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Valve repair for traumatic

tricuspid regurgitation

Abstract Objective. The review of
six cases of valve repair for trau-
matic tricuspid regurgitation in our
institution and 74 in the literature in
order to assess effective methods of
treating this lesion.

Methods. Tricuspid valve regurgita-
tion is a rare complication of blunt
chest trauma. Optimal treatment for
this condition is still controversial
ranging from long-term medical
therapy to early surgical correction.
We followed the cases of six consec-
utive patients with post-traumatic tri-
cuspid incompetence who were suc-
cessfully treated with reparative
techniques. All patients were male
and their ages ranged from 18 years
to 42 years. Valve regurgitation was
always secondary to blunt chest
trauma due to motor vehicle acci-
dent. The mechanism of valve insuf-
ficiency was invariably anterior leaf-
let prolapse due to chordal or papil-
lary muscle rupture associated with

annular dilatation. Surgical proce-
dures included Carpentier ring im-
plant (5 patients), Bex posterior an-
nuloplasty (1 patient), implant of ar-
tificial chordae (4 patients), papillary
muscle reinsertion (2 patients), com-
missuroplasty (1 patient) and “artifi-
cial double orifice” technique (1 pa-
tient).

Results. Tricuspid insufficiency im-
proved in all patients after the cor-
rection. No complications were re-
corded and all patients were asymp-
tomatic at the follow-up.
Conclusions. Since post-traumatic
tricuspid regurgitation is effectively
correctable with reparative tech-
niques, early operation is recom-
mended to relieve symptoms and to
prevent right ventricular dysfunc-
tion. [Eur J Cardio-thorac Surg
(1996) 10:867-873]
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Tricuspid incompetence is a rare complication of blunt
chest trauma. Around 100 cases have been reported in
the literature. We have collected the reports on 74 pa-
tients who underwent surgical correction of this condi-
tion [2, 4, 6, 8,9-11, 13-16, 18-22,24-35, 37, 38, 40].

The real prevalence of traumatic tricuspid regurgitation
is probably underestimated since chronic isolated tricus-
pidinsufficiency is usually well tolerated and most patients
experience few or no symptoms after the trauma [7]. Sur-

gery is indicated before longstanding chronic volume over-
load produces right ventricular dysfunction [35]. Valve re-
placement and repair have been performed, depending on
the specific lesions, with a slight prevalence of replace-
ments over repairs. We report six cases of valve reconstruc-
tion for post-traumatic tricuspid regurgitation. Further-
more, the pathologic anatomy of the disease and the avail-
able surgical options are analyzed through an extensive re-
view of the literature.
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Material and methods
Patient population

Between April 1991 and October 1993, six patients were admitted
to our institution with the diagnosis of post-traumatic tricuspid re-
gurgitation. They were all male and their ages ranged between 18
and 42 years (inean 29.5+9.2, median 30.5). All had a history of
blunt chest trauma secondary to motor vehicle accident. Thoracic
trauma had been isolated in only one case, while the others had had
multiple injuries. The time lapse from the accident to the admis-
sion our hospital ranged between 2 months and 20 years. The di-
agnosis in all patients had been made by echocardiography in the
referring center before admission to our institution. Other possible
causes of isolated organic tricuspid incompetence were ruled out
(e.z. endocarditis, rheumatic fever, active auto-immune or hormo-
nal diseases).

Upon admission, two patients were in New York Heart Associa-
tion (NYHA) class II, one was in class IlI and the remaining three
patients were asymptomatic. A pansystolic murmur was audible at
the left lower sternal border in all patients. The electrocardiogram
(ECQG) showed sinus rhythm associated with right bundle branch
block in all patients (complete in 4). Transthoracic or transesopha-
geal 2D-Doppler echocardiography was repeated to confirm the di-
agnosis (Table 1). In all patients, tricuspid regurgitation was severe
(grade 4/4) associated with massive dilatation and deformation of
the annulus. The anterior leaflet was flail/prolapsing in all patients,
and one patient had associated prolapse of the posterior leaflet. The
septal leaflet was never involved in the mechanism of regurgitation.
Some degree of right ventricular overload was present in all patients
(mean right ventricular end-diastolic dimension 52.4+13.8 mm,
range 30-60 mm).

