Evaluation of Management Of
Prosthetic Mitral Valve Thrombosis

Thesis
Submitted for Partial Fulfillment of Master
Degree in Cardiothoracic Surgery

Presented by
Mohamed Abdel Basset Mohamed Abdel Rahman

Faculty of Medicine Ain Shams University, Bachelor of Medicine Bachelor of
Surgery (M.B.B.S.)

Prof. Dr. Mostafa Abdel-Azim Abdel-
Gawad

Professor of Cardiothoracic Surgery
Faculty of Medicine -Ain Shams University

Prof. Dr. Ayman Mahmoud Ammar

Assistant Professor of Cardiothoracic Surgery
Faculty of Medicine - Ain Shams University

Dr. Ahmed Ahmed Fouad Abdelwahab

Lecturer of Cardiothoracic Surgery
Faculty of Medicine - Ain Shams University

Faculty of Medicine
Ain Shams University
2019






Acknowledgment

First and foremost, I feel always indebted to ALLAH, the
Most Kind and Most Merciful.

I'd like to express my respectful thanks and profound
gratitude to Prof. Dr. Mostafa Abdel-Azim, Professor of
Cardiothoracic Surgery Faculty of Medicine -Ain Shams University

for his keen guidance, kind supervision, valuable advice and
continuous encouragement, which made possible the completion of

this work.

I am also delighted to express my deepest gratitude and
thanks to Prof. Dr. Ayman Mahmoud Anunar, Assistant

Professor of Cardiothoracic Surgery Faculty of Medicine - Ain
Shams University, for his kind care, continuous superuvision,
valuable instructions, constant help and great assistance throughout

this work.

I am deeply thankful to Dr. Aluned Aluned Fouad
Abdelwahab, Lecturer of Cardiothoracic Surgery Faculty of

Medicine - Ain Shams University, for his great help, active

participation and guidance.

And a special gratitude and appreciation goes to my kind
supportive wife for continuously having my back and raising my

spirit.

MOHAMED ABDEL BASSET



Title Page No.

LiSt 0f TablesS ...ccuviiiiiiicec e 5

List of Figures ....ccooooiiie e 7

List of ADDIeviations .......ccccccooiiiiiiii it 11

INtrOdUCEION ..o 1

AIm of the WOrK.......oooiiiiciii e 16
Review of Literature

» Prosthetic Heart Valves.........cocoociiiiicici e, 18

» Brief History of Artificial Heart Valves .............ccccevenneen. 34

» Heart Valve Fluid Mechanics............ccocevviiiiveciiie e, 43

» Anticoaglation in Prosthetic Heart Valves..........c.ccc......... 54

VA N £ 1 1 o N 66

» Complications of Mechanical Valve Replacement............. 88

* Diagnosis of Prosthetic Mitral Valve Thrombosis ............ 95

» Treatment of Prosthetic Mitral Valve Thrombosis......... 101

»  Prevention of Prosthetic Mitral Valve Thrombosis........ 113

* Redo Valve Surgery Nowadays..........ccocevvvrviiininiinivcienenn 123

* Problems Related to Redo Cardiac Surgery..................... 132

Patients and Methods ..........ccoceviiiiiiiii e 140

ReSULLS ..o 147

| T D E<TS (o) o N 189

SUIMNIMATY ...ttt ne e 203

CONCIUSION ..ot 206

Recommendations ........c.cccoceeiiiiiiiiii i 208

ReferenCesS ... s 210

Arabic SUMMATY ....ccooeeiiieeieeeeeeeeeeeeeeeeeeeeeeee e, —



CIntroduction &

Table No.

Table (1):

Table (2):
Table (3):

Table (4):

Table (5):

Table (6):
Table (7):

Table (8):

Table (9):

Table (10):
Table (11):

Table (12):

Table (13):
Table (14):

Table (15):

Table (16):

List of Galles

Title Page No.
Geometric Profiles of the Four Main Types
of Mechanical Valves............cccocoeeviniiiniiiiiiicen, 33
Comparison table for anticoagulants .................... 55
Factors Used for Shared Decision Making
About Type of Valve Prosthesis. ..........ccccocerrnennn. 65
Recommendations  for  Antithrombotic
Therapy for Patients With Prosthetic Heart
Valves (AHA 2017 Guidelines)..........c.ccoovvvvnverinnnne 78
The target INR values for prosthetic valve
patients on VKA ..., 80
Contraindications to Thrombolysis.............cce.... 105
Multiple preoperative risk factors and
relation to mortality. ..........ccooeviiiiiiiii, 148
NYHA: NewYork Heart Association, INR:
International Normalized Ratio ...........cc.ccovennen. 149
Multiple preoperative risk factors and
relation to mortality.(MVR: Mitral Valve
Replacement)........ccccocoviiiiiicciecee, 150

