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Abstract

Background: Obesity is associated with changes in left ventricular (LV) structure and function. Bariatric surgery can
favorably improve cardiac remodeling. The effects of the procedure in LV diastolic and systolic function have not been
clearly defined. The aim of this study was to evaluate the changes in left ventricular structure, systolic and diastolic
function in obese patients who have undergone bariatric surgery.

Methods: We evaluated 23 patients (16 women, seven men; age, 32.9 * 8.9 years) with body mass index > 40 kg/m?*who
underwent Roux-en-Y gastric bypass (RYGB). Clinical and echocardiographic evaluations were performed preoperatively
and 3-7 months after surgery.

Results: After a mean follow-up of 4.7 months, significant reductions were observed in body mass index
(from 46.7 + 5.3 to 36.2 = 4.7 kg/m?*; p< 0.001); thickness of the interventricular septum (from 10.3 = 1.4 to
8.9 = 1.2 mm); LV posterior wall (from 9.3 + 1.3 to 8.4 = 1.1 mm; p < 0.001) and LV mass (absolute value: from
168.7 = 35.2 to 149.8 = 40.7 g, p = 0.008; indexed by height: from 45.1 = 11.3 to 39.7 = 10.3, p = 0.006).
Normal LV geometry was observed in 60.9% of patients before surgery and in 91.3% at follow-up. Tissue Doppler
imaging revealed improved LV diastolic function (mitral E’ lateral 0.16 + 0.03 preoperatively vs. 0.17 = 0.03 m/s
at follow-up; p = 0.026). Postoperatively, there was no significant difference in LV systolic function.

Conclusions: After a mean follow-up of 4,7 months, bariatric surgery promoted improvement in left ventricular
structure and in one of the parameters of diastolic function (E’ velocity). There were no changes in left ventricular
systolic parameters. (Arq Bras Cardiol: Imagem cardiovasc. 2016;29(4):118-123)
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Introduction limprovement in LV structure and function after bariatric
surgery is not consistently observed among several studies.>
Therefore, the purpose of this study was to evaluate the
structural and functional left ventricular abnormalities in obese
patients after bariatric surgery.

Obesity affects cardiac structure and function.
Obese patients have greater circulating blood volume,
leading to increased left ventricular (LV) stroke volume and
cardiac output." These changes can lead to increased left
ventricular (LV) mass, LV hypertrophy, diastolic and systolic

dysfunction.** LV hypertrophy is one of the strongest risk  Materials and Methods

factors for cardiovascular morbidity and mortality.® . — .
vy Y We conducted an observational, longitudinal, analytical,

) : ocld prospective, single-arm cohort study. Subjects underwent
with decreased overall mortality.® Current guidelines R x-en-y gastric bypass (RYGB) at Hospital das Clinicas da
recommend this procedure for obesity refractory to ynjversidade Federal de Pernambuco from May 2012 to
medical treatment in patients with body mass index  geptember 2014. Inclusion criteria were BMI = 40 kg/m?,
(BMI) or with BMI = 35kg/m* if the patient has other 406 > 18 years, consent to bariatric surgery, and availability of
comorbidities.” The procedure has the potential to  echocardiography of good technical quality. Exclusion criteria
reverse some of the cardiac alterations caused by obesity,  \ere heart failure, coronary artery disease, valvulopathy, atrial
decreasing LV mass, reducing chamber size, and improving  fiprilation, congenital heart disease, diabetes mellitus and

P -S AS ' . :
LV diastolic filling. chronic obstructive pulmonary disease.

Bariatric surgery for severe obesity is associated

Patients underwent transthoracic echocardiography
before bariatric surgery and 3-7 months after the procedure,
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Echocardiography was performed by two experienced
sonographers using a GE Vivid® i ultrasound system
(GE Healthcare, Wauwatosa, WI, USA), with a 2.5-MHz
sector-array transducer. Intra and inter-observer variability
were not assessed.

Interventricular septum, posterior wall thickness, and LV
end-systolic and end-diastolic diameters (LVESD and LVEDD,
respectively) were measured using M-mode in the parasternal
long-axis view. When optimal M-mode measurements
could not be obtained, linear measurements were acquired
using two-dimensional echocardiography." LV endocardial
fractional shortening was calculated as (LVEDD—LVESD)/
LVEDD X 100%. LV ejection fraction was calculated using
the Teichholz formula.™

LV mass was calculated using the Devereux formula."
LV mass was indexed to the power of 2.7, as proposed
by De Simone et al.™ LV hypertrophy was defined as
LV mass/height*” > 51 g/m?7. Relative wall thickness
(RWT) was calculated as 2 x posterior wall thickness/
LVEDD; > 0.42 was considered abnormal. LV geometry
was categorized as one of the following four patterns:
normal geometry (normal LV mass and normal RWT),
concentric remodeling (normal LV mass and increased
RWT), concentric hypertrophy (increased LV mass and
RWT), and eccentric hypertrophy (increased LV mass and
normal RWT).

