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Abstract 
Background: Acute intestinal invagination or intussusception is the most com-
mon abdominal surgical emergency in infants, but it can occur at any age. 
Performing an ultrasound scan at the slightest clinical suspicion contributes 
to early diagnosis and therapeutic management. Objective: To show the re-
levance of ultrasound in the therapeutic management of the child’s intussus-
ception through a correlation between the ultrasound diagnosis and the clin-
ical and/or per operative diagnosis. Patients and Methods: It was a retros-
pective study of 24 cases from July 2017 to September 2020 (30 months) in 
the Medical Imaging and Paediatric Surgery departments of Teaching Hospital 
of Bouaké. We included only patients from 0 to 15 years old who had diges-
tive symptoms, an abdominal ultrasound scan. These patients were eligible 
for surgery. Data analysis was performed with Epi info 7 software. Results: 
Median age was 17.2 months [02 - 120]. Male gender predominated (83.3%). 
Clinico-biological data were dominated by abdominal pain (79.2%), vomiting 
(75%) and rectorragies (33.3%), with Ombredanne’s triad in 33.3% and 
hyperleukocytosis (70.8%). Ultrasonography showed invaginated coves 
(95.8%) sitting in the right angl iliac fossa, peri-umbilical and right flank in 
73.9%. Cockade image coupled with the sandwich image accounted for 
95.6%. Superficial adenopathies (45.8%) and peri-lesional fluid effusion 
(20.8%) were associated with it. An occlusive syndrome complicating intus-
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susception was observed in 41.67% associated with intra-peritoneal effusion 
of fluid (25%). There was a significant diagnostic agreement between the 
clinic, ultrasound and surgery according to the Fisher’s exact test (p = 0.002). 
That between ultrasound and surgery was calculated at 95.4%. Conclusion: 
This study allowed us to show a good clinical-echo-surgical concordance. Ul-
trasound is therefore an undeniable diagnostic, prognostic and therapeutic 
tool in the exploration of intussusception, hence the interest of its prescrip-
tion in the shortest possible time by the clinician. 
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1. Introduction 

Acute intestinal invagination (A.I.I.) or intussuception is the penetration of an 
intestinal segment and its meso into the downstream intestine. It is the most 
common abdominal emergency in infants and young children, but can occur at 
any age. Intussuception is idiopathic in more than 95% of cases [1]. Its clinical 
manifestation is variable but classically includes paroxysmal abdominal pain, 
vomiting and bloody stools. Intestinal invagination results in intestinal occlusion 
and ischaemia with the risk of intestinal perforation and peritonitis [2] [3] [4]. 
Precarious financial situation of patients, but also the delay in diagnosis and 
treatment, puts their vital prognosis at risk. In our developing countries, A.I.I is 
characterized by a still very high morbidity and mortality [5]. This pathology 
therefore requires an abdominal ultrasound for its diagnosis. Ultrasound is the 
reference diagnostic examination. It allows us to determine anatomical type of 
the blood sausage, to identify digestive distress, to detect a primitive lesion and 
therefore to guide the therapeutic treatment [6]. Very few studies have been car-
ried out on the contribution of ultrasound in management of this pathology. The 
objective of this study was to show relevance of ultrasound in the therapeutic 
management of a child’s intussusception by correlating ultrasound diagnosis 
with the clinical and/or per operative diagnosis. 

2. Patients and Methods 

We carried out a retrospective study based on an exhaustive sampling. The study 
covered 24 files. This study was carried out in the Medical Imaging and Paedia-
tric Surgery Departments of Teaching Hospital of Bouaké from July 2017 to 
September 2020. This hospital is only university hospital center in the interior of 
Côte d’Ivoire. Medical imaging department has standard and specialized radio-
graphy, ultrasound, mammography and dental panoramic units, as well as a 
scanner. However, there are 3 functionals units including ultrasound, standard 
radiography and specialize examinations with an estimated average of 30 and 60 
examinations per day respectively. As for the paediatric surgery unit, it has 3 
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beds and consults an average of 1700 children/year. These two services represent 
the reference services of the administrative region of Gbêkê. They cover a cos-
mopolitan and predominantly rural population estimated of projection from 
General Census of Population and Housing of 1998 in 2001 at 1,249,060 inhabi-
tants [7]. 

