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Abstract

Background Obesity is commonly associated with increased sympathetic tone, changes in heart geometry, and mortality.
The aforementioned translates into a higher and potentially modifiable mortality risk for this specific population.
Objectives The aim of the study was to analyze the extent of changes in the heart ventricular structure following rapid weight
loss after bariatric surgery.

Setting Academic, university-affiliated hospital.

Methods We retrospectively reviewed all the patients that underwent bariatric surgery at our institution between 2010 and
2015. Data analyzed included demographics, BMI, and associated medical problems. Preoperative and postoperative ech-
ography readings were compared looking at the heart geometry, cardiac volumes, and wall thickness.

Results Fifty-one patients who had bariatric surgery and had echocardiography before and after the surgery were identified.
There were 33 females (64.7%). The mean age was 63.4 + 12.0 years with an average BMI of 40.3 + 6.3. The mean follow-up
was 1.2 years after the procedure. At 1 year follow-up 25 patients (49%, p = 0.01) showed normal left ventricular geometry.
The left ventricular mass (229 + 82.1 vs 193.2 +42.5, p<0.01) and the left ventricular end diastolic volume (129.4 + 53 vs
96.4 + 36.5, p = 0.01) showed a significant modification following the procedure. There was a significant improvement in
the interventricular septal thickness (p = 0.01) and relative wall thickness (p < 0.01) following surgery.

Conclusion The patients with obesity present a significant cardiac remodeling from concentric remodeling to normal geom-
etry after bariatric surgery. The decrease in BMI has a direct effect on improvement of the left ventricular structure. Further
studies must be carried out to define the damage of obesity to diastolic function.
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in patients with obesity.
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patients with obesity is cardiovascular disease, commonly
associated with alterations in cardiac structure and hemo-
dynamics [2]. The heart of a patient with obesity sustains
many changes in order to adapt to the challenges of meta-
bolic syndrome by undergoing remodeling, resulting in left
ventricle hypertrophy, dilation and atrial changes, and lead-
ing eventually to heart failure [3, 4]. Similarly, increased
left ventricular wall thickness (LVWT), chamber size, left
ventricle mass (LVM), and systolic and diastolic dysfunc-
tion, all of which are prevalent abnormalities in patients with
obesity, have been proven to be independent risk factors for
cardiovascular disease [3, 5, 6]. The aforementioned plus
an increase in sympathetic activity translates into a higher
and potentially modifiable mortality risk for this specific
population [7, 8].

Bariatric surgery has been recognized as the most effec-
tive and durable intervention in patients with severe obesity
and metabolic syndrome. In addition to the reduction in
BMLI, it has shown remarkable effects in the control and reso-
lution of obesity-related medical problems, such as diabetes,
hypertension, and dyslipidemia [9, 10]. In the same fashion,
growing evidence suggests that weight reduction also has an
impact on heart geometry, especially by reducing LVM and
improving LV dimensions [11-13]. However, other authors
have not been able to show a significant improvement in
heart function after weight loss, which is why the literature
remains inconclusive [14].

The aim of this study is to analyze the extent of changes
in the heart ventricular function, structure, and dimensions
following bariatric surgery.

Methods

After the institutional review board (IRB) approval, we ret-
rospectively reviewed our prospectively collected electronic
database of all the patients who underwent bariatric sur-
gery from December 2010 to December 2015 at our insti-
tution. All the patients that had bariatric surgery and also
had an echocardiogram before and after the surgery were
included. All the other patients were excluded. Echocardio-
gram parameters were obtained based on the comprehensive
guidelines and recommendations from the American Soci-
ety of Echocardiography in adults. [15] We do not routinely
obtain echocardiograms before and after bariatric surgery at
our institution. However, as part of the preoperative evalua-
tion and clearance, the cardiologists might request echocar-
diograms, based on patients’ associated medical problems
and risk factors.

The data collected included patient’s common demo-
graphics (age and gender), BMI, and associated medical
problems (hypertension, diabetes mellitus type 2, hyper-
lipidemia, gastro esophageal reflux disease, and obstructive
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sleep apnea). The preoperative and postoperative echocar-
diography readings were compared. All the preoperative
echocardiograms were abnormal. Abnormal echocardio-
grams were defined as those with at least one measure-
ment out of the standard normality range. The data used
for comparison from echocardiography readings included
heart rate, aortic root diameter, left atrial systolic diameter,
left ventricular mass, posterior wall thickness, relative wall
thickness, inter-ventricular septal thickness, left ventricu-
lar systolic volume, left ventricular end systolic diameter,
left ventricular end diastolic diameter, left ventricular end
systolic volume, and left ventricular ejection fraction. Pri-
mary measures were taken from the two-dimensional views
in accordance with the recommendations of the American
Society of Echocardiography.

