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Abstract
Gallstone ileus is a mechanical intestinal obstruction due to gallstone impaction within the gastrointestinal tract. Less than 1% of cases of intestinal obstruction are derived from this etiology. The symptoms and signs of gallstone ileus are mostly nonspecific. This entity has been observed with a higher frequency among the elderly, the majority of which have concomitant medical illness. Cardiovascular, pulmonary, and metabolic diseases should be considered as they may affect the prognosis. Surgical relief of gastrointestinal obstruction remains the mainstay of operative treatment. The current surgical procedures are: (1) simple enterolitho​tomy; (2) enterolithotomy, cholecystectomy and fistula closure (one-stage procedure); and (3) enterolithotomy with cholecystectomy performed later (two-stage procedure). Bowel resection is necessary in certain cases after enterolithotomy is performed. Large pro​spective laparoscopic and endoscopic trials are expected. 
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Core tip: A review of the symptoms and signs of galls​tone ileus is presented. The findings, advantages and limitations of the different diagnostic modalities such as plain abdominal radiographs, upper gastrointestinal series, ultrasound, computed tomography, magnetic resonance and endoscopy are reviewed. The different surgical options are discussed. Laparoscopic and endo​scopic procedures are widely reviewed. Current data on morbidity and mortality are included. 
INTRODUCTION
Gallstone ileus is an infrequent complication of cho​lelithiasis and is defined as a mechanical intestinal obstruction due to impaction of one or more gallstones within the gastrointestinal tract. The term “ileus” is a misnomer, since the obstruction is a true mechanical phenomenon[1]. Gallstone gastrointestinal obstruction would be an appropriate term.

BACKGROUND

In 1654, Thomas Bartholin[2] described a cholecysto​intestinal fistula with a gallstone within the gastroin​testinal tract in a necropsy study. In 1890, Courvoisier[3] published the first series of 131 cases of gallstone ileus, with a mortality rate of 44%. In 1896, Bouveret[4] described a syndrome of gastric outlet obstruction caused by an impacted gallstone in the duodenal bulb after its migration through a cholecysto- or choledo​choduodenal fistula. This was the first preoperative diagnosis of the currently known Bouveret’s syndrome. 

EPIDEMIOLOGY

Gallstone ileus has shown a constant incidence of 30-35 cases/1000000 admissions over a 45-year period[5]. This entity develops in 0.3%-0.5% of patients with cholelithiasis[6]. It constitutes the etiologic factor in less than 5% of cases of intestinal obstruction, but up to one quarter of nonstrangulated small bowel obstructions in elderly patients[7]. In a nationwide study at the United States from 2004 to 2009, only 0.095% of mechanical bowel obstruction cases were caused by a gallstone[8]. Gallstone ileus has been observed with a higher frequency among the elderly[1]. Halabi et al[8], recently reported an age range from 60 to 84 years in American patients. A Japanese literature review reported a 13-year-old case as their youngest patient, while a Mexican series included a 99-year-old patient[9,10]. Accordingly to the predominance of female patients in gallstone disease, the majority of gallstone ileus patients correspond to the female gender, with variable percentages from 72%-90%[11,12]. 

PATHOPHYSIOLOGY

Gallstone ileus is frequently preceded by an initial episode of acute cholecystitis. The inflammation in the gallbladder and surrounding structures leads to adhesion formation. The inflammation and pressure effect of the offending gallstone causes erosion through the gallbladder wall, leading to fistula formation between the gallbladder and the adjacent and adhered portion of the gastrointestinal tract, with further galls​tone passage[13,14]. Less commonly, a gallstone may enter the duodenum through the common bile duct and through a dilated papila of Vater[15]. 

The most frequent fistula occurs between the gallb​ladder and the duodenum, due to their proxi​mity[11,16,17]. The stomach, small bowel and the transverse portion of the colon may also be involved[1,13,14] (Table 1). This process might be part of the natural history of Mirizzi syndrome[18]. Once the gallbladder is free of calculi, it may become a blind sinus tract and contract down to a small fibrous remnant[19]. 

In 1981, Halter et al[20] reported a case of gallstone ileus after endoscopic retrograde cholangio​pancrea​tography (ERCP) and endoscopic sphincteromy (ES) and unsuccessful gallstone extraction. Three days later, the patient presented abdominal pain and vomiting. At laparotomy, a 3.5 cm gallstone was removed from the jejunum. To our knowledge, 13 cases of gallstone ileus have been reported after ERCP and ES. This adverse event may occur late after the endoscopic procedure, and should be considered in the differential diagnosis, especially in cases of delayed presentation[21,22]. 

Spillage of gallstones during laparoscopic cholecys​tectomy is not infrequent. Although most of gallstones lost in a previous biliary surgery and lying free in the abdominal cavity are silent, they can cause an intraabdo​minal abscess and might ulcerate the intestinal wall and gain entrance to the bowel lumen and cause gallstone ileus[23-26]. 

