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Abstract
Objective: Aim of this study was to investigate the effect of
weight loss on structural and functional myocardial alterations in severely obese subjects treated with bariatric surgery. Patients and Methods: Thirteen severely obese patients (2 males and 11 females) were enrolled in the study. All
subjects underwent conventional 2D color Doppler echocardiography. The new ultrasonic techniques used were: (a)
integrated backscatter for the analysis of myocardial reflectivity, referred to pericardial interface as expression of myocardial structure (increase in collagen content) and of cyclic
variation index as expression of intrinsic myocardial contractility and (b) color Doppler myocardial imaging (CDMI) for
the analysis of strain and strain rate (myocardial deformability). All subjects underwent bariatric surgery and were re-
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submitted to echocardiographic and biochemical examination 6–24 months after surgery. Results: The main finding of
the present study was a quite complete normalization of
myocardial functional and structural alterations after weight
loss. In particular, the cyclic variation index at septum level
improved from 14.6 8 7.0 before to 25.7 8 11.2 (means 8
SD) after surgery (controls: 36.2 8 9.1). Mean reflectivity at
septum level significantly decreased from 55.8 8 9.5 to 46.5
8 8.8 (controls: 43.0 8 8.0). Also, the strain at septum level
significantly improved after surgery (from –11.9 8 3.2 to
–20.4 8 5.3; controls: –23.4 8 9). Conclusion: This study establishes: (a) the utility of new ultrasonic techniques to detect very early structural and functional myocardial
alterations in severely obese patients, and (b) the regression
of these subclinical abnormalities after weight loss achieved
by bariatric surgery.
Copyright © 2007 S. Karger AG, Basel

Introduction

Obesity is a chronic medical problem with dramatically rising trends in its worldwide prevalence, to an extent
that is now recognized as a global epidemic [1]. The risk of
a premature death is higher in obese than non-obese indiVitantonio Di Bello, MD
Cardiothoracic and Vascular Department, University of Pisa
Via Paradisa 2
IT–56124 Pisa (Italy)
Tel. +39 050 995 315, Fax +39 050 995 316, E-Mail vdibello@med.unipi.it