Any child (0 - 15 years) suspected of A.I.I who had undergone an abdominal 
ultrasound and who was eligible for surgery with a usable medical record was 
selected for this study. We did not include newborns. Observations used as a ba-
sis for this work were reconstructed from: 
- Medical records from the Paediatric Surgery Hospitalisation of Teaching 

Hospital of Bouaké, 
- Radiological studies including ultrasound data of 24 infants and children 

who were referred to our Medical Imaging department for evaluation of a 
possible A.I.I. 

- Registers of operative reports. 
Variables studied were: age, sex, history of illness or surgery, results of physi-

cal examination, clinical diagnosis, results of haemogram as well as those of ra-
diological examinations, modalities of surgical treatment.  

Ultrasound scans were performed using 7.5 Mhz high-resolution linear trans-
ducers and low-frequency convex transducers (3.5 - 5 Mhz). If clinical condi-
tions allow, for the ultrasound examination to be carried out, patient must fast 
for only 3 - 4 hours before examination. Patient should be supine, with the head 
resting on a small pillow, undressed to the waist. Ultrasound was considered 
positive in the presence of classic concentric ring or cockade image and sand-
wich image of intussuception in all patients suspected of A.I.I. This examination 
allowed the search for associated lesions and or complications such as state of 
abdominal solid organs notably liver, spleen, kidneys and pancreas, presence and 
location of intra-abdominal mass such as deep or superficial adenopathy, pres-
ence of fluid effusion as well as its abundance. 

These patients were subsequently eligible for surgery. For patients who un-
derwent surgery, a laparotomy was performed and a peroperative diagnosis was 
made, specifying appearance of invaginated loop, etiology or not and other 
findings as well as procedures performed. Data was analysed using Epi info ver-
sion 7 software and figures were analysed using Microsoft Excel office 2013 
software. Statistical analysis was initially descriptive, determining number of 
staff, calculating averages and comparing proportions, and then secondarily 
analytical using the exact Fisher test with α = 0.05 (significance threshold). Also 
for analytical study: 

H0: P < 0.05; there is a link between variables studied; 
H1: P ≥ 0.05; there is not link between variables studied. 
Approval of the institutional ethics committee was obtained prior to the start 

of this study. There was no conflict of interest between the authors of this ma-
nuscript. 
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3. Results  

 Epidemiological aspects 
Average age of the patients was 17.2 months with extremes of 2 and 120 

months. Infants predominated in 83.3% of the cases in our study (N = 20). These 
patients were not in school in 95.83% (N = 23) and their Expanded Programme 
on Immunization (E.P.I) and excluding EPI vaccination status was up to date in 
83.3% and 16.7% respectively. Male gender represented 83.3% of the respon-
dents, i.e. a sex ratio of 5. 
 Clinical and biological aspects 

Functional signs were dominated by classic symptomatic triad of Ombre-
danne (33.3%), consisting of paroxysmal abdominal pain (79.2%), bilious vo-
miting (75%) and rectorragies (33.3%). 

Abdominal distension represented 41.67% (N = 10) of functional signs pre-
sented by patients. 

During physical examination, an oblong mass reflecting invagination sausage 
was palpable in 25% of cases (N = 6), preferably palpated in right peri-umbilical 
region (N = 3). 

Dehydration and fever were the most common general signs in our study, re-
flecting poor general condition of patients in 58.3% (N = 14) and 37.5% (N = 9) 
of cases respectively. 

Hyperleukocytosis (≥11,000 elements/mm3) was associated with these clinical 
signs in 70.8% of cases (N = 14). 
 Medical imaging aspects 

All patients had an abdominal ultrasound. However, no opaque enema was 
performed. Only 37.5% of patients had an x-ray of abdomen without prepara-
tion (ASP). 

