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ABSTRACT

The growing prevalence of obesity has become a major concern. The efficacy of medical treatment, diet and
behavior therapy in morbidly obese patients is limited. Obesity surgery is a treatment option for selected morbidly
obese patients. Sleeve gastrectomy is a serious and irreversible operation involving the removal of the majority of
the stomach. The most important complications of this procedure are bleeding and staple line leak. The purpose
of the present study is to describe complications, describing treatment and discussing possible underlying
mechanisms.
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SLEEVE GASTREKTOMININ INTRAOPERATIF VE ERKEN
KOMPLIKASYONLARININ YONETIiMi

OZET

Obezite prevalans: gittikge artan dnemli bir saglik sorunu haline gelmistir. Obezite i¢in uygulanan tedavilerden;
diyet, fiziksel aktivite, davranig terapisi ve kilo verdirici ilaglarin etkinligi sinirlidir. Obezite cerrahisi uygun hasta
grubunda se¢ilebilecek bir yontem olarak durmaktadir. Sleeve gastrektomi, midenin ¢ogunun ¢ikarilmasini igeren
ciddi ve geri doniisii olmayan bir ameliyattir. Bu prosediiriin en énemli komplikasyonlar1 kanama ve stapler hatti
kagagidir. Bu calismanin amaci komplikasyonlar1 tanimlamak, tedaviyi tanimlamak ve olasi altta yatan
mekanizmalari tartigmaktir.

Anahtar Kelimeler: Sleeve Gastrektomi, komplikasyonlar, sismanlik
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INTRODUCTION

Obesity is a serious health problem with increasing prevalence worldwide. It is defined as
having a body mass index greater than 30. (1) WHO declares obesity is a chronic disease that
does not regress spontaneously and 3.4 million people die due to obesity or being overweight
and its comorbidities, for that sould be treated. (1-2). Obesity and related diseases can be treated
by bariatric surgery (3). Several procedures are currently available, sleeve gastrectomy which
is the one of these procedures, is the most commonly used in North America and Europe (4-6).
Ren and collagues performed firstly by laparoscopy at 1999(7). At the time LSG was
considered first stage operation to whom applied biliopancreatic diversion or Roux-en-Y gastric
bypass (8). Laparoscopic sleeve gastrectomy was subsequently found to be effective as a single

procedure for the treatment of morbid obesity (9).

Sleeve gastrectomy, also known as gastric tube surgery or vertical sleeve gastrectomy, is a type
of obesity surgery performed in morbidly obese patients with a body mass index of 40 or more.
This surgery is a serious and irreversible operation involving the removal of the majority of the
stomach. Several complications might occur after sleeve gastrectomy, some of which are
unknown. Complications of laparoscopic sleeve gastrectomy are inevitable as with all surgical
procedures. It is essential to obtain the necessary and sufficient training and experience and
minimise this complication rate by applying the right techniques. In cases of complications, the
most crucial factor in reducing patient morbidity and resolving the issue effectively is early
recognition of the complication.

Complications due to the laparoscopic technique

J trocar site bleeding,

o large vessel (aorta, vena cava, iliac artery or vein) injury,

o organ injury (pancreas, spleen, bowels, diaphragm and liver)
o diaphragmatic and oesophageal injuries,

o postoperative wound infection,

o postoperative hernia

Complications due to sleeve gastrectomy

o staple line leakage,
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o staple line bleeding

o stricture of the created tube (stenosis),
o dilatation of the created tube,

o delayed stomach emptying,

o intraperitoneal abscess,

o latrogenic splenic injury,

J stapler misfiring

Others

o splanchnic vessel thrombosis,

o pulmonary embolism,

. portal vein thrombosis (PVT),

o deep vein thrombosis,
o pancreatic trauma and pancreatitis,
o small bowel obstruction