In one patient (case no. 5), transesophageal echocardiography
demonstrated intramural hematoma of the thoracic aorta at two sites:
one about 2 cm above the sinotubular junction and extending for 1 cm
towards the arch, and the other in the descending thoracic aorta, just
above the diaphragm. Global left ventricular function as well as re-
gional wall motion were impaired in this patient. The right ventric-
ular free wall and the anterior half of the interventricular septum were
akinetic and the anterior wall of the left ventricle was hypokinetic.
In this patient, cardiac catheterization and aortography confirmed the
echocardiographic findings and excluded coronary artery disease.
Because of the potential reversibility of the contractile function in
the case of myocardial contusion, the patient was discharged and
treated with digoxin, diuretics and vasodilators. He was readmitted
6 weeks later when echocardiography showed a substantial recovery
of myocardial contractility. At that point, simultaneous correction of
the tricuspid and aortic lesions was advised.

One patient, who had been included early in the series, was com-
pletely asymptomatic on admission. Conservative medical treatment
was first recommended, but 6 months later he underwent surgical
correction because of the progression of right ventricular dilatation.

Surgical techniques

After a median sternotomy and a routine aorto-bicaval cannulation,
cardiopulmonary bypass was established at mild hypothermia. The
aorta was cross-clamped and cold crystalloid cardioplegic solution
was injected into the aortic root. The tricuspid valve was exposed
through a conventional oblique right atrial incision. The valve anat-
omy and mechanism of regurgitation were assessed by injecting cold
saline solution into the right ventricular cavity.

In four patients with anterior flail/prolapsing leaflet due to chord-
al rupture (case no. 2, 3, 5, 6), artificial chordae implant was per-
formed using pledgetted 5-0 expanded-polytetrafluoroethylene
(e-PTFE) sutures. In three patients, the chordae were attached to the
right ventricular free wall (Fig. 1), while in one they were secured
to the anterior papillary muscle. In one patient (case no. 6), who pre-
sented with rupture of multiple chordae producing a marked prolapse
of the anterior leaflet, after a single chorda implant, an artificial dou-
ble orifice tricuspid valve was created to correct the prolapse of the
leaflet. This was accomplished by anchoring the free edge of the an-
terior leaflet to the facing edge of the septal leaflet with a pledget-
ted mattress suture of 5-0 polypropylene (Fig. 2). In case no. 4, the
regurgitation was secondary to the rupture of one of the heads of the
anterior papillary muscle connected to a fan of chordae supporting
the posterior half of the anterior leaflet in the region adjacent to the
anteroposterior commissure. This head of the papillary muscle was
reconnected to the right ventricular free wall with the interposition
of a 5-0 e-PTFE suture (Fig. 3). In case no. 1, the anterior papillary
muscle was completely detached at the base resulting in prolapse of
the anterior and posterior leaflets. The papillary muscle was reim-
planted in the right ventricular free wall with a transfixed mattress
suture of 3-0 polypropylene with pledgets (Fig. 4). Thereafter, the
valve was tested with saline and significant residual regurgitation
was noted, primarily in the area of the anteroseptal commissure. This
was partially obliterated with two interrupted 6-0 polypropylene su-
tures to improve the competence of the valve (Fig. 5). In 5 cases (no.
14, 6) a 36 mm Carpentier tricuspid ring was implanted to correct
the annular dilatation and deformation, while in case no. 5 the dila-
tation was moderate and was corrected with a Bex posterior annulo-
plasty [3]. In the same patient, the ascending aorta was replaced with
a Dacron tube graft.

In all cases, following the reconstruction, saline was injected into
the right ventricle to test valvular competence. Additionally, during
rewarming, the tricuspid valve function was evaluated by transesoph-
ageal echocardiography.

