8102 ‘6T Anr uo 159nb Aq /610°s[eulno feye a419//:d1ny wioly papeojumoq

e e —P——————————————————————————————————————————————————————————————————

RADIOLOGY

Cineradiographic Evaluation of Prosthetic Cardiac Valves

By Avan F. Waite, M.D., RoBert E. Dinsmore, M.D.,

AND MORTIMER J. BuckLey, M.D.

SUMMARY

Forty-nine patients whose clinical symptoms suggested a leaking cardiac prosthetic valve were
studied by both cineradiography and angiocardiography. We found a wider range of tilting motion
of the nonleaking mitral valve than has been previously shown. An angle of tilt greater than 6° for
the prosthetic aortic valve strongly suggests separation of the prosthesis from its bed with a para-
valvular leak, while the angle of tilt suggestive of a paravalvular leak for a prosthetic mitral valve
is 12°. However, a tilt of less than these values does not entirely exclude the existence of a leak.
We strongly suggest that routine cineradiography be done in each patient shortly after surgery, as

a basis for comparison if the patient later develops a murmur or congestive heart failure.
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HE USE OF PROSTHETIC CARDIAC

VALVES has become commonplace. Occa-
sionally, these patients do poorly postoperatively as
a result of leaking around the prosthetic valve ring.
These paravalvular leaks are often difficult to detect
clinically® 2 3.+ Cineradiography has been used by
Bjork and Bjork® to study the motion of prosthetic
aortic valves, and by Gimenez et al’ to study
prosthetic aortic and prosthetic mitral valves. These
authors defined the range of angular tilting motion
for nonleaking valves, and pointed out that a
paravalvular leak can cause an increased tilting
motion. To date, these findings have not been
confirmed with angiography in most cases.

The present study was undertaken to evaluate the
usefulness of cineradiographic examinations of
prosthetic cardiac valves and to further define the
normal range of motion of these valves using a
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relatively large series of patients, all angiograph-
ically proven.

Materials and Methods

This series consists of analyses of cineradiographic
and angiographic studies of 49 patients with Starr-
Edwards prosthetic cardiac valves, examined between
1967 to 1970 in the Cardiac Catheterization Laboratory
of the Massachusetts General Hospital, for the clinical
suspicion of a leaking prosthetic valve.

Cineradiographic examinations were performed in left
anterior oblique, anteroposterior, and a right anterior
oblique projections with suspended respiration. A six-
inch image amplifier with 35 mm cineradiography was
used. The degree of tilt of the valve along its long axis
was measured on successive frames of the cineradio-
graphic film strip, when projected frame by frame.
(fig. 1-4)

The maximum degree of tilt in each of these three
projections was recorded (table 1). The largest of these
was recorded as the maximum tilt. No attemp: was
made to measure rotatory motion.

Left ventricular angiograms were performed in all
patients with mitral valve prostheses. Aortic root
aortograms were done in cases with aortic prostheses.
The severity of the parvalvular leak if present was
recorded in each case.

Results

The cineradiograms of 21 patients with prosthetic
aortic valves with angiographic evidence of a
paravalvular leak showed a range of tilt of 2° to
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Table 1

Tilting Motion of Prosthetic Cardiac Valves

Patients

Age Sex

Severity

Maximum Tilt

Patients Age-Sex Maximum Tilt

Aortic with Leak

RB 54-M 24 4° in LAO
MB 61-M 1+ 5°in RAO
wC 63-M 14+ 6°in AP
LC 66-F 1+ 5°in RAO
SD 53-F 1+ 4°in AP
LF 52-M 24 2°in RAO
JH 37-F 14+ 4° in RAO
TH 15-M 3+ 20° in AP
BL 61-M 1+ 10° in LAO
NL 67-M 2+ 4° in LAO
EM 50-M 1+ 7°in RAO
DM 49-M 3+ 4°in AP
MP 66-M 3+ 7°in RAO
MN 50-M 3+ 11°in RAO
RP 65-F 1+ 6° in RAO
SQ 66-F 1+ 3°in AP
HS 77-M 2+ 7°in LAO
IS-L 40-M 1+ 15° in RAO
RT 34-M 3+ 24° in RAO
GwW 63-M 3+ 7°in RAO
YG 50-F 1+ 3°in RAO
Mitral with Leak