Early diastolic mitral inflow velocity (E wave) and late
diastolic mitral inflow velocity (A wave) were measured in
apical four-chamber view using pulsed-wave Doppler. Early
diastolic tissue velocity (E’) was recorded over the lateral mitral
annulus. E/A and E/E’ ratios were calculated.

Continuous variables were expressed as mean =
standard deviation and categorical variables as frequency or
percentage. The differences between categorical variables
were analyzed using the Chi-square test. The Student’s t test
was used for continuous variables. The differences between
continuous variables before and after bariatric surgery were
analyzed using the Student’s t test for correlated samples.
Beta correlation coefficients with 95% confidence intervals
were obtained using the linear regression model. All statistical
tests were performed at the 5% level of significance.
Data analysis was performed using SPSS for Windows,
Version 15.0 (SPSS Inc., Chicago, IL, USA).

Table 1 - Demographic data

Informed consent was obtained from all individual
participants included in the study. The institutional ethics
committee approved the study.

Results

Twenty-three patients were enrolled in the study.
Descriptive data are presented in Table 1. Most patients had
hypertension (69.6%). At follow-up, significant decreases were
observed in BMI (p < 0.001) and in systolic (p < 0.001) and
diastolic (p = 0.002) blood pressures.

Table 2 presents a comparison of pre- and postoperative
LV structural parameters. Preoperative echocardiograms
demonstrated increased interventricular septal thickness in
14 patients (60.9 %) and increased LV mass in seven patients
(30.4%), preoperatively. Echocardiography performed about
4.7 months postoperatively, revealed significant decreases in
LV posterior wall thickness and RWT (p < 0.001 for both).

Table 3 compares pre- and postoperative LV geometry
patterns. Most patients had normal LV geometry before RYGB.
Concentric LV hypertrophy was the most common abnormal
LV geometry, occurring in 21.5% of patients preoperatively
and in none at follow-up.

LV systolic function was normal in all patients before surgery
and did not change significantly during follow-up. The only
significant improvement in LV diastolic function was the
increase of E’ velocity after surgery (Table 4).

Discussion

The present study confirms previously reported
improvements in LV structure after bariatric surgery.?

The LV geometry pattern has prognostic implications.
De Simone et al.”” found that patients with LV hypertrophy
had a 3.3-fold higher cardiac risk. In the present study, most
patients (60.9 %) had normal LV geometry preoperatively. This
finding conflicts with previous studies, which showed that
most patients had abnormal LV geometry preoperatively.'®'”
The patients in those studies, however, were older and had
a higher BMI and arterial pressure than those in the present
study; in addition, 91.3 % of our patients had normal LV
geometry at follow-up, indicating that reverse remodeling
had occurred over the short term.

Clinical data Preoperative Postoperative p value
Age (years) 32.9(8.9)

Female 16 (69.6%)

BMI (kg/m?) 46.7 (5.3) 36.2 (4.7) <0.001*
Weight (kg) 126.3 (25.0) 97.7 (19.0) <0.001*
SAP (mmHg) 138.6 (14.9) 118.8 (8.9) <0.001*
DAP (mmHg) 85.8 (10.4) 79.7 (6.5) <0.002*

* Significant value. Data presented as mean (standard deviation). BMI: body mass index; DAP: diastolic arterial pressure; SAP: systolic arterial pressure.

Arq Bras Cardiol: Imagem cardiovasc. 2016;29(4):118-123

119



120

Santos et al.
LV abnormalities after gastric bypass

Original Article

Table 2 - Comparison of pre- and postoperative LV structural parameters

Structural parameters Preoperative Postoperative p value
LVEDD (mm) 48.3(3.3) 49.4 (4.4) 0.165
Septum (mm) 10.3 (1.4) 89(12) <0.001*
Posterior wall (mm) 9.3(1.3) 8.4 (1.1) <0.001*
RWT 0.39 (0.06) 0.34 (0.04) <0.001*
LVM (g) 168.7 (35.2) 149.8 (40.7) 0.008*
LVMi (g/m?) 451 (11.3) 39.7 (10.3) 0.006*

* Significant value. Data presented as mean (standard deviation). LV: left ventricular; LVEDD: LV end-diastolic diameter; LVM: LV mass; LVMi: LV mass index;

RWT: relative wall thickness.

Table 3 - Effects of bariatric sugery on LV geometry

LV geometry Preoperative Postoperative
Normal 14 (60.9) 21(91.3)*
Concentric remodeling 2(8.7) 0(0)
Concentric LV hypertrophy 5(21.7) 0(0)
Eccentric LV hypertrophy 2(8.7) 2(8.7)
*p < 0,05. Data expressed as n (%). LV: left ventricular.

