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Obstructive and secretory complications of diverting ileostomy

Ileostomy obstruction and high output

Abstract
This review aimed to highlight the etiology, diagnosis, treatment, and prevention of
obstructive and secretory complications associated with diverting ileostomy (DI).
Obstructive complications at the stoma site are termed stoma outlet obstruction (SOO)
or stoma-related obstruction (SRO). The incidence of SOO/SRO is 5.4-27.3%, and the
risk factors are multifactorial; however, the configuration of the stoma limb and the
thickness of the rectus abdominis muscle (RAM) may be of particular concern. Trans-
stomal tube decompression is initially attempted with a success rate of 33-86%. A thick
RAM may carry the risk of recurrence. Surgical refinement, including a wider incision
of the anterior sheath and adequate stoma limb length, avoids tension and immobility
and may decrease SOO/SRO.

Secretory complications of DI are termed high output stomas (HOS). Persistent
HOS lead to water and sodium depletion, and secondary hyperaldosteronism, resulting
in electrolyte imbalances, such as hypomagnesemia. The incidence of HOS is 14-24%,
with an output of 1,000-2,000 mL/day lasting up to three days. Treatment of HOS is
commenced after excluding postoperative complications or enteritis and includes fluid
intake restriction, antimotility and antisecretory drug therapies, and magnesium
supplementation. Intensive monitoring and surveillance programs have been successful

in decreasing readmissions for dehydration.
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Core Tip: This review highlights the etiology, diagnosis, treatment, and prevention of
obstructive and secretory complications associated with diverting ileostomy (DI).
Obstructive complications at the stoma site (SOO/SRO) affect 5.4-27.3% of patients with
DI. Trans-stomal tube decompression is effective in most cases. Surgical refinement is
important for reducing SOO/SRO. Secretory complications (HOS) lead to water and
sodium depletion and secondary hyperaldosteronism with electrolyte imbalances. The
incidence of HOS is 14-24%, with an output of 1,000-2,000 mL/day. HOS treatment
includes fluid intake restriction, antimotility and antisecretory drug therapies, and
magnesium supplementation. Intensive monitoring and surveillance programs may

decrease the readmission rates for dehydration.

INTRODUCTION

Diverting ileostomy (DI) is often performed in patients undergoing low anterior
resection for rectal cancer or restorative proctocolectomy with ileal-pouch anal
anastomosis for ulcerative colitis. The purpose of DI creation is to protect the
anastomosis from leakage and mitigate the severity of symptoms relative to
anastomotic complications. However, the efficacy of DI is solely limited to a significant
decrease in anastomotic leakage, and no other advantages may be found in the short
terml'.2l. Moreover, stoma formation significantly increases the risk of small-bowel
obstruction, postoperative ileus, dehydration, and electrolyte imbalancel24l. Some of
these complications are specific to DI and can be classified into “obstructive” and
“secretory” complications. The risk factors for developing these complications have

been widely discussed, but the fundamental mechanisms and management of these




complications are not fully understood. This review aimed to highlight the etiology,
diagnosis, treatment, and prevention of obstructive and secretory complications

associated with DI.

METHODS

An electronic English literature search was performed on PubMed/MEDLINE database
from the inception to September 15%, 2022. The search items included “diverting
ileostomy” or “covering ileostomy,” “small bowel obstruction,” “stoma outlet

L

obstruction” or “outlet obstruction,” “stoma-related obstruction,” “high output stoma”
or “high output syndrome,” and “dehydration.” Inclusion criteria for the article type
were systematic review and meta-analyses, randomized controlled studies,

retrospective observational studies, and narrative reviews for nursing aspects. Case

reports were not included.

OBSTRUCTIVE COMPLICATIONS
Ftiolo

Small bowel obstruction (SBO) is one of the most common complications
associated with colorectal surgery. The increased incidence of SBO when DI is created at
the time of the initial surgery is of particular concern(*8l. Since DI is brought up
extracorporeally through the abdominal wall by splitting the rectus abdominus muscle
(RAM), scar formation or tissue inflammation at the anterior rectus sheath (where the
incision is made) may lead to stenosis of the stoma opening (outlet). Furthermore, the
stoma outlet is physiologically vulnerable to the risk of obstruction, and its underlying
mechanisms can be explained by the following speculations. First, the stoma is
edematous, and the bowel lumen tends to be narrower in the early postoperative
period. Second, the intraluminal pressure of the small bowel is lower than that of the
colon, suggesting relative stenosis at the RAM levelll. Third, if a high volume of bowel
content flows into the lumen, the stoma outlet may have a change in caliber, leading to

relative narrowing/10l.




