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Abstract

Background Obesity is associated with high morbidity
and represents an increasing health care problem world-
wide. Laparoscopic sleeve gastrectomy (LSG) has been
used effectively for weight loss and co-morbidity remis-
sion. In this retrospective study, we evaluated cardiac
reverse remodeling at medium-term follow-up by echo-
cardiography, the amount of cardiovascular medications,
and the impact of co-morbidities after sleeve gastrectomy.
Methods Altogether, 16 obese patients (4 men, 12
women; 46.4 + 10.3 years) underwent complete clinical
evaluation, laboratory tests, and color Doppler/tissue
Doppler imaging echocardiography preoperatively and
12-20 months after bariatric surgery.
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Results Body weight (mean body mass index) was signifi-
cantly reduced (from 44.8 + 8.0 to 31.2 + 7.8 kg/m?;
p = 0.001). Lipid profile significantly improved: total cho-
lesterol and triglycerides decreased (respectively: 215.5 +
53.8 vs.205.3 + 46.6 mg/dl and 184.9 £+ 109.3 vs. 116.1 +
49.9 mg/dl, both p < 0.05), and high-density lipoprotein
increased (43.1 £ 10.9 vs. 51.4 £ 12.8 mg/dl, p = 0.005).
Systolic blood pressure significantly decreased (from
133.0 £ 17.1 to 120.6 £ 13.7 mmHg; p = 0.04). Diabetes
remission was complete in five of six patients (83 %) and
sleep apnea in four of five (80 %). Echocardiography showed
significantly reduced interventricular septum and posterior
wall thickness (11.3 £ 1.8t09.4 4+ 2.1 mm and 104 £ 1.7
to 8.6 = 1.9 mm, respectively; both p < 0.007) and reduced
left ventricular mass (absolute value and indexed by height,
respectively: 222.41 £ 78.2to 172.75 £ 66.3 g (p = 0.003)
and 55.9 £ 14.3 to 43.8 £ 17.2 g/m*7 (p = 0.0004). Anti-
hypertensive drug intake was significantly reduced
(p = 0.03), as shown by the 10-year Framingham Risk Score
(from 14.2 £ 9.3t0 8.3 + 9.5 %, p = 0.003).

Conclusions Sleeve gastrectomy is associated with
marked improvement in terms of weight loss, lipid profile,
type 2 diabetes, sleep apnea, hypertension, and left ven-
tricular hypertrophy, with a significantly reduced Fra-
mingham Risk Score.

Introduction

Obesity is a systemic disorder associated with multiple
co-morbidities, including type 2 diabetes mellitus (T2DM),
hypertension, dyslipidemia, metabolic syndrome, nonalco-
holic fatty liver disease, nephropathy, left ventricular (LV)
hypertrophy, and obstructive sleep apnea syndrome (OSAS).
Obesity increases morbidity and mortality risks and
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represents a major health care problem with epidemic distri-
bution worldwide. Obesity is considered a significant car-
diovascular risk factor for premature death and disability from
cardiovascular diseases [1, 2]. The secondary cardiac struc-
tural and hemodynamic changes that occur when these alter-
ations result in congestive heart failure are overall referred to
as “obesity cardiomyopathy” and have been extensively
investigated. They include an increase in LV wall thickness,
mass, and diameters, with systolic and diastolic dysfunction
[3, 4]. Right ventricular dimensions and function may be
similarly affected, in relation to pulmonary hypertension,
OSAS, and obesity hypoventilation syndrome [5].

Weight loss surgery has been shown to reduce mortality
and the incidence of co-morbidities and to ameliorate or
remit T2DM [6, 7]. Bariatric surgery seems also able to
reverse many of the associated hormonal and hemody-
namic changes, reducing the incidence of cardiovascular
events [2, 6]. The decrease in LV mass after bariatric
surgery, irrespective of the surgical technique, is well
documented and may provide beneficial effects on long-
term survival in obese patients [8]. Cardiac changes are not
pronounced during the first 3 months, when the decrease in
glucose, insulin, and cholesterol levels is more significant.
LV mass regression continues in a linear fashion and peaks
by the ninth postoperative month [8]. In a recent systematic
review involving 52 studies and 16,867 patients, a 40 %
relative risk reduction for 10-year coronary heart disease,
as determined by the Framingham Risk Score, was
observed after bariatric surgery [9].

