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Definition

ular Leak (PVL)
IS d aplication of
Prosthe .

It is a sequel of the 30 of
the sewing ring to the nc

suture dehiscence



PVL — Prevalence

a0d of detection

era (HF, endocarditis, haemolytic anaemia,

usu.reoperation)
lonescu A et al. Heart 2003;89:1316

patic ITOE in:

PVL has bet

= 10% In aortic PY
= 33% in mitral positl8 al. Heart 2003;89:1316
= 17.7% in aortic position 2001,38:163
= 22.6% in mitral position -

Depends on the time of study

= multiple paravalvular jets are detected by ITOE (mC
in the mitral position and with mechanical valves) but tF€
with protamine

Morehead et al. Ann Thorac Surg 2000;69:135



PV Natural History

Tournal of the American Collegegnt Cardiology
1 2001 by the American Collge of Wardiology

1'--| by Elsevier Sciencaflim

Vol. 38, No. 1, 2001
ISSM 0735-1097/01/$20.00
PII 50735-1097(01)01361-4

Valve Surgery

gecte

Intmnpemtwe Tmn H(}phl“

Daniel J. O'Rourke, MD, MS, FACC* \
David J. Malenka, MD, FACC,t Charles A."S
Tonathan F. Plehn T‘»ID FALL§

CONCLUSIONS Trivial or mild PPR is a frequent finding on intraoperative TEE. Ssgaller body size and the use
of a bioprosthetic valve are significantly associated with PPR. The clinicalsygnificance and natura

history ot PPR 1s benign 1n most cases. (] Am Coll Cardiol 2001;38: 1633 © 2001 by the
American College of Cardiology




PVL~Natural History

Table 1./Owutcome of '~~: osthetic Regurgitation

N

Group 2
No PPR
p Value

Six wee ) L 0.32

Intraoperative TEE \
Trivial or mild PPR

Early TTE (within 6 weeks)
No PPR
Trivial or mild PPR
Moderate PPR
Severe PPR

Late TTE (between 6 months

and 5 years; mean 2.1 yr)

No PPR
Trivial or mild PPR
Moderate PPR
Severe PPR

O’Rourke et al. JACC 2001,38:163



PV — Natural History

Aortic position

atural historyy aortic paraprosthetic

-gitation: A five-year follow-up

Loukianos 5. Rallidis, MD, loannis E. Moyssakis, MD, Ignathes [konomidis, MD, and Petros Nihoyvannopoulos,

MD, FACC, FESC I.ﬂm,-"nirﬁd Kingdom \

Results Paraprosthetic leaks we-:’red in 40 (47 [6%) gorfic prostheses \
were small. All leaks remained unchanged dhing the follow®tp peried. keft ventricular dint

sthe early study; the majority (90%)
agsions and function did not differ

between patients with or without paravalvular leaisduring the follow-up.[Left ventricular fraction®

rTen ing, however,

rmll. Three

patients had severe paravalvular regurgitation suddenly devélap from late infeclive endocarditis, and 1 patent had a

increased during the intermediate study in both subgrobis, indicating improved left ventricular function

degenerative tissue valve failure 4 years after implantation. \

the suspicion of prosthetic valve endocarditis or bioprosthetic valve failure. [Am Heart ] 1999:188:351-7.)



PML — Prevalence

Mitrali os:tlon

[ncidenge. of pur;' lar leak 1n subgroups of patients with different
underlying discases \

Mitral valve Paravalvular Incidence

rcp]uccmc1k (%)

Mitral valv c C

reoperation
Mitral stenosis
Mitral valve prolapse

Combined mitral valve 150
disease
[schaemic mitral valve 24
regurgitation
Endocarditis 24
7

Paravalvular leak 0 35
(‘re-leak’) '  /

Genoni et al. E J Cardiothor Surg 2000; T7:14-19
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Patients (n)
e
o
1

10

31-178 days 179-365 days

1-7 days 8-39 days

Fig. 2. Interval between mitral valve replacement and diagnosis of paravalvular leak.