Complications due to laparoscopic technique
Trocar site bleeding

Trocar site bleeding is due to the presence of a thick abdominal wall due to obesity, the need
for a long trocar, increased fat tissue and limited mobility in the instruments. Bleeding from the
abdominal wall may not be seen until the trocar is removed because of the tamponade effect on
the muscular and subcutaneous bleeding of the trocar (10). For small trocar (5 mm)
haemorrhages in obese patients, it may be necessary to enlarge the skin incision to control the
bleeding, resulting in more extensive scarring. Different methods and haemostatic agents have
been used to prevent this condition. Appropriate Surgicel (Johnson & amp; Johnson Medical,
Inc., Arlington, Texas) buffer was recommended to replace the trocar (11). In addition, a Foley
catheter replaces the trocar and is inflated, and tamponade can be applied with soft traction.
Also, absorbable U-sutures can be placed directly on the abdominal wall under laparoscopic
vision. Many specialised tools developed to cover the fascia in the trocar site can also be used
for the management of abdominal wall bleeding.
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Large vessel (aorta, vena cava, iliac artery or vein) injury

A large vessel injury is the primary injury due to laparoscopic technique. When inserting trocar
or Veress needle, large vessels (aorta,vena cava,iliac artery or vein) or organs can be injured
and this is the most important complication during laparoscopy(Figure 1). The literature reports
that the incidence of major blood vessel injury is 0.1%. Intraoperative injury to the portal vein
and inferior vena cava is rare but can lead to rapid exsanguinations(12). Champault et al. (13)
reported that the rate of major vascular injury was 0.05% in a study that included more than
100,000 patients. In another study by Simforoosh et al. (14) that examined 5347 patients who
underwent laparoscopic surgery, only three patients had major vascular injuries (two abdominal
aortas and one external iliac vein), all of which were laparoscopically repaired. Nevertheless,
our recommendation was an immediate decision to open the abdomen, thereby allowing access
to the bleeding site. In addition, the readiness of hospitals in which the surgeries are performed
concerning the relevant specialist physician, surgical equipment and intensive care unit

conditions to intervene immediately when such complications occur is very important regarding

the rapid and successful intervention in these complications.

Figure 1. A large hematoma (Abdominal aortic injury as a complication of Veress needle

inserting.) Archived by Clinic Bariatric Istanbul.
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Organ injury

Bowel injury is a well-known potential complication since the introduction of laparoscopy. The
important thing in this complication is the recognition of the injury. To achieve this, a careful
intraabdominal inspection should be performed. It is seen more frequently in patients who have
undergone abdominal surgery, such as caesarean section and appendicitis. It develops in 6 out
of 10,000 laparoscopy cases on average. Treatment is provided by repairing the injured area
during surgery. Usually, the repair process can be performed laparoscopically. In rare cases,
traditional open surgery is necessary to treat these injuries. Instruments used in solid organ

injuries are encountered because of the retractors and trocars.
Chandler and colleagues in their study of abdominal injuries reported the following:
e Small intestine 25%

e lliac artery 19%

e Colon 12%

e [liac and other retroperitoneal veins 9%

e Mesenteric artery 7%

e Aorta 6%

e Inferior vena cava 4%

o Abdominal wall vessels 4%

e Bladder 3%

e Liver 2%

e Other 2%

They were sequenced (15). As can be seen from this study, solid organ injury is less common
than other injuries. Particularly in patients with advanced liver fat, minor liver injuries may

often develop due to exclusion. Often no treatment is required.

Splenic Injuries

Generally, splenic injury occurs when body mass index values are very high, abdominal fat

tissue is high and in cases of poor preoperative diet that may develop improperly due to
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insufficient imaging. Treatment is applied according to the degree of injury. Minor injuries can
be treated with an argon laser and various coagulants. In the worst case, the spleen may need to
be removed if the bleeding cannot be stopped or if the spleen has an injury that is impossible to
treat.

Diaphragmatic and oesophageal injuries

These injuries usually result from the use of energy devices and staplers. An iatrogenic
oesophageal process can be averted by the routine use of a bougie or calibration tube. Also, to
prevent these injuries, the fundus should be completely dissected to the angle and the left crus
of the diaphragm before the sequential stapling process. This may also contribute to the
protection of the oesophagus and the leak of the gastro-oesophageal junction. There should be
a low threshold for conversion. This is one of the basic principles of safe laparoscopic surgery.
If oesophageal transection is detected, a two-stage approach is recommended. In the first stage,
oesophageal injury assessment, thoracic and abdominal drainage and feeding jejunostomy tubes
are applied. In the second stage, restoration of oesophagogastric or oesophagoenteric continuity
is ensured (16).

