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Abstract

Background Patients with adhesive small intestine

obstruction (ASIO) are difficult to evaluate and to manage

and their treatment is still controversial. The diagnostic and

therapeutic role of water-soluble contrast medium (Gast-

rografin) in ASIO is still debated. This study was designed

to determine the therapeutic role of Gastrografin in patients

with ASIO.

Methods The study was a multicenter, prospective, ran-

domized, controlled investigation. The primary end points

were the evaluation of the operative rate reduction and

shortening the hospital stay after the use of Gastrografin. A

total of 76 patients were randomized into two groups: the

control group received traditional treatment (TT), whereas

the study group (GG) received in addition a Gastrografin

meal and follow-through study immediately. Patients with

Gastrografin in the colon within 36 hours were considered

to be partially obstructed and submitted to nonoperative

management. If after 36 hours, the Gastrografin had not

entered the colon, the subjects were submitted to

laparotomy.

Results No significant differences were found in age, sex,

intravenous administration of prokinetics, incidence and

characteristics of the previous procedures in surgical his-

tory of the patients, previous episodes of ASIO and surgery

for adhesiolysis, or duration of symptoms before admis-

sion. In the GG group obstruction resolved subsequently in

31 of 38 cases (81.5%) after a mean time of 6.4 hours. The

remaining seven patients were submitted to surgery, and

one of them needed bowel resection for strangulation. In

the control group, 21 patients were not submitted to surgery

(55%), whereas 17 showed persistent untreatable obstruc-

tion and required laparotomy: 2 of them underwent bowel

resection for strangulation. The difference in the operative

rate between the two treatment groups reached statistical

significance (p = 0.013). The time from the hospital

admission for obstruction to resolution of symptoms was

significantly lower in the GG group (6.4 vs. 43 hours;

p \ 0.01). The length of hospital stay revealed a significant

reduction in the GG group (4.7 vs. 7.8 days; p \ 0.05).

This reduction was more evident in the subset of patients

who did not require surgery (3 vs. 5.1 days; p \ 0.01). No

GG-related complications or significant differences in

major complications and the relapse rate were found

(relapse rate, 34.2% after a mean time to relapse of

6.3 months in the GG group vs. 42.1% after 7.6 months in

the TT; p = not significant).

Conclusions Data showed that the use of Gastrografin in

ASIO is safe and reduces the operative rate and the time to

resolution of obstruction, as well as the hospital stay.
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Introduction

Adhesive small intestine obstruction (ASIO) is an impor-

tant cause of hospital admission and its treatment is still

controversial. Emergency surgery is mandatory when

strangulation or complete obstruction occur [1]. Nonoper-

ative conservative management is indicated in the case of

partial obstruction [2]. The reported operative rate for

ASIO ranges from 27% to 42% [3].

The role of Gastrografin, the most widely used water-

soluble contrast medium in ASIO, has been assessed

recently with regard to diagnostic and therapeutic value

[4]. The mechanism by which Gastrografin works is not yet

well known. Gastrografin, ionic bitter-flavored mixture of

sodium diatrizoate and meglumine diatrizoate, having

osmolarity of 1900 mOsm/L, approximately six times

more than extracellular fluid, promotes shifting of fluids

into the bowel lumen and increases the pressure gradient

across obstructive sites. Furthermore, because Gastrografin

dilutes the bowel content, it facilitates its passage and

decreases edema of the intestine wall facilitating motility.

Contrary to barium, Gastrografin is safe even if intestinal

perforation and peritoneal spread occurs [5–7].

A great diagnostic benefit of Gastrografin for evaluating

the indication for surgical intervention and the timing of

surgery in completely obstructed patients without perito-

nism has been reported [8, 9]. Chen et al. [5] demonstrated

that 96% of patients with ASIO in whom Gastrografin

failed to reach the colon within 24 hours required surgery.

Moreover, it has been proposed a therapeutic value

because Gastrografin reduces the operative rate and the

length of hospital stay. However, this topic is still debated

[5], because some authors did not find any therapeutic

advantage [10, 11]. This study (Gastrografin use in Small

Bowel Obstruction Caused by Adherences, GUSBOCA

Trial) was designed to determine the therapeutic role of

Gastrografin in patients with ASIO without strangulation

and peritonism.

Materials and methods

The GUSBOCA Trial is a multicenter, prospective, ran-

domized, controlled study, which was performed in the

Departments of Emergency Surgery of S. Orsola-Malpighi

(Bologna) and Modena University Hospital (Italy), with

the participation of three treating surgeons (FC, LA, MG).

The study conformed to good clinical practice guidelines

and followed the recommendations of the Declaration of

Helsinki. The protocol was approved on September 9, 2003

by the S. Orsola-Malpighi University Hospital’s Ethical

Review Board.

Patients

Eligible patients to be enrolled and randomized were ASA

I-III adult patients with history of single or multiple pre-

vious abdominal surgical procedures, clinical and

radiological evidence of ASIO, without signs of strangu-

lation and peritonism. Informed consent was obtained from

all patients. The patients were free to withdraw at anytime.

Emergency surgical procedure was performed in

patients with the suspicion of strangulation and those

patients were excluded from randomization. Other exclu-

sion criteria were: actual presence or high suspicion of

intra-abdominal malignancy (clinical history less than

2 years of previous surgery for intra-abdominal cancer or

radiologically/endoscopically suspected intra-abdominal

cancer or histologically proven cancer), suspicion or his-

tory of peritoneal carcinomatosis, active inflammatory

bowel disease, positive history of abdominal radiotherapy,

and obstructed hernias. Patients with intraoperative find-

ings of diseases other than ASIO have been included in the

study according to the intention-to-treat analysis.

Procedures

The randomization was obtained through computer-gener-

ated schedule, and its result was sealed in 76 envelopes. If the

patient fulfilled the inclusion criteria, the responsible sur-

geon opened randomly an envelope and, accordingly to the

protocol, the patient was asked to sign informed consent.

Preoperative data collected included patient demo-

graphics, comorbidities, duration of symptoms before

admission to the hospital, and a detailed history of previous

episodes of obstruction and surgical procedures. The

number and type of previous operations was recorded, as

well as the incidence of previous episodes of ASIO and the

previous operative rate in these episodes.

In the control group (TT: Traditional Treatment), the

patients have been treated by traditional conservative

treatment for ASIO, consisting in nil per os diet, naso-

gastric tube (NGT) decompression, and intravenous fluid

resuscitation. Prokinetics drugs (neostigmine 1 mg daily

plus metoclopramide 30 mg daily) were administered upon

clinical discretion of the treating surgeon and its use was

recorded. The patients were evaluated at 36 hours for

presence of clinical and radiological signs of mechanical

obstruction (not passing stools nor flatus, NGT output

higher than 20 ml per hour on average, persistence of

abdominal distension, radiological evidence of air-fluid

levels in the small bowel without air in the colonic sec-

tions). Those patients with the above-listed clinical and

radiological findings consistent with complete mechanical

obstruction were submitted to laparotomy. The others who

showed radiological improvement after 36 hours and early
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clinical relief of intestinal obstruction were fed and even-

tually discharged if tolerating oral diet. Finally those

patients showing only clinical and radiological improve-

ment continued the conservative treatment and received

clinical and radiological reevaluation at 72 hours. If they

showed persistent or worsening signs of obstruction, lap-

arotomy was performed. Otherwise they were fed and

discharged after tolerating solid food diet.