Data Analysis

The data was collected from the patient chart review and
imported into JMP software (SAS Institute Inc., NC, USA),
which was then used to apply variable formatting and change
variable names to conform to the conventions needed for R
(software R, version 3.3.1 (2016-06-21), R Foundation for
Statistical Computing, Vienna, Austria). Data was described
using mean and standard deviation for continuous variables
and counts and percentages for categorical variables.

Outcomes of clinical characteristics and postoperative
results were described using the chi-square, Fisher exact, and
t-tests. Sample sizes for individual variables reflect missing
data. All the analyses were performed on a complete-case
basis. All the tests were two-tailed and performed at a sig-
nificant level of 0.05. Statistical software R, version 3.3.1
(2016-06-21), was used for all the analyses.

Results

From 1129 bariatric patients reviewed, 51 patients who had
bariatric procedures and had an echocardiography before
and after the surgery were identified. We observed a pre-
dominant female population, which composed 64% (N = 33)
of our included patients. The average age for females was
63.4 + 12.0 years. The average BMI was 40.3 + 6.3 at the
time of bariatric surgery and 31.8 + 5.8 at 1-year follow-up.
Laparoscopic sleeve gastrectomy (LSG) was the most preva-
lent surgery at 51.0% (N = 26), followed by LRYGB 23.5%
(N =12), 15.6% gastric bands (N = 8), and 9.8% revisions
(N =5). Type 2 diabetes mellitus was diagnosed in 76.4% (N
= 39) of our patients with a resolution of 30.7% at follow-up.
Hypertension was found in 84.3% (N = 43) with a resolution
of 30.2% at follow-up. The mean follow-up was 1.2 years
post-procedure (Table 1).
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Table 1 Description of study patients

Parameter (n = 51) % (n) or mean + SD

Gender

Female 64.7 (33)

Male 35.3(18)
Age (years) 63.4+12.0
BMI (kg/m?)

Preoperative 40.3 +6.23

Postoperative*® 31.8+5.8
Weight (kg)

Preoperative 117.6 £23.3

Postoperative*® 83.8 +20.7
T2DM

Preoperative 76.4 (39)

Postoperative*® 52.9 (27)
HTN

Preoperative 84.3 (43)

Postoperative*® 58.8 (30)
%EBMIL* 59.5+34.7
%TWL* 229+174

% (n) percentage (number)

SD standard deviation, BMI body mass index, %EBMIL percentage of
excess BMI loss, %TWL percentage of total weight loss. T2DM type
2 diabetes mellitus; HTN hypertension

*At 1-year follow up

At 1-year follow-up, 25 patients showed normal left ven-
tricular geometry (p = 0.01). The left ventricular mass and
the left ventricular end diastolic volume showed signifi-
cant modification following the procedure (p < 0.05 and p
= 0.01, respectively). Comparably, there was a significant
modification in the interventricular septal thickness and

relative wall thickness following surgery (p = 0.01 and <
0.01, respectively). Although not statistically significant,
volume measures as left ventricular systolic volume and left
ventricular end systolic volume also showed considerable
improvement. Similarly, dimension measurements such as
left ventricular end systolic diameter and left ventricular end
diastolic diameter showed extensive improvements (3.1 +
0.7vs3+0.7,p=0.9,95% Cl, and 4.8 + 0.7 vs 4.6 + 0.6,
p =0.1,95% Cl, respectively) (Table 2). Finally, the percent
total weight loss (%TWL) was 22.9 + 17.4%.

Discussion

The plasticity of pathologic changes observed in heart geom-
etry with different levels of weight loss has been a topic of
discussion for over a decade [16]. Many of the cardiovascu-
lar alterations seen in patients with obesity, regardless of age,
are related to excess body fat and its consequent increase in
volume and overload, resulting in eccentric or concentric
hypertrophy [17, 18]. The present study shows that the heart
is able to regress many of the adaptive changes it undergoes
as compensation for the overload state caused by the obe-
sity disease following bariatric surgery and sustained weight
loss. Throughout the years, many authors have been trying
to show and describe the many metabolic improvements
accomplished for this specific population after bariatric sur-
gery [19, 20]. In previous studies, we reported the benefits of
rapid weight loss, including remission of hypertension and
diabetes, marked reduction of cardiovascular risk, improve-
ment of chronic kidney disease, and regression of hepatic
steatosis [9, 10, 21]. The vast majority of these alterations
correlate to each other, creating a net of changes that ulti-
mately affect the remodeling of the heart.

