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Percutaneous mitral vaivulgplasty is a promising new technique
for the treatment of mitral stenasis, with a relatively low compli-
ulion rate reported to date. To assess the sequelae of this
» Doppler studies were prospeclively
pertomed before and after percutanevtis mitral valvuloplasly ina
series of 172 patients (myean age 53 = 17 years). After balloon
dilation, mitral valve area increased from 0.9 % 0.3 to 2 £ 9.8 cm®
{p < 0.0001), mean gradient decreased from 16 = 6 to 6 2
3 mm Hg (p < 0.0001) and mean left atrial pressure decreased
from 24 = 7 to 14 = 6 mm Hg (p < 0.0001}.
Althoogh most patiewts were symptomadically improved, six
%) were identified who Iud unuﬂlll sequelae evident on Dapp-

ping (n = 1); asymptomatic reprare of the chordae tendineae
atiacied lo the anterior mitral valve leaflet with systolic snterior
matien of the ruptured chordae into the left sentricular putflaw
fract (r = 1); a double-orifice mitral valve (n = I); and evidence
of a tear [n the anterior eitral valve leafiet (a = 3). producing on
both pulsed Doppler ultrasound and coior Row mapping » second
distrete jet of mitral regurgitation in oddition fo regurpitation
throwgh the main mitral valv2 orifice. A" six patients made 2
satisfactory recovery and none has required mitral valve replace-
ment.

1n a small percent of cises, percuianeons mitral valvuloplasty
may produce unusual disroption of the mitral valve and support-

ly alter p
cus mitral valvulopl-sty. These included rupl-e ofa posterior
mitral valve leaflet, producing a Mal distal lexfiet portion with
severz mitral regurgitation detected on Dappler color Slow map-

ing that may be readily detected by Doppler echacar-
diographic studies.
{f Am Coll Cardiol 1992;19:186-91)

P

mitral valvulopl is 2 pmm:smg new non-
surglcal approach to the management of patients with theu-
natic mitral stenosis, with several early reports (-6} of

signiﬁ::aul impl after this procedure. A number of
di i of this technique have been de-
scnbed (2.3). including thromboembulic episodes (2.6.7).

d mitral (2.3,5-8), plete heart
block {2.6.7) and left to right shunting through an atrial septal
defect (2.3.6.7.9).

From the Cardiac Urit, Departmem of Medicine. Massachusetts General
Hospilal aad Harvard Medical School. Boston, Massachusetts and *Depart-
[

Two-dimensional and Doppler echocardiography have

buen found 10 be of great importance in selecting natients for

mitral val lasty (6,10-12); these tech-

mqucs aid in the identification of exclusion factors such as

left avrias throinhus (2), the assessment of the postprocedural

result {5,10-12) and the long-term follow-up assessment of
the outcome of this technique (7,13).

To date, there have been no repotts of uavsuai compli-
cations in patients after dilation of a stenotic milral valve,
such as rupture of chordae tendineae or tearing of mitral
leaflets. This report describes the Daoppler echocardio-
graphic findings in a series of enusual complicatiuns of
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mitral vatvuloplasty in a consecutive group of
pauems undergoing the procedure.

Methods

Study patients. Between Movember 1985 and May 1988,
172 patients (141 female, 31 ruale) with severc mitral stenosis
underwent pereutaneous mitral valvuloplasty by the antero-
grade transseplal appraach in alt cases {2), The mean age of
the study patients was 53 years (range 13 10 87): 101 patiems
597} had simus rhythm before vahvaloplasty and 71 (41%)
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had atrial fibrillation. Twemy-two percent of patients had
symptoms of New York Hearl Association functional class
IV, 62% had class 11l symptoms, 135 had class 1 symptoms
and 3% were in clas. [ Twonly potients (12%) had a
previous surgical commissurolomy. kn the first 28 patients in
this serigs the procedure was performed with the single-
balloon technique; thereafter. the double-kalloon dilating
technique was used.

Mitral valvuloplasty, All patients underwent percutane.
ous mitrab valvuloplasty by the uze of eitlier single- or
doubie-balloon-dilating techniques, using effective ballcan-
dilating areas determined by gevretric analysis and normal-
ized for body surface area, as previously described (6).
Before and after valvuloptasty, right and lef: heart pressures
and cardiac output were measured, Cardiac output was
determined by thermodilution in most patients, but when
tricuspid regurgitation was present or an atrial septal defect
detected by a step-up in oxygen saturation (>8% step-up
from mixed venous sample to pulmonary artery sample), the
Fick method was used. Mitral valve arca was calculated by
the Gorlin fonnula (14).