Sleeve gastrectomy (SG), originally conceived as the
first stage of a biliopancreatic diversion with duodenal
switch (BPD-DS), has rapidly gained popularity as a
definitive bariatric procedure. SG is associated with a high
rate of remission of T2DM and other obesity-associated
co-morbidities, such as hypertension, hyperlipidemia, and
sleep apnea [10-12]. To our knowledge, no data are
available in the literature about specific effects of SG on
reverse remodeling of the heart. The aim of the present
study was to analyze retrospectively a selected population
at mid-term follow-up after SG for: (1) reverse cardiac
remodeling, evaluated by transthoracic two-dimensional
(2D) Doppler and tissue Doppler imaging (TDI) echocar-
diography; (2) all co-morbidities that occurred, such as a
toxic lipid profile or T2DM; and (3) the amount of car-
diovascular medications required.

Materials and methods
Study population

From March 2009 to December 2010, a total of 248 obese
patients (mean age 41 + 10.46 years, range 16-67 years)
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underwent SG at a single academic medical center. A
complete preoperative evaluation by a multidisciplinary
team included demographic data, blood tests, and 12-lead
electrocardiography. The preoperative workup included
anesthesiology and cardiac evaluations. In 17 (6.8 %) of
these patients (including only 4 men), whose mean age was
46.4 £ 10.3 years (range 16-58 years), preoperative 2D
and Doppler echocardiography was indicated and per-
formed. The indications were LV pressure overload and
left atrial (LA) enlargement, as shown by 12-lead electro-
cardiography (ECG) (11 patients, 69 %), or because of the
presence of three or more cardiac risk factors (in the
remaining six patients), according to ACC/AHA guidelines
[13]. The obese patients in our cohort had multiple cardiac
risk factors, but none had a history of ischemic myocardial
disease, current instability, or a history of heart failure or
cerebrovascular disease. One patient with significant aortic
valve stenosis was excluded from the study.

Based on these considerations, routinely after the ECG/
cardiac evaluation and the anesthesiologist’s assessment in
our center the patients usually were classified as being at
low perioperative cardiac risk patients. Only in a very low
percentage of these patients is preoperative echocardiog-
raphy required according to current guidelines, which
exclude patients with an absence of an active or highly
suspected active cardiac disease (unstable coronary syn-
dromes, decompensated heart failure, significant arrhyth-
mias, and/or severe valvular disease).

Congenital heart diseases, atrial fibrillation, and known
coronary artery disease were considered additional exclu-
sion criteria. None was seen in this patient cohort. Preop-
erative data were retrospectively analyzed.

Sleeve gastrectomy was performed with a technique
previously described [11]. The vertical gastric resection
started 6 cm from the pylorus up to the angle of His, and it
was calibrated along a 48F transoral bougie to obtain a
60—70 ml capacity gastric pouch.

All patients gave written informed consent to follow-up
evaluation. The Ethics Committee on Research at our
institution approved the study.

Follow-up

Patients were reevaluated postoperatively at a median
follow up of 16 months (range 12-20 months), and such
follow-up was 100 % complete. Clinical evaluation,
changes on lipid profile, systolic and diastolic blood pres-
sures, 12-lead electrocardiography, 2D Doppler/TDI
echocardiography, co-morbidities progression, and the use
of antihypertensive and antidiabetic medications were
recorded. Remission of T2DM was defined as fasting
glucose levels <100 mg/dl and hemoglobin Alc (HbAlc)
<6.0 % without the use of oral hypoglycemic drugs or
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insulin. To estimate the 10-year cardiovascular risk, the
Framingham Risk Score was calculated, as previously
described [14, 15].

