
ORIGINAL CONTRIBUTIONS

Early Reverse Cardiac Remodeling Effect of Laparoscopic
Sleeve Gastrectomy

Kamil Tuluce1 & Cemal Kara2 & Selcen Yakar Tuluce3 & Nurullah Cetin1
&

Caner Topaloglu1
& Yasemin Turhan Bozkaya1

& Ali Saklamaz4 & Cahide Soydas Cinar5 &

Oktay Ergene6

Published online: 19 July 2016
# Springer Science+Business Media New York 2016

Abstract
Background This study evaluated the early postoperative ben-
efits of laparoscopic sleeve gastrectomy (LSG) on the left
ventricular (LV) function and left atrial (LA) structural, me-
chanical, and electrical functions in severely obese patients.
Methods Thirty-two patients with severe obesity who were
consecutively scheduled for LSG and 30 healthy controls
were included in the study. LV global longitudinal strain
(LGS), peak atrial longitudinal strain (PALS), and strain rates
(S-Sr, E-Sr, and A-Sr) of the lateral and septal LAwalls, and
intra- and interatrial dyssynchrony periods for all subjects
were evaluated using strain echocardiography. The measure-
ments were repeated in patients 1 month after surgery.
Results LGS of the LV was significantly depressed in the
patient group compared with the control group (p < 0.001).

LA peak septal and lateral wall strain values were signifi-
cantly lower in patients than in controls (both p values
<0.001). LA intra- and interatrial dyssynchrony periods
were longer in patients than in controls (p = 0.012 and
p = 0.004, respectively). LGS significantly improved after
LSG (p < 0.001). Significant reductions were noted in the
LA antero-posterior diameter (p < 0.001), LAvolume index
(LAVI, p = 0.001), and in the mitral velocity to the early
diastolic velocity of the mitral annulus ratio (E/e’ ratio,
p = 0.046). The PALS of the septal and lateral LA walls
significantly increased (p = 0.001 and p < 0.001, respec-
tively). S-Sr, E-Sr, and A-Sr values of the septal LA wall
(p = 0.049, p < 0.001, and p = 0.001, respectively) and the
lateral LA wall (p = 0.009, p = 0.007, and p = 0.002, re-
spectively) significantly improved postoperatively. Intra-
and interatrial dyssynchrony significantly decreased
(p = 0.001 and p < 0.001, respectively). Weight loss posi-
tively correlated with changes in LGS (R = 0.39, p = 0.039),
LAVI (R = 0.39, p = 0.034), intra-atrial dyssynchrony
(R = 0.45, p = 0.021), interatrial dyssynchrony (R = 0.42,
p = 0.038), septal LAwall peak strain (R = 0.44, p = 0.027),
lateral LAwall peak strain (R = 0.46, p = 0.017), septal LA
wall A-Sr (R = 0.43, p = 0.028), and lateral LA wall A-Sr
(R = 0.46, p = 0.019). The comparison of postoperative
findings of the patients with controls revealed that the LA
diameter, both LA volume and volume index (LAVI), E/e’
ratio, S-Sr and E-Sr of both lateral and septal LA walls,
intra- and interatrial LA dyssynchrony of the patient group
became similar to the control group (all p value >0.05).
Postoperative A-Sr values of both LA walls (both p value
<0.001) were higher in patients than controls.
Conclusion The benefits of LSG on LVand LA function may
be observed even in the early postoperative phase. The
resulting weight loss correlates with LV and LA reverse re-
modeling in severely obese patients.

The results of this study were presented in part at the XXI World
Congress of Echocardiography and Cardiology, 2015, Istanbul, Turkey
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Introduction

Obesity is an increasingly prevalent health care problem that is
associated with high mortality and morbidity rates [1, 2]. It is
an independent risk factor for hypertension (HT), myocardial
ischemic disease, and heart failure [2, 3]. Obesity was also
shown to prompt atrial fibrillation (AF) development [4].
Ventricular and atrial functions are both affected by increased
body weight [5–7], and the adverse effects on cardiac function
contribute to the devastating consequences of obesity [8, 9].
Weight loss strategies include physical activity, diet, and phar-
macologic treatment. However, when these options fail, lapa-
roscopic sleeve gastrectomy (LSG) serves as an effective op-
tion for weight loss [10]. This treatment strategy reduces mor-
tality and comorbidities associated with obesity while improv-
ing the quality of life [11].

