
Small bowel obstruction and the gastrografin
challenge

Robert D’Agostino,1 Naiim S Ali,1 Sergey Leshchinskiy,1 Anjuli R Cherukuri,2

Judy K Tam1

1Department of Radiology, University of Vermont Medical Center, The University of Vermont Larner College of Medicine,

Burlington, VT, USA
2Department of Radiology, University of Wisconsin, School of Medicine and Public Health, Madison, WI, USA

Abstract

The ‘‘gastrografin challenge’’ has been used for decades
in the evaluation of small bowel obstruction (SBO). This
type of study involves enteric administration of a water-
soluble contrast followed by serial abdominal radio-
graphs. While its diagnostic role is well established, its
therapeutic role remains controversial. Following an
algorithm for gastrografin challenge cases can help with
interpretation. An understanding of the appearance of
diluted contrast in the small bowel, the concentrating
effect of contrast in the colon, and knowledge of surgical
history and anatomy is paramount for diagnosis. In this
article, we review the approach to acute SBO and the use
of gastrografin along with reviewing image interpretation
of cases of partial and complete SBO. Gastrografin use in
adynamic ileus along with other potential future uses is
also discussed.
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Background

Acute small bowel obstruction (SBO) is a major cause of
morbidity and mortality and results in a significant use of
healthcare resources. In the United States, adhesions
related to prior intra-abdominal surgery are the most
common cause of SBO. It is estimated that acute adhe-
sive SBO accounts for 12–16% of hospital admissions for
acute abdominal pain [1]. In the United States, 300,000

hospital admissions and 850,000 days of inpatient care
per year can be attributed to acute adhesive SBO [1].
Adhesive SBO has been associated with mortality rates
of 2–8% and as high as 25% if necessary surgical man-
agement is delayed [1]. Due to these high rates of mor-
tality, particularly in the setting of delayed treatment,
management of SBO creates a prognostic conundrum.

Classic teaching has described avoiding surgery in the
patient who is hemodynamically stable with no signs of
peritonitis, as surgical management may induce forma-
tion of further intra-abdominal adhesions, thus exacer-
bating the problem in the future. Instead, patients with
SBO are typically managed expectantly with serial clin-
ical abdominal exams, evaluating for signs of peritonitis,
and close monitoring of vital signs.

Yet, there is a subset of patients for whom prompt
surgery is essential to avoid serious morbidity and mor-
tality. Clinical signs indicating the need for urgent
operative intervention include leukocytosis, fever, and
evidence of bowel strangulation. In modern practice,
clinical findings are often supplemented with cross-sec-
tional imaging with computed tomography to rule out
conditions that may obviate the need for urgent surgery.
Radiologic diagnoses prompting urgent surgical man-
agement include bowel ischemia, bowel perforation,
closed loop obstruction, internal hernia, incarcerated
external hernia, and small bowel volvulus.

In practice, it can be difficult to determine which
patients can be managed expectantly compared to those
that will require surgery. Due to the high rate of mor-
bidity and mortality related to delay in surgical man-
agement, there is a need for a diagnostic tool to help
predict which patients are more likely to require surgery.
If that diagnostic tool could also be therapeutic, this
potentially could help decrease the morbidity and mor-
tality associated with adhesive SBO.
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The gastrografin challenge

The concept of the ‘‘gastrografin challenge’’ can be traced
to the roots of contrast-based radiographic evaluation of
the bowel. The first published use of water-soluble iodine-
containing contrast medium for evaluation of the gas-
trointestinal tract was described by Canada in 1955 [2].
Soon after, several others described the use of hypertonic
contrast media to help promote bowel motility. For
example in 1955, Epstein describedusing contrastmedia to
determine position of bowel loops and to differentiate
partial from complete SBO [3]. In 1969, Vest andMargulis
showed the value of water-soluble, iodine-containing
contrast media in differentiating post-operative adynamic
ileus from mechanical obstruction [4].

