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ABSTRACT. Barium peritonitis is extremely rare, but is difficult to treat and may be life-threatening. Barium suspension leakage from the
gastrointestinal tract into the abdominal cavity has a time-dependent and synergistically deleterious effect in patients who have generalized
bacterial peritonitis. The severity of barium peritonitis is dependent on the quantity of barium in the abdominal cavity. Barium sulfate leak-
age results in hypovolemia and hypoproteinemia by worsening the exudation of extracellular fluid and albumin. Abdominal fluid analysis is
a useful and efficient method to diagnose barium peritonitis. Serial radiographs may not be a reliable or timely diagnostic technique. Initial
aggressive fluid resuscitation and empirical broad-spectrum antibiotic treatment should be instituted promptly, followed quickly by celi-
otomy. During exploratory surgical intervention, copious irrigation and direct wiping with gauze are employed to remove as much barium as
possible. Omentectomy should be considered when needed to expedite barium removal. Despite aggressive medical and surgical treatments,
postoperative prognosis is guarded to poor due to complications, such as acute vascular shock, sepsis, diffuse peritonitis, hypoproteninemia,
electrolyte imbalance, cardiac arrest, small bowel obstruction related to progression of granulomas and adhesions in the abdominal cavity.
Therefore, intensive postoperative monitoring and prompt intervention are necessary to maximize chances for a positive outcome. For those

that do survive, small bowel obstruction is a potential consequence due to progression of abdominal adhesions.
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In the field of small animal practice, a barium sulfate
contrast study has long been regarded as an essential tool for
diagnosis of digestive tract diseases [34, 65]. A commonly
accepted contraindication for barium administration is the
suspicion of gastrointestinal (GI) perforation, whereby bari-
um would exacerbate peritonitis. Despite barium’s common
use for a contrast study in digestive tracts of small animals,
few barium peritonitis cases have been described in the vet-
erinary literature. In the English veterinary literature, there
are three case reports of barium peritonitis associated with
GI perforation. The causes of barium peritionitis in these
case reports included a foreign body, the use of nonsteroidal
antiinflammatory drugs and suspicious pre-existing jejunal
perforation with T-cell lymphoma [17, 24, 54]. Much of the
knowledge related to barium peritonitis is derived from hu-
man medicine and research animal models [1, 2, 37, 63, 68],
but descriptions of barium peritonitis and clinical compli-
cations are found in veterinary textbooks [34, 65]. Barium
suspension leakage from the GI tract has a time-dependent
and synergistically deleterious effect in patients with gener-
alized secondary septic peritonitis [27]. Accidental introduc-
tion of barium sulfate suspension into the abdominal cavity
causes a severe peritonitis with high morbidity and mortality
[1, 66]. The severity of barium peritonitis is dependent on
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the quantity of barium that leaks into the abdominal cavity
[66]. Prompt diagnosis and urgent treatment are essential for
barium peritonitis cases to prevent life-threatening compli-
cations, such as hypovolemia, hypoalbuminemia, hypopro-
teinemia, worsening peritonitis, abdominal adhesions and
granulomas [1, 27, 66].

PATHOPHYSIOLOGY

Barium sulfate complicates bacterial peritonitis by wors-
ening the exudation of extracellular fluid and albumin result-
ing in hypovolemia and hypoproteinemia [1, 27, 66]. Free
barium sulfate in the abdominal cavity aggregates as nodules
on the serosal surface of the abdominal wall, peritoneum,
intestine and other visceral organs. Partial or complete
phagocytosis of barium sulfate aggregates occurs, depend-
ing on the quantity of barium spilled. These barium sulfate
aggregates incite fibroblastic proliferation and vasculariza-
tion on the periphery of resultant nodules. Fibroplasia on
the intestinal serosa results in fibrous adhesion to adjacent
bowel or contiguous organs. Extensive adhesion leads to fi-
broblastic encapsulation [68]. A study using a canine model
reported that after irrigation to remove barium from the
abdominal cavity, residual barium mixed with GI contents
remained in the omentum and mesentery of the small intes-
tine [66]. Within several hours, the viscera clump together
in fibrinous exudates, and barium sulfate becomes encapsu-
lated within firm and fibrinous adhesions. Marked leukocytic
infiltration was noted in a thin fibrin membrane 2 hr after
intraabdominal injection of barium [66]. These granulomas
that form in response to barium sulfate eventually trap in-
testinal contents and bacteria [13]. Eventually, the spillage
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Fig. 1. Cytologic examination of abdominal fluid in canine barium
peritonitis. Cytologic examination of abdominal fluid from the dog
in this case reveals a neutrophil containing an intracellular bacte-
rium (short arrow) and refractile granules of barium sulfate (long
arrow). Barium sulfate granules are also noted in the background
(Wright’s-Giemsa; 100X). (Reprinted with permission from Mark
D. Dunbar ef al.: Dunbar, M. and Alleman, A. 2009. A challenging
case: Abdominal effusion in a dog. Veterinary Medicine. 104: 244-
247.)