Doweh - ination, Two-dimemsional
and Doppler echoca:dmgmphm examinations were performed
before and <24 h after p mitra fasty. All

studies were performed by one of three experienced operators.
In most patients, two-dimensional images, pulsed Doppler and
color flow mapping studies were performed with a Hewleut-
Packard T7020A ulirusound imager equipped with a 2.5-MHz
phased array transducer. An Advanced Technology Laborato-
ries MK 600 ultrasound imager equipped with a 3-MHz me-
charnical transducer was used for some sidies earlier in the
series; in thess instances, color ﬂnw mapping was adde with
the Hewlett-Packard machi possible. Coati
wave Doppler data were chtnined cnher with a 1.9-MHz

ing transducer © d 10 u Hewlelt-Packard im-
ager, a duplex 1.92.5-MHz imagipg transducer or an Irex
Exeinplar imager cquipped with a 32-MHz imaging trans-
ducer.

In each study. standard echocardiographic images were
obtained in the parasternal long- and short-axis views and
the apical four.chamber, twa-chamber and long-axis views.
In ali views, mehculuns cere was taken lo scan the mitral
valve and sul ly for evidence of
any pathologic dlsrupuln With lhe use of pulsed Doppler
ultrasound and color flow mapping, the patterns of mitral
regurgitation were evaluated i all views and the presence of
milral regurgitation was defined as a high vefogity systolic
jet, extending from the mitral valve back into the left atrivm.
‘The Doppler sample velume was moved carefully and pro-
gressively throughout the entire left atrium to identify the
maximal spatial extent of the regurgitant jet {15). All tvo-
dimensional images and pulsed Doppler and color flow

ing studies were ded on 0.5-in. (1.27-m) video-
tape, allowing for subsequent frame by frame analysis.
Continuous wave Dappler data were recorded on paper at a
speed of 106 mm/s.
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An echacardiographle scorlng systen based on morpho-
log| c chamctc ristics of the mitral valve {mobility, thickening,
and suby far thich (8,10,12) was ap-

plied so all subjects in this series heior" sercmaneous mitral
val=vloplasty was perfi

.

before and aiter per-
cutaneous mitral valvuloplasty were compared by using the
Student's paired / test for parametric data and the Wilcoxon
signed-rank test for nonparametric data. Differences with
p values <0.05 were considered sigaificant. All results are
expressed us mean valies = SEM.

Resuits

In the averall group of 172 patients, balloon dilation of the
mitral valve resulted in an increase i mitral valve area from
0.9 £ 03102 + 0.8 em® (<0.0001), 2 decrease in mean
rransmitral gradient from 16 + 6to 6 = 3 mm Hg (p <0.0001)
and a decrease in mean left atrial preszure from 24 = 7 to
i4 + 6 mm Hg (p < 0.0001).

Six patients in this series had unusual sequelae evident on
the Doppler echocardi hic study p d within 24 h
at p mitral valvuloplasty. Details of these pa-
uents hemodynamic data are listed in Tahle 1. The following
sequelae were observed.

Case Reports

Case 1: partial rupture of di<!sl porfion of posierior nitral
valve beaflet (Fig. 1), A 28-year old woman underwant per-
cutaneous mitral valvitoplasty by the double-balloon tech-
nique. She was in sirus rhythm, had symptonats of functional
<lass [11. an echocardiographic score of 8 and no prior mitral
valve surgery, After p mitra) valvuloplasty, the
itral valve area (assessed by the Gorlin formula) increased
frem 0.7 1o 2.5 cm® and the mean transmitral gradient
decreased from 19 to | mm He. Although she had no mitra
rngurguamm heime the procedure, severe mitral regurgi

tion 1 diately after the procedure and pro-
gressed to pulmonary
Daoppler and two-di I ech di ic exami-

nation at this time demonstrated the presence of partial
rupture of the distal portion of the posterior mitral valve
leaflet, with a flail portion of the posterior leaflet evident on
the atrial side of the coapted mitral valve leaflets at the onsct
ef systole (Fig. 1). Doppler color flow mapping showed
severe mitral regurgitation, Dut the patient was managed
conservatively and made a sansfsmnfy recovery over the
ensuing 24 h, She d well th in fu l class
11 and has requised no farther intervention.

