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Abstract
Gastrointestinal bleeding following bariatric surgery is a relatively rare adverse event but constitutes a significant 
cause of morbidity. It requires a high index of suspicion, early diagnosis, and prompt management, as it can lead to 
rapid deterioration and potential mortality. In most cases, GI bleeding is self-limited and does not necessitate 
emergent reoperation. For some patients, however, control of postoperative hemorrhage may require various 
procedural-based interventions via surgical, endoscopic, or radiologic approaches. Recent studies suggest that 
endoscopic therapies to manage intraluminal bleeding post-bariatric surgery are becoming increasingly popular 
given their high efficacy rate and favorable safety profile. Currently, there is no consensus on the management of 
early or late GI hemorrhage after metabolic surgery. Therefore, the aim of this review is to summarize the 
effectiveness of several treatment options and outline management algorithms for this subset of bariatric patients 
based on the established literature.
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INTRODUCTION
The number of adults diagnosed with obesity has been on the rise throughout the last few decades, reaching 
a prevalence in the US of 42.4% in 2017-2018[1]. This increase correlates with the rise of bariatric surgery as 
an effective and safe treatment modality for obesity and related comorbidities[2,3]. Despite the widespread 
adoption of minimally invasive techniques and institution of quality improvement metrics in bariatric 
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surgery, postoperative complications still occur and are often associated with the underlying anatomic 
changes inherent to weight loss procedures. Classic examples include anastomotic leaks, fistulas, strictures, 
intestinal obstruction, thrombo-embolic events, and gastrointestinal bleeding[4,5].

Although a relatively rare adverse event, postoperative GI hemorrhage is a major cause of morbidity in the 
bariatric patient and should be addressed expeditiously. Significant delay in diagnosis or treatment could 
potentially result in rapid clinical deterioration and even mortality. Surgeons should be able to recognize the 
occurrence of this complication in a timely fashion, determine the clinical condition of the patient, 
appropriately evaluate the source of bleeding and formulate a customized treatment plan that considers the 
type of bariatric operation the patient has undergone and factors contributing to the development of 
postoperative GI bleeding. Although basic principles for the management of GI bleeding in the 
postoperative setting hold true, a more nuanced approach is needed as diagnosis, management, and 
treatment options for bariatric patients can vary significantly given the anatomic variability.

The most commonly performed bariatric operations in the US are sleeve gastrectomy (SG) and Roux-en-Y 
gastric bypass (RYGB)[6-8]. The incidence of postoperative hemorrhage for these procedures is estimated to 
be 0.5%-5.8%[9-14]. For the majority of patients, GI bleeding post-bariatric surgery is self-limited and does not 
necessitate emergent reoperation. In some cases, however, control of postoperative hemorrhage may require 
surgical, radiologic, or endoscopic interventions. Endoscopic therapies to treat intraluminal bleeding post-
bariatric surgery are becoming more frequently utilized as recent studies have deemed them a safe and 
effective option for reducing periprocedural morbidity[13,15,16]. Despite gaining significant traction, the 
endoscopic intervention has not yet become the standard of care in the management of intraluminal GI 
bleeding post-bariatric surgery, given theoretical concerns of anastomotic disruption and risk of perforation 
related to instrumentation and insufflation.

This review highlights the key aspects of appropriate identification, localization, and treatment of GI 
bleeding following RYGB and SG. A comprehensive analysis of the existing literature, along with the 
authors’ experience, is used to propose management algorithms for early and late postoperative bleeding 
following bariatric surgery.

INCIDENCE OF POSTOPERATIVE HEMORRHAGE
GI bleeding following weight loss surgery occurs in 0.5%-5.8% of cases[9-14]. Despite being a relatively 
infrequent complication, hemorrhage post-bariatric surgery is encountered by every practicing bariatric 
surgeon, and it remains the most common reason for reintervention within 30 days after the index 
operation[10]. Postoperative bleeding usually occurs in the setting of RYGB or SG, and is rarely seen after 
vertical banded gastroplasty and laparoscopic adjustable gastric banding[17-19]. In a recent meta-analysis 
involving 3464 RYGB patients, the postoperative hemorrhage rate was 1.9%[5], significantly lower than the 
3.2% incidence previously reported by Bakhos et al.[20] in 2009. Including both laparoscopic and open 
approaches, the earlier study found minimally invasive techniques associated with a higher rate of 
hemorrhage (5.1% vs. 2.4%, P = 0.02)[20]. The higher incidence of GI hemorrhage after laparoscopic RYGB 
has been consistently reported in multiple studies[11-14]. Variability in postoperative hemorrhage rates can be 
impacted by several factors, including different surgical techniques and thresholds used to define and report 
a bleeding incident.

It is important to note the significantly high rate of rebleed in the setting of GI hemorrhage post-bariatric 
surgery. A retrospective study of 933 patients who underwent laparoscopic Roux-en-Y gastric bypass 
(LRYGB) found that 3.2% of patients experienced acute postoperative bleeding, with 63% of them 
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subsequently developing recurrent bleeding episodes (2 episodes in 43%, 3 episodes in 10%)[16]. It is worth 
mentioning that, at the first bleeding episode, most patients were treated endoscopically (77%), 13% 
underwent Esophagogastroduodenoscopy (EGD) for diagnostic purposes, and 10% were treated 
supportively without receiving any endoscopy. During the second bleeding episode, 31% of the patients 
required EGD, from which 80% had already been treated endoscopically in the first episode. As such, 
therapeutic interventions are likely required for these patients. However, the overall mortality rate of 
bariatric surgery is very low (0.08%)[21], with continued improvements in the management of postoperative 
complications, including hemorrhage, contributing to its continuing decline[22,23].