Echocardiography

Echocardiographic follow-up studies were performed in
left lateral decubitus by an experienced echocardiologist
(EC) using commercially available ultrasonography
equipment (CX-50; Philips, Andover, MA, USA) with a
1-5 MHz phased array transducer (S5-1; Philips). The
images were acquired from parasternal and apical windows
and were digitally recorded according to the American
Society of Echocardiography (ASE) standards for offline
analysis. M-mode, bidimensional echocardiographic data,
and pulsed, continuous, color Doppler, and TDI flow
mapping were recorded. Two expert ECs independently
and blinded from the patients’ clinical records, reviewed
each study and measured each referred quantitative
parameter in three consecutive cycles. The parameters of
LV geometry were measured offline in M-mode, including
the interventricular septum (IVS), posterior wall thickness,
and LV internal diameters, measured at the end of diastole
(end-diastolic diameter) and at the end of systole (end-
systolic diameter). When M-mode measurements could not
be obtained optimally in three patients (19 %), LV internal
dimensions and wall thickness measurements were made
using the leading edge convention, as described by the ASE
[16]. LV end-diastolic and end-systolic volumes were
calculated using the Teichholz method [16]. Relative wall
thickness was calculated as follows:

RWT = [2 x LVPW]/LVEDD

where RWT is the relative wall thickness, LVPW is the left
ventricular posterior wall thickness at end-diastole, and
EDD is the left ventricular mid-cavity dimension at end-
diastole. LV mass was calculated using the corrected AES
convention [16] proposed by Devereux:

LV mass (g) = 0.8 x 1.04
x [(LVEDD + LVPWd + IVSd)’
—~LVEDD’] + 0.6

For more appropriate normalization of LV mass in obese
patients, the LV mass indexed by height was calculated by
dividing the LV mass by height in meters raised to the
2.7th power [16]. Indexation of LV mass for the allometric
power of its relation to body height (height>”) facilitates
identification of LV hypertrophy among obese subjects
because height®’ parallels ideal body size for body height,
in contrast to actual body weight [17]. Different methods of
indexation of LV mass, as for body surface area (BSA),
resulted in considerably different prevalence of LV

hypertrophy, which is why indexation for body mass
index (BMI) or BSA has been avoided. LV geometry was
considered normal if the relative wall thickness (RWT) was
<0.45 and the LV mass index (LVMI) was <51 g/m*’. A
normal LVMI with increased RWT (>0.45) was
considered concentric remodeling. A hypertrophic LV
(LVMI > 51 g/m2‘7) was considered eccentric when the
RWT was <0.45 and concentric when the RWT was
>0.45. Using pulsed-wave Doppler and TDI, early and late
diastolic mitral inflow and early diastolic mitral annular
velocity, obtained from the average of measurements of the
septal and lateral annulus, were recorded to assess diastolic
function. The patients were accordingly classified into
three groups: normal filling, altered relaxation and
pseudonormal filling dynamics. Interobserver agreement
was 0.9.

Statistical analysis

Continuous variables are reported as the mean + SD and
categorical variables as the number and percent. Continu-
ous variables were analyzed with Student’s ¢ test for paired
data for bivariate analyses and with a generalized linear
model for multivariate analyses. Categoric variables were
analyzed with x*> or McNemar tests, when appropriate.
Statistical significance was considered for values of
p < 0.05. Computations were performed with SPSS 19
(IBM, Armonk, NY, USA).

Results

Sleeve gastrectomy was carried out in all patients without
intraoperative complications. Significant postoperative
bleeding was registered in one patient (6 %) and required
nonoperative management (2-unit blood transfusion). The
mean postoperative hospital stay was 4.3 days (range
3-7 days). There were no operative deaths. At the time of
surgery, the mean BMI was 44.8 + 8 kg/m?. Co-morbidi-
ties were present as follows: hypertension 10 patients
(62.5 %), DM 6 patients (37 %), OSAS 5 patients (31 %)
(Table 1). Before the operation, patients with hypertension
took 2.7 £ 1.2 different antihypertensive pharmacological
class medications daily. At follow-up, the number of
medications had decreased to 1.4 £ 1.4 agents (p = 0.03).
In four patients, the therapy was completely stopped
(Fig. 1). The values of preoperative and postoperative
blood tests are reported in Table 2.