Case 2: double-grifice mitral valve (Fig, 2). A 58-year old
woman underwent percutancous mitral valvuloplasty by the
single-balloon technigue. She had atrial fibrillation, was in
Tunctional class 11 and had an echocardiographic score of 9.
She had no prior mitral valve surgery. As a result of the
procedure, the mitral valve area increased from 1.4 to
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Table 1. Summory ef Six Casey of Posivalvulop!asty Complications
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NYHA Mean
Fuctionsl  Gradien! MVA
* ho Nu.of Sequels
- Class i Hg) @'t MRGrafe ;‘m Prir o, o
Ne. Gendcl Rhylkm Pre  Post Pre Fast Pre Post Pre Post (Deo |6l Commissurciomy Used Valvidoplasty
I BF SR m n 15 1 07 25 L] 4 3 No ? Rupture of posterior
leafiet
2 S8F AF o 15 B 14 22 a ! 9 No 1 Dauble-orifice mitral
valve
3 4IF AF a3 4 5 09 2 n 1 7 Yes 2 Ruptured chordae
4 $8F SR i 1 33 4 37 24 ” ' [} Yes 2 Two jets of MR
5 WM SR noo1 W4 as 25w 1 ) Yes 2 Tom jers of MR
[ ALF SR 1] [ 1% I I K] 1 b E) Yes ? Two jets of MR

AF = atrial fibrillalion; Fcho = echocardiographic: F = female: M =
Assuciation; ost =

2.2 em?, the mean transmitral gradient decreased from 15 to
6 mm Hg and mitd mitral regurgitation developed. Although
Doppler echocardiographic studies performed before valvu-
loplasty showed an eccentric mitral valve orifice, a repeat
study performed 24 h after the procedure rcvealed an un-
usual appearance suggestive of a double-orifice mitral valve
{Fig. 2). Subsequently, as a result of symptoms, the patient
underwent repeat valvuloplasty with the double-balloon
technique, after whicii the double-otifice valve was no Ionger
present. Thereafter. she d considerably i
symptomatically in functional class I1.

Case 3: rupture of cherdse tendineae (Fig. 3). A 4].y2ar
old woman undaiwent percatancous mitral vaivuloplasty by
the doble-balleen technigue. having had functional ciass [1]
symptoms for some time. She had atrial fibriliation, an
echocardiographic scor¢ of 7 and & prior milcal surgical
commissurotemy. As a result of percutaneous mitral valvu-
lopiasty, mitral valve area (by the Gonlin formula) increased
from 0.9 10 2 cm?, the mean rransmitral gradient decreased
from i4 to 3 mm Hg and mild angiographic miteal regurgita-
tion devetoped {she had had no regurgitation before valvu-
loplasty).

On the next day, the patiest was asymplomatic, but a
Doppler echocardingraphic study Jed a mobile, thick-
enad rupturcd cherda lendinea aitacked 1o the anterior
mitral leaflet, with systelic anterior motion of the ruptured
chorda into the ieft venricutar outflow tract {(Fig. 3). There

male; MR = milral regurgitation: MVA = milral valve avea; NYHA - New York Heart
after mitral balloon vakvuloptasty; Pre = before mitsal balloon valvuloplasty: Pt = patient: SR = sinus thyth.

was fo ¢vid of quent leit oiilfiew tract
ohstruction on Doppler studies. No further intervention was
required and the patiemt has remaiied asymptomatic in
functional class 1.

Cases 4 to € two distinet jets of mitral regurgilation (Fig.
4). Three patients {Cases 4 10 6) underwent percutaneous
mitral vabvuloplasty by the Jlouble-bzHoon iechnique with a
satisfactory improvement in mitral valve area and transmi-
tral gradicnt after the pracedurc (Table 1). All three patienis
had a prior surgical mitral commissurolomy and al} had sinus
rhythm. The balloon dilation procedure was uneventful in all
three patierts, wilh none noticing any deterioration in symp-
toms after the procedure. However, a Doppler echocardio-
graphic siudy performud 24 h later demonstrated in each
case two distinct jets of mitrat regtirgitation on botk pulsed
Doppler study and color Row mapping, These consisted of
one Tegurgitant jel emanating from the main mitral valve
orifice al the notmal site of coaptation and 2 second discrete
regurgitant jet that appeared to arisc from the basal portion
of the anterior mitral leaflet close 1o the mital anulus (Fig.
4). The latter regurgitant jet was consistest with a tear or
fenestration in the body of the anterior mitral leaflet and wag
not suggestive vt disruption of the mitral anulus. Because
afier the procedure all three patients remained clinically
siable and in functional class 1, no further intervention was

RECTESATY.

