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Background: Obesity is a global epidemic and a major risk factor for cardiovascular diseases. Laparoscopic sleeve gastrectomy (LSG) is an effective bariatric surgery, but its effect on cardiac functions remains unclear. This study aims to investigate the impact of weight loss after LSG on the left ventricular myocardial work (LVMW) in obese patients and explore the clinical value of the left ventricular pressure - strain loop (LV - PSL).



Methods: Thirty - eight obese patients (body mass index ≥ 30 kg/m2) were enrolled preoperatively, and 31 patients completed the study after six months of follow - up. Clinical information, parameters from left ventricular myocardial work and traditional two - dimensional strain echocardiography were collected and analyzed.



Results: After LSG, significant reductions in body mass index (BMI), diastolic blood pressure (DBP) and weight were observed. Cardiac output (CO), stroke volume (SV), left ventricular end - diastolic volume (LVEDV), left ventricular end - systolic volume (LVESV), left ventricular ejection fraction (LVEF), Peak E, e', and a' decreased, while left ventricular mass index increased. Myocardial work parameters also showed significant changes after LSG, with global longitudinal strain (GLS) and global work efficiency (GWE) increasing and global work index (GWI), global constructive work (GCW), and global wasted work (GWW) decreasing. Significant correlations were observed between the differences in GWW and left ventricular end - diastolic diameter (LVDd), as well as between the differences in GWI and LVEDV. The differences in left ventricular mass and its index were both significantly negatively correlated with the difference in GWW.



Conclusions: LV - PSL can effectively evaluate left ventricular myocardial work in obese patients. Weight loss after LSG can improve left ventricular myocardial work efficiency, and the associated parameter changes are related to cardiac structure, offering new clinical references.
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1 Introduction

Since 1980, the prevalence of overweight and obesity has increased globally, with nearly one-third of the world's population now affected (1). Obesity is a major risk factor for various chronic diseases, especially cardiovascular diseases (2–4). Adipocytes secrete adipokines, triggering chronic low - grade inflammation. Obesity boosts the heart's workload, activating the mitogen - activated protein kinase (MAPK) pathway in cardiomyocytes and contributing to left ventricular hypertrophy (LVH) (5). Hypertension, common in obesity, raises cardiac afterload. This activates the renin - angiotensin - aldosterone system (RAAS), promoting LVH and fibrosis (6). The adipokine - induced inflammation, along with the hemodynamic stress from obesity and hypertension, promotes cardiac remodeling (6, 7). Obesity also induces metabolic syndrome, compounding the cardiovascular disease risk (6). LSG is one of the commonly used bariatric surgeries, and previous studies have shown that it can improve cardiac structure, such as reducing myocardial hypertrophy and optimizing ventricular chamber size (8, 9). However, its effects on cardiac systolic and diastolic functions remain incompletely understood, which is the basis of this study (7, 10, 11).

The left ventricular strain, based on two - dimensional (2D) speckle - tracking technology, can quantitatively assess left ventricular systolic function of obese patients. However, its major drawback is load dependence. When the left ventricular after-load increases, the strain decreases, impairing the evaluation of myocardial systolic function (12). LV - PSL combines left ventricular global longitudinal strain (GLS) with left ventricular systolic blood pressure based on 2D speckle - tracking technology, so it can accurately evaluate left ventricular myocardial work (13). The aim of this study was to investigate the impact of post-LSG weight loss on LVMW in obese patients, and to explore the clinical value of LV - PSL.



2 Materials and methods


2.1 Research subjects

A total number of 38 obese patients (BMI ≥ 30 kg/m2) hospitalized in Henan Provincial People's Hospital from November 2018 to January 2020 were selected as the preoperative group, including 20 males (53%) and 18 females (47%). The average age of the patients was 32.76 ± 6.10 years. Obesity is defined as a BMI ≥ 30 kg/m2 and overweight as a BMI ≥ 25 kg/m2 in this study, which is widely used in international research and is also applicable to our study population considering the characteristics of the patients we recruited. During the six - month post - LSG follow - up, seven patients were lost to follow - up. Thirty - one patients who met the BMI criteria of 25.0–29.9 kg/m2 were included in the study, with 17 males (55%) and 14 females (45%) and an average age of 33.19 ± 6.40 years. Exclusion criteria included severe liver or renal dysfunction, structural heart disease, secondary obesity, age < 18 years, and refusal to participate. Before enrollment, all patients underwent an electrocardiogram (ECG) examination. Only those with normal QRS complexes, without left bundle - branch block (LBBB) or right bundle - branch block (RBBB), were included in the study. This was to ensure that potential confounding factors associated with abnormal ventricular depolarization and repolarization did not influence the evaluation of myocardial structure and function by echocardiography. All participants underwent a thorough screening for aortic stenosis. This involved a detailed evaluation of the aortic valve morphology using two-dimensional echocardiography and an assessment of the transaortic valve flow velocities by Doppler echocardiography. After a meticulous examination, it was determined that none of the participants had aortic stenosis. The LSG procedures were all performed by the same team. This study was approved by the Ethics Committee of Henan Provincial People's Hospital with a serial No. 2019 and an Ethical Review No. 34, and all subjects signed informed consent forms.



2.2 Instruments and methods


2.2.1 Instruments

A GE Vivid E95 ultrasound diagnostic system (GE Vingmed Ultrasound, Horten, Norway), equipped with a M5SC - D heart probe (frequency: 1.5–4.6 MHz, frame rate: 50–80 frames/s) was used. Echo Pac Software (Echo Pac 203 rev 66.4 GE Healthcare, Solna, Sweden) was also utilized.



