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Background : Transesophageal echocardiography (TEE) is used routinely before percuta­
neous transvenous mitral commissurotomy (PTMC) to detect left atrial appendage thrombus (LAAT) 
to avoid the risk of embolic complications. The issue of whether patients with small and fixed LAAT 
should be denied the potential benefit of PTMC is worth examining. 

Objective : To evaluate the safety and efficacy of PTMC with Inoue balloon catheter in 
mitral stenosis patients with LAA T using TEE continuous monitoring during the procedure. 

Material and Method : All TEE studies performed during PTMC and transthoracic echo­
cardiography (TTE) performed the same day and repeated on the day after the procedure between 
March 1995 and January 2000 were reviewed. 

Results : A total of 1,238 consecutive TEE during PTMC were reviewed. LAAT was 
detected in Ill patients (mean age 43.7 ± 10.1 years, male : female = 1 : 2, atrial fibrillation : sinus 
rhythm 2.47 : 1). LAAT were grossly oval with the largest measuring 3.5 x 2.8 centimeters. Mobile 
LAA T was detected in 3 patients (2. 7% ), one of whom developed a transient ischemic attack and 
another had an episode of stroke after PTMC. Mitral valve area (by 2D Echocardiography) pre 
PTMC was 0.8 ± 0.2 cm2 and post-PTMC was 1.5 ± 0.3 cm2• Most of our patients became fully 
ambulatory and could be discharged from the hospital the day after the procedure, except for two 
patients who developed severe mitral regurgitation and needed elective mitral valve surgery there­
after. 

Conclusion : PTMC with the Inoue-balloon catheter can be carefully and safely performed 
in patients with small, fixed LAA T under 'continuous TEE guidance with acceptable risk. 
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Percutaneous transvenous mitral commis­
surotomy (PfMC) has gained widespread acceptance 
for alternative treatment of symptomatic mitral steno­
sis (MS). When regurgitation and valvular calcifica­
tions are limited, the presence of a left atrial (LA) 
thrombus is generally considered as a contraindica­
tion for this procedure0-4). Transesophageal echo­
cardiography (TEE) offers better visualization of 
the LA appendage (LAA), and has a higher sensi­
tivity for detection of thrombus than transthoracic 
echocardiography (TTE)(5). TEE is now used rou­
tinely before PTMC to detect LA thrombi. 

Whereas the risk of performing PTMC in 
the presence of a large thrombus located in the 
body of the LA is conceivably high, the impact of a 
small thrombus confined to the LAA is less clear. 
Whether such patients should be denied the poten­
tial benefits of PTMC and be subjected to mitral 
valve surgery is an issue of clinical interest and 
worth examining. There have been few studies of 
PTMC in patients with MS and LA thrombus 
demonstrating good results(5,6). 

This study reports on the safety and effi­
cacy of PTMC in patients with MS and LAA throm­
bus using TEE continuous monitoring. 

MATERIAL AND METHOD 
All TEE studies performed during PTMC 

and TIE studies performed the same day and 
repeated on the day after the procedure between 15 
March 1995 and 21 January 2000 were reviewed. 

Transthoracic echocardiography 
All TTE studies were performed using a 

multi MHz transducer (Acuson Co., LTD.) with 
patients in the left lateral decubitus position. All of 
the standard views were recorded according to the 
American Society of Echocardiograpy guidelines(?). 
The echocardiographic parameters included LA size 
measured by M-mode echocardiography, mitral valve 
area (MV A) measured by two dimensional plani­
metry and by continuous wave Doppler (pressure 
half time), and mitral valve echocardiographic score 
as described by Wilkens et al(8). The severity of 
mitral regurgitation was assessed by using color flow 
mapping graded qualitatively on a scale of 0 to 4. 

Transesophageal echocardiography 
After informed consent was obtained, the 

TEE was performed either with a 5 MHz biplane or 
5 MHz omniplane transducer, in awake patients in 

the catheterization laboratory. TEE was started after 
routine right sided cardiac catheterization and left 
ventriculogram, before transseptal puncture. After 
topical anesthesia to the oropharynx, a biplane or 
ornniplane TEE probe was inserted and advanced to 
a depth between 30 and 40 em from the toothline. 
When LAA thrombus was detected by TEE, its size 
and site were noted. A thrombus was accepted as 
such when its aspect was clearly distinct from the 
LAA pectinate muscles or the LA wall. The size 
in width by length (mm x mm) was recorded (Fig. 
1 ). The mobility of LAA thrombus was noted as 
mobile or fixed. Spontaneous echocardiographic 
contrast (SEC) was described as absent or present. 

Procedure and hemodynamic measurements 
Before PTMC, right and left heart pres­

sures, oximetry were obtained using a right femoral 
vein approach (7F Lehman) and a right femoral 
artery approach (6F pigtail). Left ventriculography 
in the 30 degree right anterior oblique projection 
was studied and mitral regurgitation was quantified 
according to the criteria of Seller et al(9). 