The study group (GG: Gastrografin Group) received,

beyond the traditional conservative treatment mentioned, a

Gastrografin meal with a follow-through study immediately.

Gastrografin solution (150 ml of Gastrografin diluted with

50 ml of water) was given through NGT and the transit of

contrast was studied by serial (36 and 72 hours) abdomen X-

rays. If the contrast did not reach the colon after 36 hours, the

subjects were submitted to laparotomy. Whereas those

patients showing Gastrografin in the colon after 36 hours, if

already clinically relieved of intestinal obstruction, were fed

and eventually discharged if tolerating oral diet. Patients not

yet relieved of obstruction with contrast in colon within 36

hours were considered to be partially obstructed and continued

conservative therapy. Those patients continuing conservative

treatment with no improvement after 72 hours from Gast-

rografin administration, clinical signs, and radiological

findings of persisting mechanical obstruction were submitted

to surgery. The other patients showing a later clinical

improvement within 72 hours were fed and discharged.

The discharge criteria were the achievement of total

resolution of intestinal obstruction, defined as complete

resolution of clinical and radiological signs and symptoms,

with tolerance to solid food diet.

The primary end points were: the operative rate in ASIO

patients, the time to resolution of ASIO (in hours, calcu-

lated from the hospital admission to resolution of intestinal

obstruction), and the length of hospital stay. Secondary end

points were: incidence of major and minor complications

of treatments in comparison and ASIO recurrences.

Because complications from the use of Gastrografin and

allergic reactions are rare [12–14], the onset of any compli-

cation related to treatments used in the study or to ASIO was

recorded intraoperatively, postoperatively, at discharge, and

at 7 days, 1 month, 6 months, and 1 year of follow-up. The

recurrences of episodes of ASIO and their operative rate also

were eventually recorded at follow-up. A minimum follow-

up period of 1 year was achieved for all 76 patients and

updated every 6 months until November 2006.

Statistical analysis

Using EpiINFO 2000 (Center for Disease Control and

Prevention), a sample size of 38 patients for each group (76

patients for the whole study) has been calculated to reach a

confidence level of 95% with power of 80%, supposing a

failure rate for conservative nonoperative therapy without

administering Gastrografin of approximately 40%, as

reported [3], and a reduction in the operative rate of 30%

with the use of Gastrografin. SPSS 11.5 software was used

for the statistical analysis (SPSS, Inc., Chicago, IL).

Analysis of data was by intention-to-treat. Data are

expressed as numbers (%) and means (SD). The results

were analyzed by using the v2 test and Fisher’s exact test,

as appropriate, for proportions in case of discrete data. For

means of continuous numerical data, we used the

independent samples t test and Mann–Whitney test,

respectively, for data normally and nonnormally distrib-

uted. The data were previously tested for normality by the

Kolmogorov-Smirnov test. Kaplan–Meier curves were

used for relapse free survival period analysis and its

comparative significance has been tested by using log-rank

(Mantel Cox) test. p \ 0.05 was considered statistically

significant.

Results

During the study period from September 2003 to Novem-

ber 2006, 147 obstructed patients were assessed for

eligibility, and 65 were excluded. Six patients presented

signs of strangulation or peritonism at admission and were

immediately submitted to emergency laparotomy. Figure 1

shows a flow diagram of the study conform to the CON-

SORT statement guidelines.

A total of 76 patients were enrolled and randomized.

The mean age of the patients with ASIO was 65.7 (median,

70 (range 22–85)) years (Table 1). Forty-nine (64.5%)

patients underwent multiple previous abdominal surgical

procedures, whereas 27 (35.5%) presented history of only

one surgical operation. The types of previous operation are

reported in Table 2.

Thirty-eight patients were randomized to undergo GG

meal and follow-through study and 38 patients to tradi-

tional treatment only. The two groups’ arms of the study

were well matched and homogenous with respect to

patient’s baseline characteristics (Table 1).

A significantly lower operative rate was observed in the GG

group compared with the TT group. In the GG group,

obstruction resolved subsequently in 31 cases (81.5%) after a

mean time of 6.5 hours. After 36 hours from administration of

GG, the radiological findings revealed complete mechanical

obstruction in 13% of the patients and these 5 patients were

submitted to laparotomy (1 of them required bowel resection

for strangulation), whereas 33 (87%) patients showed a partial

obstruction. After 72 hours of continuation of conservative

treatment, only 2 of these 33 patients (6%) showed persistent

radiological and clinical signs of obstruction and were taken to

the operating room (Table 3).
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ADHESIVE SMALL INTESTINE  OBSTRUCTION (ASIO)

38 pts                      38 pts  

RANDOMIZATION  
76 pts

Gastrografin Meal and 
follow-through + Traditional 

Conservative Treatment 
GG GROUP

Traditional Conservative 
Treatment 

TT GROUP 

Received allocated 
intervention  
TT (n=  38 ) 

Follow Up (n=38) 

Received allocated 
intervention  
GG (n=  38 ) 

Follow Up (n=38) 

Assessed for Elegibility 
(n=147)

Excluded (n=71) 
Pts with peritonism and submitted to 

surgery (n=6) 
Not meeting other inclusion criteria (n=56) 

Refused to participate (n=9) 

Enrollment

Allocation 

Follow-Up 

Analysis Analyzed (n=38) Analyzed (n=38) 

Fig. 1 Flow diagram of the

study (according to the Consort

Statement guidelines)

Table 1 Patients’ baseline characteristics

GG (n = 38) TT (n = 38) p value

Demographics

Mean age (yr) 63.7 (18.5) 67.7 (15.2) nsa

Male sex 18 (47.4) 18 (47.4) nsb

Clinical characteristics

Multiple previous surgical procedures 25 (65.8) 24 (63) nsb

Previous episodes of ASIO 16 (42.1) 17 (44.7) nsb

Previous surgery for ASIO 9/16 (56) 8/17 (47) nsb

Duration of symptoms before admission (hrs) 41.6 (SD 26.5; SE mean 4) 34.3 (SD 18; SE mean 2.9) nsa

ProKinetics drug therapy (yes) 24 (63) 24 (63) nsb

Centers

Bologna 21 (51) 20 (49) nsb

Modena 17 (48.6) 18 (51.4) nsb

Data are mean (SD) or number of patients (%)

GG Gastrografin meal group (study group), TT traditional treatment group (control group)
a independent samples t test, b chi-square test, c Fisher’s exact test, d Mann–Whitney test
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In the control group after 36 hours of conservative

treatment and observation, 11 of 38 patients needed sur-

gical intervention because of the presence of clinical and

radiological signs of complete mechanical obstruction; 2 of

them suffered bowel strangulation and underwent bowel

resection. On the other hand, 27 patients were not sub-

mitted to surgery and continued conservative treatment,

and 21 of them did not require a delayed laparotomy after

72 hours. The remaining 6 of 27 patients who continued

traditional conservative treatment up to 72 hours presented

untreatable clinically and radiologically persistent

obstruction requiring laparotomy. None of them required

bowel resection. The difference in the overall operative

rate between the two treatment groups (18.5% in the GG

vs. 45% in TT group) reached statistical significance

(p = 0.013; Table 3).