Evaluation of left atrial (LA) function is important because
deterioration in atrial function is related to impaired functional
capacity in various cardiac disorders [12, 13] and AF devel-
opment [14, 15]. New ultrasound technology provides better
assessment of LA function. LA mechanical function has three
phases during the cardiac cycle: reservoir, conduit, and con-
tractile. First, the LA behaves as a Breservoir,^ collecting
blood from the pulmonary veins. Second, when the mitral
valve opens, it then functions as a Bconduit^ to transfer blood
into the left ventricle (LV) via a pressure gradient. Third, the
Bcontractile^ function augments the LV stroke volume by ap-
proximately 20–30 % [16–19]. LA strain and strain rate,
which are measures of LA deformation and the proportion
of deformation, respectively, can be calculated using tissue
Doppler strain imaging [20]. These indices provide vital in-
formation about LA mechanical function [21].

Electrical conduction in a normal heart begins in the sinus
node, which is located high in the right atrium (RA), near the
superior vena cava. From there, electrical activation spreads
throughout the low RA and atrioventricular junction and to
different regions of the LA. The time required to excite anoth-
er region within the same atrium is termed intra-atrial conduc-
tion delay, which could apply to both the RA and the LA (RA
dyssynchrony or LA dyssynchrony). The time required for a
signal starting in the RA to pass through different conduction
tracts and reach the lateral wall of LA is termed the interatrial
conduction delay or dyssynchrony. Intra- and interatrial con-
duction characteristics can be assessed non-invasively using
color tissue Doppler imaging. Atrial dyssynchrony periods
become prolonged as LA size increases [22], leading to the
development of atrial arrhythmias [23, 24]. Obese patients
exhibit prolonged intra- and interatrial dyssynchrony [7];

however, the effect that weight loss has on atrial conduction
has not been examined.

This study investigated the early effects of LSG on LV
function and LA structural, mechanical, and electrical func-
tions in severly obese patients.

Materials and Methods

Study Population

Patients were weighed wearing light clothing without shoes
using a G-TECH®(capacity up to 200 kg) scale with an accu-
racy of 50 g. Height wasmeasured using a stadiometer with an
accuracy of 0.1 cm. Body mass index (BMI) was calculated
using the conventional formula of weight in kilograms divided
by the square of height in meters. Blood pressure was mea-
sured using an appropriate-sized cuff after at least a 30-min
interval free from caffeine or cigarette consumption. Two
blood pressure measurements separated by a 5-min interval
were obtained, and the mean value of the two measurements
was recorded. A detailed medical history was obtained from
all participants. Patients were questioned for the presence of
the following symptoms to rule out obstructive sleep apnea
syndrome (OSAS): nocturnal choking or gasping, morning
headache, apnea, excessive daytime sleepiness, and snoring.
First-degree relatives and/or homemates of the severely obese
patients were also questioned as to whether any had witnessed
the patient having an apneic episode while sleeping. An oro-
pharyngeal examination was performed on all patients.
Patients with a previous diagnosis of OSAS, any symptoms
consistent with OSAS, or OSAS signs identified on oropha-
ryngeal examination were excluded.

Sixty severely obese patients with a BMI >40 kg/m2 who
were consecutively scheduled for LSG in Karşıyaka State
Hospital were prospectively evaluated. Those with diabetes
mellitus (n = 4), HT (n = 7), history of coronary artery disease
(CAD) (≥50 % stenosis of any major epicardial vessel; n = 2),
OSAS (n = 3), or those with poor image quality rejected by the
software (n = 12) were excluded. A detailed medical history
was obtained and all patients underwent treadmill electrocar-
diography to rule out CAD. Ultimately, 32 patients with se-
vere obesity (7 men, 25 women) and a normal sinus rhythm
without bundle branch block at the time of enrollment were
included in the study. The percentage ofweight loss at 1month
following the surgery was calculated by dividing the differ-
ence in body weight between the weight at the first echocar-
diographic study (prior to surgery) and the weight 1 month
postoperatively by the initial body weight multiplied by
100 % [25]. The baseline findings in the patient group were
compared with healthy controls. The control group was
formed by the subjects having all the following criteria: (1)
aged between 18 and 50 years; (2) body mass index between
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18.5 and 24.99 kg/m2; (3) presence of a normal electrocardio-
gram; (4) presence of a normal echocardiogram; (5) absence
of a history and/or physical examination findings of any sys-
temic, endocrinologic, or pulmonary disorder that could affect
cardiac functions; (6) detection of a normal coronary angio-
gram within 6 months before enrollment in those aged
≥40 years; and (7) absence of signs or symptoms of OSAS
with a normal oropharyngeal examination. The study was ap-
proved by the institutional review board of Katip Celebi
University. Informed consent was obtained from all subjects.

