
Rupture of the left ventricle (LV) is infre-
quent but one of the life-threating com-
plications after mitral valve replacement. 
Left ventricular pseudoaneurysm (LVPA) 
due to incomplete or late rupture after 
mitral valve replacement is very rare [1]. 
However, if LVPA develops into pericar-
dial tamponade itmay lead to mortality.

Rupture of the LV after mitral valve re-
placement can present as: early rupture, 
delayed rupture, or late rupture. Late rup-
ture in particularappears days to years af-
ter mitral valve replacement and pres-
ents as a pseudoaneurysm of the LV. LV-
PA may develop de novo after the surgical 
procedure or may be a sequela of an ear-
lier rupture.

The clinical presentations of LVPA are 
shortness of breath, heart failure, chest 

pain, endocarditis, and pericardial tam-
ponade. However, it can also have an as-
ymptomatic course.

The recommended treatment is surgi-
cal repair. Conservative follow-up is an al-
ternative approach for those patients who 
refuse surgical treatment or are consid-
ered as high risk for re-operation.

Methods

A search of the PubMed database using 
the keywords “left ventricular pseudoa-
neurysm,” “left ventricular pseudoaneu-
rysm after mitral valve replacement,” “left 
ventricular rupture after mitral valve re-
placement,” and “left ventricular sub-
valvular aneurysm” yielded 468 articles. 
These articles were screened manually 

and 34 were selected because of their rele-
vance to LVPA occurring late after mitral 
valve replacement. The articles—all writ-
ten in English—were published between 
1972 and October 2014. A total of 42 cas-
es were evaluated from 34 articles; 12 cas-
es were evaluated from one article but 
some information on patients was miss-
ing and the major part of our review did 
not include these 12 patients. The cases 
were classified according to age, sex, clin-
ical presentation, diagnosis, complication, 
treatment, and survival status. Besides the 
data of the 42 patients from the literature 
review, our hospital established a definite 
diagnosis of LVPA in a series of seven pa-
tients (. Table 1). We included them in 
our review, thereby enlisting a total of 49 
cases.
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Table 1  Characteristics of patients diagnosed with left ventricular pseudoaneurysm at our institute
Case Gender Age 

(years)
Size 
(cm)

Diagnostic 
method

Mitral valve be-
fore surgery

Comorbidity Treatment Follow-up 
period

Survey

1 Female 47 2.7 × 3.8 TTE Rheumatic mitral 
stenosis

COPD, HT, DM High risk for surgery because of 
comorbidities

11 months –

2 Female 62 2.2  × 4.1 TTE Rheumatic mitral 
stenosis

Chronic kid-
ney disease

High risk for surgery because of 
comorbidities

23 months –

3 Female 68 3.0  × 1.7 MDCT/TTE Rheumatic mitral 
stenosis

– Refused surgery 47 months +

4 Female 57 4.2  × 1.1 TTE/TEE Rheumatic mitral 
stenosis

– Refused surgery 29 months +

5 Female 63 0.7  × 1.6 TTE/TEE Rheumatic mitral 
stenosis

DM, HT, CAD High risk for surgery because of 
comorbidities

61 months +

6 Female 72 3.1  × 2.9 TTE Rheumatic mitral 
stenosis

CAD High risk for surgery because of 
comorbidities

18 months +

7 Female 64 1.1  × 1.7 TTE/TEE Rheumatic mitral 
stenosis

COPD, CAD, 
HT, DM

High risk for surgery because of 
comorbidities

36 months +

CAD coronary artery disease, COPD chronic obstructive pulmonary disease, DM diabetes mellitus, HT hypertension, MDCT multidetector computed tomography, TTE 
transthoracic echocardiography, TEE transesophageal echocardiography
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Classification of LV rupture 
after mitral valve replacement

Treasures and coworkers classified the 
ruptures on the basis of their location on 
the LV wall: (1) type-1 rupture is located in 
the posterior atrioventricular groove; (2) 
type-2 rupture is in the posterior wall of 
the LV at the base of the papillary muscle; 
and (3) type-3 rupture is in the area be-
tween the atrioventricular groove and the 
papillary muscle.

