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 To learn about the general management of patients with gastrointestinal fistulas; 

 To learn about the nutritional management of patients with patients with gastrointestinal 

fistulas; 

 To learn about the metabolic and nutritional complications of patients with 

gastrointestinal fistulas. 
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Key Messages 
 

 The development of enterocutaneous fistulas is a major gastrointestinal complication 

with significant morbidity and mortality requiring staged specialised treatment; 

 Treatment focuses on controlling sepsis, optimisation of nutritional status, wound care, 

anatomical evaluation of the fistula, timing of surgery, and surgical strategy; 

 55-90% of the patients with an enterocutaneous fistula becomes malnourished, because 

of a combination of illness and starvation; 

 Nutritional screening and subsequent assessment provide important information 

regarding nutritional status and requirements; 

 Enteral nutrition has advantages over parenteral nutrition and where possible, is the 

preferred route of nutrition; 

 Short bowel syndrome, ileus, high fistula output leading to malabsorption, are indications 

for parenteral nutrition; 

 The duration of convalescence prior to reconstructive surgery must be at least six weeks 

(more commonly 6 months) to control sepsis, to clear inflammatory activity and regain 

normal body composition and function (normal nutritional status); 

 The majority of patients do not require additional artificial nutritional support after 

fistulas closure. 
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1. Introduction 

An enterocutaneous fistula (ECF) is an abnormal connection (fistula) between the intestine 

(enter) and the skin (cutis)(1). It can develop spontaneously, for example in patients with 

cancer, inflammatory bowel disease or after radiotherapy, but develops most often 

postoperatively as a result of iatrogenic intestinal lesions or leaking anastomoses. An 

Enteroatmospheric fistula (EAF) with visible mucosa and the absence of overlying soft –

tissue within an open abdomen form a special subset of ECF’s. 

The treatment of patients with an ECF has proven to be extremely challenging and has 

resulted in the past a mortality rates of 40%. Mortality has mainly resulted from sepsis, 

malnutrition, and electrolyte imbalances and treatment is complicated by wound infections, 

high output fistulas and the need often prolonged safe nutrition requiring multi-disciplinary 

approach. Successful treatment is also specialist centres to which these patients can be 

referred. 

Improvement of several aspects of treatment have led to the development of a guided 

approach by a multi-disciplinary team involving  surgeons, gastro-enterologists, radiologist, 

dieticians, and  nurses skilled in nutrition, wound care, fluid balance and psychology, which 

has reduced mortality from 40% to <% (2, 3). Welch (4) and somewhat later Chapman (5) 

a created the foundation for the structured approach to patients with an ECF. This was 

further developed by many groups adhering to similar principles, including management of 

sepsis and skin care, nutritional support, definition of intestinal anatomy, and development 

of a plan for a definitive surgical procedure when fistulas persist (5-7).  

The incidence of ECF has been estimated to be below 0.5 patients per 100,000 inhabitants6 

and thought to complicate 0.8-2% of abdominal operations (8) and thus is one of the orphan 

diseases (9). This emphasizes the necessity to establish tertiary referral centres where in 

particular the severe cases can be treated (10). The following introduction provides an 

overview of the treatment guideline for patients with an ECF as it has evolved over the past 

decades and includes a discussion of the major complications observed in these patients. 

 

2. Historical Summary 

 

In 1960 Edmunds et al. were the first to study and describe a large cohort of patients with 

an ECF (4). They reported that mortality in their population was related to electrolyte 

imbalance, malnutrition and generalized peritonitis in 78, 61 and 67% of cases, respectively. 

Although antibiotic treatment had been available during this period, the reported overall 

mortality rate was 40%. In 1964 treatment of ECF patients evolved after Chapman and 

colleagues introduced a structured guideline for treatment of these patients (5). The 

guideline was based on treatment of the main complications, in order of their impact on 

survival. It primarily involved control of the fistula output, treatment of sepsis and 

maintenance of adequate nutritional status. A significantly lower mortality rate (12%) was 

observed in adequately intravenously nourished patients compared to the suboptimally fed 

group (55%). The authors concluded that adequate nutritional therapy could be decisive for 

survival. The introduction of parenteral nutrition consisting of glucose, lipid and amino acids 

in the late sixties has enabled supplementation of adequate amounts of macro- and 

micronutrients when enteral nutrition (EN) fails to reach requirements due to fistula output 
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or poorly functionig bowel (11, 12). The effect of introducing PN was evaluated by Soeters et 

al. They retrospectively assessed outcome of ECF patients that received PN or not in the 

Massachusetts General Hospital between 1970 and 1975 (3). There was no significant 

difference in mortality between patients with PN (24.7%) and without PN (16.3%). 

Furthermore, outcome did not differ from the mortality rate (15.1%) of patients treated 

between 1960 and 1970 receiving no PN. The authors suggested that these results were 

related to 1) better patient monitoring including correction of electrolyte disturbances, 

support of respiratory and cardiac insufficiency and 2) the application of sound surgical 

principles. Finally, patients in the PN group had higher fistula output and were more ill than 

the patients that did not receive/need PN. Sepsis remained the main cause of death in both 

periods. Since then, several groups refined the treatment protocol, off which the focus 

revolves around the control of sepsis, optimisation of nutritional support, wound care, 

establishment of the anatomy of the fistula, timing of surgery and surgical strategy, 

abbreviated to SOWATS. Below, the guideline will be described in more detail. 

 

3. Aetiology of the ECF 

 

The ECF may lead to intestinal failure. Intestinal failure is defined as the reduction of gut 

function below the minimum necessary for the absorption of macronutrients and/or water 

and electrolytes, such that intravenous supplementation is required to maintain health 

and/or growth.and, if left untreated, leads to malnutrition, dehydration and deficiencies 

(14). Three types of intestinal failure are distinguished. Type I intestinal failure resolves 

within one month and mainly includes postoperative ileus or obstruction, requiring only 

short-term PN. Type II intestinal failure by definition extends one month and includes 

patients with complex inflammatory bowel disease, intestinal fistulas (ECF) and abdominal 

sepsis. They often require long-term PN and operative resolution. Type III intestinal failure 

results in dependency on PN. These patients mostly suffer from short bowel syndrome and 

require home PN (15).  

A minority of ECF’s develop spontaneously (10-25%) as a result of Crohn’s disease, cancer 

or radiation damage and diverticulitis (Table 1) (2, 16-18). The majority of ECF’s (75-90%) 

develops after surgery mainly because of iatrogenic lesions or anastomotic leakage in 

patients with malignancy of the digestive tract, Crohn’s disease or infectious diseases of the 

bowel (2, 16, 19). In these patients, intestinal content from the damaged intestine enters 

the abdominal cavity which leads to abscess formation. This abscess may rupture 

spontaneously to areas of diminished resistance like the recently closed wound or finds its 

way to the skin after surgical or radiological drainage. In this way a connection is formed 

between the inside of the damaged bowel to the skin, forming an enterocutaneous fistula. 
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Table 1  

Common causes of fistula formation 

Formation Cause 

Spontaneous Crohn’s disease 

10-25% Cancer 

Diverticulitis 

Radiation enteritis 

Surgical Iatrogenic lesion (sutures) 

75-90% Anastomotic failure 

Abdominal wall dehiscence 

Mesh rupture 

Drain puncture 

Traumatic Diagnostic intervention (puncture) 

<5% (Traffic) accident 

 

 

4. Management of ECF 

4.1 Treatment Strategy 

Patients with an ECF present intermittently with a low incidence and form a very 

heterogeneous population. Most patients receive initial treatment at the hospital where the 

complication occurred, but where the managing team will have limited exposure to these 

relatively rare patients. Due to the lack of centralisation and complexity of patients with 

ECF’s randomised controlled trials of different treatment options in patients with ECF’s are 

virtually impossible to perform. Consequently, establishment of optimal treatment is largely 

based on cohort series and expert opinion. A major factor in the lack of specialist centres is 

difficulties in re-imbursement as ECF management is not specifically coded, yet requires 

considerable resources (20). A number of expert centres have contributed to the 

optimisation of the care of these patients by development of treatment guidelines (10, 18, 

21). Although the text of guidelines differs among institutes, there is general agreement on 

the priority of treatment steps. In order of priority the treatment strategy consists of, 

treatment of sepsis, optimisation of nutritional status, wound care, anatomical evaluation, 

timing of surgery and surgical procedure (20) (SOWATS; Table 2). Recognition of the 

presence of an ECF is the first step towards adequate fistula management. The treating 

physician should inform the patient about the general outline of treatment, duration of 

treatment and the possibility of a (further) surgical intervention (10).  
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Table 2  