Echocardiographic Study

All patients and controls underwent two-dimensional
(2D) transthoracic echocardiographic (TTE) evaluation,
tissue Doppler, tissue strain, and 2D strain imaging prior
to and 1 month following LSG. A commercially available
ultrasound machine, Vivid S5 (GE-Vingmed Ultrasound
AS, Horten, Norway), equipped with a 2.5–3.5 MHz
transducer, was used for all echocardiographic examina-
tions. Standard 2D echocardiography was performed ac-
cording to the American Society of Echocardiography/
European Association of Echocardiography recommenda-
tions [26]. The LV ejection fraction (LVEF) was mea-
sured using the biplane Simpson method, and the LA
diameter was measured according to guideline criteria
[26]. Echocardiographic cine loops were obtained by re-
cording three consecutive heart cycles. All studies were
performed by a single experienced echocardiographer.
Offline analyses were performed by two experienced
echocardiographers blinded to all other patient data and
using a dedicated software package (Echo PAC PC; GE
Healthcare, Waukesha, WI, USA).

2D Strain Echocardiography and Tissue Doppler Strain
Imaging

To measure global LV strain parameters, digital cineloops
were acquired at end-expiration at 50–90 frames/s from the
peak of the R-wave and stored in optical disks for offline
analysis. The software tracked endocardial contour on an
end-diastolic frame, automatically generating a region of
interest divided into segments. The quality of myocardial
tracking was visually assessed. The process was repeated
by adjusting the region of interest or manually correcting
the contour to ensure optimal tracking in instances of un-
satisfactory tracking. Graphics of deformation parameters
for each segment were automatically produced. LV global
longitudinal strain (LGS) consists of the segmental value
average obtained from apical four-chamber, apical two-
chamber, and apical three-chamber views.

Tissue Doppler Strain Imaging

Color tissue Doppler strain images assessing LA function
were obtained from the apical four-chamber view and record-
ed at >110 frames/s. The narrowest image sector angle (usu-
ally 30°) was used for the maximum color Doppler frame rate,
and the atrial wall was aligned parallel to the Doppler beam.
The sample volume was placed in the basal segments of the
septal and lateral LA walls in the apical four-chamber view.
The peak systolic strain of the lateral and septal LA walls
during late LV systole was measured during the conduit phase
corresponding to LA diastasis (Fig. 1a) [27]. The strain rate
(Sr) of the LA septal and lateral walls was measured in LV
systole (S-Sr), early diastole (E-Sr), as well as late LV diastole
(A-Sr). S-Sr was considered an index of LA reservoir func-
tion, while E-SR and A-SR were indices of LA conduit func-
tion and LA contractile function, respectively (Fig. 1b) [28].
Three cine loops were recorded for each patient and saved
digitally on an optical disk for later analysis. Offline measure-
ments were performed using a dedicated software package
(Echo PAC PC; GE Healthcare, Waukesha, WI, USA). All
echocardiographic measurements were calculated as averages
from three beats.

Atrial Dyssynchrony

Time-velocity curves were measured below the tricuspid and
mitral annulus on the right atrial (RA) free wall, the interatrial
septum (IAS), and the LA lateral wall (Fig. 2) using digitally
stored color tissue Doppler images. The Awave on the color
tissue Doppler curve was defined as the second negative de-
flection. The time difference from the onset of the P wave to
the peak of the A wave was measured at the right atrium (P-
RA), the septal wall (P-SA), and the lateral LA wall (P-LA).
Intra-atrial dyssynchrony was the difference between the P-
LA and P-SA (LA dyssynchrony). Interatrial dyssynchrony
was defined as the difference between the P-LA and P-RA.

Surgical Intervention

The operation was performed with the patient supine, with
open legs in the reverse Trendelenburg position (inclined) on
an operating table with a 30° angle. To prevent falls and poor
positioning, patients were attached to the operating table with
special braces on the abdomen and lower limbs. The abdomen
was insufflated with CO2 to achieve a 14 mmHg pneumoperi-
toneum. A LigaSure device (Covidien, Dublin, Ireland) was
used to dissect the greater curvature of the stomach, starting
5 cm from the pylorus. A 34-F bougie was introduced and
placed along the lesser curvature. Gastric resection was per-
formed with the Endo GIA Universal Stapler (Covidien) de-
vice using green and blue loads, directed toward the angle of
His. The resected side of the stomach was ligated with
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multiple hemoclips. A leakage test was performed with meth-
ylene blue. The resected stomach was extracted by extending
the 12-mm trocar incision into the supraumbilical midline by
2–3 cm. No intra- or postoperative complications or death
were recorded.