The time from the hospital admission for obstruction to

resolution of symptoms was significantly lower among

patients of GG group (6.4 vs. 43 hours; p \ 0.01). Thus,

the length of hospital stay revealed a marked reduction

(4.67 days in GG group vs. 7.8 days in TT group;

p \ 0.05). This reduction was even higher compared with

the length of hospital stay of the subgroups of those

patients not submitted to surgery (3 vs. 5.13 days;

p \ 0.01; Fig. 2). Therefore, Gastrografin seemed to sig-

nificantly shorten the duration of obstruction and

subsequently the hospital stay. No GG-related complica-

tions were found. No allergic reactions or aspiration

pneumonia were observed. No significant differences were

observed in the incidence of major or minor complications

between the two groups. Only three patients vomited after

administration of GG, and it seemed to be a negative

prognostic factor (2 of them were submitted to surgery;

Table 4). The patients were followed up for a mean period

of 19.5 months with no statistically significant difference

in the relapse rate or hazard (Table 4; Fig. 3). The opera-

tive rate of the patients presenting relapses, the mean time

to relapse, and the relapse-free survival period

(24.6 months in GG submitted group vs. 20.1 in TT group)

were not significantly different in the two groups (Table 4).

Discussion

Several studies with different designs investigated during

the last years the diagnostic role of water-soluble contrast

medium and focused on its therapeutic value in ASIO,

producing controversial results (Table 5). One of the

prominent problems in current studies on the use of water-

soluble contrast in ASIO is the lack of uniform design,

including patient population, study protocols, characteris-

tics, and volume of contrast used.

Contrasted imaging may be helpful in patients with

suspected intestinal obstruction, clarifying the presence of

obstruction when the plain abdominal films and clinical

findings are equivocal, whether the obstruction is partial or

complete and possibly identifying its cause [26]. The use of

barium may give precise mucosal detail and clearly

delineate the anatomy, but is burdened with potential

severe complications (peritonitis and aspiration). The

water-soluble hyperosmotic solution is a safer alternative,

Table 2 Previous surgical history of the patients’ population

Previous abdominal surgical operations

GG TT

Ob-Gy 12 16

Urological 5 6

Cholecystectomy 9 3

Appendicectomy 5 6

Colorectal 4 6

Gastroduodenal 4 3

Small bowel 6 6

Vascular 3 0

Trauma 1 0

Adhesiolysis 9 8

GG, Gastrografin meal group (study group); TT, traditional treatment

group (control group)

Table 3 Primary end points

GG (n = 38) TT (n = 38) p value

Results

Operative rate (surgery) 7 (18.5) 17 (45) \0.02a

Time to resolution (hr) 6.4 (SD 3.7; SE mean .75) 43 (SD 23.5; SE mean 6) \0.01b

Hospital stay (days) 4.7 (SD 4.2; SE mean .8) 7.8 (SD 5.3; SE mean 1) \0.05b

Hospital stay in nonoperated patients (days) 3 5.1 \0.01b

(n = 31)(SD 1.15; SE mean .24) (n = 21)(SD 2.5; SE mean .64)

Data are mean (SD) or number of patients (%)

GG Gastrografin meal group (study group), TT traditional treatment group (control group)
a chi-square test, b independent samples t test, c Fisher’s exact test, d Mann–Whitney test
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with potential therapeutic value because of its ability to

draw fluid into the bowel lumen, thus increasing the pres-

sure gradient across the obstruction site and stimulating

motility. Furthermore, it decreases intestinal wall edema,

and its wetting agent facilitates the passage of bowel

content. Level II data suggest that this effect may speed the

return of bowel function and decrease the length of hospital

stay of patients undergoing nonoperative management for

partial small-bowel obstruction [27].

In 1994, Assalia reported significant reduction of the

mean time for passing stools (6.2 vs. 23.3 hours; p \ 0.01)

and hospital stay (2.2 vs. 4.4 days; p \ 0.01) associated

with the use of hyperosmolar water-soluble contrast. No

significant reductions in operative rate (10% vs. 21%;

p = not significant (ns)) or Gastrografin-related compli-

cations were observed [6].

Feigin did not find any advantage in terms of reduction

of operative rate, resolution of symptoms, and hospital stay

[10]. Chen demonstrated that the presence of contrast

(Urografin) in the colon within the first 24 hours predicts a

successfully nonoperative treatment with a specificity of

100%, sensitivity of 98%, and accuracy of 99% [5, 28]. No

significant differences were observed in a further study in

the incidence of nonoperative resolution (31/48 vs. 35/50

patients; p = ns) and hospital stay between contrast and

control group [9].

Given these previous controversial results, a prospective

randomized trial from Choi was designed to assess the

therapeutic value of Gastrografin in the management of

Fig. 2 Difference of the mean

time ±2 SE of hospital stay

between the GG and TT group

and in the subgroups of those

patients not submitted to

surgery

Table 4 Secondary end points

GG (n = 38) TT (n = 38) p value

Complications

Major complications (strangulation and resection) 1 (2.5) 2 (5) nsa

Minor complications vomiting 3 (7.9) 2/3 required surgery 2 (5.2) nsa

Follow-up and relapses

Relapses 13 (34.2) 16 (42.1) nsb

Relapses submitted to surgery 5/13 (38.5) 4/16 (25) nsa

Relapse-free survival (mo) 24.6 (SE 2.6) 20.1 (SE 1.9) nsc

Time to relapse (mo) 6.3 7.6 nsd

(SD ± 7.8; SE mean 2.2) (SD ± 5.9; SE mean 1.5)

Data are mean (SD) or number of patients (%)

GG, Gastrografin meal group (study group); TT, traditional treatment group (control group)
a Fisher’s exact test, b chi-square test, c log-rank (Mantel-Cox) test, d independent samples t test, e Mann–Whitney test
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it
al

st
ay

N
/A

1
0

(2
1
%

)
in

co
n
tr

o
l

g
ro

u
p

v
s.

6
(1

0
%

)
in

G
g
ro

u
p
;

p
=

0
.1

2

2
3
.3

in
co

n
tr

o
l

g
ro

u
p

6
.2

in
G

g
ro

u
p
,

p
\

0
.0

0
.1

4
.4

in
co

n
tr

o
l

g
ro

u
p

v
s.

2
.2

in

G
g
ro

u
p
,

p
\

0
.0

0
1

(p
ts

co
n
se

rv
at

iv
el

y

tr
ea

te
d
)

1
d
ea

th
in

ea
ch

g
ro

u
p
,

n
o

co
m

p
li

ca
ti

o
n
s

G

re
la

te
d

C
h
u
n
g

et
al

.

