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Background. A previous study on intussusception from our institution demonstrated a pneumatic reduction (PR) rate of 33%, with
a mortality rate of 9.1%. Numerous protocol changes were implemented, and as part of a national prospective observational study, a
subsequent cohort of patients was compared with the initial series.

Objectives. To compare our current series of children presenting with intussusception with our previous series. Specifically, we aimed to
compare PR rates, resection rates, morbidity and mortality.

Methods. This was a retrospective review of patients aged <3 years who presented with intussusception to Chris Hani Baragwanath
Academic Hospital in Johannesburg, South Africa, from 2011 to 2015 (era 2). Clinical outcomes of patients and management modalities
were reviewed. These were compared with results reported in the previous article (2007 - 2010, era 1).

Results. A total of 111 patients were included. PR was attempted in 52 patients (46.8%). It was successful in 25 patients (48.1%) and
unsuccessful in 27 (51.9%), with an overall success rate of 22.5%. Eighty-six patients (77.5%) underwent surgical intervention. Bowel
resection was performed in 54/86 of the surgically managed patients. No deaths were reported during the era 2 study period.
Conclusion. Despite improved protocols, we could not demonstrate an improvement in the proportion of attempted PR cases compared
with our previous series, and we did not achieve better PR rates. This failure is thought to be due to the delayed presentation of our patients,
as well as an aggressive approach to management. However, this aggressive management strategy has decreased our mortality rate to zero.
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Intussusception is the most common cause of bowel obstruction
in the paediatric population. If not promptly identified and
appropriately treated, it has the potential to cause significant
morbidity and mortality."! The worldwide incidence of
intussusception is variable, and the true prevalence is difficult to
calculate.” In 1972, Mayell®® at Red Cross War Memorial Children’s
Hospital in Cape Town, South Africa (SA), demonstrated that 63%
of cases occurred in infants aged <1 year. Intussusception has
a male predilection, with boys affected two to eight times more
frequently than girls, the reasons for which are not known."! The
aetiology of intussusception can be classified as idiopathic or
secondary to pathological causes. Idiopathic intussusception is
the most common and usually occurs between 3 and 36 months
of age, with only 10% of cases in this age group having an
identifiable pathological cause.”! Patients presenting outside of
this age group have a higher incidence of a pathological lead point,
these including Meckel’s diverticulum, hyperplastic lymph nodes,
lymphoma, benign polyps and duplication cysts.!*!

The clinical presentation of intussusception has classically been
described as a triad of intermittent colicky abdominal pain, vomiting
and the passage of Ted currant jelly’ stools, in which the stool
contains blood and mucus.! This classic clinical triad is seen in
<25% of patients.’'% In addition, a palpable right upper quadrant
abdominal mass with an empty right lower quadrant may be felt on
examination (Dance sign). The sequelae of untreated intussusception
can potentially be devastating, putting the patient at risk of complete
bowel obstruction, perforation, shock and death.""! The aim of
treatment is to reduce the intussusceptum from the intussuscipiens.
This may be achieved by radiologically directed pneumatic or

hydrostatic reduction, or by surgical reduction, sometimes including
bowel resection.

In an initial prospective observational study performed in the
Department of Paediatric Surgery at Chris Hani Baragwanath
Academic Hospital (CHBAH), Johannesburg, SA, between 2007 and
2010 (era 1), a cohort of 97 patients was examined. The pneumatic
reduction (PR) rate was documented to be 33.0% (1n=32/97), 65 patients
(68.4%) required operative reduction, and 53 (81.5%) of these patients
required intestinal resection. The overall mortality rate was 9.1%.
These results are markedly different from the international standard,
where PR rates exceeding 90% are regularly reported as the ‘standard
of care’ Our initial publication postulated that delays in diagnosis and
referrals and lack of structured management protocols contributed
to the low PR rate." After 2010, the number of paediatric surgery
consultants and trainees increased, the Department of Radiology
also saw an increase in its staff complement, and there was an active
focus on improving the relationships between the two departments.
These changes facilitated the development of a formal intussusception
management protocol, including PR, with the objective of improving
patient outcomes, specifically aiming to decrease mortality and
improve PR rates. The objective of the present study was to compare
the outcomes of our patients with intussusception in era 2 (2011 -
2015) with those from era 1 (2007 - 2010).