Reproducibility

Observer reliability for LA strain and strain rate (SR) was
assessed in 25 patients using post-HD data sets, and were
averaged from three lateral LAwall measurements. These data
sets were analyzed for interobserver variability by two echo-
cardiographers (KT and SYT). Intraobserver measurements
were randomly performed at least 10 days apart by a single
echocardiographer (KT).

Statistical Analyses

All analyses were performed using SPSS for Windows, ver-
sion 15.0 (SPSS Inc., Chicago, IL). Results are presented as
the means ± standard deviations for continuous data or as
numbers with percentages for categorical data. Normality tests

were performed to determine the distribution of continuous
variables. Student’s t test was used to determine the signifi-
cance of the difference between severely obese patients and
controls for normally distributed continuous variables.
Otherwise, the Mann-Whitney U test was used. To compare
postoperative findings of patients with controls, Student’s t
test was performed. Categorical data and proportions were
analyzed using the X2 test. A paired t test was performed to
compare preoperative and postoperative findings of the pa-
tients. The associations between percentage of weight loss
and changes in LGS, LA strain, and strain rate indices were
performed using Pearson correlations or the Spearman corre-
lation test, as appropriate. Reliability was tested using the
intra-class correlation coefficient (ICC) by Cronbach’s α to
determine both the intra- and interobserver variability.
Bland-Altman analyses were also performed [29]. Two-sided
p values <0.05 were considered significant. The sample size
of the control group and the patient group was checked using a
retrospective power analysis. As such, we estimated that the
sample size needed in this study (power of 80%, alpha = 0.05)
is 17 individuals in both two groups. The retrospective power
of the study was 0.994.

Fig. 2 An example of LA
dyssynchrony assessed by color
tissue Doppler imaging of the
atria. Regional myocardial
velocity curves were obtained at
the right atrium (RA) (red), the
interatrial septum (IAS) (green),
and the LA (yellow) just below
the level of the tricuspid and mi-
tral annulus. Arrows the Awave
peak

Fig. 1 Two examples of tissue
Doppler imaging recordings. a
Left atrial (LA) strain curve re-
corded within the LAwall. The
peak systolic strain (Peak S) was
measured. b LA strain rate (SR)
curve recorded within the lateral
LAwall. SRwas measured during
left ventricular (LV) systole (S-
SR), early diastole (E-SR), and
late LV diastole (A-SR)
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Results

The mean patient age was 33.6 ± 8.6 years (range, 17–
49 years), and 21.9%weremales. The comparison of baseline
characteristics before and after LSG is presented in Table 1.
Body weight significantly decreased, with the mean BMI
changing from 43.95 ± 3.75 to 38.92 ± 3.56 kg/m2

(p < 0.001). There was an insignificant decrease in systolic
and diastolic blood pressure 1 month following surgery. The
comparison of baseline and echocardiographic characteristics
between patients and controls is displayed in Table 2. No

differences were found with respect to age or gender between
the two groups. Both preoperative LA diameter and LA vol-
ume were larger in the patient group (both p value <0.001).
Preoperative LVEF value was significantly lower in patients
compared with controls, although both groups were within the
normal range (p < 0.001). Preoperative LGS of the LV was
significantly depressed in the patient group compared with the
control group (p < 0.001). LA peak septal and lateral wall
strain values were significantly lower in patients than in con-
trols (both p value <0.001) before the operation. Preoperative
LA intra- and interatrial dyssynchrony periods were longer in

Table 2 Comparison of the
preoperative and postoperative
echocardiographic and
demographic characteristics of the
patients with controls

Parameters Preoperatively
(n = 32)

Postoperatively
(n = 32)

Controls
(n = 30)

p value* p value†

Age (years) 33.62 ± 8.6 – 33.5 ± 7.7 0.97 –

Female (%) 78.1 – 72.7 0.23 –

Height (m) 1.67 ± 0.69 – 1.67 ± 0.91 0.78

Weight (kg) 123.03 ± 15.91 108.97 ± 14.59 66 ± 10.12 <0.001 <0.001

Body surface area (m2) 2.27 ± 0.18 2.15 ± 0.17 1.74 ± 0.17 <0.001 <0.001

Body mass index (kg/m2) 43.95 ± 3.75 38.9 ± 3.5 23.3 ± 2.2 <0.001 <0.001

LVejection fraction (%) 60.69 ± 4.84 61.48 ± 4.3 66.05 ± 4.96 <0.001 0.001

LA antero-posterior
diameter (mm)