of barium in conjunction with GI perforation causes severe
adverse side effects, such as acute vascular shock, cardiac
arrest and fibrinous adhesions [10, 25, 26, 31, 49, 59]. Dur-
ing surgical intervention for barium removal, edema and
congestion of the abdominal surfaces have been noted [49].
In experimental research in rabbits, barium sulfate suspen-
sion injections caused severe secondary diffuse hemorrhagic
peritonitis with numerous adhesions and granulomas in the
abdominal cavity [59].

CLINICAL SIGNS

Clinical signs of barium peritonitis may include pain on
abdominal palpation, vomiting, anorexia, lethargy, hypoten-
sion, tachypnea and abdominal distension [46]. In a dog
with barium peritonitis associated with a perforating foreign
body, clinical signs included normal vital signs, lethargy,
markedly tense abdomen, palpable abdominal fluid and ab-
dominal pain [17].

DIAGNOSTIC TESTS

After initial diagnostics, such as complete blood count,
blood chemistries, electrolytes and urinalysis, abdominal
fluid is obtained by abdominocentesis or diagnostic perito-
neal lavage. The abdominal fluid sample should be evaluated
for color, packed cell volume (PCV), white blood cell count
(WBCQ), cytologic features and, in selected cases, bacterial
culture and susceptibility. Abdominal fluid analysis (e.g.,
abdominocentesis or diagnostic peritoneal lavage) will help
establish a diagnosis of peritonitis and the urgent need for
exploratory celiotomy [46, 52, 53]. If antibiotic therapy is to
be initiated before surgical samples can be obtained, aerobic
and anaerobic bacterial cultures are appropriate. However,
the best bacteriologic sample is inflammatory tissue obtained
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Fig. 2. Radiographic finding in canine barium peritonitis. A right
lateral thoracic radiograph of a dog reveals free contrast medium in
the abdomen (short arrow) and contrast uptake in a sternal lymph
node (long arrow).(Reprinted with permission from Mark D. Dun-
bar ef al.: Dunbar, M. and Alleman, A. 2009. A challenging case:
Abdominal effusion in a dog. Veterinary Medicine. 104: 244-247.)

intraoperatively; therefore, abdominal fluid is rarely cultured
[46]. Factors used to assess the severity of peritonitis include
volume of effusion, character of effusion (e.g., opacity, color,
odor), presence of gross contamination (fecal contents, food,
and hair), serosal changes of abdominal organs (erythema
and encapsulation with fibrinous adhesions), distribution of
contamination and extent of peritonitis (localized or general-
ized) [3]. In addition, a minimum database should include
blood gas analysis, serum lactate measurement, coagulation
panel (e.g., prothrombin time and partial thromboplastin
time) and radiographic examination of the abdomen. The
minimum database is similar to the diagnostic methods for
acute abdomen [15, 46].

Neutrophils containing intracellular bacteria and refractile
granules of barium sulfate were noted in abdominal fluid
analysis of two reported cases [17, 54] (Fig. 1). Hypocal-
cemia has been attributed to the low albumin concentration.
Difference of glucose and lactate concentrations between
serum and abdominal fluid is expected to be within the cri-
teria of septic peritonitis [17]. On analysis, the abdominal
fluid may be similar to extracellular fluid in electrolyte and
protein content [66].