Obstructive complications at the stoma site have been termed stoma outlet
obstruction (SOO) and stoma-related obstruction (SRO) in the literature. Okita et alllll
proposed a definition of SBO at the stoma site that has the following criteria: (1)
radiographically confirmed dilatation of the oral stoma limb, (2) increase in stomal
output and relief of symptoms after trans-stomal tube decompression, and (3) exclusion
of SBO other than that at the stoma site. Some of the subsequent reports have followed
these criteria for diagnosis[10.1214], while others have used more simplified criteria, such

as SBO at the stoma site with radiographic confirmation excluding paralytic ileus(15-171,

Risk factors

SOO/SRO occurs in 54%-27.3% of patients with DII™8l Risk factors are
classified into the following categories: patient characteristicsgll011131619] (young age, low
body mass index, thick subcutaneous fat, thick RAM, and long distance between the
superior mesenteric artery root and the bottom of the external anal sphincter), diseasel!!
(ulcerative colitis), surgical factors(!21420-22] (laparoscopic surgery, rotation of stoma
limb, ileal-pouch anal anastomosis (IPAA), two-stage surgery for ulcerative colitis, and
short distance from the anastomosis to the stoma site), and stoma functions[1017l (high
output from stoma). The risk factors are summarized in Table 1.

Young age (less than 16 years old) and low body mass index (less than 21
kg/m?2) in patients with ulcerative colitis were reported as risk factors by Okita et al.[!1].
The mechanisms and interpretation of the results were not clearly shown, although they
assumed that the small abdominal cavity or small amount of mesenteric fat in these
individuals allowed volvulus or kinking. A contradictory result was reported by
Tamura et all'l, who found that increased subcutaneous fat (vertical distance of 20mm
or more at the stoma site marking on CT) in obese patients was a significant predictor of
SOO/SRO. However, the different pathologies in the study population (inflammatory
disease vs. colorectal cancer) make this comparison difficult. The authors assumed that
the tension and twisting in the loop stoma might have been caused by the minimum

size of stoma apertures at the skin and tight with a narrow subcutaneous cavity in obese




patients, and thus surgeons should be agare of it. Mori ef all'¥! reported that SOO/SRO
was more common in patients with a long distance between the superior mesenteric
artery root and the bottom of the external anal sphincter (height-adjusted, 19Imm/m on
CT), suggesting that the mesentery may be under tension. The authors encouraged
surgeons to reduce tension in the mesentery using all applicable surgical techniques.
Thick RAM at the stoma passage (vertical length of 10mm or more on CT) has been
shown to increase the risk of SOO/SROI0.13], and it is speculated that the intraluminal
pressure of the stoma may be overwhelmed by the increased pressure of the thick
RAMIL The authors assumed that surgeons need to create a wider split of the RAM for
these patients.

As a disease-related factor, ulcerative colitis has been reported as an independent risk
factor for SOO/SRO, but the specific reason remains unclearl'5l. It is speculated that the
risk may not be due to the disease itself; rather, it refers to the surgical procedure of
total proctocolectomy with IPAA with DI (also known as the first of the two-stage
surgery)[1220l. If the length of the diverted bowel (between the stoma and pouch) is too
short, strong tension in the mesentery may occur, and it is difficult to revert if bowel
twisting or mesenteric torsion occurs. If the length is too long, bowel twisting, kinking,
or angulation may occur; however, a spontaneous resolution is expected in such
casesl'218], Several studies have shown an increased risk of SOO/SRO in laparoscopic
surgeryl1822l. Laparoscopic surgery essentially reduces adhesion formation and may
induce torsion of the mesentery or bowel as a result of increased bowel mobility.
Regarding rotation, the risk of SOO/SRO remains controversial. Forced stoma rotation
by 180-degree with IPAA significantly increases the incidence of SBO; bowel kinking at
or below the fascia is presumably responsible for the obstruction/?'l. In contrast, recent
reports have shown that stoma rotation did not increase the incidence of
SOO/SROI112151820] The reason for the SOO/SRO associated with high output from

the stoma has already been described in the Etiology section.