Body weight was significantly reduced, with a mean
BMI decrease from 44.8 + 8.0 to 31.2 + 7.8 kg/m?
(p = 0.001). The lipid profile was significantly improved
in terms of lowering of total cholesterol and triglycerides
(215.5 £ 53.8 to 205.3 + 46.6 mg/dl and 184.9 + 109.3
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Table 1 Co-morbidities before and after sleeve gastrectomy

Co-morbidity  Preoperative ~Remission Improvement Unchanged
Diabetes 6 5 (83 %) 1.(17 %) 0
Hypertension 10 4 (40 %) 3 (30 %) 3 (30 %)
Obstructive 5 4 (80 %) 1 (20 %) 0
apnea
syndrome
N. Pts
12
10 4
m0
8 4 ;
#1 Daily

W2 Antihypertensive
+3  drugs
w4

Preop

Post op

Fig. 1 Daily use of antihypertensive drug classes in obese patients
before and after sleeve gastrectomy

to 116.1 £ 49.9 mg/dl, p = 0.05 and 0.02, respectively),
with an increase in high density lipoprotein (HDL) choles-
terol (43.1 & 10.9 to 51.4 £+ 12.8 mg/dl, p = 0.005). A
significant reduction in systolic blood pressure was recorded
(from 133 £+ 17.1 to 120.6 &= 13.7 mmHg, p = 0.04),
without a significant variation in diastolic blood pressure.
Diabetes remission was complete in five of six patients
(83 %). In the patient without remission, the diabetes had
been present for more than 10 years. However, glycemic
control improved with significant reduction of oral antidia-
betic drug use. Sleep apnea was cured in four of five patients
(80 %) and was ameliorated in one patient. The mean
Framingham Risk Score decreased from 14.2 + 0.3 %
preoperatively to 8.3 + 0.5 % at follow-up (p = 0.0026)
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Fig. 2 Echocardiographic findings before and after sleeve gastrec-
tomy. LV left ventricular, LA left atrium; Diam diameter. * p < 0.05

owing to an improved lipid profile, diabetes remission, and
less antihypertensive drug need (Table 2).
Echocardiographic data showed a significant reduction
in IVS and posterior wall thickness (PWT) [11.3 £ 1.8 to
94 £ 21 mm (IVS) and 104 £ 1.7 to 8.6 = 1.9 mm
(PWT), p = 0.007 and 0.005, respectively), in LV mass
(222.41 £ 78.2 to 172.75 £ 66.3 g, p = 0.003), with a
high statistically significance in LV mass indexed by height
(55.9 & 14.3 to 43.8 + 17.2 g/m*’, p = 0.0004) (Fig. 2).
LV dimensions were not altered, demonstrated by the fact
that both LV diameters—end-diastolic and end-systolic—
were not significantly modified. RWT was significantly
reduced (0.4 £ 0.07 to 0.35 £ 0.07, p = 0.03) with a
nonsignificant improvement in ejection fraction (p = 0.11)
and in fractional shortening (Table 3). LV geometry tended
toward normalization, although not significantly, consid-
ering the improvement in the LVM and RTW (Fig. 3).
Diastolic function improvement in the degree of LV
relaxation was detected in three patients (19 %) (Fig. 4).
Moreover, left atrium (LA) enlargement, reflecting chronic
LV filling pressures, significantly diminished. The multi-
variate test for repeated measures showed that the changes
in LV mass and the LVMI were significantly correlated

Table 2 Cardiovascular risk
profile used to assess

Framingham Risk Score

Results are expressed and the
mean £ SD or the number and
percent

*p <0.05
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Risk factors Preoperative Postoperative P
Sex (F/M) 12/4 (75/25)

Age (years) 46.4 £ 10.3

Total cholesterol 215.5 £ 53.8* 205.3 £ 46.6% 0.05
HDL (mg/dl) 43.1 £ 10.9* 51.4 £ 12.8% 0.005
Systolic blood pressure (mmHg) 130.5 £ 15.8* 120.6 £ 13.6* 0.04
Diabetes mellitus 6 (37 %) 1 (6.2 %)

Smoking 8 (50 %) 7 (44 %)

Antihypertensive treatment 10 (62 %) 6 (37 %) 0.01
Incident cardiovascular disease events 0 0

Framingham risk score (%) 14.2 4+ 9.3* 8.3 + 9.5% 0.0026
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Table 3 Preoperative and postoperative echocardiographic data

