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AbsTrACT
Objective We aimed to identify predictors of left 
atrial appendage (laa) thrombus in patients with atrial 
fibrillation (aF) and to enhance the prognostic value of 
the cha2Ds2-Vasc score.
Methods Derivation cohort included 1033 consecutive 
aF patients referred for catheter ablation or direct 
current cardioversion, in whom transoesophageal 
echocardiography (tOe) was performed prior to the 
procedure. logistic regression analysis was used to 
identify predictors of laa thrombus on tOe. receiver 
operating characteristic (rOc) curves were constructed 
to compare the newly developed score with the cha2Ds2 
and cha2Ds2-Vasc scores in the derivation and the 
validation (n=320) cohort.
results On tOe, laa thrombus was present in 
59 (5.7%) patients in the derivation cohort. aside 
from variables encompassed by the cha2Ds2-Vasc 
score, laa thrombus predictors included aF type 
(persistent/’permanent’ vs paroxysmal) and renal 
dysfunction. these predictors were incorporated into 
the cha2Ds2-Vasc score. in rOc analysis, area under 
the curve (aUc) for the new score (cha2Ds2-Vasc-raF 
score) was significantly higher (0.81) than those for the 
cha2Ds2 and cha2Ds2-Vasc scores (0.71 and 0.70, 
respectively). in the validation cohort, the cha2Ds2-Vasc-
raF score also performed significantly better (aUc of 
0.88) than the cha2Ds2 and cha2Ds2-Vasc scores (aUc 
of 0.63 and 0.60, respectively).
Conclusion in real-world aF patients with majority 
on oral anticoagulation, laa thrombus was found in 
approximately 6%. two variables not included in the 
cha2Ds2-Vasc score (aF type and renal dysfunction) 
proved strong, independent predictors of laa thrombus 
and might improve thromboembolic risk stratification.

InTrOduCTIOn
Atrial fibrillation (AF) is a well-established risk factor 
for thromboembolic complications, including isch-
aemic stroke, by promoting left atrial appendage 
(LAA) clot formation.1 The risk of stroke in patients 
with AF is amplified by a convergence of other 
factors, that is, age, co-existing clinical conditions 
and cardiac structure. Currently, the CHA2DS2-
VASc score is recommended for thromboembolic 
risk stratification and establishing indications for 
oral anticoagulation in patients with non-valvular 
AF.2 However, the CHA2DS2-VASc score might 

not include all relevant factors that substantially 
increase the risk of LAA thrombus formation.3–6 
Furthermore, even anticoagulated patients with AF 
are still at residual risk of LAA clot formation and 
might experience thromboembolic events.

The aim of the study was to assess the prevalence 
of LAA thrombus in a real-world population of 
treated AF patients, to identify clinical predictors 
of LAA thrombus in those patients and to enhance 
the prognostic value of the CHA2DS2-VASc score 
by including additional risk factors for LAA clot 
formation.

MeThOds
Patient population
The derivation cohort included consecutive AF 
patients referred to an academic cardiology depart-
ment between January 2012 and August 2016 
for catheter ablation (pulmonary vein isolation) 
or direct current cardioversion for AF. All those 
patients had transoesophageal echocardiography 
(TOE) performed prior to the procedure. The vali-
dation cohort consisted of consecutive AF patients 
admitted to a different cardiology department 
in a district hospital between January 2013 and 
December 2017, who underwent TOE before cath-
eter ablation (pulmonary vein isolation) or direct 
current cardioversion of AF.

All clinical, laboratory and echocardiographic 
(including TOE) data were obtained retrospectively 
from medical records. Patients were included in the 
study regardless of the presence or type of anticoag-
ulation prior to TOE.

Research protocol and retrospective review 
of medical records were approved by the ethics 
committee of the Medical University of Warsaw. 
As this was an observational, retrospective study, 
the ethics committee waived the requirement of 
obtaining informed consent from the patients.

