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Abstract

The safety, findings and clinical usefulness of magnetic resonance (MR) imaging were assessed in
patients with a prosthetic carbon valve in the mitral position. In vitro deflection, heating and image distor-
tion due to the magnetic field of a 1.5 tesla MR machine were examined in three carbon valves
(CarboMedics, St. Jude Medical and Bjork-Shiley valves). In vivo MR imaging of the left ventricular
horizontal long-axis, vertical long-axis and short-axis views was performed by electrocardiographically
synchronized spin echo and field (gradient) echo techniques in eight patients with prosthetic mitral carbon
valves, consisting of six CarboMedics valves, one St. Jude Medical valve and one Bjork-Shiley valve. No
deflection and significant heating was seen in all three valves in vitro.

Although little image distortion was shown in the CarboMedics and St. Jude Medical valves, a small
distortion toward the frequency encoded direction was seen in the Bjork-Shiley valve but caused no diffi-
culty in assessing the surrounding images. Four of the eight patients had normal sinus rhythm and the
other four had atrial fibrillation. The prosthetic valves were depicted as signal voids in the images taken by
both spin echo and field echo techniques in vivo. Clear structural information with little image distortion
of the adjacent tissues of the prosthetic valves were obtained in all patients, although the image of the
Bjork-Shiley valve which contained stainless steel in the frame had a slightly stronger distortion than
those of the CarboMedics and St. Jude Medical valves which contained titanium. The stainless wire suture
material used to close the sternal incision was depicted as a signal void, and the areas of the signal loss
were larger in the images taken by the field echo technique than those by the spin echo technique. The
images taken by the spin echo technique in patients with atrial fibrillation had reduced quality due to the
irregularity of repetition time. Cine MR imaging by the field echo technique showed physiological mitral
regurgitant jets as signal loss within the flowing blood, which appeared as high signal intensity,
bidirectionally in the bileaflet mechanical valve and unidirectionally in the monoleaflet mechanical valve.
An abnormal cavity was seen behind the basal left ventricular myocardium in one patient with a
CarboMedics valve. The wall of the abnormal cavity was disrupted abruptly and the rest of the wall
consisted of pericardium and adjacent tissue in the image taken by the spin echo technique. The image
taken by the field echo technique showed an abnormal jet flow from the basal part of the left ventricular
cavity into the abnormal cavity, which was compatible with left ventricular pseudoaneurysm. Two-
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dimensional echocardiography and Doppler color flow mapping disclosed the abnormal cavity and the
abnormal flow inside, but failed to show the connection between the left ventricle and the cavity due to
reverberation of the ultrasound signal by the prosthetic valve.

These findings suggest that MR imaging is a safe and promising method to assess the complications and
valvular function in patients with a prosthetic carbon valve in the mitral position.
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Mitral regurgitation

Table1 Components of the prosthetic valves

Prosthetic valve Occluder Frame
CarboMedics Bileaflet Pyrolite carbon
Pyrolite carbon Titanium
20% tungsten PTFE sewing ring

St. Jude Medical Bileaflet

Pyrolite carbon

Pyrolite carbon
Dacron sewing ring

tungsten
Bjork-Shiley Pyrolite tilting Haynes® ring
carbon disc Teflon sewing ring

Haynes? =bulk-cobalt and chromium with some nickel tungsten, iron,
carbon, silicon, manganese, phosphorus and sulfur.

BL7:. BHC LB ATHORAAIE, ZFREfT SRR
BEAERL, EALRLI) v TEEEOLVWT T
AF v 7 HELITALARICKFEL DABAETDS
L, HLT2AOFmMEENAmEMEL, AIHEDBHL
TeXREDRTAEL, BRSSP LEEEL L TS0,
100, 118 (4"~ b 1) — AOER), 150, 200 cm DALE THl
%E L7 (Fig. 1).