Figure 1, Patien 1. Apical foue-chamber view,
with explanatery diagram showing a fiail por-
tion of the posterior mitral valve leaflet
(PVML) on the atriai side of the ccaptation
during systole. This appearance was assci-
ated with severe mitral regurgitation on Dop-
pler color flow mapping. AMVL = anterinr
mitral valve leaflet; Ta left atrinm; LV =
1eft ventricle; R = right atrium: RY = right
ventricle.
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Figwre 2. Patien! L. Parasternal short-axis
view of the mitral valve leafiets with ex-
planatory diagram showing a doub'e miteal
valve orifice configuration (MVO! after
perculaneous milral valvuloplasty. This
cenfiguration changed to that of a single
orifice alter 2 second balloen dilation pro-
cedure.

Discussion

Percutaneous mitra) vaivaloptasty is being increasingly
wiilized as an alternative approach 10 the surgical reaimem
of patients with mitral stenosis, Several studies (1-6) have
now deseribed favarahle results with this technique and Inue
reported a small incid of predictahl
including complete heart biock (2 Th. =it (o nghl shunting
through an atrial septal defect (2,3,6,7,9), thrombuembolic
episodes {2,6,7). pericardial amponade (6,7.16) and in-
creased mitral ¢ jtation (2.3.5-8), Combined two-
dimensiosial and Doppler echocardiography provide an ex-
cellent neninvasive method for evaluating the structure and
function of the mitral valve apparatus before and after
percutancods miiral valvuloplasty and thus has the ability to
detect other unusual or clinically unsuspected complications

Figure 3. Pauient 3. Parasternal long-axis view demonsirating a
thickened ruptured chorda tendinea (chord) freely mobile in the left
ventriculor cavity (LV) in diastole and moving anteriorly intothe left
ventricular outflow tract in systobe. This chordal structurs was never
secit 1o prolapse into the left atrium (LA) and was nol associated
with significam mitral regurgitation or outflow tract obstrection.
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of the procedere. This repori describes four such complica-
tions, affecting six patients in a large consecutive series.
The process of theumatic mitral stenosis involves com-
missural fusion, with some degree of thickening and tether-
ing of the leafler tips and the subvalvular apparatus. As the
disease process becomes more severe, marked leaflet thick-
ening, calcification, immobitity and chordal thickening and
shortening can occur. Thus. in the seiting of severe mitral
stenasis, mechanical ditation of the valve orifice by enhel
surgical or per batloon techni has a
nsk of pmducm; tears and even complete rupture of the
eaflets and apparatus. Although open
surgical commlssummmy allows dn‘ecl mspecuon and
of such 1 the of closed

+

Figure 4. Patient 4. Apical four-chamber view from a Doppler color
flow mapping study, showing two discrete jets of mitral regurgitation
(MR) zfter percutancoss mitral valvuloplasty. One jet arises from
the main onifice; the second jet originates from tie basal portic~ of
the anterior mitral leaflet close to the mitral anulus. Other abbievi-
ations as in Figure L
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surgical mitral i and p balloon
mitral valvuioplasty do not have this advantage and hence
require eithcr clinical signs or other imaging modalities such
as Doppler echosardiography to assess the result of inter-
vention. [Uis noteworthy that in the current series, fve of the
six patients described were clinicatly stable after percutane-
ous mitral valvuloplasty and thus the unusual complications
described would pr bly have ined und d had
the patieats not undergone a routine Doppler echocardio-
graphic study within 24 h of the procedure,

Mechanisms of the Complications

Several possibl h can be
unusual complications descibed in this report.

FParlial ruphure of the disiad portion of the mitral valve
feaflet. With the rheumalic thickening of the mitral valve
feaflets, i1 is possible that the balloon inflation precedure
may leail to disruption and tearing of portions of either the
anterior or the posterior mitral Ivafiet. Such a rupture may be
a function of balicon size or, in particular, the ratio of
balloon size to specific patient variables such as body
surface area and mitrat anulus diameter. In one recent study
{17) in a canine mode! of surgically created mitral stenosis,
tearing of the mitral leaflets was commonly induced by
inflation of relatively oversized balloons. In our Patient |, o
relatively Ir 2ge ranio of balloon-dilating area to bedy susface
area {ratio -,1) was utilized, whereas more recent practice in
our institution is 10 select balloon size so as to prodece a
ratio of about 1.5. This practice is based on data suggesting
that the Jatter ratio produces an oplimal increase in mitral
valve area without leadieg to a significant increase in mitral
regurgitation {6).

