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ABSTRACT

Background. Staple line leak after sleeve gastrectomy remains one of the least predictable
complications in bariatric surgery. Despite numerous proposed explanations, no consensus
pathogenetic model exists. Objective. To develop a deterministic biomechanical hypothesis
accounting for the mechanism of staple line failure after sleeve gastrectomy. Hypothesis. The present
work proposes the formula: Leakage = Obstruction & "Dog Ear”. Leak is posited to be the predictable
consequence of two co-occurring conditions: (1) mechanical or functional obstruction generating
excess intraluminal pressure in the proximal gastric sleeve, and (2) a "dog ear" — a residual triangular
pouch at the angle of His acting as a gas-and-fluid trap that prevents pressure decompression into
the esophagus. Neither factor alone is sufficient: isolated obstruction results in stenosis; an isolated
“dog ear”, in the absence of elevated pressure, remains clinically inconsequential. Conclusion. The
formula Leakage = Obstruction & "Dog Ear” offers a reproducible biomechanical framework for
understanding and preventing staple line failure after sleeve gastrectomy. Prospective experimental
investigation is required.
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INTRODUCTION

Sleeve gastrectomy (SG) is the most widely performed bariatric procedure worldwide. Staple
line leak represents a serious complication associated with prolonged treatment requirements and
the potential for sepsis, multiorgan failure, and death. To date, leak after SG remains among the least
predictable complications in bariatric surgery [1,2]. Most publications describe leak as a multifactorial
complication in which gastric wall ischemia, technical aspects of stapling, tissue thickness,
intragastric pressure, infection, and patient behavioral factors may each play a role [3,4].
Nevertheless, none of the largest published series has described a coherent pathogenesis of leak [5].
Concurrently, systematic reviews and meta-analyses consistently demonstrate that staple line
reinforcement has no effect on leak risk [6].

This creates a clinical paradox: when a standardized operative technique is performed by a
single experienced surgeon using identical materials, one patient in every several dozen or hundreds
develops a leak [7,8]. The etiological factor responsible for leak in any specific patient at any specific
moment remains, in most cases, undetermined. This approach conflicts with the principles of surgical
practice. Leak demands active prevention, not post-hoc analysis. Effective prophylaxis is only
possible when the underlying process is fully controlled, predictable, and understood at the level of
pathophysiological mechanisms.

The aim of the present study was to develop a pathogenetic model — a "formula" — for staple
line leak after SG capable of explaining the mechanism underlying this complication.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1143.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 April 2026 d0i:10.20944/preprints202604.1143.v1

20f 7

THE PROPOSED LEAK FORMULA: LEAKAGE = OBSTRUCTION & "DOG
EAR"

The neo-stomach formed after SG should be regarded, above all, as a closed hydraulic system.
The behavior of gas and liquid contents within this system is directly determined by the geometric
configuration of the gastric sleeve. Formation of a uniformly calibrated gastric tube without focal
narrowings ensures even distribution of intraluminal pressure and prevents excessive mechanical
load on the staple line. Conversely, the presence of narrowings combined with gas-and-fluid traps
(the "dog ear") results in a marked pressure increase within a closed volume, substantially amplifying
the risk of staple line failure.

On this basis, the present work propose the following leak formula: Leakage = Obstruction &
"Dog Ear” (Figure 1). According to this formula, two factors must coexist for a leak to occur:

A) Obstruction — mechanical or functional obstruction (kinking, twist, edema) generating
excessive pressure in the upper third of the gastric sleeve.

Obstruction has been identified in numerous studies as one of the principal causes of leak after
SG [9-12]. Furthermore, relief of obstruction (via stenting) leads to leak resolution in the majority of
cases [13,14].

B) "Dog ear" — a configuration of the staple line forming a triangular projection at an acute angle
relative to the esophagus in the region of the angle of His.

Catchlove et al. demonstrated that the presence of a “dog ear” at the angle of His significantly
amplified stress concentration at the staple line [15]. Multiple studies confirm that the superior angle
of the neo-stomach — the site of the “dog ear” — is the most frequent location of staple line leak after
SG [16,17].

Obstruction generates high pressure in the upper third of the neo-stomach. The “dog ear”, by
creating an acute angle, acts as a trap for gas and liquid, preventing pressure decompression into the
esophagus and concentrating it over a small segment of the staple line. Their combination results in
staple line rupture and leak.