Once within the duodenal, intestinal or gastric lumen, the gallstone usually proceeds distally and may pass spontaneously through the rectum, or it may become impacted and cause obstruction. Less commonly if the gallstone is in the stomach, proximal migration can occur and the gallstone may be vomited[14]. The size of the gallstone, the site of fistula formation and bowel lumen will determine whether an impaction will occur. The majority of gallstones smaller than 2 to 2.5 cm may pass spontaneously through a normal gastrointestinal tract and will be excreted uneventfully in the stools[1,13,14]. Clavien et al[6] reported an obstructing gallstones size range from 2 to 5 cm. Nakao et al[11] found that impacted gallstones ranged in size from 2-10 cm, with a mean of 4.3 cm. Gallstones larger than 5 cm are even more likely to become impacted, although spontaneous passage of gallstones as large as 5 cm has occurred[1,14,17]. The largest gallstone causing intestinal obstruction measured 17.7 cm in its largest diameter and was removed from the transverse colon[14]. Multiple stones have been reported in 3%-40% of cases[6]. 

The site of impaction can be almost in any portion of the gastrointestinal tract. If the gallstone enters the duodenum, the most common intestinal obstruction will be the terminal ileum and the ileocecal valve because of their relatively narrow lumen and potentially less active peristalsis. Less frequently, the gallstone may be impacted in the proximal ileum or in the jejunum, especially if the gallstone is large enough. Less common locations include the stomach and the duodenum (Bouveret’s syndrome), and the colon[1,7,13,14,17]. The size of the gallstone, a gallbladder inflammatory process compromising the duodenum and a cholecysto-duodenal fistula may cause a gallstone to become impacted in the duodenum[27] (Table 2).

The presence of diverticula, neoplasms, or intestinal strictures such as secondary to Crohn’s disease, decrease the lumen size and may cause the gallstone to impact at the narrowing site[1,13,19]. Gallstone ileus has been reported at sites of anastomosis after partial gastrectomy and Billroth Ⅱ reconstruction and after biliointestinal bypass in two cases[28,29]. 

Isquemia may develop at the site of gallstone impaction, due to the pressure generated against the bowel wall and the proximal distention. Necrosis and perforation followed by peritonitis may occur[13]. 

CLINICAL MANIFESTATIONS

The presentation of gallstone ileus may be preceded by a history of prior biliary symptoms, with rates between 27%-80% of patients[6,7,10,12,16,30]. Acute cholecystitis may be present in 10%-30% of the patients at the time of bowel obstruction. Jaundice has been found in only 15% of patients or less. Biliary symptoms may be absent in up to one third of cases[1,6,13,17,25,31]. 

Gallstone ileus may be manifested as acute, inter​mittent or chronic episodes of gastrointestinal obstruction. Nausea, vomiting, crampy abdominal pain and variable distension are commonly present[1,9,13,17,25,32]. The inter​mittent nature of pain and vomiting of pro​ximal gastro​intestinal material, later becoming dark and feculent is due to the “tumbling” gallstone advan​cement[12,15]. Therefore, there may be intermittent partial or complete intestinal obstruction, with tem​porary advancement of the gallstone and relief of symptoms, until the gallstone either passes through the gastrointestinal tract or it definitively becomes impacted and complete intestinal obstruction ensues[13,17]. The character of the vomitus is dependent on the obstruction location. When the gallstone is in the stomach or upper small intestine, the vomitus is mainly gastric content, becoming feculent when the ileum is obstructed.

Particularly, Bouveret’s syndrome presents with signs and symptoms of gastric outlet obstruction. Nausea and vomiting have been reported in 86% of cases, while abdominal pain or discomfort is referred in 71%. If the gallstone is not fully obstructing the lumen, the presentation will be of partial obstruction. Recent weight loss, anorexia, early satiety and constipation may be referred. Bouveret’s syndrome has also been reported to be preceded by or manifest as upper gastrointestinal bleeding, secondary to duodenal erosion caused by the offending gallstone, with hematemesis and melena, in 15% and 7%, respectively[17,27,33]. 

Physical examination may be nonspecific. The patients are often acutely ill, with signs of dehydration, abdominal distension and tenderness with high-pitched bowel sounds and obstructive jaundice. Fever, toxicity and physical signs of peritonitis may be noted if per​foration of the intestinal wall takes place. The exam may be completely normal if no obstruction is present at the moment[1,13,14,27]. 

DIAGNOSIS

The symptoms and signs of gallstone ileus are mostly nonspecific[9,16,32]. The intermittency of symptoms could also interfere with a correct diagnosis, if clinical manifestations at the moment correspond to a partial obstruction or distal migration of the gallstone. The “tumbling phenomenon” may be the cause why the patient does not seek medical attention or admittance is postponed. Patients usually present 4 to 8 d after the beginning of symptoms and diagnosis is usually made 3 to 8 d after the onset of symptoms[1,32]. Cooperman et al[34] found an average period of 7 d from the onset of symptoms until the hospitalization, and 3.7 d of hospi​talization elapsed until surgical intervention. Periods of several months of symptoms before seeking hospital attention has been reported[30]. A correct preoperative diagnosis has been reported in 30%-75% of the cases[6,12,30,35-37]. A high index of suspicion will be helpful, particularly in a female elderly patient with intestinal obstruction and previous gallstone disease; Bouveret’s syndrome may be suspected in a patient with gastric outlet obstruction.