Concerning ultrasound aspects, invaginated intestinal loops were observed in 
95.8% (N = 23). These invaginated intestinal loops were preferentially on the 
right (73.9%), particularly in right iliac fossa and right flank each in 26.1% (N = 
6) and in peri-umbilical area in 21.7% (N = 5). 

Cockade image coupled with sandwich image (Figure 1) was the most rep- 
resented with 95.6% (N = 22). However, an indeterminate image was noted in 
4.3% (N = 1). In cross-section, diameter of cockade image varied between 20 
mm and 50 mm. Invagination sausage in cross-section measured between 30 and 
50 mm in 81.8% of cases i.e. 18 cases (Table 1). 

A.I.I was associated with intestinal occlusion in 10 patients (42%), intraperi-
toneal fluid effusion in 6 patients (25%) and intestinal ischaemia done to absence 
of vascular flow with colour Doppler in 34.8% (N = 8) and peri-lesional fluid ef-
fusion (Figure 2), i.e. fluid trapped around the head of invagination coil in 
20.8% (N = 5). There were no cases of intestinal perforation. 

These ultrasound signs were associated with superficial adenopathies (45%) 
which were mostly located in mesentery (67%). 

All patients surveyed had integrity of solid intra-abdominal organs (liver, 
spleen, kidneys, pancreas). They had an alithiasic gallbladder with a thin wall. 
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Figure 1. Cockade image (a) in cross-section and sandwich image, (b) in longitudinal 
section of an acute intestinal invagination showing invaginated loop (red arrow) and in-
vaginating loop (blue arrow). (Photo library of the medical imaging department of 
Teaching Hospital of Bouaké). 
 

 
Figure 2. Cockade image (blue arrow) with colour Doppler signal (green arrow) and pe-
ri-leional fluid effusion (red arrow) on a cross-section. (Photograph from the radiology 
department of Teaching Hospital of Bouaké). 
 
Table 1. Distribution of A.I.I. according to the diameter of the cockade image. 

Target image diameter (mm) N % 

20 - 30 4 18.2 

30 - 40 14 63.6 

40 - 50 4 18.2 

Total 22 100 

 
No other abdominal mass were found. 
On the radiographic images of Abdomen Without Preparation (ASP), central 

hydro-aerial levels wider than high were found in 34.8% of cases (N = 8). No 
opaque enema was performed in our study. 

Diagnostic delay exceeded 48 hours in 79.2% of cases (N = 19). 
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 Intra-operative results 
Surgical confirmation of A.I.I. was effective in 22 patients, i.e. in 91.7% of cas-

es (Figure 3). 
Intestinal invagination was at the ileocolic level in 72.7% (N = 16). Intestinal 

loops were viable in 63.6% (N = 15) and necrotic in 31.8% (N = 7). 
Invagination’s cause of these intestinal loops was not found in 81.8% (N = 18). 

However, an ileal tumour was the etiology in 13.6% (N = 3). 
Mesenteric adenopathies were associated with A.I.I in 63.6% (N = 14). 
Surgical gesture performed were essentially manual desinvagination in 81.8% 

(N = 18) and anastomosis resection in 31.8% (N = 7). 
 Diagnostic concordance 

Positive predictive value (PPV) of ultrasound results concordant with surgery 
was calculated at 95.4%. On the other hand, diagnostic concordance with the 
clinic was 47.6% (Table 2). 

There is a significant diagnostic concordance between the clinic, ultrasound 
and surgery (Table 3). 
 

 
Figure 3. Intra-operative image showing a colo-colic invagination sausage. (Photo library 
of the paediatric surgery unit of Teaching Hospital of Bouaké). 
 
Table 2. Clinical-echo-echo-surgical diagnostic concordance. 

Pathology Diagnostic concordance 

A.I.I. 

