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Introduction

The Cosgrove-Edwards annuloplasty
ring (Edwards Lifesciences, Irvine, CA,
USA) is a “C”-shaped universally flexible
band (partial flexible ring) that provides, in
the tricuspid valve position, a measured pli-
cation of the anterior and posterior annulus
whilst preserving the physiologic annulus
motion. Preliminary experiences using this
annuloplasty ring for the correction of tri-
cuspid insufficiency (TI) following dis-
eases of the left-sided heart valves pro-
duced good results1,2.

In this retrospective study, we report the
immediate outcome and the clinical and
echocardiographic mid-term follow-up af-
ter tricuspid valve annuloplasty (TVA) per-
formed using the Cosgrove-Edwards par-
tial flexible ring.

Methods

From June 1998 to March 2002, 35 con-
secutive adult patients with TI > 2+ under-
went TVA performed using the Cosgrove-
Edwards annuloplasty ring at our Depart-
ment. This population included 26 (74.3%)

women and 9 men (mean age 66.3 ± 11.8
years, range 42-82 years).

TI was secondary to right ventricular di-
lation and/or dysfunction following dis-
eases of the left-sided heart valves (func-
tional TI) in 32 (91.4%) patients, and due to
anatomic anomalies of the tricuspid valve
(organic TI) in 3 (8.6%). The two congeni-
tal organic TI were due to Ebstein’s disease
and to an atrioventricular canal septal de-
fect respectively. The traumatic organic TI
was caused by anterior leaflet prolapse due
to chordal and anterior papillary muscle
rupture (associated with annular dilation)
owing to blunt chest trauma (Table I).

Ten (28.6%) patients had been previous-
ly submitted to valve operations: one prior
operation in 7 patients and two prior opera-
tions in 3. These interventions included:
closed or open mitral commissurotomy (n =
4), mitral valve or prosthesis replacement
(n = 5), combined open mitral commissuro-
tomy or mitral valve replacement and aortic
valve replacement (n = 3), and combined
mitral valve replacement, aortic valve re-
placement and tricuspid valve suture annu-
loplasty (De Vega’s method) (n = 1).

Twenty-two (62.8%) patients were in
NYHA functional class IV, 10 (28.6%) in
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Background. Tricuspid valve annuloplasty (TVA) using a complete or partial rigid or flexible ring
is becoming common practice in the surgical treatment of tricuspid insufficiency (TI). This study eval-
uates the immediate outcome and the mid-term clinical and echocardiographic follow-up after TVA
performed using the Cosgrove-Edwards partial flexible ring.

Methods. From June 1998 to March 2002, 35 consecutive adult patients with TI > 2+ underwent
TVA using this annuloplasty ring. TI was secondary to right ventricular dilation and/or dysfunction
(functional TI) in 32 (91.4%) patients, and due to anatomic anomalies of the tricuspid valve (organic
TI) in 3 (8.6%). Pulmonary hypertension was present in 34.4% of the patients with functional TI.
Thirty-two (91.4%) patients were in preoperative NYHA functional class III or IV. The mean follow-
up was 28.3 ± 14.6 months.

Results. There were three (8.6%) in-hospital non-valve-related cardiac deaths, and one (3.1%)
non-cardiac death during follow-up. The 3-year actuarial survival was 96.5%. TI was well controlled
within grade 1+ in 30 (96.8%) survivors, but one presented residual grade 2+ TI. The NYHA func-
tional class improved to 1.3 ± 0.5 (p = 0.035).

Conclusions. TVA performed using the Cosgrove-Edwards ring is a valid option for the surgical
treatment of both functional and organic TI, even in case of pulmonary hypertension and at mid-term
follow-up.
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NYHA functional class III, and 3 (8.6%) patients in
NYHA functional class II. All patients presented with
symptoms of right heart failure. Only 5 (14.3%) pa-
tients were in sinus rhythm (Table II).