Although several protocols for a gastrografin chal-
lenge have been described, the ‘‘challenge’’ involves en-
teric administration of 40–150 mL of a water-soluble
contrast agent, typically gastrografin [5]. The patient is
imaged with frontal abdominal radiographs between 4
and 24 h after contrast administration. The appearance
of concentrating contrast in a patient’s colon within
4–24 h helps diagnose partial SBO and can be used to
suggest that it is safe to proceed with non-operative
management of the patient.

While this diagnostic utility of the gastrografin chal-
lenge is well established [5–7], the ability of enterically
administered gastrografin to reduce the need for operative
intervention in adhesive SBO remains a matter of con-
troversy [5–12], with several recent studies reaching con-
flicting conclusions. A multicenter prospective study by
Scotte et al. in 2017 showed that patients receiving gas-
trografin had no benefit in rate of operative intervention in
uncomplicated acute SBO [8]. However, a 1998 study by
Chen et al. found that 98% of patients responded to con-
servative therapy when contrast was in the colon within
24 h [6]. Likewise, a 2010meta-analysis by Branco et al. as
well as a 2016 meta-analysis by Ceresoli et al. both con-
cluded that enteric administration of water-soluble con-
trast decreased the need for surgery and reduced the length
of hospital stay [5, 7]. In all, while the literature seems to
support a therapeutic role, it remains far from conclusive.
A definitive trial for adhesive SBO is still lacking. In
addition, based on our review of the literature, there is a
paucity of literature concerning the use of gastrografin for
management other conditions such as ileus, abdominal
wall hernia, and Crohn’s disease.

Safety and proposed mechanism of action

Gastrografin has two active ingredients: sodium diatri-
zoate and meglumine diatrizoate [13]. Inactive ingredi-
ents include edetate disodium, polysorbate 80 (a wetting
agent), saccharin sodium, simethicone, and sodium ci-
trate [13]. The osmolarity of undiluted gastrografin is
1900 mOsm/L, six times that of extracellular fluid.

Allergic-like reactions from gastrografin have been
reported. These are similar to those seen with intra-
venous contrast agents ranging from mild urticaria to
severe airway compromise. Side effects of aspiration of
gastrografin include pulmonary edema and pneumonitis.

The proposed mechanism for the therapeutic action
of gastrografin involves stimulation of peristalsis and
decreased bowel wall edema. The hyperosmolarity of
gastrografin is hypothesized to promote fluid shifts into
the bowel lumen. This has the dual effects of (1)
increasing the pressure gradient across a site of
obstruction and (2) decreasing bowel wall edema by
shifting fluid from the intramural space to the intralu-
minal space. Polysorbate 80, a wetting agent, is thought
to serve as a lubricant, promoting passage of bowel
contents through a narrowed lumen.

Patients undergoing a gastrografin challenge should be
thoroughly evaluated for emergent conditions prior to
initiating the study and during the study to prevent
potential morbidity and mortality because of delayed
surgery. Clinical evaluation should focus on signs of
peritonitis, bowel ischemia, and incarcerated/strangulated
bowel-containing hernias. In patients who receive a CT
scan, a thorough evaluation for signs of emergent condi-
tions such as bowel perforation andbowel ischemia should
be performed. Signs of bowel ischemia have previously
been described and include: bowel wall thickening
(> 3 mm), fluid in the mesentery, mesenteric edema,
abnormal bowel wall enhancement (increased or de-
creased), occlusion of mesenteric vessels, engorged
mesenteric veins, closed loop obstruction or volvulus,
pneumatosis, as well as mesenteric venous gas and/or
portal venous gas [14]. Of note, if patients require a CT
exam after gastrografin has been administered, the utility
of CT to detect alterations in wall enhancement, as well as
the overall quality of the CT for any indication, may be
markedly reduced due to the dense intraluminal contrast.
Patients who do not receive aCT scan are typically imaged
with abdominal radiographs, including either upright or
decubitus films, to exclude intra-abdominal free air.