Patients were divided into three groups based on 
AF type: paroxysmal, persistent and ‘permanent’ 
AF, based on a careful and thorough analysis of 
all the available medical documentation, including 
current and previous medical records, electrocar-
diograms and, in some patients, Holter monitoring 
(if available). Patients were classified as having 
‘permanent’ AF after unsuccessful cardioversion 
during index hospitalisation or if they had been 
previously diagnosed with permanent AF, and the 
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diagnosis was subsequently changed to long-standing persistent 
AF before cardioversion or ablation; these patients were classi-
fied as ‘permanent’ AF to distinguish them from persistent AF 
patients with presumably lower AF burden. Data on exact AF 
duration were not available for all patients, and thus, a reliable 
diagnosis of long-standing persistent AF could not have been 
made. Similarly, no data on exact AF burden from Holter moni-
toring were available for all patients.

Glomerular filtration rate (GFR) was calculated using Modifi-
cation of Diet in Renal Disease Study equation.

Transoesophageal echocardiography
In the academic department (derivation cohort), all patients 
scheduled for direct current cardioversion of AF or for catheter 
ablation of AF, irrespective of the presence or type of anticoagula-
tion, have TOE performed routinely prior to the procedure, with 
the exception of patients in whom direct current cardioversion 
is conducted for emergency indications.7 In the district hospital 
department (validation cohort), TOE studies before cardiover-
sion are performed at the discretion of the attending physician, 
that is, if there is any doubt regarding the efficacy of oral anti-
coagulation or patient’s compliance. In both departments, TOE 
examinations are usually conducted directly or within a few 
hours prior to the scheduled procedure (at most within 48 hours 
before the procedure). All TOE studies in the derivation cohort 
were performed by certified echocardiographers (second-degree 
accreditation in echocardiography of the Section of Echocar-
diography of the Polish Cardiac Society (PCS)), using EPIQ 7 
Ultrasound Machine (Philips Medical Systems, Andover, Massa-
chusetts, USA) or iE33 Ultrasound Machine (Philips Medical 
Systems) with an X72t TOE ultrasound transducer (Philips 
Medical Systems), in the department’s echocardiography labora-
tory (certified with grade C accreditation of the Section of Echo-
cardiography of the PCS). When LAA thrombus was suspected, 
the study was evaluated by two echocardiographers, and in 
doubtful cases, by a third echocardiographer, to establish a unan-
imous and most reliable diagnosis and to enable safe referral for 
ablation or cardioversion. All TOE examinations were recorded 
and stored, and available for re-evaluation, if needed. All TOE 
studies in the validation cohort were performed by experienced 
echocardiographers using iE33 Ultrasound Machine (Philips 
Medical Systems) with an X72t TOE ultrasound transducer 
(Philips Medical Systems) in the department’s echocardiography 
laboratory (certified with accreditation of the Section of Echo-
cardiography of the PCS). Written informed consent for TOE 
was obtained from all patients.

study endpoint
The primary endpoint was the presence of left atrial thrombus 
on TOE.

statistical analysis
Continuous and ordinal data were presented as median and 
IQR. Group comparisons were conducted using the Fisher exact 
test for qualitative variables, the t-test for quantitative, normally 
distributed variables and the Mann-Whitney U test for quantita-
tive, non-normally distributed variables (normality of distribu-
tion was checked with the Shapiro-Wilk test). The Kruskal-Wallis 
test was used to compare patients with paroxysmal, persistent 
and ‘permanent’ AF. To determine predictors of LAA thrombus 
on TOE, univariate and multivariate logistic regression analyses 
were performed in the derivation cohort. Additionally, the Brier 
score was calculated for newly identified predictors of LAA 

thrombus. Online supplementary table S1 presents variables 
included in univariate logistic regression analyses. Multivar-
iate logistic regression model included all variables found to be 
predictors of LAA thrombus in univariate analyses, maintaining 
an adequate event per predictor variable value.8 A second multi-
variate model was derived, including the CHA2DS2-VASc score, 
to enable adequate point attribution. All variables included in 
these models were qualitative variables (to enable point attribu-
tion), that is, quantitative variables (such as GFR) were converted 
into qualitative variables, using the Youden index to estimate the 
optimal cut-off for a given variable. Receiver operating charac-
teristic (ROC) curves were constructed and area under the curve 
(AUC) was calculated to compare the sensitivity and specificity 
of different risk scores in identification of patients with LAA 
thrombus in both patient cohorts. Pairwise comparison of ROC 
curves was performed using Mann-Whitney U statistics. Addi-
tionally, net reclassification improvement for the newly derived 
model was calculated. For all tests, a p value of less than 0.05 
was considered significant. All tests were two-tailed. All calcula-
tions were performed using the SASV.9.2.

