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Abstract 

Background  Obesity is a known risk factor for atherosclerosis and cardiac disease.

Hypothesis  This study evaluated the effect of significant weight loss following bariatric surgery on myocardial defor-
mation indices and right ventricular size (RV). This was a prospective cohort study. Morbid obese patients scheduled 
for bariatric surgery from July 2017 to February 2018 at Firoozgar Hospital were included in our study and referred 
for transthoracic echocardiography at Rajaie Cardiovascular Medical and Research Center.

Results  Thirty-four patients entered the study. The absolute value of global longitudinal strain (GLS) at baseline, 3, 
and 6 months after surgery was 17.42 ± 2.94%, 18.24 ± 3.09%, and 19.52 ± 2.78%, respectively, with a statistically signifi-
cant difference from baseline to after six months (P value < 0.001). The absolute value of global circumferential strain 
(GCS) at baseline, 3, and 6 months after surgery was 20.14 ± 4.22%, 23.32 ± 4.66%, and 24.53 ± 4.52%, respectively, 
with statistically significant changes (P value < 0.001) from baseline to three months and from baseline to six months 
and no significant difference from three months to six months. A significant decrease was reported in mechanical 
dispersion of circumferential strain (38.05 ± 23.81–23.37 ± 20.86 ms, P value = 0.006) 6 months after surgery. Right ven-
tricular size three- and six-month post-surgery showed a significant decrease relative to baseline echocardiography.

Conclusions  Bariatric surgery could enhance cardiac function, as proven by 2D speckle echocardiography. Changes 
in RV size may be related to weight loss and should be considered when assessing patients who have undergone 
bariatric surgery.
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Background
Obesity is recognized as a risk factor for cardiac dys-
function, atherosclerosis, cardiovascular disease, dys-
lipidemia, and diabetes mellitus. LV (left ventricular) 
dilation, LVH (left ventricular hypertrophy), HF (heart 
failure), and systolic and diastolic dysfunctions are sig-
nificant obesity-induced changes [1, 2]. Early detec-
tion of these cardiovascular abnormalities is important 
because appropriate treatment may reverse the process. 
If untreated, it can increase the mortality rate [3].

In the last decade, obesity prevalence has increased 
considerably worldwide, and medical treatments and life-
style changes could not completely solve the problem [4]. 
Therefore, bariatric surgery has been widely accepted, 
and in 2018, 252,000 bariatric surgeries were performed 
in the USA [5].

There is a clear association between obesity, arte-
rial hypertension, and left ventricular hypertrophy. It 
has been reported that systemic hypertension is more 
detected in obese individuals than those with normal 
weight [6, 7]. With increasing left ventricular preload, the 
Frank-Starling curve shifts to the left, leading to cardiac 
dilation. This leads to left ventricular wall stress as well. 
The myocardial mass would increase, leading to hyper-
trophy [8–10]. A well-conducted meta-analysis by Cus-
pidi in 2014 showed a decrease in LV mass and relative 
wall thickness, an improvement of LV diastolic function, 
as reflected by an increase in mitral E/A ratio, a reduc-
tion of left atrium diameter, and no changes in LV ejec-
tion fraction with weight loss [11].

As speckle tracking can detect subclinical functional 
abnormality even before any decrease in LV ejection frac-
tion, we decided to conduct a study to evaluate the effect 
of bariatric surgery on cardiac function. Figure 1 shows 
the most common techniques of bariatric surgery.

The presenting study evaluated the effect of substantial 
weight loss early after bariatric surgery on cardiac func-
tion and myocardial deformation by 2D speckle echocar-
diography in morbidly obese patients early after bariatric 
surgery (at 3 and 6 months after surgery).

Multiple studies focused on the effects of bariatric 
surgery on the right ventricular size and function. They 
showed a favorable impact on RV size and function. 
However, prospective data on the short-term result of 
bariatric surgery on multiple guidelines recommended 
RV measurements still need to be included.