How we do it

At our institution, the algorithm for a gastrografin
challenge begins with evaluation for bowel ischemia or
peritonitis. If there are any signs of peritonitis or bowel
ischemia at any point during a gastrografin challenge,
surgery should be considered.

Measures are taken to decrease the possibility of
gastrografin aspiration. Placement of a transesophageal
tube into the stomach, set on suction for at least 2 h, is
required. It is recommended that the head of the bed be
raised to at least 30 degrees. Frequency and timing of
patient emesis is tracked in order to assess the likelihood
of vomiting gastrografin. Although these measures may
help to mitigate the possibility of aspiration, it is
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important to remain vigilant for aspiration risks such as
in patients with higher-degree of obstruction, gastro-
paresis, and altered anatomy.

At our institution, 90–120 mL of gastrografin is in-
stilled via the transesophageal tube at the patient’s bed-
side. If there is specific concern for aspiration, the
gastrografin administration is monitored fluoroscopically
to ensure that it is passing into the proximal small
intestine. The transesophageal tube is subsequently
clamped for 2 h. An abdominal radiograph is obtained
6–8 h following gastrografin administration. If no con-
trast is visible in the colon at 6–8 h, a repeat radiograph
is performed at 24 h. If contrast is identified in the colon
on either the 6- to 8-h or 24-h radiograph, the trans-
esophageal tube is removed and the diet is slowly ad-
vanced beginning with sips of liquid and proceeding to
full liquids within 24 h. If the patient can tolerate
800 mL of fluid intake without nausea or vomiting, they

are discharged. If no contrast is seen in the colon on the
24-h radiograph, surgery is strongly considered. It is
important to remember that throughout the study,
regardless of imaging findings, patients should be rou-
tinely monitored for clinical signs of bowel ischemia or
peritonitis which would necessitate surgery (Fig. 1).

Image interpretation

Most patients presenting with symptoms of SBO will
undergo a CT scan or plain abdominal radiography. The
role of the radiologist is to help diagnose SBO. It is
important to evaluate for a focal transition point and to
identify potential causes of obstruction such as a mass,
inflammatory changes, or adhesions. Special attention
should be directed towards imaging findings of bowel
ischemia. Previous surgical history such as bowel resec-
tions or ostomy placements should be reviewed if avail-

Fig. 1. The algorithm for a gastrografin challenge.
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able. The positioning of the transesophageal tubes
should be assessed.

In interpretation of radiographs obtained moving
through the algorithm of the gastrografin challenge, it is

important to look at the distribution of contrast in the
small and large bowel. There should be continued vigi-
lance for ischemic changes such as bowel wall thickening,
pneumatosis, portal venous air, and free intraperitoneal

Fig. 2. A 48-year-old woman with prior abdominal surgery
presentedwithsymptomsof SBO.CTabdomen/pelvis (A) at time
of presentation showed a single transition point (arrow) without
evidence of bowel ischemia or bowel perforation. Radiograph

obtained 8 h after gastrografin administration (B) showed
residual contrast in the small bowel as well as contrast
throughout the colon (arrowheads), consistent with a partial
SBO. As a result, the patient’s diet was successfully advanced.

Fig. 3. A 64-year-old woman with multiple prior abdominal
surgeries presented with SBO with a single transition point
(arrow) on initial CT abdomen/pelvis (A). Radiograph
obtained 8 h after gastrografin administration (B) showed
contrast diluted within multiple distended loops of small bowel

(stars). Radiograph obtained 24 h after gastrografin
administration (C) showed contrast within the descending
and sigmoid colon as well as the rectum (arrowheads). The
patient had return of flatus and bowel movements 1 day after
the study.
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air/contrast. Evaluating the appearance of contrast dis-
tribution will diagnosis partial SBO, complete SBO or
adynamic ileus as illustrated in the following cases.