viduals, and the risk of death by cardiovascular disease is
five times increased [2–4].
Obesity is a well-established risk factor for congestive
heart failure, being frequently associated with type 2 diabetes, hypertension and dyslipidemia [5]. Recent studies
suggest that insulin resistance may be the mediator between obesity and congestive heart failure [6–8]. A variety
of adaptations/alterations in cardiac structure and function have been detected in patients with morbid obesity,
and peculiar pathogenic mechanisms, e.g. cardiac steatosis, lipoapoptosis and the activation of specific cardiac
genes, have been described [9, 10]. Using very sensitive intramyocardial ultrasonic techniques, early myocardial
structural and functional alterations have been observed
in obese subjects [11–14], suggesting the existence of an
‘obese cardiomyopathy’ as the complex combination of the
effects of both hemodynamic and metabolic alterations.
Bariatric surgery represents an effective alternative for
the treatment of obesity when non-surgical weight loss
programs (diet + behavior modification + regular exercise) have failed [15, 16]. The aim of this study was to
analyze the effect of weight loss achieved by bariatric surgery on the early subclinical myocardial alterations detected in a group of severely obese adult subjects using
both integrated backscatter (IBS) and color Doppler myocardial imaging (CDMI). All subjects were examined before and 6–24 months after treatment with the Roux-en-Y
gastric bypass.
Patients and Methods
Study Population
Thirteen consecutive patients with severe obesity (2 males and
11 females) presenting to our Obesity Center for the diagnosis and
cure of their weight problems were enrolled in the study after informed consent was obtained (table 1). Clinical, hematological
and instrumental examinations were performed following the
Italian guidelines for obesity [17] and each patient was treated according to appropriate protocols for his/her condition. Anthropometric measurements were performed after an overnight fast.
Body weight was measured to the nearest kilogram and body
height to the nearest centimeter. Exclusion criteria were impairment in left ventricular systolic function (ejection fraction !40%),
congestive heart failure, significant valvular heart disease by
Doppler analysis and cardiomyopathy. All obese patients had a
negative history of myocardial infarction or coronary artery disease. Once selected, all participants underwent echocardiography, thus reserving eligibility for the study to those with a good
acoustic window. All patients underwent bariatric surgery without complications and were reevaluated after 6–24 months using
the same ultrasonic protocol of investigation. Thirteen age- and
sex-matched non-obese healthy subjects were recruited as controls.
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Experimental Procedure
Biochemistry. Blood samples were taken for biochemical analysis of renal function, electrolytes, fasting insulin and glucose,
total cholesterol and triglycerides, LDL and HDL cholesterol.
Assessment of Insulin Resistance. Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated as fasting
glucose (in m M) ! fasting insulin (in mU/ml)/22.5 [18]. Estimates of HOMA-IR correlate well with euglycemic clamp
data.
Echocardiographic Analysis
Conventional 2D Doppler Echocardiography. Conventional
echocardiographic studies were performed with a digitized Philips Sonos 7500 echograph equipped with a broadband sector
transducer (S3 fusion imaging), as previously described [19].
Pulsed-Wave Tissue Doppler Imaging (PW-TDI). In the apical
four chamber view, pulsed-wave Doppler sample volume was subsequently placed in two different regions of the mitral annulus:
septal and lateral [14, 20]. The detailed method has been described
previously. PW-TDI of the septal annulus was used to measure
early peak diastolic mitral annulus velocity (Es). Left ventricular
filling pressures were estimated by the relationship of E/Es (E being derived by mitral flow velocity).
CDMI-Derived Indices: Mean Regional Velocities, Strain Rate
and Strain. CDMI data, digitally recorded with a Philips Sonos
7500 echograph, were analyzed offline using dedicated software
(AMID, Italy). A myocardial segment contained inside a region of
interest was considered entirely. Frame rate ranged between 75
and 100 Hz. Velocity, strain () and strain rate profiles [21] were
averaged over three consecutive cardiac cycles to derive mean velocity and strain rate curves over a mean RR interval. Strain is
defined as the deformation of an object, normalized to its original
shape and strain rate is the speed at which deformation (i.e. strain)
occurs (its unit is s–1). To describe deformation in longitudinal direction both at the medium posterior septum and the medium
lateral wall, the following parameters were calculated in apical
chamber view in all study subjects: maximum strain (sys) in percent; maximum strain rate (SRsys) per second and early (SR E) and
late diastolic peak strain rate (SR A) in centimeters per second.
The intraclass correlation coefficient (ri) was calculated according to Bland and Altman’s procedure [21]. Almost three values of strain rate and strain were sampled for each patient and for
each segment: septal and lateral; the correlation coefficient (ri)
was 0.86 for septal and 0.89 for lateral segments.
Acoustic Densitometry. Commercial high frame rate IBS technology has been applied to provide a more robust signal (calibrated in dB) with a substantial improvement in the time sequence of
backscattered signals, further optimized for tissue characterization research. The images were obtained using a harmonic imaging mode. A detailed IBS methodology has been described previously [22, 23].
Statistical Analysis
Continuous variables were expressed as means 8 SD. Analysis
of variance for the three study groups was also performed with a
Tukey test to analyze significant differences between parameter
means obtained by intragroup comparisons of the obese patients
(both before and after bariatric surgery) and between both obese
groups and controls. Upper and lower 95% confidence limits for
each variable were calculated from the 2-tailed Student’s t test dis-
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Table 1. Demographic and clinical

findings

Parameters

Obese patients

Age, years
Height, cm
Weight, kg
Body surface, m2
BMI, kg/m2
SAP, mm Hg
DAP, mm Hg
MAP, mm Hg
HR, b/min
SV, ml
CO, l/min
Glycemia, mg/dl
Total cholesterol, mg/dl
HDL cholesterol, mg/dl
LDL cholesterol, mg/dl
Insulin
HOMA-IR

before surgery
(n = 13)

after surgery
(n = 13)

31.286.1
166.387.3d
126.4820.3d
2.1980.3d
47.088.1d
128.2813.7
77.689.3
97.484.8c
81.588.7d
76.787.4c
5.881.7c
93.887.3a, c
218.2815.3a, c
50.589.2
134.289.2
16.388.6d
3.7981.6d

–
–
93.6816.3b, e
1.8880.2a, e
36.085.0b, e
120.688.5
77.988.4
92.784.5
67.788.2a
73.686.8a
5.381.5a, e
81.286.8
198.5810.2
53.988.2
130.687.6
5.686.2b, e
1.580.7a, e

