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ImagingImagingImaging

Valutazioni anatomico-ecograficheValutazioni anatomico-ecografiche

•• Aspetto Aspetto ““a 5 stratia 5 strati””



Infant Young child Teenager

• Congenital anomaly
• Incarcerated hernia
• Volvulus
• Intussusception
• Intestinal perforation
• NEC
• Appendicitis (rare)

• Trauma
• Meckel’s diverticulum
• Peritonitis
• Appendicitis
• Renal calculi
• Intussusception (under 4 
years)

• Appendicitis
• Mesenterci adenitis
• Costipation
• Colecistitis
• Ginecological causes
• Litiasi biliare (rara)
• Acute Scrotum

Stringer DA. Acute Abdominal Pain. Emercency Pediatric Radiology – ARRS Categorical Course Syllabus, 1995

Causes of acute abdominal painCausesCauses of acute of acute abdominalabdominal painpain

“Other” causes of 
abdominal pain

• Pneumonia
• Hyperthhyroidsm
• Purpura
• Poisoning



“Abdominal pain is one of the most common 
presentations in the pediatric emergency

department.”

“Abdominal pain is one of the most common 
presentations in the pediatric emergency

department.”

“The most important concern is to decide if the 
condition requires surgical intervention or can be

managed medically.”

“The most important concern is to decide if the 
condition requires surgical intervention or can be

managed medically.”

Shah I - 2002



Hypertrophic pyloric stenosisHypertrophicHypertrophic pyloricpyloric stenosisstenosis

Sintomi e SegniSintomi e Segni

• Presentazione più frequente fra le 2 e 8 settimane 
di vita; Rapporto M:F = 4:1

• Vomito “a getto”, non biliare
• Palpazione dell’ “oliva  pilorica” (80%)

•• Presentazione piPresentazione piùù frequente fra le 2 e 8 settimane frequente fra le 2 e 8 settimane 
di vita; Rapporto M:F = 4:1di vita; Rapporto M:F = 4:1

•• Vomito Vomito ““a gettoa getto””, , non biliarenon biliare
•• Palpazione dellPalpazione dell’’ ““oliva  piloricaoliva  pilorica”” (80%)(80%)



Hypertrophic Pyloric StenosisHypertrophicHypertrophic PyloricPyloric StenosisStenosis



US diagnosisUS US diagnosisdiagnosis

Muscolar thickness ≥4 mmMuscolarMuscolar thicknessthickness ≥≥4 mm4 mm

Channel length ≥18 mmChannel length ≥18 mm

Hypertrophic Pyloric StenosisHypertrophicHypertrophic PyloricPyloric StenosisStenosis



MALROTATIONMALROTATION

Improper word

INCOMPLETE 
ROTATION

INCOMPLETE 
ROTATION



MalrotationMalrotationMalrotation

Immediate diagnosis of malrotation
with volvolus is an absolute priority to
prevent ischemia or intestinal necrosis

Immediate diagnosis of malrotation
with volvolus is an absolute priority to
prevent ischemia or intestinal necrosis



MalrotationMalrotationMalrotation

Signs and SymptomsSignsSigns and and SymptomsSymptoms

Any newborn with green vomiting
must be considered to be suffering
from a malrotation with volvolus
until proven otherwise

AnyAny newbornnewborn withwith green green vomitingvomiting
mustmust bebe consideredconsidered toto bebe sufferingsuffering
fromfrom a a malrotationmalrotation withwith volvolusvolvolus
untiluntil provenproven otherwiseotherwise



ultrasound findingsultrasound ultrasound findingsfindings

Inversion of the mesenteric vesselsInversion of the mesenteric vessels

MalrotationMalrotationMalrotation



Caution!CautionCaution!!