Postoperative wound infection

In a multicentre study conducted by Nguyen et al. (17), the most common complications were
wound infections (2.6%), pneumonia (1.9%), and the third most frequent were cardiac
arrhythmias (1.7%). Microorganisms responsible for the infection are usually dependent on the
operative field and surgical procedure. The sources of pathogens are endogenous flora, often
originating from the patient's skin, mucous membranes, or the intestinal tract (18). Prophylactic
antibiotic use has been proven to prevent surgical site infections. The application of a flawless

surgical technique significantly reduces surgical site infections.

Furthermore, prolongation of the operation time increases the possibility of surgical site
infection. Increased number of microorganisms contaminating the wound because of
prolongation of time, increased tissue damage, increased suppression of host defence
mechanisms and increased fatigue in the operation team may result in more disruptions in
aseptic techniques (19). Therefore, knowing all the risk factors that cause surgical site infections

and taking necessary precautions will decrease the incidence of these infections.
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Postoperative hernia

Wound hernia may develop in 15% of cases. The treatment of these swellings outside the
abdomen requires a second operation. Port site hernias can develop as early as two days after
laparoscopic surgery and may cause intestinal obstruction (20). In general (non*obese)
population, trocar port hernias are rare and its incidence in literature is 0.5%-2%(21). Trocar
site hernias are of the early-onset type, late-onset type and mixed type. Of these, the early-
onset type (type 1), the fascia and peritoneum were opened anteriorly and posteriorly. In the
late-onset type (type 2), the peritoneal hernia sac is seen. In the mixed type 3, herniation
involves all of the abdominal wall or organs and the mesentery (22). It is called early cases
in cases diagnosed within the first 3-5 days of trocar site herniation. Such herniations are not
hernias, but rather hernias due to inadequate closure. The hernias seen months after the
surgery are real hernia and hernia sacs are present. Trocar port hernias which are seen early
after surgery, are important because of presenting with intestinal or omental strangulation. To
prevent bowel ischemia prompt recognition is important. Herniated organ can be seen easily
by contrasted Computed Tomography (CT) (23-25). It is generally recommended that 10 mm
or larger port sites are closed at the end of laparoscopic procedures (26,27) (Figure 2).
However, trocar site hernias should always be kept in mind in mechanical intestinal
obstruction that may develop early or late after laparoscopic surgery. Treatment (Herniated
organ) predominantly consists of a reduction under general anaesthesia. In these cases,
laparoscopic bowel inspection is advised.

Figure 2. Trocar site closure device, Archived by Clinic Bariatric Istanbul.
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Complications due to sleeve gastrectomy

Bleeding, bowel perforation, diaphragmatic injury, injuries to other adjacent organs especially
posterior surface of the stomach and anterior pancreatic surface are complications of sleeve

gastrectomy during procedural (intraoperative) procedures.

Gastric leakage, haemorrhage, abscess splenic infarction and acute pancreatitis are early
complications which seen within two weeks. Stricture formation, nutritional deficiency, GERD,

port site hernia are delayed complications which are seen after two weeks (28).

Intraoperative complications
Stapler line leaks

Stapler line leaks are one of the serious life-threatening complications after LSG. It is the most
frequent complication (<1%) and one that determines morbidity and mortality rates in this type
of surgery (29). Most leaks occur below the gastroesophageal junction (1.5%) (Figure 3). They

are less frequent in the inferior segment of the gastric sleeve (0.5%) (29-32).

Early detection of leakage is important to decrease the mortality rate which is between 1% to
10%. If not detected, it leads to abcess, peritonitis, sepsis and multiorgan failure (33,34).
Physical examination, inflammatory parameters and computed tomography are used to detect

anastomotic leakage (35,36).

CRP is an inflammatory marker commonly used in the diagnosis of intraabdominal infections
which has a sensitivity of 74% and specifity of 75% (37).