Abdominal radiography can reveal barium sulfate disper-
sion in the abdominal cavity and poor serosal detail. The
spillage of barium tends to accumulate in the cranial abdo-
men around most of the small intestine and omentum [17].
However, serial radiographic findings may not be a useful
or efficient diagnostic technique, as barium peritonitis could
not be identified in a timely manner in three clinical cases
[17, 24, 54]. If GI tract perforation is suspected in an acute
abdomen case, a contrast barium study should be avoided
[46] (Figs. 2 and 3). To avoid the complications of intra-
abdominal barium, amidotrizoate sodium meglumine or io-
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Fig. 3.
dominal cavity 2 hr after initiation of the contrast study.

Fig. 4.

Intraoperative surgery in feline barium peritonitis. Explor-
atory celiotomy was performed immediately after definitive radio-
graphic diagnosis of intra-abdominal barium in this cat. Leakage of
barium contrast medium was observed in the abdominal cavity and
is noted on the mesentery and intestinal serosa.

hexol can be used as alternative oral contrast media [65]. To
avoid leakage of contrast agents altogether, abdominal fluid
analysis may be used to determine, if there is gastrointestinal
leakage. Abdominal ultrasound can aid in the detection of
abdominal fluid and acquisition of fluid for analysis [7]. In
human cases, abdominal computed tomography allows ac-
curate depiction of the extent of barium extravasation that is
not appreciated on plain radiographs [22, 45, 61].

Radiographic finding in feline barium peritonitis. Leakage of barium contrast medium is revealed in a feline ab-

MEDICAL AND SURGICAL TREATMENTS

Treatment of barium peritonitis parallels that of septic
peritonitis. Once barium peritonitis has been diagnosed, pre-
surgical stabilization includes aggressive intravenous fluid
therapy, broad-spectrum antibiotics, pain management and
oxygen supplementation as initial treatments. Early aggres-
sive fluid therapy in barium peritonitis should be considered
as the most important treatment option to decrease the risk
of mortality [49, 66]. Hypovolemic shock and metabolic
changes should be corrected by volume replacement fluid
therapy using isotonic crystalloid fluids. However, if the pa-
tient is hypoproteinemic or hypoalbuminemic, colloids can
be helpful to prevent and correct decreased oncotic pressure.
Initially, empirical broad-spectrum antimicrobials should be
administered as soon as possible. Generally recommended
antibiotics in septic peritonitis include combinations of
B-lactam and an aminoglycoside or a fluoroquinolone until
bacterial culture and susceptibility testing are completed.
Metronidazole as an additional antibiotic with enhanced
antianaerobic activity can also be used while awaiting these
tests [3, 4, 6, 21, 41].

After stabilizing the patient, exploratory celiotomy
should be performed as soon as possible. Intraoperatively,
abdominal fluid contaminated with barium sulfate suspen-
sion, leakage of GI contents and bacteria should be removed
as thoroughly as possible (Fig. 4). A sample of inflammatory
tissue should be obtained for bacterial culture and antibiotic
susceptibility testing. Resection and anastomosis of the af-
fected regions in the GI tract should be performed. After re-
section and anastomosis, the integrity of the anastomosis site
may be evaluated by intraluminal injection of sterile saline
solution before performing the next procedure [46].
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Barium sulfate suspension adheres to parietal and visceral
surfaces in the abdominal cavity very rapidly and is not eas-
ily removed. Within hours of barium’s presence in the ab-
dominal cavity, irrigation to remove barium sulfate becomes
ineffective [13, 36, 66, 67]. Therefore, various options,
such as copious irrigation, direct wiping with gauze and/
or omentectomy, can be considered. Some authors recom-
mended that gentle manipulation, irrigation of the abdomi-
nal cavity with normal saline solution and removal of the
greater omentum may minimize adhesion formation in dogs
[13, 49, 59]. Although omentectomy helps to diminish the
time for barium sulfate removal and reduce the likelihood
of adhesion formation, surgeons should consider the loss of
the omentum’s benefits, such as provision of blood supply
to intestinal incisions and provision of a seal to prevent in-
testinal leakage [5, 47]. Omentectomy may be performed, if
dispersion and adhesion of barium sulfate is severe, making
barium sulfate difficult to remove. Alternatively, urokinase,
streptokinase and urokinase-activated plasmin have been
used in human medicine to remove the adherent barium
particles [14, 23, 67]. Concentrated urokinase (7,200 IU
in 500 m/ of normal saline) with irrigation and wiping was
successfully applied to removal of clumps of barium sulfate
from the serosal surface of the abdominal cavity in a human
patient [67].