Approximately 1/3 of patients with Approximately 1/3 of patients with 
documented documented malrotationmalrotation surgically show surgically show 
normal vascular relationshipsnormal vascular relationships

MalrotationMalrotationMalrotation



VOLVULUSVOLVULUS

TwistingTwisting
Any loop can make a twist if sufficiently dilated and/or 

solidarity with a mass

In this case: twistingtwisting on the short on the short mesenterymesentery
aroundaround the the superiorsuperior mesentericmesenteric arteryartery

(Condition frequent in patients with malrotation)



VolvulusVolvulusVolvulus

•• TwistingTwisting on on superiorsuperior mesentericmesenteric veinvein

•• twisting on mesentery around the superior twisting on mesentery around the superior 
mesenteric arterymesenteric artery

WhirlpoolWhirlpool signsign

ultrasound findingsultrasound ultrasound findingsfindings



VolvulusVolvulusVolvulus

Integrated imagingIntegratedIntegrated imagingimaging

WhirlpoolWhirlpool signsign



VolvulusVolvulusVolvulus

Is effective the “whirpool
sign”?

N. N. PtsPts SensSens.. Spec.Spec.

Shimanuki
Radiology 1996

160 92% 100%

Chao
JUM 2000

31 89% 92%

Personal series
(abbiamo i nomi e cognomi!)

31
(gen. 2000-dic. 2003)

79% 100%



VolvulusVolvulusVolvulus

Perbacco!!Perbacco!!
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Intestinal malrotationIntestinalIntestinal malrotationmalrotation



VolvolusVolvolusVolvolus

Caution!

Caution

Caution!!

VolvoloVolvoloVolvolo

Perbacco!!Perbacco!!



Take home message!

•• When US cannot exclude a diagnosis of When US cannot exclude a diagnosis of 
malrotationmalrotation, upper GI examination is , upper GI examination is 
still the best choicestill the best choice

•• Abdominal US Abdominal US exminationexmination must must 
routinelyroutinely include the study of include the study of 
mesenteric vesselsmesenteric vessels



AppendicitisAppendicitisAppendicitis

Diagnosis!Diagnosis!

“After gastroenteritis, appendicitis is the 
most common acute abdominal

inflammatory problem in childhood, and 
its accurate diagnosis remains as

challenging as ever”
Swischuk L E - 2000

“Appendicitis is the most common  
cause of acute abdominal pain that

necessitates surgical intervention in the 
Western world”

Kessler N - Radiology 2003



AppendicitisAppendicitisAppendicitis

Signs and symptomsSignsSigns and and symptomssymptoms

• The clinical signs of appendicitis are well 
known…

• …but, OF COURSE, are not always 
necessarily present!

•• The clinical signs of appendicitis are well The clinical signs of appendicitis are well 
knownknown……

•• ……but, OF COURSE, are not always but, OF COURSE, are not always 
necessarily present!necessarily present!



Mimics of AppendicitisMimicsMimics of of AppendicitisAppendicitis

HELP!
HELP!



AppendicitisAppendicitisAppendicitis

DiagnosisDiagnosis

Role of the imagingRoleRole of the of the imagingimaging

Facilitating an early correct diagnosis

Formulate any differential diagnosis

Reduce the percentage of negative laparotomie

Limiting the bowel perforations and other complications

Reduce the intensity and the cost of care



UltrasoundUltrasoundUltrasound

“Although there are those who still claim that
the diagnosis of the appendicitis is clinical, 

with experience, one comes to the conclusion
that ultrasound is much more sensitive”

Swischuk L E - 2000

“Who carried out the investigation must be an expert in paediatric
gastrointestinal ultrasound and must make use of equipment last 

generation. If these conditions are missing is preferable the clinical 
diagnosis because it threatens to worsen the outcome with false 

positives or dangerous delays in diagnosis”
Tomà et al - 2002

AppendicitisAppendicitisAppendicitis
DiagnosisDiagnosis



But look where for the appendix?