Methods
Study population
This was a prospective cohort study. Morbid obese 
patients scheduled for bariatric surgery from July 2017 to 
February 2018 at Firoozgar Hospital (Metabolic Surgery 
Center) were included in our study and referred for 2D 

speckle transthoracic echocardiography (TTE) in Rajaie 
Cardiovascular Medical and Research Center. The World 
Health Organization definition of morbid obesity (body 
mass index of ≥ 40 kg/m2 or ≥ 35 kg/m2 in patients with 
overweight-related comorbidity) was used in this study 
[12]. We excluded patients with uncontrolled hyperten-
sion, a history of cardiomyopathy, myocardial infarction, 
myocarditis, pericardial disease, moderate or severe val-
vular disease, any patient with wall motion abnormality, 
LVEF less than 50%, and technically poor image qual-
ity. Tachycardia and atrial fibrillation were among the 
other factors that were excluded. Forty-three consecutive 
patients were recruited in our study and underwent base-
line TTE before surgery; Three patients were excluded 
due to suboptimal echocardiographic windows. Of the 
40 patients with satisfactory echocardiographic views, 34 
agreed to complete the study and underwent follow-up 
echocardiography 3 and 6 months after bariatric surgery.

Echocardiographic evaluation
All examinations were performed with an EPIQ 7 
(Philips) echocardiography machine using a Philips X5-1 
xMATRIX array transducer  for 2D echocardiography. 
Image acquisition was made according to echocardiogra-
phy’s recommendations for cardiac chamber quantifica-
tion in adults [13].

Two-dimensional datasets were acquired with a sam-
pling rate of 50–60 frames per second. At least two 
consecutive heartbeats were recorded for each image 
plane and stored digitally. Three apical views (apical 
four, three, and two chambers) for the measurement 
of global longitudinal strain (GLS) and three short axis 
views (at the level of the base, mid-papillary muscles, 

Fig. 1  The most common bariatric surgeries are: A “Sleeve 
gastrectomy” consists of creating a tubular stomach and resecting 
the remaining part. B “Roux-en-Y gastric bypass” or RYGB consists 
of creating a 40-cc small gastric pouch and Roux-en-Y anastomosis 
of the pouch to the jejunum, 100 cm after Treitz’s ligament. C “One 
anastomosis gastric bypass” or OAGB (formerly, mini-gastric bypass 
or MGB) consists of the creation of a long and narrow gastric pouch 
(250 cc) with loop anastomosis to the jejunum, 150 cm after Treitz’s 
ligament
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and apex) for the measurement of global circumferen-
tial strain (GCS) were stored. For offline strain analysis 
by QLAB software (version 10.8.5), aCMQ (Automated 
Cardiac Motion Quantification) was used. With aCMQ, 
the region of interest (ROI) was placed automatically 
based on the selected anatomical view. In suboptimal 
border detection, manual correction of endocardial 
borders was performed to generate measurements of 
global and regional myocardial functions. We excluded 
the patients if the endocardial border was not tracea-
ble in more than two segments in a view. Besides GLS 
and GCS, LV end-diastolic volume (EDV), end-systolic 
volume (ESV), and LV ejection fraction (EF) were auto-
matically calculated using aCMQ software. LV mechan-
ical dispersion index (MDI) is the standard deviation 
(SD) of the time-to-peak longitudinal and circumferen-
tial strain in each of the segments of the LV that were 
calculated by the software [14]. According to the cham-
ber quantification guideline, the basal, mid, and long 
RV diameters were measured in an RV-focused view. 
In contrast, proximal RVOT was measured in the par-
asternal long-axis view [13].

Figure  2 shows the Bull’s eye diagram of GLS and 
GCS and their mechanical dispersion index. Sugimo-
to’s study analyzed the lower limit of normal LV strains 
with a vendor-independent software package and calcu-
lated them as ± 1.96 standard deviations from the mean. 
The minimum normal cutoff values for longitudinal 
strain were reported as − 16.7% in men and − 17.8% in 

women, and for circumferential strain, − 22.3% in men 
and − 23.6% in women [15].

