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Plan du cours 
!  Rappels  

!  épidémiologie 
!  Diagnostic clinique 
!  Place des examens complémentaires 
!  Diagnostic différentiel 
!  Prise en charge classique : antibio / open / coelio  
!  Suites 

!  Discussion 
!  Examens complémentaires 
!  Coelio / open 
!  Terrains particuliers 
!  Scores cliniques 
!  1 temps / 2 temps 
!  Appendicite chronique 
!  HDJ  



+ Rappels. épidémio 

!  1° urgence chirurgicale chez l’enfant  

!  Atteint 0.3% des enfants de moins de 15 ans, pic entre 8 et 13 ans 

!  25 à 30% de formes compliquées, surtout jeune enfant 

!  Mortalité < 0.1%.... Mais pas nulle. 
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!  Le diagnostic est clinique+++  

 … allez palper toutes les douleurs abdominales de 
 votre service ! 

!  Différents tableaux : 
!  Appendicite classique 

!  Appendicite du jeune enfant 

!  Appendicite compliquée 

!  Appendicite  ectopique 

Rappels. Diagnostic clinique 



+

Appendicite classique > 6ans 
•  Douleur < 48h, à début épigastrique puis FID (VPP 91%) 
•  Nausées, vomissements alimentaires puis bilieux 
•  Inappétence, langue « chargée »,  
•  Pâleur contraste avec pommettes roses+++++++ 
•  Gonfler et creuser son ventre volontairement ++++ 
•  37° à 38°5 
•  Marche avec psoitis droit, précaution pour monter sur la table 

d’examen 
•  Cloche pied impossible+++++, 
•   TO+, défense FID (Mc Burney +), Blumberg + 
•  Accalmie traîtresse de Dieulafoy ; sinon douleur permanente 

d’intensité croissante 
•  PAS DE TR  

Rappels. Diagnostic clinique 



+ Rappels. Diagnostic clinique 

Appendicite < 3 ans… 100% compliquées 
•  Compliquée car dg tardif et très bien tolérée en l’absence de 

complication 

•  Moindre efficacité du grand épiploon… 

•  Paroi appendiculaire plus vulnérable… 

•  Clinique trompeuse : GEA, forte fièvre, boiterie… 

•  Examen difficile et peu informatif : pas de défense, jamais de 
contracture, masse parfois (plastron, abcès). 



+ Rappels. Diagnostic clinique 

Appendicite compliquée : abcès, plastron, 
péritonite 

•  Tableau de sepsis sévère : AEG, 38°5 voir 39°, prostré, déshydraté 

•  Défense FID +/- masse, « empâtement » 

•  Voir contracture généralisée : URGENCE. 

•  Occlusion fébrile 



+ Rappels. Diagnostic clinique 

Appendicites « ectopiques » 
•  Pelvienne : tableau de cystite subfébrile, BU négative 

•  Rétrocaecale : douleur de la FL, psoitis+++, BU négative 

•  Mésocoeliaque : douleurs périombilicales, tableau de GEA ou 
d’occlusion… 



+ Rappels. Place des examens complémentaires 

EMC 
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+ Rappels. Place des examens complémentaires 

Examens complémentaires 
– Biologie :  

» Hyperleucocytose à PNN avant 24h ou après 48h 
» CRP augmentée mais retardée de 48h 

– ASP :   
» 3 Signes indirects 
» Élimine d’autres étiologies 

 
 



+ Rappels. Place des examens complémentaires 
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•  Examens complémentaires 
– Echo : 

» Systématique chez la jeune fille 
» Structure tubulaire > 6 mm 
» Mac Burney échographique 

– TDM : 
» Obésité 
» Abcès appendiculaire suspecté non précisé 
» Valve ventriculo péritonéale 

Rappels. Place des examens complémentaires 
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Au total, le diagnostic d’appendicite aigüe sera porté sur un faiseau 
d’arguments cliniques et paracliniques évolutifs dans le temps 

Rappels. Place des examens complémentaires 

EMC 



+ Rappels. Diagnostic différentiel 

•  Diagnostic différentiel 
 

•  Adénolymphite mésentérique 
•  GEA avant 3 ans ou à tout âge si mésocoeliaque 
•  Pathologie ovarienne 
•  Pneumopathie  

•  Palpez les orifices herniaires chez le jeune enfant 
•  Palpez les testicules chez le garçon pubert 



+ Rappels. Prise en charge classique 

Chirurgicale et médicale systématiquement 
– Médicale  

» ATBthérapie : souvent double. Durée ? Molécules ? 
» Antipyrétiques et antalgiques,  
stop le dogme de ne pas donner de doliprane pour pas 
cacher la défense !!! 
» Réhydratation, parfois renutrition, kiné 

– Chirurgicale 
» Open ou coelio 
» Parfois : lavage, drainage 
» Parfois à distance de l’épisode infectieux 



+ Arrêt sur image : flore bactérienne 

!  Flore digestive locale : aérobies gram négatif > anaérobies 

!  Péritonite appendiculaire :  
!  Ecoli, Bacteroides, Strepto milleri : Anaérobies > Aérobies 

!  Sauf nouveau né ou nourrisson : moins d’anaérobie, d’Ecoli ou 
Strepto ; plus de Staph CN et Entérocoques 

!  Pseudomonas aeruginosa : très frqt (plus que chez l’adulte) 
!  Naturellement résistant à AAC et C3G 

!  Mais responsabilité dans l’infection, très débattue 

Rappels. Prise en charge classique 

Lau WY, Teoh-Chan CH, Fan ST, Yam WC, Lau KF, Wong SH. The bacteriology and septic complication of patients with appendicitis. Ann Surg. 
1984 ; 200 (5) : 576-81 

Dumont R, Cinotti R, Lejus C, Caillon J, Boutoille D, Roquilly A, et al. The Microbiology of Community-acquired Peritonitis in Children. 
Pediatr Infect Dis J. 2011 ; 30 (2) : 131-5. 



+ Arrêt sur image : résistances bactériennes 

!  BGN BLSE+ : 2,5% dans les AA de l’enfant en France (étude SMART 2008-2010) 

!  Nette diminution de la Sensibilité de Eb et Ecoli  / FQ et cefotaxime 

!  Résistance à AAC de Ecoli en ville : 
 22% en 2004, 28% en 2010, 36% en 2011 

!  Ecoli chez l’enfant : résistance à l’AAC de 10% à 36% 

Rappels. Prise en charge classique 



+ Arrêt sur image : prélèvements peropératoires 

!  Augmentation de la morbidité périopératoire lorsque prélèvements 
perop positifs à plusieurs germes 

!  Très controversé :  
!  Flore bactérienne régionale prévisible et ATB large spectre 

!  Actualiser la flore, désescalade thérapeutique, adapter en cas de complct 

Rappels. Prise en charge classique 

Brook I. Microbiology and management of intra-abdominal infections in children. Pediatr Int. 2003 ; 45 (2) : 123-9. 
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!  Antibiotiques :  
!  Débuter dés le diagnostic en attente du bloc opératoire 
!  A l’induction si bloc immédiat 
!  β lactamine +/- metronidazol ; + aminoside si compliqué 

!  Analgésie, Antipyrétique, réhydratation 
!  C’est une priorité. 
!  Expansion volémique parfois. 