Methods

A retrospective study of prospectively collected data on all children
aged 0 - 36 months who presented to CHBAH with idiopathic
ileocolic intussusception between January 2011 and December
2015 was performed. Demographic data collected included
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Fig. 1. Data flow diagram of intussusception management and outcomes. (PR = pneumatic reduction.)

gender and age at presentation. Medical
information included duration of symptoms
(DoS), length of stay (LoS), baseline vital
signs, pre-reduction imaging modality,
results of baseline blood tests including
inflammatory markers such as the white
cell count (WCC) and C-reactive protein
(CRP), and lactate and base excess values at
presentation (extracted from arterial blood
gas analysis). Data on treatment included
whether the patient underwent PR or
surgical reduction. The number of attempts
made at PR and intraoperative findings for
patients who underwent surgical reduction
were also assessed. With regard to surgery,
we documented whether the patient had
manual reduction without resection, or
bowel resection, or needed formation of a
temporary stoma. The outcomes of surgery,
such as bowel resection, anastomosis and
stoma rates, were assessed, and morbidity
and mortality were documented. The study
was approved by the Human Research
Ethics Committee of the University of the
Witwatersrand (ref. no. M170437).

Data were collected and entered into
Excel version 16.71 (Microsoft Corp., USA)
and exported to Statistica software version
13.2.0.17 (TIBCO Software Inc., USA).
Continuous variables were described using
means and standard deviations if normally
distributed, and medians and interquartile
ranges (IQRs) if not normally distributed.
Categorical variables were described using
numbers and percentages. Regression
analysis was used to quantify the association

between determining factors and clinical
outcomes. A Mann-Whitney U-test was
performed to measure differences for non-
parametric continuous variables, and the
X’ test was used for categorical variables. A
p-value <0.05 was regarded as statistically
significant. The current cohort was identified
as era 2, while the previously published
cohort collected between 2007 and 2010
was identified as era 1. Finally, era 1 and era
2 were compared, looking specifically at the
rate of PR, rate of surgical exploration, rate
of intestinal resection, ileostomy rate, and
mortality.

Results

A total of 111 patients were registered
on the data collection system during the
defined time period, and all were included
in the study. Of these, 59.5% (n=66) were
male and 40.5% (n=45) female. Ninety-six
patients (86.5%) were aged <10 months,
and the median (IQR) age at presentation
was 6 (5 - 9) months. Ultrasonography
confirmed a diagnosis of intussusception
in 81.1% of the patients (n=90), with only
1 patient documented as having a non-
diagnostic ultrasound scan. Imaging in the
remaining patients (1=20; 18.0%) was not
documented. There were no deaths related
to intussusception during this study period
(era 2).

The admission CRP was recorded in 77
patients, with a range from 1 to 394 mg/L
and a median (IQR) of 31 (10 - 62) mg/L.
PR was attempted in 52/111 (46.8%) of the
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study participants. It was successful in 25/52
(48.1%) of those patients and unsuccessful
in 27 (51.9%), with an overall PR success
rate of 22.5% (Table 1). Of the patients who
underwent PR, 24.3% (n=27/111) had repeat
attempts. Of these, 1 had three unsuccessful
attempts and was then taken to theatre. The
remaining 26 patients all had two attempts,
with successful reduction in 10 but failure in
16, who therefore went to theatre.