The classification of Karlson et al. was 
based on the timing of rupture: (1) ear-
ly rupture was defined as occurring in the 
operating room any time after discontin-
uation of cardiopulmonary bypass; (2) de-
layed rupture occurs in the recovery room 
usually hours to days postoperatively; and 
(3) late rupture occurs days to years after 
the mitral valve replacement and presents 
as LVPA.

Predisposing factors and 
pathogenesis of LVPA

Female gender, advanced age, mitral ste-
nosis, small-volume LV, and small body 
size have been described as predispos-
ing risk factors for LV rupture after mitral 
valve replacement.

Resection of excessive mitral tissue 
during the removal of the diseased mi-
tral valve can cause injury to the annulus. 
The greatest injury during debridement is 
probably seen with heavy calcified mitral 
valves, especially with calcification in the 
posterior leaflet. The same injury can also 
be caused during the removal of a noncal-

cified mitral valve by inadvertent incision 
and/or forced traction of the annulus. 
Deeply placed sutures or excessive trac-
tion on sutures in the annulus can cause 
a tear through the myocardium and cre-
ate small tracts in the myocardium. With 
the LV pressure, blood enters these small 
tracts and can dissect through the wall to 
the pericardial space. Insertion of an over-
sized mitral prosthesis can stretch the an-
nulus and thus lead to rupture of the pos-
terior wall of the LV.

Untethering of the LV by excision of 
the mitral valve with the chordae ten-
dineae and papillary muscles can cause 
an increase in the pressure stress on the 
myocardium. This stretch effect leads to 
transverse midventricular endomyocar-
dial disruption. Untethered myocardi-
um promotes extension of the myocardi-
al thickness defects produced by mechan-
ical injury and converts these to transmu-
ral ruptures.

Insertion of oversized mitral prosthe-
ses can stretch the mitral annulus and can 
lead to rupture of the LV, which can result 
in pseudoaneurysm.

Clinical presentation

LVPA may remain asymptomatic in the 
absence of complications. The most com-
mon clinical presentation in the reviewed 
articles was shortness of breath/heart fail-
ure. Dyspnea and heart failure were the 
major symptoms for 35 patients [2–20]. 
Six patients had been asymptomatic at 
the time of diagnosis [21–26], whereas six 
other patients had described chest pain [3, 

11, 12, 19, 27, 28]. One patient had peri-
cardial tamponade [29] and another pa-
tient had symptoms of endocarditis [12].

Diagnosis

Echocardiography is the most widely 
used method for the diagnosis of LVPA 
(. Fig. 1 and 2). Transthoracic echocar-
diography (TTE) was performed on 49 
patients. Definitive diagnoses were made 
for 43 patients using TTE, as well as trans-
esophageal echocardiography [2, 6, 8, 10, 
16–18, 23], computed tomography [2–8, 
11, 14, 16, 19, 21–23, 25–29], and heart 
catheterization [6, 7, 11, 15, 20, 21, 23, 24, 
27] as additional visualization methods. 
Suspected pericardial pathology was ob-
served in four patients with TTE; the di-
agnosis was confirmed by transesopha-
geal echocardiography [8] and computed 
tomography [7, 11, 27] in these patients.

The typical finding on echocardiog-
raphy is an echo-free annular aneurys-
mal sac that is adjacent to the posterior 
wall of the LV [1, 30]. A turbulent flow on 
the orifice of the pseudoaneurysm can be 
seen with two-dimensional color Doppler 
echocardiography (. Fig. 3). Color Dop-
pler echocardiography can help in the vi-
sualization of blood flowing forward in-
to the pseudoaneurysm with systole and 
backflow into the LV with diastole.

Transesophageal echocardiography 
helps demonstrate the relationship be-
tween the pseudoaneurysm and other 
heart structures. Moreover, transesoph-
ageal echocardiography can help estab-

Fig. 1 8 Two-dimensional transthoracic echocardiographic view of left ven-
tricular pseudoaneurysm (*). MVR mitral valve replacement

 

Fig. 2 8 Three-dimensional transthoracic echocardiographic view of left 
ventricular pseudoaneurysm (*). LVPA left ventricular pseudoaneurysm
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lish the paravalvular leak and regurgita-
tion [1, 30].