resulTs
derivation cohort characteristics
The derivation cohort included 1033 patients. Median age was 
60 years (IQR: 53–66 years), median CHA2DS2-VASc score 
was 2 (IQR: 1–3) and 34% were female. AF was classified as 
paroxysmal in 61%, persistent in 33% and ‘permanent’ in 6% of 
patients. Forty-five percent of patients were treated with vitamin 
K antagonists (VKA), 44% with non-VKA oral anticoagulants 
(including 23% on rivaroxaban, 20% on dabigatran and one 
patient on apixaban) and 11% did not receive any chronic oral 
anticoagulation.

On TOE, left atrial thrombi were detected in 59 (5.7%; 95% 
CI : 4.4% to 7.3%) patients of the derivation cohort. All of 
those thrombi were found in LAA. Online supplementary table 
S2 presents the characteristics of patients with and without LAA 
thrombi on TOE.

Predictors of left atrial thrombus in the derivation cohort
Online supplementary table S1 shows variables included in 
univariate logistic regression analyses of LAA thrombus predic-
tors. International normalised ratio (INR) and activated partial 
thromboplastin time (APTT) were not included in the anal-
yses, as patients were enrolled in the study irrespective of the 
type of oral anticoagulation and of prior bridging therapy with 
heparin (58 patients received bridging therapy with unfraction-
ated heparin or low-molecular-weight heparin) and as VKA 
were temporarily stopped before the procedure in some (but not 
all) ablation patients. Lack of oral anticoagulation, type of oral 
anticoagulation, as well as receiving bridging therapy prior to 
the procedure were not predictors of LAA thrombi on TOE in 
univariate analyses.

Variables found to be significant predictors of LAA thrombus 
in univariate analyses included factors encompassed by the 
CHA2DS2-VASc score, such as older age, diabetes, heart failure 
and prior stroke, transient ischaemic attack or peripheral embo-
lism, as well as factors not included in the CHA2DS2-VASc score, 
that is, persistent and ‘permanent’ AF (vs paroxysmal AF), 
chronic respiratory disease and lower GFR. All these factors 
were consequently included in the multivariate model (table 1). 
All quantitative variables were expressed as qualitative data, that 
is, age was expressed as age ≥75 years and age 65–74 years (as 
in the CHA2DS2-VASc score), and for GFR an optimal cut-off 
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Table 1 Logistic regression analyses of predictors of left atrial 
thrombus in the derivation cohort

Variable

univariate 
analyses Multivariate analysis

P value Or 95% CI P value

Age ≥75 years <0.0001 2.71 1.18 to 6.19 0.018

Age 65–74 years 0.01 1.60 0.80 to 3.21 0.18

Diabetes 0.0015 1.25 0.64 to 2.46 0.51

Heart failure <0.0001 2.74 1.45 to 5.19 0.002

Prior stroke/
TIA/ peripheral embolism

0.01 1.82 0.78 to 4.27 0.17

Respiratory disease 0.02 1.53 0.58 to 4.03 0.39

Persistent AF <0.0001 5.08 2.41 to 10.70 <0.0001

Permanent AF <0.0001 9.78 3.85 to 24.85 <0.0001

GFR <56 mL/
min/1.73 m2

<0.0001 2.27 1.24 to 4.16 0.008

AF, atrial fibrillation; GFR, glomerular filtration rate; TIA, transient ischaemic 
attack. Bold values indicate statistically significant data ie. with p value <0.05. 

Table 2 Predictors of left atrial thrombus in the derivation cohort: 
multivariate logistic regression model, including CHA2DS2-VASc score

Variable

Multivariate analysis

Or 95% CI P value

CHA2DS2-VASc score (per 1 point) 1.36 1.14 to 1.62 0.0008

Persistent AF 5.76 2.77 to 11.95 <0.0001

Permanent AF 13.02 5.30 to 32.00 <0.0001

GFR <56 mL/min/1.73 m2 2.41 1.33 to 4.37 0.004

AF, atrial fibrillation; GFR, glomerular filtration rate. Bold values indicate statistically 
significant data ie. with p value <0.05. 

