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Abstract

Background The contemporary management of children
with ileocolic intussusception often includes pneumatic re-
duction. While failure of the procedure or recurrence after
reduction can result in the need for surgical treatment, more
serious adverse sequelae can occur including perforation
and, rarely, tension pneumoperitoneum. During the last year,
four cases of perforation during attempted pneumatic reduc-
tions complicated by tense pneumoperitoneum have oc-
curred in our center.

Objective We have elected to report our patient experience,
describe methods of management and review available lit-
erature on this uncommon but serious complication.
Materials and methods Using ICD-9 diagnosis codes, we
reviewed the records of children with intussusception during
2011. Demographic and therapeutic clinical data were col-
lected and summarized.

Results During the study period, 101 children with intus-
susception were treated at our institution, with 19% (19/101)
of them requiring surgical intervention. Four children (4%)
experienced a tense pneumoperitoneum during air enema
reduction, prompting urgent needle decompression in the

S. C. Fallon - E. S. Kim * B. J. Naik-Mathuria * J. G. Nuchtern -
J. R. Rodriguez

Division of Pediatric Surgery, Michael E. DeBakey Department
of Surgery, Baylor College of Medicine, Houston, TX, USA

C. L. Cassady
Department of Pediatric Radiology, Texas Children’s Hospital,
Houston, TX, USA

J. R. Rodriguez (<))

Texas Children’s Hospital, 6701 Fannin St., Suite 1210,
Houston, TX 77030, USA

e-mail: rxrodri2@texaschildrens.org

@ Springer

fluoroscopy suite. These children required bowel resection
during subsequent laparotomy. No deaths occurred.
Conclusion Pneumoperitoneum is a real and life-threatening
complication of pneumatic enemas. It requires immediate in-
tervention and definitive surgical management. Caution should
be exercised by practitioners performing this procedure at
institutions where pediatric radiology experience is limited
and immediate pediatric surgical support is not available.

Keywords Intussusception - Enema reduction - Bowel
obstruction - Children

Introduction

Ileocolic intussusception is a common cause of bowel obstruc-
tion in children. Approximately 56/100,000 infants and chil-
dren are hospitalized annually with intussusception [1].
Diagnosis is typically made in the emergency room with
ultrasonography, which in the radiologic literature has a sensi-
tivity approaching 100% [2]. In the absence of systemic signs
of infection or peritonitis, either hydrostatic or pneumatic
reduction can be attempted. It is increasingly recognized that
a pneumatic enema has advantages over a traditional liquid
contrast enema. Air reduction is generally quicker, uses less
radiation and is associated with less peritoneal contamination if
perforation occurs [3, 4]. Successful reduction rates with all
methods vary widely, with more recent reports quoting 61% to
91.5% [5—-7]. However, several studies suggest reduction rates
are consistently higher using the air technique [8, 9].

The benefits of successful reduction, and thereby avoid-
ance of an operation, must be weighed against the risk of
developing bowel necrosis and subsequent perforation (ne-
cessitating bowel resection) from repeated vigorous
attempts. Acknowledging this important trade-off has led
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to the adoption in our institution of a strategy of performing
multiple reduction attempts, under appropriate circumstan-
ces, with the underlying assumption that unsuccessful re-
duction results in surgery.

Complications of pneumatic enema include failure of
reduction, perforation, and tension pneumoperitoneum in
rare cases [5]. While tension pneumoperitoneum is a known
complication of attempted pneumatic reduction for intussus-
ception, reports in the literature remain anecdotal. Although
infrequent, this condition can be life-threatening. Emphasis
should be placed on the importance of radiologist awareness
and immediate reaction if this complication occurs during a
reduction procedure.

We report four recent cases of perforation requiring im-
mediate needle decompression to prevent a large pneumo-
peritoneum from causing hemodynamic compromise,
discuss management strategies with this complication, and
review the literature regarding the potential complications of
pneumatic enema.

Materials and methods

After IRB approval, we reviewed the hospital records of
infants and children diagnosed in 2011 with intussusception.
ICD-9 diagnosis codes were used for their identification.
Demographic and therapeutic clinical data were collected
and summarized.

At our institution, the management of pediatric intussus-
ception is standardized as follows: after the diagnosis has
been made, generally in the emergency room, Pediatric
Surgery is consulted and the child is examined. If no peri-
tonitis is present, prophylactic single-agent broad-spectrum
antibiotics are administered and the child proceeds to radi-
ology for attempted reduction. Children are attached to
electronic cardiorespiratory monitors but are not sedated at
the time of the procedure. All procedures are performed
either by or under the supervision of experienced attending
radiologists. The typical starting pressure is 60 mmHg,
which is gradually increased to a maximum sustained rest-
ing pneumatic pressure during reduction near 110 mmHg,
though the pressure transiently is higher with increases in
intra-abdominal pressure, such as with crying or Valsalva
maneuvers. The enema is considered successful if the intus-
suscepted mass disappears on imaging and air freely
refluxes into the small intestine. If movement of the intus-
susceptum is seen but the mass persists without free reflux
of air into the small bowel, the procedure is terminated and
the child is returned to the emergency department. After a
short period of observation in the emergency department,
usually 2—4 h after the initial attempt, repeat reduction is
attempted. Multiple repeated reductions are attempted in all
cases if continued, progressive, retrograde movement of the