1
9
9
6

[1
7
]

5
1

P
ro

sp
ec

ti
v
e

b
li

n
d
ed

1
9

p
ts

‘s
ig

n
ifi

ca
n
t

o
b
st

ru
ct

io
n
’

v
s.

3
2

‘i
n
si

g
n
ifi

ca
n
t

o
b
st

ru
ct

io
n
’

(b
as

ed

u
p
o
n

co
n
tr

as
t

re
ac

h
in

g

th
e

co
lo

n
)

7
6
%

u
ro

g
ra

fi
n

P
re

d
ic

ti
o
n

o
f

re
so

lu
ti

o
n
/

n
ee

d
fo

r

su
rg

er
y

F
o
ll

o
w

-t
h
ro

u
g
h

w
it

h
in

2
4

h
o
f

h
o
sp

it
al

ad
m

is
si

o
n
,

X
-

ra
y
s

af
te

r
4

h
rs

1
7
/1

9
in

th
e

si
g
n
ifi

ca
n
t

g
ro

u
p

v
s.

1
/3

2
in

th
e

in
si

g
n
ifi

ca
n
t;

p
\

0
.0

0
.1

N
/A

N
/A

N
o
n
e

F
ei

g
in

et
al

.

[1
0
]

1
9
9
6

5
0

P
ro

sp
ec

ti
v
e

ra
n
d
o
m

iz
ed

2
5

p
ts

tr
ea

te
d

w
it

h
st

an
d
ar

d

co
n
se

rv
at

iv
e

tr
ea

tm
en

t

v
s.

2
5

w
it

h
ad

d
it

io
n

o
f

co
n
tr

as
t

M
eg

lu
m

in
e

io
x
it

al
am

at
e

1
0
0

m
l

v
ia

N
G

T

R
es

o
lu

ti
o
n

o
f

o
b
st

ru
ct

io
n
,

n
ee

d
fo

r

su
rg

ic
al

re
li

ef
,

ti
m

e
fr

o
m

ad
m

is
si

o
n

to

su
rg

er
y
,

co
m

p
li

ca
ti

o
n
s

S
u
rg

er
y

if
n
o

re
so

lu
ti

o
n

o
f

o
b
st

ru
ct

io
n

w
it

h
in

5
d
ay

s

3
/2

5
in

th
e

co
n
tr

as
t

g
ro

u
p
,

4
/2

5
in

th
e

co
n
tr

o
l

g
ro

u
p
;

p
=

n
s

N
o
n
-s

u
rg

ic
al

p
ts

:

2
5
.7

co
n
tr

as
t

g
ro

u
p

v
s.

2
8
.7

co
n
tr

o
l

g
ro

u
p
,

p
=

n
s

S
u
rg

ic
al

p
ts

ti
m

e
fr

o
m

ad
m

is
si

o
n

to

su
rg

er
y
:

8
6

co
n
tr

as
t

g
ro

u
p

v
s.

4
2

co
n
tr

o
l

g
ro

u
p
,

p
=

n
s

6
.1

co
n
tr

as
t

g
ro

u
p

v
s.

6
.8

co
n
tr

o
l

g
ro

u
p
,

p
=

n
s

N
o

d
ea

th
s,

n
o

co
m

p
li

ca
ti

o
n
s

co
n
tr

as
t

re
la

te
d

C
h
en

et
al

.

[5
]

1
9
9
8

1
6
1

P
ro

sp
ec

ti
v
e

S
in

g
le

ar
m

.
A

ll
p
at

ie
n
ts

u
n
d
er

w
en

t
C

o
n
tr

as
t

ra
d
io

lo
g
y
.

P
ts

sh
o
w

in
g

co
n
tr

as
t

in
th

e
co

lo
n

w
it

h
in

2
4

h
rs

w
er

e

tr
ea

te
d

n
o
n
o
p
er

at
iv

el
y

4
0

m
l

o
f

U
ro

g
ra

fi
n

m
ix

ed
w

it
h

4
0

m
l

o
f

w
at

er

o
ra

ll
y

o
r

v
ia

N
G

T

P
re

d
ic

ti
o
n

o
f

re
so

lu
ti

o
n
/

n
ee

d
fo

r

su
rg

er
y

4
,

8
,

1
6

an
d

2
4

h
o
u
rs

af
te

r

ad
m

in
is

tr
at

io
n

o
f

C
o
n
tr

as
t

A
ll

1
1
2

p
ts

sh
o
w

in
g

co
n
tr

as
t

in
co

lo
n

w
it

h
in

2
4

h
rs

w
er

e

su
cc

es
sf

u
ll

y
tr

ea
te

d

n
o
n
o
p
er

at
iv

el
y
.

O
p
er

at
io

n

p
er

fo
rm

ed
in

4
7
/4

9

p
ts

n
o
t

sh
o
w

in
g

co
n
tr

as
t

in
co

lo
n

w
it

h
in

2
4

h
rs

N
/A

N
/A

N
o

d
ea

th
s,

n
o

co
m

p
li

ca
ti

o
n
s

co
n
tr

as
t

re
la

te
d
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T
a

b
le

5
co

n
ti

n
u

ed

N
o
.

o
f

p
at

ie
n
ts

S
tu

d
y

ty
p
e

D
es

ig
n

an
d

g
ro

u
p
s

T
y
p
e

o
f

co
n
tr

as
t

an
d

d
o
sa

g
e

E
n
d

p
o
in

ts
T

im
e

o
f

ra
d
io

lo
g
ic

al

ev
al

u
at

io
n

O
p
er

at
iv

e
ra

te
T

im
e

to
re

so
lu

ti
o
n

o
r

su
rg

er
y

(h
rs

)

H
o
sp

it
al

st
ay

(d
ay

s)

C
o
m

p
li

ca
ti

o
n
s

C
h
en

et
al

.

[5
]

1
9
9
9

1
1
6

P
ro

sp
ec

ti
v
e

S
in

g
le

ar
m

.
A

ll
p
at

ie
n
ts

u
n
d
er

w
en

t
C

o
n
tr

as
t

ra
d
io

lo
g
y
.

P
ts

sh
o
w

in
g

co
n
tr

as
t

in
th

e
co

lo
n

w
it

h
in

8
h
rs

w
er

e

co
n
si

d
er

ed
p
ar

ti
al

ly

o
b
st

ru
ct

ed
an

d
tr

ea
te

d

n
o
n
o
p
er

at
iv

el
y

4
0

m
l

o
f

U
ro

g
ra

fi
n

m
ix

ed
w

it
h

4
0

m
l

o
f

w
at

er

o
ra

ll
y

o
r

v
ia

N
G

T

P
re

d
ic

ti
o
n

o
f

re
so

lu
ti

o
n
/

n
ee

d
fo

r

su
rg

er
y

2
,

4
,

8
h
o
u
rs

af
te

r

ad
m

in
is

tr
at

io
n

o
f

C
o
n
tr

as
t

A
ll

7
4

p
ts

sh
o
w

in
g

co
n
tr

as
t

in
co

lo
n

w
it

h
in

8
h
rs

w
er

e

su
cc

es
sf

u
ll

y
tr

ea
te

d

n
o
n
o
p
er

at
iv

el
y
.