35.03 ± 2.98 32.2 ± 3 31.8 ± 2.19 <0.001 0.61

LA volume (ml) 52.86 ± 11.44 43.1 ± 9.9 38.8 ± 10.68 <0.001 0.14

LA volume index (ml/m2) 23.38 ± 5.4 21.1 ± 4.7 22.6 ± 6.96 0.65 0.13

E/e’ (septal) 8.36 ± 2.26 7.6 ± 2.63 6.94 ± 1.56 0.015 0.27

LV longitudinal global
strain (%)

−14.46 ± 3.15 −15.91 ± 2.75 −20.77 ± 1.99 <0.001 <0.001

LA peak septal strain (%) 19.39 ± 5.06 23.64 ± 3.66 26.56 ± 6.89 <0.001 0.06

LA peak lateral strain (%) 18.52 ± 4.76 22.85 ± 5.04 27.63 ± 7.06 <0.001 0.009

LA septal S-Sr (s−1) 1.62 ± 0.39 1.99 ± 1.01 2.24 ± 1.04 0.015 0.38

LA septal E-Sr (s−1) −1.91 ± 0.75 −2.48 ± 0.69 −2.69 ± 1.06 0.011 0.41

LA septal A-Sr (s−1) −1.76 ± 0.65 −2.28 ± 0.82 −1.5 ± 0.5 0.083 <0.001

LA lateral S-Sr (s−1) 1.84 ± 0.67 2.29 ± 0.77 1.93 ± 0.68 0.56 0.09

LA lateral E-Sr (s−1) −2.34 ± 1.01 −2.84 ± 1.14 −3.12 ± 0.92 0.005 0.34

LA lateral A-Sr (s−1) −1.63 ± 0.64 −2.54 ± 1.37 −1.18 ± 0.52 0.016 <0.001

LA intra-atrial
dyssynchrony (ms)

21.11 ± 8.91 13.46 ± 7.45 14.55 ± 8.57 0.012 0.64

LA interatrial
dyssynchrony (ms)

28.52 ± 18.1 17.31 ± 16.13 16.36 ± 9.35 0.004 0.98

LV left ventricular, LA left atrial, Sr strain rate, S systolic, E early diastolic, A late diastolic

*p values for preoperatively vs. controls

†p values for postoperatively vs. controls

Table 1 Comparison of the
baseline characteristics of the
patients before and after the
laparoscopic sleeve gastrectomy
operation

Parameters Preoperatively Postoperatively Mean difference p value

Weight (kg) 123.03 ± 15.91 108.97 ± 14.59 14.06 <0.001

Body mass index (kg/m2) 43.95 ± 3.75 38.92 ± 3.56 5.02 <0.001

Body surface area (m2) 2.27 ± 0.18 2.15 ± 0.17 0.12 <0.001

Systolic blood pressure (mmHg) 118.2 ± 8.15 115.44 ± 9.66 2.75 0.055

Diastolic blood pressure (mmHg) 71.34 ± 8.71 70.37 ± 8.38 0.96 0.16
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patients than in controls (p = 0.012 and p = 0.004, respective-
ly). Comparison of postoperative baseline and echocardio-
graphic findings of patients with controls is also shown in
Table 2. Body surface area (p < 0.001) and body mass index
(p < 0.001) were still larger in patients than in controls. LVEF
(p = 0.01), LGS of the LV (p < 0.001), lateral LA wall peak
strain (p = 0.09) values were lower in patients than in controls.
The antero-posterior LA diameter, both LA volume and vol-
ume index (LAVI), E/e’ ratio, S-Sr and E-Sr of both lateral and
septal LAwalls, intra- and interatrial LA dyssynchrony of the
patient group became similar to the control group. Postoperative