Ultrasound scan Clinic PPV (%) 

21 10 47.6 

Ultrasound scan Surgery PPV (%) 

21 22 95.4 
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Table 3. Correlation between clinical diagnosis, ultrasound diagnosis and intraoperative 
diagnosis. 

 Clinic Ultrasound scan Surgery P 

Diagnostic concordance N (%) N (%) N (%)  

Yes 10 (45.5) 21 (95.4) 22 (100) 0.002 

No 12 (54.5) 1 (4.6) 0 (0)  

 
Evolution of our patients was marked by one case of spontaneous disinvagina-

tion confirmed by ultrasound. We therefore had 23 patients eligible for surgery. 
However, we recorded one death during intra-operative resuscitation during 
induction of anaesthetic product. Surgical confirmation of the A.I.I was there-
fore effective in 22 patients. Operative consequences in these patients were sim-
ple. 

4. Limits 

The aim of this study was to show relevance of ultrasound in therapeutic man-
agement of the child’s intussusception by correlating diagnostic-echo with clini-
cal and/or per operative diagnosis. However, relatively small number of cases 
represented a limitation in this study. This limited number can be explained by 
the large number of people lost to the precarious socio-economic conditions of 
population. 

5. Discussion 

 Epidemiological aspects  
Average age of patients was 17.2 months. Infants were the most represented 

among patients in 85% of cases. These results are consistent with those of Rako-
toarisoa [8] who found a predominance of infants in her study but with a younger 
average age of 8.1 months. 

Male sex observed in this study is consistent with data in literature [8] [9] [10] 
[11]. According to Weihmiller, male sex is a factor favouring acute intestinal in-
vagination and accounts for 60% of cases [12]. 
 Clinical aspects 

Diagnosis time exceeded 48 hours in 79.2% of cases. Carcassonne [13] and 
Rakotoarisoa [8] reported average durations of 35.5 hours and 44.1 hours re-
spectively, with extremes of 6 hours to 5 days in their studies. This delay in di-
agnosis is said to result from unfavourable socio-cultural and economic condi-
tions of our populations who first try traditional medication for digestive dis-
orders before considering a medical consultation. Also, absence of social security 
in our health centers is a hindrance to early diagnosis of patients. There is also a 
lack of awareness of this pathology among both para-medical and non-specialised 
medical staff. The time required to diagnose an A.I.I. is highly dependent on the 
skills of practitioner and available equipment [14]. 

Beyond a positive diagnosis, the clinical examination aims to assess severity of 
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A.I.I. and thus guide chronology of further examinations and treatment. A.I.I. 
has a clinical polymorphism however it is very often evoked in front of Kirmis-
son Ombredanne’s classic symptomatic triad made of paroxysmal abdominal 
pain, bilious vomiting and rectorragies associated or not with the perception of 
an invagination sausage. 

In our study, this triad dominated the functional signs with 33.3%. This rate is 
higher than that of Vandertuin, who noted presence of this triad in 24% of pa-
tients (7 out of 29) in Geneva and only in 1 case out of 37 in Lausanne [15]. For 
Bines, only 20% of invaginations have such a presentation [16], because in cur-
rent practice it is difficult to observe these three signs at same time. 

Invagination sausage was palpable in 6 patients, i.e. 25%. This rate is close to 
that of Rakotoarisoa [8] who found an abdominal mass 7 times out of 22, i.e. in 
31.8% of cases. These data are comparable to those in literature, which found 
invagination sausage’s head in 25% to 50% of ileocolic invaginations [16]. 
 Medical imaging aspects 

Invaginated loops were observed in almost all cases, 95.8% (N = 23). Cockade 
image was represented in 95.6% of cases. According to Vandertuin [15], this 
image, which corresponds in cross-section to the layers of intestinal walls inside 
each other, is easily identifiable. Abdominal ultrasound by an experienced radi-
ologist is currently examination of choice to confirm diagnosis of an intestinal 
invagination. Sensitivity and specificity of this examination is close to 100% [17]. 