Primary surgical management was
implemented in 59 patients (68.6%)
with contraindications to PR, such as
peritonitis, perforation, shock or bowel
obstruction, while 27 (31.4%) required
surgical exploration after failed PR. A total
of 86 patients (77.5%) therefore underwent
surgical exploration. The majority of
patients who underwent surgery were
aged <10 months (n=90/111; 81.1%).
Thirty-two patients (37.2%) had manual
reduction without resection. Fifty-four
patients (62.8%) required bowel resection
secondary to necrotic bowel. Of the patients
taken primarily for surgical therapy,
62.7% (n=37/59) had bowel resection and
37.3% (n=22/59) had a manual reduction
intraoperatively, whereas of the cohort
taken for surgery after failed PR, 63.0%
(n=17/27) had bowel resection and 37.0%
(n=10/27) had manual surgical reduction.
Of the total number of patients included
in the study, 48.6% (n=54/111) therefore
required surgical resection. The majority of
the patients (n=50/54; 90.7%) underwent
resection with primary anastomosis, and
4 patients (n=4/54; 7.4%) had diverting
ileostomies performed; 3 of these 4 were
in the primary surgical therapy group and
1 was in the failed PR group. Two of 86
patients (2.3%) required relook laparotomy.
Of these patients, 1 had normal findings
and the other had an anastomotic leak,
which was then converted to an ileostomy.

One hundred and five patients (94.6%) had
a documented DoS. The DoS ranged from 1
to 14 days, with a median (IQR) of 3 (1 - 4)
days. Additional analysis was undertaken to
establish risk factors associated with failure
of PR in this cohort of patients. Longer DoS
and a high initial CRP were associated with
high PR failure rates (p<0.001 and p<0.0028,
respectively). Patients who had successful
PR were more likely to be discharged earlier
than those in whom PR failed. Age, gender
and number of PR attempts had no effect on
the outcome of the study (p=0.951, p=0.932
and XXXXX, respectively). The overall LoS
of the study population ranged from 1 to 32
days (IQR 4 - 7). As expected, a longer LoS
was noted in the group that required surgery.
When PR was successful, the median (IQR)
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LoS was 3 (2 - 4) days, while for those with
failed PR, the median was 6 (5 - 8.5) days.

Univariate analysis showed no significant
difference in the outcome of PR according
to the age, gender or WCC of the patients.
Duration of symptoms and CRP differed
significantly between patients who had
successful PR and those who did not
(p<0.001 and p<0.004, respectively) (Table 2).
The median (IQR) DoS of patients with
successful PR was 1 (1 - 2) day, while the
median DoS was 3 (3 - 4) days for those with
unsuccessful PR. The median CRP in patients
with successful PR was 10 (5 - 20) mg/L, in
patients with unsuccessful PR it was 38 (15 -
65) mg/L, and in those who went directly to
theatre it was 45.5 (21 - 69) mg/L.

Discussion

Non-operative management of
intussusception by means of PR has gained
wide acceptance internationally. However, in
low- and middle-income countries (LMICs)
the spectrum of disease differs, mainly with
patients presenting much later after the
onset of symptoms.® From unpublished
experience at our institution, we suspect
this to be due to delayed presentation to
local clinics, and delays in diagnosis and in
transfer. Optimal management of this subset
of patients has not been widely published
and may focus on a more aggressive surgical
approach. In era 1, our results demonstrated
that rates of open operative reduction were
high and that reductions were associated
with significant morbidity, such as sheath
dehiscence, anastomotic leak and abdominal

compartment syndrome, and high mortality.
Among the 97 patients documented, the PR
rate was 33.0% (1n=32/97), with a rate of open
operative reduction of 67.0% (1n=65/97) and
a resection rate of 81.5% (n=53/65). Of
note was a mortality rate of 9.1%. This high
mortality rate mandated the introduction
of revised management protocols
aimed at the resuscitative, investigative
and interventional phases of patient
management. These guidelines and stricter
adherence to protocols were implemented
to provide the treating clinician with the
ability to choose between PR and surgical
exploration based on clinical parameters.
In the past, surgical reduction was often
performed purely because of unavailability
of PR, due to lack of staff, experience or
equipment.