2.2.2 Image collection

All subjects were placed in the left lateral decubitus position and connected to chest - lead ECG recording devices. Transthoracic echocardiography was performed under calm breathing. Standard echocardiographic parameters such as left ventricular end - systolic diameter (LVDs), left ventricular end - diastolic diameter (LVDd), left ventricular posterior wall thickness (LVPWT), and interventricular septal thickness (IVST), peak early (E) and late (A) diastolic mitral inflow velocities, early and late diastolic mitral annular velocities at the left ventricular lateral wall and ventricular septal annular site and their average values (e') and (a') were measured. Through careful analysis of the Doppler flow patterns and color Doppler images, no significant mitral regurgitation was detected in any of the subjects. LVEDV, LVESV and SV were measured in the left ventricular apical four - chamber and two - chamber views using the biplane Simpson's method. LVEF and CO were calculated based on these measurements. During the image analysis, the left ventricular mass (LV mass) was calculated according to the Devereux formula (LV mass = 0.8 × [1.04 × ((LVDd + IVST + LVPWT)3 − LVDd3)] + 0.6, with LVDd being the left ventricular end - diastolic diameter, IVST the interventricular septal thickness, and LVPWT the left ventricular posterior wall thickness). Meanwhile, the body surface area (BSA) was calculated using the Du Bois formula (BSA = 0.007184 × height (cm)0.725 ×  weight (kg)0.425), and then the LV mass index (LVMI) was derived (LV mass index = LV mass/BSA). All measurements were repeated three times by two experienced clinicians to obtain the mean values. Five consecutive cardiac cycle dynamic images from the left ventricular apical four - chamber, three - chamber, and two - chamber views were acquired and stored for offline analysis.

Although it has been suggested that parameters such as E/A, E/e', pulmonary artery systolic pressure (PASP), tricuspid annular plane systolic excursion (TAPSE), and tricuspid valve systolic velocity (TVSa) are suggested to be important in evaluating cardiac function changes related to weight loss, they were not included in our data collection protocol due to design limitations at the time. Future research endeavors in this area should aim to incorporate these measurements to provide a more comprehensive analysis.



2.2.3 Blood pressure measurement

The blood pressure of the participants was measured using a standard mercury sphygmomanometer. Subjects were seated in a comfortable chair with their arms positioned at heart level. After a resting period of 5–10 min, the blood pressure was measured on the brachial artery of the non-dominant arm. Systolic blood pressure was identified as the first Korotkoff sound, and diastolic blood pressure was noted as the fifth Korotkoff sound. Three consecutive measurements were taken at intervals of 2–3 min, and the average of these values was used for further data analysis.



2.2.4 Offline image analysis

The left ventricular myocardial GLS was measured by 2D speckle - tracking with the Echo PAC 203 workstation software. Then, in the BE + TRACE system, when the left ventricular apical four -, three -, and two - chamber views automatically recognized the aortic valve closure time and the blood pressure was input, GCW, GWE, GWI, GWW and the LV - PSL (Figure 1) were obtained. GCW is the total work performed by the myocardium that is needed to achieve LVEF. It is calculated as the sum of the left ventricular shortening work during systole and the elongation work during isovolumic relaxation, and it is expressed in mmHg%. GWW defines the unproductive work for LVEF, which is a combination of lengthening during systole and shortening during isovolumic relaxation. It is calculated as the sum of the lengthening work during systole and the shortening work during isovolumic relaxation, expressed in mmHg%. GWE is the ratio of GCW to the sum of GCW and GWW, indicating the efficiency of myocardial work. Mathematically, GWE = GCW/(GCW + GWW) × 100%. GWI is calculated as the area under the left ventricular pressure - strain loop curve from the mitral valve closure to the mitral valve opening. This curve is generated by integrating the instantaneous pressure and strain values throughout this specific phase of the cardiac cycle. It represents the total work done by the myocardium during this cardiac cycle phase and is measured in mmHg%.


[image: Figure 1]
FIGURE 1
Left ventricular myocardial work measurements with the left ventricular pressure-strain loop (LV-PLS). The left ventricular global and segmental myocardial work are illustrated, with red region indicating high work and blue region indicating low work. (A) depicts the LV - PSL of a representative patient preoperatively, and (B) shows that of the same patient postoperatively. Note that these do not represent the entire groups but illustrate the general trends and differences in myocardial work before and after sleeve gastrectomy.


During the study design and data collection process, we did not specifically collect information regarding the presence of metabolic syndrome among the participants. This was due to limited resources for additional testing and time constraints in the study timeline. As a result, we are unable to analyze the potential influence of metabolic syndrome on weight loss in this study.

During the study period, we closely monitored any changes in the patients’ cardiological therapy and the occurrence of cardiovascular events. Patients were regularly interviewed, and their medical records were thoroughly reviewed. In case of any alterations in treatment or the presence of cardiovascular incidents, we analyzed their potential influence on the study outcomes. Appropriate statistical adjustments were made during data analysis to ensure the reliability of the results.




2.3 Statistical analysis

Data were analyzed using SPSS 22.0 software. Continuous variables were expressed as mean ± SD. Due to a decrease in the number of patients during follow-up, only patients with complete follow-up data were included in the final analysis (n = 31). Categorical variables were expressed as numbers and percentages. The normality of the studied parameters was tested using the Shapiro - Wilk test. For normally distributed data, paired - sample t-test was used for comparison; otherwise, the Wilcoxon test was used. To explore the relationships among key parameters, Pearson's correlation coefficient was calculated for variables with approximate normal distribution, such as GWW difference and LVDd difference, GWI difference and LVDd difference before and after LSG, with their significance judged by P-values. For variables not meeting normality or potentially having non-linear relationships like BMI difference and LVEF difference before and after LSG, Spearman's rank correlation coefficient was employed. The intra- and inter-class correlation coefficients (ICCs) were calculated to assess the repeatability of the measurements, and inter- and intra-observer repeatability tests were carried out. P < 0.05 was considered statistically significant in all tests.




