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Radiotherapy plays a pivotal role in the cancer care pathways
of many patients with pelvic malignancies such as urologic,
gynecologic, and anorectal cancers.' Nearly 70% of cancer
patients will undergo radiotherapy for these malignancies to
prolong disease-free survival and reduce local recurrence.
This modality can also lead to significant injury of normal
tissue in the radiation field that is sometimes as challenging
to treat as the neoplasms themselves.> Some of the most
devastating injuries occur to the small intestine, historically
termed radiation enteritis or enteropathy and now undergo-
ing a reclassification of its nomenclature to either pelvic
radiation disease or radiation-induced small bowel disease.>*

Historical Perspective and Classification

Radiation-induced intestinal damage was first described by
Walsh in 1897 as “a direct inflammation of the gastrointesti-
nal (GI) mucous membranes,” observed in a coworker suffer-
ing from bowel dysfunction after X-ray exposure and whose
symptoms improved after he was kept from further expo-
sure.” In the 1920s, Warren and Whipple conducted the first
in vivo study on dogs to elucidate intestinal radiation dam-
age.6 Today, radiation-induced intestinal disease is classified
into two groups: acute/early changes and chronic/late
changes. These classifications vary in their temporal relation-
ship to treatment, pathologic sequelae, and, most critically,
treatment strategies.
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Radiotherapy not only plays a pivotal role in the cancer care pathways of many patients
with pelvic malignancies, but can also lead to significant injury of normal tissue in the
radiation field (pelvic radiation disease) that is sometimes as challenging to treat as the
neoplasms themselves. Acute symptoms are usually self-limited and respond to medical
therapy. Chronic symptoms often require operative intervention that is made hazardous
by hostile surgical planes and unforgiving tissues. Management of these challenging
patients is best guided by the utmost caution and humility.

Incidence and Prevalence

As many as 300,000 patients worldwide undergo pelvic
irradiation per year.’ Studies estimate that 50 to 70% of
patients will develop acute damage, while 5 to 11% exhibit
signs of chronic radiation toxicity.” Presence of acute symp-
toms does not necessarily predict later development of
chronic damage. Of those with sequelae of chronic radiation
disease, 30% of patients will require operative intervention.®
As the number of affected patients increases with the use of
radiation therapy in pelvic cancers, physicians must be adept
in its early diagnosis and continue to improve strategies in
operative and nonoperative management.9

Pathology and Pathogenesis

Tonizing radiation exerts its effect in two ways: through direct
damage to target macromolecules (DNA) and through indirect
damage via oxygen free radicals. Target macromolecules
absorb energy and become ionized or transformed into free
radicals. Both direct and indirect pathways of injury result in
free radical formation, causing damage of cellular structures
and compromising cell function, leading to apoptosis.10 DNA
transcription and replication are often impaired, and cells
with a high rate of replication are particularly affected. Cells of
the mucosa are first affected, then those of the submucosa,
muscularis, and then serosa.'?
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The GI tract is the second most radiosensitive organ in the
abdomen and pelvis and often proves to be the major limiting
factor determining tolerance of radiation therapy.> Because
most radiation treatments are directed into the pelvis, the
rectum is at particular risk for injury, as are organs that are
mobile and able to move into the pelvis. The cecum and the
sigmoid colon are common sites of involvement because of
their fixed positions at the pelvic brim and are likely to receive
higher doses of ionizing radiation."’ A mobile distal ileum
may easily slide into the pelvis, especially in patients with a
wide pelvis. Adhesive disease tethering a redundant trans-
verse colon to the pelvis may put this bowel segment at risk as
well. The hepatic and splenic flexures are almost never
affected because of their fixed location outside of the pelvis.