UltrasoundUltrasoundUltrasound

AppendicitisAppendicitisAppendicitis
DiagnosisDiagnosis



AppendicitisAppendicitisAppendicitis

• presents of hypervascular, 
aperistaltic, sausage-like, blind-
ending, concentrical layered
structure
• not or  only moderately
compressibile

• > 6 mm diameter
• inflammed, hyperecoic, not
compressibile mesenteric or 
omental fat iperemia parietale
• wall thickening of the contiguous
intestinal loops

•• presentspresents of of hypervascularhypervascular, , 
aperistalticaperistaltic, , sausagesausage--likelike, , blindblind--
endingending, , concentricalconcentrical layeredlayered
structurestructure

•• notnot or  or  onlyonly moderatelymoderately
compressibilecompressibile

•• > 6 mm > 6 mm diameterdiameter
•• inflammedinflammed, , hyperecoichyperecoic, , notnot
compressibile compressibile mesentericmesenteric or or 
omentalomental fatfat iperemia parietaleiperemia parietale

•• wallwall thickeningthickening of the of the contiguouscontiguous
intestinalintestinal loopsloops

Tomà et al - 2002

Patological findingsPatologicalPatological findingsfindings



Ultrasound can help?Ultrasound can help?

AppendicitisAppendicitisAppendicitis

1991 1994 20001997

334406 407 397AppendicectomieAppendicectomie

8.7%23% 8.0% 4.0%Appendicectomie 
negative
Appendicectomie 
negative

41%1.0% 91% 98%Pazienti sottoposti a USPazienti sottoposti a US

Kaiser S et al.: Eur J Pediatr Surg 2004

Ma l’Ecografista è di 
aiuto?

Ma l’Ecografista è di 
aiuto?

AppendiciteAppendiciteAppendicite

Radiology -1994

Ma l’Ecografista è di 
aiuto?

Ma l’Ecografista è di 
aiuto?

AppendiciteAppendiciteAppendicite

Radiology -1994



Radiology -1994

When you make ultrasound?WhenWhen youyou makemake ultrasound?ultrasound?



Radiology -1994

I am sure: the diagnosis is appendicitis!

I agree, dear
colleague!



Negative predictive value of an appendix < 6 mm

Nicolas Kessler,et al. Appendicitis: Evaluation of Sensitivity, 
Specificity, and Predictive Values of US, Doppler US, and 
Laboratory Findings. Radiology 2004;230:472-478

Rettenbacher T . Outer Diameter of the Vermiform 
Appendix as a Sign of Acute Appendicitis: Evaluation at US
Radiology. 2001;218:757-762

98%

98%

100%
Rioux M. Sonographic detection of the normal and 
abnormal appendix. AJR 1992; 158:773-778

Ultrasound allows to exclude with high accuracy 
the diagnosis of acute appendicitis.

Ma l’Ecografista è di 
aiuto?

Ma l’Ecografista è di 
aiuto?

AppendiciteAppendiciteAppendicite

Radiology -1994

Ma l’Ecografista è di 
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Ma l’Ecografista è di 
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Ma l’Ecografista è di 
aiuto?

Ma l’Ecografista è di 
aiuto?

AppendiciteAppendiciteAppendicite

Radiology -1994

Ma l’Ecografista è di 
aiuto?

Ma l’Ecografista è di 
aiuto?

AppendiciteAppendiciteAppendicite

Radiology -1994

Nicolas Kessler,et al. Appendicitis: Evaluation of Sensitivity, Specificity, and 
Predictive Values of US, Doppler US, and Laboratory Findings. Radiology
2004;230:472-478 

Non visualization of the appendix :
VPN = 90%-100%

Non visualization of the appendix :
VPN = 90%-100%

“… non visualization of the appendix can only be valid as an accurate 
finding to exclude appendicitis for...

...songraphers who can usually identify a normal appendix.”



Make diagnosis of appendicitis is 
possible…

Make diagnosis of appendicitis is 
possible…

… if…… if…

… you have an operator 
with a view "pointing"!

… you have an operator 
with a view "pointing"!



IntussusceptionIntussusceptionIntussusception
Intussusception is the invagination or telescoping of one 
portion of intestine into the contiguous distal segment



Signs and SymptomsSignsSigns and and SymptomsSymptoms

• Paroxysmal abdominal pain (80-90%)
• Ematic stool (60-65%)
• Abdominal palpable massa (90%)

•• ParoxysmalParoxysmal abdominalabdominal painpain (80(80--90%)90%)
•• EmaticEmatic stoolstool (60(60--65%)65%)
•• AbdominalAbdominal palpablepalpable massa (90%)massa (90%)

“Classical” clinical triad“Classical” clinical triad

Present at the same time in less Present at the same time in less 
than 50% of casesthan 50% of cases!!