3 Results


3.1 General clinical data and 2D echocardiographic parameters before and after sleeve gastrectomy

The general clinical data parameters before and after sleeve gastrectomy are presented in Table 1. After LSG, significant changes were observed in several parameters. BMI, DBP and weight decreased significantly. The evaluation of the 2D echocardiographic measurements before and after sleeve gastrectomy are summarized in Tables 2, 3. CO, SV, LVEDV, LVESV, LVEF, Peak E, e', and a' decreased, while LVMI increased. IVST changed from 10.13 ± 1.77 mm before LSG to 10.16 ± 1.57 mm after LSG, with no significant difference (P = 0.940). LV mass was 184.76 ± 33.81 g after LSG, compared with 190.04 ± 31.90 g before LSG. Although there was a downward trend, the difference was not significant (P > 0.05). No statistically significant differences were found between the pre- and postoperative values of the other parameters (P > 0.05).


TABLE 1 Comparison of clinical data parameters before and after sleeve gastrectomya.
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TABLE 2 Comparison of conventional echocardiographic parameters before and after sleeve gastrectomya.
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TABLE 3 Comparison of conventional echocardiographic parameters before and after sleeve gastrectomya.
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3.2 Comparison of GLS and myocardial work parameters before and after sleeve gastrectomy

The results of the evaluation of the myocardial work parameters by PSL before and after sleeve gastrectomy are summarized in Table 4. Myocardial work parameters also showed significant changes, with GLS and GWE increasing and GWI, GCW, and GWW decreasing. All the differences were statistically significant.


TABLE 4 Comparison of GLS and myocardial work parameters before and after sleeve gastrectomya.
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3.3 Repeatability parameters

Thirty patients were selected randomly for assessment of their inter- and intra-observer repeatability. The intra- and inter-observer ICC values for GLS were 0.959 and 0.933, respectively. The intra- and inter-observer ICC values for GWW were 0.981 and 0.941, correspondingly. The intra- and inter-observer ICC values for GCW were 0.967 and 0.923, respectively; for GWI, the intra- and inter-observer ICC values were 0.971 and 0.943, respectively, and for GWE were 0.977 and 0.931, correspondingly. These results showed that the repeatability was good.



3.4 Correlation analysis

Table 5 summarizes the correlations between the differences in diverse cardiac parameters and BMI before and after LSG. Most correlations involving BMI difference, such as those with the differences in GWW, GWE, GLS, and GCW, showed no strong linearity (P > 0.05). However, potential trends might exist for further study. The correlation between the differences in BMI and LVEF demonstrated a weak negative relationship in Spearman's analysis (ρ = −0.148, P = 0.428). Tables 6, 7 summarize the correlations between the differences in myocardial work parameters and LV mass as well as LVMI, both before and after LSG. Notably, there existed a significant negative correlation between the differences in both LV mass and LVMI and GWW. Significant correlations were observed between the differences in GWW with LVDd (r = −0.405, P = 0.026), and also between the differences in GWI with LVEDV (r = 0.529, P = 0.002).


TABLE 5 Correlations between the differences in diverse cardiac parameters and BMI before and after sleeve gastrectomy.
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TABLE 6 Correlations between the differences in myocardial work parameters and LV mass before and after sleeve gastrectomy.
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TABLE 7 Correlations between the differences in myocardial work parameters and LVMI before and after sleeve gastrectomy.
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4 Discussion

Obesity is a well-established global health concern and a notably significant independent risk factor for cardiovascular diseases (14). Notably, previous studies have precisely shown that for every 1 kg/m2 increment in BMI, the risk of heart failure experiences an average elevation of 5% in obese men and 7% in obese women, while the risk of atrial fibrillation witnesses an approximate 4% increase (15, 16). The pathophysiological mechanisms underlying this association are multifactorial. Adipocytes in obese individuals secrete various adipokines, which disrupt normal metabolic processes and trigger chronic low-grade inflammation. This inflammatory state, in turn, promotes cardiac remodeling, characterized by ventricular hypertrophy and fibrosis, and contributes to the development of metabolic syndrome, which encompasses abdominal obesity, glucose intolerance, lipid disorders, and hypertension, all of which synergistically increase the risk of CVDs (6, 14). This study investigated the effects of weight loss after LSG on left ventricular myocardial work in obese patients. The findings have provided valuable insights into the cardiac adaptations associated with weight loss.

The results demonstrated significant changes in multiple parameters after LSG. We observed that the majority of patients in the preoperative group achieved significant weight loss and transitioned to the overweight category six months after LSG. The notable reductions in BMI, DBP and weight suggest a positive impact on the cardiovascular risk profile. Concomitantly, the decreases in CO, SV, LVEDV, LVESV, and LVEF indicate a reduction in cardiac workload. The reduction in LVEDV and LVESV is indicative of a diminished preload on the heart. This can be primarily attributed to the improvement in metabolism and the reduction in systemic blood volume following weight loss. This suggests that the heart is progressing towards a more physiological state, which is likely a result of the alleviation of the excessive burden imposed by obesity on the cardiovascular system. Such changes might be attributed to the improved metabolic status and decreased systemic blood volume following weight loss, as well as the potential reversal of the compensatory mechanisms that were initially activated in response to the obese state. This could involve the regression of left ventricular myocardial remodeling, which was previously induced by the increased demand for peripheral blood circulation in obese patients. This is consistent with previous research indicating that weight loss can alleviate the excessive burden placed on the heart by obesity (14, 17). In obese patients, weight gain elevates the demand for peripheral blood circulation, triggering compensatory left ventricular myocardial remodeling. Despite low peripheral resistance, they have high CO, which may cause left ventricular growth and hypertrophy (18). LSG surgery reduces BMI and CO, facilitating a reversible repair of the cardiac structure before surgery and restoring left ventricular function partly, aligning with prior studies (19–23).

