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Traumatic mitral valve regurgitation: a case report
and state-of-the-art review
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Traumatic mitral valve regurgitation is a rare and often

insidious condition. Clinical presentation is variable and

influenced by the anatomic structures injured; when

papillary muscles are damaged, the clinical presentation

is often acute, whereas, in the case of involvement of

other anatomic structures of the valvular apparatus (e.g.

chordae tendinae), the onset of symptoms may be

delayed (days, weeks, or months). Therefore, diagnosis

may be belated because of the heterogeneous clinical

presentation. Traumatic mitral valve injury should be

excluded in patients admitted to the emergency services

with blunt chest trauma, in particular when signs or

symptoms of acute heart failure occur.

Echocardiography, particularly with the

transoesophageal approach, may play a pivotal role in

this setting. Herein, we present a case of severe mitral

regurgitation because of blunt chest trauma and a
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systematic review of the literature. We examined 192

described cases, classified according to epidemiology,

aetiology, anatomic features, clinical presentation,

diagnosis, surgical/clinical management and prognosis.
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Introduction
Traumatic mitral valve injury after a blunt chest trauma

(BCT) is an uncommon occurrence. Despite this, its

relevance in clinical practice is mainly because of the

variable clinical presentation, often hampering prompt

diagnosis.

The most common cardiac injury observed after BCT is

myocardial contusion, occurring in 16–76% of patients.1

Different patterns of traumatic cardiac injury have been

described (e.g. myocardial contusion, free wall rupture,

atrial septal defect, valve injury, ventricular septal

defects, coronary arteries injury).2 Concerning valve

involvement, the aortic valve is most commonly affected,

followed by the mitral and tricuspid. Among mitral valve

injuries, ruptures of the chordae tendineae and papillary

muscles are the most common features, followed by tears

of the posterior and/or anterior leaflets.3

BCT usually occurs after direct impact on the anterior chest

caused by high-speed sudden deceleration or compression

of the thorax, which is a typical result of motor vehicle

accidents, the most frequent cause of chest trauma.4

In 1936, Glendy and White5 reported the first mitral

traumatic rupture after closed thoracic trauma.

Although the real prevalence of traumatic mitral valve

injuries is probably underestimated, there has been an

increase in their incidence probably because of the
raising number of motor vehicle accidents4 and the

improvement of diagnostic accuracy. The peculiarity of

this condition is its variable clinical presentation, often

masked in the context of a polytrauma. A correct and

prompt diagnosis in this context may be difficult to

achieve, with remarkable clinical consequences.

The aim of the present article is to give an update of this

often neglected clinical condition.

Clinical case
A 49-year-old man experienced a workplace accident

because of an industrial tyre explosion, which caused

BCT and multiple fractures (facial, cranial, thoracic and

pelvic area). The patient was urgently referred to a local

medical center. Urgently after hospital admission, the

patient underwent orthopaedic surgery to stabilize bone

injuries. His medical history before the chest trauma was

unremarkable. The only cardiovascular risk factors were

arterial hypertension and former cigarette smoking. Phys-

ical examination showed no cardiac murmurs and trans-

thoracic echocardiography pointed out a prolapse of the

posterior leaflet of the mitral valve with mild-to-moderate

regurgitation. Due to these preliminary results, further

assessment with transoesophageal echocardiography was

deemed unnecessary.

After a 2-month hospitalization, when the bone fractures

were healing, the patient was discharged.
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However, as soon as the patient started standing and

walking, he experienced dyspnoea for mild efforts

(NYHA functional class III) and was, therefore, re-

admitted to the hospital. Clinical examination showed

a new holosystolic murmur at apex.

Transthoracic and transoesophageal echocardiography

revealed severe mitral regurgitation because of a flail

of a mildly myxomatous posterior leaflet (P2 and P3

scallops). Therefore, the patient was referred to our

hospital for further assessment of the valvular disease

and surgical correction. Echocardiographic findings were

confirmed (flail of the posterior leaflet of the mitral valve

– P2 scallop, because of chordal rupture) [Fig. 1a–c].

