use of
appropriate references for a paper ; this section often is
full of mistakes. A golden rule is to list only relevant,
published references and to present them in a manner
that is appropriate for the particular journal to which the
article is being submitted. The citation of large numbers
of references is an indicator of insecurity — not of
scholarship. An authoritative author knows the important
references that are appropriate to the study.

I may mislead by beginning with these journalistic
devices, but I want to return to them: scientific writing
can usefully borrow from journalism. But let me begin
with writing introductions for scientific papers.

Before you start the first draft of the manuscript,
carefully read the `Instructions to authors’ that every
journal publishes, and prepare your paper accordingly.
Some journals give detailed instructions, often annually,
and these can be a valuable way of learning some of the
basic rules. A grave mistake is to submit a paper to one
journal in the style of another; this suggests that it has
recently been rejected. At all stages of preparation of the
paper, go back and check with the instructions to authors
to make sure that your manuscript conforms. It seems
very obvious, but if you wish to publish in the European
Annals of Andrology, do not write your paper to conform
with the Swedish Journal of Androgen Research. Read
and re-read the instructions to authors.
Variations on the IMRAD system are sometimes
necessary in specialised circumstances, such as a letter
to the editor , an abstract for presentation at a scientific
meeting , or a case report , Nevertheless, a fundamental
structure is the basis of all scientific papers.

Introductions:

Introductions should be short and arresting and tell the
reader why you have undertaken the study. This first sentence
tells you almost everything I have to say and you could stop

Before beginning, answer the basic questions
Before sitting down to write an introduction you must
have answered the basic questions that apply to any piece
of writing:
• What do I have to say?
• Is it worth saying?
• What is the right format for the message?
• What is the audience for the message?
• What is the right journal for the message?
If you are unclear about the answers to these questions
then your piece of writing — no matter whether it’s a
news story, a poem, or a scientific paper — is unlikely to
succeed. As editor of the British Medical Journal, every
day I saw papers where the authors had not answered
these questions. Authors are often not clear about what
they want to say. They start with some sort of idea and
hope that the reader will have the wit to sort out what
is important. The reader will not bother. Authors also
regularly choose the wrong format — a scientific paper
rather than a descriptive essay or a long paper rather than
a short one Not being clear about the audience is probably
the commonest error and specialists regularly write for
generalists in a way that is entirely inaccessible.
Another basic rule is to read the instructions to authors
(or advice to contributors, as politically correct journals
like the BMJ now call them) of the journal you are writing
for. Too few authors do this, but there is little point in
writing a 400 words introduction when the journal has a
limit for the whole article of 600 words.

Tell readers why you have undertaken the study

The main job of the introduction is to tell readers
why you have undertaken the study. If you set out to
answer a question that really interested you, then you
will have little difficulty. But if your main reason for
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undertaking the study was to have something to add to
your curriculum vitae, it will show The best questions
may arise directly from clinical practice and, if that is the
case, the introduction should say so:

Examble :

A patient was anaesthetised for an operation to
repair his hernia and asked whether the fact that he used
Ecstasy four nights a week would create difficulties.
We were unable to find an answer in published medical
reports and so designed a study to answer the question.

or

Because of pressure to reduce night work for junior
doctors we wondered if it would be safe to delay operating
on patients with appendicitis until the morning after they
were admitted.
If your audience is interested in the answer to these
questions then they may well be tempted to read the paper
and, if you have defined your audience and selected the
right journal, they should be interested.
More commonly, you will be building on scientific
work already published. It then becomes essential to
make clear how your work adds importantly to what has
gone before.

Clarify what your work adds

Editors will not want to publish – and readers will
not want to read – studies that simply repeat what has
been done several times before. Indeed, you should not
be undertaking a study or writing a paper unless you
are confident that it adds importantly to what has gone
before. The introduction should not read:
Several studies have shown that regular Ecstasy use
creates anaesthetic difficulties,’ and several others have
shown that it does not. We report two further patients,
one of whom experienced problems and one of whom did
not ,and review the literature.

Rather it should read something like:

‘Two previous studies have reported that regular
Ecstasy use may give rise to respiratory problems during
anaesthesia. These studies were small and uncontrolled,
used only crude measurements of respiratory function,
and did not follow up the patients. We report a larger,
controlled study, with detailed measurements of
respiratory function and two year follow up.

Usually, it is not so easy to make clear how your
study is better than previous ones and this is where the
temptation arises to give a detailed critique of everything
that has ever gone before. You will be particularly
tempted to do this because, if you are serious about your
study, you will have spent hours in the library detecting
and reading all the relevant literature. The very best
introductions will include a systematic review of all the
work that has gone before and a demonstration that new
work is needed.
The move towards systematic reviews is one of the
most important developments in science and scientific
writing in the past 20 years [1]. We now understand that
most reviews are highly selective in the evidence they
adduce and often wrong in the conclusions they reach
[2]. When undertaking a systematic review an author
poses a clear question, gathers all relevant information
(published in whatever language or unpublished),
discards the scientifically weak material, synthesis the
remaining information, and then draws a conclusion.
To undertake such a review is clearly a major task,
but this ideally is what you should do before you begin
a new study. You should then undertake the study only if
the question cannot be answered and if your study will
contribute importantly to producing an answer. You should
include a brief account of the review in the introduction.
Readers will then fully understand how your study fits
with what has gone before and why it is important.
`In 2007 you should not worry that you cannot reach
this high standard because the number of medical papers
that have ever done so could probably be numbered on
the fingers of one hand’ I wrote the same sentence in the
first edition of this book only with the year as1994. I then
wrote in the first edition:’ But by the end of the millennium
brief accounts of such reviews will, I hope, be routine in
introductions’ .I was – as always – wildly overoptimistic.
Summaries of systematic reviews are still far from routine
in introductions in scientific papers. Indeed, a paper
presented at the Third International Congress m Peer
Review in September 1997 showed that many randomised
controlled trials published in the world’s five major
general medical journals failed to mention trials that had
been done before on the same subject.
This means that authors are routinely flouting the
Helsinki Declaration on research involving human
subjects. The declaration states that such research should
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be based on a thorough knowledge of the scientific
literature [3]. Repeating research that has already been
satisfactorily done is poor practice. As the CONSORT
statement on good practice in reporting clinical trials
says: ‘Some clinical trials have been shown to have
been unnecessary because the question they addressed
had been or could have been answered by a systematic
review of the existing literature’ [4,5].
In 2007 my advice on systematically reviewing
previous reports remains a counsel of perfection, but it’s
still good advice. Perhaps you can be somebody who
moves the scientific paper forward rather than somebody
who just reaches the minimum standard for publication.
Another important and relevant advance since the
first edition is that scientific journals almost all now have
websites and publish synergistically on paper and on the
Web [6,7]. This at last opens up the possibility of simul
taneously being able to satisfy the needs of the reader—
researcher, who wants lots of detail and data, and the needs
of the reader—practitioner, who wants a straightforward
message. The BMJ, for example, introduced a system it
calls ELPS (electronic long, paper short) [8]. In this case,
it is the editors who produce the shorter paper, although
you will have to approve it before publication. In the
context of introductions, this synergistic publishing might
mean that a proper systematic review might be published
on the Web while the paper version might include a short
and simple summary. Usually, however, a full systematic
review is probably best dealt with as a separate paper.
One interesting feature of revising a chapter 13 years
after you wrote the first version is to reflect on how much
scientific papers have changed. We might have expected
that the appearance of the World Wide Web in the early
1990s would have changed everything. Space is no longer a
problem. Video and sound can be added. Hyperlinks are easy.
Full data — and the software used to manipulate them —
could be included. But the overwhelming impression so far
is that very little has changed [9]. In 2004 the BMJ published
the 50-year results of the British doctors study [10], providing
an opportunity to compare the paper with that giving the first
set of results half a century ago [11]. Making the comparison
I wrote: ‘In the 50 years during which men have landed on the
moon, computers and the Internet have appeared, television
and cars have been transformed, the scientific article has
changed hardly at all. Does this reflect the robustness of the
form or a failure of imagination? I suspect the latter’ [9].

My suspicion is that new technology will eventually
lead to dramatic changes and that if I live to write this
chapter again I may have to start completely afresh.

Following the best advice

An important development in medical writing
in recent years has been the appearance of suggested
structures for certain kinds of studies. These have
appeared because of considerable evidence that many
scientific reports do not include important information.
There are guidelines for randomised controlled trials [4],
systematic reviews [12], economic evaluations [13], and
studies reporting tests of diagnostic methods [ 14]. More
guidelines will follow and many journals, including the
BMJ, require authors to conform to these standards. They
will send back reports that do not conform. So authors
need to be aware of these guidelines. The requirements
for introductions are usually straightforward and not very
different from the advice given in this chapter.

Keep it short

You must resist the temptation to impress readers by
summarising everything that has gone before. They will
be bored, not impressed, and will probably never make it
through your study. Your introduction should not read:
Archaeologists have hypothesised that a primitive
version of Ecstasy may have been widely used in
ancient Egypt. Canisters found in tombs of the pharaohs
... Sociological evidence shows that Ecstasy is most
commonly used by males aged 15 to 25 at parties held
in aircraft hangars? The respiratory problems associated
with Ecstasy may arise at the alveolar-capillary interface.
Aardvark hypothesised in 1926 that problems might arise
at this interface because of?

Nor should you write:

Many studies have addressed the problem of Ecstasy
and anaesthesia.1-9
With such a sentence you say almost nothing useful
and you’ve promptly filled a whole page with references.
You should choose references that are apposite, not
simply to demonstrate that you’ve done a lot of reading.
It may often be difficult to make clear in a few words
why your study is superior to previous ones, but you
must convince editors and readers that it is better. Your
introduction might read something like:
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Anaesthetists cannot be sure whether important
complications may arise in patients who regularly
use Ecstasy. Several case studies have described such
problems.” Three cohort studies have been published,
two of which found a high incidence of respiratory
problem in regular ecstasy users. One or these studies
was uncontrolled and in the other the patients were
poorly matched for age and smoking.’ The study that did
not find any problems included only six regular Ecstasy
users and the chance of an important effect being missed
(a type II error) was high.’ We have undertaken a study of
50 regular Ecstasy users with controls matched for age,
smoking status, and alcohol consumption.
A more detailed critique of the other studies can be
left for the discussion . Even then, you should not give an
exhaustive account of what has gone before but should
concentrate on the best studies that are closest to yours.
You will also then be able to compare the strengths
and weaknesses of your study with the other studies,
something that would be wholly out of place in the
introduction.

Make sure that you are aware of earlier studies

I’ve already emphasised the importance of locating
earlier studies. Before beginning a study, authors should
seek the help of librarians in finding any earlier studies.
Authors should also make personal contact with people
who are experts in the subject and who may know of
published studies that library searches do not find,
unpublished studies, or studies currently under way.
It’s also a good idea to find the latest possible review
on the subject an( search the references and to look at
the abstracts of meetings on the subject . We know that
library searches often do not find relevant papers that
have already been published, that many good studies
remain unpublished (perhaps because they reach negative
conclusions), and that studies take years to conduct and
sometimes years to get into published reports.
Editors increasingly want to see evidence that authors
have worked hard to make sure that they know of studies
directly related to theirs. This is particularly important
when editors’ first reaction to a paper is ‘Surely we know
this already’. We regularly had this experience at the BMJ
and we then .looked especially hard to make sure that
authors had put effort into finding what had gone before.
In a systematic review the search strategy clearly
belongs in the methods section, but in an ordinary paper it

belongs in the introduction, in as short form as possible.
Thus it might read:
A Medline search using 15 different key phrases,
personal contact with five experts in the subject, and a
personal search of five recent conferences on closely
related subjects produced no previous studies

of whether Grandmothers suck eggs.

Be sure your readers are convinced of the importance
or your question, but don’t overdo it
If you have selected the right audience and a good
study then you should not have to work hard to convince
your readers of the importance of the question you are
answering. One common mistake is to start repeating
material that is in all the textbooks and that your
readers will know. Thus in a paper on whether vitamin
D will prevent osteoporosis you do not need to explain
osteoporosis and vitamin D to your readers. You might,
however want to give them a sense of the scale of the
problem by giving prevalence figures for osteoporosis,
data on hospital admissions related to osteoporosis and
figures on the cost to the nation of the problem.

Don’t baffle your readers

Although you don’t want to patronise and bore your
readers by telling them things that they already know,
you certainly don’t want to baffle them by introducing,
without explanation, material that is wholly unfamiliar.
Nothing turns readers off faster than abbreviations that
mean nothing or references to diseases, drugs, reports,
places, or whatever that they do not know. This point
simply emphasises the importance of knowing your
audience.

Give the study’s design but not the conclusion

This is a matter of choice, but I asked authors to
give a one sentence description of their study at the end
of the introduction. The last line might read:
We therefore conducted a double blind randomised
study with 10-year follow up to determine whether
teetotallers drinking three glasses of whisky a week can
reduce their chances of dying of coronary artery disease.
I don’t like it, however, when the introduction also
gives the final conclusion:
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Drinking three glasses of whisky a week does not reduce
teetotallers’ chances of dying of coronary artery disease.

Other editors may think differently.

Think about using journalistic tricks sparingly
The difficult part of writing is to get the structure
right. Spinning sentences
is much easier than finding the right structure, and
editors can much more
easily change sentences than structure. Most pieces
of writing that fail do so because the structure is poor and
that is why writing scientific articles is comparatively
easy – the structure is given to you.
I have assumed in this chapter that you are writing
a scientific paper. If you are writing something else you
will have to think much harder about the introduction and
about the structure of the whole piece. But even if you
are writing a scientific paper you might make use of the
devices that journalists use to hook their readers.
Tim Albert, a medical journalist, gives five possible
openings in his excellent book on medical journalism
[15]: telling an arresting story, describing a scene vividly,
using a strong quotation, giving some intriguing facts, or
making an opinionated and controversial pronouncement.
He gives two examples from the health page of The
Independent. Mike Hanscomb wrote:
In many respects it is easier and less uncomfortable
to have leukaemia than eczema?
This is an intriguing statement and readers will be
interested to read on to see if the author can convince
them that his statement contains some truth. Jeremy
Laurance began a piece:
This is a story of sex, fear, and money. It is about a
new treatment for an embarrassing problem which could
prove a money spinner in the new commercial National
Health Service?
Sex, fear, and money are emotive to all of us and we
may well want to know how a new treatment could make
money for the health service rather than costing it money.
My favourite beginning occurs in Anthony Burgess’s
novel Earthly Powers. The first sentence reads:
It was the afternoon of my eighty-first birthday, and
I was in bed with my catamite when Ali announced that
the archbishop had come to see me.
This starts the book so powerfully that it might well
carry us right through the next 400 or so pages. (I had to
look up `catamite’ too. It means ‘boy kept for homosexual
purposes)
To begin a paper in the British Journal of Anaesthesia
with such a sentence would be to court rejection, ridicule,
and disaster, but some of the techniques advocated by Tim

Albert could be used. I suggest, however, staying away
from opinionated statements and quotations in scientific
papers, particularly if they come from Shakespeare, the
Bible, or Alice in Wonderland.

Conclusion :

To write an effective introduction you must know
your audience, keep it short, tell readers why you have
done the study and explain why it’s important, convince
them that it is better than what has gone before, and try as
hard as you can to hook them in the first line.

Method :

You should describe, in logical sequence, how your
study was designed and carried out, and how you analysed
your data. If the study is already finished, this should be a
simple task. However, do not leave writing the methods
until this stage! The sooner you write down the methods, the
sooner you can detect and deal with flaws in the design. Write
it down, in full detail, before you start the study and ask an
experienced colleague to look it over. The challenge of setting
down what you intend to do is also a very useful exercise – far
better than discovering predictable flaws after months of hard
work. In fact, if you are conducting a therapeutic trial, you
will have to register the study, and its methods, before you
start. If you don’t, many journals will not publish it.

What to include in the methods section
How the study was designed
• Keep the description brief
• Say how randomisation was done
• Use names to identify parts of a study sequence
How the study was carried out
• Describe how the participants were recruited and
chosen
• Give reasons for excluding participants
• Consider mentioning ethical features
• Give accurate details of materials used
• Give exact drug dosages
• Give the exact form of treatment and accessible
details of unusual apparatus
How the data were analysed
• Use a p-value to disprove the null hypothesis
• Give an estimate of the power of the study (the
likelihood of a false negative – the B error)
• Give the exact tests used for statistical analysis
(chosen a priori)
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Testing hypotheses

When readers turn to the methods section, they
look for more than details of the apparatus or assay
that you used. The methods section should answer the
questions ‘Who, what, why, when, and where?’ Even
more important, it should state the hypothesis that was
tested – for example, that a treatment has a particular
effect, such as increased survival or improved outcome.
This is formally tested by assuming that the null
hypothesis is true. The observed results indicate how
tenable this hypothesis can be – that is, the possibility
that the intervention was without effect. Naturally, we
would hope that this possibility would be small (much
less than 1, which is complete certainty). We state how
small this possibility (p-value) has to be to disprove
the null hypothesis as the ‘mission statement’ of the
study. A study of two antibiotics might :compare cure
rates. The null hypothesis is that there is no difference
between these rates. The statistical tests used will
estimate the likelihood that the rates are statistically
indistinguishable (the rates one might expect if the
drugs had been the same, so that both samples were
treated equally). A p-value of less than 0.05 (out of a
total probability of 1) shows that the possibility that
the
rates were statistically similar would have been
found in less than I out of 20 experiments. Many papers
merely say,
adequately, ‘p<0.05 was considered
significant’ ‘
The other side of the coin of probability, often
neglected, is the power of the study. If the null hypothesis
survives attempts to destroy its credibility, you cannot
conclude immediately that there is no difference between
the groups. You have only concluded that the rates
are statistically indistinguishable. Are your methods
sufficiently exacting to test the null hypothesis properly?
A true difference might indeed be present, but it could
be small. Another possibility is that a difference may
exist, but because the measurements vary, the variations
swamp the effect you seek. In both cases, a small ,signalto-noise’ ratio is present. You must therefore also estimate
the power of the study to detect what you are looking for,
to indicate possibility of a false negative result. This is
the 0 error. The value you choose depends on factors such
as the precision of the answer needed and may also take
into account the practical consequences of an incorrect
conclusion. A B-value is often taken as 0.2, which implies
a power of 0.8 to avoid a false negative result. In practice,
the power of a study depends on the size of the effect, the

variability of the data, and the number of observations. A
power of 0.8 is often taken as adequate, but this may not
always be sensible: take advice if you are unhappy with
a false negative result.
Always state clearly the a priori hypotheses – if only
to be sure that you Collect appropriate and relevant data
and do the correct statistical tests..

Statistics

State the exact tests used to analyse the data, and
include an appropriate reference if the test is not well
known. State the software, and the version, that you used.
The statistical test you should use depends on the type of
data. Sometimes the distribution of the data may not be
clear before the study is over, so the a priori tests should
be chosen conservatively and be non-parametric.

The statistics

Statistics must accompany data. Many papers suffer
because the statistics are badly presented. Obviously,
many statistical tests exist – conventional as well as
esoteric. Choose the test most appropriate for your data
analysis. Decide on which statistical test to use when
planning your study. Do not take the data of your finished
study to your local statistician to see what can be made of
them – that is a waste of everyone’s time.
Follow some general rules. As data are mostly
restricted to tables and figures, that is where you should
include most statistical data. Specify the type of statistic,
the sample size (n), and the probability value for a test of
significance (p-value). When normally distributed data
have been analysed statistically, report the mean and a
statistic that indicates the variation from the mean (e.g.
the standard deviation or the range). When non-normally
distributed data have been analysed statistically, report
the median and the interquartile range (the range between
the 25th and the 75th percentiles).
When you list statistical details in the text, follow
some conventional rules. Mean and standard deviation are
usually written as 11.4 ± 0.8 (SD) kg’ The conventional
way to write data that are being compared statistically is:
`Body weight increased more in group A than in group B
(13.2 ± 1.9 (SD) versus 9.4 ± 0.9 kg in eight patients, P
< 0.02)’ *This statement contains five types of statistical
information ;the mean (13.2 and 9.4kg’), the standard
deviation (1.9 and 0.9’), specification of the statistic
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used to describe the variation from the mean (‘SD’), the
sample size (n) (`8 patients’), and the probability value
of significance (p <0.02’). Usually, you should provide
all five types of statistical information; however, if any
of these statistical parameters apply to all data (e.g. SD
and sample size), you only need to describe the complete
statistical details when You list the data the first time and
can omit thereafter those that apply to all data. If you
decide to report the confidence interval, the statement can
be rewritten as follows: ‘Body weight increased more in
group A than in group B (13.2 +/- 1.9 (SD) versus 9.4 ±
0.9kg in eight patients; 95% confidence interval for the
difference = 1.8 – 5.2 kg, p < 0.02)
When you provide p-values, you should list the
actual p-values not only for those differences considered
statistically significant (e.g. p < 0.02), but also for
differences not considered significant (e.g. p > 0.6 or p
= 0.55). By restricting the information to statements like
`p > 0.05’ or `p = NS, you restrict the reader’s ability
to interpret the data accurately: a p-value of 0.06 does
not exclude the possibility of a statistically significant
difference as strongly as a p-value of >0.9.
Do not list data to a greater degree of accuracy
than that of the measurement . For example, if you
can measure cardiac output with an accuracy of only
±10%, do not quote values for individual results to three
decimal places. Make sure that any change described as
statistically significant is greater than the error of your
measurement. Be particularly careful with calculated
values: the errors of the original measurements add up
alarmingly.
Take care when you look at associations between
variables. Statistical significance needs to indicate
how much of an association can be attributed to the
dependency of one variable on another and how much is
due to chance. Be careful with extrapolation, and do not
confuse association with causation.
Statistical presentation is always a problem – too
much information, too little space. Present enough
information for the intelligent reader to believe what you
are saying. Remember: usually, neither your readers, nor

your assessors, are expert statisticians. If your statistical
tests are too esoteric, be prepared for a lengthy discussion
before publication.
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Clinically useful measures of trial outcome (part three):
Absolute risk reduction (ARR) and number needed to treat (NNT).
Ahmed Hassouna, MD.

Besides the previously outlined relative measures such as the relative
risk, relative risk reduction, hazard risk and Odds ratio; it is evident that
there is a need for also comparative indices which takes into account the
changes on the absolute scale. Table 1 shows the risk of sudden death
-calculated over 1 year- in a group of 800 patients with either moderate or
severe aortic valve stenosis (AS) and who benefited from either medical
or surgical treatment. As shown, the risk of sudden death in patients with
moderate AS is decreased from 0.01 (1%) in the medical (control) group to
only 0.005 (0.5%) in the surgery group. On the other hand, patients with
severe AS appear to get more benefit from surgery for the risk of sudden
death being decreased from as much as 0.1 (10%) to only 0.01 (1%).

T

he absolute risk reduction (ARR) that is achieved by surgery is

simply calculated by subtracting the risk of death associated in
the surgery group from that associated with the medically treated
patients (control group). In patients with moderate AS, surgery
can reduce the risk of sudden from 1% to only 0.5%; i.e. with

sby the same surgery for patient with severe AS is 18 folds that offered to
those with moderate AS; ARR= 10%-1% = 9%. As evident, the ARR says a
great deal about whether an effect is likely to be clinically meaningful (1). In
other words, the same surgery has a much higher clinical impact on patients
with severe AS, compared to those with moderate AS and hence, the treating
physician can highly recommend surgery to a patient with severe AS and to a
less extent or with some reservations to the patient with a moderate AS.
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The ARR can also be expressed in terms of number of events prevented per
100 people treated. In our example, operating upon 200 patients with severe
AS reduced the risk of sudden death from as much as 20 patients in the control
group to only 2 patients in the surgery group; i.e. 18 more patients were saved
by surgery in this study. In other words, surgery can save 18/2 = 9 people from
sudden death per each hundred patients with severe AS who are operated upon.
How many patients should we operate upon to save one life from sudden death
= 100/9 = 11.1 patients; which is known as the number needed to treat or NNT.
Hence, the NNT is the inverse of ARR [1/ARR in decimals or 100/ARR in %] or
NNT is the number of patients which a clinician needs to treat with a particular
therapy to expect to prevent one adverse event (1), i.e. in prophylaxis of a bad
outcome. On the other hand, if the event is a good outcome, NNT becomes the
number of patients which a clinician needs to treat with a particular therapy to
expect to achieve the good event (i.e. in treatment) (2).
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Aortic valve stenosis (AS)
(800 patients)

Ahmed Hassouna

Event (n, %)
Medical group

Surgery group

ARR

NNT

a) Moderate AS
(400 patients)

2/200
(0.01)

1/200
(0.005)

0.005

200

b) Severe AS
(400 patients)

20/200
(0.10)

2/200
(0.01)

0.09

11.1

Table 1: Risk of sudden death calculated over 1 year period for 800 patients with either moderate or severe aortic stenosis, who
were either medically or surgically treated.
Values are presented as numbers (%), AS = aortic valve stenosis, ARR = absolute risk reduction, NNT = number needed
to treat.

Though mathematically related to risk differences, the
number to treat is considered as a much more meaningful
way of expressing the benefit of an active treatment over
a control, either in the results of a therapeutic trial or
for medical decision making about an individual patient
(1). In our first example on patients with AS, we have
to perform 200 aortic valve replacements to prevent one
sudden death, among patients with moderate AS. The
cost of this life saved is, of course, much more expensive
than that life saved by performing only 11 aortic valve
replacements for patients with severe AS.
We have to note that there are situations in which
the treatment group may experience more adverse
outcomes, compared to the control group. Let us take
the example where the use of epidural anesthesia during
the course of labor was associated with a 16% need of
Cesarean section, compared to only 6% of control group
not receiving epidural anesthesia (2). If we proceed as
before we would report our results as follows: the ARR
= 0.06-0.16 = -0.1 (or -10%) and the NNT = 100/-10
= (-10). In fact, a negative absolute risk reduction and
consequently a negative number needed to treat indicate
that the treatment has a harmful effect or undesirable
outcome as the need of a Cesarean section in our case.
Indeed, it would be more appropriate by just changing
the terms to present our case as follows: The absolute risk
increase (ARI) is 10% and the number needed to harm
(NNTH) is 10 patients. The latter means that for every
10 women in labor who are given epidural analgesia, 1
will have a caesarean section that otherwise would not
have had the operation if all 10 women did not receive
epidural anesthesia. A negative number needed to treat
has been called the number needed to harm: NNTH or
NNT (harm); while a positive NNT has been called the
number needed to benefit: NNTB or NNT (benefit)(3).

Nevertheless, the NNT is like the arithmetic mean,
i.e. it can express the whole of a study in just a single
number and the CI at 95% is simply obtained by taking
reciprocals of the values defining the confidence
intervals for the ARR (3). Applying this to patients with
severe AS in Table 1, and as previously shown in this
series for calculating the IC of proportions, we begin by
calculating both: a common death rate for all patients
with severe AS who benefited from both therapies (p)
and a common survival rate (q= 1-p). As both groups
have the same number of patients, p = (0.1 + 0.01) /2
= 0.055 and by deduction q= 0.945. If Ns and Nc are
the respective number of patients in the 2 groups surgery
and medical (control) respectively, the common variance
for both groups = pq/Ns + pq/Nc = (0.055x 0.945)/200
+ (0.055x 0.945)/200 = 0.00052 and the SD equals the
square root of the variance = 0.023. The IC at 95% of the
ARR = ARR + 1.96 x SD = 0.09 + 1.96 x 0.023 = 0.046
and 0.135 and those of the NNT are just their reciprocal
values = 7.5 and 21.7 patients.
The NNT vary with the duration of follow-up and
hence, in a time to event study (e.g. survival), the NNT
at a specific time represents the number of patients
who need to be given the treatment in question, for one
additional patient to benefit from the treatment and “not
to experience the event; i.e. (e.g. to survive) at that time
point (4). In our example, we have calculated the NNT
after 1 year of follow up. In the case where we would
like to calculate the NNT for a shorter or a longer follow
up period, Sackett and colleagues suggested a simple
correction by multiplying the observed NNT by the
ratio formed of: the average duration of follow up to
the duration of interest. Taking the example illustrated
in Table 1: the NNT calculated for patients with severe
AS 1s 11.1 patients, for an average of 1 year follow-up.
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= 19.2 and 26.3 patients. Note that the NNT calculated
by this equation is nearly the same as calculated by the
more simplistic one given above (5). This is because the
mortalities after 6 months of follow up were half those
reported after double this period; after 1 one year. In other
words, we have supposed that the hazard of mortality and
effect treatment are constant over the period of the study;
which is unfortunately not always the case.
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Accordingly, we can calculate the NNT for a 2 years
follow-up = 11.2x 1/2= 5.6 patients and the NNT for 6
months follow up = 11.2 x 1/0.5 = 22.4 patients. Although
the equation is attractively simple, yet it necessitates 2
strong assumptions that are sometimes hard to verify: the
rate by which the event in question occurs as well as the
effect of the given treatment are both constant over time
(5). A more realistic equation that avoids making those
hard assumptions was given by Altman and Anderson.
It begins by estimating survival at a certain time point
for both: active treatment group (Ss) and control group
(Sc) and noting the number of patients remaining alive
in both groups Ns and Nc; always at the same time point.
The ARR equals (Ss- Sc) and its standard error equals the
square root of the quantity [Ss2(1-Ss)/Ns+Sc2(1-Sc)/Nc].
As routine, the 95% IC of ARR = ARR + 1.96 SE and that
of NNT is the reciprocals of those values (4). Let us apply
the equation to our example and suppose that at 6 months,
10 patients died in medical group in comparison to only 1
patient in surgery group. At 6 months, the ARR = 10/2001/200 = 0.05-0.005 = 0.045 and, its SE = the square root
of the quantity [0.052(1-0.05)/190+0.0052(1-0.005)/199]
= 0.0036 and the CI at 95% = 0.045 + 1.96 x 0.0036
= 0.038 and 0.052. The NNT = 22.2 and its CI at 95%
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Objectives: To evaluate the feasibility and safety of Off-Pump left internal
mammary artery (LIMA) to left anterior descending artery (LAD) in
high risk patients with isolated ischemic single vessel disease, in the form
of LAD lesion. This evaluation was done in terms of early survival and
post-operative complications. Duration of ventilation, ICU stay, and total
hospital stay were also reviewed.
Methods: The material of this study consisted of retrospective assessment
of 30 high risk patients underwent single graft LIMA to LAD off-pump,
in Ain Shams University Hospitals, in the period From March 2007 to
October 2008. We defined high risk patients as those patients having one
or more co-morbidity rendering them high risk for aortic cannulation and
cardiopulmonary bypass. The included comorbidities were, left ventricular
dysfunction and low EF (≤ 35), renal dysfunction (not on dialysis) with
a serum creatinine > 1.5, sever calcification and atherosclerosis of the
ascending aorta, elderly patients with age > 75 years, body mass index
(BMI) > 27, history of stroke with carotid and peripheral vascular diseases
(PVD), blood diseases with coagulation disorders, malignancy and chronic
obstructive pulmonary disease (COPD).
Results: Hospital mortality was 3.3% due to perioperative MI and low
cardiac output. The mean ventilation time was 9.6 ± 4.86 hrs, mean
inotropic usage time was 8.7 ± 14.09 hrs, and total ICU stay was 42.76
± 20.79 hrs. Low cardiac output detected in 10%, with intraoperative
insertion of IABP. There was no incidence of emergency conversion to OnPump. Postoperative total hospital stay ranged from 5 to 15 days (mean
of 7.8 ± 2.8).
Conclusion: Off-Pump LIMA to LAD can be safely done in high risk
patients who had single coronary artery disease, LAD lesion with
acceptable morbidity and early mortality.

T

reatment strategies for ischemic heart disease are complicated by

the development of off-pump coronary artery bypass (OPCAB)
surgery and drug-eluting stents (1). Since percutaneous coronary
intervention is indicated in a wider range of cases and the remaining
sever, high risk cases are subject to surgical revascularization,
the best surgical approach should be selected carefully among OPCAB, OnPump Beating heart coronary artery bypass (CAB), and Conventional CAB
(2). Numerous investigations have shown the OPCAB procedure to hold
some advantages over conventional coronary artery bypass (CCAB) using
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cardiopulmonary bypass (CPB) (3,4). OPCAB is advanced
by improved surgical techniques and the development
of new devices and is introduced aggressively even in
high-risk patients for cardiopulmonary bypass (CBP)
(e.g., patients with left ventricular dysfunction and low
ejection fraction (EF), patients with sever calcification
of the ascending aorta, elderly patients, and those
complicated by cerebrovascular disorder, malignancy,
multiple atherosclerosis, renal failure, and/or respiratory
failure (5,6).

echocardiography for viability assessment of anterior wall
and septum. All patients with history of cerbrovascular
disorders or peripheral vascular disease underwent CT
brain, CT chest and heart, carotid duplex, and peripheral
vascular duplex. Coronary angiography was done for
all patients to asses the LAD lesion and the condition of
the other vessels. Anginal symptoms were evaluated on
the basis of the Canadian Cardiovascular Classification
(CCS), and functional status was evaluated on the basis
of New York Heart Association (NYHA) classification.

The aim of this study was to evaluate the results of
OPCAB left internal mammary artery (LIMA) to left
anterior descending artery (LAD) in high risk patients
with isolated ischemic single vessel disease, in the form
of LAD lesion, as regarding early survival and postoperative complications. Duration of ventilation, ICU
stay, and total hospital stay were also reviewed.

Surgical technique:

Methods:

The material of this study consisted of retrospective
assessment of 30 high risk patients had ischemic heart
disease, single vessel disease, in the form of LAD lesion.
All patients underwent single graft LIMA to LAD offpump, in Ain Shams University Hospitals, in the period
From March 2007 to October 2008. We defined high
risk patients as those patients having one or more comorbidity rendering them high risk for aortic cannulation
and cardiopulmonary bypass. The included comorbidities
were, left ventricular dysfunction and low EF (≤ 35), renal
dysfunction (not on dialysis) with a serum creatinine > 1.5,
sever calcification and atherosclerosis of the ascending
aorta, elderly patients with age > 75 years, body mass
index (BMI) > 27, history of stroke with carotid and
peripheral vascular diseases(PVD), blood diseases with
coagulation disorders, malignancy, chronic obstructive
pulmonary disease (COPD). Pre-operative data were
collected for all patients including: history taking for
age, sex, history of diabetes mellitus (DM), hypertension,
hyperlipidemia, previous stroke, previous myocardial
infarction (MI), smoking, malignancy, PVD or carotid
disease, known blood disease or coagulation disorders.
Routine preoperative investigations were done including
electrocardiography (ECG), complete blood picture
(CBC), serum creatinine, pulmonary function test, liver
function tests, and full coagulation profile. All patients
underwent preoperative echocardiography for assessment
of ejection fraction (EF %), left ventricular end diastolic
diameter (LVEDD), and degree of mitral incompetence.
Patients with EF ≤ 35 % underwent dobutamine stress

Off-pump coronary artery bypass operation was
carried out through a full sternotomy incision after
harvesting of pedicled LIMA for all patients in the
habitual manner. The LIMA was incised at its distal
bifurcation, and then fashioned for distal anastomosis
after administration of heparin in the dose of 1.5 mg /
kg and activated clotting time (ACT) was maintained
at>250 s. The heart was raised up to the level of
the sternum using warm big towel and myocardial
stabilization was achieved using Octopus 3 stabilizer
(Medtronic Inc., Minneapolis, Minn.). The LAD
was occluded proximally using 4/0 prolene, and a
blower-mister (Medtronic Inc.) was used for enhanced
visualization during performing the end-to-side
anastomosis using 7.0 Prolene sutures. Silastic shunts
were used if there was a distal bleeding troublesome
or there were ST changes in the ECG. Shunts were
avoided as far as possible if the vessel was diffusely
disease. No cell-savers were used. After finishing the
anastomosis, the octopus was removed and LIMA
pedicle was fixed on the surface of the heart, then
protamine sulfate was administered at half the heparin
dose. The type and dose of inotropic support was
adjusted according to the haemodynamic status and
visible cardiac function if needed. Haemostasis and
closure in layers after insertion of two mediastinal and
one pleural drain. The patient was transferred to the
intensive care unit (ICU) and managed as the routine.
Full monitoring in the form of invasive arterial blood
pressure, centeral venous pressure, oxygen saturation,
blood sugar level, arterial blood gases (ABG), urine
output, mediastinal and pleural drainage hourly.
Baseline ECG, chest x-ray, CBC, serum creatinine,
liver function tests, total CPK, and CPK-MB was
done. Also full coagulation profile in the form of PT,
PTT, INR, and ACT was done.
The following definitions were used for various
hemodynamic and biochemical parameters: Hypoxia:
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PaO2 of <60 torr with FIO2 of 0.4 Low cardiac output:
Clinical criteria of cold peripheries, mean arterial
pressure of less than 60 torr, urine output of <0.5
ml/kg/hour, acidosis and a mixed venous saturation
of <60%. Renal dysfunction: Serum creatinine
>1.5 mg%. Inotropic usage: Dopamine >5 mcg/kg/
min or adrenaline >0.05 mcg/kg/min Perioperative
myocardial infarction: Development of new Q waves
in the ECG or new wall motion abnormalities on
echocardiogram or CPK-MB fraction >10% of total
CPK. Perioperative insertion of an intraaortic balloon
pump (IABP) was defined as a procedure for improving
hemodynamics in the presence of cardiogenic
shock (The type used was Datascope system 98/XT,
Datascope Corp., Montvale, NY). Transient ischemic
attack (TIA) was defined as any neurological deficit
which disappeared completely within 24 hours.
Postoperative cerebrovascular accident was defined as
a new neurological dysfunction affecting ambulation
or day to day function after operation, and persisting
for 24 hours after onset. Atrial fibrillation was defined
as sustained atrial arrhythmia requiring treatment.