Table 2 Echocardiography

Parameter (n = 51)
measurements

Preop mean + SD Postop mean + SD Normal values  p value

Aortic root diameter

Heart rate

Left atrial systolic diameter
Left ventricular mass

Posterior wall thickness
Relative wall thickness
Interventricular septal thickness
Left ventricular systolic volume

Left ventricular end systolic diameter
Left ventricular end diastolic diameter 4.8 + 0.7
Left ventricular end systolic volume

Left ventricular end diastolic volume

Left ventricular ejection fraction

32+04 3.176 £ 0.4 27-3.0+04cm 0.5
78.0+11.8 75.7+8.1 60-100 bpm 0.3
48+0.5 4.08 £0.6 1.9-4.0 cm 0.5
229 + 82.1 1932 +425 67-224 g 0.05
1.1+£02 1.03 +0.2 0.6-1.0 cm 0.01
0.5+0.1 042 +0.1 <0.42 cm 0.05
12+03 1.11+0.2 0.6-1.1 cm 0.01
60.1 +20.3 537177 14-61 mL 0.9
31+0.7 3+0.7 2.2-4.0 cm 0.9
4.6+0.6 3.8-5.8cm 0.1
38.8+34.8 359 +21.1 47 + 10 mL 0.8
129.4 + 53 96.4 + 36.5 142 + 21 mL 0.01
594 + 11 59.23+74 53-73% 0.9

Bold values indicate p < 0.05

SD standard deviation
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The chronic volume overload and hypertension in patients
with obesity usually leads to compensatory mechanisms,
which modify the structure of the heart. These modifications
typically induce left ventricular enlargement, hypertrophy,
and, as result, significant changes in the hemodynamic func-
tion of the heart [22].

The metabolic effects of bariatric surgery seem to
improve the hemodynamic parameters by decreasing the
inflammatory state that induces ventricular hypertrophy.
Excessive weight loss can lead to a significant reduction in
LV dimensions after 3-36 months and even after 10 years
[22]. This is consistent with our study that showed a sig-
nificant improvement in cardiac geometry at 12 months of
follow-up. However, the beneficial cardiac geometry changes
after metabolic surgery are likely multifactorial and not only
related to the weight loss. In fact, %#TWL seems to be lower
than expected, probably due to the older age of the study
population (63 + 12 years old), the inclusion of lower weight
loss procedures (gastric banding and revisional surgery) and,
possibly, the short=term follow=up (1 year). Cardiac remod-
eling following bariatric surgery is influenced by the reduc-
tion in gastric size, anatomical gut rearrangement, vagal
manipulation, and enteric gut hormone changes [22].

In the study conducted by Garza et al. on 57 patients who
underwent gastric bypass, the authors found a significant
change in echocardiographic parameters after a mean follow-
up of 3.6 years. The authors also showed that neither LV nor
RV function change significantly after weight loss, but the
structural changes following weight loss led to an improved
RV end diastolic area which could prevent the progression
to RV dysfunction [23]. This study also included a control
group of patients who did not undergo bariatric surgery. The
control group, on the other end, presented a worsening trend
of the same echocardiographic parameters during the study
period. Although a shorter follow-up time was assessed in
our study, these results support the heart geometry improve-
ment that we found in our group of patients.

Rocha et al., in her study of 23 patients with obesity,
reported a decreased width of the ventricular septum and
LV posterior wall, and an increase in LV diastolic dimen-
sion [4]. In a similar manner, we were able to demonstrate
a considerable and statistically significant reduction in
the posterior wall thickness, relative wall thickness, and
interventricular thickness, evidencing a solid remodeling
through regression of concentric hypertrophy. These
favorable changes are probably due to the progressive reg-
ulation of the sympathetic tone and the normalization of
the cardiac load that happens after bariatric surgery, allow-
ing heart cavities to return to their original dimensions
[24]. LV mass was related to changes in both BMI and
visceral adiposity as reported by Shin and colleagues, con-
tributing to the observed changes in our population [16].
Equally important, the atrial cavity has been acquiring an
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important role in the pathophysiology of cardiovascular
adaptations of heart geometry [25]. Previous publications
have shown that there is a correlation between periatrial
pericardial fat accumulation and left atrial diameter,
increasing the rate of cardiac arrhythmias as atrial fibril-
lation [25, 26]. In this study, we were able to show how
bariatric surgery also modifies the atrial cavity, evidencing
a significant improvement in the left atrial cavity, corre-
lated with a decrease of the left atrial systolic diameter.
The change in the atrial cavity potentially corresponds in
part to the decreased periatrial fat and the decreased atrial
diameter, which is potentially the result of a decrease in
the overload state of this population. In light of this infor-
mation, the necessity to further study the direct correlation
between the specific atrial changes and their subsequent
effects and arrhythmogenic potential becomes paramount.
Taking into account the aforementioned variables preva-
lently altered in patients with obesity, our population is
immediately placed at an even higher cardiovascular risk.
The structural changes in heart geometry acquired after
bariatric surgery allow the heart to return to its normal
hemodynamic and electrophysiological state. Therefore,
this suggests heart geometry is a key component to explain
the marked reduction in cardiovascular risk evidenced in
previous studies [9, 27].

