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Abstract 

Study Contextual: 15-20 % Of laparoscopic sleeve gastrectomy patients need revisional surgery after LSG, 

because of inadequate weight loss.  

Aim: The aim of our study is, primarily to analyze the relationship between liquid-phase gastric emptying rate and 

weight loss, to find a parameter that may be the harbinger of successful weight loss after LSG. 

Methods: Patient records who have undergone laparoscopic sleeve gastrectomy were examined retrospectively. 44 

Patients were included in the study. Preoperative weight and BMI, postoperative weight loss at first, third, and sixth 

months, surgical operation reports, preoperative and postoperative liquid-phase gastric emptying study values were 

mainly collected. 

Results: The male/ female ratio was 18/82. Mean age 38 (19-60), mean body mass index 48,1(40-66) kg/m² and 

mean (EWL%) 63,17±13,94 were found. Mean pre and post-operative gastric emptying half times were found to be  

(T½) 41,86 minute(min), T½ 6,82 min (p<0.0001). Significant correlation was found between patients’ post-operative 

third and sixth month EWL% and post-operative T½ (p=0,020, p=0,032). Patients who have post-op gastric T½ above 

10 min had decreased sixth-month EWL% significantly (p=0.03). 

Conclusion: Post-operative gastric emptying time (T½) may be a harbinger of weight loss after LSG. 

Keywords: gastric emptying; bariatric surgery; excess weight loss; laparoscopic; sleeve gastrectomy 

Introduction: 

Laparoscopic sleeve gastrectomy (LSG) has become a frequent procedure 

in bariatric surgery due to its simplicity and efficacy compared with the 

gastric bypass procedure [1,2] LSG has succeeded in becoming the sole 

procedure for the management of morbid obesity and its associated 

metabolic diseases [3].  

Excess weight loss (EWL) with sleeve gastrectomy is approximately 60-

70%, which is comparable with the gastric bypass procedure [1]. Casella 

et al reported a 67.3% EWL at six years [4]. Since the first report by 

Gagner in 2000 [5], LSG is increasingly gaining acceptance as a surgical 

treatment of morbid obesity. In 2009, LSG was approved as a primary 

bariatric fi 

This operation comprises major gastric resection, which can be associated 

with motor gastric dysfunction due to the resection of a gastric pacemaker, 

which causes multiple neurohormonal changes [7]. Approximately 30% 

of patients after LSG start to regain their lost weight [8]. This weight loss 

failure is correlated with factors related to the operation technique and 

pre-and post-operative neurohumoral and motility changes. However, the 

major success measure of LSG is usually the excess weight loss 

percentage. The clinical significance of accelerated gastric emptying after 

LSG is controversial. In one retrospective study, rapid emptying was 

associated with improved weight loss; however, this finding has not been 

confirmed [9]. 

This study aimed to search for a relationship between gastric motility and 

the short-term effect of LSG on weight loss in obese patients. We also 

intended to show a correlation between pre-operative or early 

postoperative gastric emptying time and EWL % as a harbinger of 

bariatric surgery success. 
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Material and Method: 

This study was performed to investigate the relationship between gastric 

emptying function and excess weight loss after laparoscopic sleeve 

gastrectomy. Our study is planned as a retrospective cross-sectional 

analysis of LSG patients who were operated on by one senior surgeon 

(ÖG). Institutional review board approval has been obtained. 117 Patients 

who have undergone LSG at a University Education and Research 

Hospital have been retrospectively scrutinized concerning the EWL and 

gastric emptying function. We have obtained 42 patients which were 

providing the inclusion criteria.  

Inclusion and Exclusion Criteria: 

Patients between 18-60 years of age, with a BMI >40 kg/m2, a BMI 

between 35-39,9 with comorbid diseases (e.g., hypertension (HT), 

diabetes mellitus (DM), hyperlipidemia (HL), and obstructive sleep apnea 

syndrome (OSAS)) were included. Patients who have pre-operative and 

post-operative gastric emptying studies were included. Patients who have 

undergone LSG and provided informed consent were included.  

Patients who have undergone other abdominal surgery and patients who 

were lacking values in the post-operative follow-up records and without 

informed consent were excluded from the study.  

The patient’s demographic data were recorded. Gastric emptying times 

which have been able to be reached were collected. Patients were also 

sub-grouped into good - excellent and poor weight loss patient groups, as 

suggested by Pereferrer et al.’s [10] He has classified his study group into 

three weight loss success groups (inadequate  ≤50 EWL%; good = 51-65 

EWL%; excellent ≥66 EWL%, respectively) according to their EWL% at 

post-operative three-month control examination. 