Preoperative right- and left-sided heart catheteriza-
tion and echocardiographic examination were always
performed. The severity of TI was echocardiographi-
cally graded according to a 5-point scale and on the ba-
sis of color Doppler flow images and of the flow di-
rection in the inferior vena cava or hepatic veins: 0 =
no or trivial, 1+ = mild, 2+ = moderate, 3+ = moderate-
severe, and 4+ = severe3. Using color Doppler guid-
ance, it was always possible to calculate the right ven-
tricular systolic pressure as the sum of the right ven-

tricular to right atrial systolic gradient, calculated us-
ing the simplified Bernoulli’s equation applied to the
regurgitant jet, and the clinically estimated right atrial
pressure. In case of patients without an obstruction be-
tween the right ventricle and the pulmonary artery, the
right ventricular systolic pressure was taken as being
equivalent to the systolic pulmonary artery pressure
(sPAP)4. Pulmonary hypertension, defined as a sPAP
> 59 mmHg, was present in 34.4% of the patients with
functional TI5. The preoperative left ventricular ejec-
tion fraction was echocardiographically estimated
soon before surgery. The preoperative echocardio-
graphic data were similar to the heart catheterization
data (Table II).

The surgical priority, graded according to the Soci-
ety of Thoracic Surgeons classification, was elective in
26 (74.3%) patients, urgent in 7 (20.0%), and emer-
gency in 2 (5.7%) patients. Twenty-nine (82.9%) pa-
tients had a EuroSCORE of ≥ 6 (95% confidence inter-
val for expected mortality 10.9 to 11.5%)5.

The surgical technique for the implantation of the
Cosgrove-Edwards ring at the tricuspid annulus was
performed using the system described by McCarthy
and Cosgrove1. Thirty (85.7%) 32 mm-flexible rings
and five 34 mm-flexible rings were used. In 34 (97.1%)
patients 52 concomitant surgical procedures were per-
formed: mitral valve procedures (n = 28), aortic valve
procedures (n = 10), myocardial revascularization (n =
6), patent foramen ovale closure (n = 3), left atrial in-
ternal microwave ablation for recent atrial fibrillation
(n = 2), pericardiectomy (n = 1), atrioventricular canal
septal defect repair (n = 1), and artificial chordae im-
plantation and anterior papillary muscle reconstruction
(n = 1). The number of surgical procedures per patient
was 2.5.

Echocardiographic evaluation performed to confirm
the competence of the tricuspid valve after TVA was
carried out, intraoperatively, using a transesophageal
approach and, at the time of discharge and during fol-
low-up, using a transthoracic approach. The mean clin-
ical and echocardiographic follow-up was 28.3 ± 14.6
months or 82.5 cumulative patient-years, with a range
of 8.0 to 52.2 months.

Deaths and complications were defined according
to the published guidelines of the Society of Thoracic
Surgeons and the American Association for Thoracic
Surgery6.

Statistical analysis. Values are expressed as the mean
± SD, or as percentages. Continuous variables were
compared using the Student’s t-test, and categorical
variables were compared using the �2 test. Statistical
significance was assumed for a p value of < 0.05. Non-
parametric estimates of survival and of freedom from
postoperative TI > 1+ were obtained by the method of
Kaplan and Meier. Statistical analysis was performed
using MINITAB release 13 statistical software
(MINITAB Inc., State College, PA, USA).
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Table I. Causes of tricuspid insufficiency (TI).

Cause No. patients

TI secondary to right ventricular dilation 32
and/or dysfunction (functional TI) following:

- Mitral valve rheumatic disease 16
- Mitral and aortic valve rheumatic disease 3
- Mitral prosthesis dysfunction and aortic valve
- rheumatic disease 1
- Mitral and aortic prosthesis dysfunction 1
- Mitral valve degenerative disease 4
- Mitral and aortic valve degenerative disease 3
- Mitral valve ischemic disease 2
- Idiopathic dilated cardiomyopathy 1
- Chronic constrictive pericarditis 1

TI due to anatomic anomalies of the tricuspid 3
valve (organic TI) owing to:

- Congenital heart diseases 2
- Chest trauma 1

Table II. Preoperative clinical and echocardiographic data.