BBRICEAL T, 5AKD100mlDY ) ¥ IHICER
BREAKTA% EREZMERL T, 1 RKEIFRE LTE
VW, BV AROFIZEATLHREI ) v TEHAL,
MR EAIC 24 REFERE LER L FARIC L THHERE
Tol, MBIYATFLALLTI, 3F¥ 200K
T 7 AN— %=L LHIREE 0.02°C DAY
= % — %! Fiber Optic Temperature Meter Z £ L, ZEiR,
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NHlE L7z, BRE¥ (radiofrequency : RF) 7SIV A1,
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msec, TI— FL—> 15[, mEERFK2H, <t
) v 7 A256X160, AT 4 AE 10mm, HEFRH 13
&) w2, ERCLIBREECOEZE LR
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Fig. 1 Apparatus to measure the deflection forces to the prosthetic valve (A) and the clip (B) by a 1.5 tesla magnetic field

The apparatus consisted of a wooden framework with a suspension device to which the prosthetic valve (white
arrowhead) and the plastic eraser (black arrowheads) were attached by threads. The amount of deflection was deter-
mined by the angle between the threads supporting the prosthetic valve and the plastic eraser, a nonferromagnetic
material showing the direction of gravity. The prosthetic valve showed no deflection (A) although strong deflection

was seen in the clip (B; black arrow).
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Fig. 2 In vitro magnetic resonance images of three pros-
thetic valves (first row : CarboMedics valve,
second row : St. Jude Medical valve, third
row : Bjork-Shiley valve) and the clip (fourth
row) in the 4% agar
Little distortion was seen in the CarboMedics and

FE
Sagittal

St. Jude Medical Valves. The Bjork-Shiley valve
showed a slight distortion in the frequency en-
coded direction.

First colum : slices without prosthetic valve (con-
trol; only agar) by spin echo technique.

Second colum : coronal slices of prosthetic valves
by the spin echo technique. The frequency en-
coded direction is horizontal.

Third colum : coronal slices of prosthetic valves
by the spin echo technique. The frequency en-
coded direction is vertical.

Fourth colum : sagittal slices of prosthetic valves
by the field echo technique.

CM =CarboMedics valve; SJM = St. Jude Medi-
cal valve; BS=Bjork-Shiley valve; SE=spin
echo technique; FE=field echo technique; FED
=frequency encoded direction; H=horizontal;
V =vertical.

Table 2 Subjects and clinical characteristics

Case Age Sex Prosthetic valve Valvular disease Rhythm

K.S. 65 M CarboMedics 27 mm MSR Sinus

U.Y-: 50 F CarboMedics 27 mm MSR + AR Atrial fibrillation
Y.M. 62 F CarboMedics 27 mm MSR+AR Sinus

Y.K. 56 F CarboMedics 27 mm MSR Atrial fibrillation
0.S. 73 F CarboMedics 27 mm MR Atrial fibrillation
N.A. 59 F CarboMedics 27 mm MR Sinus

TiC. 60 F St. Jude Medical 23 mm MSR Sinus

M.K. 62 F Bjork-Shiley 27 mm (M), 23 mm(A) MSR+ASR Atrial fibrillation

M=male; F=female; MSR=mitral stenosis and regurgitation;
position; A =arotic position; ASR=aortic stenosis and regurgitation.

D725, WD 021°C LR LTEY, FEwHEAEDZRE
BT FEZ 5N, CarboMedics FTdHIHFT
0.30°C (K} H8 0.25°C), FiiEER T 0.23°C (14 0.21°C) L
BL2H, \IRICEZAELRBIGZVWEEZILN
7o, —F, BMED 2 1) v 7 Tid0.43°C (33 0.21°C)

AR=aortic regurgitation, MR =mitral

regurgitation; M= mitral

DEADHALN, FHBELEL TS 022°CHL, FE
BhoizbEz b,
WEgEOEAIANTLRITFEEFT L LTHEBEIN
CarboMedics 7+, St. Jude Medical Ff TIIFR EFEA D
{, BRWTE ZTEEEHANIH S BEDEARD AL
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Fig. 3 Magnetic resonance imaging of a 62-year-old woman
with a CarboMedics prosthetic valve in the mitral po-
sition and sinus rhythm

A : taken by the spin echo technique.
the field echo technique.