Echocardiographic findings of the patients. ....... 150
Multiple intraoperative risk factors and

relation to mortality. .........cocooiiiiiiiiie, 151
Multiple postoperative risk factors and
relation to mortality. ..........ccooeviiiiiii, 151
Gender relation to Mortality. .........ccccoovvvvriinnne 152
NYHA classification and Heart rhythm
relation to mortality. ..o, 153
Multiple preoperative risk factors and
relation to mortality. ..o, 155
Multiple preoperative risk factors and
percentage of patients...........cccccovininiiiiiiieen, 157

5



CIntroduction &

Table No.
Table (17):
Table (18):
Table (19):

Table (20):

Table (21):
Table (22):
Table (23):
Table (24):
Table (25):
Table (26):
Table (27):
Table (28):
Table (29):

Table (30):

Title Page No.
Multiple preoperative risk factors and
relation to mortality. ..........cccoeveviiiiiii, 159
Preoperative Echocardiography findings of
PAtIENES ..o 161
Multiple preoperative risk factors and
relation to mortality. ..........cccoeviviiiiiii, 162
Other preoperative and intraoperative
valvular lesions found in patients
echocardiography. ........cccccoovviiiiinnie, 165
Multiple intraoperative and postoperative
factors in relation to mortality............ccccoovvvnnnnn, 168
Multiple postoperative factors in relation to
mMortality. ..o, 169
Multiple preoperative factors in relation to
mMortality. ..o, 172
Multiple preoperative factors in relation to
mortality. ..o, 175
Multiple preoperative factors in relation to
MOTtality. .oooveieiii 176
Multiple preoperative echocardiography
factors in relation to mortality............ccccoovvivennnn, 180
Multiple preoperative and intraoperative
factors in relation to mortality............ccccoovvivnnnn, 181
Multiple preoperative and intraoperative
factors in relation to mortality...........c..coovevvennnn, 182
Multiple postoperative factors in relation to
mMortality. ..o, 184
Multiple postoperative risk factors in

relation to mortality .........c.ccoovviiiiiii, 187




CIntroduction &

Fig. No.

Figure (1):
Figure (2):
Figure (3):
Figure (4):

Figure (5):
Figure (6):

Figure (7):
Figure (8):

Figure (9):

Figure (10):
Figure (11):

Figure (12):

Figure (13):

Figure (14):

Title Page No.
St. Jude Medical mechanical heart valve............ 20
Medtronic Hall mitral valve............ccceeeevecniniaii.n. 21
Starr -Edwards Silastic ball valve mitral........... 22

A. Carpentier-Edwards Duralex mitral
bioprosthesis (porcine), B. The Hancock
M.O. II aortic bioprosthesis (porcine), C.
stented pericardial bioprosthesis...........cc.cccevenee. 24

Stentless porcine bioprosthesis .............cc.cccceeven.. 25

(A) Percutaneous bioprosthesis expanded
over a balloon (Edwards Sapien), (B)

Self-expandable percutaneous

bioprosthesis (CoreValve)...........cccocvvviivivcienennnn, 26
On-X mechanical mitral valve prosthesis........... 29
The top (A) and side (B) photograph of

the 16-mm ATS-AP valve ..o, 30
Carbomedics valve with the flow surface ........... 31
Sorin—Bicarbon valve ..........cccccocoevvieniiiiiniieen 32

Evolution of prosthetic Heart Valves over

Schematic of a bileaflet mechanical heart
valve implanted in the aortic position
during the leakage flow phase............c.ccccevvrnnnen. 44

Algorithm fopr evaluating suspected
warfarin resSiStance. .....oocoeeeeeeeeeee e, 72

(A) Transesophageal echocardiography
(TEE) showing preoperative paravalvular
leak (PVL). (B) TEE showing
postoperative PVL. ..., 93




CIntroduction &

Fig. No.

Title Page No.