Despite the clear benefit of bariatric surgery, endoscopic bariatric procedures performed using flexible 
endoscopy offer an alternative option for obesity treatment. This approach may be appropriate for patients 
who do not qualify for bariatric surgery (increased operative risks, cardiovascular complications, or BMI < 
35 kg/m2 without comorbidities) or those who prefer a safer and less invasive treatment strategy. Therefore, 
these procedures have gained popularity, as shown by the increase from 2% to 4% of all bariatric procedures 
during the period 2014-2016[24]. Although endoscopic weight loss interventions carry a low risk of serious 
adverse events, they are still being reported in the literature. Post-interventional GI hemorrhage rates vary 
significantly based on the type of endoscopic procedure. Specifically, in the recent “REDUCE Pivotal Trial” 
investigating the outcomes and complications of Intragastric Balloon placement, GI bleeding was reported 
in two cases (1%). The source of bleeding was an ulcer at the gastroesophageal junction, treated with 
transfusion in the first patient, and an esophageal mucosal tear caused during balloon removal, which was 
managed with hemostatic clips[25]. Finally, based on recent data, the pooled GI hemorrhage incidence for 
endoscopic sleeve gastroplasty is 0.82%, with most patients being treated supportively with red blood cell 
transfusions[26].

Early vs. late postoperative bleeding
Generally, when GI hemorrhage develops within 30 days of surgery, it is characterized as early[27], while 
bleeding after the 30 days is considered delayed presentation. GI bleeding complications most frequently 
occur in the intraoperative or immediate postoperative period[28,29]. Some studies report that up to 70% of 
postoperative bleeding complications present within the first 4 hours after surgery[30]. Specifically, early 
bleeding after RYGB in 1%-5% of patients manifests within 48 hours[31], while in SG, this rate varies between 
0% and 8%[32]. In contrast, postoperative bleeding rarely happens in LAGB, reaching a percentage of only 
0.1%[32].

Because most postoperative hemorrhagic complications occur within the first few days, alternative bleeding 
classification criteria have been suggested. Specifically, Fridman et al.[33], in the American Society for 
Metabolic and Bariatric Surgery (ASMBS) textbook of bariatric surgery, proposed dividing bleeding into 
Acute (1-7 days), Early (1-6 weeks), Late (6-12 weeks), and Chronic (> 12 weeks) based on the time of 
presentation after the bariatric surgery. Nevertheless, the management of acute and early hemorrhage did 
not differ substantially, which was also the case for late and chronic postoperative bleeding; therefore, in this 
review, we use two categories of postop bleed, early and late.

The etiology of early and late GI bleeding differs substantially; thus, time of onset should be taken into 
consideration when developing treatment plans, as different diagnostic procedures and management 
options may be available. For SG, long-staple lines, short gastric vessel pedicles, and the trocars sites are the 
most common sources of bleeding in the early postoperative period[33]. In RYGB cases, bleeding usually 
originates from the staple line of the gastrojejunal (56%) or jejunojejunal anastomosis (11%), or the gastric 
pouch (33%)[15,34], however, other staple lines and trocar sites can also bleed. The mechanism for staple line 
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bleeding is submucosal blood vessel damage which occurs from vessel transection at tissue edges or with 
vessel penetration during stapling[35]. In both SG and RYGB, incomplete hemostasis after surgical dissection 
may also cause hemorrhage.

In contrast, delayed bleeding usually occurs in the setting of marginal ulceration, causing intraluminal 
hemorrhage[36]. Marginal ulcers are classically located at the gastrojejunal anastomosis but can also occur 
less frequently in the gastric remnant or at the jejunojejunal anastomosis. The underlying pathophysiologic 
mechanisms leading to the development of anastomotic ulcers are poor tissue perfusion, loss of mucosal 
barrier, or increased acid production. This could be caused by surgical techniques such as increased tension 
during construction of the anastomosis, utilization of non-absorbable sutures, or factors that predispose to 
ulceration such as alcohol consumption, nicotine, non-steroidal anti-inflammatory (NSAIDs) or steroid 
medication, and enlarged gastric pouch or gastrogastric fistulae. The development of GI neoplasm is a rare 
cause of delayed GI bleeding but should also be considered.

MANAGEMENT OF EARLY POSTOPERATIVE BLEEDING
Diagnosis and supportive treatment
The initial evaluation of a patient with suspected clinically significant postoperative GI hemorrhage is to 
assess the severity of the bleed, detect the bleeding source, and recognize the presence of conditions that 
could affect management. In this context, physical examination should be a key aspect in assessing the 
extent of postoperative hemorrhage. Mild to moderate hypovolemia, defined as < 15% loss of blood volume, 
usually manifests as resting tachycardia, while blood loss > 15% or > 40% presents as orthostatic and supine 
hypotension, respectively[37]. Additionally, laboratory tests, including CBC, serum chemistries, liver tests, 
and coagulation, should be obtained. Patients should have nothing per mouth, and supplemental oxygen by 
nasal cannula should be administered. Adequate IV access should be established either with two large 
caliber (≥ 18 gauge) peripheral intravenous catheters or a central venous line. Adequate resuscitation and 
hemodynamic stabilization are essential prior to endoscopy to minimize treatment-associated 
complications[38].

Although endoscopy can be used for both diagnostic and therapeutic purposes, an abdominal imaging study 
may be needed to detect and differentiate active bleeding from hematoma or between intraluminal and 
extraluminal bleeding[20]. Specifically, in a recent study by Heneghan et al.[39], assessing bleeding 
complications of 4466 patients after RYGB, the most used diagnostic modality to detect the source of 
hemorrhage was endoscopy (47.6%), followed by imaging studies (CT scan, angiography) (35.7%), surgical 
exploration (33.3%), and clinical diagnosis (19%). 31% of patients with postoperative bleeding required 
multiple diagnostic modalities to locate the site of hemorrhage[39].