If obstruction is removed while the “dog ear” remains, a leak most likely does not occur, as
pressure distributes uniformly along the entire staple line. If the “dog ear” is removed while
obstruction persists, gastric body stenosis develops without leak: pressure is decompressed into the
esophagus in the absence of a trap (Figure 1).
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Figure 1. A — Sleeve gastrectomy without obstruction or “dog ear” (staple line imbrication at the angle of His).
Intragastric pressure is distributed evenly throughout the neo-stomach. Excess pressure can decompress into the esophagus,
as no gas-and-fluid trap — “dog ear” — is present. B — Sleeve gastrectomy with “dog ear”, without obstruction.
Intragastric pressure is distributed evenly throughout the neo-stomach, with a zone of potentially elevated pressure at the
“dog ear”. Leak is unlikely to occur, as pressure remains uniformly distributed. C — Sleeve gastrectomy with
obstruction, without “dog ear”. Intragastric pressure rises in the upper neo-stomach; however, in the absence of a gas-
and-fluid trap — “dog ear” — pressure is decompressed into the esophagus. D — Leakage = Obstruction & "Dog Ear"
— Sleeve gastrectomy with both obstruction and “dog ear” present. Intragastric pressure rises in the upper neo-
stomach and, in the presence of a gas-and-fluid trap — “dog ear” — staple line rupture and leak occur at this site. 1 —

“dog ear”. 2 — obstruction. 3 — leak.

DISCUSSION

Data obtained from manometry combined with finite-element modeling support a mechanical
basis for staple line failure from a biomechanical standpoint. Catchlove et al. demonstrated that under
isobaric loading, zones of local stress concentration consistently develop along the staple line in
immediate proximity to the gastroesophageal junction [15]. This is consistent with clinical
observations of predominant leak localization in the proximal sleeve segment.

Of particular importance is the established dependence of stress distribution on sleeve geometry.
The presence of a “dog ear” at the angle of His significantly amplified stress concentration at the
staple line near the gastroesophageal junction, whereas a wide incisura angularis exerted the opposite
effect — reducing peak pressure in this zone [15]. Thus, the geometric parameters of the sleeve are
independent determinants of mechanical load on the staple line, irrespective of stapling quality or
tissue perfusion status.

Staple Line Ischemia

Existing evidence calls into question staple line ischemia as the primary mechanism of failure
after SG. First, intraoperative indocyanine green fluorescent angiography consistently demonstrated
adequate perfusion along the staple line in all operated patients, yet this did not prevent
postoperative leak [18,19]. Adequate intraoperative perfusion is therefore not a reliable predictor of
staple line integrity, which underscores the limited prophylactic value of intraoperative perfusion
assessment. Second, in a porcine experimental model, no significant increase in ischemia along the
staple line was observed following sleeve formation compared with the control zone, casting doubt
on the very existence of local ischemia as a consistent consequence of the procedure [20].
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An additional argument against the ischemic concept comes from comparison with other
bariatric procedures. In gastric bypass — both Roux-en-Y gastric bypass and one-anastomosis gastric
bypass — gastric transection at the angle of His is performed in a manner virtually identical to SG.
Yet leak rates following bypass procedures are frequently lower than after SG, with leaks localizing
predominantly at the anastomosis rather than at the angle of His [21-23]. If ischemia were the
principal pathogenetic factor, comparable leak rates specifically at the proximal staple line would be
expected in bypass surgery — a finding not supported by clinical data. Taken together, these
observations suggest that the primary mechanism of staple line failure after SG is not related to
impaired tissue perfusion.

The Stronger the Anti-Reflux Mechanism, the Higher the Leak Risk

Complete resection of the “dog ear” or its imbrication straightens the axis of the gastric tube and
eliminates the acute angle at the cardia. However, this maneuver carries a trade-off: it weakens the
anti-reflux mechanism, allowing gas and liquid to escape more readily into the esophagus. From a
mechanical standpoint, this operates as follows: if the anti-reflux barrier of the cardiac valve is intact,
pressure is not decompressed into the esophagus and instead bears directly upon the staple line at
the angle of His — the weakest point of the staple line — thereby increasing leak risk. If the “dog ear”
is eliminated, or if the cardiac valve is weakened (e.g., by crural laxity), pressure finds an outlet
through the cardia; the mechanical load on the staple line decreases — reflux is amplified, but leak
becomes less likely. A compromise therefore emerges: reducing leak probability requires accepting a
degree of anti-reflux mechanism compromise.