A-Sr values of both LA walls (both p value <0.001) became
significantly higher in patients compared to control subjects.
Table 3 demonstrates the changes in echocardiographic vari-
ables before and after the operation. There was a slight increase
in LVEF which remained insignificant (p = 0.21); however,
LGS significantly improved from −14.46 ± 3.15 to
−15.91 ± 2.75 % (p < 0.001). A significant reduction was de-
tected in the antero-posterior LA diameter (p < 0.001), LAVI
(p = 0.001), and E/e’ ratio (p = 0.046). The peak strain of the
septal and lateral LAwalls significantly increased (19.39 ± 5.06
to 23.64 ± 3.66, p = 0.001 and 18.52 ± 4.76 to 22.85 ± 5.04,
p < 0.001, respectively). The S-Sr, E-Sr, and A-Sr from the LA
septal wall (p = 0.049, p < 0.001, and p = 0.001, respectively)
and lateral LA wall (p = 0.009, p = 0.007, and p = 0.002, re-
spectively) significantly improved after LSG. Intra-atrial
dyssynchrony decreased from 21.11 ± 8.91 to 13.46 ± 7.45 ms
(p = 0.001), while interatrial dyssynchrony decreased from
28.52 ± 18.1 to 17.31 ± 16.13 ms (p < 0.001) (Table 3 and
Fig. 3). The correlation analysis is presented in Figs. 4 and 5.
The percentage of weight loss was positively correlated with
changes in LGS (R = 0.39, p = 0.039), LAVI (R = 0.39,
p = 0.034), intra-atrial dyssynchrony (R = 0.45, p = 0.021),
interatrial dyssynchrony (R = 0.42, p = 0.038), LA septal wall
peak strain (R = 0.44, p = 0.027), lateral LA wall peak strain
(R = 0.46, p = 0.017), LA septal wall A-Sr (R = 0.43, p = 0.028),
and lateral LAwall A-Sr (R = 0.46, p = 0.019).

The intra-class correlation coefficients (ICCs) of peak
strain and SR of the lateral LAwall for the intra- and interob-
server measurements are shown in Table 4. All measurements
showed excellent or good agreement. Bland-Altman plots are
presented in Fig. 6.

Table 3 Comparison of the
echocardiographic indices of the
patients before and after the
laparoscopic sleeve gastrectomy

Parameters Preoperatively Postoperatively Mean difference p value

LVejection fraction (%) 60.69 ± 4.84 61.48 ± 4.37 −0.79 0.21

LA antero-posterior diameter (mm) 35.03 ± 2.98 32.21 ± 3.01 2.8 <0.001

LA volume index (ml/m2) 23.38 ± 5.4 20.11 ± 4.7 3.28 0.001

E/e’ (septal) 8.36 ± 2.26 7.6 ± 2.63 0.76 0.046

LV longitudinal global strain (%) −14.46 ± 3.15 −15.91 ± 2.75 1.46 <0.001

LA peak septal strain (%) 19.39 ± 5.06 23.64 ± 3.66 −4.25 0.001

LA peak lateral strain (%) 18.52 ± 4.76 22.85 ± 5.04 −4.33 <0.001

LA septal S-Sr (s−1) 1.62 ± 0.39 1.99 ± 1.01 −0.37 0.049

LA septal E-Sr (s−1) −1.91 ± 0.75 −2.48 ± 0.69 0.57 <0.001

LA septal A-Sr (s−1) −1.76 ± 0.65 −2.28 ± 0.82 0.52 0.001

LA lateral S-Sr (s−1) 1.84 ± 0.67 2.29 ± 0.77 −0.45 0.009

LA lateral E-Sr (s−1) −2.34 ± 1.01 −2.84 ± 1.14 0.49 0.007

LA lateral A-Sr (s−1) −1.63 ± 0.64 −2.54 ± 1.37 0.92 0.002

LA intra-atrial dyssynchrony (ms) 21.11 ± 8.91 13.46 ± 7.45 7.3 0.001

LA interatrial dyssynchrony (ms) 28.52 ± 18.1 17.31 ± 16.13 11.2 <0.001

LV left ventricular, LA left atrial, Sr strain rate, S systolic, E early diastolic, A late diastolic

Fig. 3 Bar graphs demonstrate the effect of laparoscopic sleeve
gastrectomy on echocardiographic parameters. Significant changes in
all parameters were observed postoperatively. Pre preoperative, Post
postoperative, LGS LV global strain, LAVI LA volume index, SASr
septal left atrial wall A-SR, LASr left atrial lateral wall A-SR, intraAD:
intra-atrial dyssynchrony, interAD interatrial dyssynchrony
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Discussion

The present study showed that LA structural, mechanical and
electrical functions as well as LV functions were depressed in
severely obese patients without common comorbidities (HT,
diabetesmellitus, CAD andOSAS, etc.) compared to controls,
suggesting that Bsevere obesity,^ itself, is a disease affecting
cardiac functions.We also evaluated postoperative LA and LV
functional changes of the patients to determine the benefit of
surgical weight loss. A significant improvement was observed
in LV functions of patients 1 month postoperatively. LA vol-
ume significantly decreased, and LA mechanical functions,
including all reservoir, conduit, and contractile functions, sig-
nificantly improved after 1 month. Moreover, intra- and
interatrial dyssynchrony significantly decreased. The

improvements in LA structural, mechanical, and electrical
functions, as well as LV function, were related to the percent-
age of weight loss. The comparison of postoperative echocar-
diographic findings of the patients with healthy controls
displayed that the preoperative significant differences between
two groups in the antero-posterior LA diameter, both LA vol-
ume and LAVI, E/e’ ratio, S-Sr and E-Sr of both lateral and
septal LAwalls disappeared. Moreover, atrial contractility (A-
Sr) increased to an amount that it became significantly higher
in patients than in controls following the first month of the
surgery, displaying that LSG has impressive benefits on atrial
functions.