The concept of cardiac plasticity has been addressed
and studied by multiple scientists. Three predominant
mechanisms that would induce heart modifications have
been suggested starting for the physiologic myocardial
growth propitiated by normal demand [28, 29]. The other
two types of changes are associated to pathological states,
hypertrophic remodeling as a result of hemodynamic stress,
and cardiac atrophy as an adaptation to ventricular unload-
ing [28]. This concept has been applied with the purpose
of medically treating the effects of the heart modifications
caused by chronic conditions as hypertension, obesity,
myocardial infarction, and valvular heart disease. However,
multiple medications are needed in order to compensate for
the impact of heart geometry in systemic hemodynamics
(blood pressure, volume overload, heart rate) [30]. There
is no universal medical intervention to address them as a
whole. However, bariatric surgery propitiates the changes
needed to help reshape heart geometry in order to return
to a normal or close-to-normal structure and, consequently,
function, hemodynamic, and electrical status [31]. The fact
that almost 50% of our population returned to completely
normal heart geometry at 1-year follow-up speaks to the
plasticity of the human heart and the potential for adaptation
when subjected to the appropriate conditions. To the best of
our knowledge, this is one of the first studies observing the
effects of bariatric surgery on cardiac geometry and plastic-
ity not only reporting improvement but also normalization
of cardiac structure after bariatric surgery.
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The ejection fraction was available and reviewed in our
population, and no statistical significance was found after bari-
atric surgery. This result was expected given the fact that more
than 90% of our patients had preserved ejection fraction before
bariatric surgery. In order to acquire statistical significance for
the aforementioned analysis, a larger patient population would
be needed, and additional variables should be included. Our
findings correlate to current literature, reporting that the most
common phenotype of heart failure affecting the population
with obesity is heart failure with preserved ejection fraction
(HFpEF) [32-34]. Despite having an increased risk of myo-
cardial infarction, thus increasing the risk of systolic function
impairment, this population has a higher risk of developing
heart failure independent of ischemic cardiac injury [35]. The
aim of our study was to analyze the extent of changes in the
heart ventricular structure following rapid weight loss after
bariatric surgery, hence the reason why ejection fraction was
not directly addressed in the present study. However, we are
currently working on analyzing cardiac function in the popu-
lation with obesity in depth, and we will be presenting our
results in the near future.

We acknowledge that the small number of patients, the
selection of the population by the availability of preopera-
tive and postoperative echocardiograms, and the fact that all
echocardiograms are abnormal before surgery represent weak-
nesses of our study. These factors, in addition to the short fol-
low-up, limit our ability to perform a meaningful correlation
analysis between variables and cardiac geometry changes and,
also, to report the long-term effect of our findings. Our study,
however, presents several strengths. This is a single institu-
tion series, and as such has the benefit of consistency in the
preoperative, intraoperative, and postoperative phases of the
care of the patients with obesity. Secondly, the series is from
a well-established and experienced practice. Differently from
other studies, we include a higher percentage of sleeve gastrec-
tomies (51%). Finally, we believe that the evidence presented
supports the demonstration of cardiac structural changes in the
elderly with several associated medical problems, reinforcing
the benefit of metabolic surgery in this patient population.

Understanding the multiple factors involved in the reso-
lution of metabolic syndrome in patients with obesity after
bariatric surgery and their impact in heart geometry modi-
fication, it is imperative to conduct further and prospective
studies to better understand the direct impact of all these
factors in the normalization of heart dimensions and its
repercussions on heart function.

Conclusion

In conclusion, our results suggest that there is a significant
cardiac remodeling from concentric remodeling to normal
geometry after bariatric surgery. Bariatric surgery greatly

impacts the plasticity of the human heart by propitiating
the necessary conditions for structural cardiac re-adaptation.
Studies have to be carried out to further define the extent of
the damage of obesity to the heart dimensions and function,
and the beneficial effects of bariatric surgery.
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