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Abstract

Background Obesity is a pathology and a leading cause of death worldwide. Obesity can harm multiple organs,
including the heart. In this study, we aim to investigate the effect of bariatric surgery and following weight loss on
cardiac structure and functions using echocardiography parameters in patients with morbid obesity.

Methods In this cohort study, 30 patients older than 18 with BMI>40 or BMI> 35 and comorbidity between March
2020 to March 2021 were studied. The patients underwent transthoracic echocardiography before and after six
months of the bariatric surgery.

Results In total, 30 patients (28 women, 93.3%) with a mean age of 38.70+9.19 were studied. Nine (30%) were
diabetic, and 9 (30%) had hypertension. After six months of bariatric surgery, all physical measurements, including
weight, Body mass index, and Body surface area, decreased significantly (p < 0.001). After bariatric surgery, all
parameters regarding left ventricular morphology, including left ventricular mass, interventricular septal thickness, left
ventricular posterior wall thickness, left ventricular end-systolic diameter, and left ventricular end-diastolic diameter,
improved significantly (p<0.001). Also, LVEF rose post-bariatric surgery (p < 0.001). TAPSE parameter indicating right
ventricular function also improved (p <0.001). Right ventricular diameter, left atrium volume, and mitral inflow E/e
decreased significantly (p <0.001).

Conclusion Systolic and diastolic parameters refine significantly after bariatric surgery in patients with obesity.
Bariatric surgery lead to significant cardiac structure and function improvement.
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Introduction

Obesity is a pathology and a leading cause of death
worldwide and is defined as the accumulation of exces-
sive adipose tissue in the body. Obesity is the second
most common cause of preventable death after smok-
ing and is a public health burden [1]. The prevalence of
obesity has doubled since 1980, and approximately one-
third of the global population is affected with obesity
[2]. The same prevalence is calculated in Iran as well [3].
As a chronic disease, obesity has multifactorial etiology,
including excessive energy intake, a sedentary lifestyle,
and different genetic traits interacting with each other
[4]. While there is no specific pharmacological treatment
for obesity, lifestyle modification is the cornerstone of
obesity management. Combining diet, physical activity,
and behavior therapy can result in at least 10% weight
loss [5]. Pharmacotherapy is recommended for patients
whose body mass index (BMI) equals or exceeds 30 and
whose lifestyle modification fails [6]. When lifestyle
modification and pharmacotherapy fail, bariatric surgery
is a therapeutic option in individuals with a BMI more
than 40 or BMI more than 35 with comorbidities. Stan-
dard bariatric surgeries include Biliopancreatic diver-
sion, sleeve gastrectomy, adjustable gastric banding, and
Roux-en-Y gastric bypass [7].

Obesity is an independent risk factor for cardiovascular
disorders, including atherosclerosis, hypertension, coro-
nary artery disease, and myocardial infarction [8]. Also,
obesity can lead to structural heart remodeling, including
ventricular and atrial hypertrophy and cardiomyopathy,
ultimately resulting in systolic and diastolic dysfunction
[9, 10]. Finally, if obesity remains untreated, it may lead
to heart failure, a complex clinical syndrome with high
morbidity and mortality [11]. As a result, obesity treat-
ment leads to an individual’s longevity and quality of life
and improves public health parameters. In this study,
we aimed to investigate the effect of bariatric surgeries
on cardiac structure improvement through echocardio-
graphic parameters amongst patients with morbid obe-
sity in a referral hospital in south Iran.