Patients experiencing clinically significant postoperative hemorrhage early after surgery generally present 
with signs of shock, including hypotension, tachycardia, and acute anemia. The key steps in management 
are prompt resuscitation, close monitoring of vital signs, cessation or reversal of anticoagulation, and 
consideration of blood transfusion. In most cases, acute postoperative hemorrhage is insignificant and 
resolves without surgical intervention[40]. In a case series of 22 patients with postoperative upper GI 
hemorrhage after LRYGB, 73% were managed supportively, while the remaining 27% required 
intervention[13]. Similarly, a larger retrospective study of 450 LRYGB patients reported that 85% of patients 
with postoperative hemorrhage did not require procedural intervention, with the remaining 15% 
undergoing reoperation[41]. Another study reviewing 89 LRYGB cases presenting with postoperative GI 
bleeding reported that 20% of patients had a self-limited hemorrhage, 55% required fluid replacement 
therapy and blood transfusion, and 20% underwent reoperation[28]. As such, establishing adequate venous 
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access, fluid replacement with crystalloids, discontinuation of anticoagulants (resuming anticoagulation 
should be tailored to the patient’s risk for thrombosis and recurrent bleeding), and antiplatelet agents are 
critical first steps. This should be followed by hemodynamic monitoring, correction of any coagulopathies, 
administration of Proton Pump Inhibitors (PPI) (typically includes IV PPI every 12 hours or starting a 
continuous infusion), serial hematocrit measurements, consideration for blood product transfusions and 
observation for any additional bleeding episodes[6,42]. The role of prokinetic agents, such as erythromycin 
and metoclopramide, in acute upper GI bleeding has been studied and is thought to promote better 
visualization during endoscopy[43]. If a patient fails to respond to supportive treatment, has persistent 
bleeding, or clinical deterioration, then consideration of procedural interventions, including endoscopy, 
angiography, and reoperation, is warranted.

Endoscopic intervention
The use of therapeutic endoscopy early in the postoperative period had been debated for years due to 
concerns about iatrogenic damage to the anastomosis. However, over time it has started being implemented 
in clinical praxis more often to decrease postoperative complications[44]. In the context of GI bleed, EGD has 
become a popular diagnostic and therapeutic modality in managing early postoperative bleeding but 
remains a controversial area. Some experts argue against EGD early after surgery because of the risk of 
iatrogenic dehiscence and perforation at the gastrojejunal anastomosis[12,20,45]. Performing EGD in this setting 
is very challenging, and requires a high level of expertise and excellent knowledge of the post-surgical 
anatomy. Therefore, they prefer to proceed with diagnostic laparoscopy for exploration and treatment. In 
contrast, other clinicians suggest EGD as first-line therapy for post-bariatric surgery complications in 
patients that do not require urgent reoperation[46].

There has been increasing evidence that endoscopy is a very useful and safe tool to investigate and treat 
early intraluminal GI bleeding, as it allows direct visualization and evaluation of the pathology[15,39,47,48]. In a 
retrospective study, including 933 patients who underwent LRYGB, an EGD was performed in 27 patients 
due to postoperative Upper GI Hemorrhage (UGIH). In 24 cases (85%), endoscopic treatment (epinephrine 
injection, heater probe cautery, epinephrine injection plus thermal coagulation, and hemoclip) was applied, 
resulting in 100% hemorrhage control. However, a second EGD was required in 5 patients (17%) due to 
bleeding recurrence. In all cases, bleeding originated from gastrojejunal anastomosis. None of the 24 
patients required surgery for hemorrhage control, but two endoscopic procedure-related complications 
occurred (a perforation and an aspiration), with one resulting in death and the second in reoperation for 
complication management[16]. In another review by Spaw and Husted, 11 of 89 patients (15.4%), who 
presented with postoperative bleeding after RYGB, required EGD for diagnosis (6 patients) and treatment 
(5 patients). Although no deaths occurred, a secondary EGD was necessary in one case to control bleeding 
at the jenuno-jejunal staple line[28]. Similar results were reported in a case series, where UGIH after LRYGB 
was managed endoscopically in 5 patients. Hemostasis was achieved in all cases by using epinephrine 
injections alone or epinephrine combined with polidocanol without any further complications[13].

However, endoscopic treatment has limited effectiveness when bleeding originates from the 
jejunojejunostomy or the excluded stomach since some patients have a long alimentary limb or the 
intraluminal blood clots obstruct visualization. Still, successful endoscopic management of bleeding at the 
jejunostomy has been described in the literature[47]. Because of these difficulties, interventions such as 
transgastric endoscopy or surgical exploration remain the basic diagnostic and therapeutic methods, as they 
are safe and effective[49,50].
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Multiple hemostatic modalities are available for the endoscopic treatment of intraluminal bleeding in the 
early postoperative period[51]. Endoclips, also known as through-the-scope (TTS) clips, and epinephrine 
injections are the most frequently utilized by endoscopists, but they do not always achieve adequate 
hemostasis[52]. Endoclips apply mechanical pressure to tissues resulting in compression and bleeding 
cessation. Successful hemorrhage control with TTS clip application can be performed safely without any 
recurrent bleeding episodes or complications[48]. Endoclips are applied to bleeding vessels under direct 
visualization, can be easily removed if malpositioned, and additional clips may be placed in series along 
staple-lines or in the event of recurrent bleeding[48,53-55]. Hemoclips typically slough off in 2-4 weeks without 
causing tissue injury[53,56,57]. Although not primarily used for perforation management, proper hemoclip 
application with tissue approximation can also be used to treat small concomitant anastomotic leaks and 
iatrogenic perforations[48]. Successful closure of small gastric or jejunal perforations with the application of 
TTS clips has been described in the literature[58,59].

Endoclips are usually combined with other traditional hemostatic methods like injection therapy [Figure 1]. 
A case report published by Campos et al.[40] describes the effective treatment of significant intraluminal 
hemorrhage 12 hours post-RYGB with endoclips and diluted epinephrine (1:10,000) injections without 
complications or recurrence. The α-receptor-dependent vasoconstriction of epinephrine and the fibrosis 
caused by the local inflammatory response lead to platelet aggregation and hemostasis[60]. The increased 
injection volume causes mechanical tissue compression, resulting in tamponade and bleeding control. 
Therefore, using larger fluid volumes of dilute epinephrine solution has been associated with better 
hemorrhage control and recurrence rates[60]. It is important to note that the use of epinephrine injection 
alone has been proven to be less effective than combined hemostatic modalities for treating hemorrhagic 
episodes in the setting of peptic ulcer disease[61-63]. Similarly, in a recent network meta-analysis investigating 
dual-therapy for high-risk bleeding ulcers in non-surgical patients, the combination of epinephrine plus 
mechanical therapy had significantly lower rebleeding and reoperation rates than epinephrine plus 
sclerosant agents or epinephrine alone[64].