Figure (15):

Figure (16):

Figure (17):
Figure (18):

Figure (19):

Figure (20):
Figure (21):

Figure (22):

Figure (23):

Figure (24):
Figure (25):

Figure (26):
Figure (27):

Figure (28):

An 84-year-old woman with a history of a
mechanical mitral valve transesophageal
echocardiography (TEE) images reveal a

billiard-ball-looking mass A..........c.cccceovirennennen. 98
Preoperative fluoroscopy images
demonstrating  bi-leaflet = mechanical
mitral prosthetic valve with mobile
posterior and fixed anterior leaflets................... 100
Intraoperative images.........c.cccoceverenininiiniininennn, 102
Treatment algorithm for patients with
prosthetic valve thrombosis...........c..ccccvevveiennnnn, 111
Anticoagulation algorithm for women
with valve prosthesis desiring pregnancy ........ 122
Percentage of male and female patients........... 156
Distribution of patients according to
Habitat.........ccooviiiiiiiiccecc e, 156
Percentage of Diabetic, hypertensive and
CEKD patients.......ccccoeeieieiiienieeneseeseseeee 157
Percentage  of previous  CVA,
preoperative endocarditis and
preoperative congestive heart failure
PALIENES ..o 158
Classification of patients according to
postoperative counseling. ............c..ccoovveveieiieiennn, 160
Percentage of patients having multiple
preoperative risk factors...........cccoovvviiviiiienenn, 160
NYHA classification of patients..........c..cccoennnnne. 161
Other preoperative valvular lesions found
in patients echocardiography. ........c.cccccooovnnnne. 163

Other preoperative valvular lesions types
found in patients echocardiography................... 163

8



CIntroduction &

Fig. No.

Title Page No.

Figure (29):

Figure (30):

Figure (31):

Figure (32):
Figure (33):

Figure (34):

Figure (35):
Figure (36):

Figure (37):
Figure (38):
Figure (39):

Figure (40):
Figure (41):
Figure (42):
Figure (43):

Figure (44):

Preoperative Abnormal labs of study
PAtIENTS. .cviiiiice 164

Percentage of associated surgeries done ,
pregnant female patients and fetal life

VIADIIEY. oo 166
Fate of pregnancy among pregnant
female patients. .......cc.ccooceiiiiiiin, 166
Cardioplegia type among study patients. ......... 167
Cardioplegia temperature among study
PAtIENES. ..o 167
Multiple postoperative factors in relation
to mortality. ..o, 170
Patients status at discharge.............cccevvvnnnn, 170
Primary cause of death among mortality
PALIENTS. .viiiiicic e 171
Age of patients in relation to mortality............. 173
Patients gender in relation to mortality. .......... 173
Multiple preoperative factors in relation
to mortality. ........ccoovvviiiii 174
Multiple preoperative factors in relation
to mortality. ..o, 175
NYHA classification of patients in

relation to mortality ..o, 177

Preoperative Anticoagulation of patients
in relation to mortality..........cccooooiiiiniinnn, 177

Counseling of patients after first MVR
and relation to mortality. .........c.ccocoviiiiinnn, 178

Preoperative Heart Rhythm and relation
to mortality. ........ccoovviiiiiii 178




CIntroduction &

Fig. No. Title Page No.
Figure (45): Multiple preoperative factors in relation

to mortality.........cccoeiviiiii 179
Figure (46): Preoperative Ejection fraction in relation

to mortality. ......ccooooieiiii 180
Figure (47): Cardioplegia Temperature in relation to

mortality........cccooviiiiii 183
Figure (48): Multiple preoperative and intraoperative

factors in relation to mortality............ccccocenenne. 183
Figure (49): Post operative ICU hours in relation to

MOTtality. ..o, 185
Figure (50): Post operative ventilation amount in

relation to mortality. ..o, 185

Figure (51): Post operative Cardiac support hours in
relation to mortality. .......cccccooviiiiiiiiiiiiin, 186

Figure (52): Post operative blood loss amount in
relation to mortality. .......cccccoooiiiiiiiiiiiiin, 186

Figure (53): Multiple postoperative risk factors in
relation to mortality. .......cccccooooiiiiiiiiiin, 188

Figure (54): Postoperative Ejection fraction in
relation to mortality. ..o, 188

10



CIntroduction &

Abb. Full ferm

ACE.....cccceeeeee. Angiotensin-converting enzyme

ACS..ccoeeeeeeiis Acute coronary syndrome

AF ... Atrial fibrillation

APSAC................ Anistreplase (anisoylated plasminogen
streptokinase activator complex

aPTT ..o Activated partial thromboplastin time

AT ... Antithrombin III

AVR.........ccc... Aortic valve replacement

AVR.....ccoeee. Aortic valve replacement

CKD.....coovvvvvennen. Chronic kidney disease

COR....ccovvveeene Class of recommendation

CPB.....oveeeeeen. Cardiopulmonary bypass

DTIS ..o Direct thrombin inhibitors

ECMO................. Extracorporeal membrane oxygenation

ECT....cccovivieeen. Ecarin clotting time

ED....cccvve Emergency departments

FDA.....ccoos Food and Drug Administration

| Fresh frozen plasma

HIT.................... Heparin-induced thrombocytopenia

INR oot International normalized ratio

IV Intravenous

LA s Left atrial

| D L Limited data

LMWH................ Low Molecular Weight Heparin

LOE.......ccoveuenn.n. Level of evidence

LV Left ventricle

MVR....ccooovvvrenen. Mitral valve replacement

NACS...eeeerrrennns Novel anticoagulants

NOPVT ............... Non-obstructive prosthetic valve thrombosis

11



CIntroduction &

.....................