Upper-left : horizontal long-axis view. Right : ver-
tical long-axis view. Lower-left : short-axis view.
The mechanical prosthetic valve in the mitral position
was depicted as a signal void by both spin echo and
field echo techniques. Adjacent tissues of the pros-
thetic valve were observed clearly and little distortion
of the image was seen. The field echo technique
showed bidirectional physiological mitral regurgitant
jets as signal losses within the flowing blood, which
appeared as high signal intensity. The area of signal
loss due to the stainless steel wire suture material used
to close the sternal incision was larger in the field echo
technique than in the spin echo technique.

White arrowheads : prosthetic valve. Black arrow-
heads : regurgitant jet. Arrows : signal loss due to
the stainless steel wire.

LA=left atrium; LV=left ventricle; RA=right
atrium. Other abbreviations as in Fig. 2, Table 2.

B : taken by

B8 4-12 mmHg L IEE#EBANTH -7z, EALHR
DAY Y TaA—EBI 74—V Fza—EIcBIF
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L O (% (Fig. 3-A—A&F) TH 5. ALFIIMEE
e LT S, ANTTHRE Ol & 3 B ¢l
BOEADIRERSN 57205, WET A Y —I
(HEREN IZEFPBRFEL T2, 71—V Fza—%
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Y.K. 56y. F
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THIZRIF Y BES IR SN/ (BERE). EEHIC
1, ALHFOME FERKICASND I CEEOHIR
REFIEEEO 7O —KL FELTALN (BX
BH), “IERTH B0, L ADLE 2 FHAIDMGATE
HEN. T, WEIAYT—OEBIIAE Y LO—
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LTz (HEED). LEMB)Z &50F9 % CarboMedics
FHITIE, A ¥ YT I—#(Fig.4-A) TR-RHELA
BV Thb7-0, BV ELEMIEHTLIILIZLS
EEOHHE Loz, —F, 74—V FTI—&

Fig. 4 Magnetic resonance imaging of a 56-year-old woman
with a CarboMedics prosthetic valve in the mitral po-
sition and atrial fibrillation

A : taken by the spin echo technique. B: taken by
the field echo technique.

Upper-left : horizontal long-axis view. Right : ver-
tical long-axis view. Lower-left : short-axis view.
The mechanical prosthetic valve in the mitral position
was depicted as a signal void by both spin echo and
field echo techniques. Reduced image quality due to
irregularity of the repetition time by atrial fibrillation
was seen in the spin echo technique. The image qual-
ity of the field echo technique was much better than
that of the spin echo technique because of the constant
repetition time. The field echo technique showed bidi-
rectional physiological small mitral regurgitant jets as
signal losses within the flowing blood, which ap-
peared as high signal intensity. The area of signal loss
due to the stainless steel wire suture material used to
close the sternal incision was larger by the field echo
technique than by the spin echo technique.
Abbreviations as in Fig. 2, Table 2 and explanation of
arrows as in Fig. 3.

(Fig. 4-B) T3 1) 3K LEF I A° R-R BIFR & B2\
DTAY Yy ITI— X )ERIIHETH - 7.