Study protocol
One person (echocardiographic fellowship) performed 
and analyzed all echocardiographic examinations. The 
strain study was repeated three and six months after sur-
gery, and data were analyzed. The echocardiographer was 
blind to the amount of weight loss and type of bariatric 
surgery in each patient during strain analysis.

The study protocol was based on the Declaration of Hel-
sinki and approved by the Ethics Committee of Rajaie Cardi-
ovascular, Medical, and Research Center. Before enrollment, 
informed written consent was obtained from all patients.

Data analysis
Finally, data were entered and analyzed using SPSS ver-
sion 24 (SPSS Inc. Chicago Il, The USA). Results of 
quantitative variables are expressed as  Mean ± SD  and 
qualitative variables as  no (%). The repeated-measures 
ANOVA test assessed the variable changes after 3 and 
6  months. The post-HOC Bonferroni test was used in 
case of statistically significant differences. Comparing the 
abnormal right ventricular size percentage at different 
times was performed using Cochran’s Q test. Cohen’s  d 
was used to assess the effect size. The association of 
weight loss with the change in GLS and GCS indices was 
analyzed with a simple linear regression test. The P value 
less than 0.05 was considered statistically significant.

Fig. 2  Bull’s eye diagram of the study population’s global longitudinal strain (GLS) and global circumferential strain (GCS). A shows the Bull’s eye 
diagram of GLS and LV mechanical dispersion index of longitudinal strain. B shows the Bull’s eye diagram of GCS and LV mechanical dispersion 
index of circumferential strain
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Results
Baseline characteristics
Overall, 34 patients with complete data entered the study. 
The baseline characteristics of participants are shown 
in Table  1. Twenty-seven patients were female (79%), 
and seven were male (21%). The mean age of patients 
was 34.79 ± 8.4 years, with an age range of 20–55 years. 
Patients’ risk factors included cigarette smoking in 
1(2%), diabetes in 3(6%), hypertension in 2(4%), dyslipi-
demia in 2(4%), and 28 patients (82%) who had no tradi-
tional risk factors. The body mass index (BMI) mean was 
46.23 ± 5.35, with a range of 36.90–59.52 kg/m2. The types 
of bariatric surgery included 16 mini-bypass (47%), 10 
sleeve (29.4%), and eight classic bypass surgeries (23.5%). 
Patients’ weight at baseline, 3, and 6 months after sur-
gery was 130.14 ± 23.61, 106.50 ± 20.78, and 92.76 ± 18.93, 
respectively, with a statistically significant decrease (P 
value < 0.001) of weight in the first and second follow-
ups. Mean weight loss at three months and six months 
was 23.64 ± 5.27 kg and 37.38 ± 8.77 kg, respectively.

2D speckle echocardiography
The patients’ ejection fractions at baseline, 3, and 
6 months after surgery were 58.45 ± 7.84%, 59.45 ± 6.93%, 
and 60.96 ± 6.45%, respectively, without a statistically sig-
nificant difference.

The absolute value of global longitudinal strain 
(GLS) at baseline, 3, and 6  months after surgery were 
17.42 ± 2.94%, 18.24 ± 3.09%, and 19.52 ± 2.78%, respec-
tively, with a statistically significant difference from base-
line to six months after the surgery (P value < 0.001). The 
absolute value of global circumferential study (GCS) at 
baseline, 3, and 6 months after surgery was 20.14 ± 4.22%, 
23.32% ± 4.66%, and 24.53 ± 4.52%, respectively, with 
statistically significant changes (P value < 0.001) from 

baseline to three months and from baseline to six months 
(0 → 3 and 0 → 6) and no significant difference from 
three months to six months after the surgery (no change 
in 3 → 6) (Fig. 3). This means that improvement in GCS 
occurred earlier than GLS in this study population.