Plain abdominal radiograph

Plain abdominal radiographs are of major importance in establishing the diagnosis. In 1941, Rigler et al[38] described four radiographic signs in gallstone ileus: (1) partial or complete intestinal obstruction; (2) pneumo​bilia or contrast material in the biliary tree; (3) an aberrant gallstone; and (4) change of the position of such gallstone on serial films. The presence of two of the three first signs, has been considered patho​gnomonic and has been found in 20%-50% of cases[1,25]. Although pathognomonic, reports of Rigler’s triad range from 0%-87%[30]. A careful inspection for pneumobilia should be performed, since it is present in most patients with gallstone ileus, but sometimes it is identified only in retrospective observation[25]. Pneumobilia may occur secondary to prior surgical or endoscopic biliary interventions. Therefore, the clinical presentation should be considered when evaluating this radiologic sign[1]. In 1978, Balthazar et al[39] described a fifth sign, which consists of two air fluid levels in the right upper quadrant on abdominal radiograph. The medial air fluid level corresponds to the duodenum and the lateral to the gallbladder. These authors found that this sign was present in 24% of patients at the time of admission. In Bouveret’s syndrome, a dilated stomach is expected to be seen on plain abdominal radiograph, due to the gastric outlet obstruction[40]. Cappell et al[33], in a review of 64 cases of Bouveret’s syndrome, found as relatively common findings pneumobilia (39%), calcified right upper quadrant mass or gallstone (38%), gastric dis​tension (23%) and dilated bowel loops (14%) (Figure 1).

Upper gastrointestinal series

An upper gastrointestinal series may help to identify the biliary enteric fistula and the level of obstruction[1]. A secondary sign that may be useful is the identification of oral contrast material within the gallbladder[41]. Cappell et al[33], in a review of Bouveret’s syndrome, upper gastrointestinal series included cholecystoduodenal fistula or pneumobilia (45%), a filling defect or mass in the duodenum (44%), cholecystoduodenal fistula (38%), gastric outlet or pyloric obstruction (27%), distended or dilated stomach (27%), gallstone in duodenum (21%), and duodenal obstruction (12%)[33]. 

Abdominal ultrasound

When diagnosis is still doubtful, an abdominal ultra​sound (US) will be indicated for gallbladder stones, fistula and impacted gallstone visualization. It may also confirm the presence of choledocholithiasis[1,42]. The use of US in combination with abdominal films to increase the sensitivity of diagnosis has been advocated. US is more sensitive at detecting pneumobilia and ectopic gallstones. The combination of abdominal films and US has increased the sensitivity of diagnosis of gallstone ileus to 74%[43]. The most frequent findings in Bouveret’s syndrome are gallstone in or near the gallbladder (53%), pneumobilia or cholecystoduodenal fistula (45%), galls​tone in duodenum (25%), dilated or distended stomach (15%), and a contracted gallbladder (13%)[33] (Figure 2).

Computed tomography

Computed tomography (CT) is considered superior to plain abdominal films or US in the diagnosis of gallstone ileus cases, with a sensitivity of up to 93%[44]. The frequency of Rigler’s triad detection is higher under CT examination. In a retrospective study by Lassandro et al[45], Rigler’s triad was observed in 77.8% of cases by means of CT, compared to 14.8% with radiographs and 11.1% with US. Bowel loops dilatation was seen in 92.6% of cases, pneumobilia in 88.9%, ectopic gallstone in 81.5%, air-fluid levels in 37%, and the bilio-digestive fistula in 14.8%. Yu et al[44] performed a prospective study where 165 patients with acute small bowel obstruc​tion were evaluated for gallstone ileus, with retrospective identification of three diagnostic criteria: (1) small bowel obstruction; (2) ectopic gallstone, either rim-calcified or total-calcified; and (3) abnormal gallbladder with complete air collection, presence of air-fluid level, or fluid accumulation with irregular wall. Overall sensitivity, specificity and accuracy were 93%, 100%, and 99%, respectively. Rigler’s triad was detected only in 36% of cases. These tomographic diagnostic criteria need further prospective validation. Current CT scanners may describe the location of the fistula, offending gallstones and gastrointestinal obstruction with better precision, and helping in thera​peutic decisions[46]. 

In Bouveret’s syndrome, major findings on CT scan are obstruction due to a gastro-duodenal mass or lesion, pericholecystic inflammatory changes extending into the duodenum, gas in the gallbladder, pneumobilia or cholecysto-duodenal fistula, filling defects corresponding to one or more gallstones, thickened gallbladder wall, and a contracted gallbladder[17,27]. 

CT scan may allow detection of a rim or totally calcified ectopic gallstone without oral contrast admini​stration. This may be done even with non-enhanced CT. Identification of a rim-calcified gallstone may be more difficult with contrast-enhanced CT, compared to total calcified gallstones. Less calcified gallstones could be missed[44]. Contrast-enhanced CT allows detection of edema and ischemia of the affected gastrointestinal tract site[44,47]. Given the relevance of possible bowel ischemia, contrast-enhanced CT is of particular importance in management decision making (Figure 3).