O
p
er

at
io

n

p
er

fo
rm

ed
in

3
4
/4

2

p
ts

n
o
t

sh
o
w

in
g

co
n
tr

as
t

in
co

lo
n

w
it

h
in

8
h
rs

7
4

p
ts

sh
o
w

in
g

co
n
tr

as
t

in

co
lo

n
w

it
h
in

8

h
rs

,
th

e

o
b
st

ru
ct

io
n

re
so

lv
ed

4
–
2
8

h
rs

af
te

r

U
ro

g
ra

fi
n

8
/4

2
p
ts

n
o
t

sh
o
w

in
g

co
n
tr

as
t

in

co
lo

n
w

it
h
in

8

h
rs

w
er

e

d
is

ch
ar

g
ed

6
6
–

1
2
1

h
rs

af
te

r

co
n
se

rv
at

iv
e

tr
ea

tm
en

t

N
o

d
ea

th
s,

n
o

co
m

p
li

ca
ti

o
n
s

co
n
tr

as
t

re
la

te
d

B
la

ck
m

o
n

et
al

.

2
0
0
0

[1
8
]

4
1
8

R
et

ro
sp

ec
ti

v
e

P
at

ie
n
ts

w
h
o

d
id

n
o
t

ap
p
ea

r

to
b
e

o
b
v
io

u
s

o
p
er

at
iv

e

ca
n
d
id

at
es

,
b
u
t

h
ad

si
g
n
s

o
f

in
te

st
in

al

o
b
st

ru
ct

io
n
,
u
n
d
er

w
en

t
a

C
o
n
tr

as
t

st
u
d
y

G
as

tr
o
g
ra

fi
n

In
ci

d
en

ce
o
f

p
as

sa
g
e

o
f

th
e

co
n
tr

as
t

in
to

th
e

co
lo

n
af

te
r

6
h
rs

an
d

it
s

v
al

u
e

as

in
d
ic

at
o
r

fo
r

n
o
n
o
p
er

at
iv

e

m
an

ag
em

en
t

6
h
rs

C
o
n
tr

as
t

re
ac

h
ed

th
e

co
lo

n
w

it
h
in

6

h
o
u
rs

in
2
8
3

(6
8
%

)

p
at

ie
n
ts

,
an

d
2
4
7

(8
8
%

)
o
f

th
es

e
p
ts

w
er

e
m

an
ag

ed

n
o
n
o
p
er

at
iv

el
y

N
/A

N
/A

N
/A

F
ev

an
g

et
al

.
[9

]

2
0
0
0

9
8

P
ro

sp
ec

ti
v
e

ra
n
d
o
m

iz
ed

5
0

co
n
v
en

ti
o
n
al

tr
ea

tm
en

t—
4
8

tr
ia

l

g
ro

u
p

re
ce

iv
in

g
co

n
tr

as
t

G
as

tr
o
g
ra

fi
n

1
0
0

m
l

+
B

ar
iu

m

1
0
0

m
l

N
o
n
o
p
er

at
iv

e

re
so

lu
ti

o
n

o
f

o
b
st

ru
ct

io
n
,

n
u
m

b
er

o
f

p
ts

w
it

h

st
ra

n
g
u
la

ti
o
n
,

b
o
w

el

re
se

ct
io

n
s,

co
m

p
li

ca
ti

o
n
s

m
o
rt

al
it

y
,

h
o
sp

it
al

st
ay

,

ti
m

e
fr

o
m

ad
m

is
si

o
n

to

o
p
er

at
io

n

X
-r

ay
s

re
p
ea

te
d

u
n
ti

l
re

so
lu

ti
o
n

o
f

o
b
st

ru
ct

io
n

3
1
/4

8
in

th
e

co
n
tr

as
t

g
ro

u
p
,

3
5
/5

0
in

th
e

co
n
tr

o
l

g
ro

u
p
;

p
=

n
s

In
te

rv
al

b
et

w
ee

n

ad
m

is
si

o
n

an
d

o
p
er

at
io

n

0
–
2
4

h
rs

:
1
2
/

4
8

in
th

e

co
n
tr

as
t

g
ro

u
p
,

3
/5

0
in

th
e

co
n
tr

o
l

g
ro

u
p
,

p
=

0
.0

0
5

0
–
7

d
ay

s:
3
4
/4

8
in

th
e

co
n
tr

as
t

g
ro

u
p
,

3
8
/5

0
in

th
e

co
n
tr

o
l

g
ro

u
p
,

p
=

n
s

N
o

si
g
n
ifi

ca
n
t

d
if

fe
re

n
ce

s
in

co
m

p
li

ca
ti

o
n
s:

b
o
w

el

re
se

ct
io

n
s

3
/4

8

v
s.

4
/5

0
;

co
m

p
li

ca
ti

o
n
s

8
/4

8
v
s.

5
/5

0
;

m
o
rt

al
it

y
3
/4

8

v
s.

1
/5

0
;

O
n
o
u
e

S

et
al

.

2
0
0
2

[1
9
]

9
7

P
ro

sp
ec

ti
v
e

S
in

g
le

ar
m

.
A

ll
p
at

ie
n
ts

u
n
d
er

w
en

t
C

o
n
tr

as
t

ra
d
io

lo
g
y

4
0

m
l

o
f

g
as

tr
o
g
ra

fi
n

m
ix

ed
w

it
h

4
0

m
l

o
f

w
at

er

o
ra

ll
y

o
r

v
ia

N
G

T

P
re

d
ic

ti
o
n

o
f

re
so

lu
ti

o
n
/

n
ee

d
fo

r

su
rg

er
y

4
,

8
,

1
6

an
d

2
4

h
o
u
rs

af
te

r

ad
m

in
is

tr
at

io
n

o
f

G

9
3

p
ts

n
o
n
o
p
er

at
iv

e

tr
ea

tm
en

t

N
/A

9
2
/9

3
p
at

ie
n
ts

n
o
n
o
p
er

at
iv

e

tr
ea

tm
en

t

re
so

lv
ed

w
it

h
in

4
8

h
o
u
rs

o
f

h
o
sp

it
al

iz
at

io
n

N
/A
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T
a

b
le

5
co

n
ti

n
u

ed

N
o
.

o
f

p
at

ie
n
ts

S
tu

d
y

ty
p
e

D
es

ig
n

an
d

g
ro

u
p
s

T
y
p
e

o
f

co
n
tr

as
t

an
d

d
o
sa

g
e

E
n
d

p
o
in

ts
T

im
e

o
f

ra
d
io

lo
g
ic

al

ev
al

u
at

io
n

O
p
er

at
iv

e
ra

te
T

im
e

to
re

so
lu

ti
o
n

o
r

su
rg

er
y

(h
rs

)

H
o
sp

it
al

st
ay

(d
ay

s)

C
o
m

p
li

ca
ti

o
n
s

C
h
o
i

et
al

.

