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Abstract 

Background: In non-obese patients with type 2 diabetes mellitus (T2DM), metabolic surgery is often 

limited by the unexpected inconsistent outcomes. Although pylorus-preserving gastric bypass 

procedures have been widely adopted, incomplete foregut exclusion frequently results in 

unsatisfactory glycemic control or relapse. To address this limitation, we propose Single Anastomosis 

Pyloro-Enterostomy (SAPE), designed to achieve complete duodenal exclusion while maintaining 

pyloric sphincter function. Methods: Based on long-term clinical observation and analysis of incretin 

dynamics, SAPE was developed as a loop-type single-anastomosis configuration incorporating a 

sufficiently long biliopancreatic (BP) limb. The duodenal tissue attached to the pyloric ring is 

completely removed, and the small intestine is anastomosed directly to the pylorus using interrupted 

sutures to preserve sphincteric motility. Anatomical design was guided by evidence from 

enteroendocrine physiology, epithelial-mesenchymal crosstalk, and reprogramming of regional 

intestinal identity after anastomosis. Results: Compared with pylorus-preserving duodenal-jejunal 

bypass (DJB) and other incomplete foregut-excluding procedures, SAPE theoretically enables more 

profound and durable suppression of a key diabetogenic signal originating from the proximal small 

intestine. The combination of complete duodenal exclusion and an adequately long BP limb 

minimizes the re-expansion of proximal epithelial identity and maintains long-term glycemic 

improvement without compromising digestive continuity or nutritional status. Conclusion: SAPE 

may provide a physiologically optimized surgical framework for the treatment of non-obese T2DM 

by integrating anatomical precision with metabolic efficacy. This technique ensures complete foregut 

exclusion, preserves pyloric function, and potentially prevents enteroendocrine reprogramming 

associated with late glycemic relapse. Further clinical evaluation is warranted to confirm its metabolic 

and functional outcomes. 

Keywords: metabolic surgery; duodenal exclusion; pyloric preservation; epithelial-mesenchymal 

crosstalk; enteroendocrine reprogramming 

 

1. Metabolic Surgery for Non-Obese Type 2 Diabetes in Korea 

In Korea, a characteristic feature of type 2 diabetes is the high proportion of non-obese patients 

compared to other countries.[1] Therefore, metabolic surgery can be applied to a significant number 

of non-obese diabetic patients. The causes of surgically treatable diabetes are two independent 

factors—obesity and the imbalance of incretin secretion from the small intestine—both of which 

result in hyperglycemia, making it nearly impossible to distinguish their respective contributions 

when both are present. From this perspective, Korea provides a unique clinical environment to 

evaluate the incretin-related effects of metabolic surgery independent of obesity. 
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Metabolic surgery for non-obese type 2 diabetes began in Korea in 2009. The author, as one of 

the early surgeons to perform such procedures, applied institution-specific modifications, but the 

outcomes varied markedly across centers—some satisfactory, others disappointing. Most hospitals 

performed pylorus-preserving duodenal-jejunal bypass (DJB), which often resulted in recurrence of 

hyperglycemia and unsatisfactory glycemic control.[2,3] In contrast, the author performed one-

anastomosis gastric bypass (OAGB) and observed a durable and stable improvement in glycemic 

control without relapse.[4,5] Since patient BMI and diabetes severity were comparable across centers, 

the author attributed this difference to the surgical technique itself. Continuous observation and 

analysis led to the development of a novel procedure, Single Anastomosis Pyloro-Enterostomy 

(SAPE), which maximizes glycemic improvement while preserving normal gastrointestinal function.  

This manuscript is presented as a conceptual and narrative review incorporating a hypothesis-

driven surgical proposal, rather than a systematic review or report of prospective clinical outcomes. 

Additionally, according to the use of artificial intelligence, the author confirms that this 

manuscript complies with the TITAN 2025 Guidelines. No generative AI tools were employed for 

data analysis, statistical interpretation, or drafting of the scientific content. Only minor editorial 

assistance for language polishing under full human supervision.[6]  

2. GIP as a Parameter for Foregut Exclusion 

Enteroendocrine K-cells that secrete glucose-dependent insulinotropic polypeptide (GIP) are 

most densely distributed in the first portion of the duodenum, gradually decreasing distally. GIP 

levels are elevated in type 2 diabetes and considered a strong diabetogenic factor, although its precise 

role remains controversial. The recent advent of dual glucagon-like peptide-1 (GLP-1)/GIP agonists 

demonstrating potent antidiabetic effects will likely further intensify this debate. 

However, regardless of whether GIP is a causal factor in diabetes, the change in serum GIP 

concentration before and after surgery serves as a useful biomarker for the extent of foregut exclusion. 