Acute Changes

The acute effects of ionizing radiation on normal bowel occur
within hours of initiation of treatment and cause breakdown
of the rapidly dividing crypt cells and the intestinal mucosal
barrier, and atrophy and blunting of villi.'? Fluid and nutrient
absorption is impaired and mucosal ulcerations develop,
leading to diarrhea, tenesmus, bloody and mucous discharge,
hematochezia, and incontinence. If ulcerations persist, bac-
terial translocation can occur and lead to systemic sepsis.
More than half of patients undergoing pelvic radiation
therapy will develop varying symptoms in the acute set-
ting.'> Once therapy is halted, intestinal crypts regenerate
and mucosal healing ensues, but symptoms can last up to
6 months. Acute symptoms are typically self-limiting, im-
prove shortly after cessation of treatment, and are responsive
to normal medical treatments for enteritis. Symptoms are
usually dose-dependent and respond favorably to reduction
in dose. Cessation of treatment is rarely required to control
symptoms, and the presence of acute toxicity does not
necessarily prognosticate the development of symptomatic
chronic radiation injury.11

Chronic Changes

Effects of chronic radiation injury appear 6 to 12 months after
treatment. The toxic effects of radiation cause the endotheli-
um of supporting vasculature to become irregular, progres-

sively leading to fibrosis of capillaries that support the
intestine. This creates an obliterative endarteritis that leads
to ischemia and fibrosis of the bowel (~Fig. 1)."* These
pathologic changes manifest clinically as partial or complete
bowel obstructions due to strictures, impaired motility, fis-
tulae, GI bleeding, impaired nutrition absorption, and some-
times perforation with sepsis.'*'> For the surgeon, it is
management of these late complications that is often the
more formidable challenge than those in the acute setting.
These chronic changes are typically not reversible and do not
correlate to the occurrence of acute symptoms.

Management of Radiation-Induced Small
Bowel Injury

Diagnosis and Evaluation

Since surgical intervention is rarely necessary for those with
acute radiation toxicity, the focus of this section will center on
the surgical management of chronic radiation disease. These
patients present with some of the most challenging problems
in abdominal surgery, and inadequate understanding of the
medical history or poor surgical planning often results in
untoward surgical outcomes. Important factors include dura-
tion of radiotherapy treatment, dosing regimen, target fields,
and complications during treatment, as well as the primary
neoplasm and prior surgical history. Recurrent neoplastic
disease must be ruled out as an etiology of symptoms.?
Patients are often nutritionally compromised, and assess-
ment of the degree of malnutrition helps to determine the
strategy for preoperative optimization should surgical inter-
vention be required.'?

In most cases, small bowel radiation disease can be diag-
nosed and characterized using contrasted small bowel imag-
ing. Small bowel contrast (enteroclysis) studies were
traditionally used to detect strictures with upstream dilation,
fistulae, and other elements of mechanical obstruction. These
studies may be poorly tolerated and give nonspecific results,
with narrowed segments not always clinically contributory to
symptoms. Ischemia presents as “thumbprinting” on these
studies, and separation of bowel loops may represent bowel
wall edema and fibrosis.>'®

Fig. 1 Endoscopic findings of radiation injury. (Reprinted with permission from Bo Shen, MD, Cleveland Clinic Foundation, 2015. All rights

reserved.)

Clinics in Colon and Rectal Surgery  Vol. 29 No. 2/2016

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Radiation-Induced Problems in Colorectal Surgery Ashburn, Kalady

Computed tomography (CT) enterography has largely
replaced enteroclysis as the preferred imaging modality for
chronic radiation injury due as it is well-tolerated, delineates
strictures and fistulae, and distinguishes radiation injury
from recurrent or persistent malignancy.3 Integrated positron
emission tomography-CT is also helpful in distinguishing
posttreatment changes from recurrent malignancy.

Magnetic resonance enterography has emerged as a useful
tool to evaluate the small bowel for radiation injury.'” Bene-
fits of this modality include avoidance of radiation exposure
and nephrotoxic contrast, as well as high-resolution soft
tissue imaging.'®

Capsule endoscopy is a liability in the setting of chronic
radiation injury, as the capsule may become lodged in a
stenotic segment of bowel, completing an obstruction. It is
critical to identify location, extent, and severity of clinically
relevant radiation-induced lesions. Failure to do so equates
with poor surgical planning and will result in poor surgical
outcomes.