Magnetic resonance cholangiopancreatography

Magnetic resonance cholangiopancreatography (MRCP) may be useful in selected cases where diagnosis is not clear after CT. A potential drawback of CT is that 15%-25% of gallstones appear as isoattenuating relative to bile or fluid. Pickhardt et al[48] described the use of MRCP for diagnosis of Bouveret’s syndrome with isoattenuating gallstones. MRCP may be useful in these cases, due to the possibility to delineate fluid from gallstones, which appear as signal voids against the high-signal fluid. This is also a potential advantage in patients unable to tolerate oral contrast material. If sufficient fluid is present in the cholecystoenteric fistula it could also be depicted. Therefore, MRCP may be particularly useful to confirm the gallstone ileus diagnosis in selected cases[40]. Magnetic resonance for gastrointestinal obstruction evaluation is also a potential diagnostic option (Figure 4).

Esophagogastroduodenoscopy

In a review of 81 cases of Bouveret’s syndrome in whom esophagogastroduodenoscopy (EGD) was performed, the gastroduodenal obstruction was revealed in all of them, but gallstone visualization was possible only in 56 (69%). Among those 56 cases, such gallstones were observed in the duodenal bulb in 51.8%, postbulbar duodenum in 28.6%, pylorus or prepylorus in 17.9%, and in one case the location was not reported. In 31% of cases the gallstone was not recognized because it was deeply embedded within the mucosa. When the gallstone is not visualized, the diagnosis should be strongly suspected when the observed mass is hard, convex, smooth, nonfriable, and nonfleshy, which are all characteristic of a gallstone and may improve the sensitivity of EGD. For such cases, US and CT are the preferred noninvasive diagnostic tests to confirm the endoscopic diagnosis, delineate the gastroduodenal ana​tomy, and demonstrate a cholecystoduodenal fistula[33] (Figure 5).
TREATMENT

The main therapeutic goal is relief of intestinal obs​truction by extraction of the offending gallstone. Fluid and electrolyte imbalances and metabolic derangements due to intestinal obstruction, delayed presentation and pre-existing co-morbidities are common, and require management prior to surgical intervention[1,19,23,32]. 

There is no consensus on the indicated surgical procedure. The current surgical procedures are: (1) simple enterolithotomy; (2) enterolithotomy, chole​cystectomy and fistula closure (one-stage procedure); and (3) enterolithotomy with cholecystectomy per​formed later (two-stage procedure). Bowel resection is necessary in certain cases after enterolithotomy is performed.

Enterolithotomy has been the most commonly surgical procedure performed. Through an exploratory laparotomy, the site of gastrointestinal obstruction is localized. A longitudinal incision is made on the anti​mesenteric border proximal to the site of gallstone impaction[5,6,23]. When possible, through gentle mani​pulation the gallstone is brought proximally to a non-edematous segment of bowel. Most of the times, this is not possible due to the grade of impaction of the gallstone. The enterotomy is performed over the gallstone and it is extracted. Careful closure of the enterotomy is needed to avoid narrowing of the intestinal lumen and a transverse closure is recommended. Bowel resection is sometimes necessary, particularly in the presence of ischemia, perforation or an underlying stenosis[6,23]. Manual propulsion of the gallstone through the ileocecal valve should be reserved for highly selected situations because of danger of mucosal injury and bowel perforation[5,6,23]. Similarly, attempts to crush the gallstone in situ can damage the bowel wall and should be avoided[23]. Multiple gallstones can generally be extracted through a single incision by clearing the gut and moving smaller gallstones towards bigger ones (Figure 6). In cases of sigmoid obstruction, transanal delivery is rarely possible. Sigmoid resection removing the gallstone and the underlying stenosis has been recommended[6]. 

The main long-standing controversy in the manage​ment of gallstone ileus is whether biliary surgery should be carried out at the same time as the relief of obstruction of the bowel (one-stage procedure), per​formed later (two-stage procedure) or not at all.

In 1922, Pybus successfully extracted an obstructing gallstone from the ileum, closed the duodenal fistula and drained the gallbladder after removing two additional gallstones from it. In 1929, Holz extracted a gallstone from the sigmoid and after removing a second gallstone that was impacted in the duodenum, he closed a cholecystoduodenal fistula and removed the gallbladder. The author recommended this procedure for patients in satisfactory general condition. In 1957, Welch performed a successful one-stage surgery in a patient who was well prepared after recurrent gallstone intestinal obstruction. The authors suggested the feasibility of the operation under optimal conditions. In 1965, Berliner et al[49] reported three cases managed in a similar manner, and mentioned that when the patient is adequately hydrated with serum electrolytes restored and the procedure does not represent a prohibitive operative risk, a one-stage procedure should be considered. In 1966, Warshaw et al[12] reported a series of 20 patients, where enterolithotomy was combined with cholecystectomy and fistula closure in two cases, with cholecystostomy and closure of the fistula in one, and delayed cholecy​stectomy and closure of the fistula in two. There was no operative mortality. The authors recommend that the one-stage procedure should be considered in selected cases. 