A transseptal sheath and needle were intro­
duced percutaneously via the right femoral vein and 
using fluoroscopic guidance, positioned as usual in 
the right atrium. After identifying the fossa ovalis 
by TEE, the transseptal puncture was performed 
with the tip of a standard Brockenbrough needle, 
followed by the sheath being carefully introduced 
into the left atrium. After left atrial access was 
achieved, 1,000-1,500 units of heparin was given 
intravenously (total dose of heparin during the pro­
cedure was 4,000 units). A 7F Inoue balloon-directed 
catheter (Toray Industries, Japan) was advanced 
and, using TEE guidance, directed carefully through 
the left atrium and across the mitral orifice. During 
this manipulation, the balloon catheter would occa­
sionally move toward the LA appendage as visua­
lized by TEE and was then immediately withdrawn 
and directed away to go through the mitral orifice. 
These images were monitored and recorded on video­
tape throughout the procedure. 

After successful PTMC, the balloon catheter 
and the TEE probe were removed and hemodynamic 
measurements, left ventriculography, and oximetry 
were studied post-PTMC. 

Statistical analysis 
For normally distributed continuous vari­

ables, mean values and standard deviations were 
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Fig. 1. Transesophageal echo shows clot in left atrial appendage, size 3.39 x 1.89 em. 
LA = left atrium, MV = mitral valve, LV = left ventricle. 

Tabel 1. Clinical characteristics. 

Age (years) 25-70 (43 .7+10.1) 
Sex (F:M) 74:37 
NYHA % 

Class II 89 80 
Class lil 22 20 

Atrial fibrillation 79 7 1 
Previous PTMC 7 6.3 
Previous stroke 6 5.4 

NYHA =New York Heart-Association, 
PTMC =percutaneous transvenous mitral commissurotomy . 

calculated and the means compared using the two 
sample t-test. For categorical variables, the signifi­
cance of the differences between pre- and post­
PTMC were compared using the chi-square test, with 
p < 0.05 taken to indicate statistical significance. 

RESULTS 
During the study period, 1238 consecutive 

patients underwent TEE during PTMC. A thrombus 
was detected in 111 patients (9%) The thrombus was 
confined to the LAA in all patients. Only 46 LAA 
clots had been detected by TIE 

Table 2. TIE findings. 

I. Echocardiographic score I 2 3 4 
Thickness 0 78 30 3 
Subvalvular fusion 2 56 50 3 
Immobility 10 74 27 0 
Calcification 107 4 0 0 

II. LAA thrombus 46/111 ( 41 .4%) 

TTE = transthoracic echocardiography, 
LAA = left atrial appendage 

Clinical date 
Of the I I I patients who underwent PTMC 

despite a LAA thrombus, 79 were in atrial fibrilla­
tion . The mean age was 43.7 ± 10.1 years, which is 
comparable to the general population of the Balloon 
Valvulopl asty Registry (BVR)(l) . Seventy-four 
patients were women. All patients had been taking 
anticoagulants for at least 2 months, with four 
taking anticoagulants for more than I year. Four 
patients had a history of systemic embolization. The 
other clinical characteristics are demonstrated in 
Table 1. 
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Table 3. TIE and hemodynamic results n = 111. 

I. TIE 
- LA size (mm) 
- MVA- 20 (mm2) 
- Doppler (mm2) 
- MR- Grii 
-MR-Griii 

II. Hemodynamic 
-LAP (mrnHg) 
- MV Gradient (mrnHg) 
-PAP (mmHg) 

Pre-PTMC 

32.7 ± 13.8 
80.4 ± 21.5 
76.4 ± 22.9 

0 
0 

24.8 ± 7.3 
18.6 ± 7.2 
32.5 ± 12.2 

Post-PTMC 

26.6± 15.4 
147.3 ± 31.3 * 
141.2 ± 31.2 * 

8 (7.2%) 
I (0.9%) 

16.3 ± 6.5 * 
11.8 ± 5.6 * 
29.4 ± 9.1 

LAP = left atrial pressure, PAP = pulmonary artery pressure, 
MR =mitral requrgitation, * P < 0.05, TIE= transthoracic echocardiography, 
LA= left atrium, MV A= mitral valve area, MV =mitral valve, 20 =two dimension 

TTE findings (Table 2, 3) 
Mean LA diameter was 32.7 ± 13.8 mm the 

mitral valve area (MVA) by 2D ranged from 39 to 
129 mm2 with a mean of 80.4 mm2, and ranged 
from 30 to 123 mm2 with a mean of 76.4 mm2 by 
Doppler pressure half time. The echocardiographic 
score, as described by Wilkins et al(8), was used 
to evaluate calcification, mobility, thickness and 
chordal shortening. Each variable was given a grade 
from 1 to 4 for a possible total score ranging from 
4 to 16. The total score in our patients ranged from 
4 to 12 with a mean of 7.0, comparable to that of 
the general population undergoing PTMC. 