Treatment of patients with ECF according to the SOWATS guideline 

Step Considerations and action 

Sepsis control Signs of sepsis 

Radiological drainage of abscesses 

Relaparotomy on demand 

Optimization of nutritional status Rehydration and electrolyte 

supplementation 

Parenteral/enteral nutrition 

Wound care Wound care with woundmanager 

Sump suction 

Anatomy of the bowel and fistula Contrast fistulography 

MRI or CT enterography 

Fistula tract 

Visualisation of the length of the 

intestine and fistulas tract 

Stenosis, obstruction, fluid collection 

Timing of surgery Clinically stable 

Normalisation of laboratory values 

> 6 weeks after fistula development 

Defensive 

Surgical strategy Restore continuity 

Careful access to the bowel 

Cover sutures with omentum 

Stay away from compromised area 

 

4.2 Treatment of Septic Complications 

 

4.2.1 Diagnosis of Abdominal Infection and Sepsis 

 

Throughout the past decades sepsis has been the main cause of mortality in patients with an 

ECF. Diagnosis and then treatment of sepsis has the highest priority. Most fistulas are 

established after a period of sepsis (see earlier). Sepsis is therefore at the origin of fistula 

formation. Nevertheless, other causes may lead to sepsis and accompany the development 

of a fistula (3-5, 22, 23), including infection of the central venous catheter, pneumonia and 

wound infection. 

Clinical signs of sepsis include fluid retention and oedema, fever and organ failure. Patients 

show alteration in laboratory parameters that reflect inflammation and infection, including 

increased white cell counts and CRP and reduced plasma albumin levels (24). A central 

venous catheter infection must always be suspected and if found treated according to local 

protocols. When sepsis arises after surgery, intra-abdominal infection and abscesses should 

be suspected and excluded. In these cases CT or ultrasonic guided drainage of abscesses 

has proven extremely valuable to control the infection (25). When there are multiple 

collections and/or the radiologist is unable to place the drain inside the collection, an 

operative procedure is indicated. A minimal invasive procedure is the first choice but if 
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needed to control sepsis, a complete laparotomy should be performed (Fig. 1). There is no 

difference in clinical outcome between a relaparotomy on demand or planned relaparotomy 

but an on demand strategy results in lower costs of treatment (26).  

 

 
Fig. 1 Flow chart of sepsis treatment 

 

4.3 Optimisation of Nutritional Status 

 

4.3.1 Malnutrition 

 

The pathophysiology of malnutrition consists of a combination of varying degrees of 

undernutrition (negative nutrient balance) and inflammatory activity, leading to changes in 

body composition and diminished function (27). Patients with an ECF suffer from inadequate 

food intake, exclusion of the intestine distal from the fistula and excessive loss of 
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gastrointestinal contents in combination with inflammatory activity due to infection causing 

catabolism and increased energy expenditure (14). Subsequently, 55-90% of patients with 

an ECF become severely malnourished (4, 28, 29). Malnutrition decreases healing capacity 

and increases the susceptibility to infection even further. Edmunds et al. and Chapman et al. 

demonstrated that malnutrition in patients with fistulas resulted in an increase in morbidity 

and mortality (4, 5).  

 

4.3.2 Nutritional Screening and Assessment 

 

Nutritional screening and assessment provides information about the risk of malnutrition and 

basic energy requirements. Weight loss, body mass index, food intake and disease severity 

are easy screening measures during treatment. The Nutritional Risk Screening 2002 

combines these parameters and can be used easily (30). Other validated tools include the 

Malnutrition Universal Screening Tool (31) and the Subjective Global Assessment tool (32). 

In patients who appear at risk according to nutritional screening, a detailed assessment of 

body composition and energy requirement is advised in order to develop a nutritional plan. 

Individual energy requirements can be calculated with a number of different validated 

equations, or measured via indirect calorimetric analysis using the ventilated hood in cases 

where precise measurement is crucial. 

 

4.3.3 Enteral Nutrition 

 

EN, either oral, intragastric or intrajejunal, has several advantages over parenteral nutrition. 

It reduces the inflammatory response (33), maintains the enterohepatic circulation (34), 

maintains gut function and structure (35), decreases bacterial overgrowth (36), avoids 

intravenous access complications (37), blunts the hypermetabolic stress response (38) and 

has been claimed to decrease organ failure (39). However, in multiple organ dysfunction 

syndrome, bowel function may be compromised and EN is not always tolerated. Also, EN 

may severely complicate wound management in patients with fistulas in open wounds and 

intestinal failure precludes adequate nutritional support. However, when adequate wound 

care can be provided enteral nutrition should not be withheld (40). Complications associated 

with EN include aspiration, diarrhoea, misplacement of the nasogastric tube, nausea and 

vomiting, obstruction (ileus) and require special attention. Especially patients with a high 

output small bowel fistula (>500mL/day) need PN support. Alternatively, nutritional 

formulas can be infused into the intestine distal to the fistula: fistuloclysis. In a group of 12 

patients who were prepared for a restorative procedure, 11 patients could be weaned of PN 

by fistuloclysis (41). A more recent paper has updated the concept of collecting the proximal 

fistula output and re-infusing this fluid into the disconnected distal bowel (42).  
 

4.3.4 Parenteral Nutrition 

 

Patients who are not able to meet nutritional requirements via the enteral route alone 

depend on parenteral supplementation in order to maintain or improve nutritional status 

(Fig. 2). Particularly  in patients with high output small bowel fistulas, the intestine distal to 

the fistulous tract is not involved in the absorption process resulting in malabsorption. As 

discussed by Soeters (3) and emphasised by Fazio (43), PN has allowed postponement of 
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surgical intervention in severely ill patients in whom re-operation would be extremely 

hazardous. PN can maintain or even improve nutritional status during this period provided 

infection is adequately treated.  

 

 
Fig. 2 Flow chart of nutritional management 

 

The beneficial effect of PN for the treatment of patients with ECF is difficult to establish 

because of the simultaneous introduction of other treatment options (3). In addition, the 

beneficial effect of adequate nutritional support by PN in patients that cannot be adequately 

fed by the enteral route is so obvious that randomized trials including a non-treatment arm 

would be unethical. As a result of this benefit, more patients survived the initial disease and 

complications that had been lethal in the past. This resulted in a change in ECF population 

with more sick, elderly patients and consequently the outcome of treatment in terms of 

mortality did not alter in the last decades (3, 43). Earlier studies did suggest that in suitable 

cases postponement of surgical repair enabled by PN allowed for some spontaneous closure 

(44, 45).  

 

4.3.5 Parenteral Fatty Acids 

 

Patients most commonly receive PN formulas containing triacylglycerols, containing long 

chain fatty acids (LCFA). LCFA provide essential fatty acids and a caloric source and when 

included as source of FA currently provide the lowest prized lipid emulsion. However, the 

clearance of LCFA containing fat emulsions is not always optimal causing 

hypertriglyceridemia (46, 47). Free fatty acid overload can lead to steatosis and 



Copyright © by ESPEN LLL Programme 2018 
10 

 

steatohepatitis by as yet not fully elucidated mechanisms. Abundant fatty acids have 

proinflammatory effects and produce reactive oxygen species leading to insulin resistance 

(48). There is no established method to interrupt this cycle or reduce hypertriglyceridemia. 

Several lipid solutions have been developed to prevent this complication but their value in 

clinical practice is not yet fully established. Of all RCTs on PN and lipid emulsions in humans, 

only a subset reported plasma triglyceride concentrations as a potential indicator of 

steatosis. In these studies, soy oil (SO), fish oil (FO), olive oil (OO), MCT/LCT mixtures, 

structured lipids (STG) and SMOFlipids were compared in various combinations. However, 

there were no differences observed between these lipid emulsions (FO vs SO (49, 50), 

MCT/LCT/FO vs SO (51), OO vs SO (52-55), OO vs FO (56, 57), OO vs MCT/LCT (58), STG 

vs SO (59-62), STG vs MCT/LCT (63), SMOF vs SO (64-68) and various (69)). Only two 

reports (by Sandstrom and colleagues (70) comparing STG with LCT and Schlotzer and 

colleagues and Schlotzer and colleagues comparing SMOF with LCT (65)) showed a reduction 

in triglyceride concentration in favor of the non-LCT groups, but this was measured after an 

infusion period of only 6 hours. 