The patient underwent surgical mitral valve repair with

triangular resection of the P2 scallop, sliding of the P2-P3

scallops, transposition of two II degree chordae, artificial

chordae implantation and annuloplasty. A subsequent

echocardiogram showed no residual regurgitation. The

hospital stay was uneventful and the patient was dis-

charged in good clinical condition.
Fig. 1

(a) Transthoracic echocardiography (apical three-chamber view) showing a
Transoesophageal echocardiography (mid-oesophageal view) confirming th
Doppler examination.
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The present case deserves some considerations. First, it

emphasizes the importance of a comprehensive cardio-

logical evaluation including repeated echocardiograms in

patients with polytrauma, because of the insidious and

often delayed presentation of the mitral valve injury.

Second, a preexistent degenerative mitral valve disease

may predispose to serious damage following a thoracic

trauma. Third, the effects of mitral injury may be sub-

acute. Finally, in patients with polytrauma, the prolonged

hospitalization and being bedridden may contribute to

the masking of symptoms, further delaying the diagnosis.

Methods
All cases described in the literature until July 2018

(without restriction for date or language) were collected

using the PubMed search engine, with the keywords

‘traumatic mitral regurgitation’, ‘traumatic mitral insuffi-

ciency’ and ‘traumatic mitral valve rupture’. Reference

lists were examined for additional articles. Both reviews

and case reports of mitral valve regurgitation after CBT

were included. Iatrogenic and penetrating mitral valve
flail of the posterior leaflet of the mitral valve (white arrow). (b and c)
e presence of a flail leaflet and severe mitral regurgitation with color
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Table 1 Traumatic mitral valve regurgitation

Cause (number of cases)
Blunt chest trauma 192
Penetrating injuries 10
Iatrogenic 56

Blunt chest trauma cases
Sex [n (% of 111)]

Male 70 (63%)
Female 14 (13%)
Not specified 27 (24%)

Age at diagnosis (years)
Mean 32
SD 16
Range 2–75

Time to symptoms onset (days)
Mean 119
SD �428
Range 0–7 years

Time to diagnosis (days)
Mean 136
SD �448
Range 0–7 years

Mechanism of blunt trauma [n (% of 111)]
Road accident 57 (51%)
Motorcycle accident 15 (14%)
Fall from great heights 9 (8%)
Object impact 15 (14%)
Not specified 15 (14%)

Clinical presentation [n (% of 111)]
Shock 31 (28%)
Dyspnea 27 (24%)
Pulmonary oedema 11 (10%)
Asymptomatic/new murmur 8 (7%)
Cough 1 (1%)
Not specified 33 (30%)

Valve lesion [n (% of 111)]
Papillary muscles 51 (46%)
Anterolateral 22/51
Posteromedial 15/51
Both 3/51
Unknown 10/51
Complete rupture 22/51
Partial rupture 3/51
Necrosis 2/51
Chordae tendineae 26 (23%)
Direct damaged leaflets 12 (11%)
LMA 2/12
LMP 5/12
Not specified 5/12
Annulus 8 (7%)
Other valves 13 (12%)
Coronary lesion 6 (5%)

Mitral valve regurgitation entity [n (% of 111)]
Mild 0 (%)
Moderate 10 (9%)
Severe 63 (57%)
Not specified 38 (34%)

Type of surgery [n (% of 111)]
Mitral valve repair 36 (32%)
Annuloplasty 9 (%)
Mitral valve replacement 36 (32%)
Mechanical valve 20/36
Bioprosthesis 11/36
Not specified 5/36
Not specified treatment 37 (33%)
Death [n (% of 111)] 5 (4%)
injuries were also collected for completeness, but not

analyzed.

One hundred and ninety-two cases of traumatic mitral

valve injury after blunt trauma were collected,4–110

including 111 cases with available information and

another 51 cases without any accessible data (33 autoptic

findings reported by Parmley et al.111 and 48 cases

described by Reardon et al.112). Ten more cases of valve

damage because of a penetrating trauma and 56 cases of

iatrogenic mitral valve injury were reported. Data were

classified according to the features of population, clinical

presentation, symptoms onset and timing of diagnosis,

mechanism of trauma, types of mitral valve injury and of

surgical intervention, as reported in Table 1.