Another useful method for establish-
ing a definitive diagnosis is computed to-
mography (. Fig. 4 and 5). Computed to-
mography can be used to evaluate the re-
lationship of the LVPA with the left ven-
tricle.

Differential diagnosis

Ante- and retrograde blood flow visual-
ized using color Doppler imaging may be 
confused with paravalvular leak flow or 
paravalvular mitral regurgitation. Oth-
er differential diagnoses include localized 
pericardial effusion or hematoma, peri-
cardial cyst, or diverticulum.

Management and treatment

Surgery

The clinical outcome of LVPA is diffi-
cult to predict. Rupture of the pseudoa-
neurysm into the pericardium may be fa-
tal with pericardial tamponade; therefore, 
when LVPA is diagnosed, surgical correc-
tion should be recommended to all pa-
tients. The recommended surgical meth-
ods include internal, external, and com-
bined approaches. The method most pre-
ferred is the internal approach in cases 
of tear involving the mitral annulus, the 
posterior wall, or a large area of the LV 
with reopening of the left atrium. But-
tressed sutures are inserted from outside 
through the prosthesis ring in the lateral 
side avoiding the circumflex artery. In cas-
es with late ruptures, closure using peri-
cardial or synthetic patch materials can 
be performed. The neck of the pseudoa-
neurysm can also be closed directly be-
cause of its firm fibrotic edges. External 
repair by direct buttressed sutures is gen-
erally preferred for small tears. In cases of 
widespread tears, removing the prosthet-
ic valve and patching both the inside and 
outside of the ventricle can be combined 
[31].

Patch closure was the surgical meth-
od most preferred in our review and was 
used for 20 patients [5, 6, 9–13, 16–18, 
20, 22, 25, 27–29, 32–34]. Simple closure 
of the LVPA with sutures was used for 
five patients [2, 4, 12, 21, 24]. Pseudoan-

eurysm closure with a coronary sinus ap-
proach was selected for one patient [19].

Conservative approach 
with follow-up

Conservative therapy is an alternative ap-
proach to surgical management. Comor-
bidities could cause contraindications 
for surgical correction and these patients 
should be followed up with a conservative 
approach. The clinical outcome of LVPA 
remains hard to predict. Therefore, fre-
quent clinical visits with echocardiogra-
phy are essential. Although surgical treat-
ment is the generally recommended ap-
proach, conservative follow-up proved 
to be an important alternative approach 
in this review because of the number of 

patients: The conservative approach was 
used for 20 patients [1, 14, 15, 23, 26, 35]. In  
one patient, LVPA resolved spontaneous-
ly [35]. All of our patients were followed 
up conservatively; two patients died of 
noncardiac reasons, pneumonia and re-
nal failure. The follow-up periods for our 
patients ranged from 11 months to 6 years 
(mean, 32 months). The size of the LVPA  
did not increase during the follow-up pe
riods.

Mortality

Mortality occurred in five patients during 
follow-up, which was due to: pneumonia 
and pulmonary complications in two pa-
tients, complications due to chronic kid-
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Abstract
Left ventricular pseudoaneurysm (LVPA) due 
to incomplete or late rupture after mitral 
valve replacement is a rare condition but can 
be life threatening if it develops into perdicar-
dial tamponade. LVPA may develop de novo 
after the surgical procedure or may be a se-
quela of an earlier rupture. Clinical presenta-
tion includes shortness of breath, heart fail-
ure, chest pain, endocarditis, and pericardial 
tamponade. However, it can also have an as-
ymptomatic course. The recommended treat-
ment for LVPA is surgical repair. Conservative 

follow-up is an alternative for patients who 
refuse surgical treatment or are considered 
high risk for re-operation. We conducted a re-
view of all the available literature on cases of 
LVPA after mitral valve replacement and pres-
ent the findings here.
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Linksventrikuläres Pseudoaneurysma nach 
Mitralklappenersatz. Übersichtsarbeit über Pseudoaneurysmen 
als Spätfolge nach Mitralklappenersatz