!  Contrôle clinique (surtout anapath) à 1 mois 

Rappels. Prise en charge classique 
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!  Pas de FQ, pas de C3G 

Rappels. Prise en charge classique 
Antibiothérapie 

! 55 

L'appendicectomie dans le cadre d’une appendicite aiguë non compliquée est une 

chirurgie "propre-contaminée" (ouverture de l’appareil digestif) correspondant à la classe 2 

d’Altemeier. La SFAR recommande une antibioprophylaxie (tableau 7), limitée à une 

injection préopératoire éventuellement renouvelée pendant l'intervention en fonction de la 

pharmacocinétique du l'antibiotique et de la durée d'intervention. La coeliochirurgie obéit aux 

mêmes principes que la chirurgie « traditionnelle » car l'intervention est identique, sauf que 

la voie d'abord est différente; une conversion en laparotomie est toujours possible (4). 

 

Tableau 7 : Antibioprophylaxie pour l'appendicite simple chez l’adulte (appendice 

normal ou macroscopiquement peu modifié) d’après les recommandations de la SFAR 

(4). 

Antibiotique Dose Durée 

Céfoxitine 2 g IVL 
Dose unique; réinjection de 

1 g si durée > 2 h 

Pénicilline A + Inhibiteur 

de ß-lactamases 
2 g IVL 

Dose unique; réinjection de 

1 g si durée > 2 h 

Allergie: Imidazolé + 

gentamicine 

Imidazolé: 1 g en perfusion 

Gentamicine: 5 mg/kg  
Dose unique 

 

Bien qu’il n’existe pas de réel consensus quant aux molécules exactes et posologies 

idéales utilisables dans cette indication, nous retiendrons des recommandations disponibles 

que cette antibioprophylaxie doit être à large spectre (178), en privilégiant son administration 

en dose unique (168). Plusieurs molécules ont classiquement prouvé leur intérêt : C2G à 

activité anti-anaérobie, C3G, l’association gentamicine et clindamycine, l’association 

gentamicine et métronidazole (169). Mais dans la mesure où des essais randomisés 

contrôlés n’ont pas permis de démontrer la supériorité d’une molécule par rapport à une 

autre, nombreux sont les antibiotiques utilisables, dès lors qu’une couverture des BGN et 

des anaérobies est assurée. Les C3G et les fluoroquinolones doivent cependant être évitée 

pour l'antibioprophylaxie. Elles sont chères, leur activité anti-staphylococcique est souvent 

!  AA non compliquée : chirurgie propre contaminée ; classe 2 
d’Altemeier 
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!  Pas de FQ, pas de C3G 
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+ Rappels. Prise en charge classique 
Antibiothérapie 

!  AA compliquée : Péni A + aminoside + antianaérobie 

! 58 

fait de l’émergence de nombreuses souches de B. fragilis résistantes à cet antibiotique 

(123). 

 

Tableau 8. Antibiothérapie probabiliste des infections intra-abdominales compliquées 

(extra-biliaires) proposée par les recommandations de la Surgical Infection Society et 

de l’Infectious Diseases Society of America (123) 

 

 

Ces recommandations sont confirmées par l’étude SMART 2008-2010 qui note une très 

bonne activité de l’imipénèm, de l’association PT, de l’ertapénème et de l’amikacine contre la 

flore rencontrée. Ces antibiotiques seraient les molécules de choix, particulièrement 

lorsqu’une flore résistante est envisagées (par exemple BGN sécréteur de BLSE). 

L’ertapénèm ne « couvre » par contre pas P. aeruginosa. Cette étude souligne donc 

également l’intérêt de l’utilisation de la céfépime et de la ceftazidime dans la population 

pédiatrique (137). 

Après analyse coût-efficacité des différentes molécules de l’arsenal thérapeutique 

des appendicites aiguës compliquées de l’enfant, l’équipe de Schmitt et al. propose la triple 

antibiothérapie C3G, métronidazole, et aminoglyoside. Cependant, bien qu’il s’agisse de la 

moins chère des options d’efficacité équivalente, les auteurs soulignent qu’elle souffre d’un 

nombre important d’injections nécessaires, pouvant retentir sur la charge de travail des 

soignants et l’inconfort de l’enfant (139). 

!  Intérêt de C3G+métronidazol+aminsodie : même efficacité et moins 
cher mais nombreuses injections+++ 

Schmitt F, Clermidi P, Dorsi M, Cocquerelle V, Gomes CF, Becmeur F. Bacterial studies of complicated appendicitis over a 20-year period and their 
impact on empirical antibiotic treatment. J Pediatr Surg. 2012 ; 47 (11) : 2055-62. 
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de douleurs, et la reprise d’un transit intestinal avec possibilité de réalimentation, autorisant 

le retour à domicile. Il s’agit donc d’un traitement antibiotique associé à la poursuite du 

traitement symptomatique des douleurs, de la fièvre, et des nausées éventuelles, et des 

désordres hydro-électrolytiques. La place de la nutrition parentérale est bien définie (74), 

mais son indication reste très limitée dans la prise en charge post-opératoire de l’appendicite 

de l’enfant (75). Le suivi sera prioritairement clinique, aidé d’examens paraclinique en cas 

d’incertitude. 

 

 

2.2.5.2. Historique : de la laparotomie à la laparoscopie 

 

La technique de l’appendicectomie par laparotomie comme décrite dans la fin des 

années 1890 par Mac Burney (76) mis un terme à l’incision médiane classiquement utilisée 

par les chirurgiens pour traiter une appendicite. Cette technique s’imposa comme « gold 

standard » et fut la règle jusqu’à la fin des années 1980. 

 

Figure 2. Charles McBurney (1840 – 1913) à gauche, Kurt Semm (1927 – 2003) à droite, 

d’après (77) 

  

 
Charles McBurney 

(1840 – 1913) 
Kurt Semm 

(1927 – 2003) 

Rappels. Prise en charge classique 
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Cosmétique 
Obésité 
Lavage 
Appendice ectopique ou caecum ectopique 
Douleur et morbidité 
Erreur diagnostic chez la fille 

Reproductibilité plus accessible 
Durée op en moyenne < 
Moins d’abcès intra abdominaux postop  
Coût hospitalier < 



+ Rappels. Prise en charge classique 
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+ Rappels. Prise en charge classique 
coelioscopie 



+ Rappels. Prise en charge classique 
coelioscopie 

!  Classique 3 trocarts / 2 / 1. 
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+ Rappels. Prise en charge classique 
coelioscopie 

!  1 trocart. 



