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Abstract

Purpose: The common finding of thrombi between the bifoil
balloons when they were extracted after mitral dilation
prompted us to look for evidence of minor brain embolisms
using the sensitive technique of BMRI (brain magnetic res-
onance T2-weighted imaging).

Methods: BMRI was performed within 48 hr before and after
a percutaneous mitral balloon commissurotomy (PMBC) in
each of the 63 patients in this study.

Results: There was evidence (hyperintensity foci: HI) of a
previous asymptomatic brain embolism in 38 of 63 patients
before PMBC and a new HI appeared in 18 of 63 patients
after the procedure. New HI signals were found exclusively
in the white matter in § of 18 patients and in only 3 of 18
were HI signs larger than 1 cm. One patient, with an HI
signal >1 c¢m in the thalamus and another <1 cm in the brain
stem, presented diplopia accompanied by other minor clini-
cal signs. The differences in HI rate among four subgroups
(1, older vs younger than 43 years; 2, sinus rhythm vs atrial
fibrillation; 3, echo score <8 vs >>8; 4, patients from western
countries vs the others) were not statistically significant,
probably because the number of patients in each subgroup
was low. Patients in atrial fibrillation had slightly more (not
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significant) HI before PMBC (15/20, 75%) than patients in
sinus rhythm (23/43, 53%), but after PMBC their HI fre-
quencies were similar (atrial fibrillation: 5/20, 25%; sinus
rhythm: 13/43, 30%).

Conclusion: Brain microembolism is frequent during
PMBC, but is often anatomically limited and free from
clinical signs in most cases. Brain embolism seems to be
related mainly to the procedure itself and not the features of
the patient.

Key words: Percutaneous mitral balloon commissurot-
omy—Brain magnetic resonance imaging—Brain embolism

In western countries (defined as European countries, Canada,
and USA), strokes complicated 1%-4% of percutaneous
mitral balloon commissurotomy (PMBC) procedures before
1990 [1-3]. The stroke rate decreased after the introduction
of transesophageal echocardiography before each PMBC,
found useful to rule out atrial thrombi.

The common finding [4] of thrombi between the two
balloons of the bifoil catheter-balloons when pulled back
after the procedure, prompted us to search for minor stroke
signs in patients without neurologic evidence of brain em-
bolism. Brain magnetic resonance imaging (BMRI) is a very
sensitive tool for detecting brain microembolisms. However,
BMRI hyperintensity foci (HI) are not exclusively deter-
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mined by embolisms. A previous paper [5] presented the first
27 patients in this series of 63. Since then our HI rate
following PMBC has decreased.

The purposes of this study were to assess the clinical and
subclinical stroke rate during PMBC and to analyze the
possible causes of HL

Materials and Methods

BMRI was carried out in 63 patients within 48 hr before and after
PMBC. Informed consent was obtained in all cases after a full
explanation of the BMRI investigation. All 63 patients had symp-
tomatic rheumatic mitral stenosis and their mitral valve areas
(MVA), assessed by transthoracic two-dimensional echocardiogra-
phy, by Doppler, or by Gorlin’s hemodynamic formula, were < 1.5
cm?. Thirty-two patients were in class II and 31 in class III of the
New York Heart Association functional classification. Patient heart
rhythms were: sinus rhythm in 43 patients and atrial fibrillation in
the remaining 20. Mean age was 43 * 15 years and 51 patients
were women. About 46% {29/63) of patients came from western
countries, the others from various countries with poorer social and
medical structures than western countries. Seven patients had had a
previous closed surgical mitral commissurotomy 14 * 8 years
before. The mean echographic score [6] was 7.7 = 1.9, and sub-
valvular disease was the most common anatomic impairment. Mi-
tral regurgitation, according to Sellers’ classification, was 1+ in 19
patients and 2+ in six patients; the others had no mitral regurgita-
tion.