Methods

Study design and population

In this cohort study, 43 patients older than 18 with
BMI>40 or BMI>35 and comorbidity who were referred
to the Mother and Child Hospital, Shahid Faghihi Hos-
pital, and Hafez Hospital affiliated with Shiraz University
of Medical Sciences, Shiraz, Iran, between March 2020 to
March 2021, were selected. The exclusion criteria in this
study were prior history of any cardiac surgery or inter-
vention, left ventricular ejection fraction less than 50%,
valvular heart disease, prior history of coronary artery
disease, heart rhythm other than sinus, and patients with
poor echocardiography view. Based on exclusion criteria,
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13 patients were omitted from the study. The remain-
ing 30 patients underwent transthoracic echocardiogra-
phy (TTE) before and after six months of the bariatric
surgery. We assumed that significant weight loss occurs
six months after bariatric surgery [12]. Patient’s demo-
graphic data, including age, gender, prior medical dis-
ease, weight (Kg), height (m?), body mass index (BMI)
(Kg/m?), Waist to hip ratio (WHR), and body surface area
(BSA) (m?) were also recorded. This study was approved
by the Ethics Committee of the Shiraz University of Med-
ical Sciences (IR.SUMS.MED.REC.1401.421).

Echocardiographic measurements

Transthoracic echocardiography was performed in
included patients at baseline right before bariatric sur-
gery and six months after surgery using Vivid E9 Ultra-
sound Echo Machine. Each parameter was measured
three times, and the average was reported as the final
result. The patients were examined in lateral left decu-
bitus position, and cardiac dimensions and functions
were measured according to current recommendations
[13]. Left ventricular (LV) dimensions in the end systole
(LVESD) and diastole (LVEDD) were measured. Septum
(ST) and posterior wall thickness (PWT) were also mea-
sured at the end diastole. LV mass was calculated using
the formula: LVM=0.8 [1.04 (IVSTd+LVIDD+PWTd)
3 — (LVIDd)®]+0.6 g. LV mass index was measured by
dividing LV mass to body surface area. LV end-sys-
tolic diameter (LVESD) and LV end-diastolic diameter
(LVEDD). Changes in systolic function were evaluated
by measuring left ventricular ejection fraction (LVEF)
using the modified Simpson’s method: [(LV end-diastolic
volume) — (LV end-systolic volume)]/(LV end-diastolic
volume). LV end-systolic volume (LVESV) and LV end-
diastolic volume (LVEDV) were also measured. Right
ventricular (RV) dimensions were calculated in base and
mid-level end diastole. Left atrium (LA) diameter and
volume were also measured in the end-systole. LA vol-
ume index was measured by dividing LA volume to body
surface area.

Early to late diastolic transmitral flow velocity (E/A)
was used to assess diastolic function, and E to early dia-
stolic mitral annular tissue velocity (E/€’) to estimate LV
filling pressures. Alterations in diastolic function were
assessed by pulsed-wave tissue Doppler recordings of
peak early (E-wave) and the lateral portion of the mitral
annulus to obtain the early diastolic e’-wave velocity.
Septal ¢ was measured and averaged with lateral €’ to
obtain the final €’ value. The mitral inflow E velocity to
tissue Doppler e’ (E/e’) ratio was used as an index of LV
filling. Right ventricle function was determined by Tri-
cuspid annular plane systolic excursion (TAPSE).

Surgical technique.
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Table 1 Basic characteristics of patients

Age (Mean +SD) 38.70+9.19
Gender: Female (N,%) 28 (93.3%)
Diabetes Mellitus ( N,%) 9 (30%)
Hypertension ( N,%) 9 (30%)
Hyperlipidemia ( N,%) 10 (33.3%)
Systolic blood pressure (Mean +SD) 123.66+9.99
Diastolic blood pressure (Mean +SD) 78.33+8.44
Height (Mean+SD) cm 163.3+85

Table 2 Mean patients’ physical measurements before and after
six months of surgery

Item Before surgery  After surgery  p-Value”
Weight (Kg) 113.37£1561 83.75+£12.38 <0.001
BMI 42.38+546 31.38+3.74 <0.001
BSA (m?) 228+0.21 194+0.17 <0.001
Waist-to-hip ratio 1.05+£0.03 0.96+0.04 <0.001