Table 3 Proposal of a new, CHA2DS2-VASc score-based risk 
stratification model: the CHA2DS2-VASc-RAF score

Condition definition Points

C Congestive heart failure As in the
CHA2DS2-VASc score

1

H hypertension 1

A2 Age ≥75 years 2

D diabetes 1

S2 stroke or TIA or 
thromboembolism

2

V Vascular disease 1

A Age 65–74 years 1

Sc sex category (female sex) 1

R renal dysfunction GFR <56 mL/
min/1.73 m2

2

AF AF type Persistent AF 4

Permanent or long-
standing persistent 
AF

10

AF, atrial fibrillation; GFR, glomerular filtration rate; TIA, transient ischaemic attack.

was established based on the Youden index, which was GFR of 
<56 mL/min/1.73 m2. In multivariate analysis, along with a few 
components of the CHA2DS2-VASc score, AF type (persistent 
and ‘permanent’ AF), as well as renal dysfunction (defined as 
GFR <56 mL/min/1.73 m2) remained independent predictors of 
LAA thrombus.

The Brier score for AF type was 0.05, for renal dysfunc-
tion—0.05 and for the combination of both factors—0.048. 
AUC for AF type and renal dysfunction were 0.75 and 0.65, 
respectively.

subanalyses in patients with left atrial thrombus in relation 
to AF type and renal dysfunction
Online supplementary table S3 presents characteristics of patients 
with LAA thrombus depending on AF type. Online supplemen-
tary table S4 shows characteristics of patients with LAA thrombus 
depending on the presence of renal dysfunction (defined as 
GFR <56 mL/min/1.73 m2).

Antithrombotic treatment in patients with renal dysfunction
Antithrombotic treatment of patients with renal dysfunction is 
shown in online supplementary table S5. The derivation cohort 
included seven patients with GFR <15 mL/min/1.73 m2 and six 
patients with GFR between 15 and 30 mL/min/1.73 m2.

development of a new score for the prediction of left atrial 
thrombus
In univariate analyses, both the CHADS2 and the CHA2DS2-
VASc scores predicted LAA thrombus on TOE in the derivation 
cohort, with OR of 2.27 (for 1 point), 95% CI of 1.73 to 2.98 
and p<0.0001 for the CHADS2 score and OR of 1.60 (for 1 
point), 95% CI of 1.36 to 1.88 and p<0.0001 for the CHA2DS2-
VASc score.

In an attempt to derive a new, CHA2DS2-VASc-based risk 
score, we developed a second multivariate model, including 
the CHA2DS2-VASc score, together with variables found to 
independently predict LAA thrombus in our first (table 1) 
multivariate analysis, that is, AF type and renal dysfunction 
(GFR <56 mL/min/1.73 m2). This second multivariate model 
is presented in table 2. In this model, all included components 
proved strong, independent predictors of LAA thrombus. In 
order to establish scoring for the new components of the devel-
oped risk model, we compared ORs of each new variable (ie, 

persistent or ‘permanent’ AF and renal dysfunction) with the OR 
of 1 point in the CHA2DS2-VASc score. Thus, persistent AF was 
attributed 4 points (as 5.76 divided by 1.36 equals 4.24), ‘perma-
nent’ AF—10 points (as 13.02 divided by 1.36 equals 9.57) and 
renal dysfunction—2 points (as 2.41 divided by 1.36 equals 
1.77). This new, extended version of the CHA2DS2-VASc score 
was called CHA2DS2-VASc-RAF score (R for Renal dysfunction 
and AF for AF type) and is presented in table 3.

Next, we plotted ROC curves for the CHADS2, the CHA2DS2-
VASc and the newly derived CHA2DS2-VASc-RAF score, as shown 
in figure 1. Pairwise comparison of the ROC curves showed 
that the differences between the CHADS2 and the CHA2DS2-
VASc-RAF score as well as between the CHA2DS2-VASc and the 
CHA2DS2-VASc-RAF score were highly significant (with both 
p values of 0.0003).