....................

.....................

Nonrandomized

New York Heart Association
Obstructive prosthetic valve thrombosis
Prothrombin complex concentrate

Oral administration

Pro-thrombin time

Pro-thrombin time

Prosthetic valve endocarditis

Prosthetic valve thrombosis
Randomized

Right anterior oblique

Recombinant factor VIIa

St. Jude Medical

Streptokinase

Tranexamic acid

Transcatheter aortic valve implantation
Transcatheter aortic valve replacement
Thromboembolism

Transesophageal echocardiography
Thrombin time

Transthoracic Echocardiography
Unfractionated heparin

Unfractionated heparin

Urokinase

Vitamin K antagonist

Vitamin K1, 2,3- epoxide reductase complex

Vitamin K1 2,3-epoxide reductase complex,
subunit 1

Venous thromboembolisms

12



CIntroduction &

Abstract

Background: Recent decades showed steady increase in
the number of cases referred for redo cardiac surgery,
which are associated with increased risk of morbidity and
mortality compared to the first-time operations. We aimed
to investigate the risk factors for hospital mortality and
morbidity in patients who underwent mitral valve
replacements for previous mechanical mitral valve
thrombosis.

Methodolgy: Fifty patients underwent the study from Jan.
2014 till Dec. 2017 at Cardiothoracic Department, Ain
Shams  University.  Preoperative, operative, and
postoperative data were analyzed and evaluated for risk
factors affecting hospital mortality and morbidity.

Results: The hospital mortality was 22%. New York Heart
Association functional class, pulmonary hypertension,
preoperative ejection Fraction, postoperative neurological
event, total bypass time, cross clamp time, and
postoperative counseling regarding anticoagulation were
found to be the most important risk factors for hospital
mortality.

Conclusion: Once significant valve dysfunction is first
noted, re-operation should be undertaken to minimize
operative risk to avoid mortality and post operative
morbidities. Also, The best way to avoid morality and
morbidity associated with valve thrombosis, is to avoid it
happening in the first place. This can occur by improved
patient education and follow up, making PT test affordable
and following up the results.

Key words: mechanical valve, mitral, redo operation,
functional class
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INTRODUCTION

All foreign bodies (including PVs) implanted within the
human cardiovascular system are thrombogenic, potentially
implying the need for short-or long-term anticoagulation to
prevent thrombosis, which can lead to disabling or fatal stroke.
PV thrombosis is a pathological entity characterized by
thrombus formation on the prosthetic structures, with
subsequent PV dysfunction with or without thromboembolism
(TE) V.

PV dysfunction is a complication of mechanical or
biological prostheses, which can cause reduced leaflet motion
or impaired leaflet coaptation, leaflet thickening, reduced or
increased effective prosthesis orifice area (leading to either
stenosis or insufficiency as the primary valve defect,
respectively), increased transvalvular gradient or transvalvular
regurgitation, with or without development of valve-related
symptoms .

The risk of PV thrombosis and TE events is higher with
MHVs than with BHVSs, higher for PVs implanted in the mitral
position versus the aortic position and higher for right-sided
PVs than left-sided PVs .

The annual rate of PV thrombosis with MHVs ranges
from 0.1% to 5.7%, with higher rates observed with specific
valve types, in the early perioperative period, with MHVs
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implanted in the mitral and tricuspid position, and in
association with sub therapeutic anticoagulation .

Certain degrees of thrombosis are commonly observed in
patients with fibrotic pannus ingrowth, prosthesis degeneration,
or prosthesis endocarditis .

Patients with PV dysfunction with or without thrombosis
may present with progressive dyspnea and signs of heart failure
or systemic embolization. Alternatively, PV thrombosis may be
an incidental finding at the time of echocardiographic follow-
up .

PV dysfunction should be suspected in patients with
symptoms of acute or sub-acute onset associated with an
increase in transprosthetic gradient compared with the last
echocardiographic follow-up .
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