 

4.3.6 Immunonutrition 

 

Immunonutrition can be defined as nutrition in which specific nutrients are included in 

amounts exceeding quantities normally present in food and that have beneficial effects on 

the immune response. For than two decades, such beneficial immunological effects have 

been ascribed to glutamine. The potential positive effect of glutamine is still a matter of 

debate and studies in patients with ECF are not performed (71, 72). 

Enteral supplementation of substances such as arginine, omega-3 fatty acids, and 

nucleotides in critically ill patients and infants resulted in a decrease in infectious rate and 

reduction in hospital stay but no reduction in overall mortality (72-74). The effect of 

immunonutrition regimens has not been studied in patients with ECF. 

 

4.3.7 Intestinal Failure Associated Liver Disease 

 

Intestinal failure associated liver disease (IFALD) occurs as a complication in patients with 

intestinal failure. It occurs in 5 to 50% of patients with intestinal failure such as short bowel 

syndrome (SBS) and enterocutaneous fistula (ECF) (75, 76), potentially resulting in patients 

with chronic intestinal failure in end-stage liver disease (77). Several factors have been 

associated with its development such as parenteral nutrition, sepsis and the external loss of 

secreta of stomach, liver, pancreas and small bowel (78). Whereas the first two have been 

studied more thoroughly the value of loss of small bowel fluid has been less well established.  

An early study showed that collecting intestinal fluid that was lost through the ECF and 

reinfusing it into the distal intestine, normalized liver test abnormalities and albumin level 

(19). It was suggested that in particular loss of bile acid would play an important role in the 

development of cholestasis and IFALD. Support for this theory can be found in studies 

linking bile acids such as chenodexycholic acid (CDCA) and cholic acid (CA) with the 

farnesoid X receptor (FXR) (78, 80). The FXR is located in the liver, intestine, kidney and 

adrenals. Binding of bile acids with the FXR in intestine and liver induces a negative 

feedback loop of regulating the enterohepatic circulation. Moreover, the FXR regulates lipid, 

carbohydrate and glucose metabolism (81). Conversely, loss of bile via the ECF may lead to 
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reduced activation of the FXR, subsequent disturbance in bile homeostasis, and 

inflammatory signs in liver and intestine. 

The importance of the FXR for lipid metabolism has been highlighted by animal studies 

showing that reduced stimulation of the FXR leads, amongst other genes, to increased 

expression of sterol regulatory element binding protein-1c (82-85), fatty acid synthetase 

(82, 86), acetyl-coenzyme A carboxylase (83, 87) promoting hepatic lipid accumulation 

leading to steatosis and in some patients to steatohepatitis (88, 89). Equally important in 

the development of liver damage may be intestinal damage and intestinal bacterial 

overgrowth caused by lack of bile acids and subsequent reduced expression of FXR (90-92). 

Bacterial endotoxins can now reach the liver by the portal circulation and have a detrimental 

effect on the liver, leading to systemic inflammation with increased levels of TNF-alfa (93). 

This further represses FXR expression (82, 94), but also stimulates hepatic fat deposition 

directly (94). Information about these mechanisms has been obtained from cholestasis, 

steatosis and FXR knock out animal models. Studies from non-cholestatic biliary drainage 

models that more adequately reflect patients with an ECF are lacking. 

 

4.4 Wound Care 

 

4.4.1 The Problematic Wound 

 

ECF can produce large amounts of fluid. A high output fistula is conventionally defined as 

more than 500 ml fluid loss per 24 hours. An output volume between 200 ml and 500 ml per 

24 hours is regarded by some authors as a moderate output fistula. When fluid loss is less 

than 200 ml per 24 hours, the fistula is defined as alow output (1, 96). In addition to fluid, 

electrolytes and nutrients, the fistula output contains proteolytic enzymes and bile salts that 

may damage the skin or other tissues like bowel in dehiscent abdominal wounds, 

surrounding the external opening. Subsequently, this area becomes inflamed and painful 

and liable to become infected. The wound can become macerated, granulation tissue may 

become macerated and newly epithelialized layers may desquamate. Skin, bowel and 

wounds should be healthy and not infected to allow proper healing of anastomoses and 

successful abdominal closure during the restorative procedure.   

 

4.4.2 Treatment of Wound Surfaces  

 

A dedicated team of wound care specialists is of great value for proper wound and stoma 

care, collection of fistula output and wound discharge, and protection of the skin. An endless 

array of products are available, including powders, pastes, adhesions materials, barriers, 

wound bags, etc. Dearlove reported the important elements that should guide wound care: 

origin of the fistula, nature of the effluent, condition of the skin and location of the fistula 

(97). As mentioned by Irving and Beadle (98) fistulas with a single orifice and intact skin can 

be properly treated with a silicone barrier surrounding the fistula after cleaning and drying of 

the skin. The hole in the adhesive disc must fit closely to the margin of the fistula, 

adequately covering the skin around the fistula. In high output fistulas it may be 

advantageous to use a wound managers either or not in combination with negative pressure. 

Single or multiple drain tracts passing through the abdominal wall and exiting in the skin 
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close to bony prominences, scars, and so on, can be treated by filling the grooves with paste 

after which a large stomal appliance or wound manager system is placed over the abdomen.  

Fistulas residing in an abdominal wall defect constitute the biggest challenge and their 

incidence has substantially increased during the past decades (23, 99-101). Fistulas situated 

in a small abdominal wall defect can be treated with a large plate adhesive disc after which 

the edges are protected with filler paste. A wound manager is usually necessary to collect 

the output of the fistula. Fistulas in a laparostomy wound are treated most effectively with a 

wound manager, with or without negative pressure. Placement of a low pressure suction 

drain causes a slight vacuum in the bag resulting in constant drainage of fluid from the 

wound, preventing intestinal continents from damaging skin or bowel exposed in an open 

wound as well as possible (Fig. 3). 

 

 
Fig. 3a and 3b 

3a. Enterocuteneous fistula in an abdominal wall defect and  

3b. Appropriate wound care by use of a wound manager system. 

 

4.4.3 Supportive Methods in Wound Care 

 

Somatostatin analogues are not routinely advised for patients with an ECF. It can be used to 

reduce output (102, 103), aiming to facilitate wound care, but there is no advantageous 

effect on outcome, including the promotion of spontaneous closure of the fistula (103, 104). 

The vacuum assisted closure technique should be applied with caution since it may induce 

renewed fistulisation, thus complicating treatment even further. As summarized by Fischer 

these new fistulas may be associated with increased mortality (105).  
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4.5 Anatomical Evaluation 

 

4.5.1 Macroscopic Analysis of the Abdomen and Discharge 

 

Macroscopic diagnosis of an ECF in a dehiscent abdominal wall with the intestine including 

the fistula directly at sight does not pose great problems (Fig. 4). Fluid from the small 

intestine has a low viscosity and a green-yellowish color caused by the relatively high 

amount of bile salts and bilirubin. Fluid from the large intestine has a more brownish aspect, 

is more odorous, and has a higher viscosity. Also, output volume from the large intestine is, 

with few exceptions, lower than 500mL/day (106). However, macroscopic scrutiny of fluid 

discharge will not always be conclusive, especially when fluid discharge from the fistula is 

low or when the fistula connects with an abscess cavity or with a defunctioned loop (Fig. 4). 

 

 
Fig. 4 Flow chart of establishing the anatomy of the fistula 
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4.5.2 Methylene Blue Dye 

 

When macroscopic analysis of intestinal fluid provides insufficient information, methylene 

blue can allow detection of an ECF (107). The ECF can be visualized after oral ingestion of 

methylene blue or by rectal enema. When the methylene blue is dark and appears quickly 

after supplementation, the intestinal defect is most likely situated near the entrance point of 

the blue dye. However, false negative results may occur when the ECF drains directly into an 

abscess cavity or resides in a defunctionalized loop. It should also be considered that 

methylene blue can be reduced to the colorless leucomethylene in high concentrations of 

bacteria (>10*E9 colony forming units/mL), leading to false negative results (108). It 

implies a high false negative outcome when the distance between the entrance point the dye 

and the fistula is long, and when the ECF resides in the colon, containing >10*E11 colony 

forming units/mL. Additionally, intestinal bacterial overgrowth can easily occur in patients 

who depend on parenteral nutrition and/or with enteral starvation (109). Methylene blue is 

rapidly absorbed and will, if given in large amounts, slightly color serous fluids and more 

strongly urine. This should be taken into account when fluid secretions show a light blue 

color hours after instillation into a fistula. Nevertheless, administration of methylene blue is 

easy, cheap and can provide in some cases quick results and provides, in some cases, rapid 

confirmation of the presence of an ECF (107).  