Operative Technique: 

Five trocars (two 15 mm, two 5 mm, one 10 mm) were employed in all 

operations. After greater curvature devascularization, which starts from 

the pylorus until the angle of His next to the esophageal wall, LSG was 

performed using a laparoscopic linear cutter. A 38 Fr bougie was 

employed in all gastrectomies. Gastrectomy was performed as close as 

possible to both the pylorus and gastroesophageal junction. The 

gastrectomy line was covered with a fibrin glue injection. A closed 

suction drain was placed through the area of gastrectomy to the left sub-

diaphragmatic area. All operations were performed by a senior general 

surgeon (ÖG).  

Calculations and Comparisons: 

The “ideal body weight” (IBW) was calculated according to the ideal BMI 

of 25. The excess weight (EW) was calculated by subtracting the IBW 

from the actual weight of a patient. The percentage of excess weight loss 

(EWL %) was calculated by dividing the weight that was lost (WL) at the 

control time by the pre-operative excess weight. 

𝐸𝑊𝐿 % =
𝑊𝐿

EW
 X100 

WL =Weight lost at any time point 

EW= Pre-operative excess weight calculated according to the upper limit 

of 25 of a normal BMI  

Gastric Emptying Study (GES):  

All patients have undergone GESs at postoperative 1st month. 

Radionuclide studies of gastric emptying and motility are the most 

common physiologic studies of gastric motor function. This type of study 

is noninvasive, uses a physiologic meal (solids or liquids), and is 

quantitative [11]. All patients have undergone a liquid-phase gastric 

emptying study with the following technique: 

Radiopharmaceutical and Liquid Meal: 

All GESs were performed at the Nuclear Medicine Department of the 

Marmara University School of Medicine using a Siemens Symbia E 

(Erlangen, Germany).  

All patients fasted for a minimum of six hours before the gastric emptying 

scan and were instructed to drink 200-300 cc of orange juice mixed with 

99 m Tc-diethylene triamine penta acetic acid (DTPA). To clear the 

residual activity in the esophagus after ingestion of radiolabeled orange 

juice, a small amount of unlabeled water was given. 

Image Acquisition: 

Immediately after ingestion, dynamic images were recorded in the supine 

position at a framing rate of 60 seconds for 60 minutes in anterior and 

posterior projections. The oral cavity, proximal esophagus, thorax, and 

abdominal cavity were obtained in the field of view. Scintigraphic images 

were acquired with a gamma camera that was equipped with a low-energy 

high-resolution collimator with photopeak settings of 20% at 140 keV in 

a 128×128 pixel matrix.  

The region of interest (ROI) was manually drawn over the entire stomach 

in the first frame image and applied to all dynamic images. The time-

activity curve was generated by computer analysis from the counts 

displayed in the ROI. The data were corrected for radioactive decay. The 

rate of gastric emptying and retention were calculated at the end of the 

scanning. The time required for the maximum measured count to decrease 

to its half value ‘‘gastric emptying half time’’ (T1/2) was automatically 

calculated by a data processing unit. In cases in which half gastric 

emptying did not occur during 60 minutes of dynamic scintigraphic 

imaging, the ‘gastric emptying half-time’ was exponentially calculated by 

a ‘time-activity curve’.  

Data Processing: 

Pre- and post-operative gastric emptying studies were retrospectively 

reevaluated, and two more values were obtained from the audit of 

previous gastric scintigraphic studies. The gastric emptying rate (GEMR) 

was calculated as the emptying halftime of a gastric liquid meal (T½). We 

also calculated the 100% gastric emptying times (T%100).  Investigators 

were blind to GES results during the follow-up period. 

Statistical Methods:  

Parametric values were presented as the mean±standard deviation (SD), 

and nonparametric or categorical values were presented as the median 

(range of values). Numeric values with a normal distribution range were 

compared with the results (paired sample) of a Student's t-test. The 

Wilcoxon Test (paired sample) and Kruskal Wallis Test were performed 

for the values with non-normal distribution.  