Genoni et al. E J Cardiothor Surg 2000; T7:14-19




Predisposing factors

S
annulus
NaTe

Infective

ndrome)

Technical consl® o5 suturing, etr)

001 ; 10 : 418-25
00, 17:14-19

Predictive factors:
Small BMI
Mitral surgery

lonescu A et al. Heart 2003,;65%316



PVL~Endocarditis

%) but severe complication

o

PVE rest

Only moderate to
predictive of endocarc

Habib e
Farhat et al. Int Cardiovasc
Ronderos et al. ] Am Soc Ech®



Diagnosis of PVL - Clinical view

= New murm
= Fatigue / Pallidne
= Jaundice / Dark urine (hé
= Heart failure signs



Diagnesis of PVL

Iron, Folic acid, B istocytes)

Imaging Studies

Echocardiography
(Angiography)



Hemeolysis B

asthetic heart valves

.
-

Less ;

Pt
5 4
_—
-

Mechanical Heart Valves

New generatio jith lower rates

However subclinical he

still observed in a large prof 00)

Greater hemolysis in:
= Double vs single valve replacement
= Mechanical (26%) vs biological prostheses (5%)

The degree of hemolysis not proportional to requrgit

ShapiraY et al . Cardiology in Review2@99,17:121
Mecozzi G et al . J. Thor Cardiovasc Surg 2002;123:550




Hemoalysis: Pathophysiology

o RBCs

§ the prostheses (stress forces >3000 dynes/cm?

S .

= Pressure
= Intrinsic abn@ abrane
= Interaction with 10
= Unfavourable characte
= Mechanical crushing effect

Contributory factors

= Iron-poorred cells
= Folate deficiency
= Chronic infection
= Hemorrhage (anticoagulant therapy) /anemia
= Increased strenuous physical activity

Rajiv M. et al . Clin.Cardiol.21,387-392 (1998)



Hemalysis: Mechanisms

joration
ation mechanical valves

BTe £PVL or tissue failure

= New o

Paravalvular leak

= Irreqularity of leaking site
Central jets cause less hemolysi

= Periprosthetic jet strikes the ridge sepe

= Late PVL due to suture dehiscence
Annular calcification

Localized infection
Surgical techniques

Schwalm SA et al . J Am Soc Echocardiot ;17:913
ShapiraY et al . Cardiology in Review 2009;17:121



Regurgitant flow with Hemolysis:

Flow simulation

. d by a dehisced annular support ring.

Apm\ralvular regm'gl i is snddd'lljr decelerated when colliding \ lefi atrial appendage wall.

B C.Acceleration

- Ajctlsseenu-avemng throughasmaltperforauonmathlckmd -*;~+'v-* '

GarciaMJ et al . JACC 1996,27:399



Regurgitant flow without Hemolysis:
Flow simulation

DI mabiopmstl'lesis with a tom cusp.

;s.ia i }'almg the atnal/i .

GarciaMJ et al . JACC 1996,27:399



Hemalysis: Diagnosis

3 RS (fragmented erythrocytes)

= ReticC
= Serum hapt€
* Hemoglobinuria
* Indirect hyperbilirubine
= Urinary excretion of hemosidg
= LDH = 440 UJL

Maraj R et al . Cl Cardiolog
ShapiraY et al . Cardiology in Review 2009;17:121

5,21:387



Hemolysis: Diagnosis

g the failure of the bone
marre or the shortened
lifespan G
Chromium-51 labelT1% aent of
erythrocyte lifespan has®
replaced by expiratory carbo
concentration

Maraj R et al . Cl Cardiology 1998;21:387



Hemalysis: Quantification

= Elevatce

Need of frequent transfC

hod

igh degree™@
igh urinary iron cG

MarajR et al .
ShapiraY et al . Cardiology in Re



Hemalysis and MV repair

fitral Valve Repair: Mechanisms

Buu-Khawh Lam, MD, "Delos M.\Cosgrove IHIEMD, Sunil K. Bhudia, MD, and

A. Marc Gilltegv, MD

Department of Thoracic andhCardiovascular Surgery, Cleveland Clin
\ © 2004 b

is a mode of failure itral

(Ann Thorac Surg 2004;77:191-5)
vhe Society of Thoracic Surgeons

. * \ .
Conclusions. Hemolysis

grade MR and regurgitant jets that frag
erated. Mitral valve replacement yiel

outcomes for patients with hemolysis after mi alve
repair.