8 4E R IC 4K F (Carpentier-Edwards ) CTIETEFE £
i % 5\F, CarboMedics F+CHFAMr & N7z 1 HITIE,
A ¥ v Ta—ik (Figs. 5-A, B) CEZE FRIEH DK
ICRENE () DA SN, REHEOREIEP TR L
TH Y EBEHE), e FRAETEDN TV LETR
HKadbhiz, /-, 74—V FZIa—FICLEV %
MRI (Figs.5-C, D) T, IUEHAIC/EZFHBO N TFim &
DEEENIZY 2y PMROREAARDNAL I (B2
5E), LSl e gkrsn. BB LTI —FkIcT
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Fig.5 Magnetic resonance imaging in a patient with a CarboMedics prosthetic valve in the mitral position, sinus rhythm,
and a left ventricular pseudoaneurysm
A : taken by the spin echo technique, vertical long-axis view.
B : taken by the spin echo technique, short-axis view.
C: taken by the field echo technique, vertical long-axis view.
D : taken by the field echo technique, short-axis view.
An abnormal cavity was seen behind the basal posterior left ventricular myocardium. The wall of the abnormal cavity
was disrupted abruptly and the rest of the wall consisted of the pericardium and adjacent tissue in the image taken by
the spin echo technique. The image taken by the field echo technique showed an abnormal jet flow from the basal part
of the left ventricular cavity into the abnormal cavity. These findings were compatible with left ventricular
pseudoaneurysm.
Arrows : left ventricular pseudoaneurysm. Large black arrowhead : prosthetic valve. Small black arrowhead :
site of disruption of the left ventricular myocardium. Small white arrowhead : abnormal jet flow from the left
ventricle into the left ventricular pseudoaneurysm.
RV =right ventricle. Other abbreviations as in Fig. 3.
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TIEALFIIERES TEHEKHEH), £EEAICEEOAT
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BH). F7o, =R (REVWELDE) s Tw
2. METAY—ICLBEE - AEOEBFHEL,
Z) 74—V RFIZI—ETRED o772 (BEED.
Bjork-Shiley 761X & 15 & KEIR D Wl 7+ (& 3451

Fig. 6 Magnetic resonance imaging of a 60-year-old woman
with a St. Jude Medical prosthetic valve in the mitral
position and sinus rhythm

A : taken by the spin echo technique.
the field echo technique.

Upper-left : horizontal long-axis view. Right : ver-
tical long-axis view. Lower-left : short-axis view.
The mechanical prosthetic valve in the mitral position
was depicted as a signal void by both the spin echo and
field echo techniques. Adjacent tissues to the pros-
thetic valve were observed clearly and little distortion
of the image was seen. The field echo technique
showed bidirectional physiological mitral regurgitant
jets as signal losses within the flowing blood, which
appeared as high signal intensity. A tricuspid
regurgitant jet was also observed. The area of signal
loss caused by the stainless steel wire suture material
used to close the sternal incision was larger by the field
echo technique than that by the spin echo technique.
Abbreviations as in Fig. 2, Table 2 and explanation of
arrows as in Fig. 3.

B : taken by
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BMEMZECTEEZ ILERE= —LEF 2RO
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Fig. 7 Magnetic resonance imaging of a 62-year-old woman
with Bjork-Shiley prosthetic valves in the mitral and
aortic positions, and atrial fibrillation

A : taken by the spin echo technique. B : taken by
the field echo technique.

Upper-left : horizontal long-axis view. Right: ver-
tical long-axis view. Lower-left : short-axis view.
The mechanical prosthetic valves in the mitral and aor-
tic positions were depicted as a signal void by both the
spin echo and field echo techniques. Reduced image
quality of the echo technique was due to irregularity of
the repetition time caused by atrial fibrillation. Image
distortion of the surrounding tissue was slightly larger
than those of CarboMedics and St. Jude Medical
valves by both the spin echo and field echo techniques.
The field echo technique showed a unidirectional
physiological mitral regurgitant jet as a signal loss
within the flowing blood, which appeared as high sig-
nal intensity. The area of signal loss caused by the
stainless steel wire suture material used to close the
sternal incision was larger by the field echo technique
than by the spin echo technique.

White arrowheads : prosthetic valve. Large black
arrowheads : prosthetic aortic valve. Small black
arrow-heads : regugitant jet. Arrows : signal loss
caused by the stainless steel wire.

Abbreviations as in Fig. 2, Table 2.
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