Although Patient 1 rapidly developed the clinical findings
of acute pulmonary edema that usually reqm#' an urgcm

d for the

milral valve ian or rep;
very weil to cnnservmve medncal therapy and surglcal inter-
vention was she has tolerated the in-

creased mitral regurgitation sau;factun\y during follow-up ob-
servations of >2 years. This case illustrates that although
mcrcased mitral regurgitation occurs ina proportion of patients

d mitral loplasty (2,3.5,68), it is
unusval to require urgent mitral valve surgery in lhls senmg,
even in relatively severe cases such as the one di
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and posterior leaflets between the two “orifices,” allowing
casy separation with repeat balloon inflation.

Rupture of chordae terdinese. In a similar manner to
mi\ral leaflet rupwure, the presence of thickened matted

di may pr di to chordal rupture, de-
pending on the precise position of the inflating ballcons in
relation to such chordae. Paticnt 3 also had a prior surgical
mitral commissurolomy, raisig the possibility of additional
searring of the mitral valve leaflets and subvalvular appara-
ws ieading ta an increased propeasity to chordal rupture.
However, a recent serics reporied from our institution (5) of
M paticnls who underwent percitancous mitral valvuls-
plasiy afler a prior mitral commissurotemy <ontained no
cases of chordai rupure so this explanation would not
appear 10 apply in most cases. Although the patient re-
mained asymp ic after ¢ milral valvule-
plasty, the echocardiographic appearance on the day afier
the procedure was remarkable for a flail, thickened chordal
mass moving freely in the lefl ventricular cavity and in
systole moving up into the lefi ventricular outflow tract,
There was no evidence of left ventricular outflow tract
obstruction from this mobile wass, however, and only mild
mitral regurgitation. Again, in the setting of stenotic mitral
leaftens, as in this case, it is notable that chordal rupture may
be associated with no significant clinical deterioration, pos-
sibly as a result of the thickened leaflets not allowing a
significant amount of regurgitation (as opposed 1o the sitva-
tion wish normal leaflets. in which chordal rupture frequently
leads 10 severe mitral regurgitation).

Three distinct jets of mkral regurgitstion. Three patients
demoirstrated this unusual p afiter p
mitral valveloplasty, the cxplanauun for which is uncertain.
The Dopplér color low studies in these patients consistently
showed a color flow jet at the mitral coaptation site in
addition to 2 second ¢olor Row jet, arising from the basal
portion of the anterior leaflet made inadveriently while
positioning the catheters. Fortuitously, the mitsal regurgita-
tion this induced was always only of mild severity and
caused no significam clinical sequelae.

Clinical characteristics. In this small number of patients
with unusual phenomena documented by Doppler schocar-
diographic studies after percutaneous balloon mitral vaivu-
Ioplasty. there were no clinical characteristics that identified
the six patients described as more likely 10 have such

Double-orifice mitrak valve. Patient 2 had eccentric dis-
ease of the mitral valve orifice before percutaneous mitral
valvuloplasty, raising the possibility that the initial guiding
catheter placed across the mitral valve orifice may have
perforated the leaficts at the site of relative fusion, rather
than passing through the orifice, In this setting, it is conceiv-
able that balloon inflation may produce a second arifies by
splitting the leaflet lissue adjacent to 1he original vaive
orifice. The disappearance of the double-orifice configura-

li Althollgh Four of the six patients had l’ldd a
previous surgical y, the small sample siz
makes it difficult to draw any conclusions from this obse:-
vation. Certainly, ro unusual sequelac of the kind described
in this series were identified in a previous larger series from
our institution (5) in patiems who underwent percutaneous
mitral valvuloplasty after a previons mitral commissur-
otomy. Five of the six patients described underwent balloon
valvuloplasty by the use of the double-balioon iechnique,
but it was also teue thar in the majority of patients who have

tion after repeat p miteal valvuloplasty
that there may have heen minimal central fusion of enterior

had this p dure in our institution, it was done with the
doeble-bailnon technique.
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Conclusions. Percutaneous mitral valvuloplasty may re-
sult in a number of unusual sequelae in a relatively small
percent of cases. The sequelae reported in this series are
usually benign in terms of clinical outcame, but may on
occasion lead 1o acute ic deteri
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Sbascal VM, Wilkins GT. Choong CY, Blnck PC Falacios IF, Weymm
AE. Mitral in adui:
evaluation hy pulsad Dappl:r ::Im:ardlm?hy 1 Am Cn!l Cndml
T9RH:11:257-43,

Casale P, Block PC, O'Shiea 1P, Palacios IF. Agrial sepal defect afer

=

cunsnderaum of urgem surgical or other intervention. Dopp
ler echy after perc mitral
valvuloplasty repre,ems an ideal method for detecting such

sequelae and monitoring their progress over time.
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