[4
]

2
0
0
2

3
5

P
ro

sp
ec

ti
v
e

ra
n
d
o
m

iz
ed

O
f

3
5

p
ts

sh
o
w

in
g

n
o

im
p
ro

v
em

en
t

w
it

h
in

4
8

h
rs

o
f

co
n
se

rv
at

iv
e

tr
ea

tm
en

t
1
9

ra
n
d
o
m

iz
ed

to
re

ce
iv

e

G
as

tr
o
g
ra

fi
n

an
d

fo
ll

o
w

th
ro

u
g
h

st
u
d
y

an
d

1
6

to

su
rg

er
y
.

If
G

fa
il

ed
to

re
ac

h
co

lo
n

co
n
si

d
er

ed

co
m

p
le

te
o
b
st

ru
ct

io
n

an
d

p
er

fo
rm

ed
su

rg
er

y
.

If
co

n
tr

as
t

ap
p
ea

re
d

in

th
e

co
lo

n
,

co
n
si

d
er

ed

p
ar

ti
al

ly
o
b
st

ru
ct

ed
an

d

co
n
ti

n
u
ed

co
n
se

rv
at

iv
e

tr
ea

tm
en

t.
If

n
o

p
ro

g
re

ss
iv

e

im
p
ro

v
em

en
t

af
te

r
4
8

h
rs

w
it

h
o
r

w
it

h
o
u
t

G

al
so

u
n
d
er

w
en

t
su

rg
er

y

G
as

tr
o
g
ra

fi
n

1
0
0

m
l

O
p
er

at
iv

e
ra

te
,

co
m

p
li

ca
ti

o
n
s

m
o
rt

al
it

y
,

h
o
sp

it
al

st
ay

2
4

h
rs

af
te

r

ad
m

in
is

tr
at

io
n

o
f

G

5
/1

9
p
ts

w
h
o

re
ce

iv
ed

G
as

tr
o
g
ra

fi
n

sh
o
w

ed
co

m
p
le

te

o
b
st

ru
ct

io
n

an
d

n
ee

d
ed

su
rg

er
y

w
h
il

e
1
4
/1

9
sh

o
w

ed

p
ar

ti
al

o
b
st

ru
ct

io
n

an
d

al
l

th
em

su
cc

es
sf

u
ll

y

co
n
ti

n
u
ed

co
n
se

rv
at

iv
e

tr
ea

tm
en

t

T
im

e
fr

o
m

G
as

tr
o
g
ra

fi
n

to

re
so

lu
ti

o
n

o
f

o
b
st

ru
ct

io
n

4
1

h
o
u
rs

in
th

e

G
as

tr
o
g
ra

fi
n

re
ce

iv
in

g
g
ro

u
p

(1
4

p
ts

)

sh
o
w

in
g

p
ar

ti
al

o
n
st

ru
ct

io
n

1
0

d
ay

s
in

th
e

G
as

tr
o
g
ra

fi
n

g
ro

u
p

v
s.

1
0

d
ay

s
in

th
e

o
th

er
g
ro

u
p

N
o

co
m

p
li

ca
ti

o
n
s

co
n
tr

as
t

re
la

te
d
,

1

co
m

p
li

ca
ti

o
n

in

th
e

G
as

tr
o
g
ra

fi
n

g
ro

u
p

v
s

2
in

th
e

su
rg

er
y

g
ro

u
p
.

0

d
ea

th
s

in
th

e

G
as

tr
o
g
ra

fi
n

g
ro

u
p

v
s

1
in

th
e

su
rg

er
y

g
ro

u
p
.

C
h
o
i

et
al

.

[2
0
]

2
0
0
5

2
1
2

P
ro

sp
ec

ti
v
e

P
ts

sh
o
w

in
g

n
o

im
p
ro

v
em

en
t

w
it

h
in

4
8

h
rs

o
f

co
n
se

rv
at

iv
e

tr
ea

tm
en

t
w

er
e

g
iv

en

G
as

tr
o
g
ra

fi
n
.

T
h
o
se

w
it

h
co

n
tr

as
t

in
th

e

co
lo

n
w

it
h
in

2
4

h
rs

w
er

e

co
n
si

d
er

ed
p
ar

ti
al

ly

o
b
st

ru
ct

ed
an

d

co
n
ti

n
u
ed

co
n
se

rv
at

iv
e

tr
ea

tm
en

t.
T

h
e

o
th

er
s

in

w
h
ic

h
th

e
co

n
tr

as
t

fa
il

ed

to
re

ac
h

co
lo

n
w

er
e

co
n
si

d
er

ed
co

m
p
le

te
ly

o
b
st

ru
ct

ed
an

d

la
p
ar

o
to

m
y

w
as

p
er

fo
rm

ed

G
as

tr
o
g
ra

fi
n

1
0
0

m
l

O
p
er

at
iv

e
ra

te
,

co
m

p
li

ca
ti

o
n
s

m
o
rt

al
it

y
,

h
o
sp

it
al

st
ay

2
4

h
rs

af
te

r

ad
m

in
is

tr
at

io
n

o
f

G

4
4

p
ts

sh
o
w

in
g

n
o

im
p
ro

v
em

en
t

af
te

r

4
8

h
rs

o
f

co
n
se

rv
at

iv
e

tr
ea

tm
en

t
re

ce
iv

ed

G
.

O
u
t

o
f

th
em

7
p
ts

sh
o
w

in
g

co
m

p
le

te

o
b
st

ru
ct

io
n

u
n
d
er

w
en

t

la
p
ar

o
to

m
y
.

O
u
t

o
f

3
7

p
ts

sh
o
w

in
g

p
ar

ti
al

o
b
st

ru
ct

io
n
,

3
6

re
so

lv
ed

la
te

r,
1

n
ee

d
ed

la
p
ar

o
to

m
y

fo
r

p
er

si
st

en
t

o
b
st

ru
ct

io
n

3
6
/3

7
p
ts

sh
o
w

in
g

p
ar

ti
al

o
b
st

ru
ct

io
n
,

re
so

lv
ed

af
te

r

G
as

tr
o
g
ra

fi
n

at

a
m

ea
n

ti
m

e
o
f

4
9

h
rs

N
/A

N
o

co
m

p
li

ca
ti

o
n
s

co
n
tr

as
t

re
la

te
d
,

1

st
ra

n
g
u
la

ti
o
n

o
f

b
o
w

el
in

th
e

G
as

tr
o
g
ra

fi
n

tr
ea

te
d

g
ro

u
p
.

N
o

m
o
rt

al
it

y

B
ro

ch
w

ic
z-

L
ew

in
sk

i

et
al

.

2
0
0
3

[2
1
]

6
2

P
ro

sp
ec

ti
v
e

3
3

p
ts

co
n
tr

o
l

g
ro

u
p

co
n
v
en

ti
o
n
al

m
an

ag
em

en
t

v
s.

2
9

st
u
d
y

g
ro

u
p

w
it

h
w

at
er

-

so
lu

b
le

fo
ll

o
w

-t
h
ro

u
g
h

G
as

tr
o
g
ra

fi
n

1
0
0

m
l

P
re

d
ic

ti
o
n

o
f

re
so

lu
ti

o
n
,

d
ia

g
n
o
st

ic

v
al

u
e,

su
rg

ic
al

o
u
tc

o
m

e

X
-r

ay
s

at
4

h
rs

8
/2

4
in

th
e

st
u
d
y

g
ro

u
p

v
s.