+ Rappels. suites 

Suites simples 

•  Pensez à infiltrer les orifices de trocarts 
Naropéïne : 2mg/kg max ; demi-dose chez nouveau-né  

•  pas de consensus sur : DMS, ATB 

•  Dans notre service :  
•  DMS : <48H postop si AA simple , 4jrs en moyenne si AA 

compliquée 

•  ATB : arrêt à la sortie 

 



+ Rappels. suites 

Complications 
–  Infectieuses :  

» abcès de paroi : soins locaux  
» ou profond : fièvre>4j (NF CRP ECHO) : ATB +/- chir 
+/- drainage sous écho 

– Fistules caecales 
– Occlusions :  

» Précoce: SNG et compenser les pertes +++ 
(3°secteur). Corticoïdes 48h (origine inflammatoire) 
» Tardive : coelio si échec du ttt médical : bride 



+Discussion… 
•  Examens complémentaires 
•  Coeliscopie / Open 
•  Terrains particuliers 
•  Scores cliniques 
•  1 temps / 2 temps 
•  Appendicite Chronique 
•  HDJ 
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!  Aucun n’est fiable… Savoir ce que l’on recherche exactement 

!  Reconnu utile : écho chez la fille péripubert 

!  HL et CRP augmentés : 98% sensibilité mais non spécifique 

!  GB normaux et CRP normale : seulement 2% d’AA (bonne VPN) 

!  Echo chez l’enfant : Se 88%, Sp 94%. Le meilleur signe est 
l’infiltration de la graisse périappendiculaire 

!  TDM : Se 94%, Sp 95%. Surtout rentable chez l’enfant obèse, 
formes compliquées 

!  ASP : non recommandée par HAS sauf Sd occlusif 

Discussion. Examens complémentaires 
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a b s t r a c t

Background: Acute appendicitis is the most common cause of abdominal surgery in chil-

dren. Adjuncts are used to help clinicians predict acute or perforated appendicitis, which

may affect treatment decisions. Automated hematologic analyzers can perform more ac-

curate automated differentials including immature granulocyte percentages (IG%).

Elevated IG% has demonstrated improved accuracy for predicting sepsis in the neonatal

population than traditional immature-to-total neutrophil count ratios. We intended to

assess the additional discriminatory ability of IG% to traditionally assessed parameters in

the differentiation between acute and perforated appendicitis.

Materials and methods:We identified all patients with appendicitis from July 2012eJune 2013

by International Classification of Diseases-9 code. Charts were reviewed for relevant de-

mographic, clinical, and outcome data, which were compared between acute and perfo-

rated appendicitis groups using Fisher exact and t-tests for categorical and continuous

variables, respectively. We used an adjusted logistic regression model using clinical labo-

ratory values to predict the odds of perforated appendicitis.

Results: A total of 251 patients were included in the analysis. Those with perforated appen-

dicitis had a higher white blood cell count (P ¼ 0.0063), C-reactive protein (CRP) (P < 0.0001),

and IG% (P¼0.0299). In theadjustedmodel, only elevatedCRP (odds ratio 3.46, 95%confidence

interval 1.40e8.54) and presence of left shift (odds ratio 2.66, 95% confidence interval 1.09

e6.46)were significant predictors of perforated appendicitis. The c-statistic of thefinalmodel

was 0.70, suggesting fair discriminatory ability in predicting perforated appendicitis.

Conclusions: IG% did not provide any additional benefit to elevated CRP and presence of left

shift in the differentiation between acute and perforated appendicitis.

ª 2014 Elsevier Inc. All rights reserved.

* Corresponding author. Department of Pediatric Surgery, University of Alabama at Birmingham, 1600 7th Avenue South, Lower Building
Suite 300, Birmingham, AL 35233. Tel.: þ1 205 638 9688; fax: þ1 205 975 4972.
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But : distinguer appendicite aigue simple et compliquée (ttt différent) 
Critères actuels : CRP, GB, PNN>75%GB.  
Pourcentage de polynucléaires immatures. Déjà utilisé pour les sepsis du 
nouveau-né : pas  de PNI, pas de sepsis (bonne VPN) 
Résultats : 251 patients, 168 app aigues, 83 compliquées 
p significatif univarié pour : GB, PNN, PNN>75%GB, CRP, PNI 
En multivarié : CRP, PNN  >75%GB 
 
Conclusion : Pas de gain supplémentaire avec GI 
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curate automated differentials including immature granulocyte percentages (IG%).

Elevated IG% has demonstrated improved accuracy for predicting sepsis in the neonatal

population than traditional immature-to-total neutrophil count ratios. We intended to

assess the additional discriminatory ability of IG% to traditionally assessed parameters in

the differentiation between acute and perforated appendicitis.

Materials and methods:We identified all patients with appendicitis from July 2012eJune 2013

by International Classification of Diseases-9 code. Charts were reviewed for relevant de-

mographic, clinical, and outcome data, which were compared between acute and perfo-

rated appendicitis groups using Fisher exact and t-tests for categorical and continuous

variables, respectively. We used an adjusted logistic regression model using clinical labo-

ratory values to predict the odds of perforated appendicitis.

Results: A total of 251 patients were included in the analysis. Those with perforated appen-

dicitis had a higher white blood cell count (P ¼ 0.0063), C-reactive protein (CRP) (P < 0.0001),

and IG% (P¼0.0299). In theadjustedmodel, only elevatedCRP (odds ratio 3.46, 95%confidence

interval 1.40e8.54) and presence of left shift (odds ratio 2.66, 95% confidence interval 1.09

e6.46)were significant predictors of perforated appendicitis. The c-statistic of thefinalmodel

was 0.70, suggesting fair discriminatory ability in predicting perforated appendicitis.

Conclusions: IG% did not provide any additional benefit to elevated CRP and presence of left

shift in the differentiation between acute and perforated appendicitis.

ª 2014 Elsevier Inc. All rights reserved.
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Background: We compare the amount of radiation children receive from CT scans performed at non-dedicated
pediatric facilities (OH) versus those at a dedicated children’s hospital (CH).
Methods: Using a retrospective chart review, all children undergoing CT scanning for appendicitis at an OH
were compared to children undergoing CT imaging for appendicitis at a CH between January 2011 and
November 2012.
Results: One hundred sixty-three children underwent CT scans at 42 different OH. Body mass index was
similar between the two groups (21.00 ± 6.49 kg/m2, 19.58 ± 5.18 kg/m2, P = 0.07). Dose length product
(DLP) was 620 ± 540.3 at OH and 253.78 ± 211.08 at CH (P b 0.001). OH CT scans accurately diagnosed
appendicitis in 81%, while CT scans at CH were accurate in 95% (P = 0.026). CTDIvol was recorded in 65
patients with subset analysis showing CTDIvol of 16.98 ± 15.58 and 4.89 ± 2.64, a DLP of 586.25 ± 521.59
and 143.54 ± 41.19, and size-specific dose estimate (SSDE) of 26.71 ± 23.1 and 3.81 ± 2.02 at OH and CH,
respectively (P b 0.001).
Conclusion: Using SSDE as a marker for radiation exposure, children received 86% less radiation and had
improved diagnostic accuracy when CT scans are performed at a CH.

© 2014 Elsevier Inc. All rights reserved.

Knowledge of the risks of radiation exposure after radiographic
procedures have led to campaigns aimed at increasing awareness and
decreasing radiation exposure [1–5]. The concept of imaging with
radiation As Low as Reasonably Achievable (ALARA) emerged in 2001
to bring awareness of the need to decrease the amount of radiation
exposure to patients [2–4]. The Image Gently campaign followed in
2007 with the goals of promoting imaging only when a clear medical
benefit exists, using the lowest amount of radiation that results in
adequate imaging, limiting imaging to the indicated area, avoiding
multiple imaging procedures, and advocating the use of non-radiation
modalities as much as possible [1,6]. Computed tomography (CT)
scans are the largest contributor of medical radiation in the United
States with approximately 5–9 million CT studies performed annually
[6–9]. While there is no conclusive evidence that directly links
radiation from diagnostic imaging to the development of cancer,
studies have shown that even low levels of radiation exposure are
associated with slight increases in cancer risk [3,6,7,10–20].