In a study examining LV function in 92 severely obese
patients with controlled HT or diabetes but without evidence
of cardiovascular disease, patients had lower indices of LV

Fig. 4 Relationships between the percentage of weight loss (PWL) and changes in LGS, LAVI, and intra- and interatrial dyssynchrony pre- and
postoperatively
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systolic and diastolic function. This suggests that these pa-
tients had subclinical LV dysfunction despite having normal
LVEF values [30]. In another study investigating the effect of
LSG on cardiac function, the LVmass and arterial elasticity of

34 obese patients were evaluated 0, 6, and 12 months after the
procedure and significant improvements in aortic elasticity
and LV diastolic function were noted at 6 months and were
maintained 12 months postoperatively. The LV hypertrophy

Fig. 5 Relationships between the PWL and changes in peak LA septal wall strain (SS), peak lateral LAwall strain (LS), SASr, and the LASr pre- and
postoperatively

Table 4 ICC analysis of intra-
and interobserver variations for
strain and Sr of the LA measured

Intraobserver variation Interobserver variation

ICC 95 % CI p value ICC 95 % CI p value

LA peak lateral strain 0.84 0.65–0.93 <0.001 0.87 0.73–0.94 <0.001

LA strain rates

LA lateral S-Sr 0.91 0.80–0.96 <0.001 0.94 0.87–0.97 <0.001

LA lateral E-Sr 0.92 0.82–0.97 <0.001 0.96 0.93–0.99 <0.001

LA lateral A-Sr 0.9 0.77–0.95 <0.001 0.86 0.71–0.94 <0.001

ICC intra-class correlation coefficient, CI confidence interval, LA left atrial, Sr strain rate, S systolic, E early
diastolic, A late diastolic
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also favorably evolved. The patients in this study had diabetes
mellitus and HT, and, during follow-up, the blood pressure and
glucose values also markedly improved [5]. Comorbidities that
might accompany obesity such as DM, HT, CAD, and OSAS
were previously shown to affect atrial conduction properties and
impair atrial function even in non-obese patients [31–36]. The
current study evaluated 60 severely obese patients, but 16 were
excluded for HT, diabetes mellitus, CAD, and OSAS, so as to
evaluate the sole effect of surgical weight loss on cardiac func-
tion using new echocardiographic techniques. We first com-
pared baseline echocardiographic indices between the patients
and healthy controls and found that LV function was depressed
in patients, which may indicate that excess weight gain de-
creases cardiac function. Our findings are novel in that they
show that surgical treatment of severe obesity improves LV
function in patients without comorbidities, and that the positive
effects of weight loss on cardiac function are evident in the early
postoperative phase.

Recent findings support obesity as a risk factor for AF
development [37]. It was reported in a meta-analysis that
obese individuals have a 49 % greater risk of AF [4].
Moreover, the risk of AF increased with increasing BMI [4].
Increased LV mass, increased LA volume, and impaired LV
diastolic function contribute to the development of AF in
obese patients [38]. LA enlargement is an independent risk
factor for AF in the general population [39, 40]. Obese pa-
tients have a greater LA diameter and volume even when they
are in sinus rhythm [38]. In the current study, baseline LA
volume and diameter were larger in patients than in controls,
which is similar to findings of previous reports [38]. In the
severely obese patients, LA reverse remodeling, correspond-
ing to a decreased LA diameter and LAVI, was observed
1 month after surgery. The postoperative reverse structural
remodeling effect of LSG was so prominent that the LA

diameter and volume in patients became similar to those of
controls. LA volume reflects an average of LV filling pres-
sures over time, making it a good indicator of LV diastolic
function [41]. The E/e’ ratio, which non-invasively estimates
the LV filling pressure, also decreased after LSG. The de-
crease in LA diameter and LAVI in the current study popula-
tion may be related to the decreased E/e’ ratio. The similar
E/e’ ratios in patients during the first month of postoperative
phase and controls also support this finding.