Among the cardiac structural parameters, there was no statistically significant change in IVST after LSG, which is not entirely consistent with previous reports (8, 10, 19, 22). The results of this study indicate that in obese patients, when their body weight decreases, the cardiac load changes to some extent. However, the heart may maintain the overall functional balance through other means, so that the IVST does not need to change significantly. It could also be caused by human factors, equipment differences, measurement angles and other issues during the measurement process. And the exact underlying mechanism remains elusive and necessitates further investigation.

In addition to the changes in traditional echocardiographic parameters, the alterations in LV mass and LVMI also provide important insights into the cardiac remodeling process after LSG. In the obese state, the heart endures a high load for a long time, causing an increase in LV mass to maintain normal cardiac function. After LSG, LV mass showed a downward trend, yet the difference was not significant. This indicates that the surgery may have improved certain pathological conditions of the heart to some extent, reducing the pressure or volume load on the left ventricle. As a result, the compensatory hypertrophy of cardiomyocytes has been alleviated, leading to a downward trend in left ventricular mass (24, 25). From the myocardial cell metabolism perspective, in obesity, high cardiac load prompts myocardial cells to increase protein synthesis by signaling pathways such as the mammalian target of rapamycin (mTOR) pathway, leading to hypertrophy and increased LV mass. After LSG, although the cardiac load and metabolic demands drop, the mTOR pathway's inertia keeps protein synthesis from decreasing rapidly, resulting in a non - significant LV mass decrease. Regarding cardiac remodeling, obesity causes myocardial cell hypertrophy and interstitial fibrosis, increasing LV mass. After LSG, although the cardiac load is reduced and reverse remodeling begins, the improvement of interstitial fibrosis is a slow process. The degradation and remodeling of the extracellular matrix take a long time, which restricts the rapid reduction of LV mass, thus presenting a non - significant decrease trend. The significant increase in the LVMI may reflect that the reduction in BSA is greater than that in LV mass, and it also indicates that there are still certain adaptive changes in the cardiac structure, which is inconsistent with the results of previous studies (24, 25). Our findings may be related to the characteristics of our study population, such as the relatively young age and specific body composition of our patients. Functionally, with a reduced BSA, the heart may enhance contractility or adjust the heart rate to maintain cardiac output. Structurally, myocardial cells may change shape and arrangement, and the relationship between cardiac chambers, myocardial thickness, and BSA is being re - adjusted for more efficient post - surgery function. These findings regarding LV mass and LVMI further support the overall conclusion that LSG - induced weight loss has a complex impact on cardiac structure and function.

LVMW assessment helps detect early myocardial function changes in obese patients, enabling timely clinical intervention and improving their quality of life (26). GLS can assess cardiac function earlier than LVEF but is load-dependent (27). Noninvasive LV-PSL, combining left ventricular deformation and pressure, overcomes this, sensitively and quantitatively assessing myocardial work and oxygen consumption (13, 18). In the study, our results confirmed a significant improvement in the myocardial work parameters in obese patients who achieved a significant weight loss as a result of bariatric surgery. The observed increase in GLS and GWE, along with the decreases in GWI, GCW, and GWW, suggest an improvement in myocardial work efficiency (28). In comparison with the research letter penned by Cecha P et al. (17), our study also showed significant weight loss and changes in GLS, GWE etc. after LSG. But sample characteristics differed. Ours had a mean age of 33.19 ± 6.40 years, 55% male, the research letter penned by Cecha P et al. had different age, gender, and comorbidities. These caused variations in myocardial work parameter changes and correlations. In our study, the correlations between the differences in myocardial work parameters and BMI before and after LSG showed no strong linearity. The research letter had different data. This comparison reveals the complexity of LSG-induced myocardial work changes, offering a broader view for future studies. In the patients without abnormal myocardial changes, GWE was higher due to lower GWW. Conversely, the decrease in GWE indicates that left ventricular myocardial synchronous systolic function, which is the key factor to maintaining normal cardiac function, has been impaired (26, 29). From the perspective of myocardial mechanics, the aforementioned results indicate that weight loss and BMI reduction after LSG surgery could diminish myocardial oxygen consumption and ineffective myocardial work, repair myocardial remodeling, and improve left ventricular myocardial synchronous systolic function, thereby potentially prolonging cardiac longevity. The findings of this study confirm that myocardial work function in obese patients can be improved by reducing their weight, thereby reversing some of the earlier developed pathological changes.