Regarding the type of surgery, in the mini-bypass 
group, GCS was significantly lower than in classic and 
sleeve procedures (P value < 0.001).

A significant decrease was reported in mechani-
cal dispersion of circumferential strain (38.05 ± 23.81–
23.37 ± 20.86 ms, P value = 0.006) 6 months after surgery 
(Fig. 3).

Correlation of change in GLS and GCS with the baseline 
values of GLS, GCS, weight loss, and baseline weight
The change in GLS and GCS after six months did not 
correlate with the baseline weight or weight loss (P 
value > 0.05), but they showed a correlation with the base-
line GLS and GCS values (Fig.  4). As shown in Fig.  4a, 
GLS changes had a relatively strong negative correla-
tion with the baseline GLS value (R2 = 0.39), while GCS 
changes had a weak positive correlation with baseline 
GCS (R2 = 0.20) (Fig. 4b).

Assessment of right ventricular size
Changes in other variables, including right ventricular 
(RV) size in multiple echocardiographic views, are pre-
sented in Table 2. Figure 5 shows a decreased RV diam-
eter (RVD) in multiple echocardiographic planes. The 
right ventricular size in each echocardiographic plane 
was labeled as “normal or abnormal” based on the latest 
American Society Guideline 2016 [17] and is categorized 
in Table 3. The RV basal diameter of more than 41 mm, 
the RV mid-diameter of more than 35 mm, the RV lon-
gitudinal diameter of more than 83  mm, and the proxi-
mal right ventricular outflow (RVOT) diameter in the 
parasternal long axis (PLAX) view of more than 30 mm 
were considered abnormal. Before surgery, “basal RVD” 
was abnormal in none of the study populations, and 
“RVOT PLAX diameter” was abnormal in 91.2% of the 
patients, followed by the “long RVD” and “mid-RVD” 
that were abnormal (in 32.4% and 20.6% of the study 
group). A detailed workup of other causes of RV enlarge-
ment (including left to right shunts) was also carried out 
if indicated.

Interestingly, RV diameters did not return to normal 
values six months after the surgery (Table  3). Although 
our study did not analyze systolic pulmonary artery pres-
sure (sPAP), it was measured routinely in each patient 
before bariatric surgery. Only mild pulmonary hyperten-
sion was present in four patients (11.7%).

A summary of the study findings was provided in the 
graphical abstract (Fig. 6).

Table 1  Baseline characteristics of the study participants

Variable Value

Age, mean ± SD, years 34.79 ± 8.4

Gender

 Male, n (%) 7 (21%)

 Female, n (%) 27 (79%)

Body mass index, mean ± SD, kg/m2 46.23 ± 5.35

Weight (kg)

 Baseline 130.14 ± 23.61

 3 months 106.50 ± 20.78

 6 months 92.76 ± 18.93

Type of surgery

 Mini bypass, n (%) 16 (47%)

 Sleeve, n (%) 10 (29.4%)

 Classic bypass, n (%) 8 (23.5%)
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Discussion
Obesity remains one of the most important diseases of 
the twenty-first century, increasing the risk of heart fail-
ure, diabetes mellitus, dyslipidemia, sleep apnea, and 
cancers [16]. At first, it was thought that bariatric sur-
geries only restrict the intake volume; later research 
depicted the metabolic and systematic effects [17, 18]. It 
has been shown that morbid obesity can increase preload 
and afterload over time, leading to increased LV wall 
stress. LV dilatation and hypertrophy can ensue, increas-
ing myocardial stiffness and resulting in LV diastolic and 
systolic dysfunction. Obesity is associated with activating 
the renin–angiotensin–aldosterone axis, which changes 
the cardiac structure and size [19, 20]. Expectedly, weight 
loss can reverse obesity-related cardiac changes if remod-
eling and fibrosis have not happened [21]. This supports 
the importance of early intervention, especially bariatric 
surgeries, at younger ages. Improved cardiac outcomes 
following bariatric surgery seem much further than 
decreased preload, afterload, and mechanical pressure on 
the myocardium [22].

