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Abstract

Objectives: To prevent death from atrial ®brillation, a cardiac disease which kills by producing emboli. Atrial ®brillation causes about

25% of strokes and increases stroke rate by ®ve times. Over 90% of these embolic strokes are from clots originating in the left atrial

appendage. This study addresses the surgical feasibility of removing the appendage to prevent future deaths in two subcategories of patients.

(1) Prophylactic removal during open-heart surgery to study its safety. Theoretically, as these patients age and some develop atrial

®brillation, protection from embolic strokes would already be present. (2) Therapeutic removal in chronic atrial ®brillation patients by

means of a thorascopic approach. Its technical feasibility is demonstrated. Its actual stroke prevention potential awaits large studies.

Methods: Appendectomy has been evaluated three ways. (1) Experimentally, thorascopic appendage removal was performed on 20 goats

with endoscopic approach. Late studies showed a cleanly healed atrial closure after stapling, and no puckering of tissue as seen with the

purse-string approach. (2) Safety of human appendectomy was demonstrated in 437 patients (1995±1997). Routine appendectomy was

performed during open-heart surgery. Forty-three appendages were stapled, 391 sutured off. (3) Thorascopic appendectomy in seven patients

with chronic atrial ®brillation has been successfully accomplished as an isolated surgical procedure. Stapling or suture closure provides a

much cleaner, non-puckered suture line than a purse string. Results: In prophylactic removal, no acute bleeding occurred. No late problems

have been identi®ed. Endoscopic removal of the appendage has been successful in seven atrial ®brillation patients. Conclusions: The left

atrial appendage is a lethal source of emboli in atrial ®brillation patients. As patients age and often develop atrial ®brillation, prophylactic

appendage removal whenever the chest is open is suggested as a method to prevent future strokes. In chronic atrial ®brillation patients,

appendectomy can be done with a mini-thorascopic approach. Further studies are planned to demonstrate the effectiveness of appendectomy

in preventing strokes in the chronic ®brillating patients. q 2000 Elsevier Science B.V. All rights reserved.

Keywords: Atrial ®brillation; Atrial appendage; Stroke prevention

1. Introduction

Atrial ®brillation (AF) was once considered a benign,

unpleasant rhythm. Studies in the United States and in

Europe have now conclusively demonstrated that atrial

®brillation is, in fact, a lethal disease [1]. In the Western

World it is a leading cardiac disorder causing death. Recent

studies suggest it is the leading arrhythmia causing hospi-

talization [2]. With over 4 million atrial ®brillation sufferers

in Europe and the United States [3,4], the magnitude of the

public health problem of atrial ®brillation certainly

approaches epidemic status.

The lethal and devastating effect of this rhythm lies in the

large number of arterial emboli that it produces. During

atrial ®brillation, no effective atrial contraction occurs.

The stagnant blood in the left atrial appendage tends to

clot. Studies have indicated that over 90% of atrial clots

form in this appendage [5]. The resulting emboli cause

about 25% of all strokes [6±9]. Furthermore, these strokes

are more lethal and disabling than other strokes [10,11].

With atrial ®brillation, the stroke rate averages about 5%

per year, approximately ®ve times the rate for people with

normal sinus rhythm [12±14]. The left atrial appendage is

our most lethal and disabling attachment!
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In view of these ®ndings, it seems surgical removal of the

left atrial appendage might prevent the emboli and reduce

strokes. Having received no cardiological support for an

open chest operation for `appendectomy', it was elected to

try a thorascopic approach to obliterate the appendage

[15,16].

In the initial experimental studies, 20 animals were used

(performed at Pewaukee Veterinary Clinic; License no. 35-

R-0105, U.S. Department of Agriculture). The initial

attempt at appendage obliteration with a loop or purse string

was promptly abandoned. The appendage commonly has

two, or even three tails. This does not lend itself to a simple

loop approach. Perhaps more important, constricting the

appendage with one loop tended to cause puckering of the

atrial wall. Creating small pockets of atrial wall is exactly

the opposite of the desired effect. Commercial endoscopic

stapling devices are available and these have proven to be

very effective in closing off the appendage with a clean,

linear staple line.

In goats that were autopsied many months later, the

atrium had healed cleanly and without evidence of clot.

These studies demonstrated that clean appendage oblitera-

tion can be achieved via thoracoscopy by stapling with a

currently available stapling system. A previous study,

performed during open-heart surgery, also suggested that

the appendage could be more neatly closed without pucker-

ing by using a staple machine [17].

In anticipating possible routine removal of the left atrial

appendage, long-term function of the appendage was

considered. Some surgeons, including the senior author,

have for decades routinely removed the appendage in

patients having mitral valve surgery. Adverse results from

this approach have not been found in the literature.

Several experimental studies [18±20] and one clinical

study [21] all indicate the appendage has certain features.