Partial SBO

In the first case (Fig. 2), a CT of the abdomen revealed a
SBO with a single transition point in a patient with no

radiographic or clinical signs of ischemia. This suggested
adhesions as the cause of the obstruction. With a gas-
trografin challenge initiated, partial SBO was diagnosed
due to the presence of residual contrast in the small
bowel and contrast throughout the colon on the 8-h
radiograph. Based on this information, the clinical team
began advancing the patient’s diet and bowel function
returned.

Fig. 4. A 28-year-old woman with a history of chronic
constipation was diagnosed with delayed colonic transit and
subsequently underwent a therapeutic subtotal colectomy
with ileorectal anastomosis. 3 years after subtotal colectomy,
she presented with nausea and vomiting. Initial abdominal
radiograph (A) showed multiple stacked air-filled loops of

small bowel particularly in the mid abdomen (arrows).
Radiograph obtained 6 h post-gastrografin (B) showed
concentrated contrast in the previously seen dilated small
bowel loops (arrowheads). Radiograph obtained 22 h after
gastrografin administration (C) showed contrast in the rectum
(star).

Fig. 5. A 77-year-old man with a history of inguinal hernia
repair 3 years prior presented with symptoms of SBO. Non-
contrast abdomen/pelvis CT (A) demonstrated a high grade
SBO with a single transition point (arrow). 6 h after gastrografin
administration (B), contrast is seen within loops of small bowel

(stars). On the 24-h film, the contrast appears further diluted
and no contrast has reached the colon (C). These findings are
consistent with complete SBO. The patient was taken for an
exploratory laparotomy with lysis of adhesions. Bowel function
returned after surgery and the patient was discharged.
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In the second case (Fig. 3), since no contrast was
identified in the colon on the 8-h radiograph and there
were no signs/symptoms of peritonitis and/or ischemia, a
follow-up radiograph was obtained at 24 h. Because
contrast was present in the colon at 24 h, the patient’s
diet was advanced, and bowel function returned. Note
that contrast will appear denser in the colon than small
bowel from the concentrating effect of water absorption
in the colon.

In a third case (Fig. 4), partial SBO was diagnosed in
a patient where prior knowledge of the surgical history

was paramount. In such patients with a history of
subtotal colectomy, attention should be focused on
identifying dense contrast within the rectum.

Complete SBO

This case (Fig. 5) of a complete SBO was diagnosed with
a gastrografin challenge. Following the algorithm, no
contrast in the colon on the 6-h radiograph led to a
follow-up 24-h radiograph which also showed no con-
trast in the colon. This suggested complete SBO.

Fig. 6. An 81-year-old man with a history of vertebroplasties
for osteoporosis and prior abdominal surgeries presented with
bilious emesis. Initial CT abdomen/pelvis (A) demonstrated
several dilated fluid-filled loops of small bowel (arrows).
Abdominal radiograph obtained 6 h after gastrografin
ingestion (B) showed contrast in the stomach (arrowhead).
By 24 h (C), gastrografin was diluted in the small bowel with

no contrast seen in the colon (stars). This was consistent with
a complete persistent SBO. Although scheduled for surgical
lysis of adhesions for the morning after the 24-h radiograph,
the patient had three bowel movements overnight and his
symptoms resolved. This was presumed to be related to the
therapeutic action of gastrografin.

Fig. 7. A 66-year-old man presented with bowel obstruction
3 days after posterior spinal fusion. Initial abdominal
radiograph (A) shows numerous distended air-filled loops of
small and large bowel throughout the abdomen (stars).
Contrast is seen in the cecum (arrow) on the 6-h post-

image (B) and in the rectum (arrowhead) on the 24-h post-
image (C). NG tube was then removed; the diet was slowly
advanced, and the patient was discharged. Findings are
consistent with post-operative ileus.
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In another case of a complete SBO (Fig. 6), the
dilution of contrast within the already fluid-filled small
bowel can make it difficult to appreciate the presence of
contrast, particularly on the 24-h radiograph. Although
consistent with complete SBO, this patient had a spon-
taneous resolution of symptoms prior to planned sur-
gery. This could reflect the therapeutic action of
gastrografin.