Table 4 - Pre- and postoperative functional parameters of the left ventricle
Functional parameter Preoperative Postoperative p value
LVEF (%) 69.2 (6.8) 67.5(5.3) 0.317
LV fractional shortening 39.1(5.5) 37.9(3.8) 0.404
E-wave velocity (m/s) 0.89 (0.14) 0.91(0.15) 0.581
A-wave velocity (m/s) 0.61(0.13) 0.57 (0.14) 0.197
E/A ratio 1.51(0.34) 1.65 (0.46) 0.065
E' velocity 0.16 (0.03) 0.17 (0.03) 0.026*
E/E' ratio 5.95(1.27) 5.42 (1.16) 0.083
E-wave deceleration time 188.3 (37.3) 187.1(42.2) 0.910

* Significant value. Data presented as mean (standard deviation); LV: left ventricular;

No significant change in LVEDD was observed postoperatively,
which is consistent with previous studies.'”'® No patients in the
present study had an abnormal LVEDD preoperatively."

Increased interventricular septal thickness was the
most common echocardiographic alteration detected
preoperatively. Decreased LV wall thickness resulted in
a decrease in RWT, LV mass, and LVMI. Before surgery,
30.4% of patients had increased RWT; after the bariatric
procedure, all patients had normal RWT. Increased RWT
is associated with a 2.56-fold higher cardiovascular risk in
hypertensive patients.?

A mean reduction of 11.2% was observed in LV mass after
the surgery. This was a consequence of the decreased LV wall
thickness since the LV end-diastolic diameter did not change
after the bariatric surgery.
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LVEF: left ventricular ejection fraction.

LV diastolic filling is the first functional parameter to
become impaired in obesity.? With regard to LV diastolic
function, only two patients (8.7 %) had E/A ratio < 1
before surgery. Other studies reported a higher rate of this
abnormality.’®?' Cunha et al." found that 17.4% of their
patients had an abnormal E/A ratio and Luaces et al.”’
detected an even higher rate of 27.9%.

Some factors can explain this difference. Firstly, our population
was younger (32.9 years) than those in the studies by either
Cunha et al.” (37.9 years) or Luaces et al.*' (40.2 years), and
increasing age is associated with higher prevalence of diastolic
dysfunction.?? Secondly, diabetic patients were excluded from
the present study, and diabetes is known to cause diastolic
dysfunction.? Tavares et al.?? showed that, in obese patients
before bariatric surgery, the prevalence of diabetes was 3.6-fold
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higher in the subgroup with diastolic dysfunction. Thirdly, the
prevalence of hypertension in our study was also lower than other
series (69.6% x 82.5% in Cunha’s study).' Finally, other studies
performed echocardiography only in patients with multiple
cardiovascular risk factors or with abnormal electrocardiogram,*
whilst in the present study all patients enrolled had the test done,
irrespective of cardiac risk factors.

There was a trend towards increasing the E/A ratio after
surgery but it didn’t reach statistical significance (p = 0.06).
Other studies that showed a significant increase in this
parameter had a longer follow-up,'®'8%* so a longer follow-up
in the present study may have revealed increased E/A ratio.

E’ velocity is particularly useful in evaluation after bariatric
surgery because it is a preload-independent index of LV
relaxation.?>2® This parameter is easy to obtain in obese
patients' and has prognostic value, with results below the
normal range predicting higher cardiovascular mortality.?”
None of the patients showed decreased lateral E’ velocities
(<10 cm/s) before surgery. Other studies found impaired E’
velocities before bariatric surgery.>?® Willens et al.?® found a
mean E’ velocity of 7.6 cm/s before bariatric surgery, though
their patients had higher BMI (54 kg/m?), higher systolic blood
pressure (145 mmHg) and a prevalence of 29.4% of diabetes.

In the present study, E’ velocity increased 6.25 %
postoperatively. Others have observed significant increases
in this parameter after bariatric surgery.'®'726

The E/E’ ratio can be used as an index of LV filling
pressures.” Values below 8 imply normal filling pressures in
patients with preserved ejection fraction.? All patients in the
present study had E/E" < 8 before surgery.

The E/E’ ratio tended to decrease but it did not reach
statistical significance. The behavior of this parameter after
bariatric surgery is heterogeneous among studies. Luaces et
al.** found no change 12 months after bariatric surgery, but
others have observed significant decreases in the E/E’ ratio
after surgery: Willens et al.,® from 12.3 to 10 after a mean
follow-up of 7.4 months; and Ippisch et al.,"® from 7.7 to 6.3
after 10 months of postoperative follow-up. Compared with the
present study, follow-up periods were longer, and preoperative
E/E’ ratios higher, suggesting higher diastolic filling pressures.

Regarding to LV systolic function, none of the patients
had reduced LV ejection fraction before surgery since this
was an exclusion criterion for the study. This parameter did
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