Diagnosis




To examine whether the outlet is stenotic or obstructive, clinicians can simply
insert their fingers into the stomal?l An abdominal computed tomography (CT) scan or
contrast enema study through the stoma may be useful for precise diagnosis, as they
can demonstrate the location responsible for SOO/SRO and exclude other sites of SBO
(Figures 1 and 2). Other pathologies causing similar symptoms, such as paralytic ileus,

enteritis, volvulus, internal hernia, and parastomal hernia, should also be excluded.

Treatment

In cases of SBO, fasting, bowel rest, and intravenous fluid administration are
fundamental recommendations. When nausea, vomiting, or abdominal
bloating/ distention is present, a nasogastric tube may be placed. Although uncommon
in Western societies, long nasointestinal tubes may be indicated to achieve quicker and
more effective intraluminal decompressionl!.24251 Trans-stomal tube decompression is
attempted as an initial treatment for SOO/SRO. The success rate of local management
using trans-stomal tubes ranges from 33-86%[11.121517]. Redo treatment may be indicated
in cases of recurrent obstructions. It has been shown that thick RAM carries the risk of
recurrent obstruction[!7l. Importantly, adverse events related to trans-stomal tube
decompression have also been reported. Bowel injury occurred in 3.7% of the intubated
patients requiring emergency surgery. Stoma closure is the ultimate solution for
SOO/SRO in patients for whom non-surgical, conservative management, or repeated

tube decompressions were not successful.

Prevention

Some of the risk factors for SOO/SRO, such as patient, disease, anatomical, and
stoma function, may not be preventable, and surgical refinement must be fully
considered. When creating DI, the anterior sheath is adequately incised, and the RAM is
split and dilated to accommodate the stoma limbs. In the case of thick RAM, creating
the tunnel by the conventional “two finger breadths rule” may not be sufficient; thus,

wider dissection is necessaryl13l. Moreover, care must be taken in laparoscopic surgery




because the stoma is constructed under the effect of pneumoperitoneum with muscle
relaxation!!l. In the case of IPAA, the distance between the ileal pouch and anastomosis
must be longer than 30 cm to mitigate the risk of tension in the mesenteryl'218]. Rotation
of the stoma limb is carefully performed if necessary. Although they did not advocate
stoma rotation, Takehara et all'*l proposed that the oral stoma limb should be placed on
the cranial side to avoid gravitational compression by the anal stoma limb. Some
authors have recommended intra-abdominal suture fixation between the stoma limb
and abdominal walll?0%]; however, it might also carry the risk of immobility, tension,

and fecal impaction in the stoma.

SECRETORY COMPLICATION (HIGH OUTPUT)

Etiology

In healthy adults, approximately 1,500 mL of intestinal fluid enters the colon
from the ileum(2®]. Theoretically, the same amount of fluid is drained from the newly
established ileostomy; however, the normal output of ileostomy has been proposed as
600-1,200 mL per day and may decrease over time[2*31l. This reduction in the quantity is
called “ileostomy adaptation,” which suggests a compensatory increase in anti-diuretic
hormones such as renin and aldosteronel2l. The consistency of the ileostomy output is
generally watery when created and thickens in the next 2-3 mol?l. Stool consistency,
amount, and ileostomy output may be altered by the patient’s body weight, disease for
the index surgery, liquid and food intake, and volume of gastrointestinal secretions(2?2l.

Secretory complications of DI occur when the output exceeds the
aforementioned normal limit. It is commonly termed “high output stoma (HOS)” in the
literature. This term may be considered similar to “dehydration’. Dehydration has been
shown to be a cause of readmission in 9.3-43% of the patients after ileostomy creation
without preventive protocols®-3]. The most recent meta-analysis showed that the
pooled incidence of readmission due to dehydration was 6% regardless of HOS
prevention and was accompanied by increased medical costsl*l. Moreover, HOS results

in electrolyte imbalance and acute kidney injury in the early postoperative period and




may lead to malnutrition and chronic renal impairment in the long term(337l. The
prevalence of Clostridium difficile infection in the development of postoperative
diarrhea/HOS was investigated, but it was found that the infection rate was low (1.6%)
and that the patient outcomes were not affected by the infection[®l. Contradictory
results have also been reported(*].