Most studies generally assessed the favorable echo-
cardiographic changes of bariatric surgery on the myo-
cardium after six months. The presenting study tried 
to detect early echocardiographic changes in morbidly 
obese patients undergoing bariatric surgery. The main 
findings of this research were improved GLS, GCS, and 
dyssynchrony of circumferential movement of the left 
ventricle in six months after bariatric surgery. Despite 
significant weight loss three months after the surgery, 
only the LV’s basal and apical circumferential strains 
showed improvement.

In a study by Grymyr in 2021, the one-year impact of 
bariatric surgery on LV mechanics was assessed, and 
the absolute value of GLS improvement was 4.6% at six 
months, and LVEF remained unchanged [23]. In mul-
tivariate regression analyses, 1-year improvement in 
GLS was predicted by lower preoperative GLS, more 
considerable mean blood pressure, and BMI reduction 
(all P < 0.05). In our study, the absolute increase in GLS 
was 2%, with no change in LVEF, and the improvement 
in GLS and GCS after six months did not necessarily 

Fig. 3  GLS, GCS, and mechanical dispersion index of circumferential strain changed during the follow-up compared to the baseline. Diagrams 
show the change in the absolute value of global longitudinal strain (A), global circumferential strain (B), and mechanical dispersion index 
of circumferential strain (C) before surgery compared to 3 and 6 months after the bariatric surgery
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Fig. 4  Improvement in GLS had a relatively strong negative correlation with the baseline GLS value (R2 = 0.39), while GCS changes had a weak 
positive correlation with baseline GCS (R.2 = 0.20)
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correlate with the baseline weight or weight loss. As in 
Grymyr’s study, the lower baseline GLS predicted more 
improvement in GLS six months after the surgery. Cir-
cumferential strains were not calculated in the Grymyr 
study.

In 2019, Santos et  al. measured the GLS, GCS, GRS 
(global radial strain), and LV twist in 25 patients about 
three months after sleeve gastrectomy [24]. Only GLS 
improved by about 2%, and GCS, GRS, and LV twist 
remained unchanged. Contrarily, we found a significant 
increase in the absolute value of GCS (increment of 3% 
from baseline to three months after the surgery and 4% 
from baseline to six months after the surgery). Regarding 
the type of surgery, the absolute values of the GCS were 
significantly lower in the mini-bypass group than in clas-
sic surgery (at baseline and after three and six months) 
in our research. Unfortunately, our study sample size was 
not large enough to conclude the superiority of any pro-
cedure over the others.

A meta-analysis by Gherbesi, published in 2022, 
included 11 studies with follow-ups ≥ 6 months that con-
firmed GLS but not LVEF improved after bariatric sur-
gery [25]. GCS was not an endpoint in this meta-analysis.

In another study in 2017 in South Korea, 37 patients 
undergoing bariatric surgery were studied by Shin et  al. 
Echocardiography was performed before and after at least 
one year of bariatric surgery [26]. Bariatric surgery led 
to significant decreases in left ventricular (LV) size and 
mass and LV longitudinal strain (14.1 ± 1.9–16.2 ± 1.4%, 
p < 0.001 for longitudinal strain). Changes in LV longitu-
dinal strain were related to LV mass reduction (p = 0.04). 
However, LV ejection fraction and LV circumferential and 
radial strains were comparable at follow-ups. Our study 
showed improved GLS, GCS, and dyssynchrony of cir-
cumferential movement of the left ventricle six months 
after bariatric surgery. Only the LV’s basal and apical cir-
cumferential strains showed improvement three months 
after the surgery. GCS was not measured in Shin’s study.