TEE fmdings 
LAA thrombus usually were grossly oval, 

the size varies from 3.0 x 1.9 mm to the largest 
measuring 28x35 mm. Mobile LAA T was found in 
3 patients (2.7%). Spontaneous echographic con­
trast (SEC) was present in the LA in all cases. 

Echocardiographic results (Table 3) 
TIE post-PTMC showed a mean increase 

in MVA from 80.8 ± 23.7 mm2 to 147 ± 31.3 mm2. 
In 2 patients TEE showed mitral regurgitation grade 
II, and grade III respectively, both of whom needed 
elective mitral valve surgery. 

The LAA thrombus was present at the end 
of the procedure without change in all cases. 

Hemodynamic results (Table 3) 
There were no special technical difficulties 

in performing PTMC in these patients. The hemo-

dynamic results showed a significant decrease in 
both the mean LA pressure from 24.8 to 16.3 mmHg 
and the mean transmitral pressure gradient from 18.6 
to 11.8 mmHg which is statistically significant by 
using the paired Student's t-test (p < 0.05). 

Complications 
No patient had cardiac tamponade. Two 

patients developed severe mitral regurgitation and 
needed elective mitral valve surgery. 

Complications in any but one female patient 
with mobile LAA T who developed transient ische­
mic attack (TIA) of right hemiplegia immediately 
after PTMC and she had full recovery within 24 
hours after the procedure. Another patient with 
mobile clot developed cerebrovascular accident after 
PTMC and was discharged later with mild residual 
right hemiparesis. 

DISCUSSION 
TEE has been now used routinely before 

PTMC to identify the presence and location of any 
LA thrombus. This is based on the assumption that 
during the transseptal catheterization, catheters and 
guide wires can be manipulated inadvertently into 
the LAA and dislodge a thrombusOO). TEE has 
also been documented to be useful during the pro­
cedure in helping to more accurately position the 
transseptal needle, guide wires, balloon catheters, 
and to immediately evaluate the results of the pro­
cedure(l0,11). Furthermore, Kamalesh et al. has 
recently reported a successful PTMC with using TEE 
guidance to avoid a known LAA thrombus during 
the placement of wires and catheters02). Conti-
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nuous TEE monitoring permitted excellent visuali­
zation of the balloon catheter during manipulation, 
assuring the correct position of the balloon across 
the mitral oJ.jfice, helping directed away from the 
known LAA thrombus. 

In our series we performed PTMC in 111 
cases, despite a LAA thrombus shown on TEE, with 
the Inoue balloon technique because of its special 
character(6), lowering the thromboembolic rates 
(0 to 1.4%) than other balloon catheters (3 to 4%) 
(3.4). First, its coiled left atrial guidewire can pre­
vent the catheter from entering the LAA. Second, 
its flow-directed passage from the left atrium to left 
ventricle can minimize manipulation of the catheter 
in the left atrium(6). 

There were 2 out of 3 patients with mobile 
LAA clot who developed systematic embolization as 
a complication of PTMC. One had TIA and another 
one had a cerebrovascular accident. In the present 
study the improvement of echocardiographic mitral 
valve area and hemodynamic gradient were favo­
rably comparable to that of the general population 
undergoing the same procedure(!). None of our 
patients developed cardiac tamponade. Most patients 
became fully ambulatory and could be discharged 
from the hospital on the day after the procedure. 
Only two patients who developed severe mitral 
regurgitation needed elective mitral valve surgery 
thereafter. 

J Med Assoc Thai November 2001 

TEE has been proven safe and is well tole­
rated(lO). Its major complications include aspira­
tion, cardiac rhythm changes and, rarely, esophageal 
perforation(l3). However, in more than 2,000 cases 
of TEE experienced at our institution, the only 
complication was oropharyngeal discomfort. Using 
sedation and adequate local anesthesia, the period of 
prolonged TEE was only mildly uncomfortable to 
the patients. 

The major benefit added by TEE to the 
standard TIE performed during PTMC is its higher 
sensitivity in detecting LA appendage clots, those 
previously missed by routine TTE examination in 
65 out of 111 (59%) of our cases. 

In conclusion, the present study suggests 
that PTMC with the Inoue-balloon catheter can be 
safely performed in mitral stenosis patients with a 
fixed LAA thrombus under conti~uous TEE gui­
dance. With careful attention to level of sedation and 
respiratory status, the risk of this procedure should 
be minimal. With this technique, the authors feel 
that LAA thrombus may no longer be an absolute 
contraindication to PTMC, except for those with 
mobile LAA thrombus. 

Limitations to this study are the relatively 
small number of cases studied and the clinical detec­
tion of embolic events. Cerebral or renal scans could 
have shown some emboli not detected clinically, 
although the clinical importance of such small emboli 
is uncertain. 

(Received for publication on February 6, 2001) 
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