Timing of Leak Onset

Various studies report differing timelines of leak onset; most commonly, however, leaks develop
at a median of postoperative day 7 or later [24-27]. By this time, most dietary protocols have
transitioned patients from liquid to pureed food [28-30]. This dietary transition carries distinct
pathophysiological significance.

Following SG, the receptive relaxation and accommodation reflex is lost — the physiological
mechanism that normally allows the stomach to expand in volume without a proportional rise in
intraluminal pressure [31]. As a result, any food intake directly and immediately elevates intragastric
pressure. Pureed food, unlike liquid, is characterized by lower fluidity and substantially slower
gastric emptying and, according to scintigraphic data, preferentially accumulates in the proximal
sleeve segment near the staple line [32]. The transition to pureed food therefore creates conditions for
sustained elevated pressure specifically in the proximal gastric tube.

According to the proposed formula — Leakage = Obstruction & "Dog Ear” — this dietary
transition may precipitate leak. In the absence of a “dog ear”, the same mechanism produces not a
leak but food intolerance and stenosis.

Practical Conclusions and Technical Recommendations

The proposed leak formula leads to a series of practical conclusions regarding SG technique.
These recommendations are not aimed at formal procedural standardization; rather, they emphasize
the primacy of functional geometry and pressure behavior over a visually "perfect” result.

1. The gastric tube must be fashioned physiologically, with deliberate preservation of natural
curvatures. The gastric tube should not be perfectly straight. Physiological curves — particularly at
the incisura angularis — are obligatory and must be consciously accounted for during stapling.
Forcibly straightening the tube disrupts the natural biomechanics of the stomach, promotes the
formation of functional obstacles, valvular effects, and zones of increased resistance to passage.

2. The “dog ear” should be fashioned in a controlled manner and imbricated. Complete
elimination of the “dog ear” with a stapler is not always technically warranted, as stapling in close
proximity to the esophagus risks esophageal injury. The optimal approach is to fashion a modest
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“dog ear” of approximately 1.5-2 cm and imbricate it with sutures. Imbrication of the “dog ear”
serves two key functions: (1) it eliminates the pressure-trap geometry and aligns the axis of the gastric
tube with the esophagus; (2) it reinforces the thinnest and most vulnerable segment of the wall. In
this configuration, the “dog ear” ceases to act as a reservoir for gas and liquid and instead becomes
an integral component of a continuous tube incapable of spherical distension.

3. Intraoperative integrity testing. For objective assessment of true staple line leak risk,
intraoperative integrity testing should be performed in the absence of a calibration bougie within the
neo-stomach lumen. The bougie produces a temporary stenting effect, artificially straightening the
gastric tube axis and masking potentially significant zones of functional obstruction — kinks,
narrowings, torsional deformities — while also neutralizing anatomical pressure traps at the angle of
His [33]. In contrast, distension of the neo-stomach with air or liquid in the absence of a bougie allows
identification, under physiological conditions, of zones of focal resistance to passage and non-
physiological pressure concentration [34]. The optimal method for this functional assessment is
intraoperative gastroscopy [35,36].

CONCLUSION

This paper proposes and justifies a deterministic pathogenetic model of staple line leak after SG,
expressed as the formula Leakage = Obstruction & “"Dog Ear”. According to this model, staple line
failure is the predictable consequence of two necessary co-occurring conditions: (1) mechanical or
functional and (2) a zone of focal vulnerability in the form of a "dog ear".

Staple line leak after SG remains a multifactorial complication in that its development is
influenced by material quality, operative technique, thermal injury, mechanical wall integrity, and
ischemia. The proposed formula does not deny the contribution of these factors. It postulates,
however, that under standardized operative conditions — identical technique, materials, and
surgeon experience — the combination of obstruction and “dog ear” represents the dominant and
necessary precondition for leak to occur.

The formula synthesizes clinical evidence on the role of obstruction, the consistent localization
of leaks at the angle of His, and the behavior of gas and liquid within a closed space. Staple line leak
after SG ceases to be an enigma once the transition is made from acknowledging multifactoriality to
performing biomechanical analysis. The presented formula offers not only an explanation but also a
tool for targeted prevention — opening a pathway toward reducing the incidence of this serious
complication to its minimum possible level. Definitive confirmation of the hypothesis requires further
prospective experimental investigation.
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