Statistical analysis:

Demographic, preoperative clinical features,
operative and postoperative data were collected and
expressed as percentages/mean and standard deviation
wherever applicable.

Results:

Preoperative Characteristics:

A total of 30 high risk patients were analyzed in
this study. Preoperative patients’ characteristics are
summarized in Table 1. The mean age of patients was
65.9 ± 8.1 years, with a range of 55 to 84 yrs., 22 (73.3
%) males and 8 (26.6 %) females. Twenty-five patients
(83.3%) were in NYHA functional class III–IV. The
mean left ventricular EF was 36.8 ± 12.8, eighteen (60 %)
patients had EF ≤ 35 %, 7 (23.3%) had EF 35 % - 55 %
and 5 (16.6%) patients had EF ≥ 55 %. The preoperative
distribution of patient’s co-morbidities and risk factors
were, DM in 23 (76.6%) patients, 15 of them (50%)
on insulin therapy, hypertension in 14 (46.6%) patients,
hyperlipidemia in 7 patients (23.3%), COPD in 4 patients
(13.3%), renal dysfunction in 9 patients (30%), blood
disorders in the form of hyper-spleenism in 1(3.3%)
patient with a platelet count of 60.000 per cc, carotid
artery disease in 5 patients (16.6%), and peripheral
vascular disease in 3 patients (10%). Previous MI
presented in 9 patients (30%), and obesity in 6 patients
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(20%). Six patients (20%) had previous cerebro-vascular
accident, 3 of them (10%) with (TIA), 1 patient (3.3%)
with monoplegia, and 2 patients (6.6%) with hemiplegia.
Aortic calcification was diagnosed by CT chest and heart
in 4 (13.3%) patients. There were 10 (33.3%) underwent
previous angioplasty, and IABP was inserted in 1 patient
(3.3%) during anaesthetic induction due to haemodynamic
instability. As regarding distribution of Euro SCORE
among the patients, there were four patients (13.3%) with
SCORE < 3, 20 patients (66.6%) with score from 3 - 9,
and 6 patients (20%) with SCORE > 9.

Variable

Mean ± STD
Or No.

Percentage
%

No. of patients

30

Age (years)

65.9 ± 8.1

Sex
M
F

22
8

(73.3 %)
(26.66 %)

LVEF %
≤ 35 %
35 % - 55 %
≥ 55 %

36.8±12.8
18
7
5

( 60 % )
(23.3%)
(16.6%)

Preoperative IABP

1

( 3.3% )

Previous MI

9

(30%)

Diabetes

23

(76.6%)

Hypertension

14

(46.6%)

Obesity (BMI> 27)

6

(20%)

Blood diseases or
coagulation disorders

1

(3.3%)

Hyperlipidemia

7

(23.3%)

COPD

4

(13.3%)

Smoking

15

(50%)

Peripheral vascular disease

3

(10%)

Carotid artery disease

5

(16.6%)

Aortic calcification or
atherosclerosis

4

(13.3%)

Previous Cerebrovascular accident

6

(20%)
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CCS angina class
I
II
III
IV
NYHA class
I
II
III
IV
Previous angioplasty
EuroSCORE (%)
<3
3–9
9 – 25
> 25
Mitral incompetence grade
I
II
III
IV

9
6
3

(30%)
(20%)
(10%)

1
4
10
15

(3.3%)
(13.3%)
(33.3%)
(50%)

5
15
10
10
4
20
6
14
3
-

(16.6%)
(50%)
(33.3%)
(33.3%)
(13.3%)
( 66.6% )
(20%)

(46.6%)
(10%)

Table 1: Preoperative Characteristics
NYHA: New York Heart Association
CCS: Canadian
Cardiovascular Society
LVEF:Left ventricular ejection fraction IABP: Intraaortic
balloon pump
LVEDD:Left ventricular end diastolic dimension
PTCA: Percutaneous transluminal coronary angioplasty.
COPD: Chronic Obstructive Pulmonary Disease
EuroSCORE: European System for Cardiac Operative Risk
Evaluation
BMI: Body Mass Index MI: Myocardial Infarction
M: Male F: Female

Operative Details: (Table 2)

All patients underwent single graft LIMA to LAD offpump. The diagnosis of aortic calcification in four (13.3%)
patients done preoperatively by CT chest and heart was
confirmed by manual aortic examination and palpation intraoperatively. Intra-coronary shunt was applied in 10 (33.3%)
patients, 6 (20%) patients due to sever bleeding at the site
of anatomises, and 4 (13.3%) patients due to haemodynamic

and ECG changes after proximal snaring. Five (16.6%)
patients underwent long LIMA to LAD anatomises in
the form of patch arterioplasty due to diffuse disease and
successive lesions. Intra-operative transfusion of blood
products was needed in 3 patients (10%) due to blood loss
and decreased haematocrite level. IABP was inserted intraoperative in 2 patients (6.6%) due to low cardiac-output
manifestations. There was no incidence of intraoperative
emergency conversion of the procedure from Off-pump to
On-pump.

Variable

Mean± STD Percentage
Or No.
%

Intracoronary shunts

10

(33.3%)

LAD Patch Arterioplasty

5

(16.6%)

IABP

2

(6.6%)

Blood Transfusion

3

(10%)

Conversion to On-Pump

0

Table 2: Operative Variable
LAD: Left Anterior Descending IABP: Intra Aortic Balloon
Pump

Postoperative findings:

All post-operative data were summarized in
Table 3. In this series hospital mortality was (3.3%)
one patient, due to perioperative MI and low cardiac
output. The patient died after 15 hrs in the ICU with high
inotropic support and IABP. The mean of ventilation
time for all patients was 9.6 ± 4.86 hrs, inotropic usage
time was 8.7 ± 14.09 hrs, and total ICU stay was 42.76
± 20.79 hrs. Three patients (10%) transferred from
operating room to the ICU with low cardiac output
manifestations necessitated intra-operative insertion
of IABP. The first patient died 15 hrs postoperative,
while the IABP was removed with out complications
after 24 hours in 2nd patient and 48 hours in the 3rd
one. The post- operative mean drainage was 888.9 ±
664.5 ml, and Hb level was 10.2 ± 1.28 mg%. Three
patients (10%) were re-ventilated after extubation due
to progressive hypoxia, and 2 patients (6.6%) were reexplored for bleeding; one of them had a preoperative
hypersleenism with thrombocytopenia (platelets count
60.000 per cc). Postoperative mean blood sugar level
in the ICU was 233.8 ± 56.7 mg%, and mean of white
blood count was 8773.3 ± 3127.5 per cc. There was no
incidence of post-operative cerebro-vascular accidents

The Journal of Egyptian Society Cardiothoracic Surgery ● Volume 17, Number (3-4) 141

Cardiovascular

Renal dysfunction
Serum creatinine level 1.5-2 (mg/dL)
Serum creatinine level≥ 2

Cardiovascular

Cardiovascular

Cardiovascular
Cardiovascular

Osama A. Abbas et al

Variable

Mean± STD
Or No.

Percentage
%

Hospital mortality

1

(3.3%)

Periop. MI (no. of pts)

1

(3.3%)

Stroke

0

Renal dysfunction
Serum creatinine level 1.5-2 (mg/dL)
Serum creatinine level ≥ 2

12
8
4

(40%)
(26.6%)
(13.3%)

Aggravation of preoperative renal dysfunction

3

(10%)

Ventilation time (hrs)

9.6 ± 4.8

Re – ventilation after extubation

3

Drainage (ml)

888.9 ± 664.5

Blood product (1 unit=350 ml)
Packed RBCS (unit)
FFP
(unit)
Platelets
(unit)

1.7 ± 1.44
4.23 ± 5.1
3.2 ± 4.38

Re-exploration for bleeding

2

Hb (mg %)

10.2 ± 1.2

Low cardiac output

3

Inotrope usage (hrs)

8.7 ± 14.09

Blood sugar (mg %)

233.8 ± 56.7

Hypoxia
Respiratory failure

4
0

WBC (per cc)

8773.3 ± 3127.5

ICU stay (hrs)

42.7 ± 20.7

Post – operative AF

2

(6.6%)

Gastrointestinal complications

1

(3.3%)

Postoperative systemic infection

0

Deep sternal wound

0

Hospital stay (days)

7.8 ± 2.8

Table 3: Post-operative Characteristics
WBC: White Blood Cell Count. ICU: Intensive Care Unite
FFP: Fresh Frozen Plasma RBCS: Red Blood Corpuscles
AF: Atrial Fibrillation Hb: Haemoglobin
MI: Myocardial Infarction
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or renal failure needed dialysis, inspite of having 12
patients (40%) with renal dysfunction. Two patients
(6.6%) had post-operative AF treated with intravenous
(IV) infusion of amiodarone, and 1 patient (3.3%)
experienced melena in the 4th day post-operatively
with decreased hg level down to 5 mg%. This patient
re-admitted to ICU and received blood transfusion,
gastrointestinal wash, and IV infusion of proton pump
inhibitors. Postoperative total hospital stay ranged
from 5 to 15 days (mean of 7.8 ± 2.8).

Discussion:

Many centers have observed an increase in the
number of higher-risk patients referred for CABG. (7,8).
Barandon et al,(9) considered patients with additive
EuroSCORE > 9, or with at least two of the following
criteria, severe LV dysfunction, elderly patients, recent
myocardial infarction (MI), terminal renal failure, lung
dysfunction, peripheral vascular disease, and body mass
index (BMI) > 30, high risk group. Most coronary disorder
patients have cerbrovascular disorder concomitantly,
which is regarded as a major issue (10). However,
maintenance of pulse pressure with no use of CPB is
reported to be effective in case of preoperative multiorgan disorder, such as those complicated by obstructive
ventilatory disturbance or by renal dysfunction (11).
The purpose of the present study was to assess early
results of Off-Pump LIMA to LAD strategy in patients
presenting a high surgical risk, with a wide combination
of comorbidities. We defined high risk patients as
those patients having one or more co-morbidity
rendering them high risk for aortic cannulation and
cardiopulmonary bypass. This group of high risk patients
included patients with left ventricular dysfunction
and low EF, renal dysfunction (not on dialysis), sever
calcification and atherosclerosis of the ascending aorta,
elderly patients, history of stroke, blood diseases with
coagulation disorders, malignancy, chronic obstructive
pulmonary disease (COPD). Preoperative analysis of our
population confirmed the relatively severe state of all our
patients. Twenty percent of our patients had an additive
EuroSCORE higher than 9, 30% had previous MI, and
20% of our patients were morbidly obese. Also there were
6 patients (20%) had previous cerebrovascular accident,
30% of patients had renal dysfunction, 3 patients (10%)
with sever peripheral vascular disease, and 16% of
patients had carotid artery disease. In addition, more
than 60% of patients presented impaired left ventricular
function (EF< 35%). Off-pump CABG is claimed to have

significantly brought down the complications attributed
to the use of extracorporeal circulation (12).
The initial fear regarding patency of the grafts done
off-ump has been allayed by many reports (13). This is
largely due to the development of excellent stabilizers
such as the Octopus III, Genzyme and CTS Guidant
systems. Broadly, there are two types of stabilizers, viz.
suction devices and compression devices. The Octopus
III is the most widely used system and is based on
suction stabilization. The Genzyme and CTS Guidant use
compression of the target area for immobilization. The
Starfish (Medtronics) and Apical Suction Cone (CTS)
may further increase the ease and reach of this technique
in the future (14). Occlusion of the coronary artery
proximally results in a bloodless field but this could be
also achieved by using an intracoronary shunt. These
shunts maintain distal perfusion and allow unhurried
construction of anastomoses in a blood-free operative
field. Furthermore, the arteriotomy could be spread with
a soft tensile force applied to the tether of the shunt. This
simple method makes it possible to perform safe and
precise anastomoses. Also we believe that advancement is
attributed to improved anatomises techniques of surgeons
and cooperation of anaesthesiologists, medical engineers
and operating room staff who can take appropriate
measures against changes in haemodynamics on a caseby-case basis. In present study, the Octopus 3 stabilizer
(Medtronic Inc., Minneapolis, Minn.) was used for
fixation and a blower-mister (Medtronic Inc.) was used for
enhanced visualization during performing the end-to-side
anastomosis of LIMA to LAD in all cases. As Karagounis
and associates,(15) and Ascione et al,(16) applied distal
snares in their early experience with perioperative infarcts
formation as a clot developed at the site of the distal
snare in the postoperative period, we applied 4/0 prolene
for proximal control, but no distal control was used. Also
silastic shunts were used in 6 patients (20%) due to distal
bleeding troublesome, and in 4 patients (13.3%) due to
haemodynamic instability and ST changes in the ECG.
The results of off-pump coronary artery bypass grafting
(OPCAB) will not be very different if aortic anastomosis
for inflow is used, because it entails partial clamping of
the aorta. Epiaortic scanning and clampless proximal
aortic anastomosis may contribute greatly to the reduction
of stroke when aortic manipulation is unavoidable(17,18).
Sharony and coworkers,(19) concluded that Off-pump
CABG using a single internal mammary artery inflow
may circumvent the need for aortic anastomosis. In our
study, 4 patients (13.3%) had a preoperatively diagnosed
aortic calcification and atherosclerosis, were confirmed
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intraoperatively, and all patients had a single vessel
disease, LAD lesion, so the only used conduit was LIMA
to LAD. Wijeysundera et al,(23) found, in a multicentre
trial, that an off-pump approach is associated with lower
risk-adjusted mortality and morbidity.
From the available literatures, as Magee et al,(20)
it is clear that OPCAB is safe and dependable and is
as good as ONCAB in low- and moderate-risk cases,
albeit with the possibility of lesser number of grafts
per patient. But we believe as well as Al-Ruzzeh et al,
(21) that the true value of OPCAB may be in the highrisk group. Hilker and associates,(22) in a review of 507
patients underwent OPCAB with observed mortality
of 2.37%, concluded that OPCAB in high risk patients
was the superior method with respect to mortality and
morbidity. Wijeysundera and associates,(23) reported an
operative mortality of 3.2%, and concluded that patients
with poor left ventricular function may undergo surgical
revascularization using the off-pump technique with good
results and low mortality in high risk patients. Barandon
et al, (9) in a study of 120 high risk patients underwent
OPCAB, reported early mortality of 3%. Parolari et al,(24)
in his meta-analysis of currently available randomized
trials, previous comparative study of the two techniques
of On-pump CAB and OPCAB, concluded that the
operative mortality was 1.1 % for ONCAB and 1.4%
for OPCAB in their low-risk group. However, in their
high-risk group it was 28.5% and 7.7%, respectively.
Most of these reports attributed the hospital mortalities
in there studies to low cardiac output syndrome and
preoperative comorbidities(25,26). Al-Ruzzeh et al,(27)
compared operative results of OPCAB with those of OnPump/ Beating heart CAB in 305 CAB patients with the
LVEF of less than 30 %. While the operative mortality
was 6.6 for OPCAB and 14.1% for On-Pump/beating
heart CAB, risk factors included ventricular tachycardia
and fibrillation but did not include the use of CPB in the
patients with reduced left cardiac function. In our study,
we had 3.3% hospital mortality, due to perioperative MI
and low cardiac output. We believe that small number
of studied patients and revascularization with one graft
only, LIMA to LAD might be a contributor of this low
mortality.
Srinivasan and associates,(28) reported that the
systemic inflammatory syndrome is not peculiar to CPB
though the degree of inflammation may be more with
the use of CPB. In the present study, we experienced no
serious infection with a postoperative mean white blood
cell count of 8773.3 ± 3127.5 per cc. Stamou et al,(29)
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reported that the risk of postoperative cerebral infarction
was 1.8 times higher for on-pump beating CAB than for
OPCAB through a study of 2,320 OPCAB and 8,069
on-pump beating CAB cases. Another report suggested
a decrease in neurocognitive function associated with
pump use(30). OPCAB is reported to allow the avoidance
of acute pulmonary disorder associated with systemic
inflammatory reactions to CPB (31,32). The total number
of complications induced in our study was relatively
small, with mean ICU stay hours of 42.7 ± 20.7 and
mean total hospital stay of 7.8±2.8 days. Only one of
our patients experienced haematemesis and treated in the
ICU. Postoperative low cardiac output was evidenced
only in 3 (10%) of our patients, another 2 patients (6.6%)
experienced postoperative AF, and 12 patients (40%) had
post operative renal dysfunction with no renal dialysis
needed.
The limitations of this study are that it is
nonrandomized, retrospective review of a small cohort of
patients and was limited to high risk patients with single
graft LIMA to LAD Off-Pump.
In conclusion, Off-Pump LIMA to LAD can be safely
done in high risk patients who had single coronary artery
disease, LAD lesion with acceptable morbidity and early
mortality.The immediate results are satisfactory and longterm follow-up is mandatory. If other workers cooperate
in a prospective multicenter studies, OPCAB will be a
great advancement in the technique for the care of aged
high-risk multivessel candidates for CABG who are seen
more often nowadays.
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Bakground: Pleural effusion is very common after coronary artery bypass
grafting (CABG) surgery, occurring in up to 50% to 75% of patients in
the 1st week after operation. The present study was designed to determine
the prevalence and management of pleural effusion after coronary artery
bypass surgery.
Methods: This study included 568 patients who underwent CABG; 268
developed
postoperative pleural effusion. Chest radiographs were
obtained during hospitalization, one immediately after surgery, one every
postoperative day , one after chest tube removal and when they returned
for their regular follow-up visit 2 weeks postoperatively and monthly for
3 months.
Results: The size of the pleural effusion was small in most of the patients
57.67%(n = 154); 61patients (22.84%) had a moderate effusion in which it
was occupied 25-50% of hemithorax, and 52 patients (19.47%) had a large
effusion (occupying > 50% hemithorax. The primary symptom associated
with these larger effusions was dyspnea. The effusions tended to resolve
spontaneously in most cases and thoracocentesis or thoracostomy tube
required in small percentage of patients.
Conclusion: 47% of patients after CABG surgery developed pleural
effusion, about 19.5% that occupies more than 50% of the hemithorax.
Most effusions after CABG surgery are left sided. If the effusion is
moderate or large and the patients have dyspnea, drainage should be
considered.
Key words: pleural effusion, coronary bypass
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leural effusion is a common consequence following heart surgery,

but in most cases the fluid collection is small and not clinically
significant. Some patients, however, develop a significant effusion
during the initial hospitalization or after hospital discharge,
which requires drainage to relieve respiratory symptoms.(1) The
reported incidence of symptomatic effusion varies widely in the literature,
some reported that approximately 50% of patients undergoing CABG develop
a pleural effusion. in other report ,pleural effusion occurs in up to 89% of
patients during the first week after coronary artery bypass grafting (CABG). (2)
The incidence of post-CABG pleural effusions is higher in patients who receive
internal mammary artery (IMA) grafts than in those who receive saphenous
vein grafts. The etiology of these persistent effusions remains unknown. Most
effusions are diagnosed in the early postoperative course; however, some attain
their maximal size weeks to months after surgery. (3) This retrospective study
was undertaken to determine the incidence of pleural effusion after coronary
artery bypass graft surgery.
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Methods:

The study included 568 patients, who underwent
coronary artery bypass graft surgery between June 2005
to may 2008 at King Khalid cardiac center, King Saud
University Riyadh, Saudi Arabia. The patients were
reviewed and data were collected regarding age, sex, type
of surgery, site , size of effusion and timing of occurrence
of effusion after CABG. Preoperative and postoperative
data were obtained from database registry. Information on
postoperative events after hospital discharge obtained from
outpatient clinic records during the first three months.

The size of pleural effusion was estimated according
to criteria based on semiquantitation method used by
Light and coworkers by visually estimating the percentage
of the area of the hemithorax occupied by pleural fluid
on lateral chest radiograph. The small effusion occupied
less than 25% of the hemithorax, a moderate effusion
occupied 25% -50%, and a large effusion occupied more
than 75% Table 1( 2).
Grade of
Effusion
0
1

Characteristic of Chest Radiograph
No pleural effusion
Blunting of the costophrenic angle

2 (small)

More than blunting of the costophrenic
angle but less
than 25% of hemithorax occupied by pleural
fluid

3 (moderate)

Pleural fluid occupying 25% to 50% of
hemithorax

4 (large)
5 (massive)

Pleural fluid occupying 50% to 75% of
hemithorax
Pleural fluid occupying more than 75% of
hemithorax

Table 1. Semiquantitation of Size of Pleural Effusions (2)

Effusion
Early effusion
Late effusion
Left side
Right side
Bilateral

No. of patients & %
189
(70.78%)
78
(29.22%)
256
(95.5%)
3
(1.1%)
8
(2.98%)

Table 2: Time of occurrence and size of effusion.

All patients in the study had CABG , most of them
were operated by conventional technique that utilized
cardiopulmonary bypass and blood cardioplegia, while
others were operated with on-pump beating heart
technique. Each patient had the mediastinum and the left
pleural cavity were drained with two chest tubes. The
chest tubes were removed at the first postoperative day
when the drainage became less than 80 cc in the previous
8 hours. Otherwise, the tubes were left in place for another
12 to 24 hours or until the drainage became less than 80
cc/8 hours . All patients were started on aspirin (81 mg/
day) from the 1st postoperative day. Anticoagulants or
other antiplatelets were used only in special situations.
All patients had postero-anterior and lateral chest
radiograph during hospitalization, one immediately after
surgery, one every postoperative day , one after chest
tube removal and when they returned for their regular
follow-up visit 2 weeks postoperatively and monthly
for 3 months. Effusions with no definite cause were
classified as sanguineous or non- sanguineous according
to the gross description of the pleural fluid.
Statistical Analysis The data are expressed as the
mean ± SD if normally distributed. The characteristics
of the patients with no effusion, small effusions, and
large effusions were compared using one-way analysis
of variance.

Results:

568 patients underwent CABG in our center, mean
age was 64 ± 10 years; 410 were male and 158 were
female. Most of the patients 87.67% (n=498) included in
the study underwent CABG using left internal mammary
artery grafts (LIMA) in addition to saphenous vein (SV)
grafts ,while 50 patients (12.32%) received only SV
grafts due to various causes including age >70 years,
emergency cases, inadequate length or flow of LIMA.
In general, there was no significant relationship
between the occurrence of a pleural effusion and the age
of the patient, the sex of the patient, operative time, or
number of grafts received.
The prevalence of pleural effusion in the 568 patients
who underwent isolated CABG surgery was 47% (267
patients).The prevalence of pleural effusions was clearly
higher in patients who received left internal mammary
artery grafts 85.5% (254 patients). The size of the pleural
effusion as estimated from the lateral chest radiograph
using our criteria was small in most of the patients
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57.67%(n = 154); 61patients (22.84%) had a moderate
effusion in which it was occupied 25-50% of hemithorax,
and 52 patients (19.47%) had a large effusion (occupying
50%-75% of hemithorax) , no patient in this study
presented with massive effusion >75% of hemithorax
figure (1).

Nezar El Nahal et al

All the patients with small effusion were managed
conservatively, whereas thoracocentesis was done in 38
patients (14.17%) with moderate symptomatic effusion.
All the patients with large effusion (19.47%) were treated
by thoracostomy tube drainage which was removed after
complete drainage of the effusion. The average chest
tube stay was 2.9±2.1 days. Patients who underwent
thoracentesis or thoracostomy tube reported that their
dyspnea was effectively alleviated, figure 3. Antiinflammatory agent (Indomethacin) used in 4 patients
who had prolonged significant drainage.

Figure 1: degree of effusion.

Early effusions occurred within the first 2 weeks of
surgery in 189 patients (70.78%), whereas 78 (29.22%)
developed late pleural effusions after one month of
surgery. The overall incidence of symptomatic large
pleural effusion in the study was 19.47% (52 of 267),
in 38 patients the effusions occurred during the initial
hospitalization, but in 14 patients the effusion occurred
after hospital discharge. Symptoms include cough 72%,
shortness of breath 67% and chest pain in 42% of patients.
Most of the effusions were predominantly left sided, 256
patients (95.5%) developed a left-sided pleural effusion,
3(1.1%) developed a right-sided pleural effusion, and
8 (2.98%) developed bilateral pleural effusions, (table
2). The character of effusion was serous in 342 patients
(60.2%) while it was serosanginous in 165 patients
(29%) and sanginous effusion was observed in 61
patients (10.7%),figure 2. Sanginous and serosanginous
effusions reached their maximum size earlier than serous
effusions (12 days versus 35 days).

Figure 2: character of effusion

Figure 3: management of effusion.

Discussion:

Many theories had been suggested to explain the
etiology of post CABG pleural effusion, the majority
of these explanations linked the formation of pleural
effusion to the surgical trauma occurred during CABG
procedures especially when LIMA was used, this may
be attributed to pleurotomy to allow harvesting of
LIMA which allows blood to enter the pleural cavity, or
creation of row surface at pedicle harvesting site that can
be source of fluid that accumulate to form the effusion
(1). Several other factors may also contribute to the
formation of effusion such as congestive heart failure;
pulmonary embolism; atelectasis; and use of drugs
such as amiodarone, procainamide hydrochloride, and
-adrenergic blocking agents. It is important to include
these in the differential diagnosis of effusions occurring
in patients who have undergone CABG(4).
The incidence of pleural effusions immediately
after surgery in patients undergoing CABG has been
reported to be 42% to 89%.(4) This wide variability in
the incidence of post-CABG effusions is probably related
to the technique used to diagnose the pleural effusion
because higher rates have been reported when ultrasound
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or computed tomography is used. The etiology of postCABG effusions and the reasons why some effusions
persist while most resolve remain unknown. The
mechanism of the formation of pleural fluid after CABG
is not clear. (5) Most post-CABG effusions are small,
left sided, and regress spontaneously. Occasionally a
patient may develop a moderate to large symptomatic
pleural effusion after CABG. The prevalence of large
effusions after CABG is not definitely known but has
been reported to be 1% to 4%. Most effusions occur in
the early postoperative period; however, some effusions
reach their maximum size only months after CABG. (6)
The present study demonstrates that more than 47%
of patients have a pleural effusion after CABG and
that 27.1% of patients had a small pleural effusion that
occupies less than 25% of the hemithorax at this time and
10.7% of them had moderate effusion and 9.1% had large
effusion that occupied more than 75% of hemithorax.
The study of Light and coworkers(5) demonstrated that
more than 50% of patients had a pleural effusion 1 month
after surgery and that approximately 10% of patients had
a pleural effusion that occupies more than 25% of the
hemithorax at this time. Vargas and coworkers (7) assessed
the prevalence of pleural effusion in 47 patients at 30 days
after CABG surgery and reported that the prevalence of
pleural effusion was 57.4%, which is comparable to the
prevalence of 62.4% in the present study. Lancey and
coworkers (8) reported that the prevalence of moderate
or large pleural effusions 6 weeks after surgery was
11.4%, which is comparable to the prevalence that we
found. In this latter series, 5.9% of the patients required
a drainage procedure for their pleural effusion in the 6
weeks postoperatively.
The incidence of pleuropulmonary complications is
higher with use of IMA grafts compared with saphenous
vein grafts. This difference has been attributed to the
necessity to enter the adjacent pleural space while
mobilizing and harvesting the IMA.(9)
Most of the patients (n=498) included in the our study
underwent CABG using left internal mammary artery
(LIMA) and saphenous vein (SV) and only in 50 patients
SV was used. 254 of the patients with use of LIMA
graft (85.5%) had pleural effusion. All the patients with
small effusion were managed conservatively, whereas
thoracentesis was done in 38 (62.2%) patients with
moderate symptomatic effusion. 9.1% of the patients with
large effusion were treated by thoracostomy tube which
was removed after complete drainage of the effusion.

In a study by Hulburt and associates (3), 200 patients
were followed up after surgery (100 with IMA grafts and
100 with saphenous vein grafts); 4% of patients receiving
IMA grafts required a thoracentesis or tube thoracostomy
by the sixth postoperative day. Two months after surgery,
10.5% of patients who had undergone IMA grafting had
a pleural effusion, one of whom required thoracentesis.
Areno and associates(10) followed the postoperative
course of 200 patients receiving IMA grafts and reported
that 8.5% required a thoracentesis immediately after
surgery. At 3 months, 20% of patients had a pleural
effusion but only 1.5% required thoracentesis. Landymore
and Howel (11) reported that none of their 67 patients
required a thoracentesis during 3 months of follow-up.
The nature of pleural fluid was studied by Sadikot
and associates, they reported that all effusions were
exudative in nature, however they found two distinct
categories of effusions , the early effusions were
usually bloody with high esinophil count mostly
linked to surgical trauma, whearse the late effusions
had a predominance of lymphocytes which may
represents an immune reaction which may be a variant
of postcardiotomy syndrome(4) .
The cause of large pleural effusions occurring after
CABG is not clear. Sanginous effusions most probably
are related to bleeding into the pleural space. Nonsanginous pleural effusions may be due to a variant of
the postpericardiotomy syndrome. Other contributing
factors may include postoperative pericarditis/pleuritis,
congestive heart failure, atelectasis, and an incompletely
drained hemothorax. Other possible explanations for
nonbloody pleural effusions are interruption of the
lymphatics that normally drain the pleural space, leakage
of fluid from the mediastinum, damage from topical
hypothermia, or a hypersensitivity reaction to a drug(12).
Nikas and coworkers(13) reported that 60% of 191
patients who underwent topical hypothermia (bathing the
myocardium in iced slush) developed a pleural effusion
and 25% required thoracentesis. In contrast, only 25% of
314 patients who did not undergo topical hypothermia
developed a pleural effusion and only 8% required
thoracentesis. Asanginous pleural effusions seem more
difficult to manage. On the basis of our experience,
we recommend that these patients initially be managed
with therapeutic thoracentesis and an anti-inflammatory
agent, such as indomethacin or corticosteroid as
prednisone. Payne and coworkers(1) reported that, they
could not identify any patient-related or procedurerelated factors that were associated with effusion, except
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for a higher incidence of insulin-dependent diabetes
and chronic obstructive pulmonary disease in patients
who subsequently develop a symptomatic effusion. The
mechanism by which these factors could mediate pleural
effusion is not clear.

Cardiovascular
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In conclusion approximately 47% of patients after
CABG surgery may develop a pleural effusion, about in
19.5% of patients effusion occupies more than 50% of
the hemithorax. Most effusions after the CABG surgery
are left sided. If the effusion is moderate or large and the
patients have dyspnea, drainage should be considered, as
it is effective in relieving symptoms and in preventing
re-accumulation of the effusions.
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Background: Acute renal failure after Cardiac surgery is associated
with high mortality rate. In a trial to determine the predictors for
postoperative renal replacement therapy in patients undergoing CABG
with impaired kidney function. We performed this study.
Methods: This is a retrospective analysis of 565 patients who underwent
CABG over 3 years. A total number of 64 patients with preoperative
impaired kidney function (serum creatinine ≥ 115 µ mol/L) divided into
two groups were enrolled in this study.
Group 1 (45 Patients) who required postoperative renal replacement
therapy. Group 2
(19 Patients) who did not require renal replacement therapy post
CABG.
Results: Both groups were comparable as regards age, sex, and
preoperative co-morbid diseases such as diabetes; chronic obstructive
pulmonary disease, cerberovascular disease or peripheral vascular
disease.
Serum creatinine was significantly higher in group 1 (135±10) versus
(115±9) in group 2 (P = 0.0001). However, creatinine clearance was
significantly lower in group 1 (40±20) versus (60±10) in group 2
(P<0.0001).
Patients in group 1 required longer intubation, more inotropic support.
Total ICU stay was significantly longer in group 1 (18±7 days) versus
(4±2 days) (P= 0.0001).
Group 1 had longer hospital stay than group 2 (35±15 Vs 12±2 days).
(P= 0.0001).
Mortality occurred in 40% of patients who required post operative renal
replacement therapy in comparison to 15% in patients who did not
require renal replacement therapy. (P = 0.02).
Multivariate and logistic regression model analysis identified ; age,
diabetes mellitus requiring insulin therapy, creatinine clearance,
emergency operation, total bypass time and post operative inotropic
therapy as the most important factors which influenced postoperative
renal replacement therapy. Odds ratio analysis identified creatinine
clearance (3.34), and longer bypasses time (2.3) as the highest odds ratio
among the studied factors.
Conclusion: Creatinine clearance and long bypass time are the most
important predictors of renal replacement therapy in our study. Patients
requiring post operative dialysis have a high rate of mortality and an
alternative way for coronary revascularization should be attempted
whenever possible.
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cute renal failure requiring renal
replacement therapy is one of the most
serious complications occurring after
cardiac surgery (1). Several studies
reported the incidence and consequences

of acute renal failure requiring renal replacement therapy
after cardiac surgery; with estimated incidence between
1 to 30% (2).

Cardiovascular

When renal failure develops following cardiac
surgery, renal replacement therapy is usually indicated.
This situation is associated with prolonged hospital stay,
increasing cost and increased mortality, which may reach
to up to 40% (3).
In spite of the great advances in all aspects of coronary
surgery, including improvements in operative techniques,
post surgery intensive care, safer and more efficient use
of cardiopulmonary bypass ; the high mortality associated
with postoperative dialysis after cardiac surgery remains
unchanged during the past few decades (4).
Elevation in the serum creatinine (Cr) has been
commonly used as marker of Acute renal failure (ARF)
in hospitalized patients. In some long term studies , renal
function has been defined according to elevation in serum
creatinine (5) However, these studies did not specify a
thresholds for defining clinically effective preoperative
renal insufficiency (6). Other studies have consistently
identified preexisting renal insufficiency as an independent
predictor to the need for postoperative renal replacement
therapy (RRT) after coronary surgery (7).
This study was undertaken to evaluate the potential
factors which may predict postoperative renal replacement
therapy in patients with preoperative impaired kidney
function who underwent CABG in our institution.
Our definition for impaired kidney function was
according to guidelines from the national kidney
foundation (8); Elevated serum creatinine level above the
normal limits (90-115 µ mol/l) was defined as impaired
kidney function in our study.

Methods:

Between October 2005 and October 2008, total
number of 565 consecutive patients who underwent
CABG surgery in our institution (King Fahad Medical
City (KFMC) - Prince Salman Heart Center (PSHC).

Were retrospectively reviewed the charts of the patients.
Sixty four patients with impaired kidney function were
enrolled in this study.
Our definition for impaired kidney function include
those patients with estimated serum creatinine more
than 115 µ mol/L (which is the upper limit of normal),
and with creatinine clearance (Cr Cl) less than 60 ml /hr,
according to Cokcroft- Gault equation (9).

Patients are classified into two groups:

Group 1 (n= 45), include those patients with
impaired kidney function who underwent CABG and
required post CABG renal replacement therapy.
Group 2 (n= 19) those patients with impaired kidney
function who underwent CABG and did not require
postoperative renal replacement therapy.
After Approval of our institutional research and
ethical committee; all clinical, operative and intensive
care postoperative data were reviewed retrospectively
through the review of patient charts.

Indications for Renal Replacement Therapy
(RRT) were:
1. Hyperkalaemia (> 6.0 m mol) not responding to
insulin infusion.
2. Continuous metabolic acidosis in blood gases, not
corrected with Sodium Bicarbonate.
3. Anuria or oliguria < 20 ml / h for more than 4
consecutive hours, despite adequate filling and
adequate cardiac output, and after trial of Frusmide
infusion.
RRT was commenced through the nephrologist’s
recommendation.

Patients with the following criteria were excluded
form our study;

1. Patients who underwent CABG with normal kidney
function.
2. Patients who underwent CABG and they are already
under renal replacement therapy (dialysis)
3.
Patients who underwent CABG without
cardiopulmonary bypass (Off Pump).
4. Patients who underwent CABG combined with
other procedures such as valve replacement or
repair.
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Data Analysis:

Shed blood was recycled using cardiotomy suction.
Acid base was managed with alpha stat control. Myocardial
protection was achieved with intermittent antegrade cold/
tepid blood cardioplegia. On completion of the distal
anasotomses, the aortic cross clamp was removed and the
proximal anastomoses performed with the partial aortic
clamping. Heparin was reversed with protamine at 1:1
ratio on weaning off cardiopulmonary bypass.

Definitions:

Results:

We used the following definitions in our study:
Operative priority was determined by cardiothoracic
surgeons according to standard criteria
• Elective operation means that the medical factors
indicate the need for an operation through readmission
at a latter date.
• Urgent operation means that the medical factors
require the patient to have an operation during the
same admission( before discharge)
• Emergency surgery refers to medical factors related
to the patient's cardiac condition requiring emergency
surgery which should be performed within hours to
prevent morbidity or death.
Creatinine clearance was calculated using CockcroftGault equation (9) as follow: Creatinine clearance (ml/ min)
= (140- age in years)* actual weight (KG) / serum creatinine
(µ mol/l). This formula is applicable to females, and in case
of the males the formula is multiplied by 1.2. Normal range
of serum creatinine clearance is > 90 ml/ min.
In hospital mortality refers to all mortalities within
the same admission post CABG regardless of their length
of stay or within thirty days of surgery.

Cardiopulmonary Bypass (CPB):

All operations were performed thorough standard
median sternotomy. Following full anticoagulation with
heparin given at a dose of 300 IU/ Kg to maintain an
activated clotting time of 400-600 sec.
CPB was initiated using ascending aortic cannulation
for arterial perfusion and a two stage right atrial venous
cannulation for venous return. A membrane oxygenator
was used for the CBP (Primox- Sorin group- Sorin Italy).
The Extracorporeal circulation was primed with 1500 ml
of ringer lactate solution and 5000 IU heparin. CBP was
maintained with non pulsatile flow with a minimum flow
rate of 2.4 l/m /min and temperature allowed to drift between
32 to 34 ºC. Arterial line filtration was used in all cases.