 

4.5.3 Biochemical Analysis 

 

A third method to diagnose the ECF involves biochemical analysis of intestinal fluid 

discharging from the wound. Measurement of bilirubin and amylase in the intestinal fluid 

discharge is easy, cheap and provides quick results and is more informative about the 

anatomy of the ECF than methods described above. Although this method is frequently 

practiced there are no studies providing information on cut-off points to discriminate small 

from large bowel fistulas.  

 

4.5.4 Radiological Imaging 

 

The aforementioned diagnostic procedures will in most cases provide useful information 

about a single uncomplicated fistula.  When spontaneous closure is expected, simple 

diagnosis of the ECF and its anatomy will suffice. However, the diagnostic procedures 

described above will occasionally fail to furnish definitive information and radiological 

imaging techniques will be needed to characterize the ECF, especially preoperatively. 

Radiological imaging not only allows to define the exact anatomical origin of the ECF, but 

also to assess the exact course of the ECF, the length of the intestine proximal and distal to 

the fistula, and the presence of stenoses or obstructions that possibly impede spontaneous 

closure or postoperative suture healing. More importantly, abscesses can be detected and 

subsequently drained under radiological guidance (25, 110). This may prevent invasive 

operative procedures and associated development of complications especially in patients 

suffering from active infection (111). Hereby, it constitutes an important adjunct to the first 

phase of fistula management, controlling sepsis. 

Contrast medium is used to visualize the fistula tract. Barium is a suitable medium to 

provide detailed information on mucosal surfaces as it remains undiluted (112), but when 
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leaking into the peritoneal cavity may cause chemical peritonitis (113). Therefore, iodinated 

water-soluble contrast medium should be used instead. Nevertheless, when examination 

with an aqueous contrast medium provides no conclusive results the intestinal defect is 

probably too small and application of barium-contrast is recommended (114). Filling the 

fistula canal in combination with oral and rectal infusion of contrast medium provides the 

most complete information regarding the anatomy of the fistula and the intestine (115). 

Insertion of a small catheter into the external opening of the ECF followed by gentle injection 

of water soluble contrast medium directly into the tract most often achieves complete filling 

of the tract. Fistulography can be performed with fluoroscopy and CT-scanning, and in rare 

cases with ultrasonography or magnetic resonance imaging (MRI). 

 

4.5.4.1 Fluoroscopy 

 

Water soluble contrast medium is injected into the cutaneous opening of the fistula for a 

dynamic follow through providing a two dimensional image (Fig. 5) (116). However, 

fluoroscopy does not provide information about the complete fistula tract, the gastro-

intestinal tract (including stenoses and obstructions), and abdominal abscesses. 

Furthermore, narrow fistula tracts do not always fill with contrast medium impeding 

fluoroscopic visualization (and other imaging). A supplementary CT-scan is indicated for 

these patients. 

 

 
Fig. 5 Fluoroscopic image of the ECF. 

A catheter is inserted in the external opening of the skin and filled with contrast fluid. 

Fluoroscopic image shows filling of the intestine with contrast fluid. 
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4.5.4.2 Computed Tomography 

 

A CT-scan is recommended when a patient displays any sign of sepsis or poor clinical 

progression. Thin slides provide a clear three dimensional image, properly differentiating 

separate bowel loops (Fig. 6). Before the examination the intestine needs to be filled with 

water-soluble contrast medium to distinguish bowel from extra-intestinal fluid collections. 

During the examination, administration of intravenous contrast is helpful to diagnose 

abscesses. Pre- and post hydration is necessary to prevent contrast nephropathy, even more 

so in patients with compromised renal function. In addition CT-scanning exposes patients to 

higher amounts of radiation than conventional radiology like intestinal follow through or 

barium enema. CT scanning has the added advantage that it allows radiology guided 

drainage when an abscess is detected (110, 117). The introduction of radiological drainage 

has enabled postponement of surgical intervention in patients with an ECF partially 

accounting for the improved outcome in these patients (13).  

 

 
Fig. 6 Computed tomographic image of the ECF. 

Computed tomographic images of a female patient with an  

enterocutaneous fistula originating from the small intestine. 
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4.6 Monitoring and Timing of Re-intervention 

 

4.6.1 Spontaneous Closure 

 

Spontaneous closure ranges from 20 to 70% (17, 18, 44, 118). It occurs more frequently in 

fistulas originating from the stomach and duodenum than from other parts of the intestine 

(13, 119). Spontaneous closure rarely occurs when anatomical properties are unfavourable 

such as intestinal obstruction, complete discontinuity, presence of a foreign body, a fistula in 

the intestine involved in the inflammatory disease, presence of undrained sepsis and 

radiation enteritis (120, 121). Fistula located in an abdominal wall defect have shown 

reduced tendency for spontaneous closure (Table 1) (99, 122). In a multivariable analysis, 

Campos et al. reported a spontaneous closure rate of 31% and concluded that non-surgical 

cause, high output, referrals from other hospital and infectious complications negatively and 

independently influenced spontaneous closure of gastrointestinal fistulas including biliary 

and pancreatic fistulas (118). Studies published in more recent years found reduced 

tendency for spontaneous closure in high output fistulas, presence of co-morbidity, jejunal 

fistulas and fistulas in a open abdominal wall after multivariable analysis (123-125). 

Additionally, increasing the period of convalescence allowed an increase of spontaneous 

closure from 16 to 29% (126). The TNF-alfa inhibitor infliximab showed to significantly 

increase in spontaneous closure within 54 weeks of analysis compared to a placebo group in 

patients with Crohn’s disease (127). A report from the large GETAID group from France 

showed that up to a third of simple Crohns fistulae had healed with Infliximab therapy. 

Caution was advised as to excluding complex fistulae, distal stenosis and intra-abdominal 

sepsis. A report of three non-Crohn patients also showed spontaneous closure with 

infliximab (128). EAF never close spontaneously. 

 

4.6.2 Timing of Surgery 

 

When spontaneous closure does not occur, an operative procedure will be required to close 

the fistula. The majority of ECF will need operative closure. Before reverting to the 

restorative procedure the patient must be in a stable health state. This is considered from a 

medical as well as a (more subjective) psychological point of view. The patient must be 

mentally willing to proceed to the restorative procedure and be confident that outcome will 

be successful. The patient should be mobile with interest in his/her surroundings and eager 

to return home. 

Clinical signs of improvement include reduction of oedema, a negative fluid balance and 

increased muscle strength. Infection parameters must normalise and the plasma albumin 

level must increase to normal or near-normal level (129, 130). Abatement of sepsis allows 

improvement of the nutritional status when properly nourished. Before the introduction of 

parenteral and sophisticated enteral nutrition the restorative procedure was performed after 

a relatively short period of convalescence to shorten the period that patients were 

suboptimally nourished (5). Since the introduction of parenteral nutrition and enteral forms 

of artificial nutrition it has been possible to postpone surgical intervention until sepsis has 

been adequately treated and patient’s health status is stabilised (131).  

Low albumin level as a measure of inflammatory activity is associated with negative 

outcome and should normalise before commencing the restorative procedure (28, 125, 129, 
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132, 133). However, in a prospective study (126) it was demonstrated that in a significant 

amount of patients (20%) it was not feasible to increase albumin levels above 25 g/L (the 

pre-set target for the restorative procedure)in the time frame discussed. In these cases 

patients were either too ill and had to undergo an emergency operation or had a stable 

albumin concentration after a period of convalescence that showed no tendency to increase. 

In contrast, a multivariable analysis showed a significant decreased risk of recurrence when 

period of convalescence was prolonged (126). In a recent systematic review it was possible 

to estimate an ideal time for surgery. These authors suggest a time interval between 6 and 

12 months in order for optimal patient physiology to take place and reduce operative 

mortality and morbidity as well as reducing fistula recurrence (134). Martinez and colleagues 

did not study the relation between period of convalescence and recurrence rate but did show 

that recurrence rate was associated with high output fistula and non-resection surgical 

option (132). Additional variables that negatively influence success of surgical outcome 

include location of the fistula in the jejunum, presence of multiple fistulas (28), high output 

fistulas (118), co-morbidity (124) and increased age (133).  