Classification of gastric leaks

Gastric leaks are classified due to the time of appearance after surgery, clinical severity and

location of leaks which are proposed by Csendes et al. and Burgos et al. (38-40).
Based on clinical presentation, gastric leaks were classified as follows:

Type | (Subclinical): Presence of leakage without early septic complications corresponding to
drainage through a fistulous track and/or without generalised dissemination to the pleural or
abdominal cavity with or without the appearance of contrast medium in any of the abdominal

drains.
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Type 11 (Clinical): Presence of leakage with early septic complications corresponding to
drainage by an irregular pathway (no well-formed fistulous tract) and more generalised
dissemination into the pleural or abdominal cavity with or without the appearance of contrast

medium in any of the abdominal drains.

Clinical examinations must include the following: General examination, including vital data
(pulse, temperature, blood pressure and respiratory rate); General condition of the patient
(manifestation of toxicity, sepsis or shock); Local examination, which is not dependable in
obese patients (tenderness, the rigidity of the abdomen or rebound tenderness); Drainage, the
amount of collected fluid and its characteristics; The investigation, including laboratory
[complete blood count, liver function test, kidney function test, coagulation profile, blood sugar
test and arterial blood gases]; and radiological investigation, (abdominopelvic ultrasound, chest
radiograph, gastrografin study and, most importantly, the CT of the abdomen and pelvis with

oral and intravenous contrast).

gastroesophageal
junction

Figure 3. Stapler line leaks, Archived by Clinic Bariatric Istanbul.

TREATMENTS

Treatment options depend on the clinical scenario and may range from intravenous antibiotics
and nutritional support to surgical procedures, such as Roux-en Y oesophagojejunostomy or
gastrectomy with fistulojejunostomy, and endoscopic procedures, including stenting. Sepsis

control and nutritional support are the cornerstones of management. We do not recommend
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fistula loop jejunostomy because it does not direct bile flow and can complex the fistula. Many
series reported the successful use of pigtail drainage in these patients, considering it a good
option in contained leaks (41). Also, as an endoscopic method, the longer covered self-
expanding metallic oesophageal stent that is specifically designed for post-sleeve leaks (Mega
stent) may be used (Figure 4). The upper side of stent is located near the middle of oesophagus
and distal part in the antrum or the first part of duodenum. As this stent close the leakage part,
also possibly play a role in decompression of the stomach by reducing intra-gastric pressure.
Expandable stents reduce intra-gastric pressure, close the recovery area and accelerate healing
(42). The stent provides a temporary seal of the leak while also allowing oral intake during the
process of healing. Oral intake during healing continues and by the side, stents may also correct
sleeve axis in cases of gastric torsion or twist (43). Complications include stent migration,
hematemesis, erosion and granulation overgrowth, which leads to obstruction (44). The type
and diameter of the selected stent are also important. Usually, the use of metal stents that are
fully covered and as wide as possible are recommended. Plastic stents are not recommended

because of difficulties in placement and high rates of migration (45).

O

Figure 4. Mega stent, Archived by Clinic Bariatric Istanbul.

There is no consensus on the time interval between stent placement and removal in the
literature. However, removal of the stent between 6-8 weeks is ideal (46). Removal of the stent
at a later period may be difficult due to fibrosis (47). Early removal of the stent does not allow
the fistula tract to heal, whereas late removal leads to difficulties in the removal of the stent.
Another endoscopic method is clip application. Dakwar et al. (48) have reported successful
management of LSG leaks with a 10-mm over-the-scope metallic clip (Figure 5). The success

rate of this method is low in large perforations.

IAAOJ | Health Sciences | 2020/ 6 (2) 118



Hasan Erdem ve ark.

Figure 5. A metallic clip, Archived by Clinic Bariatric Istanbul.

In contrast, Abbas et al. reported that a metallic clip failed to close a fistula in one of two patients
in whom they applied metallic clips. They performed a mega stent in the failed case. The

success rate of clip application is low in patients with wide fistulas.

Bleeding

Within 12-48 hours after the, bleeding can be occurred and is the most common and early
complication (49). The staple line is the most common site of bleeding after an SG, but the
omentum, mesentery and spleen are also potential areas (Figure 6). Various technical
modifications, such as the application of haemostatic agents on staple lines, have been described
to decrease the incidence of postoperative bleeding (50). A number of buttressing materials are
commercially available to attempt to reduce the rate of bleeding from the staple line. These are
glycolide trimethylene carbonate copolymer (Gore Seamguard W.L:Gore and Associates),
bovine pericardium strips (Synovis Surgical innovations) or porcine small intestiubmucosa
(Surgisis Biodesign Cook Medical). Also tranexamic acid may be used to reduce the bleeding.
Klaassen et al recommend a treatment algorithm for management of patients with postoperative
bleeding. (51).
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Figure 6. Bleeding from gastroepiploic vessels, Archived by Clinic Bariatric Istanbul.

