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ABSTRACT 

Background Thrombus formation has been postulated to be due to stasis of blood in mitral stenosis (MS) - the risk increasing as 
it approaches critical mitral valve area (MV A) ( <1.0 cm). Among adults, several risk fac.tors for left atrial (LA) thrombus fonna
tion has been identified but no studies have been done among children. Once identified, ·can an argument be made for earlier anti
coagulation should factors predictive of LA thrombus or rheologic stasis be present by echocardiography? 

Objective This retrospective study was conceptualized to determine different factors most likely to predict LA thrombus fon11a
tion among children (ages < 18 years) with moderate to severe mitral stenosis. 

Methods and results All pediatric patients who underwent open mitral commissurotomy (OMC) between Jan11an; 1990 to 
December 1996 at the Philippine Heart Center were included and intraoperative finding of LA thrombus was used as gold stan
dard. Review of charts for different variables were done and a p value< 0.05 was considered significant. There were 49 children 
enrolled in the study, 33% had intraoperative LA thrombus formation. All had rheumatic heart disease with ages 8-18 years 
(mean 14), with no significant sex predilection. Among children, in contrast to that seen in adults, the most likely predictors of 
LA thrombus formation are an increased transmitral gradient (p=0.035) and an increased LA diameter by at least 60% difference 
from the expected LA diameter for weight (p=0.005). Other variables such as age, atrial fibrillation, and other echocardiographic 
parameters were not predictive in this age group. 

Conclusion and recommendation Early detection for possible early anticoagulation among children should be considered and 
further investigated to decrease risk for embolization. Likewise, more children with significant MS can be enrolled for perwtane
ous mitral balloon valvuloplasty (PMBV) versus OMC which has been associated with more complications. 

INTRODUCTION 

Left atrial (LA) thrombus is common among pa
tients with rnitral stenosis (MS). Once present, the risk 
of embolization has been reported to occur in 5/71 
cases (1). Once present, LA thrombus becomes a con
traindication for percutaneous mitral balloon valvu
loplasty (PMBV) among children with severe mitral 
stenosis. Open mitral commissurotomy (OMC) is not 
naught of its complications in this age group. 

Will clinical prediction of the presence of LA 
thrombus despite normal sinus rhythm justify early 
anticoagulation among children with moderate to se
vere mitral stenosis? Should it be reserved for secon
dary prevention after the first episode of systemic em
bolism? Among children, can an argument be made 
for earlier anticoagulation should the factors predic-
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tive of LA thrombus or spontaneous echo contrast be 
present by echocardiography? 

This study was conceptualized to determine the 
different factors most likely to predict LA thrombus 
formation among children with mitral stenosis by 
analyzing clinical and investigative data with surgical 
findings at OMC used as gold standard. It is later in
tended to derive from this study a scoring system by 
which early anticoagulation can be initiated among 
children with mitral stenosis who are most likely to 
develop LA thrombus. 

MATERIALS AND METHODS 

All children (ages $; 18 years of age), and regard
less of sex, diagnosed with rheumatic mitral stenosis 
who underwent open mitral commissurotomy be
tween January 1990 and December 1996 were enrolled 
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in this study. A retrospective study was done by re
view of charts at the Records Section. Diagnosis of 
rhewnatic MS was based on clinical, electrocar
diographic, radiologic, and echochardiographic ex
aminations. Intraoperative finding of left atrial 
thrombus was used as gold standard. The following 
variables were then noted by review of charts: age, 
sex, history of systemic embolization; echocar
diographic parameters: mitral valve area (MV A) by 
planimetry and pressure half-time (PHT), mitral valve 
gradient, pulmonary hypertension (PA pressure), LA 
diameter expressed as a percentage difference from 
the expected LA size based on weight, presence of mi
tral regurgitation (MR), and/or other valvular lesions; 
and, the rhythm, on electrocardiogram. The subjects 
were then divided into 2 groups (Group 1 = with LA 
thrombus, Group 2 = without LA thrombus). Each 
variable was computed for significance by univariate 
analysis using the student T-test and results were con
sidered significant if p < 0.05. 

RESULTS AND DISCUSSION 

There were a total of 30 patients who underwent 
open mitral commissurotomy for moderate to severe 
mitral stenosis included in this study. Table 1 shows 
that 33% (10/30) were found to have LA thrombus 
intraoperatively. All had rhewnatic heart disease with 
ages 8-18 years (mean 14 years). There was no signifi
cant sex difference between the 2 groups. 