The ileostomy output includes large amounts of sodium (85-180 mmol/L per
day)40l. Persistent HOS can lead to sodium depletion, dehydration, and secondary
hyperaldosteronism, which may cause sequential hypokalemia and hypomagnesemia,
which are the main features of electrolyte imbalances. As the ileum and colon are the
main sites of magnesium absorption, ileostomy patients may be susceptible to
hypomagnesemia. Other reasons for hypomagnesemia include free fatty acid
malabsorption and the use of proton pump inhibitorsl3!l. Baker et al reported that nearly

half of the patients with HOS exhibit hypomagnesemial?.

Definitions

The incidence of HOS varies from 14 to 24 % 294183 with various definitions. The
majority of previous reports have defined using specific values of output volume with a
timeframe, such as 2,000 mL per day[3445], 1,500 mL per day for two daysl4!l, 1,000 mL
per day for three daysl*2%l, and 2,000 mL per day for three daysi2943l. Some authors
have used a combination of output volume with laboratory findings of renal
impairment and/ or physical signs of dehydration!36:471.

HOS can occur in the early or late postoperative periods/?’l. In a study, early
HOS occurs within three weeks after stoma creation and resolves spontaneously in 49%
of patients with HOS, while 7% receive persistent treatment. Late HOS occurs more
than three weeks after stoma creation and resolves spontaneously in 15% of patients
with HOS, while 47% receive persistent treatment. In that study, the diagnosis of
cancer, followed by perforation and short bowel (less than 200 cm), correlated with the
incidence of early HOS, whereas inflammatory bowel and obstruction were deemed to

have an impact on late HOS[?°l. Therefore, secretory complications of DI are an ongoing




problem after stoma creation, and patients are always at risk, even after hospital
discharge. This issue has become more relevant in the era of enhanced recovery after

surgery (ERAS).

Causes and risk factors

The causes of HOS are multifactorial, including factors associated with
patientsl#248], diseasel294243], anatomyl?’l, surgical procedure(29424348], medication[2933],
nutrition/??l,  enteritis/metabolism/2%¥ and those related to postoperative
complications?*444I1. Older age was identified as an independent risk factor of HOS in
two studies: however, the cut-off values were not shown because the comparisons were
made without dichotomization in their studies!*24], The reasons were not specified in
either of the studies. Assaf et al also showed that higher ASA-PS (American Society of
Anesthesiologists-physical status) and elevated creatine levels were independently
associated with HOS. Again, the cut-off values were not shown for the same reason as
the older age. The authors assumed that impaired kidney functions resulted in less
adaptation to fluids and electrolyte loss in these groups of patients.

Takeda et all43] found that diabetes was one of the risk factors for HOS, with the
following explanations. Diabetes may cause autonomic nervous system impairment that
decreases the motor function of the bowel, followed by abnormal proliferation of
intestinal bacteria and an augmented intestinal pressure with increased gas
proliferation. Inflammatory bowel diseases, particularly Crohn's disease, have been
shown to be significantly associated with HOSI?#424l Crohn’s disease presents an
impaired intestinal permeability/barrier increased with altered gut microbiota and
inflammatory tissue damagel42l. These factors can lead to HOS. Shortening of the small
bowel with a more proximal ileostomy can also lead to HOS, and this may explain the
reason why some surgical procedures (right-side colectomy, separate ileostomy, small
bowel resection, and IPAA) were independent risk factors of HOS. Takeda et al
proposed another reason for HOS in patients who underwent IPAA: Inhibition of lipids

absorption leads to hydroxylation or desaturation of unabsorbed long-chain acids,




which triggers intestinal fluid and electrolyte secretionl®®]. Open surgery was
significantly associated with HOS compared to laparoscopic surgeryl4248l. The possible
explanation is that open surgery itself may not be the direct cause but patients
undergoing more complex surgery with open laparotomyl4l. A short bowel (less than
200 cm) frequently causes HOS[?I, but this may not be applicable in DI formation,
where a stoma is created at the distal ileum.