Adynamic ileus versus post-operative SBO

While standard abdominal radiographs are typically the
first line in differentiating adynamic ileus from post-op-
erative SBO, findings may be equivocal. In such cases,
the gastrografin challenge has been used to differentiate
suspected SBO from post-operative ileus (Fig. 7). Ep-
stein described 14 post-operative cases in which a gas-
trografin challenge was used to assist in differentiating
ileus from SBO [3]. In a series of 41 patients, Zer et al.
showed the utility of a similar protocol to help differ-

entiate adynamic post-operative ileus from SBO requir-
ing surgery [15].

In a patient with a recent abdominal surgery pre-
senting with obstipation and concern for possible com-
plete obstruction, a gastrografin challenge can be helpful
in diagnosing partial SBO, preventing the need for repeat
surgery. (Figure 8).

In another case (Fig. 9) where post-operative ileus
was diagnosed with contrast seen in the colon at 6 and
24 h, an interesting phenomenon was observed. The
presence of a fine layer of contrast coating the colonic
wall can give the illusion of seeing both sides of the bowel
wall reminiscent of a Rigler sign. First reported by Dr.
Rigler in 1941, the Rigler sign describes the visualization
of both sides of a bowel wall on supine abdominal
radiographs in cases of pneumoperitoneum [16]. It is
important not to mistake this finding for intraperitoneal
free air.

Knowledge of a patient’s post-surgical gastrointesti-
nal anatomy is paramount in order to correctly interpret

Fig. 8. A 58-year-old woman with a history of roux-en-Y
gastric bypass performed 3 years prior presented at an outside
institution with an internal hernia. Emergent exploratory
laparotomy was performed—the efferent limb was divided
and then re-anastomosed to reduce the internal hernia; a
transesophageal tube was placed, and the patient was

transferred to our institution. 2 days after surgery no flatus or
bowel movement was noted. Initial radiograph (A) shows a non-
obstructive bowel gas pattern. Radiograph obtained 12 h post-
gastrografin (B) showed contrast throughout the colon (stars).
Following gastrografin challenge, the patient had a bowel
movement and abdominal pain resolved.
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gastrografin challenge cases. Patients with total colec-
tomies or diverting ileostomies will not opacity the colon.
In this case (Fig. 10), the subtle linear opacity within the
ileostomy bag could easily be missed.

Other uses

This case (Fig. 11) illustrates another indication for the
gastrografin challenge which has not been extensively
studied, but has been used at our institution. Leow et al.

Fig. 9. A 72-year-old woman presented with symptoms of
bowel obstruction 3 days after laparoscopic cholecystectomy.
Initial abdominal radiograph (A) showed a non-obstructive
bowel gas pattern. 6 h radiographs (B) showed most of the
contrast in the stomach (star), with contrast also identified in
small bowel loops as well as the hepatic flexure (arrow). 24-h

radiograph (C) has the illusion of seeing both sides of the
bowel wall of the cecum and ascending colon reminiscent of a
Rigler sign (arrowheads). However, this represents a fine
layer of contrast coating the colonic wall rather than free air
outlining the colon. The patient had multiple large bowel
movements before the 24-h radiograph and was discharged.