It is more compliant than the atrial wall. Theoretically it

could offer some protection from acute elevation in the

LA pressure. The appendage also has a higher concentration

of the atrial natriuretic peptide. Neither of the functions

have been identi®ed as an essential feature in clinical situa-

tions. In the clinical study, acute closure of the appendage in

patients caused a very small increase in mean LA pressure

and an increase in the peak diastolic ¯ow both across the

mitral valve and from the pulmonary veins. No changes in

pulse rate or blood pressure were observed. The left atrial

appendage obviously has very limited function and its

removal could potentially have very useful bene®ts.

2. Methods

Left atrial appendage removal has been performed in two

separate studies, prophylactic removal and therapeutic

removal, in atrial ®brillation patients. Since emboli from

this appendage cause about 25% of strokes (over 125 000

strokes per year in the United States), it seemed reasonable

to routinely remove this appendage when the chest was

opened. Hopefully our patients would live long enough to

develop the usual incidence of atrial ®brillation, and when

that happened, the lethal aspect of atrial ®brillation would
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Fig. 1. Thorascopic picture of the left atrial appendage (A). A clean staple line (arrow) is present which shuts off the appendage with no puckering of the tissue.
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have been largely removed. This policy was initiated in late

1995. Two thorascopic stapling devices were tested with the

chest open, one mechanically powered and the other a CO2

powered stapler (by U.S. Surgical) that closes the staple

with a simple touch of the release button.

From late 1995 through 1997, the appendage was

removed in 437 patients undergoing other open-heart opera-

tions. In a few patients, no appendectomy was performed.

(These few patients were nearly all reoperations, where the

hazard of dividing dense adhesions seemed greater than the

bene®ts of appendectomy.) Of the 437 patients, 43 appen-

dages were stapled and 391 were sewn off. If too much
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Fig. 2. (a) Pre-operative transesophageal echo visualization of an open appendage without clot. (b) Postoperative transesophageal echo showing obliteration of

appendage after stapling.
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tension was applied to the appendage and the staples were

placed too deep, excess tension was placed on the staple line

and small tears and bleeding occurred. In three such

patients, additional sutures were required. When applied

without tension on the atrium, the staples were very effec-

tive in creating a clean, non-puckered closure.

In patients with chronic atrial ®brillation, seven patients

were selected to have left atrial appendectomy using the

thorascopic approach as depicted in Fig. 1 (consent FDA

IDE# G970116). To be eligible for this procedure the proto-

col required several features:

1. Medical failure or contraindication for warfarin sodium

crystalline (Coumadin by Dupont).

2. One or more additional risk factors such as hypertension,

prior embolic episode, diabetes, or recent congestive fail-

ure.

3. Transesophageal echocardiography within 24 h showing

no atrial clot.

4. Negative coronary screening.

In surgery a right lateral decubitus position was used with

double lung intubation. Four ports were used, one port for

scope, and two for surgical instruments. These ports were

spaced near the anterior axillary line. The port for the stapler

was placed in the mid-axillary line at the xiphoid level.

Effective stapling was accomplished from this position.

3. Results

In the prophylactic series of 437 patients, atrial ®brilla-

tion was present in 17 patients preoperatively. Early post-

operative atrial ®brillation occurred in 127 patients and 22

patients were discharged with atrial ®brillation. Appendect-

omy, obviously, does not in¯uence the occurrence of tran-

sient postoperative atrial ®brillation. In patients returned to

surgery for bleeding, none were bleeding from the appen-

dage area. During this time, 21 patients had perioperative

cerebrovascular accident of variable severity. No patients

were identi®ed by transesophageal echocardiography to

have intra-atrial clots. Seven patients developed a cerebro-

vascular accident after surgery and four of these had atrial

®brillation. No atrial clots could be found. No late strokes

were attributed to atrial ®brillation. In addition, in succeed-

ing years, no patients have been found on transesophageal

echocardiographic examination to have atrial clots. In the

seven chronic atrial ®brillation patients selected, all had

successful appendage closure con®rmed by transesophageal

echocardiography (Fig. 2). One patient had a stroke several

weeks after surgery. This patient had diffuse vascular

disease. Echocardiographic studies showed no evidence of

thrombus in the atrium. The other patients have remained

free of stroke while off Coumadin.

4. Discussion

Routine appendage removal is safe. Furthermore, because

cardiac disease is a risk factor for atrial ®brillation, appen-

dectomy should be considered in most patients undergoing

heart surgery. Hopefully these patients will live for years.

Because they already have a heart problem, their anticipated

incidence for developing atrial ®brillation will be above

average. If and when atrial ®brillation occurs, these patients

will be largely protected from emboli. Use of staples or

sutures effectively closes the appendage. Appendage

closure is safe and has never been shown to be harmful [5].

The major lethality of chronic atrial ®brillation is embolic

episodes. Studies have shown that these usually arise from

the appendage. Removal of the appendage theoretically

should drastically reduce the lethality of this disease. Tech-

nically, endoscopic appendectomy is possible. A large

series of patients will need to be followed after appendage

removal to demonstrate the ef®cacy of appendectomy in

stroke prevention.