Univariate analysis of individual risk factors and their
relevant p value is summarized in table 1. The incidence
of acute renal failure requiring renal replacement therapy
in our studied patients is (7.9%).
Our study showed that there is no statistically
significant difference in the preoperative patient
characteristics in both groups in terms of age, sex, and
comorbid diseases.
The incidence of diabetes in the group of patients
who required renal replacement therapy (group 1) is 73%
versus 79% in (group 2) (P = 0.07) hypertension was
present in 93% of the patients in group 1 versus 84% of
the second group (P= 0.3).
There are also no statistically significant differences in
the incidence of chronic obstructive pulmonary disease,
cerberovascular disease, or peripheral vascular disease in
both groups.
Serum creatinine was significantly higher in the
group of patients who required renal replacement therapy
(135± 10µ mol/l) versus (115± 9µ mol/l) in the group of
patients who did not require renal replacement therapy
(P < 0.0001) and serum creatinine clearance was also
significantly lower in group 1 (40± 20 ml/min) versus
(60± 10 ml/min) in the patients who did require renal
replacement therapy (P < 0.0001).
There was no statistically significant difference in
the preoperative left ventricular function (EF) in both
groups.
Regarding operative factors, there were no statistically
significant differences between both the studied groups
in the operative priority, timing of coronary angiography
within 72 hours before surgery, and the incidence of
preoperative insertion of intra aortic balloon pump.
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Factors of interest are analyzed in both groups
using univariate and multivariate analysis together with
logistic regression analysis. The possible predictors were
determined. Software Package SPSS version 11.0 (Spas
Inc., Chicago) was used to perform statistical analysis.
Results were considered statistically significant when P
value was < 0.05.
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However, aortic cross clamp time, and total
bypass time were significantly longer in the patients
who require post operative renal replacement therapy
( group 1) ( 112±14 and 143±9 min respectively)
versus ( 73±16 a101± 7 min respectively ) in group
2. (P = 0.0001).

Immediate post operative data is depicted in table 2.

Cardiovascular

Post operative complications were significantly
higher in group 1 in comparison to group 2. Hours of
mechanical ventilation was longer in group 1 (91.9± 14.6)
versus 41.2±12.4 in group 2 (P= 0.0001). Reintuabtion

and tracheostomy was required in 45% of the patients in
group 1, while it was required only in 16% of the patients
in the second group (P= 0.04).
Total ICU stay as well as total length of hospital stay
was significantly longer in group 1 in comparison to
Group 2 ( p = 0.0001).
Hospital mortality occurred in 40% of the patients
who required renal replacement therapy in comparison to
15 % of the patients who did not require renal replacement
therapy ( P = 0.02).
Group (2)
Patients did not require

Group (1)
Patients required Post
operative renal replacement
therapy ( N= 45 )

postoperative Renal replacement
therapy (N = 19)

68 ± 12
14 (31 %)

62±15
9 (47%)

0.09
0.3

135± 10
40± 20

115±9
60±10

*<0.0001
*<0.0001

33 Pt (73 %)
42 Pt (93 %)
12 pt (26 %)
12 Pt (26 %)
13 Pt (29 %)

15 Pt (79 %)
16 Pt (84%)
7 Pt (37%)
4 Pt (21%)
6 Pt (31%)

0.7
0.3
0.55
0.7
1.0

12 pt (26%)
29pt (64%)
4 pt (8%)
6 pt (13 %)
21 pt (46%)

9 pt (46.5 %)
7 pt ( 37%)
3 pt (15.5%)
2 pt (10.5%)
8 pt ( 42%)

0.16
0.055
0.4
1.0
0.7

Operative Priority:
Emergency
Urgent
Elective

9 pt (20%)
23 pt (51%)
14 pt (31 %)

3 pt (15.5%)
8 Pt (42%)
8 pt (42%)

1.0
0.5
0.4

Intra Aortic Balloon Pump (IABP)
Aortic cross clamp time
Total bypass time

14 pt (31 %)
112± 14
142±22

5 pt (26%)
73± 16
95±18

1.0
*0.0001
*<0.0001

Characteristics

Age
Female
Preoperative renal function:
Serum creatinine Conc.
Creatinine Clearance
Comorbid Diseases
Diabetes mellitus requiring insulin
Hypertension
Chronic obstructive pulmonary disease
Cereberovascular disease
Peripheral vascular disease
Left Ventricular EF
≥ 60 %
21- 60%
≤ 20%
Preoperative congestive heart failure
Coronary Angiography within 72 hours before surgery.

Table 1 Preoperative and operative patient characteristics:
EF Ejection fraction * Statistically significant data - Pt = Patient
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Group (1)
Patients required Post
operative renal replacement
therapy ( N= 45 )

Group (2)
Patients did not require
postoperative Renal
replacement therapy (N = 19)

P value

91.9± 50.6

41.2±12.4

* 0.0001

41 pt (91 %)
4 pt (9 %)

11 pt (58%)
8 Pt (42%)

*0.003

25 Pt ( 55%)
20 pt (45 %)

16 pt (84%)
3 pt (16%)

*0.04
*0.04

Total stay in the ICU ( days)

18 ± 7

4±2

*0.0001

Total hospital stay ( days)

35± 15

12±2

* 0.0001

18 pt (40%)

2 pt ( 15%)

* 0.02

Hours of mechanical ventilation
Myocardial support
Yes
No
Postoperative pulmonary
complication
Non
Reintuabtion- CPAPTracheostomy

Mortality
Table2 Immediate postoperative and outcome data:

Predictive modeling:

Logistic regression modeling was used to estimate
the risk of dialysis. Variables were selected by performing
backward stepwise method to identify factors associated
with continuous renal replacement therapy Factors of
interest are summarized in table 3

Variable

Odds
Ratio

95%
confidence p- Value
Interval

Age

0.95

-1.1 – 13.1

0.09

Diabetes mellitus
requiring insulin
therapy

1.4

0.95- 12.4

0.07

3.34
1.9
2.3

10.3- 29.7 <0.0001*
0.83 – 14.5
0.06
31.0 – 47.0 <0.0001*

0.83

-2.5 – 11.5

Creatinine clearance
Emergency operation
Total bypass time
Post operative
inotropic support

0.08

Table 3 Mulivariate analysis of the predictors of renal
replacement therapy in the studied groups:

Discussion:

In this study we have attempted to correlate and
predict factors predisposing to ARF which ultimately
lead to renal replacement therapy (RRT) in patients with
already impaired kidney function undergoing CABG.
We studied preoperative, intra-operative and immediate
postoperative factors. We tried to define those patients
who are at high risk of requiring postoperative dialysis
in the studied groups. So we can determine the operative
risk and predict the postoperative course of them, and if
possible find an alternative way of management of those
patients.
In our study, we identified older age as one of the
predisposing factors for RRT, inspite of that there is no
statistically significant differences in the age of both
studied groups however, elderly patients with impaired
kidney function have low creatinine clearance and hence
they are more liable for postoperative renal replacement
therapy.
Our results are similar to the results of another study,
which also confirmed that elderly patients with low body
weight are more liable for RRT after CABG (10)
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The effect of diabetes on RRT post cardiac surgery is
still controversial. Some studies have shown increased
risk of RRT post surgery among diabetics, others
failed to show such a risk. This difference maybe due
to the prevalence of diabetes among those patients with
ischemic heart disease undergoing CABG (11).

Cardiovascular

In our study, insulin dependant diabetes mellitus
was insignificantly associated with postoperative renal
replacement therapy (Odds ratio 1.4) (P 0.7) this is may be
attributed to that both of the studied groups have almost
the same preoperative incidence of insulin dependant
diabetes mellitus.
IDDM have been shown to be associated with
glomerular sclerosis which increase the risk of renal
failure and make patients are more susceptible to ischemic
insults during cardiopulmonary bypass (12).
The risks for postoperative dialysis are clearly
related to preoperative kidney function. In some long
term studies, renal function has been defined according
to the levels of serum creatinine and not to estimated
glomerular filtration rate (CR Cl) (13). These studies
have used serum creatinine level of at least 133 µ mol/L
as an indicator of impaired kidney function (14).
The ability of serum creatinine to identify patients
with impaired kidney function is limited (15). Since
serum creatinin concentrations are influenced by several
other factors than the filtration of creatinine. Therefore,
assessment of renal function will be improved by using
creatinine Clearance (CR CL).
Our study found that the risk of postoperative
RRT increases appreciably when creatinine clearance
decreases below 60 ml/min. Our definition of clinically
significant preoperative renal impairment (Cr Cl< 60
ml/hr) is in accordance with other recent study; which
found that patients with creatinine clearance below 60
ml/min should be considered to have clinically important
preoperative renal insufficiency, regardless of their
creatinine clearance (17). Identification of those high risk
patients with preoperative creatinine clearance (≤60 ml/
min) would allow better renal protective interventions
intra or postoperative. Or find an alternative way of
management for those patients.
In hospital mortality has been associated with
not only high preoperative serum Cr (6) but also with
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high postoperative serum creatinine (18). Conlon et al
showed that an increase in serum creatinine by 1.0 (mg.
dl) and or new onset of renal failure was associated with
mortality post cardiac surgery (19). In one study it was
found that there is a distinct association between patients
with elevated serum creatinin and low output syndrome
and infection, and this may try to explain the high
postoperative mortality in those patients. (20).
Thadhani et al reported renal tubular necrosis
accounting for 85% of acute renal failure (50%) due to
ischemia and 35% due to toxins (21).
Our study showed that there is a high incidence of
postoperative mortality (40%) in the group of patients
with impaired kidney function who require dialysis post
CABG. The mechanism of acute renal failure post CABG
maybe due to hypotension which may result from low
cardiac output or low pressure from the cardiopulmonary
bypass. Nephrotoxins and fluid overloading are also
other contributing factors.
Longer cardiopulmonary bypass time was the main
operative factor associated with a higher incidence of
RRT in our study. The effects of cardiopulmonary by
pass on a systemic inflammatory response and endothelial
cell-neutrophil adhesion has been established. These
changes promote leucocytes adhesions to capillary bed
in the kidneys with subsequent release of cytokines and
oxygen free radicals causing renal injury (22). Other
studies found that changes in the plasma inflammatory
cytokines with an enhanced filtration being more likely
to be responsible for tubular damage. These findings are
supported by the observation that the incidence of acute
renal failure post off-pump CABG is 50% less than that
of on Pump CABG (23).
Boldet et al concluded that CPB time > 90 minutes
was the most important risk factor for developing
ARF post CABG (24). Ascione et al observed that
during CPB there has been a significant increase in
the creatinine clearance after CBP as a consequence
of renal auto-regulation mechanism, thus increasing
the glomular filtration capacity. In the mean time,
there has been a clearance reduction in the following
days followed by an increase of the N-acetyl
glucosaminindase (NAG) activity- an important
renal tubular damage marker, thus corroborating the
influence of CBP use in the pathophysiology of acute
renal failure postoperatively (25)
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Other operative factors include emergency operation,
in emergency situations; the unstable preoperative state
among those patients with recent myocardial infarction
and cardiogenic shock are more likely to be associated
with reduced renal perfusion secondary to lower cardiac
output state. This will be added to the damaging effect of
cardiopulmonary bypass making those patients are more
vulnerable to renal damage after emergency surgery (26).
Although emergency surgery was one of the factors which
predispose to postoperative renal replacement therapy,
however, our logistic regression analysis did not identify
it as a predictor of post operative renal replacement
therapy, maybe because the number of studied patients
in our cohort is not enough to get statistically significant
results.
It becomes clear from our study that those patients
with impaired kidney function especially with creatinine
clearance less than 06 ml/min are more liable to postoperative
complications, and morbidity. Respiratory complications
in the form of prolonged intubation, tracheostomy was
significantly higher in this group of patients. These
complications may also contribute to longer ICU stay, and
increase total length of hospital stay.
Identifying those patients with a higher risk of
developing post CABG renal replacement therapy is
very important to allow more comprehensive informed
consent from the family. This will also allow health care
providers to estimate with some degree of accuracy the
need for postoperative renal replacement therapy in those
subgroups of patients.
It is important to manage those patients aggressively,
in the first instance, by specific measures include
adequate hydration, maintenance of adequate cardiac
output, (through adequate filling and inotropic support,
the use of continuous infusion of mannitol, frusemide
and dopamine (27). Early institution of hemofiltration
postoperatively may improve the results (28).

It will be a very important prognostic factor to
identify those patients with a high risk of developing
post operative permanent dialysis, and try to find an
alternative option for coronary management in those
patients, as those patients will not benefit more from
surgery, and permanent dialysis or death will be one of
the major consequences of surgery.

Summary and conclusion:

In summary, our findings demonstrate that patients
with preoperatively impaired kidney function have a high
incidence of mortality and represent a high risk patients.
Estimation of creatinine clearance prior to surgery is a
more sensitive indicator of glomerular filtration than
serum creatinine. Patients with creatinine clearance less
than 60 ml/min are at a higher risk of developing post
operative renal replacement therapy. The predictors
of postoperative renal replacement therapy, in our
study included, low creatinine clearance and long
cardiopulmonary bypass time.
An alternative way of coronary revascularization,
whenever, possible should be looked for in those high
risk group of patients as they are associated with high
incidence of mortality and morbidity.

Study limitations

The sample size of the patients is relatively small to
get statistically significant data. Besides we are unable to
account for any other factors which may influence post
operative renal replacement therapy.
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Background: The integrity of both anterior and posterior leaflets as well
as the chordopapillary subvalvular apparatus contributes equally to left
ventricular function preservation. This study compares short-term (6
months) postoperative follow-up results of mitral valve replacement while
preserving both leaflets attachment to the left ventricular wall through the
subvalvular apparatus, versus preservation of the posterior leaflet only.
Methods: This prospective randomized controlled study was carried out
after obtaining informed consent and ethical committee approval. Fifty
patients scheduled for MVR were randomized to two equal groups.
Group A patients were submitted for mitral valve replacement with
preservation of both leaflets’ chordal attachments to the left ventricular
free wall being anchored to their respective anatomical location along
the mitral annulus via teflon-pledgeted sutures. In group B patients’, the
diseased anterior leaflet with its chordal attachments to both papillary
muscles were resected leaving only the posterior leaflet attachments
(control group). Perioperative patient evaluation was done on patient
visits for clinical examination as well as transthoracic echocardiography.
Results: There was no statistical difference regarding cross-clamping time
and total operative time in patients in both groups one patient died in
group B due to multiple organ dysfunction syndrome and was excluded.
In group A, 2 patients had transient arrhythmias (one transient AF, and
one transient ventricular tachyarrhythmias). All were controlled by
correcting the blood electrolytes without the need for antiarrhythmic
drugs. Three patients in group B had low-cardiac output needing prolonged
inotropic support and one patient required re-exploration for haemostasis
Patients in group A showed a significant improvement in NYHA dyspnea
classification and postoperative left ventricular dimensions and ejection
fraction than patients in group B.
Conclusion: In our study group, complete bileaflet chordal preservation
lead to a good benefit in patients having mitral valve disease of rheumatic
origin. Compared to posterior leaflet chordae only, bileaflet chordal
preservation was associated with better short-term improvement in Left
Ventricular Contractile Function.
Keywords: RHD: Rheumatic Heart Disease, MVD: mitral valve disease,
MVR: Mitral Valve Replacement, Chordal preservation

F

or many years, the standard technique for mitral valve replacement
included excision of both valve leaflets and their attached chordae
tendineae. However, the physiologic importance of retaining the geometric
integrity of the mitral subvalvular apparatus has been recognized in the
early reports of mitral valve surgery by Lillehei et al. (1).

The Journal of Egyptian Society Cardiothoracic Surgery ● Volume 17, Number (3-4) 159

Cardiovascular

Mitral Valve Replacement with preservation of whole
subvalvular apparatus:Value and Early effects on Left
ventricular contractile function.
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Following their recommendations to respect this
anatomical fact, an increased emphasis became placed
on retention of all attachments of the mitral subvalvular
apparatus during valve replacement (2-5). Their proof was
the practically-confirmed dependence of left ventricular
performance on the presence of the mitral valve and
subvalvular apparatus, and of the improvement in left
ventricular function associated with mitral valvuloplasty
as opposed to that associated with standard mitral valve
replacement (2-8).
Despite all that, there are still many surgeons who
retain only the posterior leaflet and excise all or part of
the anterior leaflet claiming that this will prevent both
prosthetic valvular dysfunction and left ventricular
outflow tract obstruction (LVOTO) (1,3,4,9). The majority
of the still-investigating surgeons fear the possibility of
prosthetic valve entrapment by the retained subvalvular
apparatus, creation of left ventricular outflow tract
obstruction (LVOTO), and the concern of implanting a
smaller- sized prosthesis (1-5).

Aim of the work:

This study aimed to compare the value and shortterm (6 months) postoperative follow-up results of
surgical technique of mitral valve replacement while
preserving both leaflets attachment to the left ventricular
free wall through the subvalvular apparatus, versus
retaining the posterior leaflet only.

Methods:

This prospective randomized controlled study was carried
out after obtaining the approval of the local ethical committees.
The study population encompassed 50 patients scheduled for
elective mitral valve replacement;
Patients diagnosed to have rheumatic heart disease
(RHD) complicated by advanced mitral valve disease
(combined stenosis and regurge) necessitating mitral
valve replacement for the following conditions:
1- Valve heavily calcified or considered unsuitable for
valve repair due to extensive scarring.
2- Shortening with severe subvalvular fusion.
3- Previous closed mitral valvotomy or mitral valve repair;
subvalvular tissue considered worthy of preservation
when calcified mitral leaflets with annular extension
were successfully dealt with by squeezing or milking
out the calcified debris from the annulus or segmental
excision of the calcified segment with the involved
chordae tendinae.
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Exclusion criteria:

Patients with the following pathologies were
excluded from the study;
•
•
•
•

Mitral valve pathology associated with heavy
subvalvular or annular calcification;
Associated significant pathology of another cardiac
valve eg: aortic valve disease.
Associated coronary artery disease, and active
rheumatic fever.
Isolated mitral regurgitation amenable for
reconstructive procedures.

Patients were prospectively randomized into two
equal groups (A and B) using closed envelops method.
Group A patients’ had mitral valve replacement with
preservation of both leaflets chordal attachments to
the left ventricular free wall.
Group B patients’ had mitral valve replacement with
resection of the anterior leaflet tissue and chordae till
their attachment to their respective papillary muscles
leaving only the posterior leaflet attachments.

Surgical Technique:

In all patients, median sternotomy was the approach
used for cardiac exposure. Moderate hypothermia
(28–29°C) was reached during systemic cooling by
cardiopulmonary bypass which was established by
routine aortic and bicaval cannulation. Antegrade cold
blood-enriched crystalloid cardioplegia and topical
hypothermia were used for intraoperative myocardial
preservation. After dissecting the inter-atrial groove
of Waterson, the mitral valve was reached via a left
atriotomy incision fashioned behind the groove. In all
patients, mitral valve replacement was done using a St
Jude mechanical prostheses (St Jude Medical, Inc, St Paul,
MN) according to the size of each patient’s individual
annulus. An everting mattress sutures (ie, pledgets on the
atrial side) were used in all cases. Free disc movement
was checked for inteXrference of movement and or
LVOTO (left ventricular outflow obstruction) after tying
all the preserved chordae tendinae.

Techniques of Chordal Preservation:

The valve was analyzed intraoperatively in a
systematic manner to obtain a detailed imagination of
its topography and the site of insertion of the different
groups of chordae tendinae. For preserving the
subvalvular apparatus, we used the following technique.
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The anterior mitral leaflet was incised in the center from
edge to base, before separating it about 3-4 mms from
the annulus. The major part of the anterior and posterior
cuspal (leaflet) tissue was excised, leaving 5-10 mms rim
of leaflet free edge attached to the primary first order or
marginal chordae tendinae. The anterior and posterior
mitral commissures were incised. Excessive cuspal
tissue was sliced to make it thin. The fibrous and calcific
nodules were excised. The anterior paramedial chorda,
or anterior and posterior paramedical chordae tendinae,
or paracommissural chordae tendinae were excised along
with splitting and partial shaving of the papillary muscle
tip on an individualized basis. The separated anterior
and posterior segments of the anterior mitral leaflet were
shifted and reattached to its presumed original site of
detachment by passing itwith the valve stitches respecting
its anatomical geometry. In order to accommodate a

large size prosthesis, each mitral leaflet was incised from
edge to base at two or three additional points between
its scallops supported by “cleft chordae.” If the posterior
leaflet was excessively redundant or the chordae tendinae
were elongated, the leaflet was then reefed or imbricated
by pledgeted stitches that were passed through it into
the mitral annulus. The valve was seated and inserted in
its place using 2–0 Ethibond everting sutures (Ethicon,
Cincinatti, OH, USA) over polytetrafluoroethylene
pledgets. While securing the prosthetic valve on the
annulus, the posterior valve sutures were tied first.
Technique of posterior chordal preservation only: In
this technique, the anterior mitral leaflet with its attached
chordae tendinae was completely excised with a small
part of the apex of its corresponding papillary muscles.
The posterior leaflet with the chordopapillary support

Figure (1): The anterior and posterior leaflets of the mitral valve cut into many tissue islands and teflonized everting stitches
were passed through them and into the annulus. Ant: anterior Post: posterior AL comm: anterolateral commissure PM comm:
Posteromedial commissure.

Figure (2) : longitudinal splitting of the two papillary muscles into two 2 halves (transverse dashed line) according to their
leaflet belonging to facilitate pulling up and tying each stitch according to its topographic location along the annulus.

The Journal of Egyptian Society Cardiothoracic Surgery ● Volume 17, Number (3-4) 161

Cardiovascular

Talal Ahmed Reda et al

Cardiovascular

Cardiovascular

mechanism were retained. The posterior mitral leaflet
was incised at two or three points in between scallops
from edge to base creating islands of leaflet tissue which
were reefed or imprecated within the valvular stitches
taken in the annulus.
Patient follow-up evaluation was done by clinical
examination and transthoracic (TTE) echocardiography
using Two-dimensional B-mode, M-mode, and
colour-flow Doppler from the parasternal long and
short axes as well as from the apical two and fourchamber views. The echocardiographic data have
been measured according to the American Society
of Echocardiography guidelines. The onset of the Q
wave in the ECG defines the onset of end-diastole;
the peak downward motion of the interventricular
septum is indicative of end-systole. The following
echocardiographic data were measured; Left Atrium
diameter; Left Ventricular End-Diastolic Diameter
(LVEDD) Left Ventricular End-systolic Diameter
(LVESD) and Left ventricular ejection fraction (EF).
Data were collected in both groups over the first 6
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postoperative months.
Intention to treat analysis was performed. Normally
distributed numerical data was described in terms
of mean and standard deviation and compared using
unpaired t-test and one way ANOVA. Non-normally
distributed data were compared using Mann-Whitney
test. Categorical data were described in terms of number
and percentage and compared using Chi square and
Fischer Exact tests when appropriate. Data was deemed
significant if p<0.05.

Results:

There were no significant difference between
patients in both groups regarding demographic data,
preoperative morbidity and operative durations (Tables
1 and 2)
Group A
(n=25)

Group B
(n=24)

Group A
(n=25)

Group B
(n=24)

Age

54.2 + 6.7

49.6 + 5.9

0.32

Male/Female

20/5

21/3

0.74

Body Mass Index (kg/m2)

24.3 + 2.1

25.1 + 3.2

0.41

Smokers/Non-smokers

18/7

16/8

0.68

Hypertension

7 (28%)

9 (37.5%)

0.50

Hyperlipidaemia

13 (52%)

17 (70.8%)

0.17

Diabetes Mellitus

5 (20%)

7 (29.1)

0.45

COPD

4 (16%)

3 (12.5)

0.72

Renal dysfunction

3 (12%)

5 (20.8%)

0.40

Peripheral vascular disease

5 (20)

7 (29.1%)

0.23

Total Operative time (minutes)

185 ± 13.5

196 ± 11.4

0.39

Cross Clamp Time (minutes)

80 ± 2.5

73 ± 3.5

0.33

p
value

p value

Table 1: Preoperative data of patients in both groups.
Values are number (%) except age, body mass index and operative durations: mean + SD. *denotes a significant difference
(p<0.05).
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II-III

13

12

0.88

IV

12

12

0.88

LA diameter (mm)

57 + 5.4

56.5+4.5

0.46

LVEDD(mm)

62.8+6.5

65.5+8.3

0.32

LVESD(mm)

48.6+8.5

53.3+4.5

0.21

LVEF (%)

44 + 5.6

42 + 4.5

0.28

PASP (mmHg)

50 + 0.7

52 + 0.2

0.31

Echocardiographic data

Table (2): Preoperative cardiological data of patients in both
groups.
NYHA: New York Heart Association, LA: Left Atrium,
LVEDD: Left Ventricular End-Diastolic Diameter, LVESD:
Left Ventricular End-systolic Diameter, LVEF: Left ventricular
ejection fraction, PASP: Pulmonary artery systolic pressure.
NYHA data are number (%) and echocardiographic data are
mean + standard deviation *denotes a significant difference
(p<0.05).

One patient died in group B secondary to muliorgan
dysfunction dyndrome (MODS) and was excluded from
the results. Postoperative complications occurred in
6 patients (12.24 %). In group B, 3 patients had lowcardiac output needing prolonged inotropic support and
one patient was re-explored for haemostasis. In group A,
one patient had transient atrial fibrillation and another
patient had transient ventricular tachycardia. Both were
controlled by correcting the blood electrolytes without
the use of antiarrhythmic drugs (Table 3).

Total morbidity
Low Cardiac Output
Re-exploration for bleeding
Transient AF
Transient VT

Group A
(n=25)
2 (8%)
0
0
1 (4%)
1 (4%)

Group B
(n=24)
4 (16.6%)
3 (12.5%)
1 (4.1%)
0
0

p
value
0.35
0.07
0.31
0.31
0.31

Table 3: Postoperative morbidity in patients in both groups.
AF: Atrial Fibrillation, VT: Ventricular Tachycardia
Values are number (%), *denotes a significant difference
(p<0.05).

Postoperative follow-up Data:

During clinical visits, all patients expressed

functional improvement, with increased ability to
tolerate physical effort as evidenced by their step-up in
the NYHA clinical classification. 18 patients in Group A
were in NYHA class I as compared to 9 in group B. The
difference was statistically significant. Also, patients with
NYHA class II or more were significantly more in group
B than in group A. Postoperative echocardiography in
group A revealed a mean Left Ventricular End-Systolic
Dimension of 44 ± 1.2 mms; End-Diastolic Dimensions
of 51 ± 1.4 and LVEF% of 54 ± 11.5 % with more clinical
improvement reflecting better clinical improvement and
better statistical significance than group B patients which
gave the following dimensions of 46 ± 3.5; 58 ± 3.5; and
48 ± 3.4 % respectively) (Table: 4).
Group A
(n=25)
NYHA Class
I
II or more
Echocardiographic Data
LA diameter (mm)
LVEDD(mm)
LVESD(mm)
LVEF (%)
PASP (mmHg)

Group B
(n=24)

p
value

18 (72%)
7 (28%)

9 (37.5%) 0.04
15 (62.5%) 0.04

51 + 3
54 + 1.4
43 + 1.2
54 + 11.5
39 + 0.5

52 + 4
59+ 1.5
49 + 3.5
48 + 3.4
46 + 1.7

0.21
0.04
0.03
0.04
0.04

Table (4): Postoperative cardiological data of patients in both
groups.
NYHA: New York Heart Association, LA: Left Atrium,
LVEDD: Left Ventricular End-Diastolic Diameter, LVESD:
Left Ventricular End-systolic Diameter, LVEF: Left ventricular
ejection fraction, PASP: Pulmonary artery systolic pressure.
NYHA data are number (%) and echocardiographic data are
mean + standard deviation *denotes a significant difference
(p<0.05).

Discussion:

The normal function of the mitral valve requires
the coordinated interplay of all its components namely
the annulus, leaflets, chordae tendinae, and papillary
muscles(10-12). The saddle-shaped annulus, by virtue
of its attachment to the fibrous skeleton of the heart,
functions mainly as a fulcrum for the mitral leaflets and
to decrease the size of the mitral orifice (by 10% to 20%)
during late diastole and systole (13-15) .
Careful understanding as well as evaluation of the
different mechanisms inducing mitral valve pathology
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is mandatory. Recent reports state that mitral valve
dysfunction occurs as a result of small changes in the
spatial relations of the different anatomic components of
the mitral valve (16). Different studies highlighted the
impact of even small changes in annular shape and, more
important, the role of the papillary muscles to contribute
to the distortion of leaflet coaptation (17),(18).
The mitral valve has two papillary muscles, the
anterolateral which has dual blood supply from branches
of the circumflex and left anterior descending arteries.
The posteromedial PM which, in contrast, is supplied by
a single artery arising from either the right coronary or
from the terminal circumflex artery and is therefore more
prone to infarction (14). Clinical studies have confirmed
that MR is more likely to occur after postero-inferior than
antero-lateral myocardial infarction (19),(20).
Primary chordae tendinae attach to the free edge
of the leaflets and prevent prolapse during systole,
whereas the “thicker” secondary chordae attach to
the belly of the leaflet (19). Surgical options for MV
repair after intraoperative inspection include chordal or
PM shortening, chordal transposition, or neo-chordae
construction with Gore-Tex sutures, ring annuloplasty
alone or combined with other techniques to embrace the
papillary muscles together (pledgeted sutures or slings)
(20).
Mitral valve replacement with concomitant preservation
of both anterior and posterior leaflets and all chordae
tendinea was introduced by David and colleagues (21),
who demonstrated improved postoperative left ventricular
performance and ejection fraction with increased values
both during rest and exercise. Satisfactory results of
bileaflet preservation inspired several surgical centers
and so they begun to perform techniques to preserve both
leaflets during the MVR. Different modifications have
been presented (22-26).
The major goal during preserving the subvalvular
apparatus is to prevent LVOT obstruction, by preventing
the preserved tissue from interfering with prosthetic
valve function and at the same time being able to implant
an adequate size of valve for the patient (25-28).
LVOT obstruction has been the main feared
complication of bileaflet preserving MVR that has
been reported recently (23-27). The remaining redundant
chordae tendinea, the postoperative reduction of left
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ventricular size (cavity) that occurs after surgery; in
addition to the systolic anterior motion of the native
anterior mitral leaflet after prosthetic mitral valve
insertion, can all lead to LVOT obstruction (27),(28).
Several modifications were recently proposed aiming
to eliminate LVOT obstruction after bileaflet preserving
MVR operations. Feike et al (22); Wu et al (24) have
incised the entire anterior leaflet from annulus and reaffixed close to posterior leaflet and posterior wall.
The function of papillary muscle may be preserved but
anterior regional wall motion may not always improve
in these techniques because the movement of posterior
wall may be strengthened excessively by the preserved
chordae tendineae (25).
However, many surgeons reported that the
preservation techniques using the in situ position of the
chordo-papillary attachments may maintain an adequate
global and regional cardiac function after MVR (24),(25).
Our results, that coincides with other investigators (2227), confirms this statement. According to our statistical
data obtained during the early 6-months of postoperative
follow-up, the mean values for LV dimensions (LVEDD,
LVESD, as well as their equivalent LVEF%), did show
more improvement with the total preservation group (A),
compared to conserving the posterior leaflet only (group
B). In our opinion, the cornerstone step is to cut the
leaflet tissue into separate parts, and then trim its tissues
into small islands that retain their attachment to multiple
primary or secondary chordae. With this step done
carefully, we, as well as other surgeons (22-28), believe
that this “debulking” of the leaflet tissue largely protects
against any future occurrence of LVOT.
Another crucial step has been the longitudinal splitting
of both papillary muscles till its roots from the LV free
wall. This step is claimed to maximize the surgical gain
by decreasing the tension posed on each chord with the
corresponding annular site of attachment, as well as
distribute the chordae away from the LVOT direction, in
addition to allowing the insertion of a prosthetic valve
of an adequate size. Other surgeons also reported the
previous finding like (22-25).
Moreover, in the modified bileaflet preserving
technique, allowed in situ position of the preserved
anterior leaflet, with the remaining tissue anchored
between the mitral annulus and the prosthetic valve
instead of cutting it loose in the left ventricular cavity.
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This also diminishes the risk of LVOT obstruction,
compared to other techniques in which just plication of
the major bulk of the anterior leaflet tissue was performed
(26). Lastly, the obvious improvement in the patients’
quality of life (stepped-up NYHA clinical class), the
absent mortality, and the internationally-acceptable lower
rate of morbidity complications being all non-fatal and
completely controllable, adds more solidity to out data
proofs.

Conclusion:

In our patient group, complete bileaflet chordal
preservation was possible and was of good benefit in
patients having mitral valve disease of rheumatic origin.
Compared to posterior leaflet chordae only, bileaflet
chordal preservation was associated with better short-term
improvement in Left Ventricular Contractile Function.
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Background: Mitral valve repair is the procedure of choice in management
of Mitral valve dysfunction of all etiologies. However, patients with
rheumatic changes, who have fibrotic and retracted leaflets, pose
significant operative challenges due to technical problems.
Methods: Fifteen patients underwent Mitral valve repair for rheumatic
severe MR due to shortened, retracted posterior leaflet from Jan2007 to
Jun2008. All patients presented with severe MR .The mean age of patients
was 19.4±5.39 years. All patients were females. Those patients had a mean
New York Heart Association (NYHA) class of 3.2 ± 0.4.
Results: Mitral valve repair by Posterior Mitral leaflet augmentation
with a gluteraldehyde treated Autologous pericardial patch and complete
annuloplasty ring were done in all patients for severe MR. The mean
ring size was 30.53±0.91mm for Carpentier rings (Edwards Lifesciences
LLC, Irvine, CA). The mean aortic clamp time and cardiopulmonary
bypass time were 71.26±12.97 minutes and 91±15.49 minute, respectively.
Additional surgical procedure included tricuspid annuloplasty were done
in 3 patient, by Devega repair and AVR was done in 1 patient.
Conclusion: Further information and follow-up is needed to determine
the extended long-term durability of patch augmentation of the posterior
leaflet. However, our results demonstrate excellent utility of repair and this
technique should be considered for patients with severe Mitral Regurge
due to retracted, shortened posterior leaflet.

M

itral valve dysfunction is a well-known complication in

long-term rheumatic heart disease. The leaflet changes
include fibrosis, thickening, and shortening with or
without calcification. Consequently, these changes may
result in short, “shrunken” anterior & posterior leaflets.

These short leaflets do not provide adequate coaptation and results in Mitral
regurgitation and the subsequent development of heart failure.
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Historically, Mitral valve replacement has been used to surgically manage
these patients. Today the benefits of Mitral valve (MV) reconstruction are well
established.
These benefits include low perioperative mortality, preservation of left
ventricular function, avoidance of long-term anticoagulation therapy, decreased
thromboembolic complications, a low risk of native valve endocarditis, excellent
long-term freedom from reoperation, and improved survival as compared to
patients undergoing valvular replacement. However, patients with rheumatic
changes, who have fibrotic and retracted leaflets, pose significant operative
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challenges due to technical problems and concerns of
long-term results of repair.(1)
All techniques of Mitral valve repair require a 3D
understanding of the dysfunction, a vision of the goal of
restoring the surface of coaptation, and an experience that
will help to answer strategically the different questions
that may arise during the repair. The contribution of
echocardiography is an absolute must requiring the need
for a team approach with an echo cardiographer. (2)

the surgeon important information regarding etiology,
lesions and dysfunction of the Mitral valve apparatus that
would influence the strategy necessary to successfully
reconstruct the valve rather than quantifying the degree
of MR.
The approach to prebypass evaluation of MV
apparatus included:
•

Cardiovascular

MV surgical repair is a class I indication for
intraoperative Transoesophageal echocardiography
(TEE) according to ACC/AHA/ASE Guidelines. (3)
In this study we describe our experience in Mitral valve
repair by posterior leaflet augmentation using Autologous
pericardial patch, in cases of severe Rheumatic Mitral
regurge due to shortened, retracted posterior leaflet.

Methods

Fifteen patients underwent Mitral valve repair for
rheumatic severe Mitral regurge (MR) due to shortened,
retracted posterior leaflet from Jan 2007 to Jun 2008.
All patients presented with severe MR. The modes of
dysfunction were pure MR in 11 patients and combined
MR & MS in 4 patients. The mean age of patients was
19.4±5.39 years. All patients were females. Those patients
had a mean New York Heart Association (NYHA) class
of 3.2 ± 0.4. Demographic data of the patients are shown
in table (1)
Number
Age range
(mean)
Male
Female
NYHA mean
Degree of MR

15 patients
13-35y
(19.4±5.39)y
15 patients
3.2 ± 0.4
+4

Table (1): Demographic data of the patients:
Surgical Technique

After induction of general anesthesia, a
transoesophageal echo probe was placed. using a Vivid3
machine (General Electric). A detailed Echocardiographic
assessment was performed following a standardized
protocol to examine the dysfunction. The main goal
of prebypass TEE examination was generally to give

2D Exam: in the following views
- 5ch view, 4ch view.
- Commissural, 2ch, long axis views.
- Transgastric basal short axis,
midpapillary short
axis & long axis views.