Controls
(n = 13)

33.286.4
172.687.4
74.888.2
1.8580.2
22.882.8
120.284.3
73.686.5
85.487.6
69.9811.2
68.788.7
5.0281.3
80.887.5
176.389.8
58.688.3
133.5810.5
4.282.1
0.9280.5

p value

NS
<0.001
<0.001
<0.001
<0.001
NS
NS
<0.05
<0.001
<0.05
<0.05
<0.05
<0.05
NS
NS
<0.001
<0.001

BMI = Body mass index; CO = cardiac output; DAP = diastolic arterial pressure;
HR = heart rate; MAP = mean arterial pressure; NS = nonsignificant; SAP = systolic arterial pressure; SV = stroke volume. a p < 0.05, b p < 0.01, comparison between obese
groups; c p < 0.05; d p < 0.01, comparison between obese patients before surgery and controls; e p < 0.05, comparison between obese patients after surgery and controls.

tribution using the following formulas: mean 8 (2.042 ! SD), and
mean –(2.042 ! SD), respectively. McNemar’s test was also applied
to statistically compare the methods employed: mitral flow pulsed
Doppler and new ultrasonic technologies. The intraclass correlation coefficient (ri) was calculated according to Bland and Altman’s
procedure [21], using one-way analysis of variance for repeated
measurements. A p value !0.05 was considered significant.

Results

Anthropometric and clinical findings of the obese
subjects and the controls are shown in table 1. Weight
loss, expressed as a reduction in the body mass index, was
27.4 8 14.7% (mean 8 SD). A significant improvement
in most study parameters was also observed.
After bariatric surgery, the main findings of conventional echocardiographic parameters were: a significant
reduction in left atrial dimensions (p ! 0.0001; table 2); a
significant reduction in the septum and posterior wall
thickness (p ! 0.001); a significant reduction in both left
ventricular mass (LVM) indexed by height (LVMh;
–23 8 10%) and by body surface (LVMbs; p ! 0.0001 and
p ! 0.05, respectively) and a slight but significant reducBariatric Surgery and Obesity

tion in left ventricular enddiastolic volume (p ! 0.05; table 2).
The main findings of Doppler transmitral flow parameters were: a significantly lower peak A velocity and
a lower isovolumic relaxation time in the obese group after surgery (p ! 0.01) with a higher E/A ratio (p ! 0.01;
table 3).
The main findings of PW-TDI velocities and times at
mitral annular level were: a significantly higher PW-TDI
peak E annular velocity (septal) and a significantly lower
peak A annular velocity (septal; p ! 0.001); a significantly higher E/A ratio (p ! 0.001); a significantly lower isovolumic relaxation time (septal; p ! 0.001), a significantly higher systolic peak ‘S’ wave of annular motion (lateral; p ! 0.01) and a significantly lower E/Es (lateral) in
the obese patients after surgery (p ! 0.0001; table 4).
The main findings of CDMI parameters were: the increase and normalization of myocardial systolic strain
(septal; mean : +65 8 35%) and of systolic strain rate
(mean : +62 8 34%) in obese patients after surgery
(p ! 0.001 and p ! 0.003, respectively; table 5).
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Table 2. Conventional echocardiographic

parameters

Parameters

Aortic root, mm
Left atrium, mm
EDD, cm
FS, %
EF, %
DSth, mm
DPWth, mm
LVMh, g/m2
LVMbs, g/m2
EDV, cm3
ESV, cm3

Obese patients
before surgery
(n = 13)

after surgery
(n = 13)

31.783.1
37.983.9d
5.384.3
39.388.8
72.589.9c
11.381.9d
9.981.5d
56.2812.2d
94.5823.9
85.289.4c
24.589.2

30.982.7
33.584.6a
47.784.0
41.385.6
70.688.8e
8.681.6b
8.281.6b
41.8810.7b
80.6819.8a
65.3813.7b
23.887.8a

Controls
(n = 13)

p value

31.982.6
33.183.7
47.483.8
35.887.3
66.388.6
8.581.2
8.582.1
37.187.8
91.1818.4
75.885.8
28.588.6

NS
<0.0001
NS
NS
<0.03
<0.001
<0.001
<0.0001
<0.05
<0.05
NS

DPWth = Diastolic posterior wall thickness; DSth = diastolic interventricular septum
thickness; EDD = enddiastolic pressure; EDV = enddiastolic volume; EF = ejection fraction; ESV = endsystolic volume; FS = fractional shortening. a p < 0.05, b p < 0.01, vs. obese
patients before surgery; c p < 0.05, d p < 0.01, obese patients before surgery vs. controls;
e p < 0.05, obese patients after surgery vs. controls.