 

4.7 Surgical Strategy 

 

At present, 60 to 80% of patients will usually require a restorative procedure which is 

successful in 85 to 90% of these cases (18, 28). The restorative operation should be 

performed with care and patience. Most reviews come from specialist centres who can have 

experienced surgeons operating together, the prolonged theatre time and often 

postoperative intensive care facilities required regularly required. The procedure requires 

careful adhesiolysis and removal of obstructions/stenoses distal to the ECF. Subsequently, 

the fistula tract including the diseased part of the bowel is resected. The number of 

anastomoses should be minimized, sometimes requiring resection of a larger section of 

intestine when two or more ECFs are widely apart from each other or when renewed bowel 

lacerations have been made during the dissection. This allows to limit the number of 

anastomoses. The location of the anastomosis should preferably be positioned in such a way 

that it is covered with healthy surrounding tissue and thus protected from other sutures, 

abscesses and meshes. The abdominal muscle/fascia layers are closed with two-three layers 

of absorbable vicryl mesh when the fascia cannot be approximated. 

 

5. Recovery 

 

After the restorative procedure, full recovery requires a long period of rehabilitation to 

regain a satisfactory quality of life which means that they should be physically, mentally, 

cognitively and immunologically healthy. The chronic inflammatory state inevitably leads to 

a substantial loss of muscle mass which can generally not be fully restored before surgery. 

The restorative operation generally is a major procedure that all by itself leads to a catabolic 

state from which patients only fully recover after six weeks to three months. Thus nutritional 

guidance is needed in the immediate postoperative phase and patients need to rehabilitate 

actively either themselves or with the help of physiotherapists. A minority of patients 

becomes dependent on home PN because of insufficient intestine left to ensure adequate 

absorption of nutrients. These patients require life-long guidance and specialised support. 
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Mortality has reduced from 40% to 10-20% over the past decades (1-3). Recent studies 

suggest that overall mortality has stabilized at 10-20% (123, 124, 126). However, there 

appears to be a reduced postoperative mortality rate (135, 136). This shift can be attributed 

to a better preoperative selection of patients fit for surgery. However, considering the overall 

stable mortality rate it also implies that a certain subset of patients are significantly ill and 

will succumb to the disease irrespective of an attempt of surgical repair. 

Long-term health related quality of appeared to be satisfactory in patients with an ECF 

(137). On average patients were able to perform daily activities without much hindrance. 

Nevertheless, quality of life seems to equal those of patients admitted to the ICU.  

 

6. Summary 

 

Patients with an ECF experience a high morbidity and mortality rate, making their treatment 

challenging. The introduction of antimicrobial therapy, parenteral nutrition and CT-guided 

drainage of abscesses have been important medical advancement in the treatment of these 

patients. Treatment should occur according to guidelines by a multi-disciplinary team. 

Several groups have described the basic focus of the guideline all revolving around the  

control of sepsis, optimisation of nutritional status, wound care, establishment of the 

anatomy of the ECF, timing of surgery and surgical strategy, the SOWATS guideline. The 

severity of disease in patients that have developed fistulas, the complexity of their 

treatment and their rarity makes it advisable to treat these patients in centres (often termed 

Intestinal failure units) where sufficient patients are treated to acquire enough experience 

and expertise to achieve good result minimizing morbidity and mortality. 

 

7. References 
 

1. Dudrick SJ, Maharaj AR, McKelvey AA. Artificial nutritional support in patients with 

gastrointestinal fistulas. World J Surg 1999;23(6):570-6. 

2. Lynch AC, Delaney CP, Senagore AJ, Connor JT, Remzi FH, Fazio VW. Clinical 

outcome and factors predictive of recurrence after enterocutaneous fistula surgery. 

Ann Surg 2004;240(5):825-31. 

3. Soeters PB, Ebeid AM, Fischer JE. Review of 404 patients with gastrointestinal 

fistulas. Impact of parenteral nutrition. Ann Surg 1979;190(2):189-202. 

4. Edmunds LH, Jr., Williams GM, Welch CE. External fistulas arising from the gastro-

intestinal tract. Ann Surg 1960;152:445-71. 

5. Chapman R, Foran R, Dunphy JE. Management of Intestinal Fistulas. Am J Surg 

1964;108:157-64. 

6. Scott NA, Leinhardt DJ, O'Hanrahan T, Finnegan S, Shaffer JL, Irving MH. Spectrum 

of intestinal failure in a specialised unit. Lancet 1991;337(8739):471-3. 

7. Chintapatla S, Scott NA. Intestinal failure in complex gastrointestinal fistulae. 

Nutrition 2002;18(11-12):991-6. 

8. Wainstein DE, Fernandez E, Gonzalez D, Chara O, Berkowski D. Treatment of High-

output Enterocutaneous Fistulas with a Vacuum-compaction Device. A Ten-year 

Experience. World J Surg 2008. 

9. European Commission. Regulation (EC) No 141/2000 of the European Parliament and 

of the Council of 16 December 1999 on orphan medicinal products. http://eur-

lex.europa.eu/JOIndex.do?year=2000&serie=L&textfield2=18&Submit=Search&_sub

mit=Search&ihmlang=en (Accessed March, 2010). 

http://eur-lex.europa.eu/JOIndex.do?year=2000&serie=L&textfield2=18&Submit=Search&_submit=Search&ihmlang=en
http://eur-lex.europa.eu/JOIndex.do?year=2000&serie=L&textfield2=18&Submit=Search&_submit=Search&ihmlang=en
http://eur-lex.europa.eu/JOIndex.do?year=2000&serie=L&textfield2=18&Submit=Search&_submit=Search&ihmlang=en


Copyright © by ESPEN LLL Programme 2018 
20 

 

10. Carlson GL. Surgical management of intestinal failure. Proc Nutr Soc 

2003;62(3):711-8. 

11. Schuberth O, Wretlind A. Intravenous fat emulsions, phosphatides and emulsifying 

agents. Clinical and experimental studies. Acta Chir Scand 1961;supp 278(1). 

12. Dudrick SJ, Wilmore DW, Vars HM, Rhoads JE. Long-term total parenteral nutrition 

with growth, development, and positive nitrogen balance. Surgery 1968;64(1):134-

42. 

13. Rinsema W. Thesis: Gastro-intestinal Fistulas, Management and Results of treatment: 

Maastricht University, 1992. 

14. Pironi et al. ESPEN endorsed recommendations. Definition and classification of 

intestinal failure in adults Clinical Nutrition 34 (2015) 171-180. 

15. Lal S, Teubner A, Shaffer JL. Review article: intestinal failure. Aliment Pharmacol Ther 

2006;24(1):19-31. 

16. McIntyre PB, Ritchie JK, Hawley PR, Bartram CI, Lennard-Jones JE. Management of 

enterocutaneous fistulas: a review of 132 cases. Br J Surg 1984;71(4):293-6. 

17. Li J, Ren J, Zhu W, Yin L, Han J. Management of enterocutaneous fistulas: 30-year 

clinical experience. Chin Med J (Engl) 2003;116(2):171-5. 

18. Hollington P, Mawdsley J, Lim W, Gabe SM, Forbes A, Windsor AJ. An 11-year 

experience of enterocutaneous fistula. Br J Surg 2004;91(12):1646-51. 

19. Rinsema W, Gouma DJ, von Meyenfeldt MF, Soeters PB. Reinfusion of secretions from 

high-output proximal stomas or fistulas. Surg Gynecol Obstet 1988;167(5):372-6. 

20. Klek et al .ESPEN endorsed recommendation. Management of acute intestinal failure: 

A position paper from the European Society for Clinical Nutrition and Metabolism 

(ESPEN). 

21. Lloyd DA, Gabe SM, Windsor AC. Nutrition and management of enterocutaneous 

fistula. Br J Surg 2006;93(9):1045-55. 

22. Rinsema W, Gouma DJ, von Meyenfeldt MF, van der Linden CJ, Soeters PB. Primary 

conservative management of external small-bowel fistulas. Changing composition of 

fistula series? Acta Chir Scand 1990;156(6-7):457-62. 

23. Schein M, Decker GA. Postoperative external alimentary tract fistulas. Am J Surg 

1991;161(4):435-8. 

24. Levy MM, Fink MP, Marshall JC, et al. 2001 SCCM/ESICM/ACCP/ATS/SIS International 

Sepsis Definitions Conference. Crit Care Med 2003;31(4):1250-6. 

25. Gerzof SG, Robbins AH, Johnson WC, Birkett DH, Nabseth DC. Percutaneous catheter 

drainage of abdominal abscesses: a five-year experience. N Engl J Med 

1981;305(12):653-7. 