Cholecystoenteric fistula closure after the extrusion process has been reported, but if the cystic duct is permanently occluded and any part of the gallbladder mucosa remains viable, it probably remains patent[15]. The risk of gallstone ileus recurrence is higher than previously reported. The commonly quoted recurrence incidence is 2%-5%, but up to 8% recurrence after enterolithotomy alone has been reported as well; half of these new onset events will present in the following 30 d[50]. It must be considered that recurrence rates of 17%-33% have been reported[6,51]. 

The possibility of recurrent cholecystitis and acute cholangitis has been highlighted[6,49]. Warshaw et al[12] reported recurrent symptoms or complications in 6 of 18 patients with unrepaired cholecystoenteric fistulas or retained gallbladders. Acute cholangitis has been reported in 11% of patients with cholecystoduodenal fistula and 60% with cholecystocolonic fistula[6,34]. With a one-stage procedure, further gallstone-related events are prevented[12]. 

A long-term potential complication of biliary enteric fistula could be gallbladder cancer. Bossart et al[52] found a 15% incidence of gallbladder cancer in 57 patients undergoing surgery for such fistulas, compared to 0.8% among all patients having cholecystectomy. 

On the other hand, simple enterolithotomy has long been associated with a lower mortality[7]. As Ravikumar et al[53] observed, this study included patients from 70 published series spanning 40 years, with widely differing lengths of follow-up and evolving surgical techniques during this time period. Consideration should be taken of the fact that the severity of each case has influence on the outcome of any particular surgical procedure, and that mortality is not an absolute consequence of the surgical procedure itself. In the report by Clavien et al[6], when patients were comparable in terms of age, concomitant diseases and APACHE Ⅱ score, operative mortality and morbidity rates were not significantly different. 

In 2003, Doko et al[54] reported a 30 patient series with morbidity of 27.3% in patients undergoing entero​lithotomy alone and 61.1% for a one-stage procedure. Mortality was 9% following enterolithotomy and 10.5% after a one-stage procedure. American Society of Anesthesiologists (ASA) scores were similar between the two groups but operating times were significantly longer for the one-stage procedure. Urgent fistula repair was significantly associated with postoperative complications. The authors concluded that enterolithotomy is the procedure of choice, with a one-stage procedure re​served for patients with acute cholecystitis, gallbladder gangrene or residual gallstones[6]. 

In 2004, Tan et al[55] reported a retrospective study of 19 patients treated by emergency surgery for gallstone ileus. The authors had no preference for either surgical procedure. Enterolithotomy alone was performed in 7 patients and enterolithotomy with cholecystectomy and fistula closure in 12 patients. In the first group, more patients had significant co-morbidity as identified by poorer ASA status (6 patients were ASA Ⅲ and Ⅳ), poorer pre-operative status, and 4 patients were hypotensive in the pre-operative phase. All 12 patients in the one-stage procedure group were ASA Ⅰ and Ⅱ and none were hypotensive in the pre-operative phase. Operative time was significantly shorter in the entero​lithotomy group (70 min vs 178 min). There were no significant differences in morbidity and there was no mortality in either group. 

In 2008, Riaz et al[56] reported their retrospective experience with 10 patients diagnosed with gallstone ileus. The choice of the surgical procedure was largely determined by the clinical condition of the patient. Five patients underwent enterolithotomy alone (group 1), while the remaining 5 patients underwent chole​cystectomy and fistula repair (group 2). In group 1, all patients were hypertensive and diabetic. All patients were hemodinamically-unstable, with metabolic acidosis and pre-renal azotemia. The ASA score was Ⅲ or above in all patients. In group 2, only 2 patients were hypertensive and all were hemodynamically-stable at presentation with an ASA score of Ⅱ. There was no operative mortality in both groups. 

Many patients with gallstone ileus are elderly, with comorbidities, in poor general condition and have a delayed diagnosis, leading to dehydration, shock, sepsis or peritonitis. Relief of gastrointestinal obstruction by simple enterolithotomy is the safest procedure for these patients[30,31]. 

At laparotomy, examination and careful palpation of the entire bowel, gallbladder and extrahepatic bile duct is recommended, in order to exclude gallstones, bile leakage, abscess or necrosis[1,12,19,57]. Cholecystectomy and fistula repair reduce the need for reintervention and the incidence of complications related to fistula persistence, including recurrent ileus, cholecystitis or cholangitis, but it is justified only in selected adequately stabilized patients in good general condition, such as good cardiorespiratory and metabolic reserve, who are able to withstand a more prolonged operation, unless it has been clearly demonstrated that no gallstones remain in the gallbladder[6,31,36,58]. 

Proponents of enterolithotomy alone argue that fistula closure is time consuming and technically demanding. Spontaneous fistula closure can occur when the gallbladder is gallstone-free and the cystic duct remains patent. Some authors have found no risk of cancer when fistula is not managed[1,6,8]. 