Radiation dose from a CT scan is determined by numerous
parameters including tube current, kilovoltage, collimation, and
pitch. Radiation dose is also dependent on patient factors including
patient size. CT scanners are now able to be adjusted to optimize
image quality while minimizing radiation risk [21]. Radiation
exposure is magnified in young children due to their smaller size
[17–19,22–24] Furthermore, children are more radiosensitive, receive
larger effective doses for a given level of radiation, and have a longer
life expectancy during which to develop cancer [6,9,17,25–27].
Therefore, it is important that CT scanners are adjusted to minimize
radiation exposure in children. The primary objective of this study is
to compare the amount of radiation children receive from CT scans
performed at non-dedicated pediatric facilities versus those at a single
dedicated children’s hospital.

1. Methods

We performed a retrospective review of all children less than
18 years of age who were transferred to our children’s hospital (CH)
after undergoing a CT scan to evaluate for acute appendicitis at a non-
dedicated pediatric facility from January 2011 to November 2012. The
dates were chosen to capture patients using current CT scanners,
software, and CT protocols. These children were identified by an
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States with approximately 5–9 million CT studies performed annually
[6–9]. While there is no conclusive evidence that directly links
radiation from diagnostic imaging to the development of cancer,
studies have shown that even low levels of radiation exposure are
associated with slight increases in cancer risk [3,6,7,10–20].
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larger effective doses for a given level of radiation, and have a longer
life expectancy during which to develop cancer [6,9,17,25–27].
Therefore, it is important that CT scanners are adjusted to minimize
radiation exposure in children. The primary objective of this study is
to compare the amount of radiation children receive from CT scans
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electronic search utilizing our picture archiving and communication
system (PACS). The radiation exposure from these scans was obtained
from the embedded CT dose report accompanying the images (Fig. 1).
Radiation exposure from outside CT studies evaluating for appendi-
citis were compared to children who underwent CT to rule out
appendicitis at our dedicated children’s hospital during the same time
period by casematching to age and nearest date of scan. Matchingwas
done blinded to radiation and scan data.

Radiation measures included dose length product (DLP), the
volume computed tomography dose length index (CTDIvol), and
size-specific dose estimate (SSDE). The reference phantom for each CT
scanner was recorded as it is either a 16 or 32 cm diameter cylinder
that serves as the standardized reference allowing for comparison of
radiation emission between CT scanners. Validated methods to
calculate SSDE were utilized based on age and CT dose report data
[23]. The radiology reports from the outside facilities were utilized for
recorded diagnosis. The accuracy of the scans was compared by
review of the pathology reports following appendectomy. Histologic
confirmation of appendicitis was determined by the presence of
inflammatory cells.

Two-tailed independent Student’s t-test was used for continuous
variables and 2-tailed Fisher’s exact test was used for discrete
variables using chi-square with Yates correction where appropriate.
This study was approved by the institutional review board.

2. Results

There were 263 children who underwent CT scans to evaluate
for appendicitis at 42 outside non-dedicated pediatric facilities
which will be referred to as outside hospitals (OH). One hundred
children were excluded due to lack of a CT dose report embedded
in the CT scan. One hundred and sixty-three patients at CH were
matched by age and date of scan. Demographics for both groups
are listed in Table 1. Age distribution in both groups ranged
between 3 years of age and 17 years of age. DLP, number of
appendectomies performed, and number of children with histologic
confirmation of appendicitis are illustrated in Table 2. CTDIvol was
only recorded on the CT dose report in the most recent 65 patients
from OH (Table 3). Therefore, subset analysis could only be

performed in those children with a recorded CTDIvol which allowed
calculation of SSDE. SSDE is an estimate of the radiation dose
received by the patient. This difference in SSDE between CT scans
at OH and our CH seen in Table 3 represents 86% less patient
radiation absorption at CH.

Of those undergoing imaging at the OH, 95% received contrast: 6%
received oral (PO) contrast only, 32% received intravenous (IV)
contrast only, and 62% received both PO and IV contrast. Scanner type
was not recorded in 34% and a GE scanner (General Electric Health
Care, Little Chalfont, Buckinghamshire, United Kingdom) was used in
all other images. The phantom utilized at the OH was unable to be
determined from the CT dose report in 33% and was assumed to be a
Body 32 phantom in these cases. When the phantom was reported on
OH scans, 97% used a Body 32 phantom while 3% used a Body 16
phantom. From the studies at OH, appendicitis was diagnosed in 37%,
a normal study in 30%, and additional diagnoses included constipation
(6%), mesenteric adenitis (6%), appendicolith without appendicitis
(5%), enlarged appendix without signs of appendicitis (2%), pancre-
atitis (0.6%), mass (2%), Crohn’s disease (2%), ovarian cyst with or
without torsion (3%), renal anomaly (0.6%), omental infraction (0.6%),
cholelithiasis (0.6%), and splenomegaly (0.6%). For children who were
transferred from OH, all children with a CT diagnosis of appendicitis
plus four additional children with the clinical concern for appendicitis
after CT diagnosis of an appendicolith underwent laparoscopic
appendectomy. Histologic evaluation showed acute appendicitis in
81% (Table 2).

Children undergoing imaging at CH received IV contrast for 99% of
scans and both IV and PO contrast in 1% of scans. All scans at CH were
performed on a Toshiba (Toshiba America Medical Systems, Tustin,
CA, USA) or GE scanner (General Electric Health Care, Little Chalfont,
Buckinghamshire, United Kingdom). A Body 32 phantom was utilized
for all scans at CH. A normal scan was obtained in 45%, while
appendicitis was diagnosed in 33%, and additional diagnoses included
ovarian cyst with or without torsion (7.5%), gastrointestinal abnor-
malities (gastroenteritis or Meckel diverticulum) (5.5%), renal
anomaly (5%), constipation (0.6%), appendicolith without appendici-
tis (0.6%), mesenteric adenitis (0.6%), omental infraction (0.6%), and
pneumonia (0.6%). All children with the CT diagnosis of appendicitis
plus 6 additional children with clinical concern for appendicitis

Fig. 1. Example of a CT dose card illustrating the type of CT scanner (solid black arrowhead), the CTDIvol (single black arrow), DLP (open arrow) and phantom type (two black arrows).

Table 1
Demographics of patients evaluated in this study.

OH (n = 163) CH (n = 163) P value

Age (years) 10.69 ± 3.59 10.69 ± 3.59 1
Gender (M:F) 92:71 70:93 0.02
Height (m) 1.47 ± 0.22 1.43 ± 0.22 0.09
Weight (kg) 47.03 ± 22.92 41.79 ± 19.60 0.003
BMI (kg/m2) 21.00 ± 6.49 19.58 ± 5.18 0.07

OH: outside hospital; CH: dedicated children’s hospital; BMI: body mass index.

Table 2
Results of radiation exposure from CT scans for appendicitis.