The 2D Exam was guided with the systematic Mitral
valve exam defined by Lambert and colleagues, which
include assessment of leaflet appearance and mobility,
localizing the dysfunction (P1, P2, P3), the measurement
of Mitral valve annulus (ME long axis view and
commissural view, at end systole), subvalvular apparatus
(TG two chamber view) and left ventricular shape,
dimensions and systolic function. (4)
•

Color-flow Doppler (CFD) of MV:
-Jet area, vena contracta, PISA.
• Spectral Doppler:
- (CWD) of MV regurgitant jet.
The color–flow Doppler & spectral Doppler helped in
the evaluation of degree and direction of Mitral regurge. (5)
The nomenclature used all through the procedure
as agreed with the surgical & anesthesia team was the
Carpentier nomenclature. Carpentier defined the three
scallops of the posterior leaflet as (P1, P2 and P3), where
P1 is the closest to the left atrial appendage. He also
defined three corresponding areas of anterior leaflet (A1,
A2 and A3). It was adopted by ASE/SCA guidelines. (6)
The operative procedure was done through
median sternotomy. An Autologous piece of
pericardium was harvested immediately after median
sternotomy and bathed in 3% gluteraldehyde for
seven minutes and then rinsed with saline solution
in a separate bowl for an additional 30 minutes.
Following patch harvesting, patients were placed
on standard cardiopulmonary bypass with bicaval
cannulation. Standard blood cardioplegic arrest
was initiated with antegrade flow in all patients.
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•
•
•

Complete dissection of the SVC from the surrounding
pericardial reflection using both sharp and blunt
dissection
Opening of the oblique sinus by separation of the Lt.
Atrium from the reflection of the pericardium to the
left of the IVC.
Dissection of the interatrial groove, starting above
the Rt. superior Pulmonary vein passing towards the
oblique sinus to the Lt. of the IVC using a knife and
sissors to allow the Lt. Atriotomy to be close to the
Mitral annulus.

A standard right-sided left atriotomy was made
parallel to the interatrial groove and extended and
wrapped superiorly and inferiorly in the direction of
the right superior and inferior pulmonary veins. Selfretaining retractors were placed. The Mitral valve was
brought closer into the operative field by placement of 3
ethibond stitches (2/0). One at the middle of the posterior
annulus, the second at the antrolateral commisure and,
the third at the postromedial commisure. Those are later
used for placement of the annuloplasty ring.
The Lt. Atrium was first inspected for jet lesion,
then the appendage for thrombus, then the Mitral
annulus whether dilated or not. Two nerve hook
retractors were used to stretch the anterior and the
posterior Mitral leaflets to detect the presence of
prolapse.
We also Inspected the thickness of the
leaflets, the span, especially the posterior Mitral leaflet
(the span of the post. leaflet should be 1/3 the span of
the ant. leaflet), and the subvalvular apparatus. № 1 silk
strings were passed around the primary chorde groups
of the posterior leaflet to facilitate its forward traction.
The posterior leaflet was separated from the posterior
annulus starting from the middle of the annulus then
passing towards the two commisures leaving only
small rim of leaflet tissue to facilitate suturing of the
patch to the annulus. The 2ry & 3ry chorde of the
post leaflet were released whenever needed to allow
for better mobilization of the leaflet. That caused the
posterior leaflet to “fall” forward towards the anterior
leaflet.
The Autologous patch was then generously
fashioned. The length of the patch needed was
measured by using silk suture to measure the defect

from the antro-lateral commisure to the postro-medial
commisure taking in consideration the posterior Curve
of the annulus. The width was calculated from the
width of the anterior leaflet with a 1:3 ratio to avoid
systolic anterior motion. Once appropriately sized, the
patch was sewn into the defect of the posterior leaflet
with two running 5-0 Prolene sutures. The smooth
surface of the pericardium is turned toward the atrium
for valve repair (Fig. 1).

Cardiovascular

Exposure through Lt. Atriotomy was improved by
the following steps:

Fig. (1) Pericardial patch in place.

A complete annuloplasty ring was then placed in all
patients. The annuloplasty ring size was determined by
the trigone to trigone distance of the anterior leaflet. The
completed repair restored the intraventricular zone of
coaptation.
That Mitral valve repair was tested by filling the LV
with saline through a bulb syringe (Fig. 2).

Fig. (2) Competent repair of Mitral valve with ring in place.
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Another way of evaluating the Mitral valve
competence was also done in some cases, by using
Foleys urinary catheter passing it into the Lt. Ventricle
through the aorta from the site of cardioplegia cannula.
The balloon was inflated by using 5cc of saline, and the
aorta was palpated to be sure that the catheter was not
folded in the aorta. The Lt. Ventricle was filled with
saline to test the Mitral valve repair without distorting
the Mitral valve mechanics.

Cardiovascular

Routine closure of Lt. Atriotomy using 2 prolene
(3/0) sutures, and then weaning from Cardiopulmonary
bypass were performed.
Appropriate volume loading to maintain a CVP
around 7-8 cmH2o, and hemodynamic manipulations
to maintain BP within ±10% of preoperative value
(using small boluses of norepinephrine or increasing
the inotropic support) were important for adequate
assessment of repair by TEE.
The post-CPB TEE assessment included initially
2D Exam for evaluating leaflet structure and motion,
followed by assessment of residual or new areas of
regurgitation, calculation of MV gradient and area,
assessment of ventricular function and anatomy, and
assessment of SAM.
The grade of MR was evaluated by CFD (Jet
area, Jet area/LA area, vena contracta, PISA), and
spectral Doppler.
The severity of MR was classified as: No or
trivial, mild, moderate and severe MR, corresponding
to 0, +1, +2, and +3.
Estimation of effective regurgitant orifice
area (EROA) or calculation of regurgitant volume
(RV) & regurgitant fraction (RF) were carried out
in cases of uncertainty. That was guided with the
recommendations of ASE for evaluation of severity
of valvular regurge. (7)
Calculation of mean MV gradient was done using
(CWD). A mean gradient > 6mmHg or peak gradient
>16 was diagnostic of MS.
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turbulent flow in LVOT or posteriorly directed
MR jet was demonstrated, gradient across LVOT
was measured using CWD in the deep TG view
& thickness of septum was obtained to asses the
possibility of SAM. (The risk of SAM was evaluated
prebypass based on length of MV leaflets, distance
from coaptation point to septum and left ventricular
internal diameter in systole).
After full satisfaction of the results of Mitral
valve repair, decannulation, homeostasis and routine
closure of the sternotomy were done.
The patients were transferred to the ICU
on physiological doses of inotropic support and
vasodilators.

Statistical Analysis
Data were statistically described in terms of
frequencies (number of cases), relative frequencies
(percentages), mean and standard deviation values
(SD). All statistical calculations were done using
Microsoft excel 7 computer program (Microsoft
cooperation, NY, USA).

Results

Mitral valve repair by Posterior Mitral leaflet
augmentation with a gluteraldehyde treated
Autologous pericardial patch and complete
annuloplasty ring were done in all patients for
severe MR. In addition, the following Mitral
repair techniques were used: commissurotomy
(4patients, 26.6%), papillary muscle splitting
and fenestration (1 patient, 6.6%) and release of
2ry and 3ry chorde (5 patients, 33.3%). The mean
ring size was 30.53±0.91mm for Carpentier rings
(Edwards Lifesciences LLC, Irvine, CA). The mean
aortic clamp time and cardiopulmonary bypass time
were 71.26±12.97 minutes and 91±15.49 minutes,
respectively. Additional surgical procedures
included tricuspid annuloplasty which was done in
3 patients, by Devega repair and AVR was done in
1 patient (Table 2).

Measurement of MV area was done by planimetry
(TG basal short axis view).
If systolic bending of leaflets into LVOT,
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Papillary muscle splitting
Release of 2ry & 3ry chorde
Additional procedure
Tricuspid v. repair
Aortic v. replacement
Ring size Range
Mean
Cross clamp time
Range
Mean
Bypass time
Range
Mean

15patients
4 patients (26.6%)
1 patient (6.6%)
5 patients (33.3%)

3 patients
1 patients
30-32mm
30.53±0.91mm
55-105min.
71.26±12.97min
65-130 min
91±15.49 min

Table (2): Operative data:

Clinical improvements were noted in all patients. The NYHA
class improved to class I or II. Patients were anticoagulated for
30 days following repair. There was no operative or 30-dayes
mortality in our study. We had 1 case (6.6%) of morbidity in the
form of infective endocarditis on the Mitral annuloplasty ring. The
patient presented by fever 2 weeks after surgery. Blood culture was
positive. The patient received IV antibiotics f or two weeks and
reoperation was done one month after the primary repair operation.
Debridment of all the infected Mitral tissues was done and MVR
using Carbomedics mechanical valve size 29 was used.
Transthoracic Echocardiography was done to all patients,
before hospital discharge, and follow up echocardiography
were also done at 3 and 6 months after the surgery to asses the
degree of Mitral regurge, MVA in cm2 , mean PG across the
Mitral valve to detect presence of Mitral stenosis, and whether
there was systolic anterior motion abnormality (SAM) due to
the pericardial augmentation of the posterior leaflet.
Intraoperative transoesophageal echo revealed:
73.3% of patients (11 patients) showed trivial Mitral
regurge, 20% (3 patients) showed mild MR, while 6.6%
(1 patient) showed moderate MR. The mean MVA
was 2.45±0.11 cm2, with average mean PG across the

Mitral valve was 4.26±1.22 mmHg. None of our patients
developed SAM abnormality at the Intraoperative TEE.
None of our patients underwent 2nd CPB run.
Transthoracic echocardiography was done to all
patients before hospital discharge: 80% (12 patients)
showed trivial MR, and 20% (3patients) showed mild
MR, with mean MVA 2.58±0.09cm2 and average mean
PG across the Mitral valve was 4.4±1.12mmHg.
Follow up echocardiography at 3month postoperative
showed 78.57% (11 patients) with trivial MR, and 21.4%
(3 patients) showed mild MR.(The patient who developed
infective endocarditis was excluded ) The mean MVA
was 2.53±0.10cm2, with average mean PG across the
Mitral valve 4.42±1.08mmHg.
Six month follow up echocardiography showed 71.4%
(10 patients) with trivial MR, and 28.5% (4 patients) with
mild MR. The mean MVA was 2.5±0.08cm2, with average
mean PG across the Mitral valve was 4.5±0.85mmHg.
None of our patients showed SAM abnormality at
any of the follow up echocardiography. Table (3) shows
follow up Echocardiographic data.
Degree of Mitral
regurge
Trivial reg. 11p
Intra(73.3%)
operative
+1 reg. 3p (20%)
echo
+2 reg. 1p (6.6%)
Before
Trivial reg. 12p
hospital
(80%)
discharge
+1 reg. 3p (20%)
echo
3 month Trivial reg. 11p
follow up (78.57%)
echo
+1reg.3p (21.4%)
6 month Trivial reg.10p
follow up (71.4%)
echo
+1reg.4p (28.5%)

Mean
MV
area

Mean PG
Across SAM
MV

2.45
±0.11
cm2

4.26
±1.22
mmHg

No

2.58
±0.09
cm2

4.4
±1.12
mmHg

No

2.53
±0.10
cm2
2.5
±0.08
cm2

4.42
±1.08
mmHg
4.5
±0.85
mmHg

Table (3) Follow up Echocardiography.
Preoperative
and
postoperative
echocardiography

No

No

transoesophageal
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Mitral surgical procedure
Posterior leaflet augmentat ion
Commissurotomy
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Images are shown in Fig. (3) and (4).

The use of Autologous pericardial patch briefly fixed
with gluteraldehyde in Mitral repair offers durable results
with no calcification or retraction. It has been applied
successfully for anterior leaflet augmentation in case of
rheumatic Mitral valve insufficiency. (2)

Fig. (3) Preoperative TEE image showing severe MR: morphology
of anterior and posterior leaflets in four- chamber view.

\\

Fig. (4) Postoperative TEE image showing posterior Mitral
leaflet augmentation repair showing trivial MR.

Discussion

The long-term results of Mitral repair for rheumatic
valve insufficiency are still suboptimal in spite of
undersized annuloplasty. Persistence or recurrence of
Mitral regurgitation can occur due to severity of tissue
retraction precluding leaflet coaptation (Carpentier
type IIIa). The concept of repair with posterior patch
augmentation is to lengthen the severely shortened and
retracted posterior leaflet to reestablish coaptation.

The severity of tissue retraction involving both
the leaflets and the chorde together with valve rigidity
due to calcification, are the main pitfalls for valve repair
in case of rheumatic Mitral disease and usually lead to
valve replacement. To compensate tissue retraction, the
technique of posterior leaflet augmentation has been
shown to be safe and reproducible. As described, the
enlargement concerned not only the posterior leaflet
but also the commissural areas. The echocardiography
study has shown that the posterior leaflet mobility and
the surface of leaflet coaptation were significantly
increased. In addition, it allowed the insertion of a larger
annuloplasty ring, thereby reducing the risk for stenosis.
The post bypass TEE evaluation was consistent with TTE
results in the postoperative period. Except for one patient
diagnosed as a border-line moderate (mild to moderate
+2) MR with a negative leak test Intraoperative, the
follow up TTE revealed a mild degree of MR. According
to Chitwood, patients with a competent valve following
the surgical leak test may still have significant valvular
insufficiency by TEE secondary to ischemic wall
dysfunction or the presence of SAM in the beating,
volume-loaded heart. (8)
In follow up Echocardiography, none of our patients
developed SAM abnormality. This may be due to the
rheumatic origin of our pathology which leads to rigidity
of the Mitral annulus. Also the use of Rigid Mitral ring in
our patients reduced the risk of SAM.
Mitral valve repair preserves the Mitral valve
apparatus and this has been shown to enhance and
maintain left ventricular function. This data indicates
that Mitral valve repair should be encouraged, perhaps
even when anticoagulation cannot be avoided. In our
series, one patient underwent concomitant mechanical
aortic valve replacement, thereby necessitating longterm anticoagulation. However, by repairing the Mitral
valve, the disruption of the Mitral valve-left ventricular
unit is not altered and heart function may be preserved,
ultimately this may delay the onset of heart failure and
improve quality of life. (1)
Massive calcified Mitral annulus and subvalvular
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Pericardium has been attractive to the cardiac surgeon
for a long time. Its ready availability, its ease of handling,
and its pliability make it an obvious choice when a defect
must be eliminated. We believe that there is sufficient
evidence to support the use of Autologous pericardium,
as its long-term durability and low thrombogenicity offer
several advantages. The benefits conferred by using
autologous tissue are, the easily accomplished surgical
technique, the effective functioning of the remodeled
valve, and the preservation of the natural shape of the
valve. These benefits make this technique a useful surgical
alternative for extensive Mitral valve reconstructive
procedures. (9)
Use of fresh autologous pericardium has been
discouraged because of problems encountered after
implantation, namely progressive contracture, thickening
fibrosis, loss of pliability, early degeneration, and
endocarditis. The method of preserving autologous
pericardium is extremely important in determining tissue
durability and preventing calcification. The scientific
procedure of using Autologous tissue treated with a brief
immersion in gluteraldehyde solution was established by
Chauvaud and colleagues in 1991. On the basis of that
experimental study, the clinical use of gluteraldehydepretreated pericardium became established for Mitral
valve reconstructive procedures.(10) In our experience,
we have observed no evidence of calcification or
tearing of the pericardial patch, in our patients based on
Echocardiographic evaluation.
Because gluteraldehyde-fixed autologous pericardium
is non antigenic, it is preferred over the standard bovine
pericardium, and this is corroborated by excellent results.
In addition, xenograft tissue carries the small but proved
risk of transmission of viral disease, including human
immunodeficiency virus. (9)
Annular remodeling and fixation have been regarded
as crucial endpoints of the surgical technique in order to
assure long-term durability of repair. With the longest
follow-up available to date, Carpentier and associates
reported a 20-year freedom from reoperation of 92% in
all cases which annular remodeling with prosthetic ring

were performed. (11)
Valvuloplasty performed by surgeons proficient
with the technique can offer outcome advantages
suggesting that early operation is feasible before
ventricular dysfunction occurs and allows for new
strategies in these patients. The ultimate goal is restoration
of a neo-valve with “normal” function, avoidance of
the use of foreign materials, and gluteraldehyde-treated
autologous pericardium could accomplish this goal. (9)
Although there has been question of the durability
of valvular repair with pericardial tissue, none of the
patients in our series required revision to a mechanical
valve at over 6months of follow-up (Except the patient
who developed infective endocarditis over the Mitral
prosthetic ring). Clearly, more long-term data are
necessary to reach firm conclusions.
In the literature, there were several studies on repair
of severe Mitral regurge by pericardial augmentation of
anterior Mitral leaflet, Micheal et al in 1998 reported
a case of anterior leaflet pericardial augmentation
for subaortic endocarditis.(12) Edward et al in 2004
described this technique in repair of ischemic Mitral
regurge. The leaflet tethering in ischemic MR is directed
posterior to the central orifice of the Mitral valve because
both papillary muscles lie relatively posterior in the LV.
On the basis of this anatomy, they described a method
of repair that allows the level of leaflet coaptation to
fall more posterior and toward the level of the displaced
papillary muscles. (13)
In our study, there was a complete cooperation between
the surgeon and anesthesiologist and the use of detailed
MV examination by TEE was beneficial particularly in
evaluating prebypass lesion and proving the efficiency of
our surgical technique.
In the current study, there was an agreement between
the prebypass transoesophageal echocardiographic
examination and the direct surgical findings, as regard
leaflet morphology, Mitral valve apparatus and mechanism
of regurge in all patients with missed commissural fusion
in one patient.
In their prospective study, Lambert et al, reported a
small population of 13 patients who underwent surgery
for significant Mitral regurgitation. The mechanism of
regurgitation and location of pathology was identified by
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apparatus may represent a real limit to perform this
technique. Careful follow-up will confirm whether a
wide use posterior leaflet augmentation substantially
improves mid-term and long-term outcome of valve
repair in rheumatic Mitral valve disease. (2)

Cardiovascular

using a systematic Echocardiographic examination in 12
patients (92%) compared with surgical inspection of the
valve (4).

Cardiovascular

Intraoperative TEE provides a mean of real-time
assessment of Mitral valve repair and a definitive
mechanism to improve quality of care for our patients.
It is known that rheumatic valvular heart disease is a
progressive and widespread process that may ultimately
lead to progressive deterioration of heart function. Further
information and follow-up is needed to determine the
extended long-term durability of patch augmentation of
the posterior leaflet. However, our results demonstrate
excellent utility of repair and this technique should be
considered for patients with severe Mitral Regurge due
to retracted, shortened posterior leaflet.
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Background : The importance of the tricuspid valve is often overlooked
by cardiologists and surgeons because of its unique characteristics. Many
surgeons consider the tricuspid valve as a second class structure.
Our first objective was to determine the normal anatomy and dynamic
characteristics of the tricuspid valve apparatus and the complex
interrelationships of its various components in vivo. The second objective
was to use the constructed three-dimensional geometry of the Tricuspid
valve in the design of a tricuspid valve annuloplasty ring model that closely
replicates the anatomy and function of the natural valve.
Methods : The technique used in these studies was 16 channel threedimensional (3D) digital sonomicrometry (Sonometrics Corp., London,
Ontario, Canada) (series 5001 digital sonomicrometer). Sixteen
sonomicrometry crystals were placed around the tricuspid annulus, at the
bases and tips of the three papillary muscles (PMs), free edges of the three
leaflets and the right ventricular apex during the cardiopulmonary bypass
(CPB) in five anaesthetized York Hampshire pigs. Animal were studied
after weaning of CPB on 10 cardiac cycles of normal heamodynamics.
Results : Sonomicrometry array localizations demonstrate the multiplanar
shape of the tricuspid annulus (TA). It reaches its maximum area (97.9 ±
25.4 mm2) at the end of diastole and its minimum (77.3 ± 22.5 mm2) at
the end of systole and increases again in early diastole, showing a biphasic
pattern. Papillary muscles shorten 0.8 - 1.5mm (11.2%) in systole and
chordrea tendinea straighten by 0.8-1.7mm (11.4%) in systole.
Conclusion: Tricuspid valve apparatus is a complex and has a very efficient
valvular mechanism with a geometry that changes continuously during
the cardiac cycle. The shape of the tricuspid annulus is not a saddle shape.
It has a multiplanar 3D shape with its highest point at the anterseptal
commissure and its lowest point at the posteroseptal commissure while the
anteroposterior commissure lies in a middle plane in between. Tricuspid
annulus area undergoes two major contraction and expansion during the
cardiac cycle reaching its maximum during diastole and its minimum
during systole. The PMs contract to offset the straightening of the chordae
tendinea. This suggests that there is a balance between active structures
those contract and passive structures that expand, producing minimal
geometrical distortion of the tricuspid apparatus. Optimal tricuspid
annuloplasty ring should be a multiplanar 3D one that mimics the normal
anatomical shape of the tricuspid annulus.

T

he importance of the tricuspid valve is often overlooked by

cardiologists and surgeons because of its unique characteristics.
Many surgeons consider the tricuspid valve as a second class
structure.1 Most lesions of the tricuspid vale are usually ignored
based on the wrong assumption that tricuspid disease is rare and,
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Complete Mapping of The Tricuspid Valve Apparatus
Using The Three -Dimensional Sonomicrometry.
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in most cases, irrelevant to the patient’s outcome after the
problem on the left heart that brings the patient to surgery
has been solved. One explanation of this maybe the absence
of a detailed preoperative study for the tricuspid valve.
A better understanding of the tricuspid valve is necessary
to clarify the indications and the limits of tricuspid valve
surgery. Because of the importance of the annulus, an
annuloplasty ring designed specifically for the tricuspid
position should replicate the anatomy and function of the
natural tricuspid valves as closely as possible. The specific
geometric relationship that is formed by the attachment of
the valve leaflets to the papillary muscles (PMs) and to the
annulus is likely to be critical in ensuring proper function
of both the valve and the right ventricle.2-8 This geometric
relationship between the components of the tricuspid valve,
however, has not been studied in detail. Previous studies have
documented that the mitral valve annulus is saddle shaped,
9, 10 but we do not know if the tricuspid annulus resembles
the mitral one and how its shape changes during the cardiac
cycle relative to contraction of the PMs. Since the annulus
also has both fibrous and muscular components, it likely
both dilates and contracts simultaneously within its various
sections. Moreover, the network of supporting chordae is
highly branched and complex and the load distribution on
these chordae has not been studied. It is therefore unlikely
that a successful tricuspid valve annuloplasty ring can be
developed and properly implanted into patients, unless a
thorough understanding of the function of the tricuspid
valve apparatus is obtained and implemented. Detailed
spatial and temporal information is consequently needed to
map the geometric and functional relationships among the
contraction of the PMs, the stretching of the tricuspid valve
chordae, and the distortion of the tricuspid valve annulus.
The unique characteristics of the tricuspid valve, which
has been defined as the “Cinderella” of the cardiac valves,
are :( 1) It is rarely affected in isolation. Most often, the
prominent manifestation of other diseased valves minimizes
its importance. (2) Located at the entrance of the heart, its
symptomatology is primarily extracardiac and is often silent.
(3) Its behaviour is closely related to the function of the
right ventricle since in most cases, tricuspid regurgitation
is secondary to right ventricular dysfunction. (4) Its
manifestations maybe directly linked to other pathology. For
example, resolution of the mitral problem is often followed
by improvement in the degree of tricuspid regurgitation.
(5) Because it usually exits in a low –pressure system, it
maybe difficult to evaluate its preoperative importance
and assess the value of different surgical techniques. These
characteristics of the tricuspid valve cause cardiologists and
surgeons to often disregard its importance.
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Aim of the study:

To study the anatomy and dynamic characteristics of
the tricuspid valve apparatus in an open heart pig model.
Better understanding of the normal anatomy and function
of the tricuspid valve will help to clarify the indications
and the limits of tricuspid valve surgery. This can also aid
in the design of a tricuspid valve annuloplasty ring that
closely replicates the anatomy and function of the natural
valve annulus.

Methods:

The technique used in these studies was 16
channel three-dimensional (3D) digital sonomicrometry
(Sonometrics Corp., London, Ontario, Canada)(series
5001 digital sonomicrometer). The sonomicrometer
measures distances within soft tissue by means of
piezoelectric transducers, a high frequency counter, and
the time of flight principle of ultrasound. Sixteen of these
ultrasonic transducers were implanted into tissue (see
below) and sequentially energized with a short electrical
pulse. As each transducer was energized, it generated an
acoustic wave that propagated through the tissue, away
from the transducer in a radial manner. This spherical
wave front was detected by each of the other transducers,
and the distances between each transmitting crystal and
all the receiving crystals were calculated based on the time
taken for the wave to travel between an acting transmitter
and its corresponding receiver. This cycle was repeated
in turn for each of the other 15 transducers, such that each
one in turn act as a transmitter during one firing cycle and
as a receiver during the other 15 (Figure 1). The digital
hardware in the computer controlled sonomicrometer
automatically switched between transmit and received
modes for the appropriate transducer. This switching was
virtually instantaneous compared with biologic motion,
since a complete cycle of sequential firing of all 16
transducers could be repeated at 200 Hz.

Figure 1. Schematic representation of the number of distances
acquired by the digital sonomicrometer. Since each crystal
can communicate with all others in the network, the number
of distances measured increases exponentially.
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With the approval of the Institutional Animal
Use and Care Committee, we developed a porcine
model to study the anatomy and the function of the
tricuspid valve. We used 2-4 week old Yorkshire
pigs (n=5) with an average body weight of 40.6
± 2 kg. After insertion of an ear vein, the animal
was anesthetized with ketamine (20 mg/kg) and
acepromazine (1 mg/kg). Following endotracheal
intubation, Ventilation was controlled to maintain
normocarbia with PaO2 > 150 mmHg. Anaesthesia
was maintained throughout the procedure with
Isoflurane or enflurane (1-3%). An arterial outline
was inserted into the left external carotid artery
for continuous blood pressure monitoring and
arterial blood sampling for blood gases and serum
electrolytes every 30 minutes. A pulmonary artery
Catheter was used to measure the pulmonary artery
pressure. A right lateral thoracotomy followed by a
pericardiotomy was performed to expose the heart
and its great vessels. Heparin was given intravenously
at the dose of 300 units/kg. Cannulation was carried
out using an aortic cannula (Edwards Lifesciences G
22 Fr.) and two separate venous cannulae (Medtronic
DLP size 28 Fr.) for the superior and inferior venae
cavae. Once activated clotting time (ACT) exceeded
480 sec, cardiopulmonary bypass (CPB) was started.
The pump flow rate was 50ml/Kg/min (2-2.5 litres/
min). Temperature was kept at 32 - 35 ºC (mild
hypothermia) by drift. The aorta was then clamped
and cold blood cardioplegia (Fremes solution at
8:1 ratio and temperature of 4 ºC) was infused
antegradely into the aortic root to stop the heart.
Mean arterial pressure was maintained at 50-60
mmHg throughout CPB. Transverse right atriotomy
was performed to expose the tricuspid valve. The
16 sonomicrometer crystals were attached to the
tricuspid valve apparatus as follow: Six crystals
were placed at the base and apex of the three PMs,
two for each one; three crystals were attached at the
leaflet ends of the marginal chordae at their sites
of attachment to the anterior, posterior and septal
leaflets; six crystals were placed around the tricuspid
annulus (Three at the commissures and three in
between in the middle of annular attachment of each
leaflet); and the remaining crystal was attached to the
right ventricular apex as a reference (figure 2).

Figure 2: Diagram showing the positions of the crystals
that distribute all over the different parts of the Tricuspid
Valve apparatus.

All the crystals were fixed using 5/0 prolene sutures.
The wires for the crystals fixed to the annulus and the
chordea tendinae were routed through the atrium while
those fixed to the papillary muscles were routed out through
a small incision at the right ventricular apex. Each crystal
was connected to the sonomicrometer, and the pig was
weaned from cardiopulmonary bypass. Heparin reversal
was achieved using intravenous Protamine at a dose of 10
mg per 100 units of Heparin. After hemodynamics reached
the normal pre-operative status, we recorded for 5-10
consecutive cardiac cycles data over a 5 sec interval. During
each measurement cycle, the 16 channel sonomicrometer
stores 300 distances. At a repetition rate of 200 Hz, a typical
5 sec data set would contain 300,000 data points, each 2
bytes long. At the end of the experiment, the animal was
sacrificed by exsanguination into the cardiotomy reservoir.

3D RECONSTRUCTION:

Using trigonometry, any set of distance measurements
between an array of points was converted to 3D coordinates
with respect to some coordinate system. These conversions
were done with the use of “triangulation algorithm” that
employs the sine and cosine laws for triangles. Method of
3D reconstruction and visualization did not vary than that
previously described11.
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Statistical Analysis:

Data were expressed as mean ± standard deviation and
compared using 2- tailed unpaired student t test. Values of p less
than 0.05 were considered significant. Statistical analyses were
made by using Microsoft Office Excel 2003 for Windows XP.

Results:

Model Characteristics:

Cardiovascular

The hemodynamics at the time of recording were:
heart rate 95 ± 6 beats/min; arterial pressure 84/45 ± 19/5
mmHg; Pulmonary artery pressure 23/14 ± 3/2 mmHg. All
hemodynamic data are shown in table 1. At necropsy, all
transducers were in the correct positions in all the animals.
Hemodynamic Parameters
Heart Rate (beats/min)		
Systolic Blood Pressure (mmHg)		
Diastolic Blood Pressure (mmHg)		
Mean Blood Pressure (mmHg)		
Systolic Pulmonary Pressure (mmHg)
Diastolic Pulmonary Pressure (mmHg)
Mean Pulmonary Pressure (mmHg)

Mean ± SD
95 ± 6
84 ± 19
45 ± 5
50 ± 10
23 ± 3
14 ± 2
15 ± 3

(1) Tricuspid Annulus changes:

Two-dimensional shape of the tricuspid annulus
(TA): the localized distances of each of the six crystals
fixed to the TA from the reference crystal at the
apex of the right ventricle are summarized in figure
3. Posteroseptal (PS) segment of the TA were close
to the right ventricular (RV) apex, and the lowest
point from the right atrium was the posteroseptal
commissure where the coronary sinus started. In
contrast, anteroseptal (AS) and anteroposterior
(AP) segments were close to the right atrium, and
the highest point of the TA was at the anteroseptal
commissure which was close to the RV outflow tract
and the aortic valve. Anteroposterior commissure
was at a plane in between the anteroseptal and
posteroseptal commissures.

Table1. Hemodynamic Data during recording.
Values are means ±SD where shown.

Measurement
		

Minimum

Maximum

Change

(mm)

(mm)

(%)

Annulus:
Anterior Segment: 11.6 ± 1.1

13.5 ± 1.7

16.2 ± 3.1%

Posterior Segment:

15.5 ± 5.7

17.3 ± 5.7

12.5 ± 3.5%

Septal Segments:

16.7± 5.1

18.7 ± 4.4

10.1 ± 0.9%

Chordea Tendinea:
Anterior Chord:

9.6 ± 3.1

11.0 ± 3.1

14.0 ± 4.6%

Posterior Chord:

9.5 ± 3.3

11.2 ± 2.8

16.9 ± 8.4%

Septal Chord:

14.0 ± 3.5

14.8 ± 3.7

5.2 ± 0.4%

Anterior PM:

11.8 + 2.6

13.3 + 3.1

11.1 + 1.3%

Posterior PM:

11.0 + 4.0

11.8 + 3.9

7.5 + 3.4%

6.5 + 1.7

7.6 + 1.4

16.2 + 6.0%

Papillary Muscles:

Septal PM:

Table2. Length data for Tricuspid Valve Annulus, Chordae
Tendinea and Papillary Muscles.
Values are means ± SD where shown.

Figure 3: Positions of the six Tricuspid annular Crystals in
relation to the right ventricular apex.

Three-dimensional shape of the Tricuspid
annulus: The shape of the tricuspid annulus was
determined by the 3D coordinates of each annulus
crystal. Figure 4 is a comprehensive illustration
of the 3D shape of TA at end-systole and enddiastole from one animal. An arbitrary surface
passing through each of the annular transducers has
been drawn for better demonstration of the multiplanner shape of the annulus which is maintained
throughout the cardiac cycle. All pigs studied had
annuli of similar shapes. The multiplanar shape
of the annulus was defined by the height of each
crystal above or below the least-squares plane.
The resultant averages determined a multiplanar
oriented shape with a maxima corresponding to the
AS crystal, intermediate at AP crystal and a minima
at PS crystal.

178 The Journal of Egyptian Society Cardiothoracic Surgery ● Jul - Dec 2009

Cardiovascular

Dynamic Changes of the tricuspid annular
perimeter: The TA perimeter was also calculated to
measure the cross-sectional changes during different
phases of the cardiac cycle. The annular perimeter
expanded from a minimum of 82.5 ± 19.0 mm in late
systole to a maximum of 89.0 ± 19.2 mm in late diastole
with an expansion of 7.9 ± 0.8%. However, this total
expansion was not homogenous in all segments. Most
of the changes of the annular circumference were
along the anterior annulus (16.2 ± 3.1%). As viewed
in the axial plane, there was a relatively little change
of the circumference along the posterior annulus (12.5
± 3.5%). The septal expansion was smaller (10.1 ±
0.9%) than that of the anterior or posterior segments,
but not statistically significant (p=0.28 and p= 0.58,
respectively). The changes of the different annular
segments in the axial plane can be seen at maximum
and minimum movements in figure 6.

\

Figure 4: Three Dimensional shape of the Tricuspid Annulus
at systole.

Dynamic Changes of the tricuspid annular area: The
TA area increased from mid to late diastole reaching a
maximum area of 97.9 ± 25.4 mm2 at the end of diastole,
decreased during systole reaching its minimum of 77.3
± 22.5 mm2 at the end of systole, and increased again in
early diastole, showing a biphasic pattern with two peaks
in early and late diastole (figure 5).

Figure 6: Segmental changes of different parts of the tricuspid
annulus.

(2) Leaflet motion:

The opening of the tricuspid valve was determined
from the area of the triangles designated by the three
crystals on the edges of the three leaflets and the six
annular crystals. The leaflets began to open in early
diastole, completing their opening by the end of
diastole. This is followed by closure during systole.
The maximum tricuspid leaflet area occurred near
end-systole and averaged 127.3 ± 33 mm2 while the
minimum area occurred at the end of diastole and
averaged 100.5 ± 29.3 mm2. The mean ratio of leaflet
area to orifice area was 1.3.

(3) Chordea tendinae:

Figure 5: Example of dynamic changes of the Tricuspid valve
apparatus during the Cardiac Cycle in one animal.

The distance between crystals on the chordea
tendinea began to lengthen in early systole reaching
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its maximum by the end of systole and its minimum in
diastole. The intercrystal distance of the anterior chordea
tendinea lengthened from 9.6 ± 3.1 to 11.0 ± 3.1 mm
(14.0 ± 4.6%) while that of the posterior chords increased
from 9.5 ± 3.3 to 11.2 ± 2.8 mm (16.9 ± 8.4%) and that
of the septal chords from 14.0 ± 3.5 to 14.8 ± 3.7 mm
(5.2 ± 0.4%). The overall chordal intercrystal distance
increased by 11.4%.

Hosam Fawzy et al

Angular displacement of the PMs below the
corresponding commissures showed that the PM plane
was not parallel to the TA plane, and the PMs did not
move together in the same direction. In fact, the angles
between the two planes were 54.1°, 66.4°, and 41.7° for
anterior, posterior and septal PMs respectively.

(4) Papillary muscle movement:

Cardiovascular

The motion of the PMs relative to the TA plane can be
described as a combination of shifting, bending, and twisting
of the right ventricle. During the cardiac cycle, the average
of the three PMs contracted by 11.2% during systole and the
maximum change in length was 0.8 - 1.5 mm.
The PMs were shortest during systole (11.8 ± 2.6,
11.0 ± 4.0 and 6.5 ± 1.7 mm) and longest during diastole
(13.3 ± 3.1, 11.8 ± 3.9 and 7.6 ± 1.4 mm) for anterior,
posterior and septal PMs respectively (Figure 7).
Figure 8: Optimal Tricuspid Annuloplasty ring.

Discussion:

Figure 7. Papillary muscles and their relation to the Tricuspid
annulus.

The rotational movement of the PMs during the
cardiac cycle indicates considerable changes in the
direction of the forces tethering the tricuspid leaflets.
However, the torsion along the septal PM (16.2 ± 6.0%)
was insignificantly greater in magnitude than anterior
PMs (11.1 ± 1.31%, p=0.35), while significantly greater
than posterior PMs (7.5 ± 3.4, p= 0.029*).

Because the majority of tricuspid valve pathology
has been considered secondary to left-sided lesions
and pulmonary hypertension, it was assumed to revert
spontaneously after these lesions has been treated.
These factors, together with its characteristic paucity of
clinical manifestations, have resulted in a lack of solid
principals for its diagnosis, indications, and appropriate
surgical manoeuvres. Previously, the diagnostic and
surgical methods for treating functional tricuspid
regurgitation (TR) have very closely followed those
applied for the mitral valve. However, the tricuspid valve
has distinguishing characteristics that are often ignored.
Its tendency to vary in degree following hemodynamic
changes makes its evaluation difficult and unreliable. A
recent review of 790 patients who underwent a variety of
tricuspid annuloplasties showed that between 15% and
37% of these cases had recurrent severe regurgitation at
eight years follow up12. These results suggest that the
current annuloplasty techniques are either unreliable or
insufficient.
A deeper knowledge of the continuous changes in
the shape of the tricuspid valve throughout the cardiac
cycle should aid in both understanding the mechanisms
of its dysfunction and in developing new interventional
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therapies.
We demonstrated that the shape of the tricuspid annulus
(TA) is multiplanar with non homogenous contraction. The
highest point of the TA is at the anteroseptal commissure,
which is close to the RV outflow tract and the aortic valve.
The lowest point toward the RV apex from the right atrium
is the posteroseptal commissure, where the coronary sinus
starts. While the anterposterior commissure lies at a middle
plane. The geometry of the TA thus may be complicated
and appears to be different from the saddle shape of the
mitral annulus, suggesting an annuloplasty in TR should
be different from that in mitral regurgitation. Fukuda et
al. 13 studied the Tricuspid valve in both healthy subjects
and patients with Tricuspid regurgitation using real-time
3-D echocardiography and concluded a similar shape of
the tricuspid annulus like ours.
There have been many studies of the saddle-shaped
mitral annulus 14-17. Many surgeons still believe that
the tricuspid annulus has the same saddle shape of the
mitral annulus. In a previous study with a small number
of subjects, 3D Echo with a reconstruction method was
used to measure the 3D structure of the normal TA and
showed that the shape of TA is saddle shape 18. A recent
experimental study used sonomicrometery in an ovine
model with opening of the pericardium19 confirmed
the saddle shape of the TA with the highest point
corresponding to the midpoint of the posterior leaflet
and the lowest point corresponding to the anteroposterior
commissure. The anteroseptal commissure and the middle
of the anterior leaflet, lies in a middle plane.
In the post-mortem human heart, Deloche et al.20
described the shape of the normal tricuspid annulus as a
pear-shaped with its narrow end close to the anteroseptal
commissure and its wider end corresponding to the
midpoint of the posterior leaflet. The same pear-shaped
annulus was also described by Hiro et al.19 in their
pressurized post-mortem sheep heart. Recently, in their in
vivo ovine model, they observed the opposite shape with
the narrow end of the pear-shaped annulus corresponded
to the posteroseptal commissure.
The mechanical advantage of the saddle shape of the
mitral annulus is well known as it has been shown to
reduce valve stress21. These issues have not been fully
studied for the tricuspid annulus.