Fig. 10. A 40-year-old women with Crohn disease requiring
multiple prior small bowel resections for recurrent mechanical
SBO and diverting ileostomy for recurrent ileocolic disease
presented with no output from her ileostomy. The patient
refused placement of a transesophageal tube. Initial CT
abdomen/pelvis (A, B) showed multiple dilated air-filled loops
of small bowel (arrows) and an ileostomy in the right lower
quadrant of the abdomen. Abdominal radiograph obtained 6 h

after oral administration of gastrografin (C, D) shows contrast
in the gastric fundus (arrowhead). There is a subtle region of
increased density projecting over the soft tissues of the right
lower quadrant, consistent with contrast in the ileostomy bag
(star). Following the gastrografin challenge, the patient was
able to tolerate small amounts of PO intake and had output
from her ileostomy.
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described a case of an obturator hernia which was
managed non-operatively with the help of gastrografin
challenge [17]. In our case of a large ventral hernia, the
gastrografin challenge proved that contrast was able to
pass distal to bowel in the hernia.

In an example of another potential use (Fig. 12), a
gastrografin challenge helped the clinical team determine
patient disposition. To our knowledge, the use of gas-
trografin challenge in cases of recurrent SBO in patients
with Crohn’s disease has been described only once in the

Fig. 11. A 55-year-old woman with a history of large ventral
hernia presented with abdominal pain, vomiting, and
constipation. CT (A) revealed multiple loops of small bowel
(arrowheads) as well as a portion of the transverse colon
(arrow) within the hernia. An attempted 8-h radiograph

obtained at 9 h after gastrografin administration (B) showed
contrast throughout the colon including in the descending
colon distal to the bowel contained in the ventral hernia
(arrowhead). Bowel function returned after the gastrografin
challenge.

Fig. 12. A 38-year-old woman with a history of Crohn
disease with ileocolic resection 2 years prior and multiple
recurrent SBOs presented with another episode of SBO.
Initial abdominal radiograph (A) shows dilated small bowel
loops with air-fluid levels (arrowheads) consistent with a SBO.
The patient refused a nasogastric tube. On AP abdominal film
6 h after the gastrografin challenge (B), contrast is

appreciated in the stomach (star) and small bowel
(asterisk). Marked improvement in the patient’s symptoms
prompted a radiograph obtained 12 h after gastrografin
administration (C) to expedite patient discharge. This
showed contrast throughout the colon (arrows). The
patient’s diet was rapidly advanced.
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literature. In their series of 15 pediatric patients, Gorecki
et al. describe one case of gastrografin challenge in a
patient with Crohn’s disease [18]. In Crohn’s disease
patients with active disease and recurrent symptoms, a
gastrografin challenge may be diagnostic and potentially
therapeutic precluding the need for a CT exam and
reducing cumulative radiation dose.

Conclusion

While the therapeutic role of enterically administered
gastrografin in resolving SBO remains a matter of con-
troversy, the diagnostic role of the gastrografin challenge
in the evaluation of adhesive SBO is well established. As
our cases illustrate, by following a standardized ap-
proach, patients with adhesive SBO can be evaluated in a
systematic way. Conservative management is usually
appropriate in cases where contrast has reached the co-
lon within 24 h. Surgery is likely warranted when no
contrast is seen in the colon at 24 h. It is important to
appreciate the appearance of diluted contrast in small
bowel and the concentrating effect of contrast in the
colon in order to identify where contrast is located. In
addition, knowledge of surgical history prior to inter-
pretation of abdominal radiographs is instrumental in
predicting the expected location of gastrografin concen-
tration. Vigilance for clinical and radiographic signs of
bowel ischemia is critical for patient safety.

The gastrografin challenge has an emerging role be-
yond adhesive SBO. At our institution, we have seen it
used for cases of post-operative ileus, abdominal wall
hernia, and Crohn’s disease. Use of the gastrografin
challenge has also been reported in the literature for
abdominal/pelvic malignancy [19] and distal intestinal
obstruction syndrome (DIOS) [20]. It may help replace
repetitive CT use and reduce dose in patients with
recurrent SBOs. In the future, the gastrografin challenge
may also be used to expedite inpatient discharge for a
wide variety of obstructive bowel pathology.
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