Hemolysis and MV repair
Rate -~Mechanisms

“"Whiplash
Dehisenced annul@ equrgitant jets)

Protruding paravalvular

Non-epithilization of ring

Small but turbulent regurgitant jet aga

Cerfolio et al .Eur J Cardiothorac SG 111:479
Yeo et al .JACC 1998;32:717



Diagnosis of PVL

by Echecardiography

Ultrasound Beam

Mitral
Prosthesis

Figure 1 Proposed mechanism of acoustic mirroring and
artifact generation by prosthetic valve. Ultrasound beam
travels through left ventricular ( LV) cavity and is reflected
oftf mitral prosthesis canted toward LV outflow tract
(LVOT) flow. Red blood cells passing through LVOT
scatter some sound back toward prosthesis, where it is
reflected toward transducer. Because of increased transit
time taken for reflections, reflected LVOT flow is projected
into left atrium (LA) as pseudo-mitral regurgitation signal.
Ao, Aorta; Angle A, angle between aortic annulus and
mitral prosthesis.

@ avoiding

sisdiagnosis in the presence of
mechanical prostheses

aliC jet
opler

)

=

(pseU¥
is caused by act

by sound reflected¥
projecting flow into the

because of longer transit tirme

Rudski et al . Am Soc Echo 2804,;17:829



ATERitfalls Leading to Misdiagnosis

ardiography is the main

nitial and serial

adowing and reverberations
generated b hetic and mechanical

valves and the oc
jiography 2007;24:772
Paraprosthetic Leak Unmasked by Combined
Enoxaparin/Warfarin Therapy for Thrombosed
Mitral Valve

John Barbetseas, M.D., Dimitris Tsiachris, M.D., Christina Chrysohoou, M.D., Stella Brilli, M.D., '
Maria Bonou, M.D., and Christodoulos Stefanadis, M.D.

First Department of Cardiology, University of Athens Medical School, Hippokration Hospital,
Athens, Greece
(ECHOCARDIOGRAPHY, Volume 26, October 2009)

Barbetseas J, et al. : Echocardiography 2009;26:1105




Diagnosis of PVL

by Echecardiography

oredictors of significant MR:

peak¥
mean grad
tricuspid requrg
isovolumic relaxation

ratio of time velocity integf@
velocity integral in the left ven

(TVIMV/[TVI LVO)

Olmos L et al . Am J Cardiol 1999,;83:199



Dyagnosis of PVL — Echocardiography

ITE

° 2N me °
euk Early Diastelic Velocity Rather
Sz
Pressure Half-Time Is the Best
Index-of Mechanical Prosthetic Mitral
Valve Function

Valerian Fernandes, mbLeopoldo Olmos, mp, Sherif F. Naguehys
Miguel A. Quifionessap, and Williedm A. Zaghbi, mp

N

\D,
\ (Am J Cardiol 2002;89:704-710)

N N

N N\
TABLE 3 Sensitivity, Specificity, Pesitive (PPV)/and Negative (NPVPredictive
Values of Various Doppler Indexes ford entifying‘Dysfunctional Prosthetic Mitral

Valves* \ \

— S SN
Index Sensitivity <:|ry PPV NP ),
Peak E velocity =1.9 m/s Q2% 78% 83% 90%
VIL, VTl =2.2 1% 74% 80% :

= % %o E% 57%
PHT =130 ms 38 Q9% R 7%

*Cutoff values were selected from the receiver-operating characteristic.