In the present study, we found that changes in the
multiplanar shape of the TA during the cardiac cycle
also contribute to its orifice area. The decrease in the
multiplanar shape during systole has a ‘folding’ reducing
effect on the TA. The high and low points of the annulus
move away from each other in the apical/basal direction
during TA area dilation. This minimizes leaflet stress and
it also allows a ‘folding’ of the annulus that effectively
reduces its orifice area without a dramatic reduction in
perimeter. This change in shape is the main mechanism
responsible for the TA competence, and questions the
efficiency of rigid annuloplasty devices that interfere
with this mechanism. Using open heart dog model,
Tsakiris group7 found that the Tricuspid valve is not a
rigid structure with atrial and ventricular contractions
are responsible for TA competence with the major part
of annular narrowing caused by atrial contraction. Atrial
contraction brought the anterior and posterior leaflets to
appose the septal leaflet.
Previous experimental and clinical studies have
shown that the TA continuously changes its size and
shape during the cardiac cycle7 & 22. In the present study,
although the TA area contracted to 21 % of its maximum
area, the maximum contraction of the TA perimeter was
only 7.9 + 0.8%. These obtained data confirmed those
of Tsakiris and associates7 who reported a contraction
between 20% and 39% of the maximal diastolic area. In
an echocardiographic study of normal humans, Tei et al.6
showed a maximum reduction of 33%. An earlier report
by Hiro et al. 19 reported that ratio of the maximum–tominimum diameters changed from 0.55 + 0.05 mm to
0.46 + 0.04 mm as the TA became less circular.
However, these changes were not homogenous in
all segments. As most of the changes of the annular
circumference were along the anterior annulus (16.2 +
3.1%), then the posterior annulus (12.5 + 3.5%) and the
least reduction occurred at the septal segment (10.1 +
0.9%) with no significant difference. Contrary to these
results, Hiro et al.19 reported that the length of insertion
of the septal leaflet changed almost as much as the
insertion of the anterior and posterior leaflets (10.4 + 1.2%
versus 13.0 + 1.5% versus 14.0 + 1.6%, respectively). He
believed that the reduction in the annulus orifice was due
to a selective shortening of the free wall portions.
The biphasic nature of the TA area curve is comparable
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to that observed in the mitral valve by Gorman et al.9 and
in the tricuspid valve by Tei et al.6 and Tamiya et al.23.
The maximum TA area occurred during late diastole and
is most likely due to relaxation of the right ventricular
transverse fibers in late diastole24.

Cardiovascular

The PMs contracted by 11.2% while the chordae
tendinae straightened by 11.4%. This implies that the
PMs contract to offset the straightening of the chordae
tendinea. This has not been reported previously and
suggests that there is a balance between active structures
those contract and passive structures that expand,
producing minimal geometrical distortion of the tricuspid
valve apparatus.
The length of the tricuspid valve’s septal segment
also changes during the cardiac cycle (10.1 + 0.9%). This
finding challenges both the standard method of using the
length of the septal leaflet base to select the correct ring
size as well as the use of open annuloplasty bands, which
may not prevent further dilatation of the diseased TA.
All these findings question the adequacy of all present
annuloplasty techniques that selectively reduce the portion
of the annulus corresponding to the right ventricular free
wall, assuming that the length of the septal portion of the
annulus remains constant in health and disease. Using the
length of the base of the septal leaflet to determine the
optimal size of the repaired annulus, was derived from
the mitral valve, where the fibrous intertrigonal segment
was considered stable and constant.
These preliminary data revealed that the tricuspid valve
undergoes continuous and complex geometric changes
during the cardiac cycle. As in the case of the mitral
valve, none of the structures of the tricuspid valve can be
studied in isolation. It is hoped that better knowledge of
the dynamic changes of the normal tricuspid valve will
promote understanding of the mechanisms responsible
for its functional regurgitation and consequently help in
designing an anatomically and physiologically correct
tricuspid annuloplasty ring.

Optimal Tricuspid Annuloplasty Ring:

Tricuspid valve (TV) annuloplasty is now a standard
surgical procedure for the treatment of functional TR.
Most surgeons consider the use of an annuloplasty ring
an essential part of basic repair techniques for obtaining
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good results. However, the rings currently being used
for TV annuloplasty were originally released for mitral
valve, and moreover, most rings are formed in a single
plane with variation, 25-27 whereas the actual TA has a
multiplanar 3D structure28. Therefore, there was a need
for a better understanding of the 3D geometry of the TA,
especially in the normal heart and that is well illustrated
in this study.
A new look at the tricuspid valve based on the better
understanding of its functional anatomy should stimulate
the development of a new three dimensional design for a
tricuspid annuloplasty ring that is not a saddle shape and
it is mulitplanar 3D in shape and with its highest point
at the anterseptal commissure and its lowest point at
the posteroseptal commissure while the anteroposterior
commissure lies in a middle plane in between (figure 8)
(patent pending).
The tricuspid annuloplasty ring should be made
from a semi-rigid material that does not interfere with
the folding mechanism of the annulus. The material
preferably has progressive degree of flexibility along the
whole length of the ring from septal through the posterior
and anterior segments. The ring should have its lowest
flexibility near the septal leaflet, the highest flexibility
near the anterior leaflet.

Conclusion:

Tricuspid valve apparatus is a complex and has
a very efficient valvular mechanism with a geometry
that changes continuously during the cardiac cycle. The
shape of the tricuspid annulus is not a saddle shape.
It has a multiplanar 3D shape with its highest point at
the anterseptal commissure and its lowest point at the
posteroseptal commissure while the anteroposterior
commissure lies in a middle plane in between. Tricuspid
annulus area undergoes two major contraction and
expansion during the cardiac cycle reaching its maximum
during diastole and its minimum during systole. The
PMs contract to offset the straightening of the chordae
tendinea. This suggests that there is a balance between
active structures those contract and passive structures
that expand, producing minimal geometrical distortion
of the tricuspid apparatus. Optimal TV annuloplasty ring
should be a multiplannar 3D one that mimics the normal
anatomical shape of the TA.
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Background: Aortic valve replacement (AVR) is a safe and common operation
for aortic regurge (AR) or aortic stenosis (AS) and it must be done prior to the
development of left ventricular dysfunction to obtain a good result.
The aim of this study is to evaluate the left ventricular function (LV function),
left ventricular mass (LVM) and LVM index (LVMI) after AVR in patients
with AR or AS, and to assess the regression of LVM and LVMI in patients
with different ejection fraction (EF) to detect the best time for operation.
Methods: This is a prospective study which consists of 2 groups, group A
included 30 patients with AR and group B included 30 patients with AS.
Careful history taking, clinical examination and echocardiography (including
LVESD, LVEDD, EF, PG across the valve) were done preoperatively (preop)
with calculation of LVM and LVM index. We also classified our patients into
patients with poor EF (< 40%) included 16 patients, patients with moderate
EF (41 – 54%) included 34 patients and patients with normal EF > 55%
included 10 patients. Investigations were repeated early postoperatively
(early postop) and after 6 months (6 m postop).
Results: There were highly significant difference in each group (P < 0.001)
specially the changes of the mean NYHA functional class, LVESD, LVEDD,
EF and PG across the aortic valve. Also LVM regressed significantly
(P < 0.001) with improvement of the mean LVMI. Also in comparison
between both groups, we found significant difference (P < 0.001) as regard
parameters of LV function toward group B (AS) while the improvement
of LVM and LVMI especially after 6 m postop were more toward group
A (AR). There was marked improvement in patients with normal EF in
whom the mean LVMI (gms/m2) improved from 230.15 ± 18.12 preop to
180.70 ± 16.52 early postop to 143.10 ± 12.11 after 6m postop and less
improvement in patients with moderate EF in whom the mean LVMI (gms/
m2) improved from 270.50 ± 13.15 preop to 227.31 ± 17.13 early postop to
188.51 ± 15.5 after 6m postop and the least improvement was detected in
patients with poor EF in whom the mean LVMI (gms/m2) improved from
302.20 ± 21.19 preop. to 283.50 ± 19.22 early postop to 235.31 ± 20.15 after
6m postop. Mortalities were 4 patients 2 in both groups, but 3 of them
were in patients with poor EF (3/16 = 18.8%), and 1 case with moderate EF
1/34 (2.9%). Morbidity in the form of severe LCOP syndrome occurred in
12/60 patients (20%), 8 patients with poor EF (8/16, 50%) and 4 patients
with moderate EF (4/34, 12%) and non of them were with good EF.
Conclusion: We conclude that patients with AR or AS must be operated
early before deterioration of LV function and LVM to obtain good result
with good improvement of LV function and more regression of LVM and
LVMI which improve the patient quality of life.Introduction:
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Evaluation of Left Ventricular Function and Mass
After Aortic Valve Replacement in Patients with
Different Ejection Fraction

Cardiovascular

V

alvular lesions that imposes a
progressive overload on the left
ventricular muscle has an effect on the
patient quality of life (1) .Progressive
volume overload by AR can produce
severe left ventricular dilatation and hence myocardial
fibrosis and left ventricular dysfunction (2). In contrast,
pressure overload by AS can produce concentric
hypertrophy and also myocardial fibrosis, failure or
arrhythmia (3).

Cardiovascular

The potential for left ventricular hypertrophy
regression and associated functional improvement may
be the underlying mechanisms of results in general after
AVR (3, 4).
The long asymptomatic course of AR and AS
means that many patients have impaired LV function
at diagnosis, and AVR in these patients, is associated
with increased mortality and bad longterm results
(5). AVR has become a common surgical procedure
for management of AR and AS. While the timing of
surgery is critical and it is more clear that surgery must
be done prior to the development of prolonged left
ventricular dysfunction (6).
Now satisfactory indecis has been developed that
allow the clinician to detect and avoid prolonged left
ventricular dysfunction. Therefore, patients now undergo
surgery sooner, resulting in reduced operative mortality
and better long term survival with good left ventricular
performance (7).
The aim of this study is to evaluate the left ventricular
function and LVM & LVMI after AVR in patients with
AR or AS and to assess the regression of LVM and LVMI
which occurred after AVR in patients with different EF to
detect the best time for operation to obtain good results
of LV function and LVMI.

Methods:

This is a prospective study including 60 consecutive
patients who had AR or AS and underwent AVR in the
Cardiothoracic Surgery Department, Mansoura University
Hospitals between January 2005 and December 2007.
These patients were divided into 2 groups, group A
included 30 consequetive patients with AR for whom
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AVR was done, and group B included also 30 consecutive
patients with AS for whom AVR was done.
Inclusion criteria included any adult patient with AR
or AS for whom AVR was done and we excluded from
this study any patient with mixed aortic valve lesions
or with associated other valve disease or operations or
endocarditis.
Preoperatively, careful history taking with detection
of New York Heart Association (NYHA) functional
class and clinical examination were done for all patients.
Preoperative routine laboratory investigations with chest
x-ray and ECG were also done routinely for all patients.
Careful transthoracic echocardiography was done for
all patients to confirm the diagnosis, dimension of the
left ventricle and parameter of left ventricular function
especially ejection fraction (EF), left ventricular end
systolic dimension (LVESD), left ventricular end diastolic
dimension (LVEDD), and transvalvular pressure gradient
(TVPG).
LVM was calculated and correlated to the body
surface area (BSA) to get the LVMI as follows (8):
LVM (Gms) = 1.04 x [(LVEDd + IVSd + LVPwd)3
– (LVEDd)3]
LVM corrected tube formula = 0.8 (LVM) + 0.6
LVMI = LVM / BSA expressed in Gms/m2 where
LVEDd = left ventricular end diastolic diameter in cm,
IVSD = interventiruclar septal dimension in cm, LVPwd
= left ventricular posterior wall dimension in cm.
For detection of the high risk for adverse events
which may occur if the patients were operated upon
late with poor LV function, we classified our patients
according to Juraj et al. (9) into patients with poor EF
(≤ 40%) included 16 patients, patients with moderate EF
(41 – 54%) included 34 patients and patients with normal
EF > 55% included 10 patients.
Operative technique, all patients were operated upon
electively, the heart was approached through a classic
standard median sternotomy in all patients with aortic
and bicaval cannulation. Cardiopulmonary bypass (CPB)
was done routinely using hypothermia (28ºC) with
crystalloid cardioplagic solution injected directly into
both coronary orifices after opening the aortic root. AVR
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Postoperatively, all patients were transported to
ICU with mechanical ventilation, inotropic support and
vasodilators. All patients were examined and investigated
as preoperative before discharge and after 6 months
postoperatively to detect the change which occurred in
LV function and LVM.
Statistical analysis: Data were analyzed using
SPSS (Statistical Package for Social Sciences) version
10. Qualitative data were presented as number and
percent. Quantitative data were tested for normality
by Kolmogrov-Smirnov test. Normally distributed
data were presented as mean ± SD. Paired t-test was
used for comparison within groups. Student t-test was
used to compare between two groups. P value < 0.05
was considered to be statistically significant and P
value < 0.001 was considered to be statistically highly
significant and P value > 0.05 was considered non
significant.

Results:

The preoperative patients data are shown in table I.

Parameter

Group A (30) AR Group B (30) AS

Age (mean) years

25.57 ± 3.96

24.73 ± 5.25

Sex:
Male
Female

19 (63.3%)
11 (36.7%)

18 (60%)
12 (40%)

BSA (mean) m2

1.540 ± 0.125

1.557 ± 0.145

Symptomatology:
Asymptomatic
Dyspnea
Angina
Syncope

3
12
8
5

2
15
14
13

NYHA class
I
II
III
IV
Mean

1 (3.4%)
4 (13.3%)
15 (50%)
10 (33.3%)
3.13 ± 0.78

Echocardiology (mean):
LVESD (cm)
4.22 ± 0.11
LVEDD (cm)
6.80 ± 0.22
EF (%)
46.32 ± 3.72
TVPG (mmHg)
43.07 ± 5.27
LVM (gms)
434.90 ± 14.17
LVMI (gms/m2)
249.94 ± 15.97

2 (6.7%)
4 (13.3%)
16 (53.3%)
8 (26.7%)
3.00 ± 0.83
3.96 ± 0.16
5.87 ± 0.19
45.77 ± 2.22
90.63 ± 7.39
397.23 ± 10.97
255.13 ± 7.56

Table (I): Preoperative data of the patients.

The intraoperative data are shown in table II.

Data

Group A
(30) AR

Group B
(30) AS

Aortic cross clamp time
(mean) (min)

47.40 ±
4.50

55.13 ±
10.15

Cardiopulmonary bypass
time (mean) (min)

65.50±4.88

75.57±9.97

–
2 (6.7%)
15 (50%)
10 (33.3%)
3 (10%)

8 (26.7%)
13 (43.3%)
6 (20%)
3 (10%)
–

Valve size (mm):
19
21
23
25
27
Table (II): Intraoperative data.

The changes which occurred in the NYHA
functional class postoperatively are shown in table
III. Also the changes which occurred in the mean
NYHA functional class and in the echocardiographic
data in each group are shown in table IV and V,
while the comparison between both groups is shown
in table VI.

The Journal of Egyptian Society Cardiothoracic Surgery ● Volume 17, Number (3-4) 187

Cardiovascular

after excession of aortic leaflets was done for all patients
using St-Jude bileaflet valve prosthesis and suturing of
the valves were done by using interrupted Ticron 2/0.
Closure of aortotomy with deairing by left atrial and
aortic root venting were done. After beating of the heart,
weaning from CPB with decannulation, then closure of
the wound with drainage were done.

Cardiovascular

NYHA class
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Group A (AR)
Preop
No
%

Early postop
No
%

6 m postop
No
%

Group B (AS)
Preop
No
%

Early postop
No
%

6 m postop
No
%

Class I
Class II
Class III
Class IV

1
4
15
10

3.4
13.3
50
33.3

5
16
6
1

17.9
57.1
21.4
3.6

13
12
3
-

46.4
42.9
10.7
-

2
4
16
8

6.7
13.3
53.3
26.7

6
12
8
2

21.4
42.9
28.6
7.1

12
12
4
-

42.9
42.9
14.2
-

Total

30

100

28

100

28

100

30

100

28

100

28

100

Cardiovascular

Table (III): Changes in NYHA functional class.

Data (mean)

Preop

Early postop

T1

P1 value 6 m postop

T2

P2 value

NYHA class
LVESD (cm)
LVEDD (cm)
EF (%)
TVPG (mmHg)
LVM (gms)
LVMI (gms/m2)

3.13±0.78
4.22±0.11
6.8±0.22
46.32±3.72
43.07±5.27
434.9±14.17
249.94±15.97

2.10±0.71
4.12±0.18
6.09±0.31
54.21±3.11
14.03±2.05
377.30±26.91
216.84±12.24

5.477
5.298
11.018
15.315
27.770
8.125
5.278

<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

8.254
9.681
17.626
21.325
28.903
31.731
9.812

<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

1.67±0.66
3.92±0.02
5.71±0.19
58.12±4.11
11.77±1.3
295.93±17.6
170.08±14.23

Table (IV): The changes in group A (AR).
T1, P1 difference between preop. and early postop.
T2, P2 difference between preop. and 6m postop.
* P < 0.001, highly significant (HS).

Data (mean)

Preop

Early postop

T1

P1 value 6 m postop

T2

P2 value

NYHA class
LVESD (cm)
LVEDD (cm)
EF (%)
TVPG (mmHg)
LVM (gms)
LVMI (gms/m2)

3.0±0.83
3.96±0.16
5.87±0.19
45.77±2.22
90.63±7.39
397.23±10.97
255.13±7.56

2.20±0.85
3.17±0.14
5.50±0.37
55.11±2.82
19.33±1.39
372.83±8.36
239.45±5.21

3.188
18.061
4.67
17.632
52.18
10.67
8.32

0.003*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

5.917
24.31
24.84
24.283
52.39
35.46
32.31

<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

Table (V): The changes in group B (AS).
T1, P1 difference between preop. and early postop.
T2, P2 difference between preop. and 6m postop.
* P < 0.001, highly significant (HS).
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1.73±0.69
2.94±0.17
4.96±0.11
59.72±3.11
13.76±1.10
314.10±10.95
201.73±8.32
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From the above table, we found good improvement in
all parameters in patients with good EF > 55% with less
improvement in patients with moderate EF (41 – 54%)
and the least improvement in LV function and the least
regression of LVMI occurred in patients with poor EF <
40% with long ventilation and long ICU and hospital stay.
Morbidity in the form of low cardiac output syndrome
(LCOP) which needed long ventilation and long ICU stay
with inotropic support and vasodilators occurred in 12/60

Patients with poor
EF < 40%

Patients with moderate
EF (41 – 54%)

Patients with good
EF > 54%

No of patients
NYHA class preop
NYHA class early postop
P1 value
NYHA class 6 m postop
P2 value

16
3.89±0.75
2.88±0.28
< 0.001*
2.02±0.11
< 0.001*

34
3.11±0.55
2.05±0.11
< 0.001*
1.88±0.23
< 0.001*

10
2.65±0.85
1.78±0.35
< 0.001*
1.31±0.21
< 0.001*

ICU stay (days)

6.22±2.27

3.62±1.57

1.55±0.51

ventilation (hours)

39.41±5.22

8.35±2.1

3.72±1.78

hospital stay (days)

20.55±3.11

14.22±2.25

10.21±1.88

Preop LVESD (cm)
Early postop LVESD (cm)
P1 value
6 m postop LVESD (cm)
P2 value

5.11±0.18
4.98±0.72
< 0.001*
4.02±0.32
< 0.001*

4.78±0.51
3.87±0.35
< 0.001*
2.97±0.11
< 0.001*

3.55±0.11
2.79±0.07
< 0.001*
2.54±0.17
< 0.001*

Preop LVEDD (cm)

7.16±0.11

6.22±0.27

5.53±0.32

Early postop LVEDD (cm)
P1 value
6 m postop LVEDD (cm)
P2 value

6.22±0.32
< 0.001*
5.72±0.21
< 0.001*

5.32±0.21
< 0.001*
4.81±0.23
< 0.001*

4.87±0.10
< 0.001*
3.92±0.12
< 0.001*

302.20±21.19
283.50±19.22
< 0.001*
235.31±20.15
< 0.001*

270.50±13.15
227.31±17.13
< 0.001*
188.51±15.5
< 0.001*

230.15±18.12
180.70±16.52
< 0.001*
143.10±12.11
< 0.001*

Morbidity

8/16 (50%)

4/34 (12%)

0/10 (0%)

Mortality

3/16 (18.8%)

1/34 (2.9%)

0/10 (0%)

Data (mean)

Preop LVMI (gms/m2)
Early postop LVMI (gms/m2)
P1 value
6 m postop LVMI (gms/m2)
P2 value

Table (VI): Improvement in patients with different EF.
P1 difference between preop. and early postop.
P2 difference between preop. and 6m postop.
* P < 0.001, highly significant (HS).
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We found highly significant changes in each group
as regard all parameters between the preoperative and
postoperative data. Comparison occurred between
these patients with different EF to detect the optimal
time for operation after classification of these patients
into three groups (according to Juraj et al. (9)) patients
with poor EF (< 40%) included 16 patients, patients
with moderate EF (41 – 54%) included 34 patients and
patients with normal EF > 55% included 10 patients as
shown in table VI.

Cardiovascular

patients (20%), eight patients of them with poor EF <
40% (8/16 “50%”) and 4 patients with moderate EF (4/34
“12%”) and none of them with good EF.
Mortality were 4 patients (6.7%) 2 in both groups from
severe uncontrolled LCOP and ventricular arrhythmia and
death occurred within 3 – 6 days in ICU, three of them in
patients with poor EF (18.8%) and one in patients with
moderate EF (2.9%)

Discussion:

Cardiovascular

Aortic valve replacement for either AR or AS carries
good results if done early, but carries high risk for adverse
events and poor long term survival when associated with
severe LV dysfunction (10).
In AS, the LV compensates for chronic pressure
overload by hypertrophy in an attempt to normalize wall
stress. Initially, EF and cardiac output are maintained.
When wall stress exceeds the compensating mechanism,
LV systolic function declines secondary to afterload
mismatch, and the mean PG generated by the LV may be
low despite the presence of severe AS. Thus, when LV
dysfunction is due to afterload mismatch, as seen in severe
AS, AVR results in improvement in symptoms and survival
(8, 10, 11). LV dysfunction is a major prognostic indicator
of the outcome of patients undergoing AVR for AS. AVR
for AS decreases ventricular afterload, subsequent changes
include adaptation and remodeling, with regression
of hypertrophy and LV mass. EF, therefore, would be
expected to improve after AVR in patients with reduced
preoperative EF. Those who do not improve probably
have fixed myocardial damage (10, 11, 12).
Patients with AR develop a compensatory large enddiastolic volume and eccentric cardiac hypertrophy.
Chronic AR leads to both, LV pressure and volume
overload, imposing a combination of increased preload
and afterload on the ventricle. With a severe reduction
in diastolic perfusion pressure, a decrease in diastolic
coronary flow occurs and some patients may develop
angina, especially because myocardial oxygen demand
in these dilated hypertrophied ventricles may be very
high (13). The adaptive process leads to myocardial
fibrosis, possibly as a result of myocardial ischemia.
As aortic insufficiency continues, diastolic wall stress
increases without a further increase in wall thickness,
and myofibral slippage may develop. This process may
be ongoing as a spiral event, leading potentially to an
irreversible myocardial damage without the possibility
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of AVR. Recent long-term studies demonstrated that
improvement of LV function after AVR in patients
with chronic AR is related significantly to the early
reduction in LV dilatation arising from correction of LV
overload. In some patients with preoperative severely
dilated left ventricles, ventricular dilatation will persist
postoperatively (9, 14, 15).
Left ventricular hypertrophy is a well-known predictor
of morbidity in hypertensive patients. Preoperative LV
hypertrophy is also a negative factor in AVR. Several
studies have documented the early and the late prognostic
importance of a preoperatively increased LVM (16). On
one hand, incomplete recovery of LV function and a
lower late survival after AVR are frequently associated
with residual hypertrophy. This fact might be due to
excessively high initial hypertrophy with an incomplete
postoperative reduction in LVM (17, 18).
Changes in LV function and LVM after AVR have
been extensively studied during the past several decades.
It is well established that, provided a significant pressure
drop does not persist, hypertrophy regresses and function
improves regardless of whether a biological or a mechanical
valve substitute is used. Nevertheless, residual hypertrophy
has proved to be an important determinant of long-term
ventricular function, arrhythmias, and thus survival (19).
The mean age of our cases was 25.57 ± 3.96 and
24.73 ± 5.25 years in group A and B respectively which
matched with El-Fiky et al. (20) which their patients
had mean age 28 ± 11 years, because their study from
our country and had the same etiology but differ from
Marc et al. (21), Colleen et al. (22) and Christopher et
al. (23) which the mean age of their patients was 63.3
± 13.8, 59.7 ± 7.9 and 77 ± 4.9 years respectively
because these patients from west countries with
different etiologies.
In our study, all patients recorded improvement in the
NYHA functional class with significant improvement in
the life style of the patients, these improvement occurred
from 3.13 ± 0.78 preop to 2.10 ± 0.71 early postop to 1.67
± 0.66 after 6m postop in group A (P < 0.001) and from
3.00 ± 0.83 preop to 2.20 ± 0.85 early postop to 1.73 ±
0.69 after 6m postop in group B (P < 0.001), this matched
with Giuseppe et al. (11) and Corti et al. (13) which in
their studies there were improvement in the mean NYHA
functional class from 2.5 ± 0.23 and 2.9 ± 0.80 preop to
1.4 ± 0.32 and 1.6 ± 0.43 postop. respectively.
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Also we found marked improvement of all parameters
of LV function especially the mean EF (%) which
improved from 46.32 ± 3.72 and 45.77 ± 2.22 preop in
group A and B to 54.21 ± 3.11 and 55.11 ± 2.82 early
postop to 58.12 ± 4.11 and 59.72 ± 3.11 after 6 m postop
respectively, these results matched with Juraj et al. (9),
Giuseppe et al. (11), Corti et al. (13) and McCarthy (14)
who showed improvement in left ventricular systolic
and diastolic dimension and also the mean EF which in
the study of Juraj et al. (9) increased from 45 ± 3% and
46 ± 2% in his both groups to 59 ± 3% and 64 ± 5%
respectively. Also, Giuseppe et al. (11) showed that the
mean EF increased from 29 ± 6% to 44 ± 10% and in the
study of Corti et al. (13) and McCarthy (14) the mean
EF increased from 44.8 ± 10% and 47.6 ± 15% to 54.7 ±
9% and 51.5 ± 17% respectively. Umesh et al. (10) stated
that most of the studies (24, 25, 26, 27) have shown an
increase in EF after AVR and this increase occurred within
the first 6 months of surgery and sustained improvement
occurred until 10 years, and he stated that these increase
becomes more with good EF preoperatively, but with
moderate preoperative EF, the increase became little after
operation and became the least improvement with low
preoperative EF as proved in these studies (24, 25, 26,
27) and this matched with our study as we found good
improvement in the patients with good EF preop. and this
improvement became little with moderate preop. EF and
became least improvement with poor preop. EF.
We also reported marked fall in PG across the aortic
valve in our study especially in group B with aortic
stenosis in which the mean TVPG fall from 90.63 ±
7.39 mmHg preop to 19.33 ± 1.39 mmHg early postop
to 13.76 ± 1.10 mmHg 6m postop this matched with
Ogata et al. (28) and Frederic et al. (29) in which TVPG
dropped from 84.31 and 53.5 to 18.76 and 15.2 mmHg
respectively with improvement of the life style of the
patients.
Also significant changes occurred in our study in the
mean LVM (gms) from 434.90 ± 14.17 preop to 377.30
± 26.91 early postop to 295.93 ± 17.6 gm at 6m postop
in group A (P < 0.001) and from 397.23 ± 10.97 preop
to 372.83 ± 8.36 early postop to 314.10 ± 10.95 gm at 6
m postop in group B (P < 0.001). These reflected on the
mean LVMI (gms/m2) which improved from 249.94 ±
15.79 preop to 216.84 ± 12.24 early postop to 170.08 ±
14.23 at 6 m postop in group A and from 255.13 ± 7.56
preop to 239.45 ± 5.21 early postop to 201.73 ± 8.32 after
6 m postop in group B (P < 0.001).

These matched with other studies which showed
marked decrease of LVM after AVR with higher LVMI
regression compared with preoperative (12, 16, 17, 18),
especially Oli et al. (12) who found regression of the
mean LVMI from 200 ± 60 preop to 144 ± 42 (gms/m2)
after 1 year. Umesh et al. (10) collected and reviewed the
outcome of AVR and found that all the studies are in clear
agreement for the regression of the LV mass after surgery
and the range of regression remained between 12% to
43% (median value 20%). This agrees with our range of
regression which was between 21% and 32% in group
A and B respectively (median about 24%). Umesh et al.
(10) made a further analysis of more studies (30, 31, 32,
33) that reported the LVMI in more than one allocated
period after AVR. They showed a sharp fall in LVMI
within the first 6 months of surgery and interestingly,
these decrease did not substantially change after 6
months (10) and comparison between preoperative and
postoperative follow up yielded a constant regression of
LVM (P < 0.05) at all instances and indicated an constant
decrease in LVMI after surgery and this matched with our
results as comparison between preop. and postop. follow
up yielded a constant regression of LVM (P < 0.001) with
constant decrease of LVMI.
Juraj et al. (9) who classified the patients according
to EF into poor, moderate and good EF, he found more
morbidity in the form of severe LCOP syndrome with
long ICU and hospital stays in poor EF patients than
moderate EF patients with good postop. follow up in
good EF patients. Also, we noticed that our patients with
good EF > 54% preop. had good postop. course and this
was reflected on ICU and hospital stay which became
more stay in the poor EF patients with bad postop. course
and moderate course and stay in moderate EF patients.
So, morbidity in our study was more in poor EF patients
which were 8/16 patients (50%) with severe LCOP
syndrome versus 4/34 (12%) in moderate EF patients and
none in good EF patients. This matched with other studies
(24, 25, 26, 27) who noticed more morbidity in patients
with low preop. EF than that with moderate preop. EF
and nothing in patients with good preop. EF.
Mortality in our study was more in poor EF patients
which were 3/16 patients 18.8% versus one patient with
moderate EF patients from 34 (2.9%) with no mortality in
good EF patients. Many surgeons (9, 13, 24, 25, 26, 27)
faced the same poor results of this type of patients who
had AVR with poor EF preoperatively with mortalities
ranged from 4.5% to 21% but Umesh et al. (10) on
their systematic review of the outcome of AVR stated

The Journal of Egyptian Society Cardiothoracic Surgery ● Volume 17, Number (3-4) 191

Cardiovascular

Noureldin Noaman Gwely

Cardiovascular

that although aortic stenosis patients with preoperative
low EF and secondary cardiac diseases constitute a
small subset and seem to have relatively higher surgical
mortality, these patients should not be denied aortic
valve replacement only on the grounds of low EF. The
LV mass regression is an independent of age, sex, and
types of valve substitutes. The clinical follow-up of these
patients should specifically focus on the first 6 months
postoperatively as the ventricles revert to their final size
within this short but crucial period of time (10).

Cardiovascular

Conclusion:

We conclude that all patients with aortic valve
disease benefited from AVR as regard improvement of all
LV function parameters and also regression of the LVM
with variable degrees from good to little improvement
when they come late with severe left ventricular
dysfunction.
So, we recommend that efforts must be taken for
avoiding delaying of patients until late stages of aortic
valve diseases, these efforts of explaining of the optimal
timing of surgery must be directed to the physicians and
patients.
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Background: The small aortic annulus is a major problem facing cardiac
surgeons performing aortic valve replacement .this study was designed to
compare the patients, in whom aortic valve was replaced using mechanical
valve size 19 with those undergone aortic root enlargements using Nick’s
procedure, considering operative and postoperative results.
Methods: A prospective study carried out in Cairo University hospitals
from January 2007 to October 2008, it included fifty patients randomized
into two groups.
Group A: 25 patients undergone aortic replacement with size 19 mechanical
valve.
Group B: 25 patients undergone aortic root enlargement with insertion of
larger valves.
Results: The two groups were comparable considering patients’ demography,
NYHA class, and pathology of the valve, LV function and dimensions.
The aortic cross-clamp time and bypass time was higher in group B, the
postoperative course was not significantly different in both groups, but the
postoperative reduction in the gradient across the valve and the reduction
in the LV dimensions were higher in group B than group A.
Conclusion: Aortic root enlargement enables the insertion of larger
prosthetic valve in patients who are expected to have prosthesis-patient
mismatch that leads to reduction of postoperative gradient without
increase in the operative risk.

L

V hypertrophy is a strong independent risk factor for mortality
in patients undergoing aortic valve replacement (AVR) (1).
Normalization of LV mass is therefore a crucial goal of AVR.
Unfortunately, the extent of LV mass regression may vary
extensively from one patient to the other and it is often incomplete.
These findings underline the importance of identifying and, whenever
possible, avoiding risk factors for persisting LV hypertrophy following valve
replacement. (2)
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The surgical management of the small aortic root accordingly remains a
relevant topic. It is intuitive that one would elect to replace a stenotic valve
(or for that matter a regurgitant valve) with the least stenotic prosthesis.
Therefore, it is not surprising that a number of studies have demonstrated
superior left ventricular mass regression,(3) postoperative functional class and
exercise tolerance,(4) and patient survival(5) when small valves are avoided.
Furthermore, prosthesis–patient mismatch (PPM) (6) specifically has been
shown by some investigators to adversely affect left ventricular mass regression
(7, 8) and both early and late survival. (9-12)

194 The Journal of Egyptian Society Cardiothoracic Surgery ● Jul - Dec 2009

Ashraf A. Esmat et al

Cardiovascular

Regardless of academic argument, the practicing
surgeon has a number of options available when
confronted with the small aortic root and a circumstance
in which he wishes to implant a valve larger than the
annulus readily accepts. Among those options is posterior
aortic root enlargement (ARE).(15) We find unappealing
the more complex alternatives promulgated today using
stentless xenografts, homografts, or autografts as full
root replacements, a procedure associated with an almost
3-fold higher operative risk than simple aortic valve
replacement (AVR).(16)

Methods

This prospective study carried out in the
cardiothoracic surgery department in Cairo University
hospital and from January 2007 to October 2008, it
included 50 patients with small aortic annulus undergoing
aortic valve replacement. These patients were equally
divided into two groups:
Group A: Aortic valve replacement with 19 mm prosthetic
valve.
Group B: Aortic root enlargement using Nick’s procedure
to admit prosthetic valve of 21 mm or more.
The patients included in this study were selected from
the eligible universe of patients; patients were matched
in each group for all preoperative variables except for the
surgical technique.

Inclusion Criteria

Patients with small aortic annulus relative to body
mass index with aortic stenosis or double aortic valve
lesion (AR/AS).

Exclusion Criteria

Associated coronary artery disease requiring
coronary bypass.
Patients with aortic annulus 21mm or more measured
by echocardiography.

Patients with body surface area (BSA)more than
1.9m2
Patients with other valve lesions or redo cases.
Patients were studied for the following main
variables:

A-Preoperative variables:
1.
2.
3.
4.

Age & Sex
Body surface area.
Associated medical diseases.
Echocardiography to assess:
● PWT & SWT
● Gradient across LVOT.
● Aortic valve area.

B- Intraoperative variables:
1.
2.
3.
4.
5.
6.
7.
8.

Type of operation.
Valve pathology.
Type of valve inserted.
Prosthetic valve size.
Aortic cross clamp time.
Cardiopulmonary bypass time.
Need for Inotropic support.
Intraoperative bleeding.

C- Postoperative variables:
ai.
ii.
iii.
iv.
bi.
ii.
iii.
c-

ICU stay:
Haemodynamics of the patient.
Ventilator Support.
Blood loss.
ICU stay.
Before discharge: Echocardiography to assess:
Gradient across LVOT.
Function of the prosthetic valve.
LV function and dimension.
3-6 month’s follow-up echocardiography to
re-evaluate the same parameters done
on
discharge.

Surgical technique :

Incision; all patients underwent surgery through a
full median sternotomy.

I-Group A patients:

- undergone aortic valve replacement in the usual classic
technique cardiopulmonary bypass and cold blood
cardioplegia to arrest the heart.
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These arguments are complicated by various
definitions of PPM ranging from an indexed effective
orifice area (iEOA) of less than 0.6 cm2/m,(13) to less
than 0.85 cm2/m2,(13,14 ) excessive transvalvular
gradient immediately post implantation ,or increased
transvalvular gradient with exercise.