Cardiovascular imaging studies have shown the adverse effects of obesity on the left ventricular structure and function (30, 31). To enhance our understanding of the relationships between myocardial work and cardiac structure/function, we conducted correlation analyses. We found significant correlations between the differences in GWW and LVDd, as well as between the differences in GWI and LVEDV, holding great pathophysiological significance. In the obese state, the increase in adipose tissue leads to an expansion of blood volume, increasing the preload on the heart, which in turn dilates LVDd and LVEDV. This means that the heart has to pump a larger volume of blood each time, and the myocardium needs to do more work to maintain cardiac output, as reflected by the elevation of myocardial work parameters such as GWI and GCW. After LSG, weight loss leads to improved metabolism and a reduction in blood volume, causing LVDd and LVEDV to decrease. The decline in GWI and GCW at this time indicates that due to the reduced preload, the heart no longer needs to perform excessive work to maintain normal cardiac output, which is an indication of left ventricular unloading. For example, a decrease in LVEDV reduces the volume of blood that the heart needs to pump during systole, alleviating the burden on myocardial contraction and reducing myocardial oxygen consumption, thereby improving the heart's work efficiency. This change helps to relieve the stress on the heart, reducing the risk of myocardial hypertrophy and cardiac remodeling, and has a positive impact on the improvement of cardiac function. These findings suggest that alterations in myocardial work are intricately linked to changes in left ventricular geometry and function, providing a basis for further elucidating the mechanisms underlying these changes (32–37). The relationship among GWW, LV mass and LVMI is complex. Theoretically, a reduction in GWW and LV mass should exhibit a positive correlation, as both reflect improvements in cardiac efficiency and structure following weight loss, as supported by previous studies (17, 24). However, our study found a negative correlation, which can be attributed to the following factors: GWW reflects immediate myocardial work efficiency, which improves rapidly with postoperative load reduction. After LSG, weight loss quickly reduces cardiac load, leading to a significant drop in GWW and an immediate improvement in myocardial efficiency. Conversely, the reversal of LVH and myocardial remodeling is a slow process that takes months to years. During the six - month post - LSG follow - up, although the cardiac load is reduced, LV mass may not decrease significantly because of compensatory mechanisms such as residual hypertrophy or fibrosis. Thus, the rapid improvement in GWW and the slow change or even increase (due to BSA reduction) in LV mass LVMI result in a negative correlation. LVMI is calculated as LV mass divided by BSA. After LSG, a significant reduction in BSA may cause LVMI to increase even if LV mass remains relatively stable. This mathematical relationship contributes to a negative correlation between the differences in GWW (reduced) and LVMI (increased). Functional improvements like reduced GWW may occur earlier than structural adaptations in LV mass. During the six - month post - LSG follow - up, this temporal discrepancy can lead to a negative correlation between the differences in GWW and LV mass. Patient - to - patient variability also plays a role. Some patients show a positive correlation between changes in GWW and LV mass, while others show a negative one. These individual differences affect the overall result and contribute to the observed negative correlation in our study. Future long - term, large - scale studies are needed to clarify if the correlation turns positive over time and to better understand the cardiac changes after weight - loss surgery.

Clinically, our findings offer valuable guidance for the management of obese patients undergoing sleeve gastrectomy. The observed changes in myocardial work parameters suggest that physicians should closely monitor patients' cardiac function not only through traditional echocardiographic measures such as LVEF but also by incorporating LV-PSL-derived parameters. For patients with significant changes in myocardial work efficiency, individualized cardiac rehabilitation programs could be designed. These programs may include tailored exercise regimens and dietary advice to further optimize cardiac function and reduce the risk of future cardiovascular events. Moreover, the identified correlations between myocardial work parameters and other cardiac structural and functional parameters can assist in risk stratification. Patients with specific patterns of changes in these parameters could be identified as being at higher risk, warranting more intensive follow-up and potentially earlier intervention. This personalized approach has the potential to improve the long-term outcomes of obese patients after bariatric surgery and enhance their overall quality of life.

This study has several limitations. It is a single-center study with a small sample size, only evaluating the short-term effects of LSG based on six-month follow - up data, lacking long-term outcome comparison. Brachial artery pressure was used instead of left ventricular pressure with some deviations. Also, only global myocardial work was assessed without exploring regional work by segments.

Regarding obesity phenotypes, Preda et al. identified metabolically unhealthy normal weight (MUNW), metabolically healthy overweight/obese (MHO), metabolically unhealthy overweight/obese (MUO), and sarcopenic obesity (SO) (14). MUO has metabolic syndrome features and high cardiovascular risk; MHO has relatively lower risk but may develop problems over time; MUNW has normal weight but abnormal fat and metabolism with increased risk; SO combines muscle loss and obesity, which further exacerbates the cardiovascular burden. Our study didn't classify patients by phenotypes, but they might have influenced results. Future studies should classify phenotypes to clarify the LSG-weight loss-cardiac work relationship.

Parameters like E/A, E/e', PASP, TAPSE, and TVSa were not included due to design and resource limitations. Future research should add them for more insights into LSG's cardiac effects. Another notable limitation is the absence of data on metabolic syndrome. Metabolic syndrome is known to potentially impact weight loss outcomes (38), and without this information, we cannot fully assess its role in the context of our study. Future studies should consider incorporating the assessment of metabolic syndrome to provide a more comprehensive understanding of the factors influencing weight loss after sleeve gastrectomy and its relationship with cardiac function.

In summary, LV - PSL is a valuable tool for evaluating myocardial work in obese patients after LSG. Weight loss after LSG improves myocardial work efficiency, and the parameter changes are related to cardiac structure and function. Nevertheless, larger - scale, multi - center studies with longer follow - up are required for further verification.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Henan Provincial People's Hospital Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

XD: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Visualization, Writing – original draft. XZ: Investigation, Methodology, Supervision, Writing – review & editing. JZ: Methodology, Supervision, Writing – review & editing. CW: Investigation, Writing – review & editing. SL: Investigation, Writing – review & editing. JY: Supervision, Writing – review & editing. HZ: Formal Analysis, Project administration, Supervision, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research were funded by Young Elite Scientists Sponsorship Program by Henan Association for Science and Technology (Grant No. 2022HYTP010), and Chinese ultrasound physician science and technology nova program project, Chinese Medical Doctor Association ultrasonic physicians section (Grant No. KJXX2021002).