Preoperative clinical data
NYHA functional class 3.5 ± 0.7
Symptoms of right heart failure

Palpable hepatomegaly 28 (80.0%)
Jugular venous distension 22 (62.9%)
Pulsatile liver 18 (51.4%)
Important peripheral edema 7 (20.0%)
Ascites 4 (11.4%)

Heart rhythm
Sinus rhythm 5 (14.3%)
Chronic atrial fibrillation* 23 (65.7%)
Recent atrial fibrillation** 3 (8.6%)
Pacemaker-induced 4 (11.4%)

Preoperative echocardiographic data
Grade of TI (5-point scale 0-4) 3.5 ± 0.5
sPAP (mmHg) 49.3 ± 15.9 (range 30-95)
Left ventricular ejection fraction (%) 52.2 ± 8.9 (range 35-80)

sPAP = systolic pulmonary artery pressure; TI = tricuspid insuffi-
ciency. * occurring over 6 months before cardiac operation; **  oc-
curring within 6 months before cardiac operation.



Results

In-hospital mortality. Three patients (8.6%) died
within 30 days of surgery, and the cause of death was a
low cardiac output syndrome not related to valve
surgery. The first patient was a 64-year-old woman, in
NYHA functional class IV, with mitral valve rheumat-
ic disease causing moderate left ventricular dysfunc-
tion (left ventricular ejection fraction 37%), an increase
in sPAP (48 mmHg) and severe functional TI, undergo-
ing urgent mitral valve replacement and TVA. The sec-
ond patient was a 77-year-old woman, in NYHA func-
tional class IV and cardiac cachexia, with mitral pros-
thesis dysfunction and aortic valve rheumatic disease
causing left ventricular failure (left ventricular ejection
fraction 30%), pulmonary hypertension (sPAP 65
mmHg) and severe functional TI, undergoing emer-
gency mitral prosthesis replacement, aortic valve re-
placement, and TVA (third cardiac operation). The
third patient was a 69-year-old woman, in NYHA func-
tional class IV, with mitral prosthesis dysfunction caus-
ing moderate left ventricular dysfunction (left ventric-
ular ejection fraction 45%), pulmonary hypertension
(sPAP 62 mmHg), and severe functional TI, undergoing
urgent mitral prosthesis replacement and TVA. 

Clinical follow-up. The 3-year actuarial survival was
96.5% (95% confidence interval 89.7 to 100%). During
follow-up, 1 (3.1%) patient died of massive internal
bleeding after extensive colon resection for diverticuli-
tis, 10.4 months after cardiac surgery. In this patient,
echocardiographic examination performed 6 months
following discharge confirmed trivial residual TI. In all
survivors, no other irreversible complications were
recorded.

A clearly improved NYHA functional class was ob-
served at the time of discharge (NYHA functional class
1.5 ± 0.7, p = 0.0029) and at follow-up (NYHA func-
tional class 1.3 ± 0.5, p = 0.035). An improvement in
the symptoms of right heart failure was also observed:
palpable hepatomegaly was present in 6 (19.4%, p =
0.0097) patients, a pulsatile liver in 4 (12.9%, p =
0.00076), jugular venous distension in 3 (9.7%, p =
0.00096), significant peripheral edema in 2 (6.5%, p =
0.045), and ascites in 1 (3.2%, p = NS) patient. Ascites
and significant peripheral edema persisted in 1 patient
with hepatitis C virus positive cirrhosis. 

Postoperatively, the heart rhythm in the survivors
with preoperative sinus rhythm and chronic atrial fib-
rillation remained unmodified. In the 2 patients with
preoperative recent atrial fibrillation undergoing left
atrial internal microwave ablation, sinus rhythm per-
sisted at follow-up.

Echocardiographic follow-up. TI was significantly
reduced at the time of hospital discharge (TI 0.6 ± 0.6,
p = 0.0013) and at follow-up (TI 0.3 ± 0.5, p =
0.00010). The further improvement in TI observed dur-

ing the time interval from the time of discharge to the
most recent echocardiographic evaluation was almost
significant (p = 0.052). TI was well controlled within
grade 1+ in 30 (96.8%) survivors, but in the patient
with traumatic rupture of the tricuspid valve residual
grade 2+ TI persisted. The 3-year actuarial rate of sur-
vival free from postoperative TI more severe than grade
1+ was 97.0% (95% confidence interval 90.9 to 100%).