Cardiovascular

- The sutures used were 2/0 tycron, Teflon-packed taken
into interrupted mattress manner, around 12-16
sutures.
- The type of the prosthetic valves inserted were
Carbomedics in all patients.

Cardiovascular

II- Group B patients:

Aortic root enlargement done using the Nick’s
procedure:
The aortotomy is extended through the annulus
in the midportion of the non-coronary cusp, until an
acceptable valve sizer can be passed (1-2 sizes more than
19 mm).
The split is patched with a broad based pericardial
patch through which the valve sutures in this area are
passed.
The remainder of the patch is incorporated in the
aortotomy closure which serves to widen the supravalvular
region as well.

Postoperative care:

The patient were discharged to the ICU on:
Mechanical ventilation.
Inotropic support if needed (adrenaline infusion)
Follow-up for:
Haemodynamics.
Chest tube drainage.
Electrolyte and acid-base balance.
Urine output.

Statistical Analysis

Results are expressed as means ± standard deviation
or number %.Comparison between group A and group
B was done using unpaired t-test, while comparison
between pre and postoperative values was done using
paired t-test. Comparison between categorial variables
was done using Chi square test. SPSS computer program
(version 10 windows) was used for data analysis. P-values
<0.05 was considered statistically significant and <0.001
was considered very highly significant.

Results :

Demographic Data:

In group A: there were 14 males and 11 females
while in group B there were 12 males and 13 females.
In group A the age ranged from 20-48 years with a
mean of 33.65+- 8.01 years while in group B age ranged
18-55 years with a mean of 37.1+- 12.01 years.(table 1)

Ashraf A. Esmat et al

Age
Sex (F/M)
Weight
BSA

Group A
33.65 ± 8.01
14/11 (60/40%)
62.8 ± 8.7
1.69 ± 0.43

Group B
37.1±12.01
13/12 (55/45%)
67.6 ± 10.3
1.71 ± 0.49

Significance
N.S.
N.S.
N.S.

Table (1): Demographic data
Preoperative clinical data
Patients were classified according to NYHA classification

Group A: 8 patients were class III (32 %) and 17 patients
were class IV (68 %) Group B: 9 patients were class III (36
%) and 16 patients were class IV (64 %). (table 2)
NYHA
Group A
Group B

Ш
8 (32 %)
9 (36 %)
N.S.

1v
17 (68 %)
16 (64 %)
N.S.

Table (2): Preoperative NYHA classification

Preoperative investigation

In addition to the routine preoperative laboratory
investigations, all patients were subjected to M-mode,
two-dimensional echocardiography. Standard apical,
parasternal and subcostal views were obtained. The
following parameters were measured and calculated:
Left ventricular end-diastolic and end-systolic
diameters.
The posterior and septal wall thickness.
The aortic annulus and the peak gradient across the
aortic valve.
As regard the group A patients the peak gradient across
the aortic valve ranged from 68-120 mmHg with a mean of
91.1 ± 23.6 and the posterior wall thickness ranged from
1.3-1.8 cm with a mean of 1.5 ± 0.12 cm, while the septal
wall thickness ranged from 1.4-1.8 cm with a mean of 1.4
± 0.16 cm. the preoperative aortic annulus ranged from
17-21 mm with a mean of 18.4 ± 1.9 mm.
Patients of group B showed that the preoperative peak
systolic gradient across the aortic valve of 70-130 mmHg
with a mean of 98.7 ± 27.8 mmHg, and the posterior wall
thickness ranged from 1.4-1.8 cm with a mean of 1.6 ±
0.13 cm, while the septal wall thickness ranged from 1.31.8 cm with a mean of 1.52 ± 0.25 cm. the preoperative
aortic annulus ranged from 17-21 mm with a mean of
19.1± 2.1 m. (table 3)
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Group A

Group B

Significance

Mean systolic gradient

91.8 ± 23.6

98.7 ± 27.8

N.S.

PWT

1.58 ± 0.12

1.60 ± 0.13

N.S.

SWT

1.47 ± 0.16

1.52 ± 0.25

N.S.

LVESD

3.75 ± 0.65

3.25 ± 0.57

N.S.

LVEDD

6.15 ± 0.63

5.90 ± 0.58

N.S.

Preoperative aortic annulus

18.4 ± 1.90

19.1 ± 2.1

N.S.

Table (3): Preoperative Echo data

In group A 25 patients had aortic valve replacement
size 19 mm without doing any of the enlargement
procedures.
In group B 25 patients had aortic valve replacement
after doing aortic root enlargement using Nick’s
technique, the size of prosthetic aortic valves were 21 in
22 patients and 23 in 3 patients.(table 4)
Size

Group A

Group B

19

25 (100%)

0%

21

- (0 %)

22 (88%)

23

- (0 %)

3 (12 %)

Table (4): Prosthetic Valve sizes

ICU course

All patients in both groups required postoperative
mechanical ventilation. In group A the ventilation time
ranged from 2-6 hours with a mean of 3.6 ±1.2 hours
The blood drainage and blood transfusion required
to keep the haematocrite around 25-30% was 120- 430
ml in the first 24 hours in group A with a range of
233.5 ± 80.1 ml,while in group B the blood loss was
180-1300 ml during the first 24 hours with a mean of
408.5 ± 288.66 ml.
No patients required reexploration in group A while
1 patient required in group B due to total blood loss of
1300 ml.in 6 hours.

The aortic cross clamp time in group A ranged from 40-60
minutes mean (51.6 ± 8.7 min.) the cardiopulmonary bypass
time ranged from 55-75 min. with a mean of (64.3 7.5 min.)

The amount of blood transfusion in group A ranged
from 0-3 units with a mean of 1.1±0.7 units while in
group B ranged from 2-6 units with a mean of 3.8±1.4
units this shows that group required more blood with
statistically significant difference.

In group B the aortic cross clamp time ranged from
70-100 min. with a mean of (83.7± 10.8 min.) while the
cardiopulmonary bypass time 85-115 min. with a mean
of (103.2 ± 11.4 min.).(Table 5)

The total ICU stay was comparable in both groups .in
group A ranged from 24-48 hours with a mean of 33±12.4
hours, while in group B the range was 24- 72 hours with a
mean of 39.7±14.7 hours. (Table 6)

Group A

Group B

Significance

Cross-clamp

51 ± 8.7

83.7±10.8

< 0.001

Ventilation ( hours)

CPB

64.3 ± 7.5

103.2±11.4

<0.001

Blood loss ( ml)

Table (5): Cross-Clamp time & Bypass time

Group A
3.6±1.2

5.1 ± 2.78

233±80.1 408.5±288.6

Blood transfusion(units) 1.1±0.78
ICU stay ( hours)

Group B Significance

3.8±1.44

33.4±12.4 39.7±14.7

<0.05
<0.05
<0.001
N.S.

Table (6): ICU Parameters
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Postoperative Course :

For both groups there was no significant change
in the left ventricular dimensions while the change
in the posterior wall and septal wall thickness were
significant (table 8 & 9

Morbidity
In group A: 1 patient (4 %) suffered from sternal wound
infection and mediastinitis, he required wound
debridment and rewiring with use of pectoralis major
advancement muscle flap and was discharged 2 weeks
postoperatively.
In group B: 2 patients (8 %) one patient had atrial
fibrillation in the early postoperative period that
controlled by amiodarone intravenous infusion with
restoration of the normal sinus rhythm, the other
patient had superficial wound infection that controlled
by repeated dressing and antibiotics.

Group

Cardiovascular
Cardiovascular

Mortality
We had no operative or early postoperative mortality
in both groups.

Follow-up

Postoperative follow-up was done in the form of
history taking and echocardiographic evaluation at a
mean follow up of 4.5 months.
NYHA class improved in all patients in both
groups.17 patients (68 %) in group A became in class I
and 21 patients (84 %) in group B.

Post-Operative Echocardiography

In group A: the postoperative peak gradient across
the aortic valve ranged from 25-42 mmHg with a mean
of 33.5±8.7 mmHg, while in group B it ranged from 1124 mmHg with a mean of 17.5±5.3 mmHg. With P <
0.001(table 7)
Pre-operative Post-operative Significance
LVESD(cm)

3.75±0.65

3.61±0.67

N.S

LVEDD(cm)

6.15±0.63

5.87±0.33

N.S

PWT (cm)

1.58±0.12

1.43±0.14

<0.001

SWT (cm)

1.47±0.16

1.27±0.12

<0.001

Table (7): Comparison between preoperative and postoperative
gradient

This shows that the aortic root enlargement procedure
allows placement of a larger prosthesis resulting in
significant decrease of the postoperative gradient across
the valve.

Pre-operative Post-operative

P-value

A

91 ± 23.6

33.5 ± 8.7

<0.001

B

98 ± 27.6

17.5 ± 5.3

<0.001

Table (8): Comparison between preoperative & postoperative
lt.ventricular
Dimension & wall thickness in group A

Pre-operative Post-operative Significance
LVESD (cm) 3.65 ± 0.57

3.45 ± 0.64

N.S.

LVEDD (cm)

5.90 ± 0.58

5.71 ± 0.23

N.S.

PWT (cm)

1.50 ± 0.13

1.30 ± 0.12

<0.001

SWT (cm)

1.52 ± 0.25

1.20 ± 0.14

<0.001

\
Table (9): Comparison between the preoperative &
postoperative
Lt.ventricular dimension and wall thickness in group B

On comparing the percentage of reduction of the
posterior wall and septal thickness between both
groups we found it is higher in group A than group
B but it is statistically non significant this can be
explained by the short follow up period that does not
allow detection of significant reduction of the left
ventricular hypertrophy.( table 10)
Group A

Group B

Significance

PWT

9.5 %

18.8 %

N.S.

SWT

13.6 %

21.1 %

N.S.

Table (10): Percentage reduction of PWT and SWT in both
groups

Discussion :

Our data demonstrate that posteriors ARE can
be accomplished during AVR without significantly
increasing operative risk. Additionally, our findings
confirm small valve size as an independent risk factor
for operative mortality. Taken together, these findings
support the continued value of this approach as an option
when a surgeon wishes to implant a larger prosthesis
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Choice among the 3 common techniques of root
enlargement can be dictated by individual surgeon
experience, as well as complexity inherent to the
procedure. The Konno–Rastan procedure (20, 21) offers
the greatest degree of root enlargement. It is a complex
procedure, however, requiring creation of a ventricular
septal defect and right ventriculotomy, with doublepatch closure of both. This risks damage to the septal
arteries, as well as the conduction system. The posterior
root enlargement techniques described by Nicks and
colleagues (9) and Manouguian and Seybold-Epting(22)
are more straightforward technically. Choice between
Nicks’ and Manouguian’s enlargement will likely be
largely dictated by the surgeon’s preferred aortotomy,
oblique or transverse, with the former enlargement
representing an extension of the oblique and the latter an
extension of the transverse approach(111).
In our study, there was a significant drop of the
transvalvular gradient in the group of aortic root
enlargement as compared to the other group. As regard
the pattern of regression of the left ventricular mass,
there was considerable but incomplete regression in both
groups, more in group B, but no significant difference
between the two groups, this might be due to the limited
number of cases in our study and the short period of
follow-up.
As reported in other studies, regression of LV
hypertrophy was not complete in more than 50% of studied
patients 1 to 2 years after operation. The normalization of
LV mass is a complex phenomenon that is determined
by several patient- and prosthesis-related factors. In this
context, the incomplete regression of hypertrophy after
the removal of the hypertrophic trigger may be explained
by potentially irreversible changes in the hypertrophied
myocytes and interstitium that may occur as a consequence
of the long standing disease. (23-25)

Del Rizzo and coworkers (7) found a strong and
independent relationship between the indexed EOA and
the extent of LV mass regression following AVR. There
was a mean decrease in LV mass of 23% in patients with
an indexed EOA of more than 0.8 cm2/m2 compared with
only 4.5% in those with an indexed EOA of equal to or
less than 0.8 cm2/m2 (p = 0.0001). In contrast to these
results, Hanayama and associates(26) found no significant
relationship between PPM and regression of LV.
In a study done by Moon and coworkers (27) he found
that PPM had a negative impact on survival of young
patients but its impact on old patients was minimal. In
addition, PPM negatively impact survival for averagesize and for large patients.
Our data do not, however, address directly the issue
of PPM, and accordingly, we cannot make statements
based on our study results concerning this problem.
We conclude that ARE using the Nicks technique can
be accomplished with low operative risk, and accordingly,
surgeons should not be reluctant to do so when they
believe it is otherwise clinically indicated.
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Background: Management of small aortic annulus presents a dilemma and
technical challenge to surgeon during aortic valve replacement. Recent
studies proved the dangerous effect of postoperative patient-prosthesis
mismatch. Patch enlargement of aortic annulus is an effective option for
management of such condition, but many surgeons are hesitant to use it
due to old conception that it is associated with higher risks than aortic
valve replacement. We compare early postoperative outcome of this
procedure with that of isolated aortic valve replacement.
Methods: fifty two patients with small aortic annulus were included in
this prospective study from July 2004 to July 2007, 22 patients had aortic
valve replacement in addition to aortic root enlargement, and 30 patients
had aortic valve replacement only. Preoperative, operative, and early
postoperative data were recorded and statistically analyzed.
Results: there was no mortality in both groups, aortic root enlargement
group had longer cross clamp and cardiopulmonary bypass time, higher
chest tube drainage, but they had significantly higher indexed effective
orifice area and better clinical improvement of functional status at 12
months follow up.
Conclusion: patch enlargement of the small aortic annulus at time of AVR
is a safe, reproducible technique; it can be performed readily and without
significant added risk relative to standard AVR. It permits insertion of a
larger size valves with better indexed effective orifice area. It should be
considered in selected patients especially young age and physically active
adults to avoid postoperative patient–prosthesis mismatch.
Key words: aortic valve replacement, small aortic annulus, patch
enlargement.
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urgical management of small aortic root at time of aortic valve
replacement (AVR) is one of the challenges which every cardiac
surgeon had faced during his surgical practice. It has been
discussed in the cardiac surgery literature more than 30 years ago
(1).Patients with small aortic root especially those with large body
surface area are at higher risk for patient-prosthesis mismatch (PPM). Many
studies had documented the dangerous effects of PPM on clinical outcome
after AVR (2).Nicks and associates proposed a posterior approach for aortic
annular enlargement by extension of aortotomy through the non coronary
sinus, across the aortic annulus as far the origin of anterior mitral leaflet(3).
Manougian introduced extension of aortotomy through the commissure
between left and non coronary cusps far into anterior mitral leaflet with opening
of left atrium and closure of the defects by two patches(4). Konno-Rastan
developed anterior enlargement through right coronary sinus extending into
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right ventricular outflow tract. Recently two-directional
annular enlargement (anterior and posterior) has been
reported (5).
Till now, there remains a general perception among
many cardiac surgeons that aortic root enlargement (ARE)
techniques are associated with more technical difficulties,
higher risk for bleeding, and increased morbidity and
mortality (6). This conception may be based on old reports
at start of experience of surgeons with these techniques. In
one of these reports, they had demonstrated up to twofold
increase in perioperative deaths when ARE techniques were
used (7).Results of recent studies which well documented
the serious adverse effects of PPM on clinical outcome,
combined with other reports supporting advantages, safety
and feasibility of ARE techniques had led to increasing
interest of surgeons in the modern cardiac surgery era in
ARE techniques (8).
However, as reports are still conflicting regarding
this issue, we planned this study for further assessment
of safety and early clinical outcome of ARE procedure
based on our center experience.

Methods:

This prospective, study included 52 patients who
had undergone AVR which was indicated due to sever
aortic stenosis in presence of small aortic root which
was diagnosed preoperatively or during operation. Study
was conducted at Cardiothoracic Surgery department at
Zagazig university and King Fahad Cardiac center, King
Saud University, Saudia Arabia, in the period from July
2004 to July 2007.Patients were divided into two groups.
ARE Group which included 22 patients who had ARE
technique in addition to aortic valve replacement with
mechanical bileaflets aortic valve prosthesis. AVR Group
which included 30 patients who had only aortic valve
replacement with size 19 of the same valve prosthesis.
patients in need for combined mitral or tricuspid
valve surgery, concomitant coronary bypass surgery,
redo valve replacement, previous myocardial infarction,
coagulopathy, renal failure were excluded from this
study.
Preoperative data of the patients were collected
including demographic data, NYHA class, symptoms,
associated disease(s), body surface area (BSA),
echocardiography data (ejection fraction, peak and
mean pressure gradient, effective orifice area (EOA),
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and indexed effective orifice area (EOAi). Preoperative
calculation of minimum accepted prosthetic valve size
was based on patient’s BSA to prevent PPM as defined
by indexed effective orifice area (EOAi) of at least 0.85
cm2/m2.The actual effective orifice area of chosen
prosthetic valve was supplied by manufacturing company
and reviewed in published literatures.
median sternotomy was performed in all patients, after
cardiopulmonary bypass (CPB) was instituted, patients
were cooled systemically to30-32 O C,aorta cross clamped,
then standard oblique aortotomy was used in all patients.
myocardial protection was achieved by antegrade ,tepid
(30-32C),blood ,intermittent cardioplegia administered
directly into coronary ostia every 20 minutes for better
myocardial protection. Native aortic valve was excised
carefully with good debridement of the annulus. Annulus
was sized with the supplied standard prosthetic valve sizer.
At this stage ;decision was taken by the operating surgeon
weather to enlarge the annulus ,or to perform standard AVR
with size 19 valve (AVR group), taking into consideration
patient’s age, physical activity, comorbid conditions, BSA,
calculated indexed effective orifice area of the prosthesis
not to be less than 0.85 cm2/m2, feasibility of ARE
according to operative conditions, anatomical, surgical
findings (extensive calcification, fragile tissues,…etc)
,surgeon’s judgment and comfort level .
In ARE group Nicks’ technique with single patch
was carried out by extending the aortotomy into the noncoronary sinus and through the annulus, to be stopped
2-4mm below the annulus.. Patch of fresh untreated
autologus pericardium was used in all cases, care was
taken during tailoring of the patch to adjust its width to
be in suitable proportion to the length of incision below
aortic annulus . Then the patch sutured by prolene 4/0
suture to the defect starting at its angle , buttressed with
small Teflon pledget , then coming up with both limbs of
the suture in continuous fashion up to about 1 cm above
the annulus level. Again the annulus was resized to select
the appropriate valve size which should be suitable to be
inserted comfortably without force or excessive tension
on sutures, but also large enough to prevent PPM which
is the basic goal of the procedure.
Valve sutures were taken by classic everting horizontal
mattress technique in the native annulus, but at patch area
pledgted sutures were taken at the same level of annulus,
with pledgets resting on outer surface of the patch. After
the valve tied in place we extend the patch over the
reminder of the open aortotomy and trim the patch to fit

202 The Journal of Egyptian Society Cardiothoracic Surgery ● Jul - Dec 2009

Nezar El-Nahal et al

Cardiovascular

comfortably.

1.74±0.23 m2 ARE group versus AVR group, P=NS)
table (1).

Postoperative data were collected including
mechanical ventilation time, duration of inotropic
support, total amount of chest tubes drainage, number
of transfused units of blood product, re-sternotomy for
bleeding, and ICU stay. Hospitalization period and any
complication were recorded.
After discharge of the patients, they were
followed up in our out-patient clinic after 6, 12 months
postoperatively. They were submitted to full clinical
assessment and trans-thoracic echocardiography
examination at each visit. Special attention was focused
on functional status of the patients and presence of any
postoperative complications. All echocardiographic data
were collected with focus on peak and mean pressure
gradient across the valve which had been calculated
according to modified Bernoulli’s equation. EOA was
calculated according to the continuity equation .Indexed
orifice area (EOAi ) was obtained by dividing the EOA
by the patient’s body surface area

Statistical Analysis:

Data were analyzed using a statistical software
package (Graph Pad In Stat® version 3.00 for Windows,
Graph Pad Software Inc., San Diego, California, USA)
and presented as mean (SD), or numbers as needed. The
non parametric, paired t test was used to compare data,
two-tail P values < 0.05 were considered significant. Chi
square test or the fisher exact test were used to compare
variables as appropriate.

Results :

preoperative patient characteristics were similar
in both groupsThe mean age of the patients in ARE
group was slightly younger than patients in AVR group
(41.2±6.4 year versus 44.6±9.3 year ARE group versus
AVR group, P=NS) .The BSA was higher in ARE group
but not statistically significant (1.83±0.22m2versus

ARE
Group
41.2±6.4
12
10
2.5±0,3

AVR
Group
44.6±9.3
16
14
2.6±0.6

19
3

26
4

NS
NS

1.83±0.022

1.74±0.23

NS

Characteristics
Age (Years)
Sex (no) Male
Female
NYHA Class
Etiology
Rheumatic
Bicuspid
BSA

Pvalue
NS
NS
NS
NS

Table 1: Preoperative Patient Characteristics
ARE= Aortic Root Enlargement, AVR= Aortic Valve
Replacement, NYHA= New York Heart Association
BSA= Body Surface Area
Data were presented as mean and standard deviation or percentage.
P Value <0.05 is significant, P Value <0.01 is Highly Significant
NS= Non Significant

Operatively ,the average aortic cross clamp time was
significantly prolonged in ARE group in comparison
to AVR group (72± 18.4 min. versus46±12.8 min.
ARE group versus AVR group, P =0.0001).Also, the
total cardiopulmonary bypass time in ARE group was
significantly longer than that of AVR group (91±14.9min.
versus 60±10.4min. ARE group versus AVR group, P
=0.0001) table (2). No intraoperative bleeding occurred
in both groups, and weaning from cardiopulmonary
bypass was easy in both groups.
Data
Cross clamp time (min)
Cardiopulmonary Bypass
Time (min)

ARE
Group
72±18.4

AVR
Group
46±12.8

91±14.9

60±10.4

P Value
0.0001
0.0001

Table 2: Operative Data
ARE= Aortic Root Enlargement (n=22), AVR= Aortic Valve
Replacement (n=30)
Data are presented as mean and standard deviation
P Value <0.05 is significant, P Value <0.01 is Highly Significant
NS= Non Significant

In intensive care unit (ICU) patients who had
ARE required slightly longer mechanical ventilation
time (9.13±3.2 hours versus 8.7±3.6hours ARE group
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Closure of the aortotomy was done very carefully.
Hemostasis of sutures lines was carefully examined
before declamping of the aorta , this could be done by
administration of blood through cardioplegic cannula into
the aortic root, if there was any leakage it was controlled
before declamping the aorta . the rest of operation was
conducted in the routine manner for AVR with special
attention to bleeding at patch area. Cross clamp time and
total bypass time were recorded.
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versus AVR group, P =NS). There were no statistically
significant differences between both groups regarding
duration of inotropic support, or ICU stay, but the total
chest tubes drain was higher in ARE group (612±185ml.
versus 542±140ml. ARE group versus AVR group,
P
=NS). Inspite of higher drainage in ARE group, the need
for transfusion of blood products was similar in both
groups (4.1±2.4 units versus 3.3±2.7 units ARE group
versus AVR group, P =NS) (table 3).
ARE
AVR
Data
P Value
Group
Group
Ventilation Time (hours) 9.13±3.2 8.7±3.6
NS

Cardiovascular

Length Of Inotropic
Support (hours)
Total Chest Tube
Drainage (ml)
Transfused Blood Units

13.4±7.9 11.2±5.3

NS

612±185 542±140

NS

4.1±2.4

NS

3.3±2.7

Table 3: Intensive Care Unit Data
ARE= Aortic Root Enlargement (n=22), AVR= Aortic Valve
Replacement (n=30)
Data are presented as mean and standard deviation
P Value <0.05 is significant, P Value <0.01 is Highly Significant
NS= Non Significant

Rate of reopening in immediate postoperative period
due to bleeding was equivalent between both groups,
one patient in ARE group had bleeding from aortotomy
line just at the annulus level which was heavily calcific,
it was controlled easily with single pledgeted stitch,
afterward patient had routine uneventful postoperative
course. Also one patient in AVR group was reopened
for excessive drainage but no active source of bleeding
could be identified, after hemostasis and closure he
had unremarkable postoperative course .One patient
in AVR group developed cerebral stroke diagnosed
immediately postoperatively C-T brain showed small
infracted area mostly due to extensive calcification of
the aortic valve, he had marked improvement during
his early postoperative course. Superficial sternotomy
wound infection occurred in one patient of ARE group
who was insulin-dependent diabetic, he responded
well to conservative treatment in the form of antibiotic
and frequent dressing. There were no in-hospital or
30 day mortality in both groups, also there were no
reported mortality among all patients during follow up
period of our study ( table 4 ).

Complication
Re-Sternotomy For Bleeding (no.)
Cereberal Stroke (no.)
New Onset AF (no.)
Sternal Wound Infection (no.)
30 Days Mortality (no.)

ARE
Group

AVR
Group

1
0
2
1
0

1
1
3
0
0

Table 4: Postoperative Complications
ARE= Aortic Root Enlargement, AVR= Aortic Valve
Replacement
AF= Atrial Fibrilation.

Hospitalization period was similar in both groups inspite
of being slightly longer in ARE group (10±4.4 days versus
7.8±1.8 days ARE group versus AVR group, P=NS).
Clinical follow up at 6&12 months postoperatively
showed clinical improvement of functional class of all
patients without significant difference between both
groups inspite of better improvement in ARE group
(NYHA class1.1±0.2 versus 1.2±0.3 ARE group versus
AVR group, P =NS). No patient in both groups was readmitted to the hospital during follow up period due to
heart failure or valve related complication. No mortality
recorded in both groups during follow up period.
Echocardiography follow up examination (after 6 &
12 months postoperatively) showed significant reduction
of trans-valvular pressure gradients (mean and peak) in
both groups when compared to the preoperative gradients
(table 5). The peak postoperative pressure gradient was
significantly lower in ARE group when compared to AVR
group (27.1±4.3mmhg versus32.4±11.3mmhg ARE group
versus AVR group P =0.042),also the mean trans-valvular
pressure gradient was significantly lower postoperatively in
ARE group more than in AVR group (14.8±6.9mmhg versus
18.7±6.1mmhg ARE group versus AVR group, P =0.032).
The indexed effective orifice area (EOAi) was significantly
greater in ARE group than AVR group (0.88±0.17cm2/m2
versus 0.78± 0.15 cm2/m2 ARE group versus AVR group,
P =0.029 ). No patient in ARE group had PPM, while 6
patients in AVR group had PPM with EOAi <0.85 cm2/m2.
Ejection fraction improved in both groups when compared
to preoperative value, but the improvement was slightly
more in ARE group in comparison to AVR group, table (6).
Follow up echocardiography did not show any prosthetic
valve dysfunction, mitral regurgitation, or paravalvular
leakage in any patient of both groups.
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ARE Group

Echo Data

AVR Group

Preop.

Postop.

P Value

Preop.

Postop.

P Value

Peak Gradient (mmHg)

65±25.4

27.1±8.1

0.0001

64.1±27.3

32.1±15.1

0.0001

Mean Gradient (mmHg)

46.4±20.7

14.8±6.9

0.0001

41.1±19.3

17.8±8.3

0.0001

EF%

54.4±6.2

56.9±7.6

NS

55.3±4.9

57.2±6.1

NS

Data

ARE
Group

AVR
Group

P Value

Peak Gradient (mmHg) 27.1±4.3 32.4±11.3

0.042

Mean Gradient (mmHg) 14.8±6.9 18.7±6.1

0.032

EF%

57.2±6.1 56.9±7.6

NS

EOAi (cm2/m2)

0.88±0.17 0.78±0.15

0.029

Table 6: Comparison of Postoperative Echocardiography Data
ARE= Aortic Root Enlargement (n=22), AVR= Aortic Valve
Replacement (n=30)
EF %= Ejection Fraction
EOAi= Indexed Effective Orifice Area
Data are presented as mean and standard deviation
P Value <0.05 is significant, P Value <0.01 is Highly Significant
NS= Non Significant

Discussion :

Many surgical options had been developed
to overcome the serious challenging problem of
PPM after AVR in presence of small aortic annulus
.These options include-beside ARE techniquesusing the modern generations of mechanical valves
with superior hemodynamic profiles, larger EOA,
and reduced sewing cuff size. Also use of biologic
valve (stentless bioprosthesis, homografts,and
autografts) was another excellent option (9),
however it is surgically demanding and not available
in many institutions around the world. Even with
all previous options the small aortic annulus may
not enable the surgeon to simply insert a valve size
enough to prevent development of PPM. In these
circumstances one of various aortic root enlargement
(ARE) techniques can be safely employed (10).

In the present study there was no operative or
early postoperative mortality in both groups. Many
investigators had reported similar mortality rates between
patients who had AVR with or without ARE. Sakamoto
and coworkers in their study proved equivalent 10
years actuarial survival rate for AVR patient with or
without annular enlargement (11). Okuyama and his
group reported that, the operative mortality and long
term survival were similar between patients who had
ARE technique during double valve replacement when
compared with double valve replacement only. Also,
other study (12) showed low mortality rate 2.9% after
ARE procedures despite that more than half of patients
had concomitant procedures. In a recent report from
Mayo clinic, the raw operative mortality was higher in
ARE group 5.6% versus 2.9% in AVR group (p=0.032),
but the multivariate analysis of results proved that the
advanced functional class, preoperative congestive heart
failure and smaller valve size were the independent risk
factors for operative mortality in this group, but not the
addition of ARE technique. So, they supported the safety
of ARE procedure and suggested that surgeons should
not be reluctant to enlarge the small aortic root (13). As
individual experience of the surgeon in ARE techniques
had been suspected to be one of the risk factors of the
technique .Peterson and associates had conducted study
for this point ,they found that the individual surgeon’s
experience was not identified as an independent risk
of mortality ,but the mortality was less with more
experienced surgeon, also they observed lower operative
mortality in their institute between more recent group of
patient operated from 2001 to 2005 when compared to
earlier group operated from1995 to 2000 suggested to be
related to increased cumulative experience and comfort
level of the surgeons with time ( 9).
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Table 5: Comparison of Preoperative and Postoperative Echocardiography Data
ARE= Aortic Root Enlargement (n=22), AVR= Aortic Valve Replacement (n=30)
EF %= Ejection Fraction
EOAi= Indexed Effective Orifice Area
Data are presented as mean and standard deviation
P Value <0.05 is significant, P Value <0.01 is Highly Significant
NS= Non Significant
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Advantages and safety of ARE techniques had been
suggested by many investigators, Kulik and co-workers
reported that addition of ARE technique enabled the
surgeons to insert larger size prosthesis with larger EOA
leading to lower postoperative gradient and improved
hemodynamics, however it did not improve long term
clinical outcome after AVR (14).Controversy regarding
better results in ARE patient may be based on selection
bias of patients in some studies, as this procedure was
generally applied to patients who were deemed to be good
operative candidates based upon their preoperative and
operative data, then compared to more critically patients
where surgeons usually select simple AVR and accept the
expected postoperative mismatch inspite of going through
surgically demanding ARE procedure (6-7). However,
Rammos and associates suggested that even in extremely
difficult small annuli, addition of ARE was safe and had
superior LV functional improvement (15).
The decision when to enlarge the small annulus should
always be judged according to the clinical scenario in light
of expected benefits and potential risks. As an example,
patients with bad LV function had higher risk for mortality
after AVR if an inadequately sized prosthetic valve used,
so they will benefit from ARE technique despite the added
time and potential risks (9). Also young patients with
higher level of activity and motivation who are expected
to have postoperative EOAi less than 0.85 cm2/m2after
AVR will get greater improvement in their functional class
when ARE technique was used (16).In the present study
most of our patient were middle aged and active, as the
most common etiology of valvular heart disease in Egypt
–in contrast to western countries- is the rheumatic heart
disease which classically affects patients at childhood and
progress with time till valves become damaged and in need
for surgical treatment by middle age when the patient is
expected to have ; and also in need for his best physical
activity during this productive stage of life. This can explain
the importance of ARE technique especially in such group
of patients in our country when PPM is anticipated.
On the other hand , older patients who are often less
active, have more co-morbidities and shorter expected
survival seem to be less benefited from ARE techniques.
Many studies showed satisfactory long term outcome
after implantation of small sized valve in elderly patients.
Some investigators implanted prosthesis <21mm in
patients older than 70 years , and during follow up period
up to 16 years they reported acceptable hemodynamic
performance without increased risk of death ( 17 ).The
best example of such patients was old Japanese women
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studied by Matsuzaki and associates who had reported
that 77% of females who had AVR over 5 year period of
study were shorter than 150cm and 87% of them received
size 19mm prosthesis with good outcome (18). Also
Takaseya and co-worker had studied 11 Japanese women
aged 70 year or more who had received size 17mm Regent
prosthesis, they had no operative mortality , good clinical
and echocardiographic postoperative data suggesting
safety and satisfactory hemodynamic results of this small
size prosthesis in that group of patients (19). Hashimoto
preferred to use high performance small size prosthesis
without ARE in elderly Japanese patients>65 year with
small annulus and mean BSA 1.39+0.11m2 (20).
Some complications of ARE procedures had been
attributed to some points in patch construction technique.
Some investigators used a small teardrop-shaped patch of
pericardium that is sutured only to base of aortotomy, this
may be the culprit predisposing to dangerous bleeding as
was their experience (7).Others used diamond shaped patch
to close the gap in AML and aorta (21). While Molina used
two separate triangular shaped patches, one of Gore-tex to
close the defect in AML and the second one of Dacron to
close the aorta, both of them joined at a hinge point at level
of annulus with a modified suturing technique resulting in
perfect hemostasis , and pliable mobile AML (10).
In another series, the ivestigators used a section cutted
from Hemashield tube graft ,they suggested that this material
is more stronger than pericardium and more suitable due to
its natural curved shape. They found it particularly helpful
when facing friable or calcific tissues (8).
As some studies had suggested that MR complicated
ARE technique is more linked to type of patch material
more than extent of incision into AML, they reported that
use of synthetic material may increase incidence of MR
more than pericardial patch as it had poor mobility due
to progressive stiffness and degeneration of synthetic
material which was surprisingly more problematic than
the well known degenerative changes of pericardium in
form of shrinkage and sclerosing changes (21,22).
In our experience fresh autologus pericardium was
excellent material for patch construction,it is easy to
handle, already available, with good hemostatic properties
and pliability. Also we found that use of small teflon
pledgets at angles of suturing lines with proper selection
of suture size according to condition of the tissues were
very crucial points to prevent bleeding after procedure.
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One of the most major concerns of the surgeons
is operative and postoperative bleeding associated
with ARE technique with subsequent need for blood
transfusion or sternal re-opening for control of bleeding.
In a recent study comparing outcome of 712 patients,
there were no statistical difference between AVR or ARE
groups as regard rate of postopertative re-sternotomy due
to bleeding (14). Nakano and associates reported safety
of ARE technique as they encountered no hemorrhage in
there series of 33 patient (23). Rammos and associates
reported similar chest tube drainage in in patients
underwent AVR wether isolated or associated with ARE
procedure (15). In our study, despite that the chest tube(s)
drainage was slightly higher in ARE group, the need for
replacement of loss by blood transfusion, or the rate of
sternal re-opening for bleeding were not statistically
different from that required in AVR group thus denoting
the minimal impact of this higher drainage on the clinical
outcome of the patients in ARE group.

CONCLUSION :

Patch enlargement of the small aortic annulus at
time of AVR in the modern era is a safe, reproducible
technique. Our early clinical outcome results support its
use as it permits insertion of a larger size valves with
better EOAi, it can be performed readily and without
significant added risk relative to standard AVR. It should
be considered in selected patients especially young and
physically active adults to avoid postoperative patient–
prosthesis mismatch.
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Background: The surgical repair of aortic coarctation has evolved over
time. This study evaluates our experience in surgical management of
coarctation of the aorta by different types of repair for detecting the main
and common method for each age group .
Methods: Mansoura university hospital data was reviewed for patients
underwent coarctation repair form 1995 to 2007; 28 patients were
available, 13 patients below two years old (Group A) and 15 patients older
(Group B).
Results: Of 28 patients, 18 (53.3%) were males with mean age of 6.9±8.7 years.
In group A, the presenting symptoms were tachypnea (49%), palpitation
(40%) disinterest in feeding (35%) and cyanosis (20%) with digoxin and
diuretics use in 53.8% and 84.6% respectively while in group B, headache
(60%), fatigue (50%) and palpitation (40%) and antihypertensive use
(60%) were characteristic. Chest X-ray was suggestive for diagnosis in all
patients. In group A; it showed left ventricular enlargement in 4(30.8%)
patients and biventricular in 9(69.2%) patients with no other radiological
findings while, in group B, it showed figure 3 sign in 1(6.6%) case, rib
notching in 11 (73%) patients and left ventricular enlargement in all cases
(P <0.001). Echocardiography was diagnostic in all cases. Mean pressure
gradient across the coarctation area was 70.6±5.5mmHg in group A versus
72.5±7.5mmHg in group B.with no significant difference between the two
groups. CT was done for 3 patients in group B and it showed narrowed
aorta in some cuts. CT angiography was done for 7 patients in group B.
MR angiography was done in 11 patients in group B. In group A:Resection
with extended end to end anastmosis and subclavian flap aortoplasty were
done in 7(53.8%) and 2(15.4%) patients respectively while resection with
end to end anastmosis was done in 4(30.8%). Onlay patch aortoplasty
and interposition tube graft were done only in Group B in 3(20%) and
6(40%) patients respectively. While resection with end to end anastmosis
was done in 6(40%) patients. The mean postoperative systolic pressure
gradient were 8.8±3.9 mmHg in group A versus 7.5±3.5mmHg in group
B.with no significant difference between the two groups Postoperative
morbidity in both groups included patch infection 1(3.5%), bleeding
2(7.1%), chylothorax 2(7.1%), left lower lobe collapse 1(3.5%), and right
side hemiparesis 1(3.5%). Over all mortality rate was 3.5% only one case
died from severe patch infection.
Conclusion: There are many surgical techniques for repair of coarctation
of the aorta but resection with extended end to end anastmosis is the main
method in infant and young children, while interposition tube graft is
common in adults and older children.
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be significant. (1, 2) From all congenital heart diseases ,
(CoA) represents 5-8% , it is three times more common
in males than females in cases of isolated coarctation.
In (CoA) associated with other cardiac anomalies the
percentage is 1:1.(1, 2)
Clinical features of coarctation usually represents
itself as heart failure after variable time, delay in onset
of failure is related to PDA closure, degree to which
collaterals develop and presence of major non cardiac
anomalies.(1, 2,)
The first successful surgical repair of (CoA) was
performed in Stockholm, Sweden by Craford and Nylin in
1944 by resection and end to end anastmosis (3), in 1957
Vossschulte introduced the concept of patch aortoplasty.
For infants as an alternative to “resection with end to
end anastmosis” the subclavian flap aortoplasty was first
performed by Waldhausen and Nahrrwold in 1966 (1,2,4).
The recently introduced technique of resection with
extended end to end anastmosis appears to be associated
with good intermediate term results. (3)
The aim of this study was to evaluate our experience
in surgical management of coarctation of the aorta by
different types of repair for detecting the best method for
each age group.