1
9
/3

3
in

th
e

co
n
tr

o
l

g
ro

u
p
,

p
=

n
s

5
.9

d
ay

s
in

th
e

st
u
d
y

g
ro

u
p

v
s.

3
,1

d
ay

s
in

th
e

co
n
tr

o
l

g
ro

u
p
,

p
=

n
s

1
1
.9

in
th

e
st

u
d
y

g
ro

u
p

v
s.

1
2
.8

in
co

n
tr

o
l

g
ro

u
p
,

p
=

n
s

N
o

d
ea

th
s

World J Surg (2008) 32:2293–2304 2301

123



T
a

b
le

5
co

n
ti

n
u

ed

N
o
.

o
f

p
at

ie
n
ts

S
tu

d
y

ty
p
e

D
es

ig
n

an
d

g
ro

u
p
s

T
y
p
e

o
f

co
n
tr

as
t

an
d

d
o
sa

g
e

E
n
d

p
o
in

ts
T

im
e

o
f

ra
d
io

lo
g
ic

al

ev
al

u
at

io
n

O
p
er

at
iv

e
ra

te
T

im
e

to
re

so
lu

ti
o
n

o
r

su
rg

er
y

(h
rs

)

H
o
sp

it
al

st
ay

(d
ay

s)

C
o
m

p
li

ca
ti

o
n
s

B
io

n
d
o

et
al

.

[1
1
]

2
0
0
3

9
2

p
ts

(1
0
0

ep
is

o
d
es

)

P
ro

sp
ec

ti
v
e

ra
n
d
o
m

iz
ed

4
6

p
ts

in
th

e
co

n
tr

o
l

g
ro

u
p

tr
ea

te
d

w
it

h
st

an
d
ar

d

co
n
se

rv
at

iv
e

tr
ea

tm
en

t

v
s.

4
4

in
th

e
tr

ia
l

g
ro

u
p

tr
ea

te
d

w
it

h
ad

d
it

io
n

o
f

G
as

tr
o
g
ra

fi
n
.

If
G

fa
il

ed

to
re

ac
h

co
lo

n

co
n
si

d
er

ed
co

m
p
le

te

o
b
st

ru
ct

io
n

an
d

p
er

fo
rm

ed
la

p
ar

o
to

m
y

if

n
o
t

sh
o
w

in
g

cl
in

ic
al

o
r

ra
d
io

lo
g
ic

al

im
p
ro

v
em

en
t

af
te

r
2
4

h
rs

G
as

tr
o
g
ra

fi
n

1
0
0

m
l

P
re

d
ic

ti
o
n

o
f

re
so

lu
ti

o
n
/

n
ee

d
fo

r

su
rg

er
y
,

o
p
er

at
iv

e
ra

te
,

co
m

p
li

ca
ti

o
n
s

m
o
rt

al
it

y
,

ti
m

e

fr
o
m

ad
m

is
si

o
n

to

su
rg

er
y
,

re
ad

m
is

si
o
n

ra
te

,
h
o
sp

it
al

st
ay

2
4

h
rs

af
te

r

ad
m

in
is

tr
at

io
n

o
f

G

8
/3

8
in

th
e

co
n
tr

o
l

g
ro

u
p

v
s.

5
/3

9
in

th
e

G
as

tr
o
g
ra

fi
n

g
ro

u
p
,

p
=

n
s

T
im

e
b
et

w
ee

n

ad
m

is
si

o
n

an
d

su
rg

er
y
:

4
.7

d
ay

s
in

th
e

co
n
tr

o
l

g
ro

u
p

v
s.

2
.0

in
th

e

G
as

tr
o
g
ra

fi
n

g
ro

u
p
,

p
\

0
.0

1

8
.5

in
th

e
co

n
tr

o
l

g
ro

u
p

v
s.

4
.1

in

th
e

G
as

tr
o
g
ra

fi
n

g
ro

u
p
,

p
\

0
.0

0
1
.I

n

n
o
t

o
p
er

at
ed

p
ts

:
5
.8

in
th

e

co
n
tr

o
l

g
ro

u
p

v
s.

2
.8

in
th

e

G
as

tr
o
g
ra

fi
n

g
ro

u
p
,

p
\

0
.0

0
1
.

In

o
p
er

at
ed

1
3
.5

v
s.

2
1
.1

,

p
\

0
.0

0
1

N
o

d
ea

th
s

R
o
ad

le
y

et
al

.

2
0
0
4

[2
2
]

2
5

C
as

e
co

n
tr

o
l

N
o
n
o
p
er

at
iv

e
tr

ea
tm

en
t

co
n
ti

n
u
ed

if
co

n
tr

as
t

se
en

in
th

e
co

lo
n

an
d

n
o

d
et

er
io

ra
ti

o
n

in
th

e

p
at

ie
n
t’

s
co

n
d
it

io
n
,

If

co
n
tr

as
t

re
m

ai
n
ed

in

sm
al

l
b
o
w

el
,

a
cl

in
ic

al

ju
d
g
em

en
t

w
as

m
ad

e
as

to
w

h
et

h
er

to
p
ro

ce
ed

w
it

h
o
p
er

at
iv

e

in
te

rv
en

ti
o
n

1
0
0

m
l

o
f

u
n
d
il

u
te

d

G
as

tr
o
g
ra

fi
n

o
ra

ll
y

o
r

b
y

N
G

T

O
p
er

at
iv

e
ra

te
,

h
o
sp

it
al

st
ay

4
h
rs

In
2
0

p
at

ie
n
ts

th
e

co
n
tr

as
t

re
ac

h
ed

th
e

la
rg

e
b
o
w

el
at

4
h
.

A
ll

o
f

th
em

fu
ll

y

re
co

v
er

ed
af

te
r

n
o
n
o
p
er

at
iv

e

m
an

ag
em

en
t

N
/A

In
th

e
2
2

p
ts

w
h
o

re
ce

iv
ed

G
an

d

m
an

ag
ed

co
n
se

rv
at

iv
el

y

3
.9

v
s.

5
.6

d
ay

s

in
a

g
ro

u
p

o
f

8
0

h
is

to
ri

ca
l

co
n
tr

o
ls

;

p
\

0
.0

1
6

N
/A

Y
ag

ci
G

.

et
al

.

2
0
0
5

[2
3
]

3
1
7

P
ro

sp
ec

ti
v
e

1
9
9

p
ts

in
th

e
U

ro
g
ra

fi
n

g
ro

u
p
,

1
1
8

p
ts

in
th

e

co
n
tr

o
l

g
ro

u
p

4
0

m
l

o
f

u
ro

g
ra

fi
n

m
ix

ed
w

it
h

4
0

m
l

o
f

w
at

er

v
ia

N
G

T

P
re

d
ic

ti
o
n

o
f

re
so

lu
ti

o
n
/

n
ee

d
fo

r

su
rg

er
y

N
/A

U
ro

g
ra

fi
n

g
ro

u
p

2
1
/

1
9
9

(1
1
.6

%
).