In the 20 survivors with trivial, mild, or moderate
residual TI at the time of discharge, sPAP decreased
from 50.6 ± 18.2 mmHg preoperatively to 35.1 ± 5.0
mmHg (p = 0.00095). In the 11 survivors with trivial,
mild, or moderate residual TI at follow-up, sPAP con-
tinued to decrease from the time of hospital discharge
through follow-up, but the difference was not signifi-
cant. Of the 8 (72.7%) survivors with preoperative pul-
monary hypertension, 5 had no residual TI (for this rea-
son the echocardiographic estimate of sPAP was im-
possible), and 3 had trivial residual TI but not pul-
monary hypertension.

The left ventricular ejection fraction increased to
54.6 ± 6.0%, but this variation was not statistically sig-
nificant.

Discussion

At present, tricuspid valve suture annuloplasty is
routinely used for the surgical treatment of important
functional TI. Although Kay’s7 and De Vega’s8 methods
are simple and reproducible, and offer good early re-
sults, at long-term follow-up (5 years) the residual or
recurrent TI among hospital survivors was rated as
moderate to severe in 16.2 to 33.8% and about 10% of
surviving patients required tricuspid valve reopera-
tion9,10. Generally, when tricuspid valve reoperation is
performed after failure of a previous tricuspid valve su-
ture annuloplasty, the annuloplasty suture is found to be
intact. Nevertheless, the tricuspid annulus and right
ventricle appear dilated. This right ventricular dilation
(and dysfunction) is usually due to the progression of
disease of the left-sided heart valves and persisting high
pulmonary artery resistance, or to independent progres-
sion of pulmonary hypertension. De novo organic le-
sions of the tricuspid valve cause recurrent TI less fre-
quently10.

The ring annuloplasty, introduced for the treatment of
mitral insufficiency by Carpentier, remodels the atrio-
ventricular annulus, decreases tension on the suture
lines, increases leaflet coaptation and prevents recur-
rent annular dilation11. 

TVA performed using a rigid ring is an excellent op-
tion for the correction of functional TI, even in the long
term (8 years) and in patients with pulmonary hyper-
tension12. Clinical and echocardiographic studies com-
paring suture annuloplasty (De Vega’s method) with
TVA performed using a rigid ring in the prevention of
TI recurrence showed ring annuloplasty to be superior
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to suture annuloplasty in patients with functional TI13.
The Achilles tendon of TVA performed using a rigid
ring is the loss of tricuspid annular contraction. In ef-
fect, the tricuspid annulus is a complex dynamic struc-
ture (involved in right ventricular function) undergoing
periodic and constant changes in size and shape during
the cardiac cycle. Otherwise, TVA performed using a
flexible ring could preserve the tricuspid annular con-
traction and right ventricular function14. However,
these attractive notions will remain largely speculative
until the publication of comparative echocardiographic
reports indicates a relationship between the right ven-
tricular function and the implantation of a rigid or flex-
ible annuloplasty ring in the tricuspid position. Any-
way, the non-standard echocardiographic evaluation of
the right ventricular performance is demanding. Be-
sides, left-sided heart procedures and the left heart con-
ditions have an important effect on right ventricular
function. 

The partial annuloplasty ring provides, at the tricus-
pid valve, a measured plication exclusively of the ante-
rior and posterior tricuspid annulus. Because no sutures
are placed along the septal annulus, a partial ring could
be superior to a complete ring in avoiding the risk of in-
jury to the conduction system.

In this study, we analyzed our experience with the
Cosgrove-Edwards partial flexible ring for the treat-
ment of both functional and organic important TI. The
in-hospital mortality was acceptable and the cause of
death was not related to TVA. The single death occur-
ring during follow-up was a non-cardiac death. No pa-
tient underwent cardiac reoperation. The freedom from
postoperative TI > 1+ was very good, comparing favor-
ably both with suture annuloplasty as well as with the
complete rigid ring annuloplasty. Preoperative pul-
monary hypertension did not prevent the complete
postoperative control of TI. The significant decrease in
the sPAP values and in the NYHA functional class con-
firmed good surgical correction of the diseases of the
left-sided heart valves. Significant improvements in the
symptoms of right heart failure were proof of a better
right ventricular performance at follow-up. Arrhyth-
mias due to injury to the conduction system were not
observed. 