26. van Ruler O, Mahler CW, Boer KR, et al. Comparison of on-demand vs planned 

relaparotomy strategy in patients with severe peritonitis: a randomized trial. Jama 

2007;298(8):865-72. 

27. Soeters PB, Reijven PL, van Bokhorst-de van der Schueren MA, et al. A rational 

approach to nutritional assessment. Clin Nutr 2008;27(5):706-16. 

28. Martinez JL, Luque-de-Leon E, Mier J, Blanco-Benavides R, Robledo F. Systematic 

Management of Postoperative Enterocutaneous Fistulas: Factors Related to 

Outcomes. World J Surg 2007. 

29. Schirmer CC, Gurski RR, Gugel FL, Lazzaron AR, Brentano L, Kruel CD. Alternative 

surgical treatment for complex enterocutaneous fistula. Int Surg 1999;84(1):29-34. 

30. Kondrup J, Rasmussen HH, Hamberg O, Stanga Z. Nutritional risk screening (NRS 

2002): a new method based on an analysis of controlled clinical trials. Clin Nutr 

2003;22(3):321-36. 

31. Elia M. Screening for Malnutrition: A Multidisciplinary Responsibility. Development and 

Use of the Malnutrition Universal Screening Tool (‘MUST’) for Adults. Redditch: 

BAPEN. 2003. 



Copyright © by ESPEN LLL Programme 2018 
21 

 

32. Pham NV, Cox-Reijven PL, Greve JW, Soeters PB. Application of subjective global 

assessment as a screening tool for malnutrition in surgical patients in Vietnam. Clin 

Nutr 2006;25(1):102-8. 

33. Luyer MD, Buurman WA, Hadfoune M, et al. Pretreatment with high-fat enteral 

nutrition reduces endotoxin and tumor necrosis factor-alpha and preserves gut 

barrier function early after hemorrhagic shock. Shock 2004;21(1):65-71. 

34. Quigley EM, Marsh MN, Shaffer JL, Markin RS. Hepatobiliary complications of total 

parenteral nutrition. Gastroenterology 1993;104(1):286-301. 

35. Kompan L, Kremzar B, Gadzijev E, Prosek M. Effects of early enteral nutrition on 

intestinal permeability and the development of multiple organ failure after multiple 

injury. Intensive Care Med 1999;25(2):157-61. 

36. Luyer MD, Jacobs JA, Vreugdenhil AC, et al. Enteral administration of high-fat 

nutrition before and directly after hemorrhagic shock reduces endotoxemia and 

bacterial translocation. Ann Surg 2004;239(2):257-64. 

37. Ovayolu N, Torun S, Ucan O, et al. Review of data of the patients receiving total 

parenteral nutrition at the intensive care unit of a university hospital. J Natl Med 

Assoc 2006;98(12):1958-62. 

38. Thompson JS. The intestinal response to critical illness. Am J Gastroenterol 

1995;90(2):190-200. 

39. Soeters PB, Luyer MD, Greve JW, Buurman WA. The significance of bowel 

permeability. Curr Opin Clin Nutr Metab Care 2007;10(5):632-8. 

40. Schein M. What's new in postoperative enterocutaneous fistulas? World J Surg 

2008;32(3):336-8. 

41. Teubner A, Morrison K, Ravishankar HR, Anderson ID, Scott NA, Carlson GL. 

Fistuloclysis can successfully replace parenteral feeding in the nutritional support of 

patients with enterocutaneous fistula. Br J Surg 2004;91(5):625-31. 

42. Chyme reinfusion in patients with intestinal failure due to temporary double 

enterostomy: A 15-year prospective cohort in a referral centre. Picot D, Layec S, 

Dussaulx L, Trivin F, Thibault R.  Clin Nutr. 2017 Apr;36(2):593-600.  

43. Fazio VW, Coutsoftides T, Steiger E. Factors influencing the outcome of treatment of 

small bowel cutaneous fistula. World J Surg 1983;7(4):481-8.  

44. MacFadyen BV, Jr., Dudrick SJ, Ruberg RL. Management of gastrointestinal fistulas 

with parenteral hyperalimentation. Surgery 1973;74(1):100-5. 

45. Aguirre A, Fischer JE, Welch CE. The role of surgery and hyperalimentation in therapy 

of gastrointestinal-cutaneous fistulae. Ann Surg 1974;180(4):393-401. 

46. Grau T, Bonet A, Rubio M, et al. Liver dysfunction associated with artificial nutrition in 

critically ill patients. Crit Care 2007;11(1):R10. 

47. Llop J, Sabin P, Garau M, et al. The importance of clinical factors in parenteral 

nutrition-associated hypertriglyceridemia. Clin Nutr 2003;22(6):577-83. 

48. Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002;346(16):1221-31. 

49. Wichmann MW, Thul P, Czarnetzki HD, Morlion BJ, Kemen M, Jauch KW. Evaluation of 

clinical safety and beneficial effects of a fish oil containing lipid emulsion (Lipoplus, 

MLF541): data from a prospective, randomized, multicenter trial. Crit Care Med 

2007;35(3):700-6. 

50. Jiang ZM, Wilmore DW, Wang XR, et al. Randomized clinical trial of intravenous 

soybean oil alone versus soybean oil plus fish oil emulsion after gastrointestinal 

cancer surgery. Br J Surg;97(6):804-9. 

51. Linseisen J, Hoffmann J, Lienhard S, Jauch KW, Wolfram G. Antioxidant status of 

surgical patients receiving TPN with an omega-3-fatty acid-containing lipid emulsion 

supplemented with alpha-tocopherol. Clin Nutr 2000;19(3):177-84. 

52. Cano NJ, Saingra Y, Dupuy AM, et al. Intradialytic parenteral nutrition: comparison of 

olive oil versus soybean oil-based lipid emulsions. Br J Nutr 2006;95(1):152-9. 

https://www.ncbi.nlm.nih.gov/pubmed/27161895
https://www.ncbi.nlm.nih.gov/pubmed/27161895


Copyright © by ESPEN LLL Programme 2018 
22 

 

53. Gobel Y, Koletzko B, Bohles HJ, et al. Parenteral fat emulsions based on olive and 

soybean oils: a randomized clinical trial in preterm infants. J Pediatr Gastroenterol 

Nutr 2003;37(2):161-7. 

54. Goulet O, de Potter S, Antebi H, et al. Long-term efficacy and safety of a new olive 

oil-based intravenous fat emulsion in pediatric patients: a double-blind randomized 

study. Am J Clin Nutr 1999;70(3):338-45. 

55. Webb AN, Hardy P, Peterkin M, et al. Tolerability and safety of olive oil-based lipid 

emulsion in critically ill neonates: a blinded randomized trial. Nutrition 2008;24(11-

12):1057-64. 

56. Badia-Tahull MB, Llop-Talaveron JM, Leiva-Badosa E, et al. A randomised study on 

the clinical progress of high-risk elective major gastrointestinal surgery patients 

treated with olive oil-based parenteral nutrition with or without a fish oil supplement. 

Br J Nutr;104(5):737-41. 

57. Piper SN, Schade I, Beschmann RB, Maleck WH, Boldt J, Rohm KD. Hepatocellular 

integrity after parenteral nutrition: comparison of a fish-oil-containing lipid emulsion 

with an olive-soybean oil-based lipid emulsion. Eur J Anaesthesiol 2009;26(12):1076-

82. 

58. Garcia-de-Lorenzo A, Denia R, Atlan P, et al. Parenteral nutrition providing a 

restricted amount of linoleic acid in severely burned patients: a randomised double-

blind study of an olive oil-based lipid emulsion v. medium/long-chain triacylglycerols. 

Br J Nutr 2005;94(2):221-30. 

59. Bellantone R, Bossola M, Carriero C, et al. Structured versus long-chain triglycerides: 

a safety, tolerance, and efficacy randomized study in colorectal surgical patients. 

JPEN J Parenter Enteral Nutr 1999;23(3):123-7. 

60. Rubin M, Moser A, Vaserberg N, et al. Structured triacylglycerol emulsion, containing 

both medium- and long-chain fatty acids, in long-term home parenteral nutrition: a 

double-blind randomized cross-over study. Nutrition 2000;16(2):95-100. 

61. Sandstrom R, Hyltander A, Korner U, Lundholm K. Structured triglycerides were well 

tolerated and induced increased whole body fat oxidation compared with long-chain 

triglycerides in postoperative patients. JPEN J Parenter Enteral Nutr 1995;19(5):381-

6. 