BMI=Body mass index, BSA=Body surface area
*Paired-Samples T-test

Table 3 Changes in echocardiographic parameters after
bariatric surgery

Item Before After surgery p-Value'
surgery
Left ventricular morphology
LV mass (g) 177.19+60.35 143.71+37.74 <0.001
LV mass index (g/m?) 805842938  7449+21.14  0.009
VST (mm) 11.23£247 10.01£1.63 <0.001
LVPWT (mm) 9.6+1.56 881+1.24 <0.001
LVESD (mm) 33.76+2.88 31.26+£2.86 <0.001
LVEDD (mm) 46.46+4.09 4406+3.21 <0.001
Left ventricular systolic function
LVEF (%) 57.70£2.50 59.83+£091 <0.001
LVEDV (ml) 106.28+2832 90.33£1946  <0.001
LVESV (ml) 4252+1039  3445+8.16 <0.001
Left ventricular diastolic function
€ lateral, cm/s 11.20+£2.82 1250£2.31 <0.001
e’septal, cm/s 8.06+2.31 9.16+£1.64 <0.001
E/e 845+2.07 743+144 <0.001
E/A 099+0.15 1.0+£0.13 0.089
Right ventricular morphology
Base RVD (mm) 38.03+£6.77 36.05+£2.88 <0.001
Mid RVD (mm) 29.23+4.34 28.13+383 <0.001
Right ventricular function
TAPSE, mm 20.60+1.73 21.86+145 <0.001
Left atrium morphology
LA diameter, mm 35.72+£453 34.74£3.55 <0.001
LA volume, ml 5255+£1430 47.0+1340 <0.001
LA volume index, ml/m? 23351646 24411740 0.019

LVEF: left ventricular ejection fraction, LV mass: left ventricular mass, LVEDD:
left ventricular end-diastolic diameter, LVEDV: left ventricular end-diastolic
volume, LVESD: left ventricular end-systolic diameter, LVESV: left ventricular
end-systolic volume, LVPWT: left ventricular posterior wall thickness, IVST:
interventricular septal thickness, RVD: right ventricular diameter, LA: left atrium,
TAPSE: Tricuspid annular plane systolic excursion

*Paired-Samples T-test
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The same surgical team performed either laparoscopic
Roux-en-Y gastric (LRYGB) bypass or laparoscopic sleeve
gastrectomy (LSG) on the patients. In those patients with
BMI between 35 and 40 Kg/m?, as a first-step treatment
in cases with BMI more than 50 Kg/m? and when drug
malabsorption was to be avoided LSG was done. The
other patients in whom faster weight reduction rate was
indicated underwent LRYGB [14, 15]. In LSG a longitudi-
nal resection of the stomach from His angle to approxi-
mately 5 cm proximal to the pylorus was done. In LRYGB
an approximately 120-cm ante colic Roux limb with
25-mm pouch-jejunostomy was performed.

Statistics.

Kolmogorov smirnov test was used to assess data nor-
mality. Descriptive data were presented as mean=stan-
dard deviation (SD), frequency, and percentage.
Paired-Samples T-test was used for bivariate analysis. A
p-value (p) of less than 0.05 was considered statistically
significant. R version 4.2.3 was used for data analysis.

Results

In total, 30 patients (28 women, 93.3%) with a mean age
of 38.70+9.19 were studied. Nine (30%) were diabetic,
and 9 (30%) had hypertension (Table 1).

After six months of bariatric surgery, all physical mea-
surements decreased, including weight, BMI, BSA, and
waist-to-hip ratio. (Table 2).

After bariatric surgery, all parameters regarding left
ventricular morphology, including LV mass, IVST,
LVPWT, LVESD, and LVEDD decreased significantly.
LVEF improved post-bariatric surgery. TAPSE parameter
indicating right ventricular function improved as well.
Right ventricular diameter, left atrium volume and mitral
inflow E/e decreased significantly (Table 3).

Discussion

In this study, we aimed to investigate the effects of bar-
iatric surgery on heart structure and function. We found
that bariatric surgery significantly reduced patients’ phys-
ical parameters, including weight and BMI subsequently.
Other measures, including BSA and WHR, also reduced.
These results concord with the prior studies, which con-
firmed the effect of bariatric surgery on treating obesity
[16, 17].