Medical Management

Although some patients with chronic radiation disease will
ultimately need surgical intervention, those with mild symp-
toms may be managed nonoperatively. Patients with mild
obstructive symptoms may benefit from taking a soft, low
residue diet or fortified liquid diets.'®?? Parenteral nutrition
may be needed for those who do not tolerate enteral feedings
to palliate symptoms or to boost nutrition for impending
surgery. Survival rates of patients maintained on long-term
total parenteral nutrition (TPN) are more than 50% at 5 years,
as these patients generally succumb to complications of either
radiation injury or the underlying malignancy. Antidiarrheal
therapy must be tailored to its suspected etiology. Diarrhea
due to bacterial overgrowth may respond to antibiotics.
Patients with functional short bowel syndrome may benefit
from motility agents such as loperamide. Cholestyramine
should be given if bile acid malabsorption is suspected.?’-22
Early trials evaluating probiotics have shown a protective role
and improvement in postradiation diarrhea with use of some
probiotic mixtures.?> The probiotic VSL#3 has been investi-
gated in a double-blind, placebo-controlled trial and led to
fewer bowel motions and less diarrhea.?* Several case reports
have supported a role for hyperbaric oxygen therapy to
enhance recovery, but its expense and limited availability
make its routine use challenging.®

Surgical Management and Principles
More than 30% of patients with chronic radiation injury will
require surgical intervention.® Prior to any surgical interven-
tion, patients and surgeons must agree that the goals of
surgery are not to cure the disease, but to palliate the
complications of the disease. Radiation damage is cumulative
over time and is likely to recur in more than half of patients
following surgery, often in a location differed from the
original site of pathology.

Surgery is usually performed to relieve symptoms of
partial or complete obstruction due to tissue fibrosis and
subsequent formation of small bowel strictures. Other indi-

cations include fistula, perforation, or bleeding. Patients face
high rates of postoperative morbidity (30%) and mortality
(5%).226 Those patients determined to have an unacceptable
risk/benefit ratio can be considered for decompressive gastro-
stomy to accompany TPN or a proximal diverting small bowel
ostomy.

Preparations for Surgery
Adetailed discussion and documentation of risks and benefits
with informed consent is a necessity, with explicit explana-
tion of the expectations and the palliative goals of surgery.
Once the decision is made to proceed with surgical interven-
tion, every effort must be made to correct modifiable factors
such as anemia and electrolyte derangement in patients with
chronic losses from fistulae or diarrhea, and malnutrition due
to anorexia, functional obstruction, and mechanical obstruc-
tion. Those with severe malnutrition (weight loss >15% ideal
body weight or serum albumin less than 2.5 g/dL) may require
a preoperative course of TPN.% Although the data are limited
regarding duration of preoperative therapy,l27 a7to10day
course is reasonable with continuation postoperatively until
enteral nutrition is reliably tolerated.?®

Enterostomal nurse consultation and marking in all four
quadrants should also be performed. Arrangement for place-
ment of ureteral stents should be strongly considered. Ap-
propriate intravenous antibiotics and subcutaneous heparin
therapy should be given prior to incision.

Intraoperative Strategies

Patients should be placed in a modified lithotomy position,
allowing for access to the perineum. Intraoperative endosco-
py should be available. The abdomen is usually accessed
through a midline incision with sharp dissection to avoid
thermal injury to bowel that may be densely adherent to the
anterior abdominal wall. Entering the abdomen away from
the most affected area allows one to “circle the enemy” by
avoiding the area with the worst disease when trying to gain
entry. An infraumbilical transverse incision to avoid radiated
abdominal wall tissues can also be used and has been
associated with fewer wound complications.?’

Once the abdomen is entered and severity of disease is
assessed, it is important to develop an exit strategy in case the
disease is too formidable or patient factors preclude comple-
tion of the surgery. To facilitate this, dissection should begin
from proximal (where radiation-induced damage is likely less
severe) to distal. Thus, proximal fecal diversion can be
performed if multiple enterotomies are made or if patient
factors require aborting further dissection.

There is debate regarding whether to completely mobilize
and examine the entire small bowel or to address only the
segments of diseased bowel. Proponents of a limited dissec-
tion argue that more adhesiolysis increases the risk for
inadvertent enterotomy and development of postoperative
enterocutaneous fistulae. Radiated bowel is inherently deli-
cate, friable, and unforgiving, and an injury (especially one
that is missed) is a disastrous complication in this patient
population. Proponents of a complete mobilization from
duodenojejunal flexure to ileocecal valve argue that the origin
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of clinical symptoms is not always known, and fistulae and
abscesses not clearly apparent on preoperative imaging may
be discovered. Operative strategy should be tailored to each
individual patient.