Table 1. Sex and age profile 

Parameters Wrth LA thrombus 
(Group 1, n=10) 

Mean age 14 ± 4.69 

Sex 
Male 6 
Female 4 

LA· left atrial 

Table 2. Clinical parameters of LA thrombi 

Parameters Wrth LA thrombus 
(Group 1, n=10) 

Systemic 
Embolization 

Present (+) 2 
Absent (-) 8 

Previous 
Surgery 

Present (+) 1 
Absent (-) 9 

LA· left atrial 
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% 

62.5 
37.5 

formation 

% 

20 
80 

10 
90 
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Among those with LA thrombus (group 1) note 
that only 20% were detected on transthoracic echocar
diogram (TTE) (Table 3 B) indicating that TTE has low 
sensitivity (30%) but highly specific (95%) for LA 
thrombus, with a positive predictive value of 75% and 
negative predictive value of 74%. Among those with 
spontaneous echo contrast (SEC), 67% (2/3) had LA 
thrombus intraope_ratively. A study by Daniel et al in 
1988 showed that among 52 adult patients with mitral 
stenosis, SEC had a greater incidence of both LA 
thrombi and thromboembolic risk (6). This finding 
coincides with current knowledge that LA thrombus is 
better detected by transesophageal echocardiography 
(TEE) against the conventional two-dimensional echo
cardiography (6). In this study, 2 patients underwent 
TEE, both of which had LA thrombus intraoperatively. 

Systemic embolization was noted in 20% of those 
with LA thrombus compared with 9% among those 
without LA thrombus as shown in Table 2. This indi
cated that once systemic embolization occurs among 
children with severe mitral stenosis, there is a 50% 
chance that an LA thrombus is present. On the other 
hand, the absence of embolization gives only a 
70%-LA- thrombus-free state. This, however, was not 
statistically significant. A patient who has undergone 
previous invasive intervention, such as a percutaneous 
mitral balloon valvuloplasty (PMBV) does not in
crease the risk for LA thrombus formation (p 
value = 0.6). Twenty-two percent of patients in group 
2 underwent PMBV prior to OMC compared to 10% in 
group 1. 

Without LA thrombus 
(Group 2, n=21) 

14.76 ± 2.43 

10 
11 

Without LA thrombus 
(Group 2, n=21) 

2 
19 

5 
17 

% 

47.6 
52.4 

% 

9.5 
90.5 

22.7 
77.3 

p value 

0.575 

0.682 

p value 

0.579 

0.637 
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Table 3A. Mean echocardiographic parameters for LA 

Parameters 

Mitra! Valve Area 
by P1animetry 
by PHT 

Transmitral Gradient 
(cm/sec) 

Pulmonary Artery 
Pressure (mmHg) 

Left Atrial (LA) 
Size (cm) 

Actual Diameter 
Normal for weight 

% Difference in 
LA diameter 
(Actual-Expected)/ 

(Expected LA size) 

LA- left atrial 

With LA thrombus 
(Group 1. n•l0) 

0.82 :1: 0.27 

0.89 :1: 0.36 

22. 71 :1: 6.58

53.8 :1: 16.52 

4.86 :1: 0.89 

2.58 :1: 0.54 

0.64 :1: 0.23 

Table 3B. Other echocardiographic parameters for LA 

Parameters With LA thrombus % 
(Group 1, n=l0) 

Mitra! Regurgitation 
(MR) 

Present (+) 3 30 

Absent (-) 7 70 

Thrombus/or SEC• 
on TTE1'

Present (+) 3 30 
Absent (-) 7 70 

thrombi formation 

Without LA thrombus 
(Group 2. n=21) 

0.80 ± 0.29 

0.86 ± 0.35 

17.09 ± 5.22 

56.57 :1: 14.31 

4.15 :1: 1.07 

2.70 + 0.33 

0.37:i:0.23 

thrombi formation 

Without LA thrombus 
(Group 2, n=21) 

10 

11 

1 
19 

% 

47.6 

52.4 

5.0 
95.0 

'SEC - spontaneous echo cono-ast; 'TIE - o-ansthoracic echocardiography; LA- left 8lrial 

Table 4A Echocardiogram parameters for LA thrombi formation: 

Rhythm on EKG With LA thrombus % 
(Group 1. n=l0) 

Sinus Rhythm 7 70 
Others: 

AF 3 30 
First degree 

AV Block 

Table 4B. LA diameter among patients with atrial fibrillation 

Atrial Fibrillation 

LA Diameter 

Mean 

% Difference 

AV Block 

With LA thrombus 

(Group 1, n=3) 