Table 1 Clinical and echocardiographic data (AD annular dilatation, ALP anterior leaflet prolapse, PLP posterior leaflet prolapse, RVEDD
right ventricular end-diastolic diameter, NYHA New York Heart Association class, TR tricuspid regurgitation, + =moderate, ++=severe)

Patient Preoperative data Follow-up data
AD  Chordal Papillary ALP PLP RVEDD NYHA TR Grade Months TR Grade @ NYHA RVEDD
rupture rupture (mm) (pre-op) (follow-up) (mm)

| ++ anterior ++ ++ 50 111 4+ 48 3+ I 45
2 ++ anterior + N.A. 1 4+ 30 1+ 1 40
3 ++ anterior ++ 65 11 4+ 30 1+ I 45
4 ++ anterior + 56 1 4+ 27 3+ I 50
5 + anterior + 59 111 4+ 24 2+ I 42
6 ++ anterior ++ 30 I 4+ 18 0 I 20
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Follow-up data

Before discharge, all patients were submitted to control transthorac-
ic echocardiography. No medications were prescribed except for oral
anticoagulation which was taken for 3 months after the repair. At fol-
low-up, all patients were submitted to echocardiographic study.

Statistical analysis

The results are expressed as the means + 1 standard deviation. Sta-
tistical significance was obtained by chi-square test for categorical,
and by two-tailed paired 7-test for continuous, variables; a P<0.01
was considered statistically significant.

Results

Intraoperative direct inspection of the tricuspid valve and
assessment of the mechanism of regurgitation confirmed
the preoperative echocardiographic findings. Cardiopul-
monary bypass time was 64.8 +15.4 min; ischemic time
was 34 7+127 min. Intraoperative echocardiography
showed satisfactory results of the correction in all patients
(regurgitation less than 2/4 and no transvalvar pressure gra-
dient). All patients survived the operation and were dis-
charged from our institution within 6 days after unevent-
ful postoperative courses.

The mean follow-up time was 295+10.1 months
(range 18-48 months). The preoperative and follow-up
echocardiographic findings and clinical data are shown in
Table 1. At the latest follow-ups, all patients were asymp-
tomatic in NYHA class I without medical therapy. No com-
plications have been recorded during the study period and
all patients have returned to their preoperative occupation.
Echocardiography showed that all patients had reduction
of the tricuspid regurgitation grade and a significant reduc-
tion of the right ventricular end-diastolic dimension
(RVEDD decreased from a preoperative mean value of 52.0
+13.4 mm to a postoperative one of 40.4+11.7 mm;
P=0.01). No transvalvular gradient was revealed in the
one patient who had “double orifice” repair.

il
g

Fig. 1 Artificial chordae implant

Fig. 2 Artificial “double orifice valve”

Fig. 3 Interposition technique: the papillary muscle is reconnected
to the right ventricular wall with the interposition of an artificial chor-

da

Fig. 4 Papillary muscle reimplant with a transfixed 3-0 polypropy-
lene stitch with pledgets

Fig. 5 Partial commissuroplasty
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Table 2 Anatomical findings in the cases in the literature and inci-
dence of repair according to the type of lesion. Numbers are ex-
pressed as: total lesions/lesions repaired (percentage of repairs). The
numbers reported in this table refer to the incidence of the specific
lesions, the site of occurrence and the probability of valve repair for
the individual lesion according to the literature. More than one le-
sion was present in many patients, so that the sum of the single le-
sions are greater than the total number of patients

Leaflet Chordal Papillary

rupture rupture rupture
Anterior 6/4 (66.7%) 31/14 (45.2%) 16/6 (37.5%)
Posterior 3/1 (33.3%) 4/2 (50.0%) 8/5 (62.5%)
Septal 4/2 (50.0) 4/0  (0.0%) 1/1 (100%)
Not specified 1 7 0

Discussion

Williams first reported a case of traumatic tricuspid regur-
gitation following non-penetrating chest trauma in 1829
[41]. The first surgical correction of post-traumatic tricus-
pid regurgitation was performed by Cooley and published
in 1958 [29]. He reimplanted a ruptured papillary muscle
in the right ventricular wall. According to the authors, the
repair was good but the patient died 12 h later because of
hemorrhage. Including the latter, we have found a total of
74 surgical cases of traumatic tricuspid regurgitation sec-
ondary to blunt chest trauma in the western literature. Valve
repair was accomplished in 30 patients (40.5%), but in the
last 10 years 24/47 patients (51.1%) were treated by repair
compared with 6/27 patients (28.6%) in the earlier period
(P=0.0150).