Perioperative medication is an important underlying pathology for the
development of HOS. The use of diuretics may easily result in dehydration because the
body fluid balance is vulnerable in patients with ileostomy, even without any
medications33l. Administration of prokinetic drugs (e.g., metoclopramide) induces
HOS; therefore, care must be taken when the patients suffer from nausea/vomiting
with gastric stasisP!l. Sudden withdrawal of opiates and steroids induces reactive
intestinal secretion(?*%], Diarrhea with dehydration is commonly seen in patients who
receive chemotherapy consisting of cytotoxic agents.

Regarding nutritional factors, intake of hypotonic fluids such as water, tea,
coffee, fruit juice, and alcohol precipitates dehydration, and thus it is generally
restricted or avoided[23!l. Enteric infections, including Clostridium difficile or Salmonella,
typically present with acute and severe diarrheal°l. Chronic diarrhea may be caused
by bacterial overgrowth from diverticula or blind loop fermentation!2],

Postoperative complications may induce secondary HOS, including prolonged
ileusl*! (presented with nausea, vomiting, intolerance to oral feeding, abdominal
distension, or failure to pass flatus or bowel movements within postoperative 7 days),
SBOR?1, SOO/SRO¥I, or intra-abdominal sepsis/deep surgical site infection[?4°]. These
postoperative complications must be excluded clinically and radiologically when
suspicious of HOS. The details of the causes and risk factors of HOS are summarized in

Table 2.

Diagnosis




The key clinical symptoms of HOS are due to the loss of water and sodium and
include thirst, cramps, muscle weakness, and faintness(31%]. Patients may also present
with loss of appetite, rapid weight loss, fall in postural blood pressure, or a decrease in
urinary outputli®l. The stomal output volume is measured every 8 h to facilitate early
recognition of HOS. The stoma color and stool consistency should be inspected. Because
stenosis or obstruction at the stoma outlet is one of the causes of HOS, a digital
examination of the stoma is suitable for diagnosis. Laboratory findings may include
elevated serum urea/creatinine ratio, hyponatremia, hypokalemia, and
hypomagnesemia. A decrease in urinary sodium (less than 10 mmol /L) reflects sodium
depletion more accurately than serum sodium level3.50. Long-lasting HOS may
decrease the absorption of vitamin B12 and folic acid and increase the incidence of renal

calculi and gallstonesl4°l.

Treatment
Exclusion of possible causes
As shown in Table 2, HOS occurs secondary to the underlying intra-abdominal
complications. CT is useful for identifying these factors, and treatment of the identified
cause must be prioritized. The administration or cessation of certain drugs is
responsible for HOS and is corrected accordingly after the diagnosis. Enteritis induced
by Clostridium difficile or Salmonella is excluded by taking stool cultures from the output.
Restriction of fluid intake

Since patients with dehydration complain of thirst in the early phase of HOS,
increasing fluid intake may be inappropriately advised to relieve symptomsBOl
Consumption of excessive hypotonic fluids (less than 90 mmol/L of sodium) leads to
worsening symptoms with sodium depletion caused by a net efflux from the plasma
into the bowel lumenl2?50. Hypertonic fluids containing glucose may also lead to
increased stomal outputl5l. Previous reports have suggested that hyper- and hypotonic
fluid intake must be restricted to 0.5-1.0 mL per day31%l, QOral intake may not be

possible when presenting with nausea/vomiting, and intravenous fluid rehydration




containing 100-150 mmol /L of sodium (e.g., normal saline) is necessary to avoid acute
kidney injuryBll. If oral intake is possible, it is recommended to sip 1 L or more of a
glucose-saline solution containing at least 90 mmol/L sodium in a small quantity at
intervals(31.50],
Drug therapies

Antimotility drugs include loperamide and codeine phosphate. Both drugs act
against intestinal motility, and it has been shown that the ileotomy output reduces by
20-30%31. Loperamide is preferred over codeine phosphate because it is not addictive.
Loperamide can be prescribed at 4 to 16 mg per day, while codeine phosphate can be
prescribed at 15 to 60 mg per day, and the effect becomes greater if both are taken
together!31.41,50],