Table 3. Doppler transmitral flow
parameters: velocities and times

Parameters

Peak E, cm/s
Peak A, cm/s
E/A ratio
Mitral DT, ms
IVRT, ms

Obese patients
before surgery
(n = 13)

after surgery
(n = 13)

84.8819.1
75.1813.7d
1.1880.4d
177.2832.5d
80.2816.2c

80.0818.9
64.5810.5b
1.380.4a
171.7823.9a, e
71.889.6b

Controls
(n = 13)

p value

80.2814.5
53.7815.3
1.480.5
155.5831.9
77.8816.8

NS
0.01
0.01
0.01
0.05

DT = Deceleration time; IVRT = isovolumic relaxation time. a p < 0.05, b p < 0.01, vs.
obese patients before surgery; c p < 0.05, d p < 0.01, obese patients before surgery vs. controls; e p < 0.05, obese patients after surgery vs. controls.

The main findings concerning IBS parameters were: a
significantly higher cyclic variation index, both at septum and at posterior wall level, in obese patients after
surgery (mean septum : 43 8 25%, p ! 0.0001, and
mean posterior wall : 28 8 18%, p ! 0.001); a slight but
significant reduction in IBSm, both at septum and at posterior wall level, in the obese group after surgery (mean
septum : –24 8 10%, p ! 0.04, and mean posterior wall
: –22 8 10%, p ! 0.01; table 6).
For all significant differences, a trend toward normalization was observed, with the majority of postsurgical
obese parameters being comparable with those of the
controls (tables 1–6).
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Discussion

The recent American Heart Association scientific
statement on obesity and cardiovascular disease [2] underlines that extreme obesity (class III) is associated with
an extremely high risk for developing type 2 diabetes, hypertension and cardiovascular disease. The reading of
this statement has prompted our present preliminary
study, although the strictly homogeneous group of severely obese young patients analyzed before and after
bariatric surgery was small.
In a prospective study, our group has recently demonstrated that severely obese patients presented, in the early
Di Bello et al.

Table 4. PW-TDI findings in the study

groups

Parameters

Obese patients

Controls
(n = 13)

p value

before surgery
(n = 13)

after surgergy
(n = 13)

Septal
PW-TDI S
PW-TDI peak E
PW-TDI peak A
PW-TDI E/A
PW-TDI IVRT

7.881.6
7.882.9d
9.982.1d
0.8180.7d
73.4811.7d

8.380.9
8.782.5
7.882.2b
1.280.6b
67.8814.2b

8.681.6
12.382.3
6.581.9
1.580.6
75.4814.3

NS
<0.001
<0.001
<0.001
<0.001

Lateral
PW-TDI S
PW-TDI peak E
PW-TDI peak A
PW-TDI E/A
PW-TDI IVRT

7.781.7c
11.583.4d
10.882.7d
1.280.4d
78.4819.8

10.081.8a
14.784.8
8.881.9
1.780.3
59.5818.2a

11.282.1
16.784.1
8.382.7
2.180.5
72.6817.8

<0.01
<0.0001
<0.01
<0.002
<0.05

E/Es

12.881.9d

7.882.2b, e

6.681.6

<0.0001

Es = Early peak diastolic mitral annulus velocity; IVRT = isovolumic relaxation time;
S = systolic peak S wave of annular motion. a p < 0.05, b p < 0.01, vs. obese patients before
surgery; c p < 0.05, d p < 0.01, obese patients before surgery vs. controls; e p < 0.05, obese
patients after surgery vs. controls.