After a six-month follow-up, almost all parameters
regarding cardiac structure and functions were improved
significantly in this study. In previous studies it was
shown that weight loss can enhance cardiac structure
function. In a study done by karwi et al., weight loss
improved cardiac function by increasing ejection fraction
and decreased ventricular hypertrophy [18]. Another
study done by Zhao et al. showed that weight loss is asso-
ciated with decreased cardiovascular related mortality
[19].
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Regarding cardiac structure and function alterations
after bariatric surgery, some studies were in line with
ours, and some were in contrast. The differences may
be related to the variety in the severity of obesity and its
adverse effect on heart structure and function at baseline,
different sample sizes and follow-up duration, or differ-
ences in the study population regarding genetics and
ethnicity.

LVEF, which is an indicator of LV function increased.
Some prior studies were in line with this result. Vest et
al. studied 48 patients with LVEF lower than 50% who
underwent bariatric surgery. They reported significant
mean pre- to post-operative LVEF improvement [20].
Also, a meta-analysis study by Gherbesi et al. showed that
bariatric surgery improves LVEF [21]. However, Oliveras
et al., who studied 62 patients with obesity and followed
them for a year post-bariatric surgery, found no signifi-
cant increase in LVEF [22]. In their study, Solagnioni et
al. used the radiological and non-radiological Haller
index to show that impaired LV structure and function in
patients with obesity may be related to extrinsic abdomi-
nal and thoracic compression rather than intrinsic dys-
function [23].

LV mass and LVPWT were also reduced following
weight loss in this study. In their review article, Graspa et
al. confirmed this result [24].

We also found that LVESV and LVEDV decreased after
six months’ post-bariatric surgery. These results were in
line with the study done by Henry et al., who performed
cardiac magnetic resonance on 62 patients with obesity
before and after bariatric surgery [25].

TAPSE, a clinically helpful echocardiographic mea-
sure of global right ventricle function, increased after six
months. Similar to this result, based on a two-year fol-
low-up of 423 patients with obesity who underwent gas-
tric bypass surgery, right ventricular function improved
[26]. in contrast to this result, Oliver et al. found no sig-
nificant alteration in TAPSE post-bariatric surgery [22].

RV diameter decreased significantly in our patients.
Similarly, Garza et al. studied 57 patients with obesity
who underwent gastric bypass, followed them for six
months, and reported improved RV function following
weight loss [27].

We found that following bariatric surgery, LA volume
and diameter decrease significantly. These results were
similar to previous studies [28, 29]. However, Sorimachi
et al, reported that LA volume and estimated LA pres-
sures increased after bariatric surgery and weight loss
[30]. In our study LA volume index increased after bar-
iatric surgery. This is due to more significant reduction in
body surface area than LA volume after bariatric surgery.

In this study, the mitral inflow E/A ratio, which indi-
cates the diastolic function, did not increase signifi-
cantly; however, mitral inflow E/e decreased significantly
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following weight loss in our patients, showing a reduc-
tion in left ventricular filling pressure and improvement
in diastolic function. Previous studies confirmed this
result as well [24, 31].

Considering the results of this study and previous
researches, bariatric surgery can significantly improve
cardiac structure and function. Although these effects
have been associated with weight loss, since no study has
proved the causality of weight loss and cardiac structure
and function improvements, we can not claim that weight
loss is the only reason for these effects. Further studies
including more variables regarding lifestyle modification
expected to happen to patients undergoing bariatric sur-
gery, such as changes in dietary patterns, exercise, etc.,
and chest wall conformation, are essential.

Limitations

The notable strength of our study was its cohort design
and its limitation was a small number of patients which
was due to COVID-19 pandemic that led to significant
reduction in elective surgeries. Also, due to patients’ obe-
sity at baseline, we could not perform strain echocardiog-
raphy for evaluation of cardiac function. This study did
not measure patients’ chest wall conformation before and
after bariatric surgery.

Conclusion

In conclusion, systolic and diastolic parameters obtained
by transthoracic echocardiography refined significantly
after bariatric surgery in people with obesity. As a result,
bariatric surgery led to significant cardiac structure and
function improvement.
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