Endoscopic thermal coagulation therapies consist of contact probes (heater and multipolar) and argon 
plasma coagulation. Larger diameter contact probes with slow coagulation are best for the treatment of 
bleeding ulcers[51], and when combined with epinephrine injections, show clinically significant hemostatic 
results[64]. While coaptive coagulation results in robust hemostasis[16], delayed full-thickness injury to the 
staple-line or thin-walled jejunum can result in leak or perforation. Nonthermal techniques such as clip 
application and injection therapy are generally preferred in this scenario[55].

As previously described, the majority of intraluminal bleeds amenable to endoscopic management are 
successfully treated with some combination of endoclip application, injection therapy, and thermal 
coagulation. If adequate hemostasis cannot be achieved with these methods, however, the advanced 
endoscopist may still have several potential treatment options available. These innovative therapies include 
the application of over-the-scope (OTS) clips, hemostatic sprays, and flexible endoscopic suturing.

The clinical application of OTS clips was initially described in a case series by Kirschniak et al.[65] to treat 
refractory bleeding, iatrogenic perforations, and other deep wall lesions. In all cases, the treatment was 
successful, resulting in hemostasis and effective lesion closure, while no adverse events were reported[65]. The 
advantage of OTS clips is that because of their bigger size (up to 14 mm), they can control the bleeding of 
larger and more complex lesions with the deployment of a single clip[66,67]. At the same time, they produce 
greater tensile strength leading to effective hemostasis[68]. Although OTS clips are being used for a wide 
variety of conditions, they have been successful in the management of upper GI hemorrhage[68,69]. In a recent 
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Figure 1. Early postoperative hemorrhage after primary RYGB. The bleeding episode occurred on the first postoperative day, and EGD 
was used for both diagnosis and treatment. The staple line at the gastrojejunostomy was detected as the source of bleeding, which was 
successfully controlled by epinephrine injections followed by endoclip placement; RYGB: Roux-en-Y gastric bypass; EGD: 
esophagogastroduodenoscopy.

retrospective study of 100 patients presenting with non-variceal UGIH, the primary hemostasis rate was 
94%, and it reached 86% during the follow-up[70]. Similarly, the primary hemostasis rate reported by 
Manta et al.[71] during the treatment of 286 non-surgical patients with upper or lower GI bleeding using OTS 
clips was 96.4%, with a rebleeding rate of 4.4%. Despite the ongoing RCT (NCT03551262) evaluating the 
efficacy of OTS clips as a potential primary therapy for hemostasis, many studies support that the utilization 
of OTS clips should be first-line therapy for lesions with a high risk of rebleeding[70-72].

Another alternative treatment modality for controlling postoperative hemorrhage is the application of 
hemostatic powder (hemospray). It was recently approved for use in the endoscopic treatment of GI 
bleeding since it is effective, especially in cases with a large bleeding surface where conventional endoscopic 
modalities fail to control hemorrhage. This is a novel treatment thought to cause hemostasis by sealing 
injured blood vessels and activating platelets and the intrinsic coagulation pathway[73]. It is being applied for 
the treatment of upper or lower GI bleeding. When used as monotherapy, the hemostasis rate is high, but 
bleeding tends to recur. In a cohort study, immediate bleeding control, although not in the postoperative 
setting, was achieved in 88.4% of patients with upper or lower GI bleeding; however, 33.7% experienced 
rebleeding[74]. This tendency was confirmed by a recent meta-nalysis including 1916 patients. The 
hemostasis rate after hemospray application was 94.5%, but the recurrence percentage within 30 days after 
therapy was still high (17.6%)[75].

Finally, newer strategies to control GI bleeding post-bariatric surgery, such as flexible endoscopic suturing, 
have been proposed, especially when traditional endoscopic measures, like endoclips, fail to cause 
hemostasis. The OverStitch Endoscopic Suturing System allows physicians to place full-thickness sutures 
endoscopically and provide a secure approximation of tissue in contrast to endoclips, which approximate 
just the mucosa and thus are not useful in larger defects. Therefore, OverStitch can be used to treat a wide 
range of pathologies, including but not limited to gastrointestinal tract perforations, fistulas, and 
anastomotic leaks[76-82]. Successful application of through-the-scope stitching technique has been reported in 
the past to treat perforated duodenal ulcers, leaks, and upper GI bleeding without significant 
complications[83]. In a recent case series, ten patients underwent endoscopic suturing to control peptic ulcer-
related upper GI hemorrhage. In nine patients, previous endoscopic treatment did not result in hemostasis. 
Nevertheless, the application of endoscopic suturing resulted in bleeding control in all cases, with no early 
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or late rebleeding and no adverse events[84]. Further, in a case report, massive hemorrhage due to marginal 
ulcer 10 days after RYGB was managed successfully with endoscopic sutures without reporting any 
rebleeding episodes or complications[85]. The outcome data on the use of the Overstitch device for 
hemostasis in the GI tract are limited, and the use of overstitch devices is restricted to the cases of previous 
failed endoscopic treatments or when the patient is at high risk for reoperation. However, the currently 
available data are very encouraging for the future application of endoscopic suturing systems in the early 
and late management of postoperative bleeding.

The role of tranexamic acid therapy
Tranexamic acid (TXA) is a potent antifibrinolytic agent that binds plasminogen, inhibiting plasmin 
formation and displacing plasminogen from the fibrin surface[86]. Activation of this pathway ultimately 
results in inhibition of fibrinolysis and blood clot formation. In the orthopedic literature, TXA has been 
shown to effectively reduce the overall number of hemorrhagic adverse events by decreasing bleeding and 
transfusion rates[87-89]. It has also been shown to lower the mortality rate in bleeding trauma patients 
undergoing surgery if given within the appropriate therapeutic treatment window[90]. In bariatric surgery, 
prophylactic TXA has been given in an attempt to reduce staple line bleeding[90]. In a study including 
laparoscopic sleeve gastrectomy (LSG) patients, the group treated with prophylactic tranexamic acid 
intraoperatively required significantly fewer stitches to stop the bleeding, had lower blood loss and shorter 
operation duration than the control group. However, no difference in the morbidity and mortality of the 
patients was detected[91]. Similar experiences were described by Hussain and colleagues[92], who used TXA 
routinely to reduce intraoperative bleeding in gastric bypasses, sleeve gastrectomies, and all revisional 
surgeries. Their experience after treating over 750 patients was that TXA administration during anesthesia 
induction and 8 hours after surgery had reduced the transfusion rate close to zero (1% without TXA)[92].