Table 5. CDMI parameters (regional

velocities, strain and stain rate)

Parameters

Obese patients
before surgery
(n = 13)

after surgery
(n = 13)

Controls
(n = 13)

p value

Medium posterior septum
–11.983.2d
sys, %
–1
SRsys, s
–0.580.2d
SRE, cm/s
0.880.4d
SRA, cm/s
0.880.3

–20.485.3b
–1.180.3b
1.280.2a
0.580.3

–23.489.4
–1.280.4
1.480.6
0.580.4

<0.001
<0.003
<0.001
NS

Medium lateral wall
sys, %
SRsys, s–1
SRE, cm/s
SRA, cm/s

–19.584.7b
–1.280.3b, e
1.380.6a
0.580.2

–21.485.6
–1.781.7
1.380.5
0.580.2

<0.0001
<0.0001
<0.001
NS

–10.583.7d
–0.680.3d
1.180.4d
0.680.3

sys = Maximum strain; NS = nonsignificant; SR = strain rate; SR A = late diastolic
peak strain rate; SR E = early diastolic peak strain rate; SRsys = maximum strain rate.
a p < 0.05, b p < 0.01, vs. obese patients before surgery; c p < 0.05, d p < 0.01, obese patients
before surgery vs. controls; e p < 0.05, obese patients after surgery vs. controls.

phase of their disease, some new systolic and diastolic subclinical functional abnormalities by ultrasonic IBS and
CDMI (strain and strain rate), hypothesizing the existence
of an ‘obese cardiomyopathy’. These new findings, representing the very early markers of myocardial dysfunction,

could predict which obese individuals are at highest risk of
heart failure. The main finding of the present study was
the quite complete normalization of left ventricular myocardial functional and structural alterations, evidenced by
IBS and CDMI, in severely obese patients after bariatric
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Table 6. IBS parameters

Parameters

IBS p, dB
CVIS, %
CVIPW, %
IBSMSI, %
IBSMPWI,%

Obese patients
before surgery
(n = 13)

after surgery
(n = 13)

47.185.6
14.687.0d
30.786.7d
55.889.5c
34.685.9d

47.585.5
25.7811.2b
35.689.5b
46.588.8a, e
27.787.4a, e

Controls
(n = 13)

p value

48.284.9
36.289.1
42.088.6
43.088.0
33.787.1

NS
<0.0001
<0.001
<0.04
<0.01

CVIS/CVIPW = Cyclic variation index at septum/posterior wall level; IBSMSI/
IBSMPWI = mean septum/mean posterior wall IBS; NS = nonsignificant. a p < 0.05, b p <
0.01, vs. obese patients before surgery; c p < 0.05; d p < 0.01, obese patients before surgery
vs. controls; e p < 0.05, obese patients after surgery vs. controls.

surgery. On the other hand, a similar trend was found between HOMA-IR and both LVM and mean septum reflectivity variations, to express normalization of insulin resistance and regression of left ventricular hypertrophy (LVH)
with normalization of its collagen content.
Hemodynamic and Metabolic Repercussion of Obesity
Obesity induces several modifications in cardiac
structure and function, which are associated with hemodynamic overload [11–13, 24, 25] and represents itself a
risk factor for congestive heart failure [5, 26–28]. Atrial
and ventricular remodeling is common in obese patients,
and it is known that these physiopathological aspects are
related to atrial and ventricular dysfunctions. The larger
atrial size in obese patients is related both to an expanded
intravascular volume and to altered left ventricular filling. In particular, in normotensive obese patients, eccentric LVH represents an adaptation to the expanded intravascular volume. In addition to the increased preload, left
ventricular afterload is elevated due to both higher vascular resistance caused by excess adipose tissue and
greater conduit artery stiffness. Body mass index is related to impaired diastolic functional indices; obesity can
alter diastolic filling parameters because of altered load
conditions, as well as due to increased LVMh.
LVH determines impaired left ventricular diastolic
function, essentially in the late diastolic passive phase,
linked to increased myocardial stiffness; this alteration is
considered an early event of cardiac involvement in obese
subjects followed by impaired systolic function. Systolic
parameters (ejection fraction and fractional shortening)
are normal or supernormal in obese patients compared
with controls.
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Left ventricular diastolic function, evidenced by the
E/A ratio conventionally obtained by transmitral flow
Doppler analysis, is significantly reduced in obese patients, essentially due to a significantly higher peak A.
PW-TDI parameters, sampled at mitral annular level,
which are the expression of global left ventricular longitudinal function, showed that all intramyocardial diastolic phases are altered in severe obesity. The significantly lower mitral annulus early diastolic velocity (Es and El)
and the significantly higher E/Es and E/El ratios, directly
related to left ventricular filling pressure [19], are further
evidence of the presence of a left ventricular diastolic dysfunction in obesity.
The use of intramyocardial ultrasonic techniques (e.g.
IBS and CDMI) allowed us to detect minimal, very early
alterations in systolic and diastolic phases in the obese
[12, 13]. In particular, backscatter showed a higher level
of myocardial echoreflectivity in the septum and structural myocardial alterations (increased myocardial fibrosis) in severe obese patients [23] (moderate and severe
myocardial fibrosis is a frequent autopsy finding in obese
patients [29]). Despite the lower cyclic variation index,
both at septum and posterior wall level, expression of an
early impairment in intrinsic myocardial contractility
was also detected in obese patients when left ventricular
ejection fraction was above normal.
Systolic deformation (evidenced by strain and strain
rate) appears significantly impaired in the obese before
surgery, representing an early myocardial functional abnormality, which can occur concomitantly with diastolic
dysfunction, even if the common conventional echocardiographic functional parameters are within the normal
range.
Di Bello et al.