Radiated bowel exhibits a pale yellow or grayish hue, often
with inflamed, friable mesentery that bleeds easily and must
be handled gently. Strictures of varying lengths may be
accompanied with chronic upstream dilation. The controver-
sy over whether to resect or bypass the affected bowel
segment centers on the relative risks of anastomotic leak
and mortality.26-30 Benefits of resection over bypass include
the risk for early recurrence of symptoms, ongoing pain, GI
bleeding, and risk for development of malignancy in the
bypassed segment.?%31-32 Bowel that may have been included
in the field of radiation (terminal ileum, cecum, and right
colon) should not be used for an anastomosis to mitigate the
leak risk.

In some situations, both resection and bypass would
produce a clinically undesirable result. For example, a case
involving a long segment of bowel with multiple, clinically
significant strictures may result in short bowel syndrome if
resected or may be at risk for bacterial overgrowth and
persistent symptoms if bypassed. A small series has described
the use of strictureplasty in these segments as a “last-chance”
maneuver to avoid these outcomes and showed promising
results with no anastomotic leaks and successful avoidance of
TPN dependence.?'3

Technical Strategies

The standard principles of creating bowel anastomoses apply,
and emphasis is placed on using healthy, nonradiated tissue
with good blood supply. Some sections of bowel, such as the
terminal ileum, cecum, and right colon, may have sustained
radiation injury but appear grossly normal and should not be
used for anastomosis if possible. Dense interloop bowel
adhesions may be handled with hydrodissection, which
uses injectable saline to better delineate tissue planes, thus
minimizing iatrogenic serosal injuries or enterotomies.
Mesenteric tissue is notoriously friable, foreshortened, and
fibrotic, and control of the mesentery with conventional
clamps and ties, or commercial vessel sealing devices is not

sufficient. A helpful technique for better control is division of
mesentery between Kocher clamps, with interlocking heavy
#1 chromic suture to control blood vessels along the entire
length of the cut mesenteric edge (~Fig. 2).

Management of Large Bowel Injury

Diagnosis

Endoscopic evaluation is critical to assess large bowel radia-
tion disease with the remainder of the evaluation similar to
that of small bowel disease.'? Erosions, rectal strictures,
ulcerations, and fistulae are common sequelae of radiation
therapy of the distal GI tract and can result in refractory pain,
tenesmus, rectal bleeding, and change in bowel habits. One of
the most common symptoms of radiation proctitis is rectal
bleeding that usually develops one year after treatment and
commonly resolves spontaneously within 18 months of
treatment.

Nonsurgical Therapy

Rectal bleeding from proctitis is often encountered and can be
treated in several ways. Topical treatments such as anti-
inflammatory enemas and suppositories are usually consid-
ered first-line therapy, but studies evaluating their protective
role have shown mixed results. Two double-blind, placebo-
controlled trials have shown improved stool consistency and
reduced frequency in patients using sucralfate enemas,>*3°
as well as a reduction in severity of rectal bleeding after
4 weeks of treatment.>® Others have suggested that sucralfate
enemas do not reduce the rate of rectal bleeding and may
even be associated with worsened bowel function.>” The use
of steroid enemas is common but without strong evidence
supporting their benefit.

Topical formalin treatment has been used for proctitis for
more than three decades.3® Its ease of use and tolerance is
attractive, but studies show that 30% will experience recur-
rent bleeding.3® This procedure requires at least moderate
sedation. Rigid proctoscopy is used to identify bleeding
surfaces and a 4% topical formalin solution is applied to the
surface for several minutes or until bleeding stops. Care must
be taken to protect the perianal skin from exposure to the

Fig. 2 Control and division of mesenteric vessels of radiation-injured intestine. (Reprinted with permission from Cleveland Clinic Center for

Medical Art and Photography, ©1996-2010. All rights reserved.)
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Fig. 3 Argon plasma coagulation to control rectal bleeding from radiation proctitis. (Reprinted with permission from Bo Shen, MD, Cleveland

Clinic Foundation, 2015. All rights reserved.)

caustic formalin solution. The rectum is then copiously
irrigated with saline after treatment. Unfavorable side effects
of this therapy include proctitis, stricture, and chronic anal
pain.