62. Nordenstrom J, Thorne A, Olivecrona T. Metabolic effects of infusion of a structured-

triglyceride emulsion in healthy subjects. Nutrition 1995;11(3):269-74. 

63. Chambrier C, Guiraud M, Gibault JP, Labrosse H, Bouletreau P. Medium- and long-

chain triacylglycerols in postoperative patients: structured lipids versus a physical 

mixture. Nutrition 1999;15(4):274-7. 

64. Mertes N, Grimm H, Furst P, Stehle P. Safety and efficacy of a new parenteral lipid 

emulsion (SMOFlipid) in surgical patients: a randomized, double-blind, multicenter 

study. Ann Nutr Metab 2006;50(3):253-9. 

65. Schlotzer E, Kanning U. Elimination and tolerance of a new parenteral lipid emulsion 

(SMOF)--a double-blind cross-over study in healthy male volunteers. Ann Nutr Metab 

2004;48(4):263-8. 

66. Antebi H, Mansoor O, Ferrier C, et al. Liver function and plasma antioxidant status in 

intensive care unit patients requiring total parenteral nutrition: comparison of 2 fat 

emulsions. JPEN J Parenter Enteral Nutr 2004;28(3):142-8. 

67. Grimm H, Mertes N, Goeters C, et al. Improved fatty acid and leukotriene pattern 

with a novel lipid emulsion in surgical patients. Eur J Nutr 2006;45(1):55-60. 

68. Tomsits E, Pataki M, Tolgyesi A, Fekete G, Rischak K, Szollar L. Safety and Efficacy of 

a Lipid Emulsion Containing a Mixture of Soybean Oil, Medium-chain Triglycerides, 

Olive Oil, and Fish Oil: A Randomised, Double-blind Clinical Trial in Premature Infants 

Requiring Parenteral Nutrition. J Pediatr Gastroenterol Nutr. 

69. Puiggros C, Sanchez J, Chacon P, et al. Evolution of lipid profile, liver function, and 

pattern of plasma fatty acids according to the type of lipid emulsion administered in 



Copyright © by ESPEN LLL Programme 2018 
23 

 

parenteral nutrition in the early postoperative period after digestive surgery. JPEN J 

Parenter Enteral Nutr 2009;33(5):501-12. 

70. Sandstrom R, Hyltander A, Korner U, Lundholm K. Structured triglycerides to 

postoperative patients: a safety and tolerance study. JPEN J Parenter Enteral Nutr 

1993;17(2):153-7. 

71. Grover Z, Tubman R, McGuire W. Glutamine supplementation for young infants with 

severe gastrointestinal disease. Cochrane Database Syst Rev 2007(1):CD005947. 

72. Zheng YM, Li F, Zhang MM, Wu XT. Glutamine dipeptide for parenteral nutrition in 

abdominal surgery: a meta-analysis of randomized controlled trials. World J 

Gastroenterol 2006;12(46):7537-41. 

73. Beale RJ, Bryg DJ, Bihari DJ. Immunonutrition in the critically ill: a systematic review 

of clinical outcome. Crit Care Med 1999;27(12):2799-805. 

74. Heyland DK, Novak F, Drover JW, Jain M, Su X, Suchner U. Should immunonutrition 

become routine in critically ill patients? A systematic review of the evidence. Jama 

2001;286(8):944-53. 

75. Cavicchi M, Beau P, Crenn P, Degott C, Messing B. Prevalence of liver disease and 

contributing factors in patients receiving home parenteral nutrition for permanent 

intestinal failure. Ann Intern Med 2000;132(7):525-32. 

76. Lloyd DA, Zabron AA, Gabe SM. Chronic biochemical cholestasis in patients receiving 

home parenteral nutrition: prevalence and predisposing factors. Aliment Pharmacol 

Ther 2008;27(7):552-60. 

77. Wales PW, de Silva N, Kim JH, Lecce L, Sandhu A, Moore AM. Neonatal short bowel 

syndrome: a cohort study. J Pediatr Surg 2005;40(5):755-62. 

78. Wiles A, Woodward JM. Recent advances in the management of intestinal failure-

associated liver disease. Curr Opin Clin Nutr Metab Care 2009;12(3):265-72. 

79. Makishima M, Okamoto AY, Repa JJ, et al. Identification of a nuclear receptor for bile 

acids. Science 1999;284(5418):1362-5. 

80. Parks DJ, Blanchard SG, Bledsoe RK, et al. Bile acids: natural ligands for an orphan 

nuclear receptor. Science 1999;284(5418):1365-8. 

81. Lefebvre P, Cariou B, Lien F, Kuipers F, Staels B. Role of bile acids and bile acid 

receptors in metabolic regulation. Physiol Rev 2009;89(1):147-91. 

82. Endo M, Masaki T, Seike M, Yoshimatsu H. TNF-alpha induces hepatic steatosis in 

mice by enhancing gene expression of sterol regulatory element binding protein-1c 

(SREBP-1c). Exp Biol Med (Maywood) 2007;232(5):614-21. 

83. Watanabe M, Houten SM, Wang L, et al. Bile acids lower triglyceride levels via a 

pathway involving FXR, SHP, and SREBP-1c. J Clin Invest 2004;113(10):1408-18. 

84. Matsukuma KE, Bennett MK, Huang J, Wang L, Gil G, Osborne TF. Coordinated control 

of bile acids and lipogenesis through FXR-dependent regulation of fatty acid synthase. 

J Lipid Res 2006;47(12):2754-61. 

85. Volynets V, Spruss A, Kanuri G, Wagnerberger S, Bischoff SC, Bergheim I. Protective 

effect of bile acids on the onset of fructose-induced hepatic steatosis in mice. J Lipid 

Res 2010. 

86. Shen LL, Liu H, Peng J, et al. Effects of farnesoid X receptor on the expression of the 

fatty acid synthetase and hepatic lipase. Mol Biol Rep 2010. 

87. Herrema H, Meissner M, van Dijk TH, et al. Bile salt sequestration induces hepatic de 

novo lipogenesis through farnesoid X receptor- and liver X receptor alpha-controlled 

metabolic pathways in mice. Hepatology 2010;51(3):806-16. 

88. Cipriani S, Mencarelli A, Palladino G, Fiorucci S. FXR activation reverses insulin 

resistance and lipid abnormalities and protects against liver steatosis in Zucker (fa/fa) 

obese rats. J Lipid Res;51(4):771-84. 

89. Kong B, Luyendyk JP, Tawfik O, Guo GL. Farnesoid X receptor deficiency induces 

nonalcoholic steatohepatitis in low-density lipoprotein receptor-knockout mice fed a 

high-fat diet. J Pharmacol Exp Ther 2009;328(1):116-22. 



Copyright © by ESPEN LLL Programme 2018 
24 

 

90. Inagaki T, Moschetta A, Lee YK, et al. Regulation of antibacterial defense in the small 

intestine by the nuclear bile acid receptor. Proc Natl Acad Sci U S A 

2006;103(10):3920-5. 

91. Vavassori P, Mencarelli A, Renga B, Distrutti E, Fiorucci S. The bile acid receptor FXR 

is a modulator of intestinal innate immunity. J Immunol 2009;183(10):6251-61. 

92. Clark JA, Coopersmith CM. Intestinal crosstalk: a new paradigm for understanding the 

gut as the "motor" of critical illness. Shock 2007;28(4):384-93. 

93. Esteve E, Ricart W, Fernandez-Real JM. Dyslipidemia and inflammation: an 

evolutionary conserved mechanism. Clin Nutr 2005;24(1):16-31. 

94. Kim MS, Shigenaga J, Moser A, Feingold K, Grunfeld C. Repression of farnesoid X 

receptor during the acute phase response. J Biol Chem 2003;278(11):8988-95. 

95. Markovic O, O'Reilly G, Fussell HM, et al. Role of single nucleotide polymorphisms of 

pro-inflammatory cytokine genes in the relationship between serum lipids and 

inflammatory parameters, and the lipid-lowering effect of fish oil in healthy males. 

Clin Nutr 2004;23(5):1084-95. 

96. Berry SM, Fischer JE. Classification and pathophysiology of enterocutaneous fistulas. 

Surg Clin North Am 1996;76(5):1009-18. 

97. Dearlove JL. Skin care management of gastrointestinal fistulas. Surg Clin North Am 

1996;76(5):1095-109. 

98. Irving M, Beadle C. External intestinal fistulas: nursing care and surgical procedures. 

Clin Gastroenterol 1982;11(2):327-36. 