Diagnosis of PVL — Echocardiography

TOE

ive for the detection of valvar insufficiency

A
of “'nC
thrombo

asthetic valves have a built-in amount
areduce the likelihood of valve

ighest correlation
gtecting severe

The vena contracte
and also had the best e
valvar insufficiency.

To recognize a paravalvular leak, TE
a high color frame rate and middle ran€
cm/sec) in several views from several anc
ring

Rahko et al . Hed 790:476
Jayawardena et al. Cases Journal 2008; 1: 216



Diagnosis of PVL — Echocardiography

TOE

Assessment of sever

regurgitdtion by

N itarelli, Y Conde/E Cimino, T Leone, "X Angeli, S D'Orazio, S Stellato

ity of mechanical prosthetic mitral
soesophageal echocardiography

Heart 2004,90:539-544. doi: 10.1136/hrt.2003.026823

SN
Table ensitivity'and specificity of sophugecﬂ
echocardiogrephic (TOE)uindices to identify

ungiogrqphicu|y severe prosl‘heﬁc mitral valve

regurgitation \
Sensiliviecificily PPY | NPV
TOE indices (%) \ (%) (%)

MRA =7 cm? 81 75 84 80
MRA:LAA >0.3 85 80 \ 83
» q . .

NPV, negative predictive value; PPV, positive predictive value.




Diagnosis of PVL — Echocardiography
RealTime3-DTTE

RT 3-B
a potentia
in the imaging C
characteristics,
a precise picture of the
location,

extent,

morp h (0) I ogy Of th e d efe ct Figure 4 Echocarhic characteristics of the dehiscencgs

in the 10 patients with sig' ant persisting regurgitation. Se—
matic representation of the mi prostheses of the 10 pa nts
with significantly persistent regurg showing the mgiphol-
ogy of the residual dehiscences (blac ), as well as/how far
they extend along the prosthetic annulus (imsdegrees)/and also

) Kronzon et.al -JACC 2009;53:1543 the location and situation of the implant devioe les) inside
Singh et al. Echocardiography 2009; 26: 980 the dehiscences.

Garcia-Fernandez et al . J Am Soc Echo 2010: 22:






PVL~-Management

Percutaneous clost
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Follow - up
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PVik—-Management

European Heart Jousnal (2007) 2 58

dai:10.1093/ gurheartj [eRlb28

ESC Guidelines

Guidelines.on the management.of valvular

heart disease

The Task Force on the Mz agement of Valvular
of the European Society of Sa, dlology

eoperatioD

if PVL is related to endocarditis

if PVL causes haemolysis needing repeated blG%
Recommendation class I, Level of evid

art Disease




TREATMENT OPTIONS IN PERIVALVULAR LEAK
Leak
{ : ),
Endocarditis Mo endocarditis
[ I >
Severe |eak Moderate leak |
| W\
“ Mild leak I—I“
Hemodynamic e
instability ELIRE
Beta blockers
+
b
:: Redo operation Follow-up K=/

Eivat ToAU onuavtiko
n emeuPoon va dlevepyeital

piv 0 acBevng emidelvwBel
HA class IV

© 2004 Elsevier Lid - Cardioloey 2E, edited by Crawford, DiMarco and Paulus. All rights reserved.



PVL—Medical Management

aemolytic anaemia and PVL
; mdicated
those @ operation

medical therap
iron supplementation,
erythropoietin if haemolysi
beta-blockers (Reduction of the shé
Pendoxifylline (improving erythrocyte defol

* Golbasi et al. Acta Cardiol 2003, 58:379



PVL—=Surgical Management

| is currently
the gt t for:
severely s
those requiring B ent hemolysis

Delay of surgery may in

Genoni et al. E J Cardiothor Surg 2000; T7:14-19



Percentage of patients

PVL—Surgical Management

eductio
N

e mortality of 6%, it offers

nin symptoms

100 —e— Surgical
—a- Conservative \ u Cons.ervatwe
B Surgical

90 - 2]
€
o
®
80 - 2.
Q
]
o
70
Q@
o

60 - j

20% - \

5‘0 T T T T L T T .