Table 2  A summary of study variable changes during the study period

a GLS: global longitudinal strain; bAP4ch: apical four-chamber view; cAP2ch: apical two chamber; dAP3ch: apical three chamber; eGCS: global circumferential strain; 
fRVOT PLAX: proximal right ventricular outflow tract diameter in parasternal view; gRVD: right ventricular diameter; hLVEF: left ventricular ejection fraction, iLVEDV: left 
ventricular end-diastolic volume; jLVESV: left ventricular end-systolic volume
* Statistically significant changes from baseline to six months after the surgery (0 → 6)
# Statistically significant changes from baseline to three months and six months (0 → 3 and 0 → 6) with no statistically significant change from three months to six 
months after the surgery (no change in 3 → 6)
Ω Statistically significant changes from baseline to six months and from three months to six months (0 → 6 and 3 → 6), with no statistically significant change from 
baseline to three months after the surgery (no change in 0 → 3)
Δ Statistically significant changes from baseline to three months, baseline to six months, and three months to six months after the surgery (0 → 3, 0 → 6 , and 3 → 6)

Echocardiographic parameters Baseline 3 months after 
the surgery

6 months after 
the surgery

Cohen’s d 
Baseline vs 
6 months
after surgery

P value

GLS (%)a 17.42 ± 2.94 18.24 ± 3.09 19.52 ± 2.79 0.73 0.001* (0 → 6)

Longitudinal strain in AP4chb view (%) 18.41 ± 2.68 19.13 ± 2.54 20.98 ± 2.93 0.92 0.000Ω (0 → 6 and 3 → 6)

Longitudinal strain in AP2chc view (%) 17.81 ± 3.21 18.75 ± 3.44 19.11 ± 2.72 0.44 0.053

Longitudinal strain in AP3chd view (%) 16.46 ± 3.89 17.86 ± 3.47 18.27 ± 3.40 0.50 0.021* (0 → 6)

Mechanical dispersion of longitudinal strain (msec) 34.42 ± 17.84 30.55 ± 19.23 27.92 ± 23.08  − 0.32 0.117

GCS (%)e 20.14 ± 4.22 23.32 ± 4.66 24.53 ± 4.52 1.00 0.000# (0 → 3 and 0 → 6)

Basal LV circumferential strain (%) 17.73 ± 4.52 20.19 ± 4.04 22.55 ± 5.51 0.96 0.000Δ (0 → 3, 0 → 6 and 3 → 6)

Mid-LV circumferential strain (%) 20.11 ± 4.89 22.30 ± 5.74 24.41 ± 6.40 0.76 0.000* (0 → 6)

Apical LV circumferential strain (%) 22.73 ± 6.15 26.71 ± 7.14 28.31 ± 7.85 0.79 0.000# (0 → 3 and 0 → 6)

Mechanical dispersion of circumferential strain (msec) 38.05 ± 23.81 31.28 ± 22.92 25.37 ± 20.86  − 0.57 0.006* (0 → 6)

RVOT PLAX (cm)f 3.56 ± 0.43 3.45 ± 0.41 3.42 ± 0.52  − 0.29 0.011# (0 → 3 and 0 → 6)

Basal RVD (cm)g 3.16 ± 0.27 3.08 ± 0.30 3.03 ± 0.32  − 0.44 0.000# (0 → 3 and 0 → 6)

Mid-RVD (cm) 3.31 ± 0.38 3.20 ± 0.32 3.14 ± 0.41  − 0.43 0.007* (0 → 6)

Long RVD (cm) 8.10 ± 0.54 7.95 ± 0.58 7.72 ± 0.61  − 0.66 0.001Ω (0 → 6 and 3 → 6)

LVEF (%)h 58.45 ± 7.84 59.45 ± 6.93 60.96 ± 6.45 0.35 0.132

LVEDV (mL)i 103.7 ± 27.6 98.7 ± 28.9 95.4 ± 29.0  − 0.29 0.110

LVESV (mL)j 43.82 ± 16.63 40.70 ± 17.36 37.43 ± 14.19  − 0.41 0.037* (0 → 6)
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In this study, the change in GLS and GCS after six 
months did not correlate with the baseline weight or 
weight loss, but it did correlate with the baseline GLS 
and GCS values. Further studies should reassess the 
mechanism behind different observed responses of 
longitudinal and circumferential strains to weight loss. 
The main practical finding was that patients with lower 
absolute GLS values had a greater increase in GLS after 
weight loss.