OH (n = 163) CH (n = 163) P value

DLP (mGycm) 619.53 ± 540.3 253.78 ± 211.08 b0.001
Appendectomy 64 (39%) 60 (37%) 0.732
Path = appendicitis 52 (81%) 57 (95%) 0.026

OH: outside hospital; CH: dedicated children’s hospital; DLP: dose length product;
Appendectomy: the number and percentage of patients undergoing laparoscopic
appendectomy; Path = final surgical pathology consistent with acute appendicitis.
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underwent laparoscopic appendectomy (Table 1). Histology was
consistent with acute appendicitis in 95% (Table 2).

3. Discussion

There is no consensus on a single expression of how to measure
radiation dose. There are numerous options including absorbed dose,
effective dose, organ dose, background equivalent radiation time, DLP,
and CTDIvol [4,7,26]. CTDIvol does not identify if an ALARA dose was
used without knowing the body region, patient size, and phantom
size. CTDIvol may under- estimate doses for small patients and over-
estimate doses for large patients. DLP was derived to estimate the
overall energy emitted from a given examination by multiplying the
CTDIvol by the scan length [8]. DLP and CTDIvol should be thought of as
measures of machine output. In 2011, a measurement (SSDE) to
estimate the patient’s radiation exposure was created by The
American Association of Physicists task force for pediatric and adult
abdominal/pelvic CT studies [23]. Our data indicate that children
undergoing CT scans for appendicitis at a dedicated children’s hospital
received 86% less radiation, as measured by SSDE, than children
receiving the CT scan at a non-dedicated pediatric facility.

DLP was recorded in all cases in this study; however CTDIvol was
only embedded in the most recent CT scans. In order to utilize the
SSDE calculations, both DLP and CTDIvol must be obtainable [23]. Thus,
SSDE was only able to be calculated in the subset analysis of 65
children in each group. The validatedmeasures for calculation of SSDE
may be obtained by two methods [23]. One method requires the
measurement of anterior-posterior and lateral dimensions of each CT.
The second method estimates SSDE based on age. One study
concluded that SSDE estimates based on age are less accurate for
teenage and young adult patients than those using direct CT
measurements [8]. In that study, the age-based SSDE estimate varied
2% in 0–13 years of age, but up to 44% in those aged 14–18 years [8].
All SSDE estimates in our current study were age-based as the cases
were agematched. However, of the 63 children in our current study in
whom SSDEwas calculated, only 17 (26%)were ages 14 years or older.
Also, despite case matching based on age, there was a significant
weight differences between the two groups with OH patients being
heavier, likely due to the increased proportion of males in the OH
group. However, this was likely not relevant in this study as SSDE data
has been shown to vary ~1% between genders when the two sexes are
compared within the same CT weight scanning categories [8].

One benefit of the adoption of CT scanning for acute appendicitis is
that it has been shown to reduce the negative laparotomy rate. In one
study, the negative appendectomy rate dropped from 18% in 1997 to
b5% in 2002, which subsequently reduced the overall length of stay
and cost of admission [28]. We acknowledge the overuse of CT scans
in this study as only 37–39% of children undergoing CT scanning
underwent laparoscopic appendectomy and 30–45% of children had a
completely normal CT scan. All CT scans from OH were accompanied
by an outside report. The decision to proceed with laparoscopic
appendectomy was based upon strong clinical suspicion for appen-
dicitis based on physical exam, laboratory findings, and review of the
CT scan. If there was concern that an alternative diagnosis was more
likely, we had the scan read by one of our board certified pediatric

radiologists. Clearly, the greatest reduction in radiation is to avoid
obtaining a CT scan. We encourage determination of the need for
operative intervention based on the entire clinical picture including
physical exam, laboratory findings and imaging studies such as
ultrasound, if needed. If the diagnosis of acute appendicitis is still
unclear, then use of a CT scan may be indicated.

The amount of radiation exposure from a single complete
abdominal CT scan has been estimated to be equivalent to
25.7 months of natural background radiation exposure [29]. The risk
of radiation-induced malignancy is inversely proportional to age with
a lifetime risk of a fatal radiation-induced malignancy estimated at
approximately 0.18% for a 1-year-old [30]. In other words, one
radiation-induced malignancy results from a CT scan done on 555 1-
year-olds, whereas twice as many 15-year olds would need to be
scanned to have the same risk [30]. Previous publications have
estimated that 25-35% of pediatric CT requests may not be medically
indicated [2,31]. However, if a CT scan is felt to be helpful in a child, it
appears radiation can be substantially reduced. One concern about
decreasing radiation emissions on a CT scanner is that it may result in
decreased image quality. However, our study found that CT scans at
CH were more sensitive for diagnosing appendicitis than those at OH.
Board certified pediatric radiologists at our CH may have contributed
to the increased sensitivity of the CH CT scans. These findings
reinforce previous publications demonstrating CT imaging can be
adjusted to allow for ALARA without sacrificing imaging quality,
especially when supervised and interpreted by a pediatric radiologist
familiar with low dose CT techniques [21].

It appears non-dedicated pediatric facilities in our region do not
routinely adjust CT protocols appropriately for pediatric patients. CT
scans for acute appendicitis performed at our dedicated children’s
hospital results in improved diagnostic accuracy and less radiation
exposure than those performed at non-dedicated pediatric facilities.
Non-dedicated pediatric facilities should utilize the same methodol-
ogy as a pediatric facility when performing abdominal CT scans or
refer to a dedicated children’s hospital to minimize the radiation
exposure.
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Table 3
Subset analysis results excluding any CT without recorded CTDI.

OH (n = 65) CH (n = 65) P value
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Abstract
Aim: Although laparoscopic appendicectomy (LA) is an accepted alternative to the open
appendicectomy (OA) approach, it has been suggested that there is a higher incidence of intraabdominal
abscesses (IAAs). Our aim was to determine the incidence of IAA in 3 pediatric surgical centers
routinely practicing both techniques.
Methods: Data were collected retrospectively for pediatric patients undergoing LA or OA over an 8-year
period. Analysis included IAA formation, appendicitis complexity, radiologic/histologic investigations,
grade of surgeon, and wound infection.
Main Results: A total of 1267 appendicectomies were performed (514 LAs and 753 OAs). There was no
difference between the incidences of IAA (LA, 3.9% [19/491] vs OA, 3.9% [28/714]; P = 1.0). The
incidence of IAA was increased in those with complicated appendicitis (34/375 [9.1%] vs 13/830
[1.6%]; P ≤ .0001). There was an increased proportion of those with complicated appendicitis in the
LA group (182/491 [37.1%] vs 193/714 [27.0%]; P = .0002). Surgical trainees were more likely to be
the primary surgeon in the OA group (79% vs 63%; P = .0001), although the incidence of IAA did not
correlate with grade of surgeon. There was no significant difference in incidence of wound infection
between groups (LA, 4.6% [8/173] vs OA, 2.5% [18/377]; P = .93).
Conclusion: This large retrospective study shows that the technique of appendicectomy does not appear
to affect the incidence of IAAs. Patients with complicated appendicitis are more likely to develop an
IAA regardless of technique.
Crown Copyright © 2012 Published by Elsevier Inc. All rights reserved.