Acknowledgments

We thank the participating physicians in hospitals and clinics for their valuable and kind cooperation in the operation process.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metab Clin Exp. (2019) 92:6–10. doi: 10.1016/j.metabol.2018.09.005

2. World Health Organization. Obesity and overweight. Fact sheet N°311 January 2015. Available online at: http://www.who.int/mediacentre/factsheets/fs311/en/ (cited April 20, 2016).

3. Apovian CM. Obesity: definition, comorbidities, causes, and burden. Am J Manag Care. (2016) 22(7):s176–85.27356115

4. Prospective Studies Collaboration, Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, et al. Body-mass index and cause-specific mortality in 900 000 adults: collaborative analyses of 57 prospective studies. Lancet. (2009) 373(9669):1083–96. doi: 10.1016/S0140-6736(09)60318-4

5. Frey N, Olson EN. Cardiac hypertrophy: the good, the bad, and the ugly. Annu Rev Physiol. (2003) 65:45–79. doi: 10.1146/annurev.physiol.65.092101.142243

6. Preda A, Liberale L, Montecucco F. Imaging techniques for the assessment of adverse cardiac remodeling in metabolic syndrome. Heart Fail Rev. (2022) 27(5):1883–97. doi: 10.1007/s10741-021-10195-6

7. Abel ED, Litwin SE, Sweeney G. Cardiac remodeling in obesity. Physiol Rev. (2008) 88(2):389–419. doi: 10.1152/physrev.00017.2007

8. Meng W, Peng R, Du L, Zheng Y, Liu D, Qu S, et al. Weight loss after laparoscopic sleeve gastrectomy ameliorates the cardiac remodeling in obese Chinese. Front Endocrinol (Lausanne). (2022) 12:799537. doi: 10.3389/fendo.2021.799537

9. Sandoval DA. Mechanisms for the metabolic success of bariatric surgery. J Neuroendocrinol. (2019) 31(5):e12708. doi: 10.1111/jne.12708

10. Esparham A, Shoar S, Kheradmand HR, Ahmadyar S, Dalili A, Rezapanah A, et al. The impact of bariatric surgery on cardiac structure, and systolic and diastolic function in patients with obesity: a systematic review and meta-analysis. Obes Surg. (2023) 33(1):345–61. doi: 10.1007/s11695-022-06396-z

11. Gherbesi E, Cuspidi C, Faggiano A, Sala C, Carugo S, Tadic M. Bariatric surgery and myocardial mechanics: a meta-analysis of speckle tracking echocardiographic studies. J Clin Med. (2022) 11(16):4655. doi: 10.3390/jcm11164655

12. Yingchoncharoen T, Agarwal S, Popović ZB, Marwick TH. Normal ranges of left ventricular strain: a meta-analysis. J Am Soc Echocardiogr. (2013) 26(2):185–91. doi: 10.1016/j.echo.2012.10.008

13. Edwards NFA, Scalia GM, Shiino K, Sabapathy S, Anderson B, Chamberlain R, et al. Global myocardial work is superior to global longitudinal strain to predict significant coronary artery disease in patients with normal left ventricular function and wall motion. J Am Soc Echocardiongr. (2019) 32(8):947–57. doi: 10.1016/j.echo.2019.02.014

14. Preda A, Carbone F, Tirandi A, Montecucco F, Liberale L. Obesity phenotypes and cardiovascular risk: from pathophysiology to clinical management. Rev Endocr Metab Disord. (2023) 24(5):901–19. doi: 10.1007/s11154-023-09813-5

15. Horwich TB, Fonarow GC. Glucose, obesity, metabolic syndrome, and diabetes relevance to incidence of heart failure. J Am Coll Cardiol. (2010) 55(4):283–93. doi: 10.1016/j.jacc.2009.07.029

16. Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson MG, et al. Obesity and the risk of heart failure. N Engl J Med. (2002) 347(5):305–13. doi: 10.1056/NEJMoa020245

17. Cecha P, Siudak Z, Nawacki Ł, Bryk P, Bociek A, Polewczyk A. Effect of weight loss after bariatric surgery on myocardial work. Pol Arch Intern Med. (2024) 134(6):16756. doi: 10.20452/pamw.16756

18. Smiseth OA, Donal E, Penicka M, Sletten OJ. How to measure left ventricular myocardial work by pressure-strain loops. Eur Heart J Cardiovasc Imaging. (2021) 22(3):259–61. doi: 10.1093/ehjci/jeaa301

19. Inci S, Gül M, Alsancak Y, Ozkan N. Short- and mid-term effects of sleeve gastrectomy on left ventricular function with two-dimensional speckle tracking echocardiography in obese patients. Echocardiography. (2019) 36(11):2019–25. doi: 10.1111/echo.14522

20. Wong C, Marwick TH. Obesity cardiomyopathy: pathogenesis and pathophysiology. Nat Clin Pract Cardiovasc Med. (2007) 4(8):436–43. doi: 10.1038/ncpcardio0943

21. Iacobellis G, Leonetti F, Singh N, Sharma A M. Relationship of epicardial adipose tissue with atrial dimensions and diastolic function in morbidly obese subjects. Int J Cardiol. (2007) 115(2):272–3. doi: 10.1016/j.ijcard.2006.04.016

22. Malekpour Alamdari N, Bayat F, Bakhtiyari M, Noori M. Effects of weight loss on echocardiographic parameters 1 year after sleeve gastrectomy. J Tehran Heart Cent. (2019) 14(3):128–33.31998389