According to different authors, enterolithotomy alone is the best option for most patients with gallstone ileus. The one-stage procedure should be offered only to highly selected patients with absolute indications for biliary surgery at the time of presentation and who have been adequately reanimated[7,11,16,31,36,53]. 

The persistence or appearance of gallstone-related or gastrointestinal symptoms will prompt the need for evaluation. US and contrast gastrointestinal radiology may detect cholelithiasis and fistula persistence in patients who have been treated by enterolithotomy alone[6,12]. Demonstration of gallstones, the appearance of symptoms, or a persistent cholecystoenteric fistula indicates the need for cholecystectomy, closure of the fistula, and common duct exploration[12]. It has been emphasized that delayed cholecystectomy as a second procedure is clearly justified only in cases of symptom persistence[7,31]. The two-stage procedure with scheduled follow-up biliary surgery is not common. Subsequent cholecystectomy and fistula closure are recommended to be performed 4 to 6 wk later[7,16,32,55]. A mortality rate of 2.94% has been reported in this group of patients[8]. 

Laparoscopy

In 1993, Montgomery[59] reported 2 cases of mecha​nical intestinal obstruction, which were diagnosed laparoscopically and gallstone ileus was found. In both cases, the affected ileum segment was brought out of the abdominal cavity though a small incision, and through enterotomy the gallstone was removed. Both patients were discharged and only one presented a wound infection, which was successfully treated. In 1994, Franklin et al[60] reported a case of laparoscopically treated along with cholecystectomy and repair of a cholecystoduodenal fistula. 

In 2003, El-Dhuwaib et al[61] reported a case of gallstone ileus that underwent an emergency laparo​scopic enterolithotomy. During follow-up, a cholecysto​duodenal fistula and bile duct stones were detected. An elective laparoscopic cholecystectomy with fistula repair, concomitant bile duct exploration, choledocolithotomy and primary bile duct closure were successfully per​formed. In 2007, Moberg et al[62] reported a series of 32 patients with gallstone ileus operated laparoscopically in 19 cases with 2 conversions, and by open surgery in 13 cases. There was no mortality. In 2013, Yang et al[63] reported a case of Bouveret’s syndrome, which was successfully treated by laparoscopic duodenal lithotomy and subtotal cholecystectomy. In 2014, Watanabe et al[64] reported a case of gallstone ileus due to a 4 cm gallstone in the jejunum with presence of pneumobilia. Through single-incision laparoscopic surgery, entero​lithotomy was performed. Cholecystoduodenal fistula closure was demonstrated 4 mo after the surgery. The patient had an uneventful postoperative course. 

Although experience in minimally invasive surgical treatment of gallstone ileus is still developing, adequate management in low risk patients has allowed successful results. Dilated and edematous bowel represents a more challenging scenario. According to a recent report, laparoscopy is used only in 10% of surgically managed gallstone ileus cases, with a high conversion rate (53.03%) to laparotomy[8]. Early recovery and a low mortality are expected from laparoscopic procedures[65]. 

Endoscopy

Gallstones causing gastroduodenal or colonic obstruction may be amenable to endoscopic detection and in certain instances to endoscopic extraction. In 1976, Stempfle et al[66] reported a case of cholecystogastric fistula with passage of a gallstone to the stomach leading to massive hemorrhage of gastric mucosa. The gallstone was removed endoscopically and the imminent obstruction could be eliminated. Mucosal bleeding was managed with conservative method. Endoscopic visualization of radiologically detected gallstones in the duodenum has been reported, leading to definitive surgical treatment[67]. 

In 1981, Finn et al[68] reported a case of 73-year-old female with gallstone ileus which was diagnosed endoscopically and found 2 gallstones in the duo​denal bulb. A cholecystoduodenal fistula was also demon​strated. Immediate surgery was performed. The role of colonoscopy in large bowel obstruction by a gallstone has been reported. In 1989, a report by Patel et al[69] showed the technical difficulty after multiple attempts for gallstone extraction and further surgical extraction, but diagnosis was established. In 1990, Roberts et al[70] reported the removal of a gallstone obstructing the sigmoid colon by means of colonoscopy. In 1985, Bedogni et al[71] reported a successful gallstone extrac​tion in a case of pyloroduodenal obstruction. The initial success rate of endoscopic management was less than 10%[72]. After endoscopic mechanical lithotripsy (EML), electrohydraulic lithotripsy (EHL), extracorporeal shockwave lithotripsy (ESWL) and endoscopic laser lithotripsy (ELL) have been used alone or in combination for gallstone endoscopic management.

In 1991, Moriai et al[73] reported the combined use of EHL and EML for the treatment of a patient with two 3-cm gallstones in the stomach. The smaller fragments were removed orally. EHL of a gallstone causing gallstone ileus was first reported by Bourke et al[74] in 1997. In 2007, Huebner et al[75] reported two cases managed with EHL alone. This method has the risk of bleeding and perforation due to surrounding tissue damage. In 1997, ESWL was reported by Dumonceau et al[76] who treated two patients with Bouveret’s syndrome. All fragments were removed orally, except for one that was left in the stomach of the first patient and caused recurrent ileus. ESWL may need repeated sessions followed by endoscopy. Obesity and distended bowel interposition may be limitations[77]. 