Open appendicectomy (OA) has been successfully
performed for acute appendicitis since the late 19th century
[1]. However, the alternative, laparoscopic appendicectomy
(LA), has now become popular in many pediatric surgical
centers [2-7], although the relative risks and benefits are still
the subject of ongoing debate. A recent Cochrane review
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Abstract
Background: A technique for laparoscopic appendectomy (LAP APPY) that involves brief surgeon
and operating room times, results in no appreciable scar, and requires few disposable supplies would
be desirable.
Methods: During 2009, 508 children underwent LAP APPY at our institution including 398 (78%)
for acute, non-perforated appendicitis. Our “all-in-one” operative procedure involves use of a single
instrument through a side-arm viewing operative laparoscope which is inserted through a single, trans-
umbilical port. Successful procedure completion rates and operative times (“cut-to-close”) were
determined. Our data for surgeon-directed, disposable supply costs per procedure were collated by
Child Health Corporation of America and compared with 2009 LAP APPY data (n = 5692) from 17
other children's hospitals in the United States.
Results: We successfully completed 359 (90.2%) LAP APPY procedures using the all-in-one
technique resulting in no appreciable scar. Additional ports were used in 9.8% and there were no
conversions to open procedures. Median operative time for the all-in-one technique was 24 minutes
(5-66 min). Our median surgeon-directed, disposable supply cost was the lowest in the study group
and significantly less than the other 17 children's hospitals ($166 vs $748, P b .001). Median
variation of supply costs among surgeons within each institution was $448 ($3-$870). Aggregate
savings of nearly $1.3 million are predicted if all study surgeons were to reduce their disposable costs
per procedure to the 25th percentile ($551).
Conclusions: We conclude that the all-in-one laparoscopic appendectomy technique is quick, scarless,
and less costly than conventional multi-port techniques. Wider application of the all-in-one technique
seems indicated.
© 2011 Elsevier Inc. All rights reserved.

Laparoscopic appendectomy (LAP APPY) for acute
appendicitis is one of the most commonly performed
operative procedures in children. Open appendectomy has
been replaced by LAP APPY as the standard procedure in
most children's hospitals [1]. Multi-port, multi-instrument
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LAP APPY techniques often require disposable supplies
which result in added expense. Single-incision laparoscopic
surgery techniques also often involve multiple instruments
and disposable supplies. Our goals are to describe a
technique for LAP APPY that involves brief surgeon and
operating room times results in no appreciable scar and
requires few disposable supplies. In addition, we examine
variation of cost for LAP APPY by surgeon within and
across 18 participating Child Health Corporation of America
(CHCA) children's hospitals.

1. Methods and surgical technique

During 2009, 508 children underwent LAP APPY at our
institution of which 398 (78%) were for acute, non-
perforated appendicitis. In contrast to commonly used
multi-port, multi-instrument and multi-instrument single-
incision laparoscopic surgery techniques, our “all-in-one”
operative procedure involves use of a single instrument
through a side-arm viewing, operative laparoscope which is
inserted through a single, trans-umbilical port (Fig. 1). The
procedure begins with administration of intravenous antibi-
otics and after stomach and bladder decompression. The
umbilical skin is everted and the abdomen entered via cut-
down under direct visualization. A 12-mm radially expand-
able trochar is inserted. Using the all-in-one laparoscope, a
long grasper is used to identify the appendix. Retroperitoneal
bands are dissected using the grasper and the tip of the
appendix is exteriorized through the umbilicus. An extra-
corporeal appendectomy is performed by dividing the meso-
appendix with ties and suture ligation of the appendiceal
base. No endo-mechanical devises are used. Successful
procedure completion rates and operative times (“cut-to-
close”) were determined.

Our data for surgeon-directed, disposable supply costs
per procedure were collated by CHCA and compared with
2009 LAP APPY data (n = 5692) from 17 other children's

hospitals in the United States (Table 1). The CHCA
requested the most recent 12-month supply-spend data for
LAP APPY as represented by surgeon preference cards.
Only standard items were used to calculate the supply cost
per procedure for each surgeon. Each item was also
mapped to a supply cost category: endomechanical, fluid/
medications, implants, packs, skin prep, catheters/drains, or
wound closure, for further analysis. The Mann-Whitney U
test was used to compare medians. Institutional review
board approval was obtained (WIRB #277418) to perform
this study.

2. Results

We successfully completed 359 (90.2%) of 398 LAP
APPY procedures for acute, non-perforated appendicitis
using the trans-umbilical all-in-one technique resulting in no
appreciable scar. One or two additional ports were used in
9.8% and there were no conversions to open procedures.
Median operative time for the all-in-one technique was 24
minutes (5-66 min). The umbilical wound infection rate after
all-in-one LAP APPY was defined as those requiring post-
operative oral antibiotics. The umbilical wound drainage rate
was 8%; however, only one third of these patients (2.7%)
required antibiotics.

The number of LAP APPY procedures in 2009 at the 18
CHCA hospitals ranged from 102 to 841 procedures (Fig. 2).
The data are consistently displayed in all figures with
institution 1 having performed the least number, and
institution 18, the most number of LAP APPY procedures
during the study period. The mean number of LAP APPY
procedures in 2009 per surgeon at each institution ranged

Fig. 1 Standard instruments for the all-in-one laparoscopic
appendectomy: operative laparoscope; long grasper; long suction/
cautery; disposable radially expandable sheath; reusable trocar with
disposable head; reusable dilator.

Table 1 Participating CHCA children's hospitals

Children's Hospital of
Alabama, Birmingham, Ala

Children's Hospital Los
Angeles, Los Angeles, Calif

Children's Hospital Boston,
Boston, Mass

Children's Hospital Central
California, Madera, Calif

Cincinnati Children's Hospital
Medical Center, Cincinnati,
Ohio

Miami Children's Hospital,
Miami, Fla

Nationwide Children's
Hospital, Columbus, Ohio

Children's Hospital of
Wisconsin, Milwaukee, Wis

Driscoll Children's Hospital,
Corpus Christi, Tex

Children's Hospital of The
King's Daughters, Norfolk, Va

Children's Medical Center,
Dallas, Tex

Lucile Packard Children's
Hospital at Stanford,
Palo Alto, Calif

The Children's Hospital,
Denver, Colo

All Children's Hospital,
St. Petersburg, Fla

Texas Children's Hospital,
Houston, Tex

Seattle Children's Hospital,
Seattle, Wash

Arkansas Children's Hospital,
Little Rock, Ark

Children's National Medical
Center, Washington, DC
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Abstract
Purpose: The purpose of the study was to determine and evaluate the incidence of postoperative bowel
obstruction (PBO) after laparoscopic and open appendectomy in children.
Material and Methods: The medical files of children who have undergone an appendectomy, either via
the laparoscopic or open approach, at our department from 1992 until 2007 were reviewed. Collected
data included age at appendectomy, initial surgical approach, time interval to PBO, and type of
definitive treatment. The incidences of PBO after laparoscopic and open appendectomy were compared
with the χ2 analysis.
Results: From the 1684 children who were found, 1371 had nonperforated appendicitis and 313 had
perforated appendicitis. Laparoscopic appendectomy was performed in 954 patients of the
nonperforated group and in 221 of the perforated group. Open appendectomy was performed in 417
and 92 patients of the 2 groups, respectively. Overall, the incidence of PBO development was 2.2%. In
the laparoscopic appendectomy population, a significantly low incidence of 1.19% of PBO development
was detected, compared with the 4.51% of the open appendectomy group (P b .0001).
Conclusion: Laparoscopic appendectomy diminishes the potential of PBO development. The over-
all incidence of PBO is not related to the severity of the disease but only to the initial opera-
tive approach.
© 2009 Elsevier Inc. All rights reserved.