Endoscopic therapy with cryoablation®® and argon plasma
coagulation (=Fig. 3) are safe and effective modalities to
control bleeding from rectal telangiectasia in chronic radia-
tion disease,’ although only low-level evidence supports
their use. Care must be taken to avoid aggressive treatment in
severely damaged tissue or areas of prior biopsy, as fistulae
may occur, for instance, the development of a rectourethral
fistula after radiation therapy for prostate cancer.*?~#*

Surgical Therapy

Surgical measures may be necessary in patients who develop
fistulae, sepsis, perforation, recalcitrant bleeding, or recur-
rent carcinoma. These situations are especially challenging
given the complex nature of pathology in the setting of an
already decompensated patient. The surgeon must consider
the patient’s primary disease, nutritional status, overall life
expectancy, and etiology of symptoms when formulating a
surgical plan.

Other Considerations

Most radiation-induced large bowel disease is limited to the
rectosigmoid colon, which is often amenable to resection
with primary anastomosis as long as tissues are healthy and
anal sphincters are intact. Using healthy tissue for anastomo-
sis is ideal but may not be possible; reasonable outcomes have
been reported if only one end of the intestine is healthy.*?
Handsewn anastomosis is favored as it avoids staple line-
related ischemia in already compromised bowel.*6 Although
some studies report acceptable healing of undiverted colo-
proctostomy after radiation damage, creation of a covering
stoma should be strongly considered.

Fecal diversion in patients with chronic pelvic radiation
disease can relieve acute symptoms associated with anal
ulcers, sepsis and nonhealing wounds associated with fistu-
lae, and defecatory obstruction caused by rectal strictures.
Using nonradiated bowel is ideal as stomas created with
diseased bowel are prone to stricture, bleeding, and necrosis.
Compared with a diverting colostomy, diverting ileostomy is
generally easier to create and close, and avoids mobilization
and interruption of colonic blood supply that may stymie
future reconstruction.

Fig. 4 Turnbull-Cutait abdominoperineal pull-through with delayed coloanal anastomosis. Externalization of colonic conduit (left), followed by
amputation and delayed anastomosis 7 days later (right). (Reprinted with permission from Cleveland Clinic Center for Medical Art and

Photography, ©1996-2010. All rights reserved.)
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A difficult situation for both patient and surgeon is the
management of fistulae caused by radiation damage. Rec-
tovaginal and rectourethral fistulae are most commonly
seen, but vesicovaginal, ileovaginal, and ileovesical fistulae
may also occur. Preoperative diagnosis with appropriate
imaging is critical to determine origin of the fistula. Many
methods of repair have been described, including various
rotational tissue and endorectal advancement flap clo-
sures.*’=>! When tissues are not ideal for local repair, a
transabdominal approach with mobilization of the rectum
below the level of the fistula, resection of diseased bowel,
and anastomosis using healthy proximal colon may be the
only option. Interposition of normal tissue such as omen-
tum between connecting organs is recommended, and a
covering stoma should always be employed. When disease
is extensive and poor tissue quality is present, patients are
at additional risk for anastomotic leak or recurrent fistulae.
In these situations, a coloanal pull-through with delayed
anastomosis (Turnbull-Cutait procedure) is a helpful alter-
native (=Fig. 4). Proctectomy with mucosectomy is per-
formed, followed by pulling a mobile, healthy colon conduit
through the anal canal, the end of which remains exterior-
ized. Stay sutures are placed in the anal canal. Amputation
and completion of the anastomosis by placing the stay
sutures through the free edge is performed 7 days later,
after allowing the natural adhesive properties of the tissue
to secure the anastomosis and reducing the risk for anas-
tomotic complications.>>™>4

Conclusion

Radiation-induced bowel disease is an important problem
because of its negative impact on quality of life, compromise
of radiation tolerance, and associated additional economic
burden to the already costly process of cancer care. Surgery is
justified in a select group of patients with symptoms of
chronic disease unresponsive to nonsurgical treatments
and should be cautiously undertaken only after creation of
a comprehensive and individualized perioperative plan.
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