Antisecretory drugs include Hz antagonists and proton pump inhibitors that
reduce gastric acid secretion. The somatostatin analog, octreotide, reduces gastric and
pancreaticobiliary secretions and delays gastric emptying and small-bowel transit.
Antisecretory drugs may be used when the stomal output exceeds 2 L per day, but
octreotide is not preferred because the proton pump is as effective as octreotide in
reducing the stomal output2931.41],

Hypomagnesemia in patients with HOS is caused by the chelation of
magnesium with unabsorbed fatty acids and increased magnesium secretion due to
secondary hyperaldosteronisml®! and reduced absorption of fatty acids. Magnesium is
preferably supplemented orally; however, it can be slowly administered intravenously
to avoid a flushing sensation.

Stoma Closure

HOS may persist in 5.0-15% of the affected patients until the stoma is
reversed(??35. Stoma closure is planned for patients who do not respond to non-surgical
conservative treatment. In a study, patients with readmission due to dehydration
underwent stoma closure earlier than those without readmissionl®l. Thnat et al reported

that 3.8% of patients with DI underwent acute surgery for HOSI5L.




Prevention

Intensive monitoring and surveillance programs have been proposed recently.
Most protocols consist of preoperative patient education, in-hospital monitoring and
intervention protocols, post-discharge hospital visits, and surveillance using telephone
or telemedicine platforms!5-54l. For example, Shaffer et all>] proposed a pilot program
for outpatient follow-ups using regular visits and telephone interviews. The triggers of
intervention included tachycardia with > 100 beats per minute, ileostomy output >
1,200 mL per day, major changes in weight, fever, nausea, poor oral intake, dry mouth,
and low urinary output. The response by the team included an assessment of the basic
metabolic profile, intravenous hydration at home, and phone calls to the doctor’s office.
This program successfully reduced the incidence of readmission from 21% to 8.7% and
the cost of readmission by more than 80%.

These intense programs have been mostly successful in decreasing readmissions
for dehydration (15-21% before intervention vs. 5.0-8.8% after intervention)®254];
however, a conflicting result has also been reported, where the program failed to
decrease readmissions for dehydration (8.2% vs. 5.9%) despite obtaining better phone

follow-up and an increase in outpatient intravenous fluid in the intervention group/5!l.

LIMITATIONS

There are several limitations in this review. First, this is a narrative review without a
systematic approach where a literature search was performed according to the authors’
experiences using their preferred keywords of choice. Furthermore, inclusion for the
selection was purely based on the authors’ judgment considering their relevance to the
topics. Second, the selected articles were mostly non-randomized, retrospective studies
resulting in selection bias. Since the causes and risk factors of obstructive and secretory
stoma complications are often multifactorial, it may be difficult to design prospective
trials to investigate the efficacy of specific surgical or medical interventions. Instead,
recent prospective studies have shown that postoperative monitoring and surveillance

programs may facilitate early recognition and decrease the adverse events relative to




the complicationsP!54. Third, the conclusions of the selected articles were based on
their population-based analyses. The research findings may not be instantly applicable
or comparable to the current practice of readers due to the differences in the definitions
(diagnostic criteria), patient characteristics, disease, surgical settings, social background,
and healthcare systems. The research findings must be carefully interpreted,

considering these variables in the communities of interest.

CONCLUSION

Obstructive and secretory complications of DI occur both in the early and late
postoperative periods and require intensive monitoring and intervention. Non-surgical
conservative treatment is mostly effective; however, stoma closure may be considered
in recurrent or refractory cases. To facilitate the diagnosis and treatment for patient
safety, seamless communication and close collaboration in a multidisciplinary team are
necessary.

Interestingly, obstructive and secretory complications may also occur
simultaneously. However, the causative factors of these complex pathologies are
various and inconsistent: the potential reason is that most evidence has been obtained
by retrospective, observational studies with a small sample size. Further prospective
randomized trials are needed to assess the efficacy of interventions or protocols to

improve the outcomes of obstructive and secretory complications of ileostomy.
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