Transesophageal echocardiography, which is more sensitive
than transthoracic echocardiography [7] in detecting thrombi in the
left appendage, was performed within 48 hr before each mitral
dilation. Our PMBC technique has already been extensively de-
scribed [8]. A diagnostic heart catheterization study was carried out
immediately before PMBC and a second hemodynamic study,
assessing the efficacy of PMBC, was performed immediately after
the procedure. In all cases, balloons crossed the stenotic valve on
the anterograde route by transseptal catheterization. In the first 27
patients their usual anticoagulation treatment was stopped before
PMBC and 35 IU/kg i.v. heparin administered after transseptal
catheterization. In the remaining patients their usual anticoagulation
treatment was maintained.

Bifoil catheter-balloons (Bifoil Twin-AT balloon, Mansfield,
Boston Scientific, Watertown, MA, USA) were initially used in 15
patients and Inoue balloons (28 or 30 mm; Meditor, Hoenheim,
France) in 52 patients. Bifoil balloons were replaced four times by
Inoue balloons due to bifoil instability.

The HI rates were compared in four subgroups according to: (1)
cardiac rhythm: patients in sinus rhythm compared with patients in
atrial fibrillation; (2) age: older patients compared with those
younger than the mean group age; (3) patient’s origin: patients from
western countries compared with patients from other countries; and
(4) mitral valve status: patients with an echographic score lower
than 8 compared with the others (Table 1).

BMRI was carried out using a median field (0.5 T) with 8-mm-
deep axial slices. The sequence, similar for all patients, was: spin
echo (SE) T2-weighted magnetic resonance images (TR = 2020
msec, TE = 60/120 msec).
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Statistics

Data are presented as mean * standard deviation. Comparisons of
MV A before and after PMBC were made using the paired Student’s
t-test. Comparisons of HI rates in the different patient subgroups
were made with the chi-squared test. A probability value of < 0.05
was considered significant.

Results

PMBC was successful in 58 of 63 patients. Five PMBCs
were unsuccessful, in three patients because the procedure
was complicated by major mitral regurgitation and in two
patients because the MVA remained < 1.5 cm’. MVA
values, patients’ characteristics, and HI rates are presented in
Table 1. MVA values were similar to those obtained in our
400 other PMBCs [8]. The total duration of the catheteriza-
tion was 98 = 40 min and the time necessary for the PMBC
itself, from the beginning of transseptal catheterization to the
last balloon inflation, was 24 = 6 min.

HI suggesting brain embolism, multiple or isolated, were
found on BMRI in 38 of 63 patients before PMBC. The HI
dimensions were smaller than 1 cm in all but three patients,
New HI were found in 18 of 63 patients after mitral dilation.
These new HI were < 1 cm (Fig. 1) in 15 of 18 patients. The
PMBC procedure itself lasted 27 + 4 min in patients with
new HI signals and 22 * 4 min for the others [not significant
(NS)].

The new HI signals were exclusively in the white matter
in eight of 18 patients. Three HI were exclusively in the
cortical area: one in the right, one in the left frontal lobes,
and in a last patient two new HI were observed, both in the
left cortical superior parietalis gyrus (Fig. 2). These new HI
locations are presented in Table 2.

Only three of the 18 new HI were larger than 1 cm and
they were accompanied by neurologic symptoms in two
patients. One patient, with a HI signal >1 c¢m in the thalamus
and another < 1 cm in the brain stem, presented diplopia for
24 hr accompanied by other minor clinical signs. The other
symptomatic patient, with an HI in the corpus callosum,
suffered a short convulsive fit during the first catheterization
study.

Patients whose PMBC was carried out with bifoil bal-
loons tended to have a higher rate of post-procedural HI, but
the bifoil and Inoue subgroups were not comparable. First,
the tendency to a higher rate of HI in the bifoil subgroup was
already present before PMBC, these patients being older,
more often in atrial fibrillation, and more often from western
countries. Secondly, the PMBCs of patients from the bifoil
group were performed earlier (always before 1993) and
patients from the bifoil subgroup received heparin whereas
the others did not. Nevertheless, data on the PMBCs and
BMRIs carried out with bifoil balloons and Inoue balloons
are presented, for information, in Table 1.

HI rates between various subgroups were not statistically
different in spite of a trend toward higher post-procedural HI
in the subgroup of western patients.