Based on the Youden index, the optimal cut-off for the 
CHA2DS2-VASc-RAF score to predict LAA thrombus in the 
derivation cohort might be set at 5 points for men and at 6 
points for women (with sensitivity of 0.83 and specificity of 
0.74). In the derivation cohort, sensitivity and specificity of the 
CHA2DS2-VASc score in identifying patients with LAA thrombus 
were  0.64 and 0.81, respectively (for the cut-off of 2 points 
in men and 3 points in women—as thresholds for class I indi-
cation for oral anticoagulation according to the current Euro-
pean Society of Cardiology (ESC) guidelines2). Including the 
above-mentioned cut-off points for the CHA2DS2-VASc and the 
CHA2DS2-VASc-RAF scores, net reclassification improvement in 
the derivation cohort was 0.138. Table 4 illustrates risk reclassi-
fication in the derivation cohort.
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Figure 1 Receiver operating characteristic (ROC) curves and area under the curve for the CHADS2, the CHA2DS2-VASc and the new CHA2DS2-VASc-
RAF score in the derivation and validation cohort.

Table 4 Risk reclassification in the derivation cohort

ChA2ds2-VAsc 

high risk low risk

CHA2DS2-VASc-RAF High risk Thrombus: 35 Thrombus: 14

No thrombus: 198 No thrombus: 124

Low risk Thrombus: 3 Thrombus: 7

No thrombus: 191 No thrombus: 452

Risk categories
CHA2DS2-VASc score:  high risk: ≥2 points in men, ≥3 points in women;  low risk: 
0-1 points in men, 0-2 points in women.
CHA2DS2-VASc-RAF score: high risk: ≥5 points in men, ≥6 points in women;  low 
risk: 0-4 points in men, 0-5 pointsin women.

Validation of the new score
The validation cohort included 320 patients. On TOE, left atrial 
thrombi were detected in 23 (7.2%; 95% CI: 4.6% to 10.6%) 
of these patients. Characteristics of the validation cohort are 
presented in online supplementary table S6. ROC curves for 
the CHADS2, the CHA2DS2-VASc and the CHA2DS2-VASc-RAF 
score are shown in figure 1. Pairwise comparison of the ROC 
curves showed that the differences between the CHADS2 and 
the CHA2DS2-VASc-RAF score as well as between the CHA2DS2-
VASc and the CHA2DS2-VASc-RAF score were highly significant 
(with p values of 0.0001 and <0.0001, respectively).

dIsCussIOn
Although the current ESC guidelines do not list AF type or 
AF burden among factors affecting the probability of LAA 
thrombus formation, a few studies have shown that persistent 
or permanent AF carries a higher risk of stroke than paroxysmal 
AF.5 6 9 10 A recent meta-analysis, including 99 996 patients from 

12 studies, revealed that in non-paroxysmal AF, the risk for 
thromboembolism is increased by 38% compared with parox-
ysmal AF.11 Furthermore, in patients with paroxysmal AF, higher 
AF burden may be related to increased stroke risk.12 In our study, 
non-paroxysmal AF proved a strong, independent predictor of 
LAA thrombus on TOE.

The second important predictor of LAA thrombus, not 
included in the CHA2DS2-VASc score, was reduced GFR. Renal 
impairment has been previously shown to predict thromboem-
bolism in AF.6 13–16 In both the ATRIA study and the R2CHADS2 
score, renal dysfunction improved thromboembolic risk stratifi-
cation.14 17 On the  contrary, few smaller studies reported that 
inclusion of renal function has shown only modest improvement 
in the predictive value of the CHADS2 and the CHA2DS2-VASc 
scores, possibly because kidney disease is strongly associated with 
other components of these risk models (such as heart failure, 
hypertension or diabetes).18–21 Importantly, in our study, anti-
thrombotic therapy in the subgroup with renal dysfunction was 
comparable with the treatment in the whole derivation cohort. 
Analogous to the whole group, there was no association between 
the type of antithrombotic treatment and the presence of LAA 
thrombus in patients with renal dysfunction. Still, it needs to be 
emphasised that our study included few patients with advanced 
kidney disease.

In our study, relative risk attributable to 1 point in the 
CHA2DS2-VASc score, as well as c-statistics of the CHADS2 and 
the CHA2DS2-VASc scores for the prediction of LAA thrombus, 
was consistent with those observed in previous studies.1 12 15 22–25 
The CHA2DS2-VASc-RAF score demonstrated good sensitivity 
and specificity in discriminating patients with LAA thrombus 
(AUC of 0.81–0.88), while the CHADS2 and the CHA2DS2-VASc 
scores showed poor-to-fair sensitivity and specificity in both our 
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cohorts (AUC of 0.60–0.71) as well as in the previous studies 
(AUC ranging between 0.55 and 0.7).12 22–25 It may be argued that 
the scoring assigned for persistent and long-standing persistent/
permanent AF in the CHA2DS2-VASc-RAF score seems too 
high—especially given the wide confidence intervals in multivar-
iate analyses (tables 1 and 2)—and might require recalibration in 
future cohorts. Nevertheless, even if the proposed scoring is not 
yet appropriate for routine clinical use, we feel that patients with 
non-paroxysmal AF and a CHA2DS2-VASc score of 0 or 1 point 
should not automatically be attributed low thromboembolic risk 
and disqualified from anticoagulant treatment.