In this study, we did not assess blood pressure changes 
or metabolic alterations such as blood sugar level, as 
there was much evidence supporting their beneficial 
effects of improved metabolic state in morbidly obese 
patients after bariatric surgery. Enhanced glucose metab-
olism or the release of adipocytokines is responsible for 
these favorable outcomes [27, 28].

In practice, encountering an obese patient with 
RV enlargement usually requires multiple additional 
workups to exclude cardiac disorders, notably left-to-
right shunts, and evidence of pulmonary hypertension. In 
contrast, the definite effect of obesity on RV size cannot 

be estimated. Unfortunately, the upper limit of normal 
RV size in obese patients has not been provided. Multiple 
studies focused on the effects of bariatric surgery on the 
right ventricular size and function; all showed a favora-
ble impact on RV size and function [11]. In a retrospec-
tive cohort study, the changes in different RV sizes were 
assessed, and RV mid-cavity and longitudinal dimensions 
significantly decreased after surgery. They did not report 
the RV size as “normal” or” abnormal” based on the lat-
est guidelines. The chamber quantification guideline [13] 
2015 emphasized measuring RV size in an “RV-focused 
view” with suggestions to minimize the significant vari-
ability in acquiring RV views. The retrospective nature 
of their study (2008–2017) and the presence of differ-
ent echocardiographers that may image RV before the 
widespread acceptance of the “RV-focused view” limits 
reliance on the change in RV size in the long follow after 
bariatric surgery [29].

We tried to elucidate the early effect of bariatric surgery 
on multiple echocardiographic right ventricular sizes and 
find which RV size shows the most remarkable change 

Fig. 5  Changes in right ventricular size in different echocardiographic planes during the follow-up compared to baseline measurements. Mean 
RV diameter(centimeter) before surgery, at 3 and 6 months after surgery: proximal right ventricular outflow tract (RVOT) diameter in parasternal 
long-axis view (A), basal RV diameter (B), mid-RV diameter (C), and long-axis RV (D) in RV-focused view
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relative to the baseline measurement. In the presenting 
study, RVOT in PLAX view was abnormal in 91.2% of 
the study population at baseline and remained abnormal 
in 76.5% even after significant weight loss. On the other 
hand, basal RV diameter was normal in all of the par-
ticipants. Despite the small study population, the follow-
ing conclusions can be drawn from this study: First, the 
basal RV enlargement should not be explained by obesity, 
and other etiologies for RV enlargements, such as left to 
right shunt and pulmonary hypertension, should be in 
mind during echocardiography. Second, RVOT size in 
the PLAX view should not be relied on as a sole measure-
ment for diagnosing RV enlargement in obese patients. 
Lastly, despite significant weight loss in six months after 
bariatric surgery, abnormal RV size did not return to the 
normal range in all participants. In a study by Eslami and 
colleagues [30], multiple echocardiographic planes were 
measured and indexed to body mass index (BMI) and 
body surface area (BSA) in 80 normal participants. They 
proposed a formula to predict maximum RV diameter 
based on BMI. The main problem with their proposed 
formula for estimating RV diameter in obese patients 

Table 3  Percentage of abnormal RV size* in different 
echocardiographic planes before surgery, three months, and six 
months after the bariatric surgery

a RVOT PLAX: right ventricular outflow tract diameter in parasternal view; bRVD: 
right ventricular diameter

*RV size was considered abnormal based on the values provided in the latest 
“chamber quantification guideline” [17]. RV basal diameter > 41 mm, RV mid-
diameter > 35 mm, RV longitudinal diameter > 83 mm, and proximal RVOT PLAX 
diameter > 30 mm are considered abnormal