POSTOPERATIVE COMPLICATIONS AND
MANGEMENT

Postoperatively, intensive monitoring must be employed.
Respiratory and cardiovascular evaluation should be closely
monitored. Practitioners should be vigilant for complications,
such as acute vascular shock, sepsis, diffuse peritonitis, hy-
poproteninemia, electrolyte imbalance, cardiac arrest, small
bowel obstruction related to progression of granulomas and
adhesions in the abdominal cavity [13, 17, 24, 49, 59, 66].

Closed suction drainage, open peritoneal drainage or vac-
uum-assisted drainage can be utilized for small animal bari-
um peritonitis cases [9, 12, 32, 35, 41, 48, 60]. If significant
postoperative abdominal fluid production is anticipated, the
surgeon must consider which abdominal drainage technique
is appropriate. Open abdominal drainage or closed-suction
drainage rather than closure without additional drainage
should be considered to remove gross contamination and
reduce suspected progression of adhesions [3]. Most of the
contrast medium in one canine study drained within 6 hr after
open abdominal drainage and within 24 to 48 hr after sump-
penrose drainage [33]. Meanwhile, complete encasement
of sump-penrose drains and partial occlusion of entirely
exposed abdominal incisions by omentum with adhesion to
the abdominal wound edges were observed at necropsy [33].

Measurements of hydration status and fluid therapy are
crucial for patient management. The use of an indwelling
urinary catheter can be helpful to monitor urine production
and to keep the patient clean [15, 53]. If severe hypotension
occurs, intravenous fluids (e.g., crystalloid or colloid) alone
may be ineffectual, and vasopressors may be necessary.
Intravenous broad-spectrum antibiotic therapy should be

applied and adjusted according to the results of intraopera-
tive bacterial culture and susceptibility testing. If hypopro-
teinemia becomes severe (albumin <1.5 mg/d/, total solids
<3.0 mg/d/), intravenous colloids can be administered [53].

Early enteral nutritional support after surgery helps di-
minish the risk of hypoproteinemia [11]. In septic peritonitis
cases in dogs, early nutritional support is associated with
a shorter hospitalization length [42]. In human medicine,
early enteral nutritional support has demonstrated additional
advantages (e.g., increased anastomotic strength and rapid
healing, positive nitrogen balance and decreased bacterial
translocation through a compromised GI mucosal barrier)
as well [16]. Early postoperative enteral feeding by jeju-
nostomy is feasible in human patients with nontraumatic
perforation and peritonitis and reduces septic morbidity, and
early nutritional support in peritonitis had fewer septic com-
plications, such as wound infection, intraabdominal abscess
and bronchopneumonia compared with a control group [58].

Additional abdominal fluid analysis can be a useful
monitoring tool. The number of toxic and/or degenerate
neutrophils should decrease progressively after surgery, and
no bacteria should be seen after 3 days [55]. Through cyto-
logic examination and susceptibility testing procedures, the
choice of antimicrobial therapy and/or second exploratory
celiotomy can be determined.

PROGNOSIS

Prognosis for barium peritonitis is guarded to poor. Mor-
tality rate of barium peritonitis is higher than that of general-
ized septic peritonitis, because barium with GI contents has a
time-dependent and synergistically deleterious effect. Dogs
that were injected with 30 m/ of nonsterile barium sulfate
into the abdominal cavity were all quite ill within hr after
injection, and 7 of the 10 were dead within 2 weeks [1, 13].
In experimental studies, once barium sulfate was mixed with
GI contents in the abdominal cavity, mortality was 100%
within 24 hr. Barium sulfate can cause high mortality rate
secondary to diffuse hemorrhagic peritonitis, and survivors
may commonly have numerous adhesions and granulomas
in the abdominal cavity [13, 62]. When barium sulfate was
mixed with GI contents in the abdominal cavity, deleterious
effects were worse due to accompanying infection [13, 59].
In a canine study, peritonitis by exposure to a mixture of feces
and barium was more lethal than peritonitis by exposure to
feces alone or barium alone [1]. However, if treated urgently
and aggressively, patient outcome can be good [24, 54].