Stenosis

Stenosis of the sleeve is a serious complication after LSG which leads to persistent nausea,
vomiting and food intolerance. It occurs in 0.6%to4% after LSG (52-56). Most stenoses were
located in the proximal or distal third of the sleeve, with fewer than 10% in the middle third.
(55-59) (Figure 7) Oedema, ischemia, torsion, kinking or scarring of the sleeve along the staple
line are the reason of the stenosis (60-63). Stenosis can be classified into two categories: acute
and chronic. Acute stenosis can be caused by mucosal oedema and kinking. Chronic stenosis is

related to ischaemia of the pouch and retraction due to scarring.

Figure 7. Stenotic area, Archived by Clinic Bariatric istanbul.
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TREATMENTS

Short stenosis can be treated with endoscopic balloon dilation in single or multiple sessions
(64). Eubanks et al. (65) reported the use of endoscopic silicone-covered stents to treat
strictures. The stent allows oral feeding immediately, but the primary morbidity is stent
migration. Per-oral endoscopic myotomy which is named endoscopic tunnelled stricturotomy
is also a new and another technique. This new endoscopic tunnelled stricturotomy technique is
performed in four steps: (1) identification of the precise location of the stenosis, (2) a
submucosal injection approximately 5 cm before the stenotic area, (3) submucosal tunnelling
of the stricturotomy and (4) closure (66). Regarding surgical treatment, the best possible
treatment choice is conversion to a Roux-en-Y gastric bypass. Sudan et al. (67) described the
stricturoplasty, where the strictire was incised along the longitudinal axis, incorporating the
entire length of the stricture. The incision was then closed in the transverse axis in a single layer
with permanent suture, resulting in a wider lumen, using the principles of the Heineke-Miculicz
technique. Dapri et al. (58) have reported another surgical procedure for long stenosis-
laparoscopic seromyotomy. It involves the cutting of the tunica serosa and muscularis propria
until the submucosa about one cm from the stenosis, as in the treatment of oesophageal
achalasia (Figure 8). Recently, some authors have suggested a laparoscopic median
gastrectomy with resection of the stenotic segment. Laparoscopic median gastrectomy is a
feasible and effective option in patients who have failed conservative management of stenosis
after LSG, and in whom there is a desire to avoid seromyotomy or conversion to gastric bypass
(68) (Figure 9).

Figure 8. Seromyotomy, Archived by Clinic Bariatric Istanbul.
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Figure 9. Laparoscopic median gastrectomy, Archived by Clinic Bariatric Istanbul.

Splenic ischaemia

LSG requires mobilisation of the gastric fundus and division of short gastric vasculature. Thus,
upper pole ischaemia and necrosis may be observed. Physiologically, the splenic segmental
arteries are terminal arteries without any collateral circulation. Therefore, closure of a
segmental artery usually leads to infarction of the vascularised splenic segment or splenic pole
(69,70). The incidence of splenic infarction is unknown due to LSG. CT scan remains the gold
standard for definitive diagnosis (71). CT angiography investigates the extent of splenic
infarction (72). Patients with partial splenic infarcts have an asymptomatic or mildly
symptomatic course. Conservative management includes specifically antibiotics, analgesia,
intravenous fluids and anticoagulation. Sometimes, a splenic infarct undergoes fibrosis of the
malperfused segment or leads to complications, such as the development of a haematoma,
splenic rupture, abscess or pseudocyst formation (73). Development of a haemotoma, splenic
rupture, abcess or pseudocyst formation due to splenic infarct are treated best with surgical

procedures. However partial or total splenectomy in these patients is controversial (74,75).