If the surgical goal for non-obese metabolic patients is appropriate foregut exclusion, GIP 

measurement provides a valuable indicator of surgical efficacy. Notably, even in classic 

biliopancreatic diversion (BPD)—the procedure associated with the most profound and durable 

glucose-lowering effects—significant postoperative reductions in serum GIP levels have been 

documented.[7] 

3. Epithelial-Mesenchymal Crosstalk and Reprogramming by Anastomosis 

The small intestine possesses distinct regional identities along its length to facilitate sequential 

food processing and nutrient absorption. These regional characteristics are regulated by epithelial-

mesenchymal crosstalk.[8] Subepithelial mesenchymal cells, characterized by gradients of Wnt and 

Shh signaling factors, stimulate epithelial growth and influence epithelial gene expression, shaping 

regional villus architecture along the anterior-posterior (AP) axis.[9] 

Thus, when intestinal resection or bypass surgery connects disparate intestinal segments, new 

crosstalk between epithelial and mesenchymal tissues emerges. This interaction may induce 

reprogramming of epithelial identity along the AP axis. Supporting this concept, a study has reported 

that distal intestinal epithelium can acquire proximal identity following surgical resection and 

anastomosis.[10] 

Such reprogramming offers a plausible explanation for the transient glycemic improvement 

observed soon after surgery followed by gradual recurrence of hyperglycemia months later. The 

underlying mechanism is likely enteroendocrine reprogramming due to altered epithelial-

mesenchymal crosstalk, wherein proximal intestinal identity migrates distally and proliferates across 

the anastomosis, re-establishing a diabetogenic phenotype.[11] 

4. Metabolic Outcomes Depend on Bypassed Foregut Length and Proximal 

Intestinal Identity at Anastomosis 
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Maximizing glycemic improvement through metabolic surgery depends on achieving adequate 

foregut exclusion, which requires both sufficient bypass length and careful preparation of the 

proximal intestinal identity at the anastomosis. 

The critical importance of biliopancreatic (BP) limb length has been well-documented.[12] 

Moreover, the nature of the proximal segment at anastomosis—whether the alimentary limb is 

connected to the stomach or duodenum—also affects glycemic outcomes. In non-obese type 2 diabetic 

patients, results of various operations can be roughly divided into disappointing groups (pylorus-

preserving DJB and similar forms)[2,3,13–16] and acceptable groups (procedures ensuring adequate 

foregut exclusion and longer BP limb length).[4,5,17–21] 

Even in Roux-en-Y gastric bypass (RYGB) with complete duodenal exclusion, despite separating 

the area of highest K-cell density from nutrient flow, a short BP limb can lead to postoperative GIP 

levels that are elevated compared to preoperative values.[22,23] This may result from the migration 

and proliferation of K-cells into the alimentary or common limb from the distal end of the BP limb—

that is, from the proximal intestine near the anastomosis where K-cell density remains high—thereby 

reestablishing proximal identity and increasing serum GIP levels.[11] 

5. Technical Aspects of Metabolic Surgery 

Non-obese patients with type 2 diabetes often present with normal or even subnormal body 

weight. Therefore, in optimizing glycemic control, it is crucial to preserve adequate nutrient 

absorption and maintain normal digestive function to prevent unintended weight loss. This requires 

preservation of the pyloric sphincter and sufficient intestinal length to ensure proper nutrient 

assimilation and physiological continuity of digestion. 

In RYGB, the alimentary limb carries food that does not mix with biliopancreatic secretions. 

While this can be beneficial for weight loss in morbidly obese patients, it may stimulate incretin 

secretion due to undiluted nutrient passage and is therefore not ideal for foregut exclusion in non-

obese patients. Hence, a one-anastomosis loop configuration is more suitable for non-obese type 2 

diabetic patients. N. Scopinaro also recommended extending the common channel when applying 

classic BPD to non-obese individuals, effectively creating a loop-like configuration as OAGB (Figure 

1).[24] To illustrate the anatomical and mechanistic differences among pylorus-preserving DJB, 

RYGB, and SAPE, a comparative schematic is shown in Figure 2. 

 

Figure 1. In classic BPD, elongation of the common channel is equivalent to OAGB. N. Scopinaro et al. suggested 

that a new BPD model with a longer common limb in the simply overweighted T2DM patients is now giving 

encouraging results.[24] Interestingly, in classic BPD, elongation of the common channel is equivalent to OAGB. 
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Figure 2. Comparative Schematic of Pylorus-Preserving Duodenal–Jejunal Bypass (DJB), Roux-en-Y Gastric 

Bypass (RYGB), and Single Anastomosis Pyloro-Enterostomy (SAPE). Green segments indicate the duodenum, 

red markers indicate the pyloric sphincter, and arrows represent nutrient flow. In pylorus-preserving DJB, 

nutrients continue to contact the duodenum, allowing exposure of enteroendocrine K-cells. In RYGB and SAPE, 

nutrient flow bypasses the duodenum, preventing direct contact with proximal K-cell–rich mucosa. SAPE 

uniquely preserves the pyloric sphincter while achieving complete duodenal exclusion. 