Pathologic anatomy

The feasibility of the repair depends mostly on the patho-
logic anatomy of the valve and on the mechanism of re-
gurgitation. We analyzed the intraoperative findings of the
valves in the cases reported in the literature (Table 2). The
anatomical lesions in traumatic tricuspid regurgitation are
quite specific. Annular dilatation was always present and
it was usually severe. This is consistent with our experi-
ence: annular dilatation was severe in five patients and
moderate in one (case no. 5). Presumably, the progressive
enlargement of the annulus which naturally occurs in
this condition was prevented by the early correction (at
3 months).

In the literature, chordal rupture appears to be the most
common cause of traumatic tricuspid regurgitation. It was
presentin55.4% (41/74 patients) of the reported cases. An-
terior chordal rupture was the most frequent mechanism of
regurgitation, occurring in 41.9% (31/74 patients) of the
cases. This was also the most common finding in our se-
ries (4 patients). The other causes of traumatic tricuspid
regurgitation reported in the literature are papillary mus-

cle rupture in 27.0% of the cases (20/74 patients) and leaf-
let rupture in 14.8% (11/74 patients). None of the patients
in our series had a leaflet rupture. In the literature, 5% of
the cases had only annular dilatation and chordal shorten-
ing, which was sometimes associated with leaflet retrac-
tion in the absence of evident rupture. In this setting, the
diagnosis of traumatic regurgitation is arguable and degen-
erative disease must be considered. During the study pe-
riod, we observed a patient with this anatomical pattern
(isolated annular dilatation) who was excluded from the
study population.

The exact mechanism of traumatic tricuspid rupture af-
ter blunt chest trauma is not known. Probably valve rup-
ture is secondary to compression of the heart between the
sternum and the spine with sudden increase of the right
ventricular pressure. The lesion is most likely to occur dur-
ing the isometric systolic phase when the heart is full and
the valves closed [26]. Frequently, other trauma-related
cardiovascular lesions are associated, such as ventricular
septal defect [16] (commonly associated with septal leaf-
let rupture), aortic hematoma and mitral insufficiency [31].
In our series, one patient had associated aortic lesion and
two more patients had extensive laceration of the antero-
lateral aspect of the pericardium at operation. The latter
anomaly has been described in several other reports and it
is probably secondary to the trauma, but a congenital agen-
esis of the pericardium cannot be excluded.

Clinical characteristics

The clinical course of traumatic tricuspid incompetence is
often subtle. In our series, the time lapse from trauma to
surgery varied from 3 months to 20 years. This character-
istic is consistent with the experience of others [6]. Symp-
toms are often absent, but some patients may become
symptomatic early in the course of the clinical history, usu-
ally because of associated lesions (e.g. ventricular septal
defects, mitral valve rupture, patent foramen ovale). In
such cases, surgery may be indicated on an emergency ba-
sis. Pasic et al. reported a case requiring emergency surgi-
cal correction because of isolated acute massive tricuspid
regurgitation due to the rupture of all the papillary mus-
cles of the valve [30]. It has also been reported that pa-
tients with papillary muscle rupture present earlier in the
clinical course than patients with chordal rupture. This was
not the case in our experience, where the anatomical lesion
did not correlate with the time of presentation or the se-
verity of tricuspid regurgitation.

Some degree of right bundle branch block was found in
all our patients, as has been reported in about 75% of the
patients with traumatic tricuspid incompetence [37]. This
finding, associated with a history of chest trauma should
therefore warrant echocardiographic study. In any case, a
history of significant chest trauma alone should be consid-
ered an indication for routine echocardiography to exclude
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cardiovascular lesions [36]. Echocardiography is not only
a valuable diagnostic tool but also provides enough infor-
mation for the surgical decision-making. In our experience,
all patients but one underwent surgery after echocardiog-
raphy alone and the intraoperative findings matched the pre-
operative ones exactly. Cardiac catheterization and angio-
graphy may be indicated in the presence of associated con-
ditions such as aortic lesions and coronary artery disease.