Portal thrombosis and venous thromboembolism

Obese patients requiring bariatric surgery are at increased risk for venous thromboembolism
VTE. The underlying inflammatory, hypercoagulable states and metabolic syndrome may
predispose to VTE (76,77). PVT has been described as a condition stemming from the
abnormal development of a thrombus in the extrahepatic portion of the portal vein resulting in
total or near-total obstruction. Direct surgical manipulation of portomesenteric vessels

predispose to venous thrombosis as in splenectomy. Sleeve gastrectomy involves transection of
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the short gastric veins alone. Although skeletonisation of the greater curvature by dividing the
left gastroepiploic arcade and short gastric vessels may encourage change in venous blood flow
from the stomach, infarction or ischaemia in the upper pole of the spleen occurs occasionally
causing the release of inflammatory mediators (78,79). In addition, the damage of the
splanchnic endothelium may trigger local thrombus formation that may lead to portomesenteric
venous thrombosis (PMVT) (80,81). Genetic coagulopathies that have been associated with
PMVT (82). PMVT is a disease that lacks specific symptoms, and ranges from mild abdominal
pain and vomiting to severe manifestations such as hematemesis, bloody diarrhoea, and back

pain. It could also be asymptomatic.

A contrast-enhanced abdomen and pelvis CT is choice in the diagnosis of portal thrombosis due
to its sensitivity approaches 90% (83). Uncomplicated cases are usually managed
conservatively with anticoagulants and thrombolytics that are thoroughly effective and are
considered as the main therapeutic options. Thus, we recommend that patients who undergo
bariatric surgery be kept on anticoagulants for at least 10 days beyond hospital discharge and
remain well hydrated. The suggested duration of PMVT treatment is 6 to 12 months. For
patients with known systemic prothrombotic states, treatment may be lifelong, with the goal of
recanalisation of the portal vein (84). In patients presenting with peritonitis or shock, an

exploratory laparotomy is required with possible resection of the necrotic bowel.

Pancreatic trauma and Pancreatitis

Pancreatitis has been rarely reported in the literature as an early complication of bariatric
surgery (85). The most probable cause of acute pancreatitis as an early complication is
secondary to severe adhesion of peripancreatic tissue intraoperatively. Other mechanisms
could be due to compromised pancreatic microcirculation following gastrectomy or oedema
and spasm of the major papilla (86). Another cause of postoperative pancreatitis may be drugs
used by patients. Among these, corticosteroids and calcium are prominent. The risk of
complications and mortality rates in postoperative pancreatitis are higher than other forms of
the disease. An important reason for this is that the diagnosis can easily be overlooked.
Especially in abdominal surgery, incision pain can be confused with pancreatic abdominal
pain and postoperative analgesia and paralytic ileus may mask the symptoms of real disease.

Standard treatment in all patients includes intravenous fluid resuscitation, electrolyte
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replacement and analgesic therapy. Total parenteral nutrition (TPN) is used for nutritional
support of the patient, antibiotherapy is used to prevent septic complications, and respiratory
support is used to prevent hypoxia in patients with respiratory distress. In acute pancreatitis,
massive fluid sequestration occurs. Therefore, initial treatment should be directed at
correcting hypovolemia. Ensuring adequate volume can be controlled by heart rate, arterial

blood pressure and urine output.

During acute pancreatitis, hypochloraemia, hypokalaemia and hypocalcaemia may occur and
NaCl, KClI, and Ca replacement should be performed, respectively. An important part of the
treatment of acute pancreatitis is pain therapy. Pain increases the pancreatic secretions by
stimulating the central nervous system. Meperidine should be preferred since morphine, and

similar opium derivatives increase the pressure in the sphincter of Oddi (87).

Pancreatic fistula is seen after as pancreatic disorders and trauma due to pancreatic surgery,
abdominal trauma, percutaneous radiologic procedures as surgery involving adjacent organs
such LSG (88,89). The drain on a major curvature provide drain leakage so prevent fluid
accumulation and development of peritonitis If a PF is considered, amylase and lipase values
from the drain can be checked. If the drain amylase level led us to believe that the patient had
a PF, octreotide, a somatostatin analogue, was started at a subcutaneous dosage of 3 x 0.1
mg/mL(90). In addition, intravenous medication consists of 3500 cc/day of TPN, 40 mg/day
omeprazole and 60 mEg/day KCI, which must be given until oral intake is started.
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