Results
Among a total of 111 cases analyzed, sex was available in

84 patients, with 83% being men. The average age at

diagnosis was 32� 16 years. The most common cause of

traumatic mitral valve injury was a traffic accident (57

cases; 51%), often involving a motorcycle (15 cases; 14%).

Nine (8%) cases were because of falls from great heights

and another 15 (14%) cases were secondary to high-speed

impact. The time interval between trauma and mitral

valve disease diagnosis was variable (ranging from 24 h to

7 years) and generally remarkable (mean 136� 448 days).

The most common clinical presentation was cardiogenic

shock (31 cases; 28%), followed by dyspnoea and pro-

gressive heart failure (27 cases; 24%). In 11 (10%) cases,

the mitral injury was associated with acute pulmonary

oedema, whereas, in 8 (7%) cases, patients were

completely asymptomatic, and the diagnosis was sus-

pected by a new cardiac murmur detection. In one case,

the only symptom was cough.

With regard to the entity of valvular dysfunction, in 63

(57%) cases, the grade of regurgitation was severe and in

10 (9%) cases moderate. The most common injuries were

represented by papillary muscles ruptures (51 cases;

46%), causing a valve prolapse in 17 cases and a flail

leaflet in 23 cases (both classified as Carpentier type 2

because of increased mobility of the leaflets). Of the 51

(46%) reported papillary muscle lesions, 22 involved the

anterolateral, 15 the posterolateral, and in 3 cases both of

them. The papillary muscle rupture was complete in the

majority of cases (22) and rarely partial (3), involving the

head of the muscle, whereas, in 2 cases, necrosis of the

papillary muscle was reported. Damaged chordae tendi-

neae occurred in 26 (23%) cases. In 12 (11%) cases, clefts

and tears of valve leaflets have been reported, involving

mainly the posterior leaflet (5 cases), and less frequently

the anterior leaflet (2 cases), whereas, in 5 cases the

injured leaflet was unspecified. In eight (7%) cases, the

annulus was the only damaged structure.

In 36 (32%) cases, other concomitant cardiac lesions were

described. Indeed, in 15 (13%) patients, other valves
© 2019 Italian Federation of Cardi
were injured, namely the aorta in four cases and tricuspid

valve in nine cases. Six concurrent coronary lesions have

been described. Other concomitant cardiac injuries were

myocardial contusion, ventricular free wall rupture, peri-

cardial lesions, ventricular and atrial septal defects, aortic

dissection. In two cases, the traumatic rupture involved a

mitral valve with previous annuloplasty.
ology - I.F.C. All rights reserved.
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Concerning the surgical treatment, 27 (24%) patients

underwent valve repair. Out of 36 (32%) cases of valve

replacement, 31 mechanical and 20 biological prosthesis

have been reported. In five cases, valve prosthesis was

unspecified. Death occurred in five (4%) patients.

Epidemiology and cause of traumatic mitral
regurgitation after blunt chest trauma
BCT involving mitral valve usually occurs after a traffic

accident, most commonly car crashes, followed by motor-

cycle accidents. Other mechanisms less frequently

described are falls from heights, work accidents, and

animal kicks.113 According to our literature review, traffic

accident was the most common finding, but several other

scenarios including a variety of falls and high-speed

impacts have been reported. For example, blast injuries

should be taken into account in people living in war

scenarios. Finally, athletes engaged in sports with poten-

tial bodily contact could be at risk for accidental mitral

valve injuries (Fig. 2). Sometimes mitral valve regurgita-

tion could be the result of a Takotsubo stress syndrome

following the chest blunt trauma. In these circumstances,
Fig. 2

Motor vehicle 

Falls

Blasts/violent crimes

Vignette showing the main causes of traumatic mitral valve regurgitation.
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there is not a direct injury of the mitral valve apparatus

and the functional regurgitation recovers within a short

time.114

Mechanisms and pathophysiology of mitral
regurgitation secondary to blunt chest trauma
Traumatic mitral valve rupture secondary to BCT usually

occurs as a result of high energy transmission, such as

sudden deceleration or compression of the heart and

subsequent abrupt increase of intracardiac pressure.