EB 71-F 34 13°in AP
JD 38-F 2+ 18° in RAO
MK 52-M 3+ 6°in LAO
HM 53-F 1+ 5°in RAO
JR " 63-F 3+ 12°in LAO
FwW 54-F 3+ 19° in LAO
YG 50-F 14+ 23° in LAO
MF 67-F 3+ 16° in LAO
RW 62-M 2+ 21°in LAO

Aortic without Leak

BF 43-F 4° in AP

HM 63-F 4°in RAO

AP 55-M 6° in RAO & LAO
Ss 51-M 5°in RAO

JG 38-M 3°in LAO

HS 59-M 3°in LAO

HH 75-M 6°in AP

PE 46-M 2°in LAO

Mitral without Leak

B 50-F 8°in AP & LAO
JD 58-M 21° in LAO
LH 56-M 15° in RAO
HJ 44-F 5°in RAO
TK 76-M 10°in LAO
PL 62-M 9°in LAO
HL 65-F 7°in RAO
™ 46-M 11°in LAO
SS 51-M 6°in RAO
JW 49-M 6° in RAO
RS 59-M 10° in RAO
VB 45-M 17° in LAO

24°. The range of tilt shown in the cineradiograms
of eight patients with prosthetic aortic valves and
no evidence of a paravalvular leak was 2° to 6°
(fig. 5). _ o

The valve tilt of eight patients with prosthetic
mitral valves with evidence of paravalvular leakage
by angiocardiography ranged between 5° and 23°.
A range of 5° to 21° tiltage was shown in ten
patients with prosthetic mitral “valves and no
evidence of paravalvular leakage (fig. 6).

Discussion
Some patients do not show the expected improve-
ment in their cardiac status following prosthetic
valve replacement. A few of these patients do
poorly as a result of severe intrinsic myocardial
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disease.* Several complications may occur to the
prosthetic valve itself. There can be mechanical
damage to the ball, and actual extrusion of the ball
has been reported.®! There may be thrombus
formation on the outside of the cage; when
thrombus occurs on the inside of the cage it can
cause improper seating of the ball with a leak
through the valve ring.

This paper deals with the development of
paarvalvular leaks (i.e., leaks around the prosthetic
valve ring) caused by the anchoring sutures ripping
through the supporting structures.

A number of methods have been used to study
prosthetic valves, including ultrasound,? phonocar-
diography, fluoroscopy with or without spot films?
and cineradiography. Fluoroscopy without spot
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Figure 5

Scattergram of leaking and nonleaking prosthetic aortic
valves.

films is a very subjective method and is unreliable.
The rationale for cineradiographic study is that the
degree of tilt will tend to be greater than normal if
sutures have pulled through the supporting tissues,
with the intact sutures acting as a pivot point.
However, a paravalvular leak may occur in the
presence of normal degree of tilt if there is a
sufficient number of strategically placed intact
sutures, without a pivot point.

We have found aortic valve prostheses (fig. 5) to
be more stable than mitral prostheses with respect
to their normal range of motion.

The greater range of tilting motion of the
nonleaking prosthetic mitral valve is apparently due

PROSTHETIC AORTIC VALVES (29)
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Figure 6

Scattergram of leaking and nonleaking prosthetic mitral
valves.
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to at least two factors. First, the dynamic motion of
the mitral annulus itself is greater than similar
motion in the aortic root. Second, there is a greater
variability in the amount of tissue left by the
cardiac surgeon in the case of the mitral prosthesis
than in the case of the aortic prosthesis.

The range of angle of tilt of the nonleaking mitral
valves is about the same as for the leaking mitral
valves (fig. 6). However, most of the nonleakers
have a tilt of 11° or less. Six of the nine mitrals with
a tilt of 12° or more had a paravalvular leak. When
the mitral valve does leak, it is more consistently
abnormal than in the case of the aortic valve (fig. 5,
6). Thus the range is approximately the same for
leaking mitral valves and nonleaking mitral valves,
and a tilting motion of more than 12° suggests a
paravalvular leak may be present.