IntussusceptionIntussusceptionIntussusception



US Diagnostic Accuracy: 100%

Verschelden P et al . Intussusception in children:relyability off US 
diagnosis – a prospective study. Radiology.184:741-744; 1992

Ma l’Ecografia è di 
aiuto?

Ma l’Ecografia è di 
aiuto?

Radiology -1994

Ma l’Ecografia è di 
aiuto?

Ma l’Ecografia è di 
aiuto?

Radiology -1994

Pacros et al . Acute intestinali intussusception in children: contribution 
of ultrasonography (145 casses). Ann Radiol. 30:525-530; 1987

del Pozo et al . Intussusception in children:currente concepts in 
diagnosis and enema reduction. Radiographics.19:299-319; 1999



Negative predictive value 100%

Verschelden P et al . Intussusception in children: 
relyability off US diagnosis – a prospective study
Radiology.184:741-744; 1992

Verschelden P et al . Intussusception in children: 
relyability off US diagnosis – a prospective study
Radiology.184:741-744; 1992

Ultrasound allows to exclude with high accuracy 
diagnosis of Invaginazione

Ma l’Ecografia è di 
aiuto?

Ma l’Ecografia è di 
aiuto?

Radiology -1994

Ma l’Ecografia è di 
aiuto?

Ma l’Ecografia è di 
aiuto?

Radiology -1994



22%22%
58%58% 73%73%

PrePre--ecoeco trainingtraining PostPost--trainigtrainig

1995-20001995-2000 2001-20022001-2002

Percentage of 
positivity to 

clisma in 
suspected 

intussusception

US some 
negative cases

92%92%



“We know of no case of 
intussusception missed at US”

“We know of no case of 
intussusception missed at US”



Ultrasound findingsUltrasound findings
IntussusceptionIntussusceptionIntussusception



Giornale Italiano di Ecografia, 2006Giornale Italiano di Ecografia, 2006

Ultrasound signs indicative of irreducibility
dell'invaginazione: myth or reality?

Ultrasound signs indicative of irreducibility
dell'invaginazione: myth or reality?



Giornale Italiano di Ecografia, 2006Giornale Italiano di Ecografia, 2006

N. pazienti N. riduzioni (%)

Pattern intussusception

Target-like 89 59 66
Doughnut-like 165 106 64

N. pazienti N. riduzioni (%)

Presence of lymphnodes

Con Linfonodi 48 29 60
Senza Linfonodi 206 136 66

Ultrasound signs indicative of irreducibility
dell'invaginazione: myth or reality?

Ultrasound signs indicative of irreducibility
dell'invaginazione: myth or reality?



“It is estremely difficult to predict wich
intussusception may have necrosis or will be

irreducible based on sonographic features alone”

“It is estremely difficult to predict wich
intussusception may have necrosis or will be

irreducible based on sonographic features alone”

“Note of any of the above-mentioned features may
alert one to the possibilities of necrosis or 

irreducibility but does not preclude an attempted
reduction by enema”

“Note of any of the above-mentioned features may
alert one to the possibilities of necrosis or 

irreducibility but does not preclude an attempted
reduction by enema”

Daneman A et al: Pediatr Radiol 33, 79-85, 2003Daneman A et al: Pediatr Radiol 33, 79-85, 2003

Conclusion...Conclusion...

Ultrasound signs indicative of irreducibility
dell'invaginazione: myth or reality?

Ultrasound signs indicative of irreducibility
dell'invaginazione: myth or reality?



However, it has been shown that transabdominal sonography

achieves good to excellent results as a directed tool for
evaluating potential bowel disorders: appendicitis can be diagnosed
with a sensitivity ranging from 80% to 93% and a specificity between
94% and 100%.

Intestinal sonography in childrenIntestinalIntestinal sonographysonography in in childrenchildren
ConclusionConclusion

The information provided by The information provided by sonographysonography allows a more allows a more 
complete understanding of the state of the bowel and may complete understanding of the state of the bowel and may 
thus make management decisions easier and potentially thus make management decisions easier and potentially 
change outcome.change outcome.