P. Rocha et al.: Brain Embolism During Mitral Dilation

270

‘pasn 1am uoofreq Jo sad41 yloq syuaned oy vy,
JUBOYTUSIS JOAU LM

pourad swres a3 e sdnoiSqns Suowre sa2uaIJIP VAN "sdnoidqns e ur jueoytudis (1000 > ‘10°0 > 9) AY31yg 21om DFIA JOWE pue 310J3q VAN US9MI9q SOOUIISJHIP pue ‘JuedyIusis A[[eonsness jou a1am sdnordqns
U9aM)2q SAJBI TH UI SIDULISYI(] "shun 2109s dyderdoysa renrw dnoid uoisog ur [g] 2109s aafea [eniur oryderSorpresoyas ‘sreak ur age ‘UONBIAIP PIEpUR)S T UBIUI IO (%) sadejuasiad ‘sonel se pajuasaid are eie(q

YO F 6T  LEOF 60T E££0F 0T EF0F 661 180 F961 SPOSLOT LPVOF 68T 000 * 90T 0r0 ¥ 20'C LS°0 ¥ L6°] Ev°0 ¥ 20¢ L2Yv 0493 YAW
970 ¥ 660 0£0 FO0I'l  9T0F L60 620 F 61’1 8TOFCTI'l 6T0% 80 LZOFSOT 8TO x SO 870 * v0'1 180 = LO'} 670 + SO'1 2I0J3Q OYR YA
SO F 0T E€0FSTC 950 FTIT TSO+8IT ISOFLIT 960%0ICT 80+90C 0 F6[C ro = Tl'e 60 F 22T ro ¥ SIC L2 uion YAW
IT0* 660 ITO0PI'l €TOFO0U'T TCCOF¢COl 2CO*V01  €T0%60T TCO=Fv0Ol €70~ 801 €0 + LOT 0 F v0'1 o = LO'T 910j2q UILOD VAN
LTFT6 60 * €9 LT *¢L I'c*7T8 CTF €8 VI+TL I'C* 68 LT ¥¢SL LT+ 6L 9T F t'8 61 = LL 2109s 033 uoysoy
%TS %1y %0 %001 %YL %0T %09 %Oy b1y %09 %Y (%) soLUNOd UINSIM
w6t %S¢T BYT B1¥ %8E %eT %001 %0 %6¢ By %bTE (%) uone[jLqy [ey
Sl * 9% SI ¥ 0y €l ¥ S¢ Il * €S 6 * SS 6 F I¢ Y1 * v§ €l ¥ 8¢ ST *¢F £l ¥ oF Sl = ¢ (s1eak) o3 uedq
%6C 1£/6 %8 TE/6 BIT PE/L %8 62/11 %CE 1601 %SZ C8/8 %ST 0U/S BOE EV/ET %ST TS/ET WOt S1/9 WB6Z £U8T DEWd 2y [H
%8S 1¢/81 %9 TE/0T %65 /0T %79 6T/81 %S9 1€/0C %9S TE/81 %SL 0Z/ST %S TVt %99S TS/6T %08 S1/¢1 %09 £9/8¢ DdINd 20§29 TH
0z =w (€r = u)
(g = W) (zZe = v) e =u) (67 = u) Te = (1g = uonequqy w4y (s = ©S1=u
g8 = 8 > SIYIO WINSIM s1eaf py = sIeak pp > ey snuig anouj oyg
21008
renmu owdeidoyos uojsog wiguo Jo Anuno) a3y OFINd 21030q WPAYY Hposn suoofeg  (£9 = u) syuaned v

(DHINd) Awojomssiuruos uoofeq fennu snosueindiad (sorfelr) 1je pue
1052q ‘AydeI3o1preaoyss [BuUOISUSWIPIQ £q JO B[AWLIOY S, UIHOD) JIWeuApoway Aq Passasse ‘(o Sy AJN) Seate Ja[ea [enIw pue [oof AnsusiutadAy ureiq jo saje1 ‘sdnoidqns pue dnois juaned sy jo samesq -y qe],



P. Rocha et al.: Brain Embolism During Mitral Dilation

Before PMBC

.f'

Before PMBC

MVA values prior to and after PMBC were similar for all
subgroups: about 1 cm” before and 2 cm? after PMBC.
However, patients from the subgroup with an echographic
mitral valve score << 8 showed a clear trend (NS) to a larger
MVA after PMBC (Table 1).