DISCUSSION

In an ex vivo experiment, the effect on leukocytic response
of radiographic contrast agents including barium and water-
soluble contrast agents, Conray 30 and Cysto Conray II, was
examined [29]. Barium sulfate was a significant activator of
phagocytic cells in this study. Interestingly, when additional
phagocytic challenges were induced by standard Zymosan
particles (polysaccharide extract from the wall of yeast
sp.) and several bacteria (e.g., Staphylococcus epidermidis,
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Streptococcus faecalis and Escherichia coli.), depression of
phagocytic activity by barium sulfate was worse compared to
the two other water-soluble contrast agents [29]. Therefore,
it is possible that the enhanced effect of barium observed in
patients with fecal peritonitis could be based upon interfer-
ence with the normal immunologic phagocytic response to
bacterial invasion of the abdominal cavity. In adult guinea
pigs, barium incurred the most significant deleterious short-
and long-term effects in fecal peritonitis. The authors con-
cluded that dilute water-soluble contrast agents have much
greater margin of safety [28].

Regarding the effect of sterile barium sulfate on intestinal
anastomosis, coating of intestinal mucosa and serosa with
barium sulfate did not influence the progression of healing
or end result of anastomosis [50]. Although the presence
of sterile barium sulfate without leakage of GI contents
produced an intense leukocytic inflammatory reaction, this
reaction had no unexpected effect on the outcome of the
anastomosis in an experimental study [50]. Similarly, the
effect of barium on visceral wound transmural healing in the
GI tract of the rat was minimal [57].

If contrast barium studies are inevitable, other contrast
agents (e.g., iodinated contrast agents) instead of barium
sulfate may be suitable for diagnosis [8, 20, 40, 51]. Mean-
while, most of the ionic agents with higher osmolality are
hypertonic and cause an influx of fluid into the GI tract,
which could worsen a hypovolemic state [8, 44, 56].

Intraabdominal circulation has been thoroughly investi-
gated in normal dogs, and patterns of fluid dispersion and
drainage have been documented. After injection of oil-based
contrast agents intraperitoneally, the contrast agents dis-
persed throughout the abdominal cavity 15 to 30 min after
cranial injection and 1 to 2 hr after caudal injection [33].
Similarly, some researchers observed that an accumulation
of fluid in the abdominal cavity occurred within 1 or 2 hr
after injection of barium [49, 66]. When barium sulfate
suspension and feces were percutaneously injected into the
abdominal cavity, immediate dispersal of the contrast agents
occurred [13]. In addition, with abdominal radiography,
barium sulfate was observed over 3.5 to 4 months. Mean-
while, other contrast agents (e.g., iodinated contrast agents)
disappeared within 48 hr [1].

Omentectomy may be performed to remove adherent
barium particles. Nonetheless, surgeons should consider
omentectomy only when they cannot effectively remove
barium particles from the omentum. In an experimental
group treated by irrigation of the abdominal cavity and
removal of the greater omentum, lesser adhesions were
observed when compared to non-omentectomized groups
[66]. After omentectomy in dogs, 90% mortality rates with
intestinal anastomoses were reported [47]. If the omentum
is devitalized or more substantial mechanical reinforcement
is required, intestinal serosal patching can be performed
[18]. In three barium peritonitis cases, omentectomy was not
applied [17, 24, 54]. In equine practice, omentectomy has
been used to decrease the overall incidence of postoperative
intraabdominal adhesion. Complications associated with the
omentectomy procedure itself did not occur when 80% to