Our management strategy at CHBAH has
shifted to focus on adequate resuscitation
of these patients prior to any intervention,
aiming for normalisation of parameters
including base excess and lactate. After the
initial resuscitation, the first radiological
investigation, a plain abdominal radiograph,
is quick and simple to perform. While
it is neither specific nor sensitive in
diagnosing intussusception, it may assist
in the diagnosis of intestinal obstruction or
perforation, which would mandate prompt
surgical exploration. However, ultrasound
is the diagnostic modality of choice, as it
is usually easily accessible, is cheap, avoids
additional radiation, and, most importantly,
can confirm the diagnosis in the emergency
department. It has high sensitivity and

Table 1. PR rates in the treatment of intussusception

PR Era 1, Jan 2007 - Apr 2010, n (%) Era 2, Jan 2011- Dec 2015, n (%)
Attempted 62/97 (63.9) 52/111 (46.8)

Successful 32/62 (51.6) 25/52 (48.1)

Failed 30/62 (48.4) 27/52 (51.9)

Overall success  32/97 (33.0)

PR = pneumatic reduction.

25/111 (22.5)

Table 2. Univariate analysis of factors related to PR failure

Successful PR, Unsuccessful PR,

Variable n (%)* n (%)* p-value
Age (months), median (IQR) 6(5-9.5) 7(5-8) 0.951
Gender 0.932

Male 51 (59.3) 14 (58.3)

Female 35 (40.7) 10 (41.7)
DoS (days), median (IQR) 1(1-2) 3(2-4) <0.001
CRP (mg/L), median (IQR) 10 (5 - 20) 38 (15 - 65) 0.004
WCC (x 10 g/L), median (IQR) 13.5(9.9 - 15.1) 14.2 (10.5 - 17.5) 0.379

PR = pneumatic reduction; IQR = interquartile range; DoS = duration of symptoms; CRP = C-reactive protein;

WCC = white cell count.
*Except where otherwise indicated.
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specificity of 97.9% and 97.8%, respectively,
and therefore helps in making the decision as
to which patients will proceed to PR.! Our
initial reduction protocol is directed towards
PR in suitable candidates. Many of our
patients present with established intestinal
obstruction, perforation, profound shock or
significant metabolic derangements. These
are all contraindications to attempting
PR, and patients with these clinical
or biochemical features are therefore
candidates for primary surgical exploration.
Our current PR protocol includes a
senior paediatric surgical registrar and a
radiology consultant, and is performed in
the radiology department. A Foley catheter
is inserted into the rectum, the balloon is
inflated with 20 - 30 mL of water or air,
and air is insufflated at escalating pressures
using a hand pump, with three cycles of 80,
100 and 120 mmHg, respectively, attempted
under fluoroscopy. Each insufflation
cycle lasts for 3 minutes, with a 1-minute
break between each cycle, with the aim of
achieving reduction of the intussusceptum
using the lowest insufflation pressure
possible. In era 2, these protocols may have
led to a slightly reduced PR rate and a lower
resection rate, but most importantly resulted
in elimination of a previously high mortality
rate. The overall rate of successful PR in
era 2 was 22.5% (n=25/111), which is still
higher than internationally reported rates;
this is despite improved patient evaluation
and resuscitation, and now the formalised
treatment protocols and guidelines,
as well as a better staff complement in
both the paediatric surgery and radiology
departments.

In era 2, patients with a shorter DoS had
higher successful PR rates, which could
explain the lower PR rates in era 2, as a
longer DoS (3 days) was associated with
higher PR failure rates.

It should also be noted that the proportion
of patients selected for PR was much lower
in era 2 compared with era 1 (46.8% wv.
63.9%), which probably reflects patients
presenting late, but could also reflect a more
aggressive approach with a low threshold for
surgical exploration over PR in era 2, both
of which probably contributed to the low PR
rate in era 2. We suspect that the motivation
for this more aggressive approach in era 2
was the unacceptably high mortality rate
in era 1, but it is important to note that
this approach may have contributed to the
eradication of mortality in era 2.