The most vulnerable phases of the cardiac cycle with

respect to the mitral valve are end-diastole and early

systole, when atrioventricular valves are closed. The

occurrence of this phenomenon during these phases

may lead to compression of the distended ventricles in

the former and further pressure during isovolumetric

contraction in the latter. The massive wall stress trans-

mitted to the left ventricle may lead to damage of papil-

lary muscles, chordae tendineae and mitral leaflets.

Experimental studies have demonstrated that intraven-

tricular pressures greater than 320 mmHg can cause rup-

ture of any cardiac structure.115 The contusion or necrosis
Annulus

accidents

Sports

Iatrogenic

Anterior leaflet

Posterior leaflet

Chordae tendineae

Papillary muscle

logy - I.F.C. All rights reserved.



Traumatic mitral regurgitation Forteleoni et al. 713
of a papillary muscle may be another responsible mecha-

nism. Finally, mitral valve damage can be the result of a

coronary artery trauma/dissection with subsequent ische-

mia of a papillary muscle, or the consequence of an initial

limitation to papillary muscle blood supply (leading to)

progressive ischemic necrosis and late rupture.116

Clinical presentation of traumatic mitral
injury: the chameleon
Traumatic mitral valve injury because of BCT is charac-

terized by a complex clinical scenario with variable

presentation, ranging from sudden death to asymptom-

atic patients receiving a delayed diagnosis. In our review,

we considered the latency between the BCT and the

mitral valve disease diagnosis. The detection of mitral

valve injuries is often belated, as shown in Table 1. This

might be because of the chameleon clinical spectrum,

which often misleads physicians. Indeed, acute and

severe clinical presentation usually led to a more or less

prompt detection of mitral damage, whereas mild or late

symptoms often resulted in misdiagnoses or great diag-

nostic delays. The development of a cardiac trauma does

not seem to be directly related to the intensity of the

chest wall impact.117 On the contrary, clinical presenta-

tion is influenced by the injured valve component. Symp-

toms and signs secondary to the rupture of a papillary

muscle are dramatic; patients usually present hemody-

namic instability, pulmonary oedema, or progressive

congestive heart failure, whereas the rupture of chordae

tendineae tends to present with delayed clinical mani-

festations. Symptoms may be absent for weeks or even

years, as the degree of regurgitation tends to worsen over

time. For instance, a patient may develop pulmonary

oedema 1 or 2 weeks after a CBT, as an initially mild

mitral regurgitation may progress into a severe symptom-

atic valve failure. In the literature, the most frequent

clinical presentation was hemodynamic shock, followed

by dyspnoea and pulmonary oedema. Critical conditions

at admission were usually related to a complete papillary

muscle rupture with acute severe mitral regurgitation.

Asymptomatic murmurs (e.g. loud holosystolic murmur at

the apex and radiating to the axilla) were detected in just

a few cases, mostly in cases with delayed presentation and

mainly related to chordae tendinae, leaflets or annulus

damage.

Diagnosis of traumatic mitral valve injuries:
the pivotal role of echocardiography
There is currently no gold standard for the diagnostic

process of mitral valve injuries following a BCT. A

comprehensive clinical evaluation, including fast but

accurate patient medical history (trauma dynamics, his-

tory of mitral valve disorders), physical examination

(including cardiac auscultation), chest X-ray and a 12-

lead ECG are advisable for all patients after a BCT. An

increase in cardiac enzymes may suggest a cardiac dam-

age, despite the lack of specificity of Troponins in this
© 2019 Italian Federation of Cardi
context. Echocardiography has a pivotal role in this

context for the diagnosis of mitral valve injuries.118

Transthoracic echocardiography (TTE) is the first line

technique in this clinical scenario. The technique is fast,

widely available, and it provides several parameters about

the hemodynamics in patients after a thoracic trauma.