Right location of invagination sausage was the most represented (73.9%), con-
sisting of right iliac fossa and right flank involvement in 26.1% each and pe-
ri-umbilical involvement (21.7%). This result is close to the data in literature, 
particularly in Franchi’s study [18], in which the vast majority of intestinal inva-
ginations occurred in right subhepatic region and on right flank. This right loca-
tion of A.I.I. is inherent to high frequency of ileocolic topography [1]. However, 
all areas of abdomen must be explored, as the head of invagination sausage may 
sit as far as the rectum. 

In 73.7% of cases, invagination sausages measured more than 30 mm in 
cross-section diameter. According to literature, this indicates an ileocolic or co-
locolic invagination [18]. Our result is therefore consistent with those of De 
Lamber and Franchi, who found that an ileocolic or colocolic invagination coil 
in cross-section measures between 30 and 50 mm in diameter and is located un-
der the abdominal wall [18] [19]. 
 Therapeutic aspects 

From a therapeutic point of view, many recent publications confirm interest 
of barium enema in reducing A.I.I. of infants [19] [20]. According to Becmeur 
[21], before deciding on a non-operative treatment, it is necessary to ensure its 
safety and assess its chances of success. None of our patients have been able to 
benefit from this so-called medical reduction treatment for clinical and technical 
reasons. In our practice, surgery unfortunately still remains the only logical the-
rapeutic weapon. Twenty-two patients or 91.7% were treated surgically in our 
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study. The poor general condition of patients, clinical and ultrasound signs of 
seriousness but above all diagnostic delay which exceeded 48 hours in the ma-
jority of cases justified this surgical indication in these 22 patients. Major ul-
trasound criteria for the seriousness of an A.I.I. are hail signalling an obstruc-
tion and presence of liquid trapped around the head of invagination sausage 
showing digestive suffering. We detected 5 cases, i.e. 20.8% in our study. The 
greater the quantity of liquid, the greater the degree of suffering [22]. Accord-
ing to Baud, combination of two severity criteria leads to surgical treatment 
[5]. 

As for the site of lesion, it was an ileocolic A.I.I. in majority of patients (77.8%). 
Our ultrasound results and data from literature are close to this result [1] [15]. 

Invagination’s cause of these coves was not found in 81.8% (N = 18), which is 
evidence of idiopathic etiology well described in literature related to intusception 
[1]. Ileal tumour (N = 3) and dolichocolon (N = 1) were only etiologies observed 
in our study. 
 Diagnostic concordance 

We assessed the diagnostic concordance on 22 files in this study. There was 
indeed a significant concordance between clinical, ultrasound and per operative 
diagnosis (p = 0.002 < 0.05). Clinical-echo diagnostic concordance (PPV) was 
calculated at 47.6%, thus reflecting a high diagnostic discordance (Table 2). This 
discrepancy could be explained by difficulty in obtaining symptomatic triad in 
clinical picture and also in palpating invagination sausage.  

Relevance of ultrasound results was therefore assessed after laparotomy. This 
enabled us to calculate positive predictive value (PPV) of ultrasound results 
which was very high: 95.4%. This result is in agreement with that of other au-
thors who agree on primordial importance of ultrasound in diagnosis of A.I.I. in 
children. Kouamé [23] found a positive predictive value of 100%. 

6. Conclusion 

In spite of the poverty of technical platform, ultrasound in sub-Saharan Africa 
remains essential in the care of children with A.I.I. In this study, it allowed us to 
make a positive diagnosis with a very high positive predictive value (95.4%). We 
evaluated clinical-echo-surgical diagnostic concordance which was significant (p 
= 0.002). In order to reduce morbi-mortality linked to A.I.I, it is necessary to 
raise awareness and increase knowledge of practitioners, and to promote multi-
disciplinary consultation meetings involving radiologists and paediatric surge-
ons. A study on desinvagination by water enema under ultrasound surveillance 
could be envisaged to reduce the occurrence of complications, thus contributing 
to early diagnosis and treatment. 
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