To achieve complete duodenal exclusion while preserving pyloric function, the duodenal tissue 

connected to the pyloric sphincter must be completely removed, followed by anastomosis between 

the pyloric ring and the small intestine. The pyloric sphincter, embryologically derived from 

hypertrophied inner circular muscle of the stomach, is covered by gastric mucosa and is 

macroscopically distinguishable from the duodenum.[25] Importantly, interrupted sutures should be 

used to maintain sphincteric motility (Figure 3). In conclusion, for type 2 diabetic patients who do 

not require significant weight loss, the recommended procedure is SAPE, a loop-type configuration 

with an adequately long BP limb (usually 150~200 cm from the ligament of Treitz), complete duodenal 

exclusion, and interrupted anastomosis between the pylorus and the small intestine.  

 

Figure 3. Schematic illustration of Single Anastomosis Pyloro-Enterostomy (SAPE). To achieve complete 

exclusion of the duodenum while preserving the function of the pyloric sphincter, it is recommended to 

completely remove the duodenal tissue connected to the pyloric sphincter and then anastomose the remaining 

segment to the small intestine. However, to maintain sphincteric function, the use of interrupted sutures is 

advisable. 
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6. Technical Feasibility and Safety Considerations of SAPE 

From a technical standpoint, SAPE requires meticulous identification of the pyloric ring and 

complete excision of duodenal mucosa attached to the pylorus. Potential procedure-specific risks 

include anastomotic stricture, delayed gastric emptying, bile reflux, and functional impairment of the 

pyloric sphincter. 

However, these risks may be mitigated by several technical principles: use of interrupted sutures 

to preserve sphincteric motility, avoidance of excessive tension at the anastomosis, and careful 

calibration of the anastomotic diameter. 

As with other advanced metabolic procedures, SAPE is expected to have a learning curve, and 

standardized training and procedural refinement will be necessary before widespread adoption. 

7. Supporting Evidence from Animal and Human Studies 

Many studies exploring the mechanisms of metabolic surgery reveal unexplained postoperative 

phenomena that can be clarified by applying the concept of epithelial reprogramming, where distal 

intestinal epithelium acquires proximal identity.[10,11] 

A recent study highlighted the critical role of the BP limb: in diabetic rats with improved glycemia 

following DJB, excision of the BP limb abolished the metabolic benefits, suggesting that the BP limb has 

functions beyond mere nutrient diversion.[26] This loss of benefit likely results from migration and 

proliferation of epithelial lineage from proximal small intestine (similar to the phenomenon observed in 

Roux-en-Y gastric bypass with a very short BP limb) into the alimentary common channel. 

Interestingly, gastrostomy feeding into the bypassed segment typically reverses the benefits of 

RYGB. However, duodenal-jejunal transit after RYGB did not impede glucose tolerance, which has 

long been puzzling.[27] This paradox can be resolved by recognizing that epithelial lineage 

propagation from proximal to distal intestine alters the functional identity of the anastomosed 

segments—such that duodenal characteristics are lost once replaced by jejunal epithelium. 

Notably, the defining features of classic BPD are complete duodenal exclusion and a long BP 

limb.[7] Comparisons between modified and classic BPD procedures consistently emphasize the 

necessity of total duodenal exclusion and sufficient BP limb length. In pylorus-preserving BPDs with 

duodenal switch, outcomes were inferior despite identical BP limb length, likely due to residual 

duodenal mucosa at the anastomosis site.[28]  

8. Limitations 

This study is primarily a hypothesis-driven conceptual proposal based on existing physiological 

and experimental evidence. The absence of prospective randomized clinical outcome data represents 

a major limitation. Therefore, the metabolic and functional advantages of SAPE should be interpreted 

as theoretical expectations that require validation through well-designed clinical trials. 

Although SAPE was developed based on clinical experience in Korean patients with a high 

prevalence of non-obese type 2 diabetes, the underlying physiological rationale is not population-specific, 

and the technique may be applicable to diverse ethnic groups with appropriate patient selection. 

9. Conclusion 

Single Anastomosis Pyloro-Enterostomy represents an evolution in metabolic surgery design, 

achieving complete duodenal exclusion with preservation of pyloric function incorporating a 

sufficiently long BP limb. By integrating anatomical precision, incretin physiology, and epithelial 

biology, SAPE may provide a durable and physiologically balanced approach for the treatment of 

non-obese T2DM. Further prospective trials are warranted to validate its long-term metabolic and 

functional outcomes. 

Research Registration: Not applicable, this study is a conceptual proposal describing a surgical technique and 

does not involve clinical trial. 
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