Transoesophageal echocardiography (TOE) allows a

more accurate assessment of cardiac lesions.119 In fact,

patients who experience a BCT often present to the

hospital emergency room or to the ICU in critical condi-

tion. In this context, an accurate TTE is not always

feasible owing to thoracic wall bruising or fractures

resulting in substantial pain.16 Suboptimal TTE may

also be because of high thoracic impedance in the context

of pulmonary oedema, but sometimes related to pneu-

motorax or subcutaneous emphysema. When there is the

clinical suspicion of valve damage, TOE is mandatory to

provide a comprehensive diagnosis and define the ana-

tomic features responsible for the mitral valve dysfunc-

tion and eventually other associated injuries (i.e. aortic

dissection/rupture). TOE is usually feasible in this clini-

cal scenario (patients often under general sedation and/or

invasive ventilation), and it is of paramount importance

for planning and guiding the surgical treatment. Three-

dimensional transoesophageal echocardiography (3D-

TOE) may have a pivotal role for assessment of mitral

valve functional anatomy before cardiac surgery, espe-

cially in patients with prolapse-related lesions.120 3D-

TOE is more accurate than two-dimensional (2D) TOE

in this setting, and it correctly identifies the prolapsed

segments in good agreement with surgical inspection.17

In this regard, real time 3D-TOE may be even more

sensitive than surgical inspection in recognizing second-

ary prolapsing lesions; in fact surgical inspection is per-

formed with an arrested heart, and therefore, those

dynamic mitral valve lesions assessed in awake patients

might not be recognized.120 Figure 3 shows a proposed

diagnostic algorithm for the use of echocardiography in

patients with BCT in order to exclude the presence of a

mitral valve injury.

Among the other imaging techniques, cardiac magnetic

resonance (CMR) seems to be promising in the assess-

ment of mitral regurgitation. CMR has widely acknowl-

edged advantages in evaluating left ventricular size and

function. Furthermore, it has an invaluable role for tissue

characterization. Finally, because of the potential inac-

curacy of echocardiography in the quantification of the

severity of mitral regurgitation (poor-quality imaging,

potential over-estimation of nonholosystolic Doppler

profiles, measurements errors with Doppler parameters,

questionable reliability of flow-convergence methods),

CMR should be more reliable in quantifying regurgitant

volumes, and thus the severity of the disease. However,

restricted spatial and temporal resolution remains a lim-

iting factor in defining mitral apparatus anatomy with

CMR. At the moment, there are no studies describing the
ology - I.F.C. All rights reserved.
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Fig. 3

Blunt chest trauma

Physical examination

 TTE*

Other
indications for

TOEII

Non-diagnostic
TTE

(e.g. poor image quality)

Positive TTE
(mitral valve injury/dysfunction)

Negative TTE
(no mitral valve injury/

dysfunction)

Clinical suspicion of
mitral valve injury¶

HighTOE**

* TTE – Transthoracic echocardiography
** TOE – Transoesophageal echocardiography
II e.g. Suspected aortic injuries
¶e.g. New cardiac murmur, pulmonary oedema/hemadynamic shock

Low

Clinical monitoring
and repeated TTE
before discharge

Proposed diagnostic algorithm for the use of echocardiography in patients with blunt chest trauma in order to exclude the presence of a mitral valve injury.
use of CMR in traumatic mitral valve regurgitation. We

may speculate that its role in this setting should be

further limited because of the patients’ characteristics

(e.g. poor compliance and difficult achievement of

breath-hold images and long examinations, medical/

orthopaedic supports after a polytrauma making patients

unable to enter the MR scanner and staying in a supine

immobile position).121

Surgical treatment
The timing of surgical intervention is often dictated by

the patient’s condition. Haemodynamic instability

requires emergency intervention. On the contrary, stable

patients may undergo elective surgery. Several factors

including the damaged structures and the complexity of

valve lesions influence surgical treatment (e.g. valvular

repair vs. replacement). In this context, the choice

between biological or mechanical prostheses, and even

the surgical approach (open surgery vs. minimally inva-

sive), depends on several factors, namely the age of the

patient (generally very young), global clinical conditions,
© 2019 Italian Federation of Cardio
the need for other major noncardiac surgery, bleeding risk

and the presence of concomitant coronary lesions.