Discussion

As the time elapsed between the two BMRIs varied from 3
to 4 days, the new HI were more likely related to embolisms
than to other causes.

The widespread use of transesophageal echocardiography
before PMBC [7] reduced the stroke rate during this proce-
dure [9, 10]. Nevertheless, this reduced stroke rate was only
clearly observed in studies where the authors performed
more than 100 mitral dilations [11, 12], after the PMBC
“learning curve”. Otherwise, even if mortality and morbidity
linked to PMBC decreased strongly after this “learning
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After PMBC g)

Fig. 1. Spin-echo T2-weighted brain
magnetic resonance (BMRI) scan

(TR = 2020 msec, TE = 120 msec) of
a 56-year-old woman before (A)
percutaneous mitral balloon
commissurotomy (PMBC). A
hyperintensity focus was detected in
the left cerebellar hemisphere (arrow
on B) 48 hr after the procedure.

Fig. 2. Spin-echo T2-weighted brain
magnetic resonance (BMRI) scan
(TR = 2020 msec, TE = 60 msec) in
a 21-year-old woman. A Before
percutaneous mitral balloon
commissurotomy (PMBC), BMRI
showed a hyperintensity focus in the
right semiovale centrum. Two new
hyperintensity foci appeared in the
left superior parietalis gyrus (arrows
on B) 48 hr after PMBC.

Table 2. Locations of brain magnetic resonance hyperintensity foci (HI)
following percutaneous mitral dilation

Brain structures Right Left
Periventricular frontal lobe 1

Parietal lobe 3 1
Occipital subcortical lobe 1

Peri-insular area 1

Cerebellum (Fig. 1) 3
Lenticular nucleus 1
Frontal semiovale centrum 2 2

Corpus callosum 2 HI in the same patient
Brain stem 1

Two patients had HI in two new locations.

curve” period, the post-procedural MVA values obtained did
not increase, remaining close to 2 cm? [10-13).

Peripheral embolism during PMBC has always been less
frequent in the East than in the West [14-16]. This lower
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stroke frequency could be connected to ethnic features, but
not exclusively; in fact, even in western countries strokes
became rarer after the introduction of transesophageal echo-
cardiography before each procedure and the arrival of the
Inoue balloon. The Inoue balloon [17] has been available in
the East since 1984. Due to its characteristics [18] it requires
fewer left atrial maneuvers, which may cause the displace-
ment of left atrial thrombi or their fragmentation. In other
respects, the procedure may be shorter with the Inoue bal-
loon, since the bifoil balloon is more difficult to stabilize
across the mitral valve until full bifoil inflation [19]. In fact,
Chen et al. [20] successfully carried out PMBC in six pa-
tients with proven left appendage thrombi without noting
clinical signs of embolism. Brain embolism is also rare when
mitral dilation is performed without transseptal catheteriza-
tion [21], which is consistent with the hypothesis of displace-
ment of unsuspected left atrial thrombi as a cause of PMBC
brain embolism.

General Meaning of BMRI Hyperintensity Foci

HI are not exclusively induced by embolism and may be
linked to other pathologies such as postanoxic lesions, cy-
totoxic or vasogenic edema, astrocytic gliosis, atherosclero-
sis, systemic diseases, Behget disease, or antiphospholipid
syndrome; HI are also often observed in demyelinated
perivascular areas, particularly in elderly [22, 23] and hy-
pertensive patients. On the other hand, the HI features do not
allow new embolisms to be distinguished from old ones. The
short delay between BMRIs would rule out other HI etiolo-
gies. However, cardiac collapse or severe hypotension may
complicate PMBC and might be the cause of new HI. That
possibility deserves analysis.