Although there are many reports in the literature
comparing open (OA) and laparoscopic appendectomy
(LA), to our knowledge, there are few of them that focus
on the well-recognized complication of postoperative bowel
obstruction (PBO).

The aim of this study is to determine the incidence and
evaluate the risk of PBO after appendectomy in patients
operated by either the open or the laparoscopic approach.

1. Materials and methods

The medical files of all children with an intraoperatively
confirmed diagnosis of nonperforated and/or perforated
appendicitis, who underwent an LA or OA at our
department from 1992 until 2007 and who later presented
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with postoperative small bowel obstruction, were retro-
spectively reviewed.

The following parameters were recorded: age at initial
operation, initial surgical approach, time interval to PBO,
and type of definitive treatment.

There were no selection criteria for OAs or LAs, and the
decision for the use of one or the other approach was based
solely on the surgeon's preference.

Patients initially diagnosed for appendicitis but whose
diagnosis was not verified by the operative findings and also
patients who had undergone an abdominal procedure before
their appendectomy were not included in our study group.

1.1. Statistical analysis

Statistical evaluation of differences in proportions of
PBO development in different groups of patients and
calculation of odds ratio (OR) and 95% confidence interval
(CI) were performed by the χ2 analysis. A 2-sided P value
not exceeding .05 was indicative of statistical significance.
Statistical analysis was done using Instat statistical program
(Graphpad Inc, San Diego, CA).

2. Results

Since 1992 to 2007, a total of 1684 patients who
underwent an appendectomy for nonperforated or perforated
appendicitis were identified. The laparoscopic approach was
used for 1175 (69.77%) appendectomies, whereas the open
approach was used for the rest (509, 30.23%).

From the 1684 patients, 1371 (81.41%) had nonperforated
appendicitis, whereas the rest (313, 18.59%) of them had
perforated appendicitis.

Laparoscopic appendectomy was performed in 954
patients (69.58%) of the nonperforated group and in 221
(70.60%) of the perforated group. Open appendectomy was
performed in 417 (30.42%) and 92 (29.40%) patients of the
2 groups, respectively.

Thirty-seven patients of 1684 (2.2%) presented symptoms
of PBO; they constituted our study group. The range of initial
diagnosis and the type of initial operative approach of these
patients are presented in Table 1.

In 14 of these patients (37.84%), the initial operation
was performed by the laparoscopic approach, whereas the
rest of them (23, 62.16%) were initially operated with the
open approach.

The median age at initial operation of these patients was
8 years (range, 1 month-14 years). The median time interval
between the initial operation and the diagnosis and treatment
of postoperative intestinal obstruction was 6.1 months
(range, 5 days-5 years). Even more, the median time interval
for the laparoscopic group was 4.1 months (range, 5 days-4
years), whereas for the laparotomy group, it was 9.7 months
(range, 9 days-5 years).

We did not detect any significant correlation between the
age at initial operation and the time interval between initial
operation and time of presentation of patients with post-
operative intestinal obstruction (P = .1138).

However, when we compared the time interval to PBO
presentation with the type of initial operation, it proved to be
statistically significant (P = .0392).

Overall, the incidence of PBO development in our study
group was found to be 2.2%. However, in the laparoscopi-
cally operated population, a significantly lower incidence of
1.19% for development of PBO was detected compared with
the 4.51% that was calculated for the laparotomy group (P b
.0001, OR = 3.925, 95%CI: 2.002-7.692) (Table 2).

Table 1 Range of initial diagnosis and initial surgical approach for patients with PBO

Initial diagnosis and treatment Initial operative approach PBO

Diagnosis Operation Laparoscopy Laparotomy Laparoscopy Laparotomy

Appendicitis (nonperforated) Appendectomy 954 417 10 14
Appendicitis (perforated) Appendectomy 221 92 4 9
Total 1175 509 14 23

Table 2 Incidence of PBO development in LA and OA

Appendectomy Initial operative approach Total

Laparoscopy Laparotomy

No. of patients 1175 509 1684
PBO (no. of patients) 14 23 37
Incidence 1.19% 4.51% 2.2%
P b .0001, OR = 3.925, 95%CI: 2.002-7.692

Table 3 Incidence of PBO development in LA and OA for
nonperforated appendicitis

Appendectomy
(nonperforated)

Initial operative approach Total

Laparoscopy Laparotomy

No. of patients 954 417 1371
PBO (no. of patients) 10 14 24
Incidence 1.04% 3.35% 1.75%
P = .0057, OR = 3.279, 95% CI: 1.444-7.446
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open approach.
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presentation with the type of initial operation, it proved to be
statistically significant (P = .0392).

Overall, the incidence of PBO development in our study
group was found to be 2.2%. However, in the laparoscopi-
cally operated population, a significantly lower incidence of
1.19% for development of PBO was detected compared with
the 4.51% that was calculated for the laparotomy group (P b
.0001, OR = 3.925, 95%CI: 2.002-7.692) (Table 2).
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Diagnosis Operation Laparoscopy Laparotomy Laparoscopy Laparotomy

Appendicitis (nonperforated) Appendectomy 954 417 10 14
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In the group with nonperforated appendicitis, 24 patients
presented with PBO, an incidence of 1.75%. Ten patients
were initially treated with LA (41.66%), and the rest (14,
58.34%) of them were treated by OA. The incidence of PBO
development for patients with nonperforated appendicitis
treated with LA and OAwas 1.04% and 3.35%, respectively.

A statistical analysis of this group of patients proved that
the relation between the initial approach and the develop-
ment of PBO is considered very significant (P = .0057, OR =
3.279, 95% CI: 1.444-7.446) (Table 3).

In the same manner, in the group with perforated
appendicitis, 13 (4.15%) patients developed PBO. Laparo-
scopic appendectomy was performed in 4 (30.76%) of them,
whereas OAwas performed in the rest (9, 69.24%) of them.

An analysis of this group of patients showed that the
incidence of PBO development after LA is 1.8%, whereas
after OA, it is 9.78%,which is also considered very significant
(P = .0028, OR = 5.883, 95% CI: 1.763-19.628) (Table 4).

Postoperative bowel obstruction was treated conserva-
tively in 7 patients (18.91%), of whom 2 (28.57%) were
initially treated laparoscopically, whereas the remaining 5
(71.43%) were initially treated by open surgery. Nonperfo-
rated appendicitis was the diagnosis in both patients operated

on laparoscopically and in 2 of the OA patients, whereas the
other 3 OA patients had perforated appendicitis as their
original diagnosis.

On the other hand, surgical treatment of PBO was decided
for the remaining 30 patients (81.09%), of whom 12
underwent LA and 18 underwent OA. Laparoscopic
appendectomy was performed in 8 patients with nonperfo-
rated appendicitis and in 4 patients with perforated
appendicitis, whereas OA was performed in 12 and 6
patients, respectively.