Therapeutic TXA administration for the treatment of bariatric patients with postoperative hemorrhage was 
studied retrospectively by Klaassen et al.[93] A total of 44 patients with bleeding after LRYGB or LSG received 
TXA. 4 patients (9%) ultimately required reoperation to achieve hemostasis, and 19 (42.2%) received a blood 
transfusion due to significant decrease in hematocrit[93]. No complications were reported within the 6-
month follow-up, including any thromboembolic event or acute kidney injury. All patients received Low 
Molecular Weight Heparin (LMWH) prophylactically after surgery. However, the LMWH administration 
was not stopped in all patients after the hemorrhagic adverse event. In a subgroup analysis, patients that 
continued LMWH compared to those that discontinued LMWH had a greater reoperation rate, which, in 
part, may reflect the relatively high need for revisional surgery in this series. The authors concluded that 
TXA administration in the post-bariatric surgery hemorrhage setting might be safe and effective to reach 
hemostasis.

While no RCTs have yet been conducted to investigate the application of TXA in post-bariatric GI 
hemorrhage, several RCTs do exist for upper GI bleeding[94-103]. A review by Gluud et al.[104], using data from 
seven RCTs, was able to show the association of TXA with a decrease in mortality compared to the placebo-
treated group. The more recent HALT-IT randomized, double-blinded, placebo-controlled trial investigated 
the effects of TXA on the treatment of upper GI bleeding in > 12,000 patients. TXA not only failed to 
demonstrate a significant difference in the mortality rate compared to placebo, but was also associated with 
significantly higher venous thromboembolic events (0.8% TA vs. 0.4% Placebo; RR 1.85; 95%CI: 1.15-
2.98)[94]. In the same context, a meta-analysis of the 12 existing RCTs found no significant difference in 
mortality rate, rebleeding, need for surgery, and transfusion rate, while the risk of venous thromboembolic 
events with TXA was increased (RR 1.94; 95%CI: 1.23-3.05)[105].
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Given the increased risk of thromboembolic events and its uncertain effectiveness in treating postoperative 
GI bleeding, TXA use remains controversial and is not routinely recommended for hemorrhage following 
bariatric surgery. The relatively small sample sizes in the studies, as mentioned earlier, may limit the ability 
to detect rare complications, such as thromboembolic events. Additionally, the lack of randomized 
controlled trials makes it difficult to come to certain conclusions regarding the efficiency of TXA in the 
post-bariatric bleeding setting as an alternative to reoperation.

Proposed treatment algorithm of early postoperative hemorrhage
Taking the prior described literature into consideration, most of the cases with early postoperative GI 
bleeding are self-limited, requiring only supportive treatment and close monitoring. In hemodynamically 
unstable patients, emergent surgical exploration is indicated, while in clinically stable patients, the source of 
bleeding should be investigated further prior to intervention. As previously mentioned, the most likely 
etiology of hemorrhage can often be deduced based on the timing of presentation. Similarly, patients’ 
symptoms and type of operation can help surgeons identify the likely site of GI bleeding. The first step is to 
identify if the bleeding is intraluminal, contained within the GI tract, or extraluminal [Figure 2].

Extraluminal hemorrhage accounts for more than half of the postoperative bleeding instances and should be 
suspected in the absence of upper or lower GI bleeding symptoms but continuing clinical and laboratory 
signs of blood loss[20]. Diffuse abdominal tenderness with hypoactive bowel sounds, abdominal distension, 
tachycardia, rapid fall of hematocrit, and oliguria should prompt consideration of extraluminal blood 
loss[20]. While no longer routinely placed, the presence of a surgical drain with bloody output would also be 
indicative of the diagnosis. If present, the rate of bleeding should be determined, and the need for blood 
transfusion should be assessed. Specifically, in patients with active bleeding or hypovolemia, blood 
transfusion should be guided based on hemodynamic stability, estimated blood loss, rate of bleeding, and 
ability to stop the hemorrhage. However, for most stable patients with no active bleeding, transfusion is 
indicated if the hemoglobin levels are < 7 g/dL[106]. Patients with comorbidities (e.g., coronary artery disease) 
or higher risk for adverse events should have a goal hemoglobin of ≥ 8 g/dL.

It is important to note that the absence of bloody output does not exclude extraluminal hemorrhage, as this 
could result from a clogged or malpositioned drain[30]. Since extraluminal hemorrhage can present without 
any early and obvious symptoms after bariatric surgery, a high level of suspicion is necessary. When 
suspected, prophylactic anticoagulants should be discontinued, blood transfusion considered, and an 
abdominal CT obtained in a timely fashion[107,108]. If the extraluminal hemorrhage is confirmed or the patient 
does not improve with supportive treatment, the need for surgical reintervention should be considered. 
Although reoperation is the standard of care in the setting of clinical instability, CT-guided percutaneous 
procedures (e.g., hematoma evacuation, drainage of fluid collections) could prevent emergent exploration in 
stable patients[109]. In select cases, angiography could be considered as an alternative option for diagnosing 
and treating extraluminal bleeding but is infrequently employed and carries a high risk of ischemic 
anastomotic complications[44].

Although intraluminal bleeding post-bariatric surgery occurs less often than extraluminal bleeding[30], classic 
findings such as hematemesis, hematochezia, and melena, make its detection more straightforward[39]. 
Specifically, in RYGB patients, bleeding at the gastrojejunostomy or gastric pouch will most likely present 
with hematemesis[110]. Hematochezia or melena may indicate bleeding from the gastric remnant or 
jejunojejunal anastomosis[110]. Small bowel obstruction caused by intraluminal blood clots has also been 
described as a presenting symptom in patients with intraluminal hemorrhage after bariatric RYGB[111-113].
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Figure 2. Proposed algorithm for the management of early hemorrhage after bariatric surgery. *defined as persistent systolic BP < 100 
mmHg, cardiac index < 2.2 L/min/m2, SvO2 < 60%, suspected pericardial effusion with tamponade physiology, base deficit > 8 mEq/L, 
or lactate > 5 mg/dL despite persistent inotropic, vasopressor, and/or volume resuscitation, and concern for or known right ventricular 
failure.