limitations of the study
The main limitation of our study is that its primary endpoint was 
the presence of left atrial thrombus on TOE (which is a surrogate 
endpoint) and not ischaemic stroke. However, LAA thrombus 
formation is considered the primary mechanism responsible for 
thromboembolic events in patients with AF; thus, the design of 
our study seems appropriate to address thromboembolic risk 
stratification in AF.26–30

Second, due to lack of sufficient data we could not discrimi-
nate between persistent and long-standing persistent AF and had 
no information on the exact AF burden, which would seem rele-
vant, given the results of our analysis. Distinguishing patients 
with ‘permanent’ AF from patients with persistent AF in our 
analysis was an attempt to discriminate between patients with 
presumably higher and lower AF burden.

Third, our real-life study group included patients irrespec-
tive of the presence or type of anticoagulation. Therefore, the 
derivation cohort was not homogenous, including patients with 
and without oral anticoagulation, with different anticoagulant 
regimens and with or without bridging therapy. Obviously, this 
made it impossible to include INR or APTT as variables in the 
logistic regression analysis of predictors of LAA thrombus. Only 
11% of patients received no oral anticoagulation prior to TOE. 
Thus, the results of our analysis describe rather the residual risk 
of thrombus formation despite oral anticoagulation.

In our study, we did not assess the impact of some TOE-derived 
parameters (such as LAA emptying velocity or LAA morphology) 
on the risk of LAA thrombus formation. However, we aimed 
to determine clinical risk factors that would allow evaluation 
of pre-TOE probability of LAA thrombus, enhance the predic-
tive value of the CHA2DS2-VASc score and be easy to obtain in 
every-day practice.

Finally, data in our study were retrieved retrospectively, and 
thus, data on some variables were not available for all patients, 
as indicated in tables. Importantly, data on left atrial size were 
available only for 40% of patients from the derivation cohort, 
and therefore, we could not include this variable in the logistic 
regression analysis of LAA thrombus predictors. Moreover, left 
atrial size was assessed only by its antero-posterior diameter and 
not by left atrial volume index, as recommended by the current 
guidelines. Still, we feel that the design of our study meets the 
requirements of a prospective observation, as we enrolled all 
consecutive patients with AF undergoing TOE.

COnClusIOn
In a real-world population of patients with AF referred for 
cardioversion or catheter ablation, with majority on oral 
anticoagulants, LAA thrombus was found in approximately 
6%. Two variables not included in the CHA2DS2-VASc score 
(AF type and renal dysfunction) proved strong, indepen-
dent predictors of LAA thrombus on TOE and thereby might 

improve thromboembolic risk stratification. Nevertheless, the 
proposed CHA2DS2-VASc-RAF score requires validation in 
further studies.

Key messages

What is already known on this subject?
 ► The CHA2DS2-VASc score is recommended for thromboembolic 
risk stratification and establishing indications for chronic oral 
anticoagulation in patients with non-valvular atrial fibrillation 
(AF).

What might this study add?
 ► In a real-world population of patients with AF, with majority 
on oral anticoagulation, left atrial appendage (LAA) thrombus 
was found in approximately 6%. Two variables not included 
in the CHA2DS2-VASc score (AF type and renal dysfunction) 
proved strong, independent predictors of LAA thrombus. 
Incorporating these two variables into the CHA2DS2-VASc 
score significantly improved its prognostic value.

how might this impact on clinical practice?
 ► Our results suggest that patients with non-paroxysmal 
AF and a CHA2DS2-VASc score of 0 or 1 point should not 
automatically be disqualified from anticoagulant treatment. 
Including renal dysfunction and AF type in the CHA2DS2-VASc 
score might improve thromboembolic risk stratification in AF.
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