Balloon inflation during PMBC, in particular when the
balloon is of cylindrical shape such as the Inoue balloon,
dramatically limits left ventricular filling. Nevertheless, its
inflation followed by deflation can be accomplished within
10 sec. When bifoil balloons were used, their inflation and
deflation times were much longer, sometimes exceeding 1
min. However, left ventricular filling, although decreased,
was still possible during bifoil inflation, the blood passing
through the gaps between the two bifoil balloons. In this
group of 63 patients, hypotension under 60 mmHg was
seldom observed for more than 15 sec. Thus, we do not think
that the 18 new HI could have been caused by hypotension.

Hyperintensity Foci Before PMBC

HI were detected in 38 patients before mitral dilation. They
were multiple in many patients and, except in three patients,
were << 1 cm. One of the patients with > 1 ¢cm HI had a
major, near-total, unihemispherical defect that was the result
of a neonatal anoxic period. Mitral stenosis is a well-known
embolizing pathology [24] and the high HI rate before
PMBC is not surprising.
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Hpyperintensity Foci after PMBC

After PMBC, 18 patients showed new HI consistent with
periprocedural embolisms. These new HI were usually
smaller than 1 cm and were only twice followed by clear
neurologic symptoms. A patient with the double location in
the corpus callosum (genu and splenium), had a convulsive
fit before transseptal catheterization, consequently needing a
short and light general anesthetic. This embolism was simul-
taneous with diagnostic catheterization and, in this particular
case, not related to the PMBC procedure itself. After PMBC
the HI rates were statistically similar in all subgroups in spite
of rhythm, but there was a clear trend towards higher HI in
the subgroup of patients from western countries, who were
older and had a more impaired mitral valve, often requiring
a longer procedure. The recent decrease in HI rate could not
be linked to better detection of left atrial thrombi, since the
first PMBC patient of the present study was enrolled in 1991,
long after the introduction in our department of transesoph-
ageal echocardiography before each PMBC.

BMRIs were carried out on three other patients before and
after conventional diagnostic catheterization, and the second
BMRI did not disclose new HI.

Most patients did not present post-procedural neurologic
symptoms, but the neurologic clinical examinations were
performed by cardiologists; perhaps a neurologist would
have been able to find discreet neurologic clinical signs of
embolism in these 18 patients.

Strokes and PMBC

Although frequent, strokes during PMBC seem less dramatic
than strokes induced by atherosclerosis, death by stroke in
the PMBC literature [1] being exceptional. In our 400 other
PMBC procedures, seven patients had clinical signs of brain
embolism; five were in the first half of the group. One month
after PMBC, neurologic clinical signs persisted, although
discreet, in only two of these seven patients. Clinical strokes
have markedly decreased in our group since 1990, following
the introduction of transesophageal echocardiography in
1991 and after the exclusive use of Inoue balloons. However,
these two reasons may not hold, because since then patients
with major valve alterations have. no longer been accepted
for PMBC. After 1991, left atrial thrombi were detected in
four patients. Images of all four thrombi vanished after 2
months of warfarin treatment and PMBC was successfully
carried out on all patients.

Calcific embolisms have occasionally been reported dur-
ing heart catheterization [25], or spontaneously in patients
with heart valve disecase [26]. The 18 new “embolisms”
detected in our group of patients could hardly be explained
by calcium dislodgment. In the literature, patients with cal-
cium embolism had valvular aortic, not mitral, disease. On
the other hand, only four of these 18 patients with new HI
presented echographic evidence of mitral calcification.
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Conclusion

Brain embolism is not rare during percutaneous mitral bal-
loon commissurotomy. Existing left atrial thrombi or clotting
over the catheter balloon might be the origin of these em-
bolisms. Brain microembolisms in this group of patients
were well tolerated and not necessarily accompanied by
symptoms, mostly when the hyperintensity foci in brain
magnetic resonance images were smaller than 1 cm. The
reduced procedure duration, perhaps as a result of the exclu-
sive use of Inoue balloons, could be one of the major causes
of the recent decrease in the rate of microembolism.
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