0 1 2 3 4 5 6 7 0% - N
Years NYHA| NYHA Il HA Il NYHA IV
Fig. 4. Influence of therapeutic strategy on survival. Fig. 3. Comparison of pre-operative NYHA functional status belWha strategies.

Genoni et al. E J Cardiothor Surg 2000;

n surgical and mnscrval

114-19




for reoperation, while for 29 patients (21%; 12 aortic
(27%), 17 mitral (18%)) the correction was secondary

avalvular Ieaks, a currend Fase i i i as 6.6% (n = 9). There were no

which to compare these re
Methods: All patients w|
an aortic or mitral parg

s in 40 patients

flar leak unrelated e (5.1%), and hospital stay was >14da
S
val was 30 (CI

acute bacterial endocarg between 1986 and 2001 (29%). The 10-year Kaplan-Meier su
were identified fror computerized registry. B3
Hospital records were réviewed, and follow up data
obtained.

Results: A total of 136 consecutive patients (73 males,
63 females; mean age 64 years) underwent surgical
correction of a paravalvular leak. Of the valves, 44
(32%) were aortic and 92 (68%) mitral. More than one "
previous cardiac operation had been_r- : : reed\, S
patients (50%). In 107 Patients (79%; 32 aortic (73%), leak. \V/
75 mitral (82%)), the leak was the primary indication The Journal of Heart Valve Disease 2005;14:792-800




PVL — Surgical Management

results

\ Tnble 1V: Study operative procedure.

Leak repair |
Valve replacement |
Mechanical
Bioprosthetic
Other procedure
None
Other valve
Coronary grafting
Other

N7/
The Journal of Heart Valve Disease 2005;14:792-800



PV — Surgical Management

results

Table V: Operative results.

MVR Total
44) (n=92) (n = 136)
7 (7.6) 9(6.6)

N
Death
Complication

None 19 (43) 43 (47) h2 (46
Arrhythmias 13/(30) 23 (17)
Pneumonia 5(1H 15 (11)
Intubated >48 h 11 (12) 13 (10)
Pacer/ICD » 5(5) 12 (9)
Gastrointestinal 6 (14 4'(4) (?}
Re-exploration 2(4) 71(8) 9 (M
Renal failure 1(2) 7 (8)

Neurologic 1(2) 6 (6)

The Journal of Heart Valve Disease 2005;14:2-800



PV — Surgical Management
results

—&— Repair
- @ - Replacement

0 I i ! T ! t

Years

Figure 3: Actual freedom from repeat paravalvular leak.
B primary repair; O valve replacement.

The Journal of Heart Valve Disease 2005;14:2-800



Clinteal practice

aown risks for clinical
heoretical risks for
omplications,

endoce

It has bee
even mild paray
defined by total jet®
should be repaired

Morehead AJ et al . Ann Thorac S%



PVL—Percutaneous Closure

of PVL has only been the subject of
ould not be considered so far as a

P
iy

Needs TOE and fluroscopy

Under general anesthesia

Demanding and time consuming

Its effects on hemolysis are inconsistent.




PVL — Percutaneous Closure

Contraindications

egetation)

Thromb

Large defects

need more than 1 dev
movement

Failure to accurately visualize t
is also a predictor of failed percuta

ShapiraY et al . Cardiology in ReV 717:121

Hein et al . Eurolterv 2006;2:325



PVL — Percutaneous Closure

Future direction

Oromising

More versatile equip

Transcatheter AVR



PVL - Prevention

avalvular leakage following elective
itates a second pump-run

Vc

2% of

It might be preve
Routine use of intraopere
Meticulous eradication of an

Extensive mitral annular calcificatio
special techniques



e providingimedical ce
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