Zusammenfassung
Ein linksventrikuläres Pseudoaneurysma (LV
PA) aufgrund inkompletter oder erst spät auf-
tretender Ruptur nach Mitralklappenersatz 
ist selten, kann jedoch lebensbedrohlich ver-
laufen, wenn sich daraus eine Perikardtam-
ponade entwickelt. Ein LVPA kann postopera-
tiv de novo oder als Folge einer früheren Rup-
tur entstehen. Zu den klinischen Symptomen 
gehören Kurzatmigkeit, Herzinsuffizienz, Tho-
raxschmerz, Endokarditis und Perikardtam-
ponade. Der Verlauf kann jedoch auch asym-
ptomatisch sein. Als Therapie eines LVPA wird  
die chirurgische Rekonstruktion empfoh- 

len. Die konservative Verlaufsbeobachtung 
stellt eine Alternative für Patienten dar, die ei
nen chirurgischen Eingriff ablehnen oder als 
Hochrisikopatienten für eine erneute Operati
on gelten. Die Autoren haben sämtliche ver-
fügbare Literatur zu Fällen eines LVPA nach 
Mitralklappenersatz ausgewertet und prä-
sentieren hier die Ergebnisse.

Schlüsselwörter
Mitralklappe · Linker Ventrikel · 
Pseudoaneurysma · Perikardtamponade · 
Ruptur
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ney disease in one patient, and LV failu-
rein two patients.

Discussion

As mentioned, LVPA is a rare complica-
tion of mitral valve replacement with an 
increased risk of rupture and consequent-
ly with high mortality. Owing to the rise in 
the rate of mitral valve surgeries, the num-
ber of LVPA diagnoses has been increas-
ing progressively.

Predisposing risk factors of LVPA are 
female gender, advanced age, mitral ste-
nosis, small-volume LV, and small body 
size. All of our patients were female, old-
er than 60 years, and had rheumatic mi-
tral stenosis.

Resection of excessive mitral annular 
tissue, inadvertent incision and/or forced 
traction of the annulus, deeply placed su-
tures or excessive traction on sutures, 
untethering of the LV by excision of the 

chordae tendineae and papillary muscles 
can cause injury to the mitral annular tis-
sue. LVPA after mitral valve surgery de-
velops as a result of these injuries.

Surgical correction is the treatment of 
choice for LVPA, and the most frequent-
ly preferred surgical method is patch clo-
sure. Simple closure with primary sutures 
is another surgical method for closure of 
the neck of the LVPA.

The conservative approach to LVPA 
treatment played a major role in our re-
view. A conservative approach was cho-
sen for all our patients, and only two of 
them died (because of pneumonia and re-
nal failure). Sakai et al. in their series of 
eight patients with LVPA following mitral 
valve surgery treated seven of them med-
ically without any complications. They, 
too, emphasized that when the LVPA is 
small and the communicating neck of the 
LVPA is very narrow, conservative man-

agement of a patient with LVPA may be 
possible.

Limitations

Our study was limited by some incom-
plete and/or missing patient reports and 
by the relatively small sample size. Fur-
thermore, we only reviewed the English 
language literature on this rare disease en-
tity.

Corresponding address

E. Şahan
Atatürk Pulmonary Disease and Thorax Surgery 
Research Hospital, Ankara
ekremsahan@hotmail.com

Compliance with 
ethical guidelines

Conflict of interest.  S. Ekrem states that there are 
no conflicts of interest.

References

  1.	 Sakai K, Nakamura K, Ishizuka N et al (1992) Echo-
cardiographic findings and clinical features of left 
ventricular pseudoaneurysm after mitral valve re-
placement. Am Heart J 124(4):975–982

  2.	 Ono M, Wolf RK (2002) Left ventricular pseudoa-
neurysm late after mitral valve replacement. Ann 
Thorac Surg 73(4):1303–1305

  3.	 Baumann S, Renker M, Spearman JV et al (2014) 
Giant left ventricular pseudoaneurysm as a com-
plication after mitral valve replacement surgery. 
Ann Thorac Surg 98(4):1480

  4.	 Ikegami H, McCarthy PM (2014) Internal repair 
of left ventricular pseudoaneurysm late after mi-
tral valve replacement. Interact Cardiovasc Thorac 
Surg 18(1):128–129

Fig. 3 8 Blood flow forward into the left ventricular pseudoaneurysm (*)

 

Fig. 4 8 Computed tomography view of left ventricular pseudoaneurysm

 