90% of the omentum was removed in horses [39]. The effects
of complete omentectomy and partial omentectomy tech-
niques were compared in human beings with gastric cancer.
In that study, authors reported that partial omentectomy may
become a surgical option to avoid side effects of complete
omentectomy, such as longer operation time and low serum
albumin concentration on the first postoperative day [38].
Some researchers have attempted to investigate that the ef-
fect of the surgical removal of the greater omentum is associ-
ated with insulin action [19, 30, 43, 64]. However, the effects
of omentectomy to improve insulin sensitivity are contro-
versial. In an experimental study, the removal of the greater
omentum may improve insulin sensitivity in nonobese dogs
[43]. Meanwhile, other researchers found that omentectomy
did not improve insulin sensitivity for obese adults [19, 30].
In one case associated with barium peritonitis caused by
a stick foreign body, seven days before presentation, the
dog had undergone a cystotomy for calcium oxalate urolith
removal at a referring veterinarian’s clinic. Two days before
presentation, a barium contrast study had been performed.
Postoperatively, Jackson-Pratt closed suction drainage was
applied. Postoperative complications included diffuse peri-
tonitis, acute vascular shock and cardiac arrest on postopera-
tive day 9. The patient was resuscitated. Later, sepsis and
progression of abdominal adhesion developed. Eventually,
the dog had severe diffuse peritonitis, and euthanasia was
performed per the owner’s wishes because of poor progno-
sis. At necropsy, evidence of leakage at the anastomosis was
noted [17]. Based on experimental evidence, dogs should
be monitored for 2 weeks after surgery, because mortality
rate was highest within 2 weeks [1, 13]. In the case report
associated with barium peritonitis caused by postoperative
nonsteroidal antiinflammatory drugs, abdominal lavage with
a sump-penrose drain was discontinued 60 hr after surgery.
The dog was discharged 4 days after surgery and survived.
After the 10th day, abdominal drainage stopped. Fifteen
months after surgery, the dog was reported to be in excel-
lent health [24]. In the barium peritonitis case caused by
suspicious pre-existing perforation with T-cell lymphoma, a
barium contrast study was performed the day before presen-
tation. Through abdominal exploratory surgery, 3 liters of
serosanguineous, icteric fluid, perforated mid-jejunum and
a hepatic nodule were revealed. Jejunal resection and liver
biopsy were performed. Bacterial culture of abdominal fluid
was negative. The dog recovered very well postoperatively.
In this case report, additional details of surgical procedures
or postoperative management were not elucidated [54]. In
a feline barium peritonitis case caused by a piece of plastic
wrap foreign body, leakage of barium contrast medium is re-
vealed in a feline abdominal cavity 2 hr after initiation of the
contrast study (Fig. 3). In this case, exploratory celiotomy
was performed immediately after definitive radiographic
diagnosis of intra-abdominal barium in this cat. Leakage
of barium contrast medium was observed in the abdominal
cavity and is noted on the mesentery and intestinal serosa
(Fig. 4). During hospitalization, abdominal drainage was not
performed, and there was no postoperative complication.
The cat was discharged 7 days after surgery and survived.
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SUMMARY

There are several interesting observations in barium
peritonitis: (1) Abdominal fluid analysis including cytologic
examination can efficiently provide definitive diagnostic
results. Therefore, practitioners should be familiar with
cytological interpretation (e.g., marked suppurative inflam-
mation with intracellular barium sulfate). Meanwhile, serial
radiography after a barium contrast study may not provide a
timely diagnosis. (2) Initial aggressive fluid therapy should
be performed immediately before surgical removal of
barium from the abdominal cavity to decrease the mortality
risk. (3) Once the patient’s cardiovascular status is stabilized
by aggressive intravenous fluid therapy, urgent exploratory
celiotomy is recommended within 1 to 2 hr after the leak-
age of barium sulfate. Surgical removal of barium sulfate
beyond 3 to 6 hr after barium spillage may not reduce the
mortality rate. (4) Surgical techniques to reduce barium
sulfate and gross contamination include copious irrigation
and gentle wiping with a gauze sponge. However, it may
be difficult to remove barium debris from the abdominal
cavity. If needed, omentectomy should be considered to
remove barium contents and reduce surgical operation time.
(5) Barium peritonitis patients must be monitored carefully
for at least 2 weeks postoperatively, because mortality rate is
the highest during this time. (6) Distinctive complications in
barium peritonitis include hypovolemia, hypoalbuminemia,
hypoproteinemia, severe peritonitis, multiple abdominal
adhesions and granuloma.

CONCLUSION

Barium peritonitis is rare, but life-threatening, and poses
a therapeutic challenge. Moreover, highly time-dependent
diagnosis and treatment are essential within 2 hr after barium
leakage occurs. More clinical cases and study are required to
develop definitive treatment guidelines.
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