intussusceptum is seen. Radiographs are not obtained be-
tween reduction attempts because we have never experienced
a perforation while the child was awaiting a repeated enema
attempt. Before each subsequent attempt at reduction, the
child is re-examined for developing signs of peritonitis; if
peritonitis is noted, the child is taken to the operating room
for treatment. If the attempts are successful in reducing the
mass completely, children are admitted to the Surgical Service
for 23-h observation. Diet is gradually reintroduced and the
child is discharged when symptoms have resolved. If attempts
in reducing the mass are unsuccessful, the child is transferred
to the operating room for definitive treatment.

Should the intestine perforate during the reduction attempt
with subsequent abdominal distention and tension, manual
insufflation is immediately discontinued and needle decom-
pression is performed by the practitioner in the procedure
room. The pneumoperitoneum can be identified on clinical
examination with a suddenly enlarged abdomen, or under
fluoroscopy with the Rigler sign (air around the liver, under
the diaphragm, and often in the lateral gutters) (Fig. 1). After
applying a quick ChloraPrep cleanse (CareFusion, San Diego,
CA) to the abdomen, an 18-gauge needle with a catheter sheath
is inserted immediately above or below the umbilicus in the
midline, directed craniad and horizontal to the table to avoid
intra-abdominal solid organ and bladder injury. The needle tip
should be directed toward the volume of free air in the most
ventral, nondependent portion of the distended abdomen. After
the needle tip is in the peritoneal space, the needle is removed
to avoid visceral injury, and the plastic cannula remains to
remove the air. Once the abdomen has decompressed, any
tension pneumoperitoneum has been converted to a simple
pneumoperitoneum and the child is considered to be in a more
clinically stable situation, allowing safe, yet expeditious, trans-
port to the operating room for definitive therapy.

Fig. 1 AP fluoroscopic image demonstrates tense pneumoperitoneum
after perforation during a pneumatic enema
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Results

During 2011, 101 children with intussusception were treated
at our institution. In these 101 children, 118 distinct pneu-
matic reduction attempts were made, with 19 children (19%)
requiring surgical intervention. In four children (4%), per-
foration occurred during the course of a pneumatic enema
attempt and pneumoperitoneum developed immediately; the
remainder of this report focuses on these children. All four
perforations were immediately identified by fluoroscopy
and were treated with needle decompression using an 18-
gauge needle prior to the development of hemodynamic
instability. Satisfactory evacuation of the air was confirmed
by fluoroscopy or by radiography. Each child was trans-
ferred immediately to the operating room for laparotomy
without complication.

Demographic and clinical data for the perforation group
are presented in Table 1. The mean age at time of presenta-
tion was 4.6 months, with two children only 2 months old.
All of the children had emesis and bloody stools as present-
ing symptoms, and one had fever. The number of hours of
symptoms prior to presentation ranged 24 h to 72 h. On
examination, two children were identified as having a pal-
pable mass, and only two had mild tenderness and abdom-
inal distention. Two children had leukocytosis on
preprocedural laboratory evaluation. None had evidence of
peritonitis or systemic symptoms, such as lethargy, which
would preclude initial attempts at non-operative manage-
ment. None of the children had evidence of perforation on
any preprocedural imaging, including the fluoroscopic scout
view obtained immediately prior to the procedure.

One child had undergone an unsuccessful attempt at
hydrostatic reduction with contrast material at another
institution and was subsequently transferred to our care.
In two children, perforation occurred during the second
reduction attempt, and the second attempts were had
been performed using air enema; in the other two chil-
dren, perforation occurred during their initial pneumatic
procedure. In the child who had undergone both reduc-
tion attempts at our institution, the time between the
initial attempt and the subseqent one resulting in perfo-
ration was 4 h. All pneumatic enemas were performed
following the standard protocol outlined above.

During laparotomy, all children required bowel resection,
and an obvious perforation with extensive surrounding
deserosalization was noted intraoperatively in all children.
The perforations were all seen in the intussuscepted seg-
ment. There was no bowel injury secondary to the needle
decompression. None of the patients had an identifiable
pathological lead point, and pathology of the resected seg-
ments demonstrated lymphoid hyperplasia and intestinal
necrosis, likely related to the initial intussusception. All
children had primary anastomosis; no diverting colostomy
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or ileostomy was required. One child had a complicated
postoperative course including reoperation for further exci-
sion of multiple ischemic perforations in the intestinal seg-
ment proximal to the intussusceptum. The three other
children had a benign postoperative course, and the median
postoperative length of stay for the whole group was 8 days
(range: 6—17 days).