Surgical options

Depending on the anatomical lesions, several surgical op-
tions are available and the optimal technique has to be tail-
ored to the specific patient.

Annular dilaration

The annulus in this condition is always very dilated and
distorted. The annular dilatation is likely to be secondary
to right ventricular dilatation and contributes to the wors-
ening of the regurgitation. In the case reported by Salzer
et al. [33] annular dilatation was the only finding at the
time of operation. In such cases the diagnosis of traumatic
valvular incompetence may be debatable. In all our cases,
an annuloplasty was included in the surgical procedure for
two reasons: to correct the dilatation/distortion and to pre-
vent further dilatation in the event of postoperative failure
of the reconstruction. We implanted a Carpentier ring in
five patients, because we believe that this device satisfies
these requirements with reproducible results. The size of
the ring was chosen according to the septal leaflet meas-
urement, as suggested by Carpentier. Some degree of re-
sidual central regurgitation was disclosed by the postoper-
ative echocardiogram in all these patients. Probably this
suboptimal result could be avoided by implanting rings one
size smaller than calculated. A Bex annuloplasty was per-
formed in patient no. 5, who had only moderate annular
dilatation, and the mid-term result of the repair was com-
parable to those obtained with prosthetic rings.

Leaflet lesions

Leaflet lesions are not common in traumatic tricuspid re-
gurgitation but, if present, they can usually be repaired. In
the literature, 6/11 (54.5%) leaflet lesions were repaired
by direct suture of the tear. This is the highest rate of re-
pair compared to replacement among the various groups
of lesions.

Chordal lesions

On the other hand, chordal lesions are more difficult to re-
pair. Among 49 patients with such lesions, these were re-

paired in 19 patients (46.3%) representing the lowest rate of
repair compared to replacement in the literature. Artificial
chordal implant is an appealing technique in cases of chordal
rupture and it has already been used by others for tricuspid
regurgitation [5]. Katz et al. [18] used pericardial strips to
replace ruptured chordae of the anterior leaflet in one patient.

We used 5-0 e-PTFE sutures with a pledget on the ven-
tricular side. When the flail segment is short, the repair is
easily accomplished with a single chordal implant, as was
the case with three of our patients with chordal rupture. In
the fourth patient, the anterior leaflet was completely lack-
ing chordal attachment. The correction of the severe pro-
lapse consisted of a single artificial chorda implant and
creation of an artificial “double orifice” tricuspid valve.
The alternative option for this particular lesion would have
been multiple artificial chordae implant. With this original
technique, which we had already applied for mitral valve
repairin an extensive series of cases with good results [12],
echocardiography confirmed that valvular competence
was restored and the repair was non-restrictive. We there-
fore regard the creation of a double orifice tricuspid valve
a convenient option if there is complete detachment of the
chordal apparatus of the anterior leaflet.

Other techniques are available to correct flail leaflets.
Others have reported quadrangular resection of the flail
segment of the leaflet accompanied by a selective annulo-
plasty [1]. This procedure is feasible in cases of chordal
rupture of the anterior or posterior leaflet, while it is not
an option in the rare cases of septal chordae involvement,
because the septal annulus cannot be shortened. The ratio-
nale for quadrangular resection of the anterior leaflet is
based on the concept, supported by anatomical studies, that
the tricuspid valve is “bicuspid” and the anterior and pos-
terior leaflets have to be considered as two scallops of a
single mural leaflet which is the counterpart of the poste-
rior leaflet of the mitral valve [39]. This concept justifies
the surgeon in applying methods available for the repair of
the mitral posterior leaflet to surgical correction of lesions
of the mural leaflets of the tricuspid valve. Another option,
if there is isolated rupture of a chorda related to the poste-
rior leaflet, is to implant a Carpentier ring or to perform
any other method of bicuspidalization without addressing
the chordal lesion directly. Chordae transposition has also
been recommended in cases of chordal rupture, but this
technique is more demanding and, at times, not suitable
because of the flimsy nature of the tricuspid leaflets and
subvalvar apparatus [14].