In SG patients, the localization of extraluminal bleeding is simpler as it generally originates from the staple 
line or the divided short gastric vessels[114]. Occasionally, the mucosa of the oropharynx, esophagus, or the 
lesser curvature of the stomach may be damaged during the application of bougie and result in early 
postoperative intraluminal bleeding. In this case, blood clots may need to be removed endoscopically to 
avoid obstruction[114]. Although supportive management of GI bleeding after SG is the key to controlling 
hemorrhage, staple line reinforcement has been suggested to reduce bleeding. In this context, a recent meta-
analysis demonstrated that staple line reinforcement with buttressing was associated with less intraluminal 
hemorrhage after LSG and lower overall blood loss[115]. Further, a retrospective analysis of 522 patients 
undergoing LSG showed that the hemorrhagic complication rate was decreased when oversewing of the 
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staple line with running suture was performed (no reinforcement vs. oversewing of staple line; OR: 3.34; 
95%CI: 1.21-9.21)[116].

In a recent study, Sabry et al.[117] investigated the hemorrhagic complications after SG. The researchers 
reviewed 1500 patients identifying overall 80 cases with postoperative blood loss. The vast majority were 
extraluminal (95%), while only 5% occurred intraluminally. Initially, all patients were treated supportively 
with fluid resuscitation, monitored closely with lab tests, and an ultrasound of the abdomen and pelvis was 
performed in certain cases. These interventions were adequate to manage all intraluminal hemorrhage cases. 
In contrast, in 36 patients (45%) with intra-abdominal hemorrhage, urgent exploratory laparoscopy was 
performed to detect the bleeding site. In the extraluminal group, the most common bleeding source was the 
suture line (71%), followed by the omentum (11%), trocar insertion sites (8%), short gastric blood vessels 
(5%), and pancreatic adhesions (5%). In all patients with bleeding from the suture line, hemostasis was 
achieved with sutures and clips. For the other bleeding sites, cauterization, clips, and ligation of the bleeding 
points were successfully performed. All cases were identified and treated early, as they presented within the 
first 6 hours from surgery. This early management resulted in decreased infection rates, length of stay, need 
for blood transfusion, and faster patient recovery.

As mentioned in the previous study, after the intraluminal hemorrhage has been confirmed, the next step is 
to determine the severity of bleeding based on clinical signs, labs, and imaging studies. In the setting of 
clinically significant intraluminal hemorrhage, persistent bleeding that does not resolve with supportive 
treatment, or patients with episodes of recurrent bleeding, endoscopy (EGD) should be performed by a 
highly skilled interventionalist for diagnostic and therapeutic purposes. Always minimal insufflation, ideally 
with CO2, should be used to avoid disruption[31,44]. If the bleeding source is of gastrojejunal anastomosis 
origin, endoscopic therapy should be attempted. Numerous treatment modalities are available, including 
TTS or OTS clips, injection of diluted epinephrine or sclerosing agents, thermal coagulation, and 
application of hemostatic powder, fibrin, or thrombin glues[6,27,36,52,118]. If endoscopic treatment fails or 
recurrent bleeding occurs, repeat endoscopy or angiographic intervention can be considered. If at any point, 
the patient becomes clinically unstable or if EGD cannot be used (e.g., massive intraluminal clot), surgical 
intervention is required.

During endoscopic treatment of intraluminal hemorrhage, it is vital to recognize that post-bariatric patients 
are at higher risk for aspiration during the procedure. The combination of hematemesis, which in some 
studies has been reported as the most common presenting symptom (73%)[16], and the small gastric pouch in 
RYGB cases contribute to this complication. In fact, aspiration during therapeutic EGD under sedation has 
resulted in the death of patients with UGIH in the past[16]. Therefore, several bariatric surgeons support 
conducting EGD in the operating room under general anesthesia to avoid any delays in the case of 
emergency surgical exploration[16,40]. Additionally, endotracheal intubation should protect the airway and 
decrease the risk of aspiration.

Gastrojejunal anastomosis is the most common site of bleeding after RYGB[31]. However, if the EGD fails to 
locate the bleeding source or the patient has continuing symptoms of hemorrhage, other bleeding sites, such 
as the jejunojejunal anastomosis or the gastric remnant, should be considered. In these cases, the application 
of endoscopic therapy is limited, and therefore, surgical exploration with subsequent hematoma evacuation 
may be preferable. Nonetheless, laparoscopically assisted endoscopy after the RYBG procedure has been 
described as a possible diagnostic and therapeutic option[49,119]. If all the above measures fail to control 
hemorrhage, then resection of the gastric remnant could be required for definitive treatment.
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The authors’ approach
The authors’ approach to early bleeding after bariatric surgery, as also outlined in the proposed algorithm, 
starts with the determination of the patient’s clinical condition. If the patient’s hemodynamic status has 
been minimally impacted by the bleeding, conservative management is employed with fluid resuscitation 
and blood transfusion as necessary. However, in the face of hemodynamic instability or ongoing bleeding 
despite conservative measures, the authors prefer to bring the patient back to the operating room, secure the 
airway via intubation, and perform an upper endoscopy for likely intraluminal bleeding or laparoscopic 
exploration for likely extraluminal bleeding (a CT scan should have been obtained if the patient was not 
unstable), or both if the source is unclear. For intraluminal bleeding, the clot is aspirated endoscopically, 
and the source of bleeding is sought and identified. Endoscopic clipping is used to control the bleed, and if 
unsuccessful, laparoscopy is performed and intracorporeal sutures are placed as needed until hemostasis is 
obtained. If the source of bleeding is not identified in the pouch or gastrojejunal (GJ) anastomosis and no 
bleeding is observed from the staple lines, the remnant staple line will be oversewn, and the 
jejunojejunostomy will be explored by opening the blind end of the biliopancreatic limb and inspecting the 
anastomosis from the inside. For extraluminal bleeding, the source will be identified after the clot has been 
suctioned out and addressed either with sutures or clips. Hemostatic agents may also be applied. In our own 
experience, this approach has always identified the source of bleeding, and we have been able to address it 
effectively without having to return to the operating room for rebleeding. It should also be noted that the 
use of an overtube may be very useful in these cases as multiple endoscope insertions may be needed to 
evacuate the clot. Finally, it is important that bariatric surgeons themselves are comfortable and have 
experience with endoscopic treatments of GI bleeding as it is vital for the treatment of these patients. 
Available structured courses, such as the BE-SAFE of the ASMBS[120], provide a great introduction to 
bleeding stopping techniques that every bariatric surgeon should be experienced in.