Impact of Weight Loss on Cardiac Structure and
Function
Weight loss has beneficial effects on functional and
structural cardiac alterations; in particular in previous
studies LVM was altered by weight loss. In obese patients
subjected to bariatric surgery, a significant reduction in
LVM was observed using electrocardiographic criteria of
LVH and echocardiographic criteria (reduced LVM with
significant reductions in the thickness of both septum
and posterior wall of left ventricle). Weight loss decreases
oxygen consumption at any given work rate, cardiac output, blood pressure and filling pressures of left ventricle
as stroke volume diminishes [30].
Regarding structural aspects, bariatric surgery resulted in a significant reduction in LVM, essentially caused
by a significant reduction in septum and posterior wall
thickness and by a reduction in enddiastolic volume. A
significant reduction in interstitial collagen content was
shown by the significant reduction in ultrasonic reflectivity (IBSMS) after surgery. The reduction in left atrial
dimension in the obese group after surgery is the expression of a reduced preload, confirmed by the reduction in
enddiastolic volume. The better left ventricular load conditions induced by weight loss were furthermore confirmed by the significant reduction in the E/Es ratio in the
obese group after surgery, which represents an index of
the enddiastolic left ventricular pressure level.
Weight loss after bariatric surgery in severely obese
patients caused improvements in left ventricular systolic
and diastolic functions. In particular, an increase in myocardial deformability (postsurgical systolic strain and
strain rate) and an improvement in myocardial intrinsic
contractility (cyclic variation index at septum and posterior wall level) was noted. The significant improvement
in regional ‘S’ wave peak velocity obtained with PW-TDI
confirmed the previous observation [31].
After bariatric surgery, left ventricular diastolic functional improvement was demonstrated in the mitral flow
velocities and times and in PW-TDI mitral annulus velocities in our obese patients [31]. Early and late phases of
diastole improved, too.
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Weight loss after bariatric surgery appears to be able
to induce an improvement in volume overload (reduction
in enddiastolic volume), a reduction in LVM [32–34] and
a better intrinsic myocardial contractility and deformability, probably mediated by a better insulin/glucose interaction (trend to normalization of HOMA). In these
patients, the normalization of insulin resistance may be
essential to substantially reduce the risk of congestive
heart failure [8].
Strengths and Limitations
A limitation of this study is represented by the low
number of patients; however, this group, being part of a
larger class III obese population [12, 13], matched perfectly with the control group (case-control study). The
lack of myocardial biopsy is another limitation of the
study but in our opinion it is not ethically acceptable in
these patients.

Conclusion

Bariatric surgery appears to be efficient not only for a
substantial and durative weight loss but also to improve
in myocardial metabolism and function. This study establishes the utility of the new ultrasonic techniques to
detect very early structural and functional myocardial
alterations and their regression after bariatric surgery in
obese patients. Further studies are required to confirm
these findings in a larger patient population, extending
the research to the complex interactions between obesity
(even in classes I and II), potential comorbidities (arterial hypertension, diabetes and nocturnal sleep apnea),
risk factors (C-reactive protein), humoral factors (leptin,
interleukins and adiponectin) and myocardial metabolism and function.
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