Right ventricular size Abnormal* (%) Normal (%) PV

RVOT PLAXa, baseline 91.2 8.8 0.121

RVOT PLAX, 3 months 82.4 17.6

RVOT PLAX, 6 months 76.5 23.5

Basal RVDb, baseline 0 100 1.000

Basal RVD, 3 months 0 100

Basal RVD, 6 months 0 100

Mid-RVD, baseline 20.6 79.4 0.565

Mid-RVD, 3 months 14.7 85.3

Mid-RVD, 6 months 14.7 85.3

Long RVD, baseline 32.4 67.6 0.178

Long RVD, 3 months 23.5 76.5

Long RVD, 6 months 17.6 82.4

Fig. 6  Bariatric surgery may improve GLS and GCS and affect right ventricular size after weight loss
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was the small number of people with a BMI of more than 
25 kg/m2 in this study. Long-term studies of the effect of 
bariatric surgery on the right ventricular size are needed 
to find the threshold of abnormal RV diameter in obese 
patients.

Limitations
Detailed clinical and laboratory data of the patients 
were documented in the registry of metabolic surgery at 
Firoozgar Hospital, and patients were referred to us only 
if they met the criteria. As we aimed to assess the early 
cardiac effect of weight loss, patients with clinical condi-
tions that may have concurrent cardiac effects, such as 
uncontrolled hypertension, a history of cardiomyopathy, 
myocardial infarction, myocarditis, pericardial disease, 
and moderate or severe valvular disease, were excluded. 
Tachycardia and atrial fibrillation were among the other 
risk factors that were excluded. Laboratory data, includ-
ing kidney function, lipids, and pro-BNP, were docu-
mented in the Firoozgar database but were not included 
in our research as we solely focused on echocardio-
graphic changes.

Bariatric surgery and 2D speckle echocardiography 
were performed in two different hospitals, which resulted 
in the loss of follow-up. After significant weight loss, 
some patients did not return for echocardiographic fol-
low-up. Endocardial detection and performing strain 
studies are challenging in morbidly obese patients. We 
tried to overcome this limitation by including patients 
with satisfactory views, and obese patients were excluded 
if the endocardial border was not traceable in more than 
two segments in a view. As we excluded patients with 
underlying cardiac disease (cardiomyopathies, history of 
previous myocardial infarction or myocarditis), generali-
zation of the study results to these groups of patients is 
impossible. The reason behind this strict exclusion crite-
ria was to attribute the observed influence to the direct 
effect of weight loss following bariatric surgery. Clarify-
ing why GCS improvement precedes GLS and its expla-
nation requires further investigation with a larger sample 
size to elucidate the early impact of bariatric surgery on 
enhancing layer-specific strain. This study assessed only 
proximal RVOT in the parasternal long-axis view, as 
acquiring the true short-axis view of the RVOT needs 
stable and constant landmarks, which is challenging in 
obese patients.

Besides, as we did not evaluate patients’ clinical out-
comes, taking this improvement in GLS and GCS and 
mechanical dispersion into clinical practice is not appli-
cable. Considering RV size in echocardiography is 
challenging, and adhering to chamber quantification 
guidelines was pursued to minimize the variability in RV 
measurement. Due to the small sample size, defining a 

new threshold for abnormal RV size was impossible. The 
lack of significant changes in RV size post-surgery despite 
significant weight loss may be due to the early time of 
follow-ups and the relatively healthy groups of morbidly 
obese patients. Again, the small study population pre-
vents extrapolating the improvement of 2D speckle indi-
ces and RV size to all post-bariatric surgery patients.

Conclusions
Speckle-tracking echocardiography has proven that 
bariatric surgery may enhance left ventricular function. 
Changes in right ventricular size should be considered 
and assessed during echocardiography in obese patients 
after weight loss.
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