Papillary muscle lesions

Papillary muscle lesions are common in traumatic tricus-
pid regurgitation. The papillary muscles may be com-
pletely transected at the base, but sometimes only one of
the heads may be torn, producing a less important prolapse
of the leaflet. In our series, one patient (no. 1) had com-
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plete rupture of the anterior papillary muscle. This was re-
implanted to the ventricular wall with the technique orig-
inally described by Osborn [28]. After the repair, a partial
anteroseptal commissuroplasty was necessary. The mor-
phology of the commissure was that of an accessory cleft
(clefts are commonly present in the anterior and posterior
leaflets of the tricuspid valve). Another patient (no. 4) had
a ruptured head of the anterior papillary muscle with pro-
lapsing/flail posterior half of the anterior leaflet. The inter-
pretation of this pathologic finding is debatable. The orig-
inal site of implant on the anterior papillary muscle could
not be identified with certainty, therefore this could also
be classified as a rupture of an accessory anterolateral pap-
illary muscle. Accessory papillary muscles are very com-
mon in the tricuspid valve and they usually support anom-
alous clefts [39]. The partially ruptured papillary muscle
was reconnected to the right ventricular free wall with the
interposition of a 5-0 e-PTFE suture. In the literature, pap-
illary muscle reimplant was accomplished in 9/20 patients
(45.0%); repairs are more frequent after posterior papil-
lary muscle rupture (5/8 cases, 62.5%) than after anterior
papillary muscle rupture (6/16 cases, 37.5%). Neverthe-
less, a word of caution is necessary: in our experience, both
patients with ruptured papillary muscle have residual mod-
erate regurgitation at follow-up, even though they remain
completely asymptomatic. On the other hand, all other pa-
tients have mild or trivial regurgitation at follow-up. The
series is too small to derive absolute conclusions, but in
our experience the results of repair are better in the absence
of papillary muscle rupture. There are at least two expla-
nations for this finding. The good result of papillary mus-
cle rupture repair depends very much on the correct site of
reimplantation. Unfortunately, at least in our experience,
the landmarks of the correct position of the papillary mus-
cle within the right ventricular cavity are usually not clear.
A minimal displacement can cause significant distortion
of the valve and consequent regurgitation. This probably
occurred in our two cases with papillary muscle rupture,
whereas in our four cases of chordal rupture, the leaflet
alignment and hemodynamic results were superior.

In conclusion, despite some evidence of residual tricus-
pid incompetence, all our patients are presently asympto-
matic, back to their preoperative occupation and without
any medication. All our patients have remained free from
any morbid event since the repair of their tricuspid valve
lesions. At the latest follow-ups, tricuspid regurgitation
and right ventricular volumes were considerably reduced
in all patients as compared to their preoperative values and
had not progressed with time. Isolated mild or moderate
tricuspid regurgitation can be well tolerated in the absence
of left heart disease or pulmonary hypertension. The pres-
ence of a prosthetic ring prevents further annular enlarge-
ment. It is noteworthy that trivial and mild degrees of re-
gurgitation have been detected by echocardiography in
healthy volunteers [17].

The results of our study compare favorably with those
reported after tricuspid valve replacement. In the tricuspid
position both mechanical and biological prostheses have
been proven to provide less than satisfactory results with
a high incidence of complications [23]. In the literature,
the number of mechanical valve implants for traumatic tri-
cuspid incompetence is similar to the bioprostheses used,
with a more recent trend in favor of tissue valves. Unfor-
tunately, follow-up results of tricuspid valve replacement
in the particular setting of traumatic tricuspid regurgitation
are not available. Nevertheless, considering that the pa-
tients with post-traumatic tricuspid regurgitation are usu-
ally young and active, valve repair seems to be the best op-
tion. It avoids prosthesis-related complications and the
need for long-term anticoagulation. Longer follow-up is
necessary to evaluate the durability of the repair, particu-
larly in the cases with suboptimal hemodynamic results.
However, our results and other’s experience show that
valve reconstruction is a feasible option for the manage-
ment of post-traumatic tricuspid regurgitation, even in the
presence of complex lesions.
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