We recommend routine cineradiography after
prosthetic valve replacement has been performed.
Those patients who subsequently develop a mur-
mur or unexplained congestive failure should have
repeat cineradiography and the degree of tilting
motion compared. A change in the tilt between the
two examinations is more significant than the tilting
motion on a single examination.

Our normal range for aortic valves (up to 6°) is
in general agreement with previously published
values of up to 4°% and up to 9°%. In the case of
the mitral valve, however, we have found a broader
normal range than previous authors® who reported
up to 9% normal tilting motion. However, these
previously reported normal values were often based
on cases which clinically were felt not to be leaking.
In view of the general agreement! %3¢ that
paravalvular leaks are often difficult to detect
clinically, we believe that our series of all
angiographically confirmed cases provides a more
accurate standard for the normal tilting motion of
these valves.

References

1. AtTAR S, SaunbpeERs E, McLaucHLIN JS, ScHERLIs L,
CowrLEY RA: Prosthetic heart valve surgery. Evalua-
tion of early and late complications. Ann Thorac Surg
2: 52, 1966

2. GmMmEnEz JL, WiNTERs WL JR, DaviLa JC, ConNEL ],
Krein KS: Dynamics of Starr-Edwards ball valve
prosthesis: cinefluorographic and ultrasound study in
humans. Am ] Med Sci 250: 652, 1965

3. Kastor JA, AxBariaN M, Buckrey MJ, Dinsmoge RE,
Sanpers CA, ScanNeLL JG, AusTeEN WG: Paravalvu-
lar leaks and hemolytic anemia following insertion of
Starr-Edwards aortic and mitral valves. ] Thorac
Cardiovasc Surg 57: 279, 1968

Circulation, Volume XLVII, October 1973


http://circ.ahajournals.org/

8102 ‘6T Anr uo 159nb Aq /610°s[eulno feye a419//:d1ny wioly papeojumoq

RADIOLOGY

4. WHEAT MW ]JR, Linmart JW, BartLEy TD, TAvLor
W], Crevasse LE, GReen JR JRr: Aortic ball-valve
(Starr-Edwards) prostheses: A follow-up evaluation.
Ann Thorac Surg 2: 166, 1966

5. GiMenez JL, Souren RL, Davira JC: Prosthetic valve
detachment, its roentgenographic recognition. Am J
Roentgenol Radium Ther Nucl Med 103: 595, 1968

6 AsLaza SGG, Branco G, MarranHAO V, GoLbpBERG H:
Fatal extrusion of the ball from a Starr-Edwards

Crrculatson, Volume XLVII, October 1973

889

prosthetic aortic valve prosthesis: report of a case. ]
Thorac Cardiovasc Surg 50: 401, 1965

7. Cmak RJ, Dinsmore RE: A simple method of
recording and measuring prosthetic cardiac valve
motion. Radiology 98: 187, 1971

8. Bjork L, Bjork VO: Cineradiography in the post-
operative control of a Starr aortic valve prosthesis.
Thorax 21: 48, 1966


http://circ.ahajournals.org/

8T0Z ‘6T AInr uo 159nb Aq /Bio°sfeulno feye a419//:d1ny wioly papeo umoq

Associatione

' I ez American
QLm_u.l.aIJQD “ Heart

Cineradiographic Evaluation of Prosthetic Cardiac Valves
ALAN F. WHITE, ROBERT E. DINSMORE and MORTIMER J. BUCKLEY

Circulation. 1973;48:882-889

doi: 10.1161/01.CIR.48.4.882
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 1973 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the World
Wide Web at:
http://circ.ahajournal s.org/content/48/4/882

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published in
Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click Request
Permissions in the middle column of the Web page under Services. Further information about this processis available
in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints

Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournal s.org//subscriptions/



http://circ.ahajournals.org/content/48/4/882
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/