23. van Brussel PM, van den Bogaard B, de Weijer BA, Truijen J, Krediet CT, Janssen IM, et al. Blood pressure reduction after gastric bypass surgery is explained by a decrease in cardiac output. J Appl Physiol (1985). (2017) 122(2):223–9. doi: 10.1152/japplphysiol.00362.2016

24. Hughes D, Aminian A, Tu C, Okushi Y, Saijo Y, Wilson R, et al. Impact of bariatric surgery on left ventricular structure and function. J Am Heart Assoc. (2024) 13(1):e031505. doi: 10.1161/JAHA.123.031505

25. Aggarwal R, Harling L, Efthimiou E, Darzi A, Athanasiou T, Ashrafian H. The effects of bariatric surgery on cardiac structure and function: a systematic review of cardiac imaging outcomes. Obes Surg. (2016) 26(5):1030–40. doi: 10.1007/s11695-015-1866-5

26. Sahiti F, Morbach C, Cejka V, Tiffe T, Wagner M, Eichner FA, et al. Impact of cardiovascular risk factors on myocardial work-insights from the STAAB cohort study. J Hum Hypertens. (2022) 36(3):235–45. doi: 10.1038/s41371-021-00509-4

27. Zito C, Longobardo L, Citro R, Galderisi M, Oreto L, Carerj ML, et al. Ten years of 2D longitudinal strain for early myocardial dysfunction detection: a clinical overview. Biomed Res Int. (2018) 2018:8979407. doi: 10.1155/2018/8979407

28. Santos ECL, Del Castillo JM, Parente GBO, Pedrosa RP, Gadelha PS, Lopes RD, et al. Changes in left ventricular mechanics after sleeve gastrectomy. Obes Surg. (2020) 30(2):580–6. doi: 10.1007/s11695-019-04216-5

29. Chengode S. Left ventricular global systolic function assessment by echocardiography. Ann Card Anaesth. (2016) 19(Suppl):S26–34. doi: 10.4103/0971-9784.192617

30. Garza CA, Pellikka PA, Somers VK, Sarr MG, Collazo-Clavell ML, Korenfeld Y, et al. Structural and functional changes in left and right ventricles after major weight loss following bariatric surgery for morbid obesity. Am J Cardiol. (2010) 105(4):550–6. doi: 10.1016/j.amjcard.2009.09.057

31. Huang S, Lan Y, Zhang C, Zhang J, Zhou Z. The early effects of bariatric surgery on cardiac structure and function: a systematic review and meta-analysis. Obes Surg. (2023) 33(2):453–68. doi: 10.1007/s11695-022-06366-5

32. Kindel TL, Foster T, Harmann L, Strande J. Sleeve gastrectomy in obese zucker rats restores cardiac function and geometry toward a lean phenotype independent of weight loss. J Card Fail. (2019) 25(5):372–9. doi: 10.1016/j.cardfail.2019.04.001

33. Pouwels S, Lascaris B, Nienhuijs SW, Bouwman AR, Buise MP. Short-term changes in cardiovascular hemodynamics in response to bariatric surgery and weight loss using the nexfin® non-invasive continuous monitoring device: a pilot study. Obes Surg. (2017) 27(7):1835–41. doi: 10.1007/s11695-017-2564-2

34. Sheu EG, Channick R, Gee DW. Improvement in severe pulmonary hypertension in obese patients after laparoscopic gastric bypass or sleeve gastrectomy. Surg Endosc. (2016) 30(2):633–7. doi: 10.1007/s00464-015-4251-5

35. Wong AM, Barnes HN, Joosten SA, Landry SA, Dabscheck E, Mansfield DR, et al. The effect of surgical weight loss on obstructive sleep apnoea: a systematic review and meta-analysis. Sleep Med Rev. (2018) 42:85–99. doi: 10.1016/j.smrv.2018.06.001

36. Zhou Q, Yan P, Shi H, Yan P. Might female patients benefit more from bariatric surgery with respect to inflammation. Front Surg. (2022) 9:890116. doi: 10.3389/fsurg.2022.890116

37. Tuluce K, Kara C, Tuluce SY, Cetin N, Topaloglu C, Bozkaya YT, et al. Early reverse cardiac remodeling effect of laparoscopic sleeve gastrectomy. Obes Surg. (2017) 27(2):364–75. doi: 10.1007/s11695-016-2301-2

38. Evangelou P, Tzotzas T, Christou G, Elisaf MS, Kiortsis DN. Does the presence of metabolic syndome influence weight loss in obese and overweight women? Metab Syndr Relat Disord. (2010) 8(2):173–8. doi: 10.1089/met.2009.0066



OPS/images/fcvm-12-1525746-g001.jpg





OPS/images/fcvm-12-1525746-t002.jpg
LVMI (g/m?)

LVDd (mm | LVDs (mm) | IVST (mm) | LVPWT (mm) | CO (/min) | SV (ml) | LV mass (g)
goup | 50.16+3.41 33034274 1013177 1035+ 131 625+057 | 55612600 | 19004+3190 | 9310:17.04
Postoperative group | 4919 +3.67 33.00 2271 1016157 1029+122 569072 | 51.03:786 | 18476+3381 | 10389 +2028
Tvalue/Z value 1015 1000 0.006 1438 3163 3152 0399 5145
Povalue 0318 0325 0940 0.161 0004 0004 0530 0.027

“Date are presented as mean + SD,
A P-value < 0.05 was considered to indicate a statistically significant difference.
LVD, left ventricular end diastole diameter; LVDs, left ventricular end systolic diameter; IVST, interventricular septal thickness; LVPWT, left ventricular posterior wall thickness; CO, cardiac

output; SV, stroke volume; LV mass, left ventricular mass; LVMI, left ventricular mass index.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of weight loss after sleeve gastrectomy on left ventricular myocardial work in obese patients