Prognosis
When promptly recognized and surgically treated, trau-

matic mitral injury has a good prognosis. Death occurs in

patients presenting in critical clinical conditions, and the

decease is mostly related to other cardiac damage or

concomitant disease.

Conclusion
Although being of rare occurrence, the clinical relevance

of traumatic mitral valve injury is mainly related to its

variable presentation, which can lead to a misdiagnosis or

late diagnosis in several cases, with unfavorable conse-

quences. The variable and often insidious presentation is

strictly related to the involved structures of the mitral

valve apparatus and to the presence of other concomitant

cardiac lesions. A careful assessment is required in

patients with BCT, often occurring in a context of poly-

trauma, when other obvious severe injuries may divert
logy - I.F.C. All rights reserved.
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the attention of the treating physician. An accurate and

complete echocardiographic evaluation, in particular,

with a transoesophageal approach, is of paramount impor-

tance in these patients, not only at the time of hospital

admission but even during the follow-up period.

Acknowledgement
The authors thank Dr Stefano L. Masia for critically

reviewing the manuscript.

Conflicts of interest
There are no conflicts of interest.

References
1 Pretre R, Chilcott M. Blunt trauma to the heart and great vessels. N Engl J

Med 1997; 336:626–632.
2 Schultz JM, Trunkey DD. Blunt cardiac injury. Crit Care Clin 2004;

20:57–70.
3 Liedtke AJ, DeMuth WE Jr. Nonpenetrating cardiac injuries: a collective

review. Am Heart J 1973; 86:687–697.
4 Bernabeu E, Mestres CA, Loma-Osorio P, et al. Acute aortic and mitral

valve regurgitation following blunt chest trauma. Interact Cardiovasc
Thorac Surg 2004; 3:198–200.

5 Glendy RE, White PD. Non penetrating wound of heart. Rupture of
papillary muscle and contusion of heart resulting from external violence:
case report. Am Heart J 1936; 11:366–369.

6 McLaughlin JS, Cowley RA, Smith G, et al. Mitral valve disease from blunt
trauma. J Thorac Cardiovasc Surg 1964; 48:261–271.

7 Kalstad J, Sandvik J, Myrmel T, et al. Unexplained circulatory collapse after
a motorcycle accident. Tidsskr Nor Laegeforen 2004; 124:1523–1524.

8 Petkov MP, Napolitano ChA, Garet-Tabler H, et al. A rupture of both
atrioventricular valves after blunt chest trauma: the usefulness of
transesophageal echocardiography for a life-saving diagnosis. Am Heart J
2005; 129:1032–1034.

9 Varahan SL, Farah GM, Caldeira CC, et al. The double jeopardy of blunt
chest trauma: a case report and review. Echocardiography 2006;
23:235–239.

10 Hazan E, Guzeloglu M, Sariosmanoglu N, et al. Repair of isolated mitral
papillary muscle rupture consequent to blunt trauma in a small child. Texas
Heart Inst J 2009; 36:252–254.

11 Hrapkowicz T, Abad C, Ponce G. Posttraumatic blunt mitral insufficiency:
surgical experience and review. J Heart Valve Dis 2011; 20:718–722.

12 Choi JS, Kim EJ. Simultaneous rupture of the mitral and tricuspid valves
with left ventricular rupture caused by blunt trauma. Ann Thorac Surg
2008; 86:1371–1373.

13 Slater AD, Subramanian S, Huang J, et al. Repair of mitral valve and left
atrioventricular disruption caused by blunt trauma. Ann Thorac Surg
2009; 87:1289–1290.

14 Wozakowska-Kaplon B, Jaskulska-Niedziela E. Severe mitral regurgitation
following blunt trauma of the chest as a cause of overt heart failure. Kardiol
Pol 2009; 67:1110–1113.

15 Shaikh N, Ummunissa F, Abdel Sattar M. Traumatic mitral valve and
pericardial injury. Case Rep Crit Care 2013; 2013:385670.