Non-parametric values were compared with the results of the Mann-

Whitney-U test. Categorical variables were compared with a chi-squared 

test. The correlation between gastric emptying time and EWL was 

analyzed with Spearman’s correlation analysis. A linear correlation 

between the values was searched, and the degree of relation was presented 

as the “r” correlation coefficient. The coefficient interval was assumed to 

range between -1 and +1. The results fell within the 95% confidence 

interval. P values less than 0.05 were considered to be significant. An 

analysis of the outcome measures was performed with Statistical Package 

for Social Sciences 23,0 (SPSS version 23,0). 

Results: 

Patient Cohort: 

This observational study was accomplished at the Marmara University 

Pendik Education and Research Hospital. This study was approved by the 

institutional review board. Hundred and seventeen patients who have 

undergone sleeve gastrectomy due to morbid obesity were evaluated 
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retrospectively. Seventy-five patients have not included in the study, 

because they have one or more exclusion criteria. Forty-two patients' 

records that are suitable to inclusion criteria were evaluated.  

Patient Characteristics: 

The records of forty-two patients completely satisfied the inclusion 

criteria. The male: female ratio was 6/36. The mean age was 38, 27 years 

(19-60 years). Twelve (27%) of the patients have type II diabetes who 

were taking an oral antidiabetic or undergoing SC insulin therapy. Patient 

demographic data were presented in Table-1. 

 

 

*Ideal weight: Calculated assuming BMI=25.  

**Expected weight: Calculated assuming BMI=30. 

Table-1: Patient demographics 

Patient records were screened, and the post-operative first, third, and sixth month’s weight loss values were obtained. On physical examinations at each 

post-operative control period, excess weight loss (EWL) values and excess weight loss percentages (EWL %) calculated are presented in Table-2.  

 

 Mean Range Std.Deviation 

EWL (kg)        1st mo. 13,73   0-24    4,48 

EWL %           1st mo. 23,70   1,89-46,21    7,72 

EWL (kg)        3rd mo. 25,82   17-37    5,07 

EWL %           3rd mo. 42,48   17,62-61,30    9,09 

EWL (kg)        6th mo. 38,55   20-59    8,23 

EWL %           6th mo. 63,17   35,24-97,74   13,94 

Table-2: EWL and EWL % values at different time intervals. 

Pre-operative and Post-operative GEMRs: 

When the patients’ data were screened according to the inclusion criteria, 42 patients were determined to be eligible for the study. As a measure for 

the GEMR, T½, T%100 (100% emptying time) were obtained from patients’ records. The post-operative GEMR significantly increased compared 

with pre-operative T½ (p<0, 0001) (Table-3).  

 

Pre-operative T½ min. EWL% r P 

41,86 29,590 (meansd) 

16-151 (Range) 

1st month. 0,004 0,681 

 3rd month.  0,006 0,622 

6th month.  0,007 0,596 

P between pre and post op T½ <0,001 

Postoperative T½ min.  EWL% r P 

6,82 5,899 (meansd)  

1-28 (Range) 

1 st month. 0,006 0,631 

 3 st month. 0,129 0,020 

6 st month. 0,110 0,032 

Table-3: Pre-operative and postoperative T½ and EWL% relationship. 

Relationship between Pre-operative and Post-operative 
GEMRs and EWL %.  

No relationship between the pre-operative T½ and the 1st, 3rd, and 6th-

month EWL% values were found (p>0.05) (Table-4).  

When the relationship between the 1st, 3rd, and 6th-month EWL% and 

post-operative T½ was compared, a significant correlation between the 

post-operative T½ and 3rd and 6th-month EWL% (p=0.02, r=0.129 and 

p=0.032, r=0,110, respectively) was observed (Table-4).  

 Patients (N=44) 

Definitions % Mean Range Std.Deviation 

Sex Woman (n= 35) 83    

Man (n= 7) 17 

Age (year)  38 19-60  11,02 

Height (cm)  163,7 149-184  8,35 

Weight (kg)  129,9  103-173  18,11 

BMI (kg/m2)  48,1  40-66   5,48 

EW (kg)  62,7 41-103  14,85 

*  IW (kg)  67,2 kg  56-85 kg  

**ExpW (kg)  93,0 kg  85-102 kg  

Hospital Stay (day) 42 pts 2,91 2-4 0,42 
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When we scrutinized the scattergram of the T½ and 6th-month EWL%, 

we noticed four patients who have T½ over 10 min. with weight losses 

<60%.  

Relationships Between EWL% and 100% Gastric Emptying 
Time (GET), EWL%:                                                                          

When pre-operative and post-operative T%100 are compared, a significant 

decrease in T%100 in the post-operative period (p<0.0001) was observed. 