Fig. 5 9 Computed to-
mography view of left 
ventricular pseudoan-
eurysm

 

781Herz 5 · 2015  | 



  5.	 Nishimura Y, Okamura Y, Noguchi Y et al (2004) 
Successful repair of a large pseudoaneurysm of 
the left ventricle late after mitral valve replace-
ment due to rupture of the papillary muscle fol-
lowing acute myocardial infarction. Ann Thorac 
Cardiovasc Surg 10(6):386–388

  6.	 Lanjewar C, Thakkar B, Kerkar P, Khandeparkar J 
(2007) Submitral left ventricular pseudoaneurysm 
after mitral valve replacement: early diagnosis and 
successful repair. Interact Cardiovasc Thorac Surg 
6(4):505–507

  7.	 Chourmouzi D, Karagounis L, Ioannidis S, Drevel-
egas A (2009) Submitral left ventricular pseudoa-
neurysm after mitral valve replacement. Eur J Car-
diothorac Surg 35(4):728

  8.	 Liao JN, Huang CH, Wu MH, Yu WC (2012) Pseudo-
mitral regurgitation 20 years after mitral valve re-
placement: a subannular left ventricular pseudo-
aneurysm with rupture into the left atrium. Eur 
Heart J 33(19):2497

  9.	 Choi JB, Choi SH, Oh SK, Kim NH (2006) Left ven-
tricular pseudoaneurysm after coronary artery by-
pass and valve replacement for post-infarction mi-
tral regurgitation. Tex Heart Inst J 33(4):505–507

10.	 Manikappa S, Ingram B (2012) Left ventricular 
pseudoaneurysm following mitral valve surgery. 
Ann Card Anaesth 15(3):247–249

11.	 Suda H, Ikeda K, Doi K et al (2003) Successful repair 
of left ventricular pseudoaneurysm after mitral re-
operation under hypothermic circulatory arrest. 
Jpn J Thorac Cardiovasc Surg 51(1):18–20

12.	 Kupari M, Verkkala K, Maamies T, Hartel G (1987) 
Value of combined cross sectional and Doppler 
echocardiography in the detection of left ventric-
ular pseudoaneurysm after mitral valve replace-
ment. Br Heart J 58(1):52–56

13.	 Sahebjam M, Salehiomran A, Ghaffari-Marandi N, 
Safir A (2012) Late diagnosis of large left ventric-
ular pseudoaneurysm after mitral valve replace-
ment and coronary artery bypass surgery by real-
time three-dimensional echocardiography. J Teh-
ran Heart Cent 7(4):188–190

14.	 Rekik S, Trabelsi I, Charfeddine H et al (2008) Rap-
id occurrence of giant left ventricular pseudoaneu-
rysm after mitral valve replacement. Echocardiog-
raphy 25(10):1124–1126

15.	 Castilla E, Gato M, Ruiz JR (2010) Left ventricular 
pseudoaneurysm found after mitral valve replace-
ment performed 30 years earlier. J Invasive Cardiol 
22(3):E40–E41

16.	 Biyikoglu SF, Guray Y, Turkvatan A et al (2008) A se-
rious complication late after mitral valve replace-
ment: left ventricular rupture with pseudoaneu-
rysm. J Am Soc Echocardiogr 21(10):1178 e1–3

17.	 Esakof DD, Vannan MA, Pandian NG et al (1994) Vi-
sualization of left ventricular pseudoaneurysm 
with panoramic transesophageal echocardiogra-
phy. J Am Soc Echocardiogr 7(2):174–178

18.	 Baker WB, Klein MS, Reardon MJ, Zoghbi WA 
(1993) Left ventricular pseudoaneurysm compli-
cating mitral valve replacement: transesophageal 
echocardiographic diagnosis and impact on man-
agement. J Am Soc Echocardiogr 6(5):548–552

19.	 Guo HW, Xu JP, Chang Y, Xiong H (2012) Coronary 
sinus approach to repair an intracardiac ventricular 
pseudoaneurysm. J Card Surg 27(6):692–695

20.	 Spellberg RD, O’Reilly RJ (1972) Pseudoaneurysm 
of the left ventricle following mitral valve replace-
ment. Chest 62(1):115–117