Methods

We retrospectively reviewed the files of 28
consecutive patients with coarctation who were operated
upon in the Department of Cardiothoracic Surgery,
Mansoura university hospital in the period between
January 1995 and January 2007 to analyze our experience
in surgical management of coarctation of aorta. Patients
were divided into two groups; Group A: includes patients
less than 2 years old (13 cases) and Group B: includes
older children and adults (15cases).
All patients with isolated coarctation of aorta or
coarctation with non-obstructive bicuspid aortic valve
were included while patients with associated other
congenital cardiac anomalies were excluded except
associated PDA.

Preoperative evaluation:

Detailed history for group (A) included abnormal
feeding behavior, irritability, symptoms of lung
congestion or symptoms of low cardiac output and for
Group (B) included symptoms of hypertension, heart
failure or complications. Past history of admission in ICU
or neonatal ICU (NICU), history of drug intake (digitalis,
diuretics, or antihypertensive medications), or history of
previous coarctation repair was also collected.
The patients were subjected to full general
examination with stress on: palpation of pulses in four
limbs, measurement of blood pressure in four limbs,
palpation of the back of the chest for the presence of
collaterals, and presence or absence of other non cardiac
congenital anomalies. All patients were subjected to
routine laboratory investigations as complete blood
picture, liver functions, renal functions, fasting blood
sugar and ESR.
ECG and plain chest X-ray were done for all
patients at admission and both pre and post-operative
for cardiothoracic ratio, lung congestion, and rib
notching, enlarged left mediastinal shadow “figure
3”. Transthoracic ECHO was done for all patients to
determine site and severity of coarctation, pressure
gradient, LVH, RVH, biventricular enlargement, any
associated lesion as presence of patent ductus arteriosus.
CT and CT angiography (CTA) was done in 10 cases in
group B while Magnetic resonant angiography, (MRA)
was done in 11 patients in same group.

The operative techniques:

All patients in our study were operated upon using
one of the following five techniques; resection with end to
end anastmosis, subclavian flap aortoplasty, onlay patch
aortoplasty, Dacron patch interposition, and resection
with extended end to end anastmosis.
Invasive arterial cannula (commonly radial) was put in
the right upper limb and another one was put in the lower
limb (commonly in dorsalis pedis artery or femoral). If
this was not available or difficult, non-invasive cuffs
were applied to both right upper limb and lower limb.
Patients were positioned in right lateral decubitus and
we used the left posterolateral muscle sparing thoracotomy
through the fourth or the third intercostal space in all
cases. After meticulous dissection and exposure of the
coarcted area, adjacent parts of descending aorta, aortic
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oarctation of aorta (CoA) is a congenital
narrowing of the aorta usually distal to the
left subclavian artery adjacent to the site of
insertion of the ductus arteriosus. Usually
more than 50% narrowing is needed to
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arch, patent ductus arteriosus if present, and left subclavian
artery; oversewing and division or ligation of the ductus
arteriosus when present or the ligamentum was done.

Cardiovascular

Resection with end to end anastmosis: Cross clamps
were put proximally and distally to the coarcted area and
time was calculated. Heparin was or was not given. All the
coarcted area was removed then approximation of the two
ends and anastmosis was done by continuous prolene 3/0,
4/0, 5/0 or 6/0 suture according to the size of aortic wall
Subclavian flap aortoplasty: Cross clamps were put
proximally between the left common carotid artery and
the left subclavian artery and distally on the descending
aorta after the coarcted area. The left subclavian artery
was ligated and divided then aortotomy was done along
the lateral border of the left subclavian artery extending
into the lateral border of the descending aorta passing
through the coarcted area then the subclavian flap was
folded to be sutured with the incision using prolene 5/0
to enlarge the coarcted area.
Onlay patch aortoplasty: Cross clamps were put
proximally and distally to the coarcted area then
longitudinal incision in the lateral border of the coarcted
area was done then Dacron onlay patch was sutured to
the edges of the incision using proline 4/0 to enlarge the
coarcted area.
Dacron tube graft interposition: This was done by
resection of the coarcted segment and the tube graft is
interpositioned between the two ends and continuous
sutures were done to anastmose the ends with the tube.
Resection with extended end to end anastmosis: This
was done by more dissection of the coarcted segment and
whole aortic arch up to the ascending aorta, lower parts of
arch vessels and the descending aorta. The cross clamps
were put proximally between the brachiocephalic artery and
the left common carotid artery and distally after the coarcted
area. After excision of the coarcted area, incision in the
undersurface of the aortic arch and the appropriate counterincision in the descending thoracic aorta were done. The
descending aorta was freely mobilized of to be anastmosed
with the distal end and the inferior border of the arch.
After the repair, cross clamps were removed, good
haemostasis, closure of mediastinal pleura, insertion of
drainage tubes, and closure of thoracotomy in layers
were done.

Sameh M. Amer et al

Postoperative management:

All cases were thoroughly monitored by ECG, pulse
oximetry, the blood pressure in upper and lower limbs, and
intercostal tubes. Administration of vasodilator infusions to
decrease postoperative hypertension was done then tapering
of the dose gradually and replaced by antihypertensive
medications if needed. Other routine postoperative care
was done including the administration of inotropic drugs
if indicated and closely monitoring and prediction of
complications especially postoperative bleeding.

Follow up:

The patients were submitted to pre-discharge complete
physical examination, ECG, chest X-ray and routine
laboratory investigations. The patients were followed up
at our outpatient clinic in early visits then with cardiology
(pediatric or adult) later on.. All patients were subjected to
postoperative Echo during our period of follow up which
ranged from 6-48 months (mean 28±6.7 months) and their
reports were compared with preoperative reports. There
was no recorded recurrence at our follow up period.

Statistics:

Our data were subjected to the following statistical
non-parametric tests: Wilcoxson signed rank test, Mannwhitney test, Mc nemmar test, Non parametric correlation
coefficient test. The probability P value for the calculated
values with a degree of freedom was calculated using
certain tables with a level of significance less than 0.050.

Results

Of the 28 patients with coarctation who were
operated on during the study period, there were 18(53.3%)
male and 10(46.7%) female (P = 0.254). The mean age of
our patients was 6.9±8.7 years . The mean age for group
A (13 cases) was 6.2±4.7 months versus 150.3±103.7
months for group B(15 cases)(P <o.oo1).The mean
weight at operation in group A was 5 kg while in group B
the mean weight was 21.5 kg.(Table 1).
In group A the main presenting symptoms were
tachypnea (49%), palpitation (40%), poor in feeding
(35%), and cyanosis (20%) while in group B the presenting
symptoms were those of hypertension in most of patients
(60%); headache, vertigo, epistaxis; fatigue (50%), and
palpitation (40%) as shown in Fig (1 & 2). There were
3 infants in group A presented with acute heart failure
and one was on inotropic support in NICU, the other
2 were controlled with digoxin and diuretics. In group
B, there were 2 patients presented with complication
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of untreated coarctation includes; right side cerebral
infarction resulting in left side hemiparesis, while the
other patient presented accidentally with post traumatic
chest wall large hematoma and during its exploration
there was many large blood vessels so Echo was done
and it showed coarctation.

Chest X-ray was suggestive for diagnosis in all
patients .It showed left ventricular enlargement in
67.9% of cases and bi-ventricular enlargement in
32.1% of cases. In group A; it showed left ventricular
enlargement in 4(30.8%) patients and biventricular in
9(69.2%) patients with no other radiological findings
while, in group B, it showed figure 3 sign in 1(6.6%)
case, rib notching in 11 (73%) patients, left ventricular
enlargement in all cases, and no biventricular (P
<0.001) Table (1) & Figure (3)

Fig (2): Symptomatology of group B.
Figure 3 chest x-ray of aortic coarctation with (A) Rib
notching. (B) Biventricular enlargement.

Fig (1): Symptomatology of group A.

Trans-thoracic Echo was done for all patients and it was
diagnostic in all patients, PDA was found in 10 patients
which were ligated in both groups. Pressure gradient in
coarctation area ranged from 35 to 140 mmHg with a mean
pressure gradient of about 70.6±5.5mmHg in group A versus
72.5±7.5mmHg in group B.with no significant difference
between the two groups.. In all cases, there was turbulence
of flow across coarctation area with lack of pulsatility in the
descending aorta.. Table (1), Figure (4)

Figure (4) Echocardiography of aortic coarctation showing the diameter and length of coarctation area (A) & (B) respectively.
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Group A (n=13) Group B (n=15)
No (%)
No (%)
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Data

Total (n=28)
No (%)

P value

Age
Weight
Sex

Age (month)
Weight (kg)
Male
Female

6.2±4.7
5(2.5-11)
10(76.9)
3(23.1)

150.3±103.7
21.5(13-65)
8(53.3)
7(46.7)

0.000
0.003
0.254

18(63.3)
10(35.7)

CXR

Figure 3 sign
Rib notching
LVE
BE

ECHO

PDA
LVE
BE
Average

0(0)
0(0)
4(30.8)
9(69.2)
8 (61.5)
6(46.2)
7(53.8)
0(0)

1(6.6)
11(73.3)
15(100)
0(0)
2(13.3)
14(93.3)
0(0)
1(6.7)

1 (3.6)
11(39.3)
19(67.9)
9(32.1)
10(35.7)
20(71.4)
7 (25)
1 (3.6)

preoperative
medications

Digitalis
Diuretics
antihypertensive

7(53.8)
11(84.6)
2(15.4)

3(20)
8(53.3)
9(60)

10(35.7)
19(67.9)
11(39.3)

0.066
0.082
0.015

Operations

REEA
SFA
On lay patch
Tube graft
REEEA

4 (30.8)
2 (15.4)
0(0)
0 (0)
7 (53.8)

6 (40)
0 (0)
3 (20)
6 (40)
0 (0)

10(35.7)
2 (7.1)
3 (10.7)
6 (21.4)
7 (25)

0.001

0.000
0.007
0.004
0.049
0.14

Table (1): Showing demographic, diagnostic and operative data in each group:
LVE; left ventricular enlargement, BE; biventricular enlargement, PDA; Patent ductus arteriosus, CXR; chest X-Ray, AAH;
aortic arch hypoplasia, Bicuspid AV; aortic valve, REEA; resection with end to end anastmosis, SFA; subclavian flap aortoplasty,
REEEA; resection with extended end to end anastmosis, Echo; echocardiography.

In group B, CT was done for 3 patients and it
showed narrowed aorta in some cuts. CT angiography
was done for 7 patients and it was useful in giving an
idea about the length of the coarctation area, the flow
distal to it and it described the anatomy of the arch and

gave a good idea about the development of collaterals
(Figure 5-A).
MRA was done in 11 patients in group B, it gave a more
illustrated idea about anatomy and collaterals (Figure 5-B).

Figure (5) aortic coarctation (A) CT angiography (B) MRA of coarctation with extensive collaterals
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The mean cross clamp time in our study was 26.29±3.67
min. There was no statistically significance difference in
cross clamp time in different types of operations as the
difference in surgical time was found in time of dissection
before cross clamp application. Table (2)

REEA
SFA
Onlay
patch
Tube graft
REEEA
Total

Cross clamp time
Mean ±SD
26.1±3.93
25.21±2.47
30.0±2.10
26.83±4.12
25.29±3.40
26.29±3.67

Nitrocine
N (%)
9 (36)
2 (8)
3 (12)
6 (24)
5 (20)
25(89.3)

Nipride
N (%)
2 (22.2)
1 (11.1)
1 (11.1)
3 (33.3)
2 (22.2)
9(32.1)

Table (2): Cross clamp time and postoperative use of
vasodilator in each procedure

ICU stay period ranged from 3 days to 25 days with a
median of 5 days in both groups. Only 2 patients required
mechanical ventilation; one of them(group B) due to
delayed recovery from anesthesia and the other was preterm
infant (group A) and was on ventilator before surgery that
continued after operation. One patient (group B) needed
inotropic support (dopamine). Vasodilators; nipride
and nitroglycerine were used to control postoperative
hypertension in 25(89.3%) and 9(32.1%) respectively
Table (2). The chest drains were removed after 2-5 days
with mean of 2.7 days. Immediately postoperative, the
femoral pulse could be felt well and the dorsalis pedis
pulse could be felt, later on both became bounding. The
upper to lower limb pressure gradient became less than
18 mmHg postoperatively. Fifty percent of our cases
showed no significant change in cardiothoracic ratio
postoperatively but all were asymptomatic with no upper
to lower limb pressure gradient.
There was one case who died from postoperative
patch infection (3.5%) from group A. Two patients

suffered from postoperative bleeding (7.1%); one of
them from anastmosis line (group A) and the other
from the chest wall (group B) and both were explored
and controlled. Two patients (7.1%) suffered from
postoperative chylothorax (group B) and they were
managed conservatively. One patient (3.5%) suffered
from left lower lobe collapse (group A) and managed by
bronchoscopic suction and another patient (3.5%) was
complicated by right side hemiparesis (group B) which
improved with physiotherapy..
The mean postoperative systolic pressure gradient
were 8.8±3.9 mmHg in group A versus 7.5±3.5mmHg in
group B.with no significant difference between the two
groups

Discussion

Coarctation of the aorta is a congenital heart disease,
which represents 5-8% of congenital heart diseases (1).
In our series, we collected 28 cases in 12 years
which represents a relatively small number of cases in
comparison with others (1,2.5) but this can be explained
by the fact that our department was not a specialized
center for congenital cardiac surgery and this number
is parallel to the number of congenital cardiac lesions
operated. This was clarified in the last two years as
the operated cases of CoA were 10 cases representing
about 35% of cases. This advance was a part from our
increasing interest in congenital cardiac surgery during
the last two years.
The age of our patients ranged from 10 days to 35
years with a mean age of about 6.9 years. In Group A the
age ranged from 10 days to 1.5 years with mean age of
about 6.3 month while in group B the age ranged from
2.5 years to 35 years with mean age of about 12.5 years.
Seirafi and colleagues reported a nearly similar age
range from 1 day to 33 years with mean age of 11 month
(6). Some authors studied only neonatal coarctation
with mean ages of 10.3 and 13 days respectively (7, 8)
while others extended the maximum age of their patients
beyond the neonatal to infantile period with mean age
of 13.5, 30 days, respectively (5,9). On the other hand
Carr and colleagues studied coarctation in adolescent
and young adult ranging from 11-53 years with mean
age of 21 years (10) while Aris and associates collected
patients 51-73 years old with mean age of 58 years (11).
In spite of the relative delay in the diagnosis in our
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Resection with extended end to end anastmosis and
subclavian flap aortoplasty were only done in group A
in 7(53.8%) and 2(15.4%) patients respectively while
onlay patch aortoplasty and interposition tube graft were
done only in group B in 3(20%) and 6(40%) patients
respectively. Resection with end to end anastmosis was
done in 4(30.8%) in group A compared with 6(40%)
patients in group B (P = 0.001) (Table (1).

Cardiovascular

series there were 3 neonatal cases; two of them were in
the last two years and they were operated upon electively
while the other case was diagnosed and operated
emergently because of developing heart failure.

Cardiovascular

In our series the mean weight at operation in group
A was 5 kg while in group B the mean weight was 21.5
kg. The mean weight at operation in Wood and associates
collection was 3.7 kg ranging from 0.85 to10.5 kg (9).
The difference in mean weight at operation between our
series and others is because of their great advance in
intensive care management of neonates and infants with
aortic coarctation especially in the use of prostaglandin
E1 to maintain ductal patency and distal body perfusion.
In our study coarctation was more prevalent in males
with male to female ratio of 1.8:1; this was confirmed by
many studies (7, 12).
In group A, 80% of cases were symptomatic; the main
presenting symptoms were tachypnea, abnormal feeding
behavior, and cyanosis. Weak or absent femoral pulse
were found in all cases and upper extremity hypertension
was found in 80% of cases; this matches with the results
reported by Zehr and his colleagues (13). Heart failure
was the presenting symptom in about 23% of cases of
group A; that was similar to Fesseha report (7) while 49%
of Wright and colleagues patients presented with shock
(14).
In group B, the main presenting symptoms were
those of hypertension including headache, fatigue,
vertigo, and palpitation; which was the cause of surgical
referral. Preoperative complication was seen only in one
patient in the form of cerebrovascular accident. The same
findings reported by Beur and his associates where all
their patients presented with hypertension (15) while in
Carr and colleagues series, 78% of cases presented with
hypertension and decreased femoral pulse one patient
presented with right sided hemiparesis (10). In Wells
and colleagues adults’ series, the most common reason
for surgical referral was recent discovery of hypertension
and the most common symptoms were headache, fatigue,
claudication, and heart failure (16).
Chest X-ray was done to all of our patients and
it showed left ventricular enlargement, biventricular
enlargement, and figure 3 sign. Rib notching was found
in 11 (73%) cases of group B that represents 39.2%
of all cases; this finding matches with Bouchart and
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colleagues (12).
In our series Echocardiography was done for all cases
and this goes with many authors (7, 12, 17). While in
Carr and colleagues series echo was done only for 67%
of cases (10). It was diagnostic to all cases in our series
and this was similar to the series of Fesseha, Elkerdany,
and Sudarshan and their colleagues (7, 17, 18); While it
was diagnostic only in 17% of Carr and colleagues series
(10).
PDA was seen in 35.7% in our series; that goes
with the series of Dave and colleagues in which it was
associated with 35.7% (19) and differs from the series
of Zehr and colleagues where it was associated with
57.5%of all patients (13).
Left ventricular enlargement in Echo was found in
71.4 % of cases and that was near that of Bouchart and
colleagues series in which it was associated with 82% of
all cases (12).
Mean preoperative echocardiography pressure
gradient in our series was 70.6 mmHg and 72.5 mmHg
that goes with series of Bouchart and Elkerdany and their
colleagues where the mean gradient was 69 and 65.7
mmHg respectively (12, 17) while it was different from
the mean gradient reported by Carr and colleagues which
was 51 mmHg (10).
CT was done for 10 (35.7%) of our patients. In 7
cases, it showed collaterals and was useful to show the
coarcted area. In the other two cases, it showed the short
coarcted area with PDA.
MRA was done for 11(39.3%) of our patients. It
showed the coarcted area, the anatomy of the arch and
development of collaterals and it was useful in diagnosis,
in determining the aortic arch size, diameter and the
presence or absence of PDA. MRA was performed only
in one case in the series of Carr and associates (10).
Digoxin was used preoperatively in 10 cases (7
(53%) in group A) and diuretics were used in 19 patients
(11(84%) in group A); these results goes with the series of
Zehr and colleagues which were on infants and neonates,
where preoperative Digoxin and diuretics were the
mainstay of therapy (13). Preoperative antihypertensive
medications were used in 11 cases; 9 (60%) patients in
group B; this goes with series of Carr and colleagues
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which was on adult cases where about 50% of cases were
taking antihypertensive medications (10).
The surgical approach was a left posterolateral
thoracotomy through the third or the fourth intercostals
space in all our patients; this was the same approach
of Sudarshan and Dave and their colleagues (18, 19).
Median sternotomy was the approach of surgery in series
done by Elgamal and his colleagues (20).
In our series we had performed five types of operations
starting with resection and end to end anastmosis in
10 (35.7% of all cases), subclavian flap aortoplasty in
2 (7.1%), onlay patch aortoplasty in 3 (10.7% of all
cases). Interposition tube graft 6 (21.4% of all cases),
and resection with extended end to end anastmosis in 7
(25% of all cases) which became our preferable operation
during the last two years. In group A, we have performed
three types of operations; subclavian flap aortoplasty at
the beginning of our series and resection with end to end
anastmosis then during the last two years all cases of
group A were subjected to resection with extended end
to end anastmosis while in group B, resection with end
to end anastmosis and interposition tube graft had been
performed equally while onlay patch aortoplasty was
used only at the beginning of the series.
In Carr and colleagues series 18 (40%) patients had
either Dacron or Gore-Tex patch enlargements, (22%)
had resection with an end-to-end anastmosis, (20%) had
interposition Dacron grafts, and (18%) had subclavian flap
repairs (10). In Sudarshan and colleagues series, 37.5%
underwent subclavian flap angioplasty, one baby had a
carotid flap angioplasty, and another had a patch repair
using pulmonary homograft. The remaining 13 patients
in the group underwent resection with extended end-toend anastomoses (18). In Zehr and colleagues study; the
preferred repair technique has changed over the past three
decades where resection with end to end anastmosis was
the primary mode of repair. Subclavian flap aortoplasty
was first performed in their institution in 1978, and the
remaining procedures consisted of patch angioplasty, a
flap-patch combination, or extra anatomic bypass (13).
Later in a recent study, the operative techniques included
interposition graft with Hemashield, and Gore-Tex patch
aortoplasty repair (21)
In Wells and colleagues series, resection and end-toend anastmosis, resection and interposition Dacron tube
graft, patch angioplasty with Gore-Tex, and a bypass

Dacron tube graft from the proximal to the descending
thoracic aorta were the types of operations (16). In
Fesseha and colleagues series patients were operated by
resection with extended end-to-end anastmosis or aortic
arch advancement (7). In Seirafi and colleagues series
the extended end-to-end technique was used to augment
the hypoplastic aortic arch in 21 neonates and infants.
Subclavian flap arterioplasty was performed in 43
neonates and infants. Patch aortoplasty and interposition
graft were used primarily in toddlers and older patients,
respectively (6). In Asano and colleagues series from
33 patients, modified Subclavian flap arterioplasty was
performed in 9 patients. The remaining procedures
consisted of Subclavian flap arterioplasty in 17 patients,
coarctectomy and end-to-end anastmosis in 4 patients,
and extended end to end anastmosis in 3 patients (22).
The mean cross clamp time in our series was 26.29
minute with no great difference between different types
of operations; this was near that of Dave and colleagues
where it was 23.6 (19). In the series of Carr and colleagues,
the mean cross clamp time was 31min (10) while in the
series of Wright and colleagues it was 17 min (14).
In our series, we used continuous non absorbable
prolene suture for anastmosis in all cases and its size was
determined according to the age and the size of the aortic
wall. In most series the used suture was also prolene
suture (7, 12, 20) while Ou and colleagues had reported
the use of interrupted and absorbable sutures for repair
of the aortic arch (23). Zehr and colleagues reported
that the use of monofilament non-absorbable suture is
proved to be significantly associated with a reduction in
the incidence of restenosis. Monofilament polypropylene
is a relatively inert substance, incites minimal adjacent
inflammatory reaction, and improves growth of vascular
anastomoses (13).
Recoarctation defined as postoperative pressure
gradient across site of repair more than 20 mmHg (10)
while others defined it as postoperative pressure gradient
of more than 15 mmHg (9, 14) where they reported 2.2%
and 11% recoarctation rate respectively. Høimyr and
colleagues reported 5% of cases with recoarctation that
required further intervention after 40 years of follow
up (24). During our early postoperative period, the
mean postoperative systolic pressure gradient was 11
mmHg where all cases were below 20 mmHg. This was
confirmed by Carr and colleagues where the maximum
postoperative pressure gradient in their series was 20
mmHg with a mean of 10 mmHg (10). Follow up Echo
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was done for all patients during our follow up period, the
mean Echo pressure gradient across the site of repair was
8.6±3.7 in group A versus 7.5±3.5mmHg in group B. with
a maximum pressure gradient of 15 mmHg and according
to the above definitions none of them had recoarctation.
Early postoperative paradoxical hypertension was
seen in (89%) of patients and it was simply controlled
by nitroglycerine infusion in 16 patients and addition
of sodium nitropruside in 9 patients; this was near the
results of Beur and colleagues where 80% exhibited
paradoxical hypertension; which was controlled with
sodium nitroprusside infusion and β-adrenergic blockers
(15). Carr and colleagues reported that all patients had
postoperative reactive hypertension and they were
controlled by nitroprusside and nitroglycerin (10), while
Wright and colleagues reported it only in 18% of cases and
it was controlled by esmolol or sodium nitroprusside (14).
In 66% of our cases, nitroglycerine or nitroprusside could
be withdrawn without adding other antihypertensive, 34
% required adding oral antihypertensive medications in
the form of B blockers or ACEI. During our follow up
period half of these patients stopped these medications
and became normotensive and the others continued on
these medications. These results were near the results of
Wright and colleagues where 14% of patients continued
on oral antihypertensive medications (14); While Carr
and colleagues reported 20% of cases require antihypertensives (10).
We have one (3.5%) case of hospital mortality due to
onlay patch infection; this was similar to the results of
Seirafi and colleagues who reported operative mortality
of 3.4 % (6). Wright and colleagues reported an incidence
of early mortality of 1% (14) while Bouchart and Carr and
their colleagues reported 0% of perioperative mortality
(10, 12).
In our series, postoperative complications included;
2 patients of postoperative surgical bleeding, 2 patients
of chylothorax, one patient of right side hemiparesis,
and one of left lower lobe collapse. Thomson and
colleagues reported one patient of paraplegia after
significant intraoperative bleeding from the anastomotic
site, and one patient of transient lower limb weakness
but recovered fully. Both of these patients underwent
extended end to end repair through a thoracotomy. A third
patient had a small segmental cerebral infarction on CT
after coarctation repair (5). Wells and colleagues reported
one patient with persistent left vocal cord paralysis with
no other major complications occurred (16). Zehr and
colleagues reported; in series of 179 patients, left hemi
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diaphragm paralysis in 6 patients; vocal cord paralysis in
one patient, chylothorax in 4 patients; 2 of them required
reoperation for management, Two patients reoperated
for the control of postoperative bleeding, and 21 patients
of infections; included pneumonia, sepsis, and wound
infection in 9, 6, and 6 patients respectively (13). In
Carr and colleagues series, the perioperative morbidity
rate was 18% that included postoperative bleeding in
3 patients, ventricular tachycardia in one patients, lefthand numbness in one patient, leukocytic vasculitis in
one patient, left vocal cord paralysis in one patient, and
a lymphocele at the groin cannulation site in one patient
(10).
Conclusion: There are many surgical techniques for
repair but resection with extended end to end anastmosis
is the common method in infants and young children,
while interposition tube graft is the common in adults
and older children.
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Background : Three-dimensional (3D) echocardiography offers the ability
to improve and expand the diagnostic capabilities of cardiac ultrasound.
However, as with any emerging technology, the enthusiasm to embrace a
new technique must be tempered by a critical appraisal of the evidence
supporting its use.
Objective To evaluate the feasibility and accuracy of 3D echocardiography
in the assessment of ventricular septal defects
Methods : The study included 20 patients who were scheduled for VSD
closure. All patients were subjected to 2D echocardiogram as well as real
time 3D echocardiography with full volume acquisition. Data obtained
was tabulated and analyzed to determine the additional value of 3D
echocardiography compared to 2D echocardiography in assessment of
VSD as well as the accuracy of the 3D echocardiographic data compared
to the surgical findings
Results : There was complete agreement as regards the morphology of
the VSD between RT-3DE and surgery. RT-3DE was of additional value
compared with 2DE in detection of other defects. There was no significant
difference between RT-3DE and surgery in determination of the site of
VSD. There was modest correlation between the size of the VSD measured
by 2D echocardiography and that measured by RT-3DE from the LV and
RV enface view with an r value of 0.637 and 0.684 respectively. Using
linear regression analysis the correlation between the maximal VSD
diameter measured during surgery and that measured by both 2DE (r =
0.724) and RT-3DE LV (r = 0.948) and RV enface view (r = 0.938) favored
the measurements obtained by RT-3DE.
Conclusion : RT-3DE is feasible for quantitative assessment of VSDs with
accurate determination of VSD size, number, shape and localization. The
use of RT-3DE gives a better understanding of the exact anatomy and size
of the defect, which may lead to a further optimization of the planning
of surgical or catheter-interventional procedures in patients with a VSD.
The enface view of the ventricular septum is a unique capability of the 3D
echocardiography.

U

ltrasound technology has improved markedly in the past 10
to 15 years, prompting echocardiographers to extend its use
in studying cardiac structure and function. New ultrasound
equipment and techniques offer superior image quality,
greater accuracy, and expanding capabilities. Of these newer
techniques, three-dimensional (3D) echocardiography offers the ability to
improve and expand the diagnostic capabilities of cardiac ultrasound. However,
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Although reports on the incidence of congenital
heart disease (CHD) vary considerably from 0.4 to 5%
the most widely accepted estimate of the incidence of
CHD is 0.8% of all live births. Of the CHD, isolated VSD
is by far the most common diagnosis, accounting for 20
% to 30% of all CHD. (2)
Functional and morphologic assessment of VSD
is routinely done with 2-dimensional (2D) and color
Doppler echocardiography.
Usually, this provides
adequate information to decide on surgical repair.
Nevertheless, the anatomy of the VSD is complex and
cannot be presented by actual imaging techniques in a
single plane. (3)
Furthermore, advances in cardiac surgical procedures
increasingly demand support of highly accurate imaging
techniques. 3D echocardiography has been proposed as a new
technique able to simulate the intra operative visualization
of cardiac structures and to improve the understanding of
the anatomy of congenital heart disease. (4)

Methods:

The current study was conducted on 20 patients
referred to the Cardiology department at Ain Shams
University Hospitals for preoperative assessment of
VSD, in the period from February 2008 to July 2008.
Echocardiographic examination: All patients were
subjected to full 2D echocardiogram using sequential
analysis to establish the diagnoses as well as assess LV
dimensions and functions. Real time 3D echocardiogram
(RT3DE) was performed from the subcostal, apical and
parasternal windows using a commercial scanner (iE33,
Philips Medical Systems) equipped with a fully sampled
matrix array transducer Care and taken to include the entire
LV cavity within the pyramidal scan volume. The displaying
mode of RT-3DE includes 3D Live and Full Volume and
color Doppler mapping. RT3DE data sets were acquired
using wide-angled acquisition mode with minimal possible
depth to achieve a high frame rate. Duration of 3D data
acquisition was 10±2 minutes. Reconstruction time was

30±10 minutes. RT3DE data sets were stored digitally,
analyzed by the quantification lab (Q Lab) and the full
volume set was cropped in various planes to assess VSD
morphology including site, number, size, shape and relation
to other structures.
Surgical Procedure and Assessment of Morphology:
Surgical repair was performed, using cardiopulmonary
bypass, through a right atriotomy. VSD measurements
were made in a flaccid heart after cold cardioplegia from
a RV view after transtricuspid exposure of the defect.
The surgeon, who was blinded for the 3D data, described
and measured the VSD. Using the surgical description
as the gold standard, the accuracy of each type of
echocardiographic assessment was determined.
Statistical analysis: Data was collected, verified,
revised and edited on a personal computer. It was then
statistically analyzed using SPSS statistical package
version 13 and Microsoft Excel 2003. All data were
calculated as mean and standard deviation. T test for
independent samples and Pearson’s correlation coefficient
were calculated whenever needed. Bland-Altman and
linear regression analysis was used to correlate the data
obtained from both 2D and 3D echocardiography and
surgical findings.

Results

This study was conducted on 20 patients with
congenital ventricular septal defect referred to the
Cardiology department at Ain Shams University Hospitals
for preoperative assessment. (Table 1).
Characteristics

Findings

Gender (M/F)

11/9

Mean age (range) in yrs

1.7(0.5-7)

Referral diagnosis
VSD

(n=13)

VSD -ASD

(n=2)

TOF

(n=3)

DORV

(n=2)

Table: (1) Clinical and demographic characteristics of the
patients
VSD= ventricular septal defect, ASD= atrial septal defect, TOF=
Tetralogy of fallot, DORV = double outlet right ventricle
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as with any emerging technology, the enthusiasm to
embrace a new technique must be tempered by a critical
appraisal of the evidence supporting its use. It is essential
to assess the limitations as well as the unique capabilities
it provides. To justify the use of a new 3D modality, its
unique contribution to clinical practice must be critically
analyzed (1)

Cardiovascular

Hassan Moftah et al

In the 20 patients, it was possible to reconstruct a VSD
with complete borders from the RV enface view in 19 patients
(95%) and from the LV enface view in17 patients (85%) due
to the presence of overriding of the aorta which led to the
presence of incomplete borders in the remaining patients.

Cardiovascular

The current study showed that there was complete
agreement as regard the morphology of the VSD between
RT-3DE and surgical findings, the shape of VSD was
well delineated after acquisition of full volume data set
and cropping. The VSD shape was seen from both the RV
and LV perspective (enface view) (Figs. 1 and 2). RT-3DE
was of additional value compared with 2DE in detection
of other defects. All patients showed one defect by 2D
echocardiography but one of the patients showed 2 adjacent
perimembranous subaortic VSDs by 3D echocardiography.

Figure 2. RT-3DE display of perimembranous ventricular
septal defect (VSD) viewed from right ventricular surface
of interventricular septum. Two papillary muscles (arrows)
are seen crossing the VSD. (TV, tricuspid valve; Infund,
infundibulum).

There was no significant difference between RT-3DE
and surgery in determination of the site of VSD; (P-value
= 0.059) with a percentage of agreement between the
two methods of 93.33% (in only one case, RT3-DE
described an inlet outlet VSD but the surgeon described
a perimembranous VSD with inlet outlet extension).
This percentage of agreement dropped to 86.6% when
comparing 2D echocardiography findings and surgery.
Maximum VSD diameter was 10.9 ± 2.57 mm and
14.367 ± 4.526 mm for 2DE and surgery respectively.
Maximum VSD diameter was 12.467 ± 3.493 mm and
12.533 ± 5.105 mm using RT3-DE in LV and RV enface
view respectively. Using Bland-Altman analysis, the
mean difference between the 2DE measurements and
surgical findings was 3.467 ± 3.202 (P-value >0.001),
while the mean difference between the surgical diameter
and that measured from the LV enface and RV enface
views were 1.9±1.647 and 1.833±1.791 respectively.

Figure 1. RT-3DE display of typical perimembranous
ventricular septal defect (VSD) (arrow) viewed from right (A)
and left (B) ventricular surfaces. (RA, right atrium; LA, left
atrium; Ao, aorta).

Using linear regression analysis, the correlation
between the maximal VSD diameter measured during
surgery and that measured by both 2DE (r = 0.724) (Fig.3)
and RT-3DE LV (r = 0.948) (Fig.4) and RV enface view
(r = 0.938) (Fig.5) favored the measurements obtained
by RT-3DE.
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By 3D echocardiography both the end diastolic and end
systolic dimensions of the VSD could be measured thus
giving more accurate data concerning the hemodynamic
significance of each VSD. From the LV enface view end
diastolic maximum diameter had mean value 13.4±5.547
mm but end systolic maximum diameter had mean value
11.521±5.279mm (P= <0.001). From the RV enface
view end diastolic maximum diameter had mean value
13.884±6.449 mm but end systolic maximum diameter
had mean value 11.068±5.323 mm (P=0.001).

RT-3DE more clearly depicts sufficient anatomic
definition of VSD and adjacent structures in depth perception,
and resolution for the preoperative description of VSD for
planning and performing surgical closure of VSD.