C
o
n
tr

o
l

g
ro

u
p

2
9
/

1
1
8

(2
4
.6

%
)

N
/A

N
/A

N
/A

B
u
rg

e
et

al
.

[2
4
]

2
0
0
5

4
5

P
ro

sp
ec

ti
v
e

ra
n
d
o
m

iz
ed

d
o
u
b
le

b
li

n
d
ed

co
n
tr

o
ll

ed

P
ts

w
er

e
ra

n
d
o
m

iz
ed

to

re
ce

iv
e

G
o
r

p
la

ce
b
o
,

8

p
ts

u
n
d
er

w
en

t
su

rg
er

y
.

3
5

p
ts

w
er

e
su

cc
es

sf
u
ll

y

m
an

ag
ed

w
it

h
o
u
t

su
rg

er
y

G
as

tr
o
g
ra

fi
n

1
0
0

m
l

(p
la

ce
b
o

n
o
rm

al
S

al
in

e)

v
ia

N
G

T

T
im

e
to

re
so

lu
ti

o
n
,

le
n
g
th

h
o
sp

it
al

st
ay

,
o
p
er

at
iv

e

in
te

rv
en

ti
o
n
s,

co
m

p
li

ca
ti

o
n
s

N
o

ra
d
io

lo
g
ic

al

ex
am

in
at

io
n

af
te

r

ra
n
d
o
m

iz
at

io
n

4
/2

2
in

th
e

G
as

tr
o
g
ra

fi
n

g
ro

u
p

v
s.

4
/2

1
in

th
e

p
la

ce
b
o

g
ro

u
p

T
im

e
to

re
so

lu
ti

o
n

P
ts

n
o
n

o
p
er

at
iv

el
y

m
an

ag
ed

:
1
2

in

th
e

G
g
ro

u
p

v
s.

2
1

in
p
la

ce
b
o

g
ro

u
p
;

p
\

0
.0

1

P
ts

n
o
n
o
p
.

m
an

ag
ed

:
3

in

th
e

G
g
ro

u
p

v
s.

4
in

th
e

P
la

ce
b
o

g
ro

u
p
,

p
=

0
.0

3

N
o

co
m

p
li

ca
ti

o
n
s

co
n
tr

as
t

re
la

te
d
,

1

d
ea

th
in

ea
ch

g
ro

u
p

K
ap

o
o
r

et
al

.

[2
5
]

2
0
0
6

6
2

P
ro

sp
ec

ti
v
e

o
b
se

rv
at

io
n
al

6
2

p
ts

w
it

h
p
ar

ti
al

S
B

O

w
er

e
co

n
se

rv
at

iv
el

y

m
an

ag
ed

fo
r

4
8

h
rs

;
3
8

o
f

th
em

im
p
ro

v
ed

.
T

h
e

o
th

er
2
4

re
ce

iv
ed

G

G
as

tr
o
g
ra

fi
n

1
0
0

m
l

P
re

d
ic

ti
o
n

o
f

re
so

lu
ti

o
n
/

n
ee

d
fo

r

su
rg

er
y

S
er

ia
l

ra
d
io

g
ra

p
h
s

at
2
–
4
–
8
–
1
2
–

1
6
–
2
4

h
r

af
te

r

G
as

tr
o
g
ra

fi
n

In
2
/2

4
p
ts

,
th

e
co

n
tr

as
t

fa
il

ed
to

re
ac

h
co

lo
n

w
it

h
in

2
4

h
rs

an
d

u
n
d
er

w
en

t
su

rg
er

y

N
/A

N
/A

1
p
t

d
ev

el
o
p
ed

al
le

rg
ic

re
ac

ti
o
n

to
G

as
tr

o
g
ra

fi
n

P
ts

p
at

ie
n
ts

,
G

G
as

tr
o
g
ra

fi
n
,

N
G

T
n
as

o
g
as

tr
ic

tu
b
e

2302 World J Surg (2008) 32:2293–2304

123



ASIO after unsuccessful conservative treatment. The use of

Gastrografin significantly reduced the need for surgery by

74%, in the absence of significant complications. The

overall hospital stay was similar in both groups (10 days)

[4]. However, this study does not really investigate the

therapeutic role of Gastrografin, rather focusing its diag-

nostic value in predicting the need for surgery. These

authors do not clarify the controversy of whether water-

soluble oral contrast has additional therapeutic effects [20].

In a further randomized study, no significant differences

in the operative rate, incidence of bowel strangulation

requiring resection, and readmission rate were found

between the two groups. Instead the overall hospital stay

was significantly shorter in the Gastrografin group (4.1 vs.

8.5 days; p \ 0.01) compared with control, as well as in

both subgroups of patients who responded to conservative

treatment or those surgically treated [11].

Burge et al. [24] randomized 45 patients with ASIO to

receive Gastrografin or placebo in double-blind model.

Patients did not undergo any further radiological investi-

gation, and if they required subsequent radiological

investigation or surgical intervention they were excluded.

The patients who received Gastrografin experienced com-

plete resolution of obstruction significantly earlier than

placebo group (12 vs. 21 hours; p \ 0.01) with shorter

hospital stay (3 vs. 4 days; p \ 0.05) [24]. The criticism is

that patients who needed further radiological investigation

or immediate surgery because of worsening of the clinical

conditions were excluded. It represents a bias, including

only the less severe cases presenting uneventful clinical

course. Furthermore, the exclusion of patients needing

surgery does not allow analysis of the operative rate.

Finally, the decision not to perform further radiological

investigations after administration of contrast/placebo and

assessing the patients with only individual clinical judg-

ment could delay surgery, which is potentially harmful and

ethically questionable. One patient submitted later to sur-

gery, for each group, died, but the death was not amenable

to contrast administration.

Kapoor conducted a prospective study administering

Gastrografin to patients who failed to improve after 48

hours of conservative treatment, noticing relief of obstruc-

tion in 22 of 24 patients [25]. This study suffers strong

limitations due to the absence of a control arm and the

inclusion criteria (only patients with partial obstruction).

In the meta-analysis from Abbas, the appearance of

water-soluble contrast in the colon within 24 hours from its

administration predicts the resolution of obstruction with a

sensitivity of 97% and specificity of 96%. Furthermore,

water-soluble contrast agent did not reduce the need for

surgical intervention (p = ns) but reduces the length of

hospital stay for patients who did not require surgery

compared with placebo (p \ 0.01) [29, 30].

Our trial, compared with the previous studies, demon-

strates not only a shorter time to resolution of obstruction

and shorter hospital stay period, but also a significant

reduction of the operative rate in ASIO patients who

received Gastrografin compared with those who underwent

conservative treatment alone.

Conclusions

The use of Gastrografin in carefully selected ASIO patients

is safe and reduces the operative rate, the time needed to

resolution of obstruction and, as a result, the hospital stay,

without influencing the adverse effects or recurrences

incidence. Further randomized trials can confirm the ther-

apeutic effect of hyperosmolar gastrointestinal water-

soluble contrast agent.
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