The Cosgrove-Edwards annuloplasty ring also ef-
fectively corrected organic TI. In the patient with trau-
matic disruption of the tricuspid valve and severe TI,
tricuspid valve repair was very demanding, but the
residual TI was only moderate. 

TVA performed using the Cosgrove-Edwards par-
tial flexible ring is a valid and durable option for the
surgical treatment of both functional and organic TI. It
is particularly advisable in the presence of pulmonary
hypertension.

References

1. McCarthy JF, Cosgrove DM III. Tricuspid valve repair with
the Cosgrove-Edwards annuloplasty system. Ann Thorac
Surg 1997; 64: 267-8.

2. Gatti G, Maffei G, Lusa AM, Pugliese P. Tricuspid valve re-
pair with the Cosgrove-Edwards annuloplasty system: early
clinical and echocardiographic results. Ann Thorac Surg
2001; 72: 764-7.

3. Porter A, Shapira Y, Wurzel M, et al. Tricuspid regurgitation
late after mitral valve replacement: clinical and echocardio-
graphic evaluation. J Heart Valve Dis 1999; 8: 57-62.

4. Armstrong WF, Feigenbaum G. Echocardiography. In:
Braunwald E, Zipes DP, Libby P, eds. Heart disease. A text-
book of cardiovascular medicine. 6th edition. Philadelphia,
PA: WB Saunders, 2002: 160-227.

5. Nashef SAM, Roques F, Michel P, et al. European System
for Cardiac Operative Risk Evaluation (EuroSCORE). Eur
J Cardiothorac Surg 1999; 16: 9-13.

6. Edmunds LH Jr, Clark RE, Cohn LH, Grunkemeier GL,
Miller DC, Weisel RD. Guidelines for reporting morbidity
and mortality after cardiac valvular operations. Ann Thorac
Surg 1996; 62: 932-5.

7. Kay JH, Maselli-Campagna G, Tsuji HK. Surgical treat-
ment of tricuspid insufficiency. Ann Surg 1965; 162: 53-8.

8. De Vega NG. La anuloplastia selectiva, regulable y perma-
nente. Una technica original para el tratamiento de la insuf-
ficiencia tricuspide. Rev Esp Cardiol 1972; 25: 555-6.

9. De Paulis R, Bobbio M, Ottino G, et al. The De Vega tri-
cuspid annuloplasty. Perioperative mortality and long-term
follow-up. J Cardiovasc Surg 1990; 31: 512-7.

10. Holper K, Haehnel JC, Augustin N, Schening F. Surgery for
tricuspid insufficiency: long-term follow-up after De Vega
annuloplasty. Thorac Cardiovasc Surg 1993; 41: 1-8.

11. Carpentier A, Deloche A, Dauptain J, et al. A new recon-
structive operation for correction of mitral and tricuspid in-
sufficiency. J Thorac Cardiovasc Surg 1971; 61: 1-13.

12. Onoda K, Yasuda F, Takao M, et al. Long-term follow-up af-
ter Carpentier-Edwards ring annuloplasty for tricuspid re-
gurgitation. Ann Thorac Surg 2000; 70: 796-9.

13. Matsuyama K, Matsumoto M, Sugita T, et al. De Vega an-
nuloplasty and Carpentier-Edwards ring annuloplasty for
secondary tricuspid regurgitation. J Heart Valve Dis 2001;
10: 520-4.

14. Chandra S, Powell K, Breburda CS. Three-dimensional re-
construction (shape and motion) of tricuspid annulus in nor-
mals and in patients after tricuspid annuloplasty with a flex-
ible ring. In: Powell K, Brebuda CS, eds. Computers in car-
diology. Los Alamedos, CA: IEEE Computers Society
Press, 1996: 693-6.

124

Ital Heart J Vol 4 February 2003