The authors would also like to highlight the importance of bleeding prevention. As necessary, approaches 
such as staple line oversewing or surgical clip application should be used liberally to perfect staple line 
hemostasis before leaving the operating room. Although clinical studies present controversial findings on 
the benefit of oversewing the staple line in RYGB[121], recent studies suggest that this method decreases both 
the incidence and the severity of postoperative hemorrhage[122]. Further, reinspection of the staple line 
several minutes after its initial creation will often reveal bleeding areas that are not immediately obvious. 
Staple line reinforcement or application of hemostatic agents are alternate approaches that, in the authors’ 
experience, are not as reliable as clip application and oversewing, however. Finally, the construction 
technique of the gastrojejunostomy is one of the most important steps in preventing postop bleeding, as 
stapled techniques are generally associated with a higher incidence of postop bleeding compared to hand-
sewn techniques[123,124].

MANAGEMENT OF LATE POSTOPERATIVE BLEEDING
Late hemorrhage after bariatric surgery is a rare condition that has been reported in the literature, most 
frequently after RYGB[125-129]. The most common underlying pathology is the presence of marginal ulcers at 
the gastrojejunostomy [Figure 3], while gastritis, ulcers in the excluded stomach, duodenum, and pouch 
constitute other less common causes[130]. The incidence of marginal ulcers is higher in One Anastomosis 
Gastric Bypass (OAGB) compared to RYGB, and this should be taken into consideration when treating late 
postoperative GI hemorrhage[131]. The vast majority of late hemorrhagic complications, occurring after 30-
days postoperatively, are intraluminal and usually present within the first several months[132-135]. Some studies 
suggest that the rate of marginal ulceration is higher in the laparoscopic compared to the open RYGB (4.1% 
vs. 12.3%)[136]. Late postoperative hemorrhage can present with a wide variety of signs and symptoms, 
including acute upper or lower GI bleeding, epigastric or abdominal pain, nausea, vomiting, iron deficiency 
anemia, and heme-positive stools[27].
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Figure 3. Late postoperative hemorrhage after primary RYGB. The patient presented with hematemesis, epigastric abdominal pain, 
nausea/ vomiting, and anemia 4 years after a primary RYGB procedure. EGD was performed, and ulceration at GJA was detected with 
recent but not active bleeding signs. The ulcer bed was covered by fibrin, which was left in place. Definitive treatment was achieved 
with GJA revision due to recurrent bleeding. RYGB: Roux-en-Y gastric bypass; EGD: esophagogastroduodenoscopy; GJA: gastrojejunal 
anastomosis.

The first step in managing those patients is supportive care, similar to early postoperative bleeding control, 
and close monitoring of the vital signs and the lab values. Because ulcers remain to date the most common 
cause of late postoperative hemorrhage, identifying and modifying risk factors for ulcer development, 
especially smoking and chronic NSAIDs administration, is essential for successful treatment and positive 
response to medical therapy. Specifically, Azagury et al.[137] reported that 68% of patients treated with PPI 
plus risk factor modification for marginal ulcers after RYGB responded adequately to treatment. If the 
diagnosis is uncertain, the patient is unstable or fails to respond to medical therapy; then endoscopy is the 
intervention of choice [Figure 3]. The advantage of endoscopy is that it allows the assessment of ulcers in 
terms of size, depth, penetration, or presence of remaining sutures or staples within the lesion. Moreover, as 
in early hemorrhagic management, EGD gives the ability to control the bleeding using injection, thermal, 
and mechanical therapeutic modalities[45]. If the location of the bleeding ulcer is the gastric pouch or the 
gastrojejunal anastomosis, endoscopic treatment combined with intravenous PPIs is indicated.

In RYGB patients with a negative EGD for bleeding, the gastric remnant, the duodenum, or the 
jejunojejunostomy should be suspected as possible locations of GI hemorrhage, especially when it is 
combined with melena[44]. In these cases, imaging with a CT scan of the abdomen may provide information 
about the location of the bleeding by revealing the presence of an intraluminal clot and its location and/or 
signs of inflammation related to the presence of an ulcer. A bleeding scan could be an alternative diagnostic 
method if all previous workups fail to localize the bleeding site. Specifically, a Technetium-99m (99mTc) red 
blood cell scan was successfully used in a case of late GI hemorrhage following RYGB. Although the 
bleeding scan failed to show the exact location of the hemorrhage, it demonstrated a possible focus. This led 
the surgeons to perform a laparoscopic assisted endoscopy of the gastric remnant and identify multiple 
ulcers as the cause of bleeding[138].

Further, double-balloon enteroscopy may have a role, as described in a case report by Puri et al.[139], where a 
patient presented 6 months after RYGB with recurrent episodes of GI bleeding associated with melena, 
fatigue, dizziness, and shortness of breath. After negative upper endoscopy and colonoscopy, the patient 
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underwent double-balloon enteroscopy. A bleeding duodenal ulcer and a vascular ectasia in the gastric 
remnant were identified and managed with bipolar electrocoagulation probe and clips. Hemostasis was not 
achieved in the excluded stomach, and finally, a gastrectomy was performed without any complications and 
bleeding recurrence[139]. As illustrated by this case, duodenal ulcers must always be included in the 
differential diagnosis of GI bleeding and cannot be evaluated by upper endoscopy in the RYGB patient. In 
this setting, double-balloon enteroscopy allows for visualization of the duodenum and the excluded stomach 
and is a viable alternative to intraoperative transgastric endoscopy or reoperation, which confer additional 
risk to the patient[140-143]. It is a rather infrequently performed and technically challenging procedure due to 
the anatomical difficulties in OAGB or RYGB procedures. However, it should be performed by an advanced 
endoscopist with experience in bariatric procedures.