The  male-to-female  ratio  of
intussusception seen in this study showed a
higher proportion of males (59.5% v. 40.5%).
The reason for this predilection is unknown,



RESEARCH

PR
attempted

Intussusception
confirmed

No contraindication
to PR

Contraindication
to PR

Theatre

Reduction
achieved

Admit to
ward and feed

Reduction

Failed
reduction

Reattempt
in 6 hours

Failed

achieved reduction

Admit

to ward Theatre

Fig. 2. Management algorithm. (PR = pneumatic reduction.)

but it is consistent with previously published
data in SA and internationally. Most of
our patients were aged <10 months, with
a mean age of 6 months, which correlates
with a 2013 study done in SA by Venter
et al.'™ where the peak incidence of
intussusception was seen in the age group
<12 months. Higher admission CRP levels
were associated with failed PR and the
need for surgical exploration. Two previous
studies have found that high CRP levels
were significantly associated with worsening
disease severity."*!*| In our era 1, increased
CRP levels were found to be predictors of
poor clinical outcomes, specifically failure
of PR (p=0.043) and the need for relook
laparotomy (p=0.025). In 2001, Willetts
et al.' also reported that children with
intussusception should be placed into
treatment groups based on their CRP levels,
as a higher CRP level was significantly
associated with worse outcomes in patients
treated by PR (p=0.01). Our era 2 results
are comparable to the findings from era 1,
where a low CRP (median (IQR) 10 (5 -
20) mg/L) predicted successful PR, and a
higher CRP (median 38 (15 - 65) mg/L) was
predictive of unsuccessful PR.

For obvious reasons, if feasible,
manual reduction is preferred over bowel
resection in patients undergoing surgical
exploration. The resection rates in our era
2 were lower compared with those in era
1 (48.6% (n=54/111) v. 54.6% (n=53/97),
respectively), which probably reflects our
more aggressive decision to proceed with

surgery more often, as one perceived strategy
to reduce mortality. This finding could
also be attributed to better intraoperative
decisions made by more experienced
surgeons in era 2. It is important to note that
in era 2, the resection rates for patients taken
for primary surgical exploration and for
those taken to surgery after failed PR were
approximately equal at 62.7% (n=37/59)
V. 63.0% (n=17/27), respectively. This is
difficult to explain, as we would expect
patients with failed reduction to have higher
resection rates.

The overall stoma rate in era 2 was
4.7% (n=4/86), which is lower than in
era 1, where the stoma rate was 13.8%
(n=9/65). This is again probably the result
of better intraoperative decisions by a
more experienced surgical team as well
as improved preoperative resuscitation,
with both contributing to the confidence
of the team to complete an anastomosis
on a more stable patient. Unsurprisingly,
of the 4 stomas created in era 2, 3 were
performed in patients who had primary
surgical exploration, and only 1 was done
after a failed PR.

Perhaps most importantly, in era 2 no
deaths were recorded, which is in stark
contrast to the mortality rate of 9.1% in
era 1. This is a significant and notable
improvement and is comparable to
international standards. The eradication
of mortality is attributed to the aggressive
approach described above that was
undertaken in era 2, which included a
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shift in focus to prioritising resuscitation
before any investigation or intervention,
formalisation of PR protocols and a more
decisive approach to surgical intervention,
which may be a result of involvement of
senior paediatric surgical staff.

Conclusion

Internationally, advances in diagnosing and
treating intussusception have improved
outcomes in this disease. Higher CRP levels
on admission have again been demonstrated
to be a risk factor for poor outcomes.
In the absence of contraindications, PR
remains the first-line therapy for paediatric
intussusception. Despite the formalised
protocols in our department, we could
not demonstrate an improvement in
the proportion of attempted PR cases
compared with our previous series, and
we could not achieve better PR rates. This
is mainly thought to be due to the delayed
presentation of our patients. However,
our formalised protocols, which include
aggressive resuscitation, PR technique
and proceeding to surgical reduction in
appropriately selected patients, have resulted
in the eradication of mortality secondary
to intussusception during era 2, which is
extremely encouraging. Future protocols
will aim to risk-stratify children based on the
ranges of CRP levels and potentially manage
these children along different algorithms
from the onset of presentation. In addition,
we need to investigate the incorporation
of other biochemical parameters into the
standardised treatment algorithms for
intussusception in SA and other LMICs.
Clinical assessment and use of point-of-
care investigations remain vital in the
management algorithm.
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