Discussion

Radiologic reduction of intussusception has transformed
disease treatment, with pneumatic enema emerging as a
refinement to the technique of contrast reduction. The over-
all complication rates related to the radiologic treatment of
intussusception are generally low [5]. Tension pneumoper-
itoneum has been anecdotally described as a serious com-
plication of both endoscopic and radiologic procedures,
including pneumatic reduction of intussusception [10, 11].
In addition to two remotely reported deaths, in larger series
of patients spanning multiple years of observation, at most
one incident of tension pneumoperitoneum at most has been
reported [3, 4, 12, 13].

If perforation occurs during the procedure, intra-
abdominal pressure instantly increases from the equilibra-
tion of air into the peritoneal cavity, with consequent poten-
tial compression of the inferior vena cava, splinting of
diaphragmatic excursion and eventually hemodynamic com-
promise. Exactly when hemodynamic instability occurs and
how long it takes for it to develop are not entirely clear.
Treatment of tension pneumoperitoneum is rapid needle
decompression of the abdomen, typically in the supra- or
infraumbilical region (Fig. 2). In our series, decompression
was performed to preempt impending cardiovascular com-
promise because none of our patients had signs of hemody-
namic instability. After perforation, prompt surgical
exploration is necessary to limit the degree of peritoneal
contamination by intestinal contents. If immediate surgery
is achieved, definitive resection and primary anastomosis
can be performed safely. If gross peritoneal contamination is
encountered during laparotomy, intestinal diversion
(enterostomy) is recommended.

When pneumatic, as opposed to hydrostatic, reduction is
used, peritoneal soiling is significantly reduced and postop-
erative complications are thought to be fewer [3]. In one
series comparing perforations from liquid (positive) vs. air
(negative) contrast enemas, the patients who had undergone
positive contrast enema had higher rates of bowel resection
at operation and longer hospital stays [3]. Perforation rates
are generally reported to be less than 2% in multiple series
of both hydrostatic and pneumatic enemas [5]. Yoon et al.
[14] reported a 4% perforation rate with pneumatic reduc-
tion; however, this observed increase was attributed to the
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Fig. 2 AP fluoroscopic image
demonstrates extensive
intraperitoneal air before (a)
and immediately after (b)
needle decompression

learning curve associated with introduction of the technique to
their practice. One of our patients had a complicated postop-
erative course after initial laparotomy related to delayed per-
foration in an ischemic segment of bowel but otherwise each
child had a relatively benign postoperative course in spite of
perforation in the radiologic suite. We continue to recommend
observation even after successful reductions, as we have
learned from our experience with laparotomies in these chil-
dren that significant but reversible ischemic changes can be
seen even when resection is not required.

Multiple factors have been suggested to predict the need
for operative treatment, including a prolonged duration of
symptoms, the presence of a lead point or air—fluid levels, an
intussusception distal to the splenic flexure, and lower case
volumes [15-18]. Prior attempts at reduction have not been
proved to decrease the success rate of enema reduction, and
current recommendations are to conduct repeated, delayed
enema attempts if progressive retrograde movement of the
intussusceptum is observed during each attempt [15, 19].
However, today the questions of how many attempts and
how frequently they should occur are still answered gener-
ally by experience and judgment.

In our series, none of the children had a constellation of
factors that would have predisposed them to difficulty with
reduction. All of the children had progressive movement of
the intussuscepted segment prior to perforation, and with
fluoroscopy times under 5 min, the perforations occurred
relatively quickly during the course of the reduction attempts.
However, young age has been reported in the literature to be
associated with higher rates of perforation, and it is notewor-
thy that two of our patients were very young infants [3, 20].
Including our series, in the 38 reported perforations with
patient age included, 32 (84%) patients were 7 months or
younger [3, 19-22]. It is possible that younger children are
more susceptible to these types of complications because of a
thinner bowel wall. Modifications to treatment protocols to
take into account age-based recommendations, including the
upper limits of sustained pressure used during pneumatic
enema attempts, might be indicated.
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Conclusion

This case series illustrates a number of important points
regarding the management of intussusception and high-
lights the evolution of its treatment at specialized centers.
Practitioners performing pneumatic enemas at centers
where immediate pediatric surgical consultation is not
available should use caution with vigorous and repeated
attempts, as perforation requires immediate surgical inter-
vention. The supplies for needle decompression should be
readily available so that if a sudden expanding pneumo-
peritoneum occurs during reduction, rapid evacuation of
air via needle decompression can be performed to avoid
the development of hemodynamic instability. Expedient,
multidisciplinary collaboration is an important component
of disease management to maximize patient safety and
optimize outcomes.

Conflicts of interest We have no conflicts of interest to declare.
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