99. Sitges-Serra A, Jaurrieta E, Sitges-Creus A. Management of postoperative 

enterocutaneous fistulas: the roles of parenteral nutrition and surgery. Br J Surg 

1982;69(3):147-50. 

100. Conter RL, Roof L, Roslyn JJ. Delayed reconstructive surgery for complex 

enterocutaneous fistulae. Am Surg 1988;54(10):589-93. 

101. Levy E, Frileux P, Cugnenc PH, Honiger J, Ollivier JM, Parc R. High-output external 

fistulae of the small bowel: management with continuous enteral nutrition. Br J Surg 

1989;76(7):676-9. 

102. di Costanzo J, Cano N, Martin J, et al. Treatment of external gastrointestinal fistulas 

by a combination of total parenteral nutrition and somatostatin. JPEN J Parenter 

Enteral Nutr 1987;11(5):465-70. 

103. Gayral F, Campion JP, Regimbeau JM, et al. Randomized, placebo-controlled, double-

blind study of the efficacy of lanreotide 30 mg PR in the treatment of pancreatic and 

enterocutaneous fistulae. Ann Surg 2009;250(6):872-7. 

104. Sancho JJ, di Costanzo J, Nubiola P, et al. Randomized double-blind placebo-

controlled trial of early octreotide in patients with postoperative enterocutaneous 

fistula. Br J Surg 1995;82(5):638-41. 

105. Fischer JE. A cautionary note: the use of vacuum-assisted closure systems in the 

treatment of gastrointestinal cutaneous fistula may be associated with higher 

mortality from subsequent fistula development. Am J Surg 2008;196(1):1-2. 

106. Thomas HA. Radiologic investigation and treatment of gastrointestinal fistulas. Surg 

Clin North Am 1996;76(5):1081-94. 

107. Falconi M, Sartori N, Caldiron E, Salvia R, Bassi C, Pederzoli P. Management of 

digestive tract fistulas. A review. Digestion 1999;60 Suppl 3:51-8. 

108. Prosst RL, Reinecke F, Geginat G. Methylene blue in the evaluation of gastrointestinal 

tract integrity: potential limitations. Eur Surg Res 2005;37(4):246-9. 

109. Lloyd DA, Gabe SM. Managing liver dysfunction in parenteral nutrition. Proc Nutr Soc 

2007;66(4):530-8. 

110. Johnson WC, Gerzof SG, Robbins AH, Nabseth DC. Treatment of abdominal 

abscesses: comparative evaluation of operative drainage versus percutaneous 

catheter drainage guided by computed tomography or ultrasound. Ann Surg 

1981;194(4):510-20. 



Copyright © by ESPEN LLL Programme 2018 
25 

 

111. Montgomery RS, Wilson SE. Intraabdominal abscesses: image-guided diagnosis and 

therapy. Clin Infect Dis 1996;23(1):28-36. 

112. Ott DJ, Gelfand DW. Gastrointestinal contrast agents. Indications, uses, and risks. 

Jama 1983;249(17):2380-4. 

113. Deveaux PG, McCafferty MH. Planned delayed operation for barium extravasation into 

the peritoneal cavity. Int J Colorectal Dis 2006;21(4):392-4. 

114. Foley MJ, Ghahremani GG, Rogers LF. Reappraisal of contrast media used to detect 

upper gastrointestinal perforations: comparison of ionic water-soluble media with 

barium sulfate. Radiology 1982;144(2):231-7. 

115. Pickhardt PJ, Bhalla S, Balfe DM. Acquired gastrointestinal fistulas: classification, 

etiologies, and imaging evaluation. Radiology 2002;224(1):9-23. 

116. Alexander ES, Weinberg S, Clark RA, Belkin RD. Fistulas and sinus tracts: 

radiographic evaluation, management, and outcome. Gastrointest Radiol 

1982;7(2):135-40. 

117. Papanicolaou N, Mueller PR, Ferrucci JT, Jr., et al. Abscess-fistula association: 

radiologic recognition and percutaneous management. AJR Am J Roentgenol 

1984;143(4):811-5. 

118. Campos AC, Andrade DF, Campos GM, Matias JE, Coelho JC. A multivariate model to 

determine prognostic factors in gastrointestinal fistulas. J Am Coll Surg 

1999;188(5):483-90. 

119. Reber HA, Roberts C, Way LW, Dunphy JE. Management of external gastrointestinal 

fistulas. Ann Surg 1978;188(4):460-7. 

120. Halasz NA. Changing patterns in the management of small bowel fistulas. Am J Surg 

1978;136(1):61-5. 

121. Coutsoftides T, Fazio VW. Small intestine cutaneous fistulas. Surg Gynecol Obstet 

1979;149(3):333-6. 

122. Schein M, Decker GA. Gastrointestinal fistulas associated with large abdominal wall 

defects: experience with 43 patients. Br J Surg 1990;77(1):97-100. 

123. Martinez JL, Luque-de-Leon E, Mier J, Blanco-Benavides R, Robledo F. Systematic 

Management of Postoperative Enterocutaneous Fistulas: Factors Related to 

Outcomes. World J Surg 2008;32(3):436-43. 

124. Mawdsley JE, Hollington P, Bassett P, Windsor AJ, Forbes A, Gabe SM. An analysis of 

predictive factors for healing and mortality in patients with enterocutaneous fistulas. 

Aliment Pharmacol Ther 2008;28(9):1111-21. 

125. Visschers RG, Olde Damink SW, Winkens B, Soeters PB, van Gemert WG. Treatment 

Strategies in 135 Consecutive Patients with Enterocutaneous Fistulas. World J Surg 

2008;32(3):445-453. 

126. Visschers RG, van Gemert WG, Winkens B, Soeters PB, Olde Damink SWM. Guided 

treatment improves outcome of patients with enterocutaneous fistulas. World J Surg 

2012. Epub 6 June. 

127. Sands BE, Anderson FH, Bernstein CN, et al. Infliximab maintenance therapy for 

fistulizing Crohn's disease. N Engl J Med 2004;350(9):876-85. 

128. Amiot A,SetakhrV,Seksik P,Allex M.et a Long-term outcome of Enterocutaneous 

Fistula in Patients with Crohns Disease treated with Anti-TNF therapy.A Cohort study 

from the GETAID. Am.J.Gastr 2014, 109 :1443-1444. 

129. Altomare DF, Serio G, Pannarale OC, et al. Prediction of mortality by logistic 

regression analysis in patients with postoperative enterocutaneous fistulae. Br J Surg 

1990;77(4):450-3. 

130. Christou NV, Barie PS, Dellinger EP, Waymack JP, Stone HH. Surgical Infection 

Society intra-abdominal infection study. Prospective evaluation of management 

techniques and outcome. Arch Surg 1993;128(2):193-8; discussion 198-9. 

131. Himal HS, Allard JR, Nadeau JE, Freeman JB, Maclean LD. The importance of 

adequate nutrition in closure of small intestinal fistulas. Br J Surg 1974;61(9):724-6. 



Copyright © by ESPEN LLL Programme 2018 
26 

 

132. Lu CY, Wu DC, Wu IC, et al. Serum albumin level in the management of 

postoperative enteric fistula for gastrointestinal cancer patients. J Invest Surg 

2008;21(1):25-32. 

133. Martinez JL, Luque-de-Leon E, Ballinas-Oseguera G, Mendez JD, Juarez-Oropeza MA, 

Roman-Ramos R. Factors predictive of recurrence and mortality after surgical repair 

of enterocutaneous fistula. J Gastrointest Surg 2012;16(1):156-63; discussion 163-4. 

134. de Fries F, Atema J, van Ruler, Vaizey CJ Serlie MJ & Boermeester MA. A Systematic 

reviewand Meta-analysis of timing and outcome of Intestinal failure surgery in 

patients with Enteric Fistula.World J Surg.2018;42 (3):695-706. 

135. Connolly PT, Teubner A, Lees NP, Anderson ID, Scott NA, Carlson GL. Outcome of 

reconstructive surgery for intestinal fistula in the open abdomen. Ann Surg 

2008;247(3):440-4. 

136. Datta V, Engledow A, Chan S, Forbes A, Cohen CR, Windsor A. The management of 

enterocutaneous fistula in a regional unit in the United kingdom: a prospective study. 

Dis Colon Rectum 2010;53(2):192-9. 

137. Visschers RG, Olde Damink SW, van Bekkum M, Winkens B, Soeters PB, van Gemert 

WG. Health-related quality of life in patients treated for enterocutaneous fistula. Br J 

Surg 2008;95(10):1280-1286. 

 

  
 