When we investigated the correlation between the EWL%s at 1st, 3rd and 

6th months and 100% GET, no correlation was observed(p>0.05) (Table-

4). 

 

Pre-operative 100% GET (min) EWL% p 

130,61 16,52 (meansd) 

36-660 (range) 

1st mo. EWL% 0,108 

 3rd mo. EWL% 0,134 

6th mo. EWL% 0,135 

P between pre and post op 100% GET <0,001 

Post-operative 100% GET (min) EWL%  

43,88 3,15 (meansd) 

4-83 (range) 

1st mo. EWL% 0,851 

 3rd mo. EWL% 0,225 

6th mo. EWL% 0,216 

Table-4: Pre-operative and post-operative 100% GET and EWL relationship. 

Evaluation of patients for the weight loss performance: 

The sixth-month EWL% values of 42 patients, which were included in the 

study, were grouped according to weight loss performance. The EWL% 

values of less than 50%, between 50-65%, and greater than 65% were 

considered to be the “inadequate", "good", and "excellent” weight loss 

groups, respectively. Eight (19%), 17 (40, 5%) and 17 (40, 5%) patients 

were in the “inadequate” weight loss group, “good” weight loss group and 

“excellent” weight loss group, respectively. The median EWL% values in 

each weight loss performance group were 44,6% (35,24-49,73), 61,1% 

(51,47-64,98), and 72,9%(65,74-97,74). The EWL% values of patients in 

the “good” and “excellent” groups were significantly higher than the 

EWL% values of patients in the “inadequate” group (p<0, 0001)   

 The post-operative T½ of the “inadequate” weight loss group 

was 10, 85±9,70 min. The post-operative T½ of the “good” and 

“excellent” groups was 5, 94±4,20 min. When a correlation analysis was 

performed between the T½ and EWL% of the groups, the post-operative 

T½ was significantly elevated in the “inadequate” weight loss group 

(p=0,034, r=0,108), as shown in Table-3, Figure-1.  

 

 

Figure 1: Relation between 6th month EWL% and post-operative T½. 

Discussion: 

Morbid obesity is increasingly becoming a visible reason for preventable 

death in both the adult population and childhood population. Bariatric 

surgery remains the most effective treatment modality of the morbid 

obesity and comorbid conditions that accompany this surgery. LSG is one 

of the most frequently performed bariatric surgical procedures in the 

world; in the USA, it became a widespread operation in 2014 at a rate of 
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51, 4% [12, 13]. Although this procedure has gained widespread 

acceptance, it has some drawbacks, such as the failure of EWL. According 

to data from Gagner et al, 3±6,3% of patients need secondary bariatric 

redo operations after LSG [14]. Rosenthal reported 30% of patients [15]. 

The success of surgery requires knowledge about the individuals who will 

join this population before inadequate weight loss or regain. Thus, we 

intend to evaluate the relationship between the EWL % and the GEMR 

(such as T½, T100%) with some causative factors to develop a harbinger 

of failed EWL or successful WL.  

One of the mechanisms that is responsible for weight loss after LSG may 

be the altered GEMR. Until studies by Melissas et al [16, 17], LSG was 

considered to be an effective procedure for weight loss solely based on its 

gastric restrictive effect. However, in two patient series—11 and 14 

patients—Melissas demonstrated that LSG increased GER in 2007 and 

2008 that caused weight loss effect [16, 17]. Bragehetto et al. reported a 

significantly increased GEMR after LSG compared with the normal 

population [18]. Although the healthy population has a liquid phase 

GEMR (T½) of 34,9 minutes, morbidly obese patients have increased 

gastric emptying T½ (13,6 minutes) values (p<0.01) [18]. 

Kandeel et al investigated the pre-operative and early post-operative (2nd 

week and 3rd week, respectively) liquid phase GEMR in a similar patient 

population. In this study, they observed a significantly increased GEMR 

after sleeve gastrectomy [2]. Shah et al. investigated the GEMR in 

diabetic patients. They compared pre-operatively diabetic patients (n=23) 

with pre-operatively non-diabetic patients (BMI<25, n=24) and BMI>33 

of diabetic patients (n=20). They discovered that the solid phase GEMR 

was significantly high in the sleeve gastrectomized group compared with 

the non-diabetic group and diabetic group [19]. In our study, we observed 

a similar increase in the GEMR after LSG, which is consistent with the 

literature. 