The use of Holmium: YAG laser lithotripsy has been reported. An attempt to fragment and retrieve a duodenal gallstone causing Bouveret’s syndrome resulted in small bowel obstruction secondary to a fragment. The patient required surgical enterolithotomy[78]. In 2005, Goldstein et al[79] reported a case of a 94-year-old patient with two gallstones in the duodenum, which could not be retrieved beyond the upper esophageal sphincter using a Roth net. A holmium: yttrium-aluminum-garnet (Holmium: YAG) laser was used for gallstone fragmentation, with subsequent successful removal[79]. The main advantage of ELL is the precise targeting of the offending gallstone, with reduced risk of surrounding tissue injury[80]. 

One of the potential limitations for endoscopic management of a gallstone is a location out of endo​scopic reach. In 1999, Lübbers et al[81] reported the case of a 91-year-old female patient who was unfit for surgery and after location of the gallstone in the upper jejunum, was managed by EML. In 2010, Heinzow et al[82] reported the case of an 81-year-old female patient who suffered from gallstone ileus of the ileum. Peroral single-balloon enteroscopy allowed the successful endoscopic removal of the obstructing gallstone. Single and double balloon enteroscopy constitutes a recent means of endoscopically directed therapy. 

A colonic location of an obstructing gallstone may be endoscopically managed in selected patients. In 2010, Zielinski et al[83] reported a case of endoscopic EHL of a 4.1 cm gallstone in the sigmoid colon. A gallstone impacted at the ileocecal valve was successfully managed by Shin et al[84] using EHL by means of colonoscopy in a patient with liver cirrhosis (Child-Pugh class B). The fragments were retrieved with snare and forceps.

These non-operative endoscopic methods should be considered in elderly and high risk patients[6]. A potential complication of endoscopic treatment is the possibility of distal impaction of gallstone fragments[17].

MORBIDITY

Previously, the most common postoperative complication has been wound infection. In 1961, Raiford[15] observed a 75% global rate of wound infection. Localized peri​tonitis, respiratory complications, phlebitis, recurrent obstruction due to residual gallstones and cholangitis were also observed. In more recent series, the global rate of postoperative complications has been reported in the range of 45%-63%[6,30,31,36,55]. Wound infection continues to be the most common complication, with rates of 27% and 42.5%, as reported by Clavien et al[6] and Rodríguez Hermosa et al[30] respectively. Several authors have reported no significant differences of post​operative complications between those patients treated by enterolithotomy or enterolithotomy, cholecystectomy and fistula closure[6,31,36,55]. Martínez Ramos et al[36] found a 100% complication rate among patients requiring intestinal resection. Global immediate complications were greater when the diagnosis was made during the surgical procedure than when it was made prior to surgery. If relapsing gallstones ileus is not considered, less common postoperative complications have been wound dehiscence, cardiopulmonary and vascular complications, sepsis, intestinal and biliary fistulas, and urinary tract infections[6,31,55]. 

Currently, the most common postoperative com​plication is acute renal failure, which was seen in 30.45% of patients, followed by urinary tract infection (13.79%), ileus (12.42%), anastomotic leak, intraabdominal abscess, enteric fistula (12.27%), and wound infection (7.73%)[8]. 

MORTALITY

Gallstone ileus is predominantly a geriatric disease, and as many as 80%-90% of patients have concomitant medical illnesses. Hypertension, diabetes, congestive heart failure, chronic pulmonary disease and anemia are the most common comorbidities[8]. These associated conditions need to be considered, as they may affect the results of treatment[1]. 

Mortality rates were reported as high as 44% at the late 1800’s, while in the first half of the twentieth century these rates maintained between 40%-50%[3,19]. In the 1990’s, considerable reductions in mortality were observed to 15%-18%, to current rates of less than 7%[7,8]. Specifically, simple enterolithotomy has long been associated with an 11.7% mortality compared to 16.9% for the one-stage procedure (enterolithotomy plus cholecystectomy and fistula closure)[7]. 

As described by Kirchmayr et al[85], four main reasons might be responsible for the high number of lethal courses. First of all, gallstone ileus is a disease of the elderly. Second, concomitant diseases, such as cardiorespiratory diseases and/or diabetes mellitus are frequent. Third, because of uncommon symptoms diagnosis is difficult and a mean delay of 4 d from the beginning of symptoms to hospital admission is reported. Fourth, postoperative recovery is also hampered; age-related complications such as pneumonia or cardiac failure are more frequent than surgery associated complications. 

In the study by Halabi et al[8] of 3268 gallstone ileus cases who underwent surgical management, an overall mortality rate of 6.67% was observed. The authors noted that fistula closure, performed during the initial procedure, was independently associated with a higher mortality rate than enterolithotomy alone. When bowel resection was indicated, it was also associated with a higher mortality rate than enterolithotomy alone. When analyzing by surgical procedures, the mortality rates were 4.94% for the enterolithotomy alone group, 7.25% for the enterolithotomy plus cholecystectomy and fistula closure group, 12.87% for the bowel resection group, and 7.46% for the bowel resection and fistula closure group. However, if consideration is made of the fact that bowel resection is not exactly an option but a requirement due to the bowel segment conditions instead, the mortality for those patients undergoing enterolithotomy alone or bowel resection is actually 6.53%.