Discussion

Two-dimensional echocardiography is a well
established method for the diagnosis of VSDs, although
it requires mental integration of composite orthogonal
views to conceptualize the position of the defect within
the interventricular septum and its relationship with other
anatomic structures. (4)
Figure 4: correlation between maximum VSD diameters
measured by RT-3DE LV enface view and surgery (linear
regression)

Accurate assessment of the size and shape of a VSD
is also difficult, because complete visualization of the
borders of a defect cannot be achieved in a single 2D
view. More precise delineation of certain VSDs might
be advantageous for surgical and Trans catheter device
closure. (5)
Preliminary experience has demonstrated that 3D
echocardiography can provide important information
pertaining to the morphological and spatial features of
various types of VSDs. (6)

Figure 5: correlation between maximum VSD diameters
measured by RT-3DE RV enface view and surgery (linear
regression)

In 2006 Chen et al studied 38 patients with VSD using RT3DE. 3D image database was post processed using TomTec
echo 3D workstation. The results were compared with the
results measured by 2 DE and surgical findings. RT-3DE
produced novel views of VSD and improved quantification
of the size of the defect. These results were comparable to the
data obtained in our study where the 3D measurements of the
VSD showed modest correlation with those obtained from 2D
echocardiography. (6)
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Figure 3: correlation between maximum VSD diameters
measured by 2DE and surgery (linear regression)

There was modest correlation between the size of
the VSD measured by 2DE and that measured by RT3DE from the LV and RV enface views with an r value of
0.0.637 and 0.684 respectively.
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In 2006 Van den bosch et al studied 34 patients,
who were scheduled for surgical closure of a VSD, with
(Philips Sonos 7500, Philips Medical Systems, Andover,
Mass) system, RT-3DE allowed accurate determination
of VSD size, shape, and location. Acquisition of RT-3DE
data sets was feasible in 30 of 34 (88%) patients; Duration
of 3D data acquisition was 6 ± 2 minutes. Reconstruction
time was 23 ± 16 minutes. In our study acquisition of
full volume was possible in all patients, however the
feasibility to visualize the VSD with complete borders
was 95% from the RV enface view and 85% from the LV
enface view due to the presence of malaligned defects with
overriding of the aorta; Duration of 3D data acquisition
was 10±2 minutes and the average reconstruction time
was 40±15 minutes dropped to 20±10 minutes as the
learning curve progressed. (7)
In the study by Van den bosch et al, There was 100%
sensitivity and specificity regarding localization and
number of the VSD determined by RT-3DE compared
with surgical findings and in 4 patients the localization of
the VSD determined on 2DE was not assessed correctly.
In these patients the VSD extended to the inlet part of
the interventricular septum, which was not visible and
could not be retrieved from the stored 2D data set. This
is similar with the current study where sensitivity of
RT-3DE compared with surgical findings regarding the
localization of the VSD was 93.33% but it was less when
2DE compared with surgical findings(sensitivity was
86.67%) which shows the superiority of 3DE over 2DE
in assessment of VSD morphology as regard site. (7)
Van den Bosch et al showed weak correlation between
maximal 2D and maximal 3D diameters (r = 0.57), and between
maximal 2D diameter and surgical findings (r = 0.66). This was
in accordance to our study where r was 0.684 between maximal
2D and maximal 3D diameters; r was 0.724 between maximal
2D diameter and surgical findings. (7)
Van den Bosch et al showed excellent correlation
of maximal VSD dimension between 3DE and surgical
findings (r = 0.95) which is similar to the findings of
our study (r = 0.938) when comparing maximal VSD
dimension between 3DE and surgery. (7)
Van den bosch et al showed that a VSD increases and
decreases considerably in size during the cardiac cycle
(mean area change 0.53 ±0.12) and varied markedly
between the individual patients. In the current study,
the test of change of VSD size during the cardiac cycle
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was done by comparing end diastolic with end systolic
maximal diameter and there was a significant difference
between the two measurements (P-value = 0.001). (7)
Our data was also in agreement with those obtained by
Mehmood et al, who studied 12 patients who underwent
surgical repair for VSD. They concluded in their study that
“Live/real time 3DTTE accurately defined VSD location,
size, and surrounding anatomy in all patients studied” (8)

Conclusion

RT-3DE is feasible for quantitative assessment of
VSDs with accurate determination of VSD size, number,
shape and localization. The use of RT-3DE gives a better
understanding of the exact anatomy and size of the defect,
which may lead to a further optimization of the planning of
surgical or catheter-interventional procedures in patients
with a VSD. The En face view of the ventricular septum
is a unique capability of the 3D echocardiography
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Pattern and presentation of blunt chest traumas
among different age groups: analysis of 486 cases
Moataz Hanafi 1, 2, MD,
Nael Al-Sarraf 2, MRCSI,
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Abdelaziz 1, PhD.

Objectives: To assess the pattern of presentation and the mechanism of
injury of blunt chest injuries sustained in different age groups and its
impact on management options.
Methods: This is a retrospective review of all blunt chest trauma patients
managed in a single centerover a 3 year period. There were 486 patients
stratified into three age groups: pediatric (≤ 12 years old), adult (>12
and ≤60 years old), and elderly (>60 years old). All clinical dataincluding
age, sex, mechanism of chest injury, associated extrathoracic injuries,
treatment strategies and mortality were analyzed.
Results: Majority of patients were males (418, 86%). The adult group was
the commonest age group to sustain blunt chest injury (385 patients, 79%).
The commonest cause was motor vehicle accident (MVA) accounting
for 93% (452 patients). Isolated chest injuries (335 patients, 69%) were
commoner than combined chest injuries (151 patients, 31%). Tube
thoracostomy insertion was required in 191 patients (39%) predominantly
in the elderly group. The commonest combined chest injury involved bone
fractures (102 patients, 21%) followed by head injuries (25 patients, 5%)
and abdominal injuries (24 patients, 5%). Majority of blunt chest injuries
were treated conservatively (464 patients, 95.5%). Open thoracotomy was
required in the remaining 4.5% (22 patients). Indications for thoracotomy
were clotted haemothorax (18 cases, 3.7%) followed by empyema (3 cases,
0.6%) and massive air leak (1 case, 0.2%) Overall mortality was 1% (5
patients), predominantly in the adult group.
Conclusions: Blunt thoracic injuries are a major cause of morbidity and
mortality. Majority of such injuries are related to MVA. Preventative
strategies should be enforced by stronger regulations and should
concentrate on the middle age adult group where the incidence of blunt
chest traumas is highest.

T

rauma is one of the most sudden, dramatic and often irreversible
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medical conditions and is associated with a significant
mortality [1]. Chest injury alone is responsible for 25% trauma
related deaths and is a contributing factor in another 25% [1].
Approximately, 80% of blunt chest traumas are due to road

traffic accidents. Data on the pattern of blunt chest injuries based on different
age groups are currently limited [2-5]. Furthermore, the strategies in dealing
with such injuries need to be optimized. In this paper, we sought to examine
our experience with such traumas adding further to our understanding on their
presentation pattern and management strategies.
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This retrospective study was performed on all patients
who were admitted to a single tertiary center at King Fahad
hospital at Al-Baha suffering from blunt chest traumas
between August 2004 and August 2007. During this time
period, a total of 985 patients were admitted suffering from
general trauma, of which 486 patients (49%) were chest
traumas. All the 486 patients were reviewed and evaluated
regarding age, sex, mechanism of injury, associated injuries,
management strategy and short-term outcome. Patients were
included in the study if they had sustained blunt chest injury
either in isolation or in combination with other system injuries.
Patients were stratified into three groups based on their age.
First group was the pediatric group which included all patients
under the age of 12 years old (n=46, 9.5%). The second group
was the adult group which included all patients between the
age of 12 and 60 years old (n=385, 79%). The third group
was the elderly group which included all patients above the
age of 60 years old (n=55, 11.5%). All these patients initially
presented to our emergency department and following initial
assessment and AP chest x-ray, chest tube thoracostomy was
performed if indicated according to standards of Advanced
Trauma life support (ATLS) guidelines. This study was
approved by our institutional review board.

Results:

There were 486 patients reviewed, of which 418 patients
(86%) were males and 68 patients were females (14%). Age
ranged from 1 month to 78 years old with a mean of 27 years
old. Patients were stratified into three age groups (as described
in materials and method section). The main cause of blunt chest
trauma was motor vehicle accident (MVA) which occurred in
452 patients (93%) while other causes occurred in 34 patients
(7%). These causes and their breakdown are listed in table 1.
Intensive care unit (ICU) admission was required 192 cases
(40%) while the remaining 294 patients (60%) were managed
in a surgical ward.

Mechanism of injury
Motor vehicle accident (MVA)
- Passenger
- Pedestrian
- motorcycle
Fall from height
Other*

Number (%)
452 (93%)
372
74
6
22 (4.5%)
12 (2.5%)

Table 2 is a summary of isolated and combined chest
injuries among the study population
Pediatric
(n=46)

Adult
(n=385)

elderly
(n=55)

Isolated

30 (65%)

260 (68%)

45 (82%)

Combined

16 (35%)

125 (32%)

10 (18%)

Table 2: Isolated vs. combined chest injuries stratified on the
basis of age (n=486 patients).

when stratified by age. Pattern of isolated chest
injuries among the three age groups is summarized in
table 3 and the combined chest injuries among the three
groups are summarized in table 4.
Variable

pediatric
(n=30)

adult
(n=260)

elderly
(n=45)

Rib fractures only (no
chest tube required)

7 (23%)

132 (51%)

5 (11%)

Rib fractures with
haemothorax/pneumothorax 23 (77%)
/ haemopneumothoarx

72 (28%)

40 (89%)

Bilateral rib fractures
with bilateral S/C
emphysema requiring
bilateral chest tubes

56 (21%)

Nil

nil

Table 3: Isolated chest injuries in the absence of other
associated injuries stratified on the basis of age (n=335)

pediatric
adult
elderly
(n=16)
(n=125) (n=10)
Bone fractures (n=102) 9 (56%) 89 (71%) 4(40%)
Abdominal injury (n=24) 4 (25%) 17 (14%) 3 (30%)
Head injury (25)
?3(19%) 19 (15%) 3 (30%)
Variable

Table 4: Combined chest injuries in the absence of other
associated injuries stratified on the basis of age (n=335) basis
of age (n=151)basis of age (n=151)

Table 1: mechanism of injury among the study population
(n=486) * Includes fall of heavy objects on chest and direct
blow to chest with a blunt object
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In Pediatric group, majority of patients had isolated
chest injury rather than combined one (65% vs. 35%,
respectively, table 1). Similar to the elderly group, the
majority of patients in the pediatric group with isolated
chest injury have sustained rib fractures in association
with unilateral haemothorax, pneumothorax or both
(77%, table 3). These cases required tube thoracostomy
insertion. The remaining 23% had only isolated rib
fractures. Open thoracotomy was required in one case due
to persistent air leak. There was no mortality seen in this
age group. The incidence of traumatic chest injuries in
children is lower than adults but carries a higher morbidity
and mortality. The serious consequences of blunt chest
injuries in pediatric group are related to the mechanical
strength of the ribs and thoracic cavity in children which
are easily fractured by high speed traumas than in adults
[3]. Combined injury occurred in 35% of patients in
the pediatric group (table 2). Extremity fractures were
commoner than abdominal and head injuries (56% vs.
25% vs. 19%, table 4).
The adult group had sustained the highest incidence
of chest injuries among all study population (385 patients
of 486, 79% overall). In this group, isolated rib fractures
accounted for 51% of isolated chest injuries with the
reaming 49% of patients requiring chest tube insertion
either unilaterally (28%) or bilaterally (21%, table 3).
This signifies the degree of high speed traumas seen
in this group. Similarly, the rate of combined injuries
sustained in the adult group was higher than the other two
age groups combined (125 patients vs. 16 for pediatrics

and 10 patients in elderly group, table 2). This also
signified the high speed traumas and high energy transfer
incurred during MVA collisions among this group. The
commonest extrathoracic system injury in this group
was extremity fracture (89 patients followed by head and
abdominal injuries (19 and 17 patients respectively, table
4). The highest mortality rate was seen in this group (4
cases, 1%). Open thoracotomy was required in 9 cases
(2%) mainly due to clotted haemothorax (6 cases) and
empyema (3 cases). These are summarized in table 5.

Variable
Open

Pediatric
(n=46)

Adult
(n=385)

Elderly
(n=55)

1 (2%)

9 (2%)

12 (22%)

thoracotomy

Clotted
haemothorax
Massive
Clotted
Indication for
(n=6)
persistent air
haemothorax
thoracotomy
Empyema
leak
(n=3)
In-hospital
0
4 (1%)
1 (1.8%)
mortality
Table 5: Indications of open thoracotomy in the study
population and in-hospital mortality (n=486).

Discussion :

Blunt chest injuries are usually related to MVA.
The relationship between age and the high incidence of
blunt chest injuries related to MVA has been previously
reported [2-4].
However, data on the pattern of presentation and
management strategies among different age groups sustaining
blunt chest injuries are rather limited [7]. In this study, we
sought to identify the pattern of chest injuries sustained
in blunt traumas among differing age groups. In doing so,
our understanding of the pattern of their presentation, their
incidence and outcome is improved. This will ultimately
help in directing resources to both treatment and preventative
strategies to those who require it most leading to more costeffective and optimal approach.
As shown in our work, the commonest age group to
sustain blunt chest injury is the middle age group (>12
and <60 years old). In addition, this group also resulted

The Journal of Egyptian Society Cardiothoracic Surgery ● Volume 17, Number (3-4) 225

Thoracic

In the elderly group, isolated chest injuries were
commoner than combined ones (82%vs. 18%, table 1). In
addition, the majority of isolated chest injuries (89%) are rib
fractures with an associated pneumothorax, haemothorax
or both (table 3). These were all managed by simple tube
thoracostomy. Only 11% of elderly patients sustained rib
fractures with no associated haemothorax / pneumothorax
that did not require tube thoracostomy but merely adequate
analgesia to prevent more serious complications such as
pneumonias. The high incidence of rib fractures in this
group is due to the higher incidence of osteopenic changes
seen in elderly population leading to more pronounced
outcome when the patient sustain blunt chest injury [6] and
consequently higher mortality. Combined injuries in the
elderly group involved extremity fractures in 40% of cases
while the remainder sustained head or abdominal injuries
(30% each, table 4). Open thoracotomy was required in 12
cases (22%) all due to clotted haemothorax. Mortality in this
group was seen in 1 case only.
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in the highest incidence of mortality among our study
population. It seems logical that tougher regulation
should be in place concentrating on this high risk group.
Preventative strategies should also go hand in hand with
earlier diagnosis and more aggressive management in the
high risk category. Approximately half of our patients in
this age group required tube thoracostomy insertion in the
isolated chest injury group while the other half required
conservative management. However, in the combined
injury group extremity fractures were seen commonest
than the other two system injuries (head and abdominal).
Therefore, it seems rational that successful management
of major chest injuries requires a prompt diagnosis and
collaborative approach between surgeons, anesthesia,
ICU team, radiologist and physiotherapists. This will
ultimately lead to a better outcome and more streamline
management strategies. Specific to say in chest injuries,
minimizing pulmonary complications by maintenance of
pulmonary and tracheal hygiene, effective eradication of
pleural fluid / blood and air, together with more readily
used analgesia in the form of epidural infusions will
ultimately lower the mortality and morbidity associated
with blunt chest injuries [8, 9]. If the conservative
management is not sufficient and intra-thoracic organ
injuries are detected, early or late thoracotomy should be
performed.
Timing of diagnosis is crucial. A chest X-ray film must
be performed at the initial presentation not only to identify
the number and the extent of rib fractures, but also to
determine whether there is an associated pneumothorax,
haemothorax and pleural effusion [10] that might require
surgical intervention (either by tube thoracostomy
insertion or by thoracotomy). Rib fractures usually heal
readily if complications are handled properly.
However, the pain associated with the fracture can
prevent proper ventilation and coughing, leading to
atelectasis, retained secretions and pneumonia, especially
in the elderly [8]. The simple effective method of epidural
infusion, adequate pain relief, chest physiotherapy with
the use of bronchoscopic suction can be of outmost
importance in decreasing the complications associated
with chest injuries.
The majority of blunt chest injuries can be managed
successfully by simple tube thoracostomy [11] with open
thoracotomy only required in small cases (4.5% overall
in our study). Majority of cases (60%) were managed
successfully in surgical ward while the remaining 40%
required ICU admission. The multiple disciplinary
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approach between various teams have lead to a
substantially low mortality overall (1%). We recommend
that such approach should be employed in any center
dealing with chest injuries.

Conclusion:

MVA-related blunt chest injury represents a
significant component of the morbidity and mortality
from trauma. The most frequent injuries include fractured
ribs with pulmonary pneumothorax and haemothorax.
Chest trauma can also present with extrathoracic system
injuries, especially extremity fractures. There should
be preventive measures aimed at preventing these
MVA-related injuries, especially among the adult age
group. Recognition and treatment depend heavily on a
high index of suspicion combined with the appropriate
diagnostic tests and multidisciplinary approach to these
cases. Conservative management and adequate pain
control are of a great value in prognosis and outcome in
management of chest trauma Acknowledgments: None.
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Invited Commentary
  This paper is just a statistical study of a casual activity of a group of surgeons in two different centers. The
interest in this paper is that it shows the statistical incidence of motorcar accidents in two countries of the gulf area.
Nevertheless, the paper did not tackle any of the major complications of the sudden deceleration either motor car
accidents or falling from height accidents . In the first case it is   rupture of thoracic aorta is the most common lesion
. The fact that the protocol did not insist on doing   multiple successive chest X rays at regular intervals to look for
a widening of the mediastinum has definitely missed many cases of rupture thoracic aorta. It is well stated that in any
case of sudden deceleration motor car accidents where deaths have occurred , causality physicians should look for a
case of rupture of a thoracic aorta among the survivors. The first chest X ray may appear normal while the one taken
after one or two hours may show widening of the mediastinum. In such a case a multislices tomodensitometry scanner
is done to detect the aortic rupture . In this paper such an important issue has not even been discussed. Similarly in
cases of fall from heights , search for rupture of supra-hepatic veins is looked for.
Princess Diana died from rupture of pulmonary veins during the sudden deceleration of their motor car.

Mohamed AHMED-NASR MD, PHD,FACS
Professor Of Cardio-Thoracic Surgery
National Heart Institute.
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Without tackling the pathogenesis of sudden deceleration in motor car accidents and in falling from heights
accidents the paper is banal. Nevertheless, the paper should be published to show the statistical study about incidence
of motor car accidents and age of patients in two of the gulf area countries .
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Lung Transplantation;
Preliminary Experience In Jeddah.
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Introduction and aim of the work: Lung transplantation is an expensive
operation to improve survival and to have a better quality of life of those
patients with end stage respiratory diseases.(1) This retrospective study
aims to present our preliminary experience in King Faisal Specialist
Hospital and Research Centre; Jeddah (KFSHRC; Jeddah) in lung
transplantation and to highlight and underline some of the mortality risk
factors in this small group of patients.
Methods : This study is a retrospective one that presents our small and
limited but growing preliminary experience in lung transplantation.
It includes 7 cases of end stage respiratory diseases for whom lung
transplantation was done in KFSHRC; Jeddah in 5 years.
Results: Seven cases of end stage respiratory disease had lung
transplantation in our centre in about 5 years. Three cases had bilateral
lung transplant (BLT), 3 left and 1 right lung transplantations;single lung
transplant (SLT). The indications were interstitial pulmonary fibrosis
in 3 cases, emphysema in 1 case, lymphangioleiomyomatosis in a case,
dysmotile cilia syndrome in a case and primary pulmonary hypertension
in one case.
Conclusion: Lung transplantation results in improved survival and
better quality of life. It still remains still very expensive and needs strict
compliance of the patient and continous support of the community. The
mortality risk factors in our study are bilateral lung transplantations,
mismatched recipient donor body surface areas and age and operating in
our early experience. Learning curve and good flow volume of cases can
improve the outcome.

L

ung transplantation results in better survival and quality of

life. It still remains expensive, with cost-effectiveness limited
by substantial mortality and morbidity and high costs. Less
immunosuppression costs and improvements in quality of life
after transplantation can improve and compensate for the cost-

MBC-J 16
PO Box 40047
Jeddah 21499, Saudi Arabia
Tel: 9662-667-7777 ext 5234
Fax: 9662-6639581
Sameh001@yahoo.com

effectiveness of lung transplantations.(1) The success of lung transplantation has
improved over time as evidenced by better long-term survival and functional
outcomes. Despite the success of this procedure, there are numerous problems
and complications that may develop over the life of a lung transplant recipient.
With proper monitoring and treatment, the frequency and severity of these
problems can be decreased. However, significant improvement for the overall
outcomes of lung transplantation will only occur when better methods exist to
prevent or effectively treat chronic rejection.(2) Despite rarity of donor organs
availability and legal and ethical issuues, improved surgical techniques, as
well as increased experience and broadened knowledge implemented many
changes in pulmonary transplantation. (3)
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This is a retrospective study presenting our
limited preliminary experience in lung transplantations
in KFSH&RC;Jeddah. It includes 7 cases of end stage
respiratory diseases. Once the diagnosis is achieved
as end stage respiratory disease, the pulmonlogists
and we start the pretransplant work up and the patient
is on our lung transplant waiting list, once we have a
suitable cadaveric donor, our harvest team moves to get
the donor lung(s). Our Standard Transplant Protocol
includes the pre transplant work up, donor search, graft
harvest, immune status and HLA system evaluation, our
standard surgical technique following the universal world
wide surgical techniques described in the literature,
postoperative care, in the ICU and transplant ward and
immunosuppression regimens. We consider the donors
suitable if they were available and fulfilled the following
criteria: (1) < 60 years old, (2) clear chest radiograph, (3)
a Pao2/Fio2 ratio of > 300 while receiving 100% Fio2
and 5 cm H2O positive end-expiratory pressure, and (4)
airways free of purulent secretions or gastric contents on
direct examination with bronchoscopy as per Christie
et.al.,2003.(3) Donor lung preservation utilized 500 μg
of prostaglandin E1 and modified Eurocollins solution
or Perfadex solution. The patient is positioned in the
thoracotomy position with a groin access. Adhesions are
lysed and the hilum is dissected. The pulmonary artery, the
superior and inferior pulmonary veins, and the main stem
bronchus are isolated. The pulmonary artery is ligated
and divided followed by the pulmonary veins then the the
main stem bronchus that is stapled and divided, and the
native lung is explanted. The donor lung is then placed
in the recipient’s chest and covered with saline slush and
iced laparotomy pads. Once the bronchial anastomosis
is complete, the anastomoses of the pulmonary veins
are done with a left atrial cuff. The pulmonary arteries
are anastomosed with 5-0 polypropylene suture. The
pulmonary artery anastomosis is then de-aired. The lung
is inflated, and the pulmonary artery clamp is temporarily
released to allow flushing of air through the atrial suture
line. The left atrial clamp is removed to allow retrograde
de-airing of the atrial anastomosis. The pulmonary venous
anastomosis is then secured. After hemostasis is ensured,
2 large chest tubes are inserted. The chest is closed in
standard fashion. The double-lumen endotracheal tube
is exchanged for a single-lumen tube and bronchoscopy
is performed to evaluate the bronchial anastomosis.
Standard posterior thoracotomy is the access for
single lung transplantation(SLT) while the anterior
thoraco sternotomy approach was used for bilateral
lung transplantation (BLT). We always give methyl

prednisolone as a 500-mg bolus prior to reperfusion
of the allograft and then at a daily dose of 0.5 mg/kg
tapered to 0.15 mg/kg by the third postoperative month.
Cyclosporine was initiated immediately postoperatively
to achieve a whole blood level of 250 to 350 ng/mL.
Azathioprine therapy was initiated at a dose of 2 mg/kg/d.
The patient s are intubated at a positive end-expiratory
pressure of 5 cm H2O for a week to maintain optimal
lung expansion. The chest drainage tubes were kept to
suction between -15 to -20 cm H2O and then gradually
decreased to water seal in a few days. Bronchoscopy
was performed every 48 hours while the patient is still
mechanically ventilated to assess the airway viability and
to suction any retained secretions. chest physiotherapy was
given every 8 hours. Postoperative immunosuppression
was a triple-drug therapy consisting of cyclosporine
or tacrolimus, azathioprine or mycophenolate mofetil,
and corticosteroids. Acute rejection is clinically judged
without trans-bronchial lung biopsy and treated with
bolus injection of methyl prednisolone. Cytomegalovirus
(CMV) prophylaxis with ganciclovir was given to all
recipients for the first 3 months. We followed them
in the outpatient clinic for any evidence of rejection,
infection, bronchiolitis obliterans, blood tests including
the cytotoxic drug levels, complete blood picture CBC,
hepatic, renal function tests and follow up pulmonary
function tests.

Results :

We had 7 cases of lung transplants, 6 females and a
male. Three patients had bilateral, 3 left and 1 right lung
transplantation. The mean age was 39.8 years, median
age was 38 years and ranges between 25 and 60 years.
The indications of lung transplantation were; Interstitial
pulmonary fibrosis in 3 cases, Emphysema in one case,
Emphysema in one case, Dysmotile Cilia syndrome in
a cases and Primary pulmonary Hypertension in a case.
We followed them up in our outpatient clinic. The mean
follow up was 12 months, median was 10 months. The
longest follow up was 2 years and the shortest was 2 days.
The body surface area of the recipients was 1.8 Kgm/m
while that of the donors was 1.94 Kgm/m. The CMV status
was –ve for 6 of our patients and +ve for one. Three cases
died during follow up one in 2 days, one in a year and the
third one after 2 years. Extensive uncontrollable medical
bleeding, Liver cell failure, CMV, DVT and Multi Organ
Failure(MOF) were the accused causes of deaths. Their
mean age was 43.3 years and median age was 38 years.
There were 2 female mortalities and a male. They had
their transplantation for Dysmotile Cilia syndrome,
Primary PHTN and Post TB Table (1-2)
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No.
Female
Male
Bilateral
Left
Right
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7
6(86%)
1(14%)
3(43%)
3(43%)
1(14%)

Age In Years
Mean
Median
Range

39.8
38
25-60

Interstitial pulmonary fibrosis
Emphysema
Lymphangioleiomyomatosis
Dysmotile Cilia syndrome

3 (43%)
1(14%)
1(14%)
1(14%)

Primary pulmonary Hypertension
Body Surface Area
CMV –ve
CMV+ve

1(14%)
1.8
6 (86%)
1 (14%)

Follow Up In Months
Mean
Median
PostoPerative ventilation time
Tracheostomy (No.)
Compliance To therapy(No.)

12
10
23hours
2
5

Donors
Age In Years
Sex
Male
Female
CMV Status
Body surface area
Ventilation
Road traffic accident as the cause
of death

48
7 (100%)
0
5 (-ve) and 2
NA.
1.92
8 hours
7

Table(1); Details of the 7 cases. CMV; Cytomegalovirus.

Mortality
No.
Mean survival
Median survival
Aetiology
Liver cell Failure
CMV+ DVT+MOF
Bleeding
Age
Mean
Median
Sex
Female
Male
Indication For transplant
Dysmotile Cilia syndrome
Primary PHTN
Post TB Emphysema
Operation
Bilateral
Right
Left
Body surface are
CBP use
PostoPerative ventilation time
Traceheostmy
Compliance To therapy
CMV status
Preop.
-ve
+ve
Postop.
-ve
+ve
NA
Donors for the mortality cases
Mean Age In years
Sex
Male
Female
CMV Status
Body surface area
Ventilation
Road traffic accident as the cause of death

3
1 year
1year

1
1
1

(33.3%)
(33.3%)
(33.3%)

43.3 years
38years
2
( 66.7%)
1
(33.3%)
1
1
1

(33.3%)
(33.3%)
(33.3%)

3s
(100%)
0
0
1.7
3
15 days
0
1
(3)
(100%)
0
1
1
1

(33.43%)
(33.43%)
(33.43%)

54
3 (100%)
0
1 (-ve) and 2 NA.
2.3
6 hours
3

Table(2); Details of the 3 mortality cases. Deep Vein
Thrombosis ( DVT). Multi-Organ Failure (MOF). Pulmonary
Hypertension (PHTN) Cardio-Pulmonary Bypass (CPB).
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Discussion:

The indications of lung transplantation in our
series were; Interstitial pulmonary fibrosis in 3 cases,
emphysema in one case, lymphangio leio myomatosis
in one case, dysmotile cilia syndrome in a cases and
primary pulmonary hypertension in a case. The universal
indications include five categories: (1) COPD, including
emphysema, chronic bronchitis, bronchiectasis, and
bronchiolitis; (2) primary pulmonary hypertension (PPH),
exclusive of secondary to congenital cardiac or vascular
abnormalities; and (3) cystic fibrosis (CF); (4) fibrotic lung
diseases including sarcoidosis and pulmonary fibrosis; and
(5) “other,” including eosinophilic granuloma, pulmonary
alveolar microlithiasis, lymphangioleimatosis, and causes
of secondary pulmonary hypertension.(4)
The indications of transplantation in the series of
Smith 2006 included chronic obstructive pulmonary
disease in 63% (33/52), idiopathic pulmonary fibrosis in
27% (14/52), and others in 10% (5/52). (5)
We had a small series of 7 cases of lung transplants,
6 females and a male. Three patients had bilateral, 3 left
and 1 right lung transplantation. The mean age was 39.8
years, median age was 38 years and ranges between 25
and 60 years. Meyer 2005 reported a very large series
of 821 cases of lung transplantation of whom 230 cases
between 30-49 years with 369 cases between 50-59 years
and 222 between 60-69 years.(6)
Three of our patients had bilateral, 3 left and 1 right
lung transplantation. This is a very small preliminary
series compared to other published ones as Kshettry 1997
who reported 77 single lung and 25 bilateral sequential
lung transplantations (7) The age ranged between 25 and
60 years in our study while it ranged between 34 and 63
years in the series of Mason 2007. (8)
Our selection criteria of were the same as Egan
et.al.,1995 which included age less than 50 with life
expectancy less than 18 to 24 months. No significant
renal or hepatic disease. The patient should be able to
understand the medical regimen and comply to it. The
patient should be also ambulatory and able to participate
in rehabilitation program and psychologically stable no
extensive adhesions in the pleura or resistant organisms
in sputum. One patient was 60 years old in contrary to
our selection criteria as it was early in our program that
we were very keen to start it. (9)

The data of the United Netwok for Organ Sharing
(UNOS) database suggested that recipients older than
60 years should not be excluded from the use of BLT
based on concerns of higher early mortality. Long-term
outcomes will better define any survival advantage of
BLT over SLT, and future studies will help to determine
the best use of BLT versus SLT in the older population.
The conflict to perform BLT or SLT in elderly patients is
still controversial in some major institutions. Although,
the guidelines exist with age cutoff limits (BLT in patients
< 60 and SLT in patients > 65), several centers perform
BLT in all patients preferentially. The proponents and
supporters of SLT in Lung transplatation claim that SLT
is an easier procedure to perform with less iscaemic time,
morbidity and mortality, better early graft function and
better early survival than BLT, On the contrary, BLT
supporters think that BLT recepients have less ventilation/
perfusion mismatches, are easier to handle and care for
in the perioperative period, will provide better overall
lung function, are protective against the physiologic
manifestations of obliterative bronchiolitis, and offer a
better long-term survival. Furthermore, although BLT
does entail longer donor ischemic times for the second
lung implanted, this has not translated into measurable
adverse sequelae. (10)
The follow up in our series is short; (mean of 12 and
median of 10 months) as our program is still preliminary
and small one, we had 4 cases done in the last 1.5 year.
This is one limitation of our study. During follow up, we
do Chest X ray, clinical examination for any eveidence of
infection, rejection or bronchiolitis obliternans, complete
blood picture, pulmonary function tests and drug levels
to keep the therapeutic blood levels of these drugs and
adjust the drugs accordingly. As per Al Githmi et.al.,2006,
Pulmonary function tests are routinely performed after
transplantation as persistent decline in FEV1 of 20% or
more of the baseline value in the absence of infection
and acute rejection is a useful clinical surrogate. The
Stanford University group demonstrated a decline in the
forced expiratory flow (FEF 25–75%) to less than 70%
of the predicted values occurring 4 months earlier than
the 20% decline in FEV1 This appears to be a sensitive
marker for the early detection of BOS. The methacoline
challenging test at 3 months post-transplantation has
predicted the early detection of Bronchiolitis obliterans
syndrome (BOS) with a positive predictive value of 72%
. We never did the methacoline challe
We had 3 mortalities (3/7; 43%) after a mean
duration of 1 year due to extensive medical bleeding in
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one case, fulminant liver cell failure in an other one and
CMV+ DVT+MOF in the third patient. The indications
of transplantations in those mortalities were dysmotile
cilia syndrome, Primary PHTN and Post TB emphysema.
All the three had BLT using cardiopulmonary bypass.
Two of them were females and the last one was a male
with a mean age of 43.3 years and median of 38 years.
Two of them were CMV –ve while the third one died
early without screening him for CMV and one was
converted to CMV +ve postoperatively. There was a
significant donor recipient mismatch of the age and
body surface area.(54/43.3 and 2.3/1.7) respectively.
The three mortalities were our first 3 cases. Airway
complications have been a major factor limiting the
development of lung transplantation. The majority
of deaths post transplantation are due to bronchial
dehiscence. Lung transplantation is the only solid organ
transplant in which the systemic arterial blood supply is
not routinely anastomosed at the time of transplantation,
and bronchial complications have been attributed to
ischemia of the donor bronchus. However, other factors
such as rejection, immunosuppression, infections and or
inadequate organ preservation may delay airway healing.
Thus, whereas airway complications comprised up to
80% of the bronchial anastomoses performed before
1983, more recently, the risk of airway complication after
transplantation ranges from 10 to 15% per anastomosis,
with a related mortality rate of 2 to 3%. Despite these
improvements, some controversy still remains regarding
the ideal method for management of the bronchial
anastomosis at the time of transplantation and thereafter,
when a bronchial complication arises.
(12)
Analysis of our results shows that bilateral lung
transplantation, mismatched body surface areas and age
and operating in our early experience are the mortality
risk factors. Transplant surgeons carefully evaluate donor
lung size to optimize matching to a prospective recipient.
However, there is no consensus on the definition of best
«size fit» or how to achieve it. Some surgeons size match
using donor and recipient height values while taking into
account recipient disease diagnosis. (7)
We tried to highlight the effect of body surface
area mismatch and we found that high body surface
area mismatch between donor recipient is a significant
mortality risk factor. Van De Wauwer et.al.,2007 showed
mortality in 2.6% of patients during the first year after
lung transplantation. In their univariate analysis, they
found the anastomotic type; the elescoping technique
versus the end-to-end, recipient anastomotic length, donor
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ventilation between 50–70 hours and recipient male gender
were significant predictors of air way complications.
As per them, three fremained significant predictors in
the multivariate analysis: telescoping tecactors hnique,
recipient length and donor ventilation. (13).

Limitations Of The study:

This is a retrospective study with the limitations of
retrospective studies with a very small sample size.

Conclusion:

Lung transplantation results in survival and
quality of life gains but remains still very expensive
and needs compliance of the patient and support of the
community. The mortality risk factors are bilateral lung
transplantation, mismatched recipient donor body surface
areas and age and operating in our early experience.
Cumulative learning curve and good flow volume of
cases can improve the outcome.

References:

(1) Anyanwu AC, McGuire A., Rogers CA, and Murday AJ. An
economic evaluation of lung transplantation. J Thorac
Cardiovasc Surg 2002;123:411-420.
(2) Studer S.M, Levy R.D, McNeil K.and Orens J.B. Lung
transplant outcomes: a review of survival, graft function,
physiology, health-related quality of life and cost-effectiveness
Eur. Respir. J., 2004; 24(4): 674 - 685.
(3) Harringer W, Wiebe K, Strüber M, Franke U, Niedermeyer
J, Fabel H and
Haverich A. Lung transplantation – 10-year experience. Eur.
J. Cardiothorac.
Surg., Nov 1999; 16: 546 - 554.
(4) Christie JD, Kotloff RM, Pochettino A, Arcasoy SM, Rosengard
BR, Landis JR and Kimmel SE. Clinical risk factors for
primary graft failure following lung transplantation. Chest
2003;124:1232–1241
(5) Smith PW, Wang H, Parini V, Zolak JS, Shen KR, Daniel
TM, Robbins MK, Tribble CG, Kron IL and Jones DR.
Lung Transplantation in Patients 60 Years and Older:
Results, Complications, and Outcomes. Ann Thorac Surg
2006;82:1835-1841.
(6) Meyer DM, Edwards LB, Torres F, Jessen ME and Novick RJ.
Impact of recipient age and procedure type on survival after
lung transplantation for pulmonary fibrosis Ann Thorac Surg
2005;79:950-958.
(7) Kshettry VR, Kroshus TJ, Hertz MI, Hunter DW, Shumway SJ
and Bolman, III, RM. Early and Late Airway Complications
After Lung Transplantation: Incidence and Management. Ann
Thorac Surg.1997;63:1576-1583.
(8) Mason DP, Brizzio ME, Alster JM, McNeill AM, Murthy
SC, Budev MM, Mehta AC, Minai OA, Pettersson GB

232 The Journal of Egyptian Society Cardiothoracic Surgery ● Jul - Dec 2009

Thoracic

Sameh Ibrahim Sersar et al

(11) Al-Githmi I, Batawil N, Shigemura N, Hsin M, lee TW,
He G and Yim

A. Bronchiolitis obliterans following lung

transplantation. Eur J Cardiothorac Surg 2006;30:846-851
(12) Alvarez A, Algar J, Santos F, Lama R, Aranda JL, Baamonde
C, López-Pujol J and Salvatierra A. Airway complications
after lung transplantation: a review of 151 anastomoses. Eur.
J. Cardiothorac. Surg., Apr 2001; 19: 381 - 387.
(13) De Wauwer C V, Raemdonck DV, Verleden GM, Dupont
L, De Leyn P, Coosemans W, Nafteux P, and Lerut T. Risk
factors for airway complications within the first year after lung
transplantation. Eur. J. Cardiothorac. Surg., 2007; 31: 703 710.

Thoracic

and Blackstone EH. Lung Transplantation for Idiopathic
Pulmonary Fibrosis. Ann. Thorac. Surg., 2007; 84: 1121 1128.
(9)Egan T.M., Detterbeck F.C., Mill M.R., Paradowski L.J.,
Lackner R.P., Odgen W.D., Yankaskas J.R., Westermann
J.H., Thompson T.J., Weiner M.A., Crains E.L., Wilcox B.R.
Improved results of lung transplantation for patients with
cystic fibrosis. J Thorac Cardiovasc Surg 1995;109:224-235
(10) Nwakanma LU, Simpkins CE, Williams JA, Chang DC, Borja
MC, Conte JV, and Shah AS. Impact of bilateral versus single
lung transplantation on survival in recipients 60 years of age
and older: Analysis of United Network for Organ Sharing
database. J. Thorac. Cardiovasc. Surg., 2007; 133: 541 - 547.

The Journal of Egyptian Society Cardiothoracic Surgery ● Volume 17, Number (3-4) 233