Due to the lack of receptive relaxation after fundus resection and 

alterations in gastric contractile activity after gastric pace-maker excision, 

shortening of the T-lag phase was assumed to be responsible for the 

increased gastric motility [16, 17]. Yehushua et al demonstrated that the 

increased intragastric pressure was the responsible factor for the elevated 

GEMR [20]. 

Regarding the LPGESs in the literature, Sista et al obtained a pre-

operative T½ of 26,7±23 min (48 h) and post-operative (3rd mo.) T½ of 

15, 2±13 min. in their 26 patient series [21]. Kandeel et al. obtained a pre-

operative T½ value of 25,3±4,4 min and post-operative (3rd week) T½ 

value of 11,8±3,0 min. (2). Pre-operative mean±sd T½ value was 41, 

86±29, 59 min in our obese patient series that seemed to be significantly 

increased concerning values in the above-mentioned series. Our study 

group's mean post-operative T½ value was 6, 82±5, 89 min., which 

seemed to be even faster than the results in the literature (Table-3). 

We have not encountered a study that analyzed the relationship between 

the GEMR and EWL%. Our study is a peerless study from this point of 

view. Although the relationship between the pre-operative GEMR and 

EWL% was not significant, we have discovered a statistically significant 

relationship between the post-operative T½ and post-operative 3rd and 

6th-month EWL%s (Table-4). Elevated GEMRs in the early 

postoperative period (postoperative 1st month) have significantly 

correlated with the postoperative 3rd and 6th-month EWL percentages. 

We explain the lack of a relationship between the first month EWL % and 

postoperative GEMR (T1/2) by the inefficient nutrition of patients during 

the early postoperative period.  

The overall 6th mo. EWL% was 63, 17±13,94%. However, when patients 

with post-operative T½ values > 10 min were considered, the mean 

EWL% was 52,7±12,1%(n=6). The EWL%s of patients who have gastric 

T½ values of greater than 10 min. were significantly decreased when 

compared with the EWL% of patients who have less than 10 min gastric 

T½ values (p=0,03) (Figure-1). 

When we sub-grouped the patients into good - excellent and poor weight-

loss patient groups as suggested by Pereferrer et al.’s, the patients in the 

poor weight loss group have significantly less weight loss. This group 

contains eight patients (18%), which is convenient with the literature. 

Pereferrer et al reported this rate as 20% at the end of the first 

postoperative year [10]. We also have discovered that post-operative T½ 

values significantly increased in the inadequate weight loss group 

compared with the T½ values in the good-excellent weight loss groups. 

The mean T½ value of 10, 85±9, 70 min. in the inadequate weight loss 

group is consistent with the finding that the significantly increased post-

operative T½ was observed in the inadequate weight loss group. (Figure-

1) We note that six patients in the scattergram have T½ values greater than 

10 min. and 6th-month EWL %s lower than 60%. The detection of these 

patient groups, which are not prone to good and/or excellent weight loss, 

should be performed with precautions and dietetic measures, such as 

following patients with more frequent intervals and requiring stricter diet 

regimens and behavioral therapy for these patients. 

Ece et al. (n=402) reported a 53, 1±16, 1% EWL at the 6th month. 

Yardimci et al obtained a BMI of 32, 6±6, 2 kg/m² at the seventeen-month 

after LSG [22, 23]. Our patient population has gained a better sixth month 

EWL % (63, 17±13, 94%) than that of Ece at al series and similar BMI 

(34, 15±5, 17 kg/m²) with which Yardimci et al seventeen-month values. 

These authors have not linked the data with the gastric emptying function 

of the stomach. 

The small number of patients (42) and a short follow-up period (6 mo.) 

may be considered limitations of our study. However, an engrossing 

aspect of our study with its short follow-up is the early measurement of 

GEMR at first month. EWL failure has been diagnosed as early as 

possible by this timely GEMR measurement and EWL% evaluation. 

 Despite this drawback of our study, the reverse correlation between the 

post-operative T½ and EWL % at the 3rd and 6th months presumed that 

the increased early post-operative liquid phase GEMR. T1/2, less than 10 

min may be the indicator of fast excess weight loss. However, we need to 

perform long-term follow-up evaluations to determine the long-term 

weight loss effects of GEMR alterations after LSG. 

Conclusion: Postoperative gastric emptying time (T½) may be a 

harbinger of sustained weight loss after LSG. Gradually increasing liquid 

phase gastric emptying T½  during postoperative follow up may be the 

forerunner of weight regain. 
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