Echocardiographic data Preoperative Postoperative Mean difference P

LV end-diastolic diameter (mm) 517 £5.0 492 + 5.7 2.5 0.163
LV end-systolic diameter (mm) 31.1 £ 44 299 £ 5.1 —1.2 0.360
Interventricular septum (mm) 11.3 £ 1.8 94 + 2.0 -1.9 0.0068
Posterior wall (mm) 104 £ 1.7 8.6 1.9 —1.8 0.0056
Mass (g) 2224 £ 78.2 172.7 £ 66.3 —49.7 0.0003
Mass indexed by height (g/m*7) 559+ 143 438 £17.2 —12.1 0.0004
Ejection fraction (%) 62.1 £72 64.5 £ 2.7 —2.4 0.1122
Fractional shortening (%) 39.6 + 8.0 38.7 + 4.4 -0.9 0.736
Relative wall thickness 0.4 £ 0.06 0.35 £ 0.07 —0.05 0.0287
LA diameter (mm) 40.1 £3.2 36.1 £4.1 —4.0 0.0032

LV left ventricle, LA left atrium

Left Ventricular Concentricity

% 60
50 4
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Post-op.
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Fig. 3 Left ventricular concentricity evaluated by mass and relative
wall thickness before and after sleeve gastrectomy

Diastolic Function
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Fig. 4 Prevalence of diastolic dysfunction before and after sleeve
gastrectomy

witih changes in systolic blood pressure (p < 0.001), RTW
(p < 0.003), and BMI (p < 0.001). In a sensitivity analysis,
the main computations were repeated using baseline med-
ical therapy as the factor. The obtained results, though,
were similar to the main results in terms of direction and
magnitude of statistical significance.

Discussion

Obesity is a global public health problem, and its preva-
lence has dramatically increased over the last few decades
[18]. Although diet and physical exercise are the most
important modifiable determinants of body weight, many
complex factors, including genetic, hormonal, behavioral,
psychological, social, and environmental factors, interact to
determine a long-term imbalance between energy intake
and expenditure [19].

Sleeve gastrectomy is a safe procedure that has quickly
gained popularity worldwide in obese patients. Born as a
first stage of biliopancreatic diversion with duodenal
switch, today SG is considered a sole bariatric operation,
and it has rapidly attracted worldwide interest. The Third
International Summit on the current status of SG
(December 2010) reported the results of 19,605 SGs per-
formed within 3.6 &= 1.5 years [20]. Because of the
increasing interest, three consecutive position statements
on the use of SG as a sole bariatric procedure were issued
from 2007 to 2011 by the American Society for Metabolic
and Bariatric Surgery (ASMBS) [12, 21, 22].

Several studies [3, 4] have reported the beneficial effects
of bariatric surgery on cardiovascular risk and on cardiac
adaptation to long-term sustained weight loss with an
adjustment of LV mass to body size. In published studies,
the results are from different techniques of bariatric sur-
gical procedures (Roux-en-Y gastric bypass, SG, gastric
banding [2, 8, 9]), but to our knowledge no significant data
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on cardiac remodeling after SG alone are currently avail-
able. Our study reports the impact of SG on co-morbidities
and cardiac function, as evaluated by color Doppler and
TDI echocardiography in a homogeneous group of patients.
The results of the present study indicate that LV hyper-
trophy, a marker of increased cardiovascular risk, corre-
lates with abnormal hemodynamic, hormonal, and
metabolic factors. It improves rapidly after SG in obese
adults.

Many factors account for the reverse LV remodeling.
Postoperative arterial pressure reduction seems to be the
main mechanism. However, the reduction in LV mass in
obese subjects, regardless of whether the subjects have
normal or high blood pressure, has been documented [23].
In fact, LV concentric hypertrophy is the subtype more
frequently found in obese patients, and it has been shown to
carry a higher than the eccentric type [24], being a com-
pensatory process to volume overload. In the present study,
concentric and eccentric hypertrophy and concentric
remodeling, which is represented by an altered RWT in the
presence of a normal LV mass, were recorded in a similar
percentage of cases during the preoperative evaluation.
After LV mass regression, LV geometry improved, with a
homogeneous decrease in the two types of hypertrophy and
in the case of cardiac remodeling, in favor of a normal LV
structure. The latter plays an important role in lowering
cardiac risk stratification.