In summary, gallstone ileus or gallstone gastro​intestinal obstruction represents less than 1% of gastro​intestinal obstruction cases, with a higher frequency among the elderly. Computed tomography has proven to be the most accurate diagnostic modality, but diagnostic criteria validation is required. Surgical relief of obstruction is the cornerstone of treatment. Given the high incidence of comorbidities in these patients, a good judgement in selecting the surgical procedure is required. Enterolithotomy remains the mainstay of operative treatment. A one-stage cholecystectomy and repair of fistula is justified only in selected patients in good general condition and adequately stabilized preoperatively. Specific criteria for a one-stage procedure remain to be established. A two-stage surgery is an option for patients with persistent symptomatology after enterolithotomy surgery. Large prospective studies of laparoscopic and endoscopic-guided procedures are expected.
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Figure Legends
[image: image2.png]



Figure 1  Plain abdominal radiograph showing dilated small bowel loops and a high density endoluminal image suggestive of a gallstone (arrow). No pneumobilia is visualized.
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Figure 2  Ultrasound findings in a patient with gallstone ileus. A: Hyperechoic images without acoustic shadow in a non-dilated common bile duct, suggestive of air in the bile duct (arrow). Right portal vein was identified by Doppler US; B: US showing hyperechoic images without acoustic shadow in a collapsed gallbladder (arrow) and duodenum, suggestive of endoluminal air (short arrow). Liver parenchyma (arrowhead); C: Fluid-filled dilated proximal jejunum bowel loop (arrowhead). US: Ultrasound.
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Figure 3  Contrast-enhanced computed tomography findings in a patient with gallstone ileus. A: Portal phase Ⅳ-contrast enhanced computed tomography section reveals air in the hepatic duct (arrow), anterior to a permeable right portal vein (arrowhead); B: Communication between a non-distended gallbladder (arrowhead) and the duodenum (arrow), where presence of air is observed. Fluid-filled dilated jejunum loops and intestinal pneumatosis are seen (short arrow); C: Endoluminal round-shaped calcium-density images (arrows), and dilated small bowel loops (arrowhead) with pneumatosis (short arrow).
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Figure 4  Magnetic resonance cholangiopancreatography findings in a patient with gallstone ileus. A: On T2-MRI, a hyperintense image is identified in the gallbladder bed (arrow), with communication with the duodenal second portion (arrowhead), suggestive of a cholecystoduodenal fistula; B: MRI coronal reconstruction showed dilated small bowel loops with endoluminal air (black arrowheads) and a signal-void round-shaped image, suggestive of a gallstone (arrow). Gallbladder communication with duodenum is observed (white arrowhead). MRI: Magnetic resonance imaging.
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Figure 5  Esophagogastroduodenoscopy in a patient with Bouveret’s syndrome revealed a gallstone in the duodenal bulb and the fistulous sinus. Courtesy of Gabriela Quintero-Tejeda, MD, Department of Gastrointestinal Endoscopy, Unidad Médica de Alta Especialidad, Hospital de Especialidades del Centro Médico Nacional de Occidente, Instituto Mexicano del Seguro Social.
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Figure 6  Surgical findings in a patient with gallstone ileus. A: An impacted gallstone was found in distal jejunum. A smaller gallstone proximal to the impacted one is observed; B: Enterotomy over the site of the impacted gallstone; C: Intestinal wall compromise due to gallstone impaction can be observed; D: The offending gallstone, plus four of smaller dimensions found in proximal jejunum. An obstructing gallstone was found and extracted from the common bile duct in the same patient (gallstone on the right).
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Table 1  Frequency of biliary-enteric fistulas in patients with gallstone ileus


Fistula type


�
Range (%)


�
�
Cholecystoduodenal


�
32.5-96.5


�
�
Cholecystogastric


�
     0-13.3


�
�
Cholecystojejunal


�
   0-2.5


�
�
Cholecystoileal


�
   0-2.5


�
�
Cholecystocolic


�
     0-10.9


�
�
Choledochoduodenal


�
     0-13.4


�
�
Undetermined


�
  0-65


�
�
Data expressed in percentage ranges, according to ref. [6,10,11,16,25,30,34,36,55].








Table 2  Site of gastrointestinal obstruction in patients with gallstone ileus


Site


�
Range (%)


�
�
Duodenum


�
   0-10.5


�
�
Stomach


�
0-20


�
�
Jejunum


�
0-50


�
�
Jejunum/proximal ileum


�
0-50


�
�
Ileum


�
   0-89.5


�
�
Colon


�
  0-8.1


�
�
Undetermined


�
 0-25


�
�
Data expressed in percentage ranges, according to ref. [6,7,10-12,16,19,25,30,34,36,55].
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