For patients with persistent ulceration, recurrent bleeding, hemodynamic instability, or those who failed to 
be treated endoscopically, surgical intervention is necessary, requiring a gastrojejunostomy revision. The 
gastric pouch is transected proximal to the disease area and a new gastrojejunostomy is constructed. Other 
treatments, such as angiography and arterial embolization, have been described in the literature but should 
generally be avoided because of the risk of causing ischemia to the gastric pouch during the embolization of 
the left gastric artery. However, this intervention could be considered in high-risk patients for surgery[126]. In 
patients with persistent ulcer bleeding from the gastric remnant, resection may be required.

In a case series, four patients presented with severe late GI hemorrhage several years after RYGB (mean of 
15.5 years). The reported symptoms were melena with or without associated syncopal episodes. Several 
diagnostic modalities (EGD, mesenteric angiography and nuclear scintigraphy) failed to localize the source 
of bleeding, and therefore, abdominal exploration with intraoperative endoscopy was performed. In all 
cases, bleeding originated from the excluded stomach, and total or subtotal gastrectomy was conducted with 
the resolution of symptoms and no further complications[126].

Although reports of late hemorrhage after RYGB have been inconsistent in the literature, some retrospective 
studies still exist. Specifically, Rabl et al.[125] followed up on 742 patients after RYGB and reported 7 (0.9%) 
cases with late hemorrhagic complications and a mean time from surgery to the occurrence of 62.6 months. 
85% of patients had typical presenting symptoms of hematemesis or melena, caused by ulcers in 71%. EGD 
was the diagnostic intervention of choice for all patients, with a subgroup undergoing additional tests such 
as CT scan (43%) and laparoscopic transgastric endoscopy (29%). The bleeding location was the 
gastrojejunostomy in 57% and it was controlled with endoscopic epinephrine injections in two cases (29%), 
with transgastric endoscopy and argon coagulation in one (14%), while reoperation was required in four 
patients (57%). Similarly, Heneghan et al.[39], investigating bleeding complications after RYGB in 4466 
patients, reported 12 late hemorrhages occurring after 30 days. The majority were intraluminal (83%), 66% 
of the cases were due to marginal ulceration, and no staple line bleeding was detected. Although EGD was 
used for diagnosis in over half of the patients, no endoscopic treatment was attempted. Instead, reoperation 
was performed in 33% of the patients, while the rest received only supportive treatment, including blood 
transfusion[39].

Finally, Gupta et al.[130], in a report on two cases with late hemorrhage after RYGB, presents some 
complications of advanced marginal ulcers. In both cases, the ulcer was detected at the gastrojejunal 
anastomosis, which had, as a consequence, the formation of a gastrogastric fistula at posterior wall of the 
excluded stomach. This led to perforation, erosion of the pancreas and splenic artery, and subsequent rapid 
patient deterioration. The initial diagnosis was made endoscopically, and treatment with epinephrine 
injections and/or endoclips was attempted in addition to supportive measures. Eventually, both required an 
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Figure 4. Proposed algorithm for the management of late hemorrhage after bariatric surgery.

exploratory laparotomy because of hemodynamic instability. Partial gastrectomy and a GJ reconstruction 
were performed, resulting in symptom resolution[130]. These cases show that the presentation of late 
hemorrhage after bariatric surgery can be severe and very challenging to manage. Therefore, early detection 
and emergent management are crucial. Although supportive care, endoscopic interventions as described 
previously, or angiography may be appropriate first steps, treatment should be tailored according to the 
severity and bleeding site of each patient.

The authors’ approach
The authors approach late bleeding by first addressing its underlying etiology, i.e., treating the anastomotic 
ulcer that caused the bleeding using iv PPI treatment in hemodynamically stable patients. An upper 
endoscopy is pursued if bleeding continues despite initial treatment or in patients with hemodynamic 
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instability where the aforementioned endoscopic hemostatic approaches are employed. Operative 
intervention is rarely necessary and only needed if endoscopic approaches fail.

Further, the authors would like to emphasize the importance of bleeding prevention. Given that most of 
such bleeding originates from marginal ulcers after gastric bypass, PPI use to prevent them may be 
paramount. In retrospective studies, prophylactic PPI administration after RYGB surgery has been shown to 
decrease the incidence of marginal ulceration compared to control (1.2% vs. 7.3%; P = 0.001) and 
gastrointestinal complaints postoperatively[144]. These findings align with a recent meta-analysis, which 
demonstrated a lower rate of marginal ulcers after RYGB in patients taking PPIs vs. no PPI (OR: 0.50; 
95%CI: 0.28-0.90; P = 0.02)[145]. Further, prophylactic PPI administration for 3 months vs. 1 month has been 
shown to be superior in preventing symptomatic marginal ulcers[146]. Although the latest guidelines of the 
ASMBS suggest considering prophylactic PPI after RYGB, further studies are necessary to define optimal 
practices for PPI prophylaxis (e.g., the optimal duration for PPI administration, agents, dosage, etc.) and 
maximize the clinical benefit for patients.

CONCLUSION
The incidence of postoperative hemorrhage following bariatric surgery continues to decrease. Effective 
management of this complication requires a high index of suspicion, expedient diagnosis, and an 
appropriate selection of available treatment options. This review analyzes the currently available surgical 
and non-surgical methods to control post-bariatric surgery gastrointestinal bleeding based on the 
presenting symptoms, postoperative anatomy, and the time of presentation. In this context, EGD 
constitutes an effective diagnostic and treatment tool for both early and late post-bariatric hemorrhage and 
should be attempted as soon as the patient has been stabilized. Except for the traditional hemorrhage 
control options (e.g., endoscopic epinephrine injections, endoclips), additional treatment methods (e.g., 
OTS, hemostatic powder) could be useful. Finally, pragmatic treatment algorithms are proposed for the 
management of early and late hemorrhage after bariatric surgery to maximize treatment success and, at the 
same time, minimize rebleeding episodes, possible complications, and the need for reoperation.
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