In the clinical scenario there is a need for a reproducible
and reliable index to follow changes in LV shape over
time, related to pressure and/or volume overload, in the
context of normal or impaired LV function [25]. In line
with most other studies [8, 26, 27], in the present series LV
systolic function and fractional shortening were well pre-
served, without significant changes at follow-up. Wong
et al. [4] detected a subclinical depression of LV function,
probably correlated with the duration of obesity. The
impact on LV function may be subtle during the early stage
of obesity, and the relatively young age of our patients may
justify its absence. In the meanwhile, the global improve-
ment in LV geometry might reverse the subtle and possibly
preclinical LV dysfunction, thereby avoiding subsequent
deterioration, possibly related to cardiac fibrosis. There is
also an improvement in LV relaxation, with a reduction in
LV filling pressures, the latter being related to volume
expansion in obese patients. This is reflected in a positive
correlation with reduced LA dimensions. Further studies
are needed to investigate the mechanism by which diastolic
function improved.

The LV mass, systolic blood pressure, BMI, and RWT
were analyzed with a model for repeated measures, con-
sidering not only the difference between pre and post, as in
Pearson’s correlation, but also the absolute value. In con-
trast to previous studies [8, 27], a significant correlation
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was found between LV mass regression and systolic blood
pressure regression as well as BMI and RWT regression.
Interestingly, hypertensive patients experienced a signifi-
cant drop in systolic blood pressure compared to that of
normotensive patients (mean delta 11.0 & 0.8 vs. 8.0 £
11.3 mmHg, p < 0.005). Based on our results, w believe
that LV reverse remodeling is dependent on various
parameters combined to effect global cardiac improve-
ment. It is influenced not only by the decreased blood
pressure but also by the BMI, volume overload, and T2DM
remission—all factors interconnected in the metabolic
syndrome.

Algahim et al. [8] hypothesized that the improvement in
the sleep apnea syndrome may have neurohumoral effects,
influencing a positive cardiac remodeling. Metabolic
changes, such as the normalization of the lipid pattern,
remission of T2DM, and euglycemia restoration, can be
important promoters of cardiac improvements. In other
series, T2DM remission after SG was reported with a rate
similar to that obtained after gastric bypass [28, 29]. The
remission occurs early in the postoperative period and
independently from body weight loss: A hormonal mecha-
nism seems to be involved in inducing changes in insulin
resistance and glucose homeostasis [30, 31]. In the present
study, complete remission of T2DM occurred in five of six
patients (83 %) with clinical improvement in the sixth
patient. A similar remission occurred for OSAS. In hyper-
tensive patients, the remission rate was 40 %, and clinical
improvement occurred in 30 %. As a consequence, phar-
macologic therapy was significantly reduced. The lipid
profile also ameliorated, with a significant reduction of total
cholesterol and triglycerides and an increase in HDL cho-
lesterol levels. It is an interesting finding that the drop in the
cholesterol level, although significant, is not as low as one
would expect. This is in line with our previous results [32]
and with outcomes reported in the literature [33, 34]. In
those studies, a significant improvement in HDL cholesterol
and triglycerides levels after laparoscopic sleeve gastrec-
tomy (LSG) is observed although LDL cholesterol and total
cholesterol levels were unchanged. Benaiges et al. [34]
hypothesized that the drop of ghrelin can play a role in this
specific effect of LSG on HDL. These data, together with
the global improvement of the metabolic syndrome, may be
considered the basis for the observed cardiac risk reduction,
as evidenced by the significant reduction of the Framingham
Risk Score (p = 0.0026).

Limitations
The main limitation of this retrospective study is that the

preoperative echocardiographic evaluations were not per-
formed prior to the patients’ inclusion in the study and not
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in consecutive patients but in a selected population. This
weakens our results. On the other hand, the differences
between the preoperative and postoperative data on LV
geometry and mass are highly statistically significant,
suggesting that the changes in this unique population are of
relevance. Prospective data are needed.

Conclusions

Sleeve gastrectomy is a safe, effective procedure that
allows a significant change in LV shape in terms of mass,
geometry, and diastolic function. These changes seem to be
related to SG-induced weight loss and to the metabolic
syndrome improvement. Particularly important, it seems, is
the reduced systolic blood pressure, resulting in a marked
reduction in the need for antihypertensive therapy. The
changes are also related to the remission of T2DM and
OSAS and to amelioration of the lipid pattern. Prospective
controlled studies are needed to confirm these data and to
clarify the possible molecular and/or neurohormonal
mechanisms determining these effects.
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