3/4 

6.8 

0.74 

% 

76 

Rhythm (p-0.096) 

Without LA thrombus 
(Group 2, n=21) 

19 

Without LA thrombus 

(Group 2. n• 1) 

1/4 

3.4 

0.61 

p value 

0.849 

0.830 

0.035'' 

0.081 

0.081 

0.005 ... 

p value 

0.452 

0.095 

% 

90.5 

4.8 
4.8 

% 

25 
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Echocardiographic parameters (Table 3A) show 
that mitral valve area (MVA) both by planimetry and 
pressure half-time (PHT) does not significantly predict 
LA thrombus formation in both groups. In both, all 
subjects had severe mitral stenosis with MV A of 0.82 ± 
0.27 among those with LA thrombus (group 1) and 
MV A 0.80 ± 0.29 in group 2. The mitral valve gradient 
seems to be more statistically predictive of LA throm
bus formation in this study (p<0.05). Mitral valve gra
dient was 22.7 ± 6.58 compared to 17.09 ± 5.22 among 
those with LA thrombus. Pulmonary hypertension 
was present in both groups but does not significantly 
predict LA thrombus formation (p value = 0.65). 

Previous reports show that the presence of mitral 
regurgitation (MR) is protective of LA thrombus for
mation (7). In this study, 70% of those with LA 
thrombus did not have a significant MR (Table 3B). 
Thirty percent still developed LA thrombus despite 
the presence of MR with more than 50% of those in 
group 2 were protected from thrombus formation not 
necessarily due to the presence of MR. Absence of 
mitral regurgitation as an increased risk for LA throm
bus formation among children with severe mitral 
stenosis is not statistically significant (p=0.4). 

The difference in left atrial diameter (LA size) 
between the 2 groups is not statistically significant. 
Table 3, however shows that computed as a percent
age difference from the normal or expected LA size for 
weight, an increasing LA size with -a difference of at 
least 0.64 ± 0.23 from the expected LA size is highly 
predictive of LA thrombus formation (p value = 0.005). 
The percentage difference from the expected LA size 
in group 2 was computed as: (actual LA size - Ex
pected LA size for weight) divided by the expected LA 
size for weight. 

By electrocardiogram, sinus rhythm was present 
in 90% of those without LA thrombus (Table 4A). Re
sults likewise show that sinus rhythm was noted 
among those with LA thrombus in 70% of cases. Table 
4B shows that atrial fibrillation was noted in 4 children 
with severe mitral stenosis, 75% (3 / 4) of which had LA 
thrombus formation. In all 4 cases, LA size was in
creased with a percentage difference from the ex
pected LA size for weight of more than 50%. Statisti
cal analysis, however shows that the presence of atrial 
fibrillation on EKG does not significantly predict LA 
thrombus formation in children (p value = 0.095). It 
may be true, however, that an increasing LA size may 
produce atrial fibrillation. It was further postulated by 
Lie in 1988 (8), that the presence of atrial fibrillation 
(AF) contributes to increasing LA diameter which may 
further increase the risk for thrombi formation. In a 
study by Diker et al it was also concluded that AF 
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among adults with rheumatic heart disease (RHO) was_ 
highest among those with mitral stenosis, LA diameter 
and age have been shown to be thlc most important 
parameters to determine the occurrence of atrial fib
rillation (9,10). 

CONCLUSION 

Thrombus formation has been postulated to be 
caused by stasis of blood flow in mitral stenosis (11, 
12). Among children with rheumatic etiology of mitral 
stenosis, the most likely predictors of LA thrombus 
formation are an increased transmitral gradient 
(P<0.05) and an increased LA diameter by at least 60% 
difference from the expected LA diameter for weight is 
highly predic�ive. In this study, however, there were 
only 32 cases available for review. Further investiga
tion on the presence of atrial fibrillation brought about 
by an increased LA diameter as a factor predictive of 
LA thrombus formation should be investigated. It is 
true that in the presence of AF, stasis of blood can be 
aggravated which may promote LA thrombus forma
tion. Other studies show that MR is a negative pre
dictor of LA thrombus formation, which was not 
found in this study. 

In mitral stenosis, there are many clinical and in
vestigative variables in the formation of LA thrombus. 
Early detection for possible early anticoagulation ther
apy and prevention of LA thrombus formation among 
children with severe mitral stenosis should be further 
investigated. It is of current understanding that trans
esophageal echocardiogram is used versus transtho
racic echocardiography alone in the detection of LA 
thrombus. 
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