Studies suggest that the left atrial appendage has minimal

useful function. It is the source of most emboli in patients

with atrial ®brillation and these emboli cause hundreds of

thousands of strokes each year. It is clearly our most lethal

appendage. Routine appendage removal during cardiac

surgery is safe and should be considered. Ongoing studies

will be done to evaluate the stroke-preventing role of appen-

dectomy in patients with atrial ®brillation.
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Appendix A. Conference discussion

Dr L. Eijsman (Amsterdam, The Netherlands): I have two questions.

Since, as you already pointed but, we know that over 90% of emboli

originate in the left atrial appendage, do you consider it necessary after

surgical closure to put those patients who can tolerate Coumadin back on

Coumadin, or do you think that it is safe enough to leave them without

Coumadin? And if your answer is yes, do you think that platelet inhibitors

or other drugs should be used?

The second question is a technical question. Since we are aware of the

fact that with increasing age the incidence of atrial ®brillation becomes

higher, most patients will be of a high age and will have fragile tissue.

Would you consider putting something like pericardium or PTFE between

the stapler's feet in order to prevent bleeding from the atrial appendage?

Dr Johnson: The patients we have done so far are not on Coumadin for

various reasons, and we certainly have not put them back on Coumadin

after surgery. We anticipate following these people, and if their stroke

reduction is very marked, I would not anticipate trying to place them on

Coumadin long term. There are plenty of epidemiological studies demon-

strating the high stroke rate in these people. When we do this on larger

volumes of people, I anticipate not placing them on Coumadin, leaving

them on aspirin, however, which is safer and simpler, and we will then

®nd out whether we can effectively reduce strokes with appendage ligation.

To do this operation and put them on Coumadin would appear to be some-

what redundant. Certainly, Coumadin has been well demonstrated to mark-

edly lower the stroke incidence, but there are obviously lots of patients who

can't take it for many different reasons.

In terms of reinforcing the suture line, we have used the Gore-Tex sheath

over the stapler in the open chest. It works ®ne to reinforce the suture line in

these patients who are on heparin. Staple line bleeding has been no problem

with endoscopic patients. There are various things, and certainly lots of

glues available at this meeting today, that could be injected around the

staple line to slow down the bleeding. In two patients with an open chest

who were on chronic steroids, we had a little trouble with the atrium coming

apart, and certainly in somebody on steroids I would be inclined to use

some type of reinforcing system.

Dr S. Benussi (Milan, Italy): We think that the left atrial appendage

should be closed in every patient undergoing an open-heart procedure in

atrial ®brillation whether you treat the arrhythmia or not. My question is, do

you have any clinical evidence of the impact of primary auricle exclusion

on the incidence of thromboembolic events, as assessed by a comparative

study?

Dr Johnson: I assume you are referring to the routine appendage

removal whenever the chest is open. We don't know the incidence of

late-onset AF after any heart operation, but since some heart disease is a

risk factor for AF all postoperative patients must have a normal or above-

normal chance of developing AF years later. Since the trial appendage is the

source of enormous morbidity and mortality as we get older, it just makes

sense to get rid of it.

How long before we can prove the differences, I can't answer. In patients

with chronic atrial ®brillation, the statistics are all worked out. We will need

to do so many patients and follow them for so long without Coumadin to

demonstrate how effectively we can reduce the stroke rate. But it will take a

period of time. If anybody should be interested in working with us on this

and getting combined data, we would be very excited.

Dr Benussi: The incidence of throboemboli in patients with atrial ®bril-

lation after mitral valve replacement has been shown to be higher despite

the use of anticoagulants. My concern is about these patients with atrial

®brillation on oral anticoagulants after operation. Did you prove any clin-

ical bene®t in this setting when the auricle was sutured?

Dr Johnson: I didn't because I routinely have removed the appendage

for 25 or 30 years in anybody with mitral valve problems having surgery.

The point here is that we think routine removal of the appendage in every-

body should be considered during surgery, with or without atrial ®brillation,

and with or without valve disease.

Dr S. Schueler (Dresden, Germany): What about those patients in sinus

rhythm? I mean, it seems to me that this is the consequence of your state-

ment, that basically everybody has to undergo this procedure who has his

chest opened.

Dr Johnson: This is what we are recommending for strong considera-

tion, and we have followed these patients from 1995 to 1997 very carefully.

We have contacted them at home, and we have not identi®ed any strokes

associated with thrombus in the left atrium. When the chest is open, the 2±3

min required for appendectomy of this lethal and useless appendage may

well be worthwhile.

Dr J. Melo (Carnaxide, Portugal): Can you tell us, where do you put

your ports and how many ports are you using for this procedure?

Dr Johnson: We have three ports, plus or minus, along the anterior

axillary line with the patient obviously in the lateral decubitus position

with double intubation. These ports are for surgical and retraction instru-

ments. The stapler port is in the mid-axillary line at the xiphoid level, and it

seems to work very well from that position. I should tell you that every

patient preoperatively has a TE echo the day before surgery. If that appen-

dage is full of clot, we are not going to go in and smash it with a stapler.
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