		1 Introduction



		2 Materials and methods



		2.1 Research subjects



		2.2 Instruments and methods



		2.2.1 Instruments



		2.2.2 Image collection



		2.2.3 Blood pressure measurement



		2.2.4 Offline image analysis











		2.3 Statistical analysis











		3 Results



		3.1 General clinical data and 2D echocardiographic parameters before and after sleeve gastrectomy



		3.2 Comparison of GLS and myocardial work parameters before and after sleeve gastrectomy



		3.3 Repeatability parameters



		3.4 Correlation analysis











		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Effects of weight loss after sleeve
gastrectomy on left ventricular
myocardial work in obese patients





OPS/images/fcvm-12-1525746-t003.jpg
E (m/s) e’ (cm/s) a’ (cm/s)

LVEDV (ml) | LVESV (ml) LVEF (%) A (m/s)
Preoperative group 97.97 + 485 4235344 7113 £329 0.80+0.14 113015 025004 016004
Postoperative group 8945+ 645 3842555 67.68 = 4.70 0.78+0.14 1.04%0.16 023004 0142002
T-value/Z-value 7.706 3365 3123 0556 3540 2858 2711
P-value <0001 0002 0004 0583 0.001 0.008 0011

“Date are presented as mean -+ SD.
A P-value < 0.05 was considered to indicate a statistically significant difference.

LVEDY, left ventricular end diastolic volume; LVESV, left ventricular end systolic volume; LVEF, left ventricular ejection fraction; A, peak late diastolic mitral inflow velocity; E, peak early
' early diastolic mitral annular velocity at the lateral annular site; a’, late diastolic mitral annular velocity at the lateral annular site.

diastolic mitral inflow velocity;





OPS/images/fcvm-12-1525746-t004.jpg
GCW (mmHg%)

GWW (mmHg%)

GWE (%)

GLS (%) GWI (mmHg%)
Preoperative group ~2519+391 252452+ 8671 2,624.77 = 266.76 97.74 + 680 9638 +0.41
Postoperative group 2087+ 411 2,30045 + 185.12 2,493.19 = 18931 66.84 %592 9737+0.32
T-value/Z-value —4.209 7.047 2509 20.484 ~13.690
P-value <0.001 <0.001 0018 <0.001 <0.001

"Date are presented as mean + SD.

A P-value < 0.05 was considered to indicate a statistically significant difference.
GLS, idobal Tosigiudinial stralis GWL obal work fadex; GOW. sobil cinstractive works GWW., dobal wisted woiks GWE, slobal woek efficlstcy;






OPS/images/fcvm-12-1525746-t005.jpg
r-value/p-value

AGCW 0.101 0589
AGWI ~0315 0085
AGWW 0.181 0331
AGWE 0097 0603
AGLS. —0.049 0794
ALVEF —0.148 0428

A P-value <0.05 was considered to indicate a statistically significant difference.
AGCW represents the difference in global constructive work before and after gastrectomy;
AGWI for the difference in global work index before and after gastrectomy; AGWW for
the difference in global wasted work before and after gastrectomy; AGWE for the
difference in global work efficiency before and after gastrectomy; AGLS for the difference
in global longitudinal strain before and after gastrectomy; ALVEF for the difference in lef
ventricular ejection fraction before and after gastrectomy; BMI: body mass index.





OPS/images/fcvm-12-1525746-t001.jpg
Number | Male, | Age (years)
n (%)

of cases

Height
(cm)

Heart rate
(beats/min)

SBP
(mmHg)

DBP
(mmHg)

BMI
(kg/m?)

Preoperative group

17 (55%)

3319+6.40

16151 +4.94

75.26+8.43

129.61 % 8.58

78.07 +5.63

93.90 +10.92

Postoperative group 17(55%) | 3319+640 | 16151+494 74.87 +8.64 127.81%7.60 | 7532%632 7106 =542
T-value/Z-value 1.753 1544 2707 12,950 108.703
P-value 0090 0.133 0011 <0.001 <0.001

"Date are presented as mean + SD.

A P-value < 0.05 was considered to indicate a statistically significant difference.

SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index.







OPS/images/fcvm-12-1525746-t006.jpg
r-value/p-value

AGCW ~0.116 0535
AGWI ~0.069 0712
AGWW 0403 0024
AGWE —0.020 0916
AGLS. —0.206 0265

A P-value < 0.05 was considered to indicate a statistically significant difference.
AGCW represents the difference in global constructive work before and after gastrectomy;
AGWI for the difference in global work index before and after gastrectomy; AGWW for
the difference in global wasted work before and after gastrectomy; AGWE for the
difference in global work efficiency before and after gastrectomy; AGLS for the difference
toi kil Someiendinial sirsin Beiore ad after puatrociomys LV s Talt woukelcolr wise:






OPS/images/fcvm-12-1525746-t007.jpg
r-value/p-value

AGCW ~0.082 0662
AGWI ~0.083 0655
AGWW 0438 0014
AGWE 0.024 0899
AGLS. -0.115 0540

A P-value <0.05 was considered to indicate a statistically significant difference.
AGCW represents the difference in global constructive work before and after gastrectomy
AGWI for the difference in global work index before and after gastrectomy; AGWW for
the difference in global wasted work before and after gastrectomy; AGWE for  the
difference in global work efficiency before and ater gastrectomy; AGLS for the difference
in global longitudinal strain before and after gastrectomy; LVMI: left ventricular mass index.






OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