21.	 Hirasawa Y, Miyauchi T, Sawamura T, Takiya H 
(2004) Giant left ventricular pseudoaneurysm after 
mitral valve replacement and myocardial infarc-
tion. Ann Thorac Surg 78(5):1823–1825

22.	 Honda K, Okamura Y, Nishimura Y, Hayashi H 
(2011) Patch repair of a giant left ventricular pseu-
doaneurysm after mitral valve replacement. Ann 
Thorac Surg 91(5):1596–1597

23.	 Namboodiri N, Dora SK, Thomas B, Misra M (2008) 
Subannular left ventricular pseudoaneurysm fol-
lowing mitral valve replacement. J Cardiothorac 
Surg 3:28

24.	 Carlson EB, Wolfe WG, Kisslo J (1985) Subvalvular 
left ventricular pseudoaneurysm after mitral valve 
replacement: two-dimensional echocardiographic 
findings. J Am Coll Cardiol 6(5):1164–1166

25.	 Hiraoka A, Kuinose M, Chikazawa G, Yoshitaka H 
(2013) Endoscopic repair for left ventricular pseu-
doaneurysm with right minithoracotomy. Interact 
Cardiovasc Thorac Surg 16(1):85–87

26.	 Jung HS, Chung WB, Yang KS et al (2010) A case of 
left ventricular pseudoaneurysm in the left atrio-
ventricular groove after mitral valve replacement. J 
Cardiovasc Ultrasound 18(4):157–160

27.	 Matteucci ML, Rescigno G, Capestro F, Torracca L 
(2011) Delayed left ventricle posterior wall rupture 
following mitral replacement detected by mul-
tislice CT-scan. J Card Surg 26(4):383–384

28.	 Min SK, Sir JJ, Nah JC, Kim YI (2010) Successful re-
section of a giant left ventricular pseudoaneurysm 
developed later after mitral valve replacement. J 
Korean Med Sci 25(7):1080–1082

29.	 Emmert MY, Wilhelm MJ, Frauenfelder T (2011) Im-
pressive left ventricular pseudoaneurysm mim-
icking a pericardial tamponade 5 years after mi-
tral valve replacement for endocarditis. Eur Heart J 
32(14):1820

30.	 Sahan E, Gul M, Sahan S et al (2014) Pseudoan-
eurysm of the mitral-aortic intervalvular fibrosa: 
a new comprehensive review. Herz. doi:10.1007/
s00059-014-4185-z

31.	 Karlson KJ, Ashraf MM, Berger RL (1988) Rupture of 
left ventricle following mitral valve replacement. 
Ann Thorac Surg 46(5):590–597

32.	 Verkkala K, Maamies T, Kupari M et al (1990) Pseu-
doaneurysm of the left ventricle following mitral 
valve replacement. Report of two cases and re-
view of the literature. J Cardiovasc Surg (Torino) 
31(2):242–246

33.	 Watanabe A, Kazui T, Tsukamoto M, Komatsu S et 
al (1993) Left ventricular pseudoaneurysm and in-
tracardiac fistulas after replacement of mitral valve 
prosthesis. Ann Thorac Surg 55(5):1236–1239

34.	 Ascah KJ, Patrick E, Chilton C et al (1991) Atypical 
pseudoaneurysm after mitral valve replacement: 
doppler echocardiographic diagnosis. J Am Soc 
Echocardiogr 4(6):625–630

35.	 Inoue T, Hashimoto K, Sakamoto Y et al (2014) 
Spontaneous closure of a large left ventricular 
pseudoaneurysm after mitral valve replacement. 
Gen Thorac Cardiovasc Surg. doi:10.1007/s11748-
014-0474-y

782 |  Herz 5 · 2015

Review article


	﻿Left ventricular pseudoaneurysm after mitral valve replacement
	﻿Abstract
	﻿Zusammenfassung
	﻿Methods
	﻿Classification of LV rupture after mitral valve replacement
	﻿Predisposing factors and pathogenesis of LVPA
	﻿Clinical presentation
	﻿Diagnosis
	﻿Differential diagnosis
	﻿Management and treatment
	﻿Surgery
	﻿Conservative approach with follow-up
	﻿Mortality

	﻿Discussion
	﻿Limitations

	﻿References