LA phasic function provides important information about
atrial remodeling in various cardiac conditions [12, 42, 43],
which may account for its value in predicting AF [14, 44].
However, the predictive value of LA function in AF develop-
ment has not yet been determined in obese patients. In a study
investigating LA function in 35 obese patients (BMI ≥ 30 kg/
m2), conventional 2D echocardiography demonstrated that
these patients had an increased LA active emptying fraction
but a decreased passive emptying fraction [45]. The current
study showed improvements in all LA phasic functions
1 month after surgery. The improvement in LA function might
be due to the decreased LV filling pressure, which may also
contribute to reverse atrial structural remodeling. One interest-
ing finding of the study that should be also emphasized is that
postoperative atrial contractility of the patients represented as
A-Sr even exceeded the average value of the control group. It
is probable that decrease in LAvolume and LV filling pressure
contributed to this change.

Atrial electrical remodeling plays a role in the initiation and
maintenance of AF. Prolonged interatrial dyssynchrony con-
tributed to chronicity in AF patients with non-valvular parox-
ysmal AF [23]. Progressive conduction abnormalities with
slowing atrial conduction and increased conduction heteroge-
neity were shown in an animal obesity model [46]. A recent
study showed that epicardial fat infiltration of the LA wall

Fig. 6 Reliability tests for peak strain and SR of the lateral LAwall. Bland-Altman analyses for intra- (top) and interobserver (bottom) reliability
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served as an AF substrate in an obese ovine model [47].
Prolongation of intra- and interatrial dyssynchrony has been
demonstrated in obese patients, but the influence of surgical
weight loss on atrial electrical properties has not been previ-
ously investigated [7, 45]. This study evaluated atrial electrical
properties non-invasively using echocardiography and found
that both intra- and interatrial dyssynchrony periods were
prolonged in severely obese patients compared with controls,
and there was a significant decline in both measures 1 month
after LSG in the patients. Gaborit et al. demonstrated a signif-
icant reduction of epicardial fat volume in obese patients
6 months after bariatric surgery [25]. Atrial electrical reverse
remodeling in patients 1 month after LSG may be a result of a
reduction in epicardial fat. In several conditions, atrial
dyssynchrony was related to LA structural remodeling [22].
A decrease in LA volume might also contribute to reverse
atrial electrical remodeling. This hypothesis was also support-
ed by our finding that both structural and electrical properties
of patients were similar to those of controls at the end of the
first month after the surgery. It may be concluded that LSG
decreases atrial arrhythmogenesis in obese patients by reduc-
ing epicardial fat, decreasing LA volume and diameter, and
improving diastolic function.

In a study investigating the long-term effect of weight loss
on rhythm control in obese patients with AF, those with ≥10%
weight loss had a sixfold greater probability of arrhythmia-
free survival compared to those with <10 % weight loss [48].
Interestingly, >5 % weight fluctuation in that cohort partially
offset this benefit with a twofold increased risk of arrhythmia
recurrence [44]. When cardiac function was evaluated in these
patients, LAVI and E/e’ decreased during follow-up, which
might have contributed to AF-free survival. In the current
study, LA reverse remodeling was observed after LSG, and
improvements in all LA structural, mechanical, and electrical
indices were related to the percentage of weight loss.

Limitations

This study had several limitations, including its small sample
size. Although 60 severely obese patients were screened, only
32 were enrolled so as to determine the effect of LSG weight
loss on cardiac function without common comorbidities that
could also affect cardiac parameters. These results need to be
verified by further studies with a larger number of patients.
Secondly, the presence of OSAS was not excluded using
polysomnography. However, we carefully questioned patients
and their relatives and/or home mates for the presence of
symptoms consistent with OSAS, and performed routine oro-
pharyngeal examination on all subjects. Third, although we
intended to investigate whether surgical benefits are observed
short-term, a longer follow-up period would provide more
valuable information on the impact that surgical weight loss

has on cardiac function. The presence of CAD was ruled out
using non-invasive tests. Performing coronary angiography
(CAG) would more accurately exclude CAD, but these pa-
tients were relatively young and did not have common comor-
bidities that would have contributed to CAD development.
Moreover, many patients would not agree to routine CAG
prior to surgery.

Conclusion

These findings suggest that LSG improves LA and LV func-
tion in obese patients who do not have comorbidities com-
monly accompanying obesity in the early postoperative phase.
LA structural, mechanical, and electrical reverse remodeling
was related to the percentage of weight loss 1 month following
the procedure.
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