16 Feghali NT, Prisant LM. Blunt myocardial injury. Chest 1995; 108:1673–
1677.

17 Kawai A, Saito S, Takazawa A, et al. Traumatic papillary muscle rupture-a
case report. Nihon Kyobu Geka Gakkai Zasshi 1991; 39:1949–1952.

18 Uricchio JF, Lehman JS, Fitch EA, et al. The diagnosis of traumatic mitral
regurgitation by cardiac ventriculography. Am J Med Sci 1959; 238:73–
78.

19 Schieche M. Traumatic mitral defect caused by a splinter in the heart. Z
Gesamte Inn Med 1964; 19:274–276.

20 Frater RW. Traumatic mitral incompetence. Cause, prevention, and cure. J
Thorac Cardiovasc Surg 1967; 53:312–321.

21 Selmonosky CA, Ellison RG. Traumatic mitral incompetence: case report.
J Trauma 1972; 12:632–636.

22 Degeorges M, Pauly-Laubry C, Duperrier C, et al. Traumatic mitral
insufficiency. Coeur Med Interne 1975; 14:107–114.

23 Murray GF, Wilcox BR. Secundum atrial septal defect and mitral valve
incompetence. Ann Thorac Surg 1975; 20:136–143.

24 Bircks W, Körfer R. Traumatic mitral incompetence: long-term results in
three patients. J Cardiovasc Surg 1978; 19:557–561.
© 2019 Italian Federation of Cardi
25 Reginao E, Speroni F, Riccardi M, et al. Posttraumatic mitral regurgitation
and ventricular septal defect in absence of left pericardium. Thorac
Cardiovasc Surg 1980; 28:213–217.

26 Floris B, Sonaglioni G, Palestini N, et al. Traumatic mitral insufficiency
secondary to ruptured chordae tendineae. G Ital Cardiol 1981;
11:1831–1834.

27 Munim A, Chodoff P. Traumatic acute mitral regurgitation secondary to
blunt chest trauma. Crit Care Med 1983; 11:311–312.

28 Cuadros CL, Hutchinson JE 3rd, Mogtader AH. Laceration of a mitral
papillary muscle and the aortic root as a result of blunt trauma to the chest.
Case report and review of the literature. J Thorac Cardiovasc Surg 1984;
88:134–140.

29 Gomibuchi H, Ito K, Shimizu M, et al. Traumatic mitral insufficiency: a case
report. J Cardiogr 1985; 15:207–219.

30 Al Kasab S, Westaby S, Al Zaibag MA, et al. Traumatic papillary muscle
dysfunction: attempted mitral-valve repair and eventual prosthetic
replacement. Eur Heart J 1988; 9:1030–1033.

31 Devanne C1, Malledant Y, Bigant E, et al. Traumatic mitral insufficiency.
Cah Anesthesiol 1988; 36:575–577.

32 Matthews RV, French WJ, Criley JM. Chest trauma and subvalvular left
ventricular aneurysms. Chest 1989; 95:474–476.

33 Shammas NW, Kaul S, Stuhlmuller JE, et al. Traumatic mitral insufficiency
complicating blunt chest trauma treated medically: a case report and
review. Crit Care Med 1992; 20:1064–1068.

34 Xie SW1, Picard MH. Two-dimensional and color Doppler
echocardiographic diagnosis of penetrating missile wounds of the heart:
chronic complications from intracardiac course of a bullet. J Am Soc
Echocardiogr 1992; 5:81–84.

35 Senoo Y, Shigenobu M. Four cases of valvular diseases due to non
penetrating cardiac trauma. Acta Med Okayama 1992; 46:313–315.

36 Ichihara T, Sakai Y, Masumoto H, et al. An emergent surgical case of the
traumatic mitral regurgitation due to complete rupture of the papillary
muscles. Nihon Kyobu Geka Gakkai Zasshi 1993; 41:1030–1034.

37 End A, Rödler S, Oturanlar D, et al. Elective surgery for blunt cardiac
trauma. E J Trauma 1994; 37:798–802.
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