No statistical significance was detected between the initial
operative approach and the method of PBO treatment (P =
.6869, OR = 1.667, 95%CI: 0.2767-10.038).

Even more, no statistical significance was detected bet-
ween the stage and the severity of the appendicitis initially
treated by either the laparoscopic or the open approach and
the method of PBO treatment (P = 1.000 and P = .4965
for nonperforated and perforated appendicitis, respectively).

3. Discussion

Appendicitis is the most common acute surgical emer-
gency of the abdomen in the pediatric population. Up until
1983, when LA was introduced, OA has been the criterion
standard for the treatment of acute appendicitis [1].

Laparoscopic appendectomy is a well-documented pro-
cedure both in adults and in children and is generally
considered a safe and effective alternative to open appendi-
citis [2,3]. Many studies have favored the laparoscopic
approach because of the improved aesthetic results,
decreased postoperative pain, shorter recovery time, shorter
postoperative hospitalization, and lower rate of wound
infection [4,5].

Table 4 Incidence of PBO development in LA and OA for
perforated appendicitis

Appendectomy
(perforated)

Initial operative approach Total

Laparoscopy Laparotomy

No. of patients 221 92 313
PBO (no. of patients) 4 9 13
Incidence 1.8% 9.78% 4.15%
P = .0028, OR = 5.883, 95% CI: 1.763-19.628

Fig. 1 Open and laparoscopic appendectomy for nonperforated appendicitis from 1992 to 2007.
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Laparoscopic appendectomy is a well-documented pro-
cedure both in adults and in children and is generally
considered a safe and effective alternative to open appendi-
citis [2,3]. Many studies have favored the laparoscopic
approach because of the improved aesthetic results,
decreased postoperative pain, shorter recovery time, shorter
postoperative hospitalization, and lower rate of wound
infection [4,5].

Table 4 Incidence of PBO development in LA and OA for
perforated appendicitis

Appendectomy
(perforated)

Initial operative approach Total

Laparoscopy Laparotomy

No. of patients 221 92 313
PBO (no. of patients) 4 9 13
Incidence 1.8% 9.78% 4.15%
P = .0028, OR = 5.883, 95% CI: 1.763-19.628

Fig. 1 Open and laparoscopic appendectomy for nonperforated appendicitis from 1992 to 2007.

1583PBO after laparoscopic and open appendectomy
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Abstract
Introduction: Despite abundant data on the impact of obesity in adults, little data exist that examine the
impact of obesity on surgical outcomes in children. Therefore, we analyzed the impact of obesity on
children with perforated appendicitis.
Methods: We analyzed data from 3 prospective trials on perforated appendicitis between 2005 and
2009. Perforation was defined as a hole in the appendix or fecalith in the abdomen. There was no
difference in abscess rate in the 6 arms of these trials. Body mass index (BMI) was calculated, and BMI
percentile was identified according to sex and age. The obese group was defined as BMI greater than
95th percentile. Data were compared between nonobese and obese patients.
Results: There were 220 patients, of which 37 patients were obese. The obese group was older with no
other differences in presentation. Mean length of stay was 7.9 days in the obese patients compared with
5.8 days for the nonobese (P b .001). Mean operative time was 55.2 minutes in obese patients compared
with 43.6 for nonobese (P = .003). Abscess rate was 35% in obese patients compared with 15% for
nonobese (P = .01).
Conclusions: Obese children undergoing laparoscopic appendectomy for perforated appendicitis
experience longer operative times and suffer worse outcomes.
© 2011 Elsevier Inc. All rights reserved.

The prevalence of obesity among children more than
doubled in the past 20 years, going from 6.5% in 1980 to
17.0% in 2006 [1]. Pediatric health professionals have begun
to see the consequences of childhood obesity and are having to

treat adult-based illnesses, such as type 2 diabetes, hyperten-
sion, and gallbladder disease. Obesitymay impact the patient's
response to surgery. The adult surgical literature has numerous
reports of the adverse effect that obesity has on surgical
outcomes. Obesity has been shown to increase operative times,
length of stay, and surgical site infections [2,3]. Despite the
increase of obesity in children, little has been written in the
pediatric literature addressing the impact of obesity on surgical
outcomes. Therefore, we used our prospective data sets to
quantify the influence of obesity on the medical and surgical
course of children with perforated appendicitis.
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Meeting, Cancun, Mexico, April 10-14, 2011.

⁎ Corresponding author. Center for Prospective Clinical Trials,
Department of Surgery, Children's Mercy Hospital, Kansas City, MO
64108. Tel.: +1 816 983 3575; fax: +1 816 983 6885.

E-mail address: sspeter@cmh.edu (S.D. St. Peter).

www.elsevier.com/locate/jpedsurg

0022-3468/$ – see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.jpedsurg.2011.09.024

Journal of Pediatric Surgery (2011) 46, 2346–2348

Purpose : Peu de données sur la morbidité chirurgicale liée à l’obésité de 
l’enfant 
3 études prospectives sur obésité et AAC 
Résultats : 220 patients, 37 obèses (en moy plus vieux) 

 8 jours de DMS au lieu de 6 si non obèse  
 durée op : 55 min vs 43 min 
 Abcès secondaires : 35% vs 15% 

 
 



Purpose : revue rétrospective d’AA chez l’enfant, n=282 
Résultats : 25 obèses, 31 obèsité morbide 

 durée op : 63 min vs 55 min 
 différence persiste si on considère AA simple ou complexe, coelio ou  open 
 DMS>5 jours : 23% non obèse, 40% si obésité morbide 
 différence persiste si on considère AA simple ou complexe, coelio ou  open 
 plus d’infection de paroi, retard à la réalimentation 

 
 

Appendicitis in the obese child

Dafydd A. Davies, Natalie L. Yanchar*

Division of Pediatric General Surgery, IWK Health Centre, Dalhousie University, Halifax, Canada B3K 6R8

Abstract
Background/Purpose: Little data exist that examine the surgical challenges of obese children. We

hypothesize that obesity affects the presentation, diagnosis, surgery, and postoperative course in children
with appendicitis.
Methods: Cases of all children treated for appendicitis over 6 years were reviewed retrospectively.
Demographics, presentation, pathology, and hospital course were examined.

Results: A total of 282 cases were reviewed; 25 were moderately obese and 31 very obese (VO), which
were defined, respectively, as greater than 1.5 and greater than 2 standard deviations above the
standardized mean weight for age. Groups were similar in age, sex, presentation, use of ultrasound, and

surgical management. Compared with the nonobese group, median operative time was higher in the VO
group (63.5 vs 55.5 minutes; P = .028), with the association between obesity and longer operative time
maintained when stratifying for perforated/nonperforated and open/laparoscopic cases. Almost twice as

many VO children were in the hospital for more than 5 days (nonobese 23.6%, VO 40.0% [odds ratio,
2.2; 95% confidence interval, 0.99-4.8]). This association between obesity and longer length of stay was
seen when stratifying for both perforated and nonperforated cases. In the perforated group, higher rates

of postoperative wound infections and significantly longer times to full diet and ambulation likely
contributed to these longer stays.
Conclusions: Childhood obesity is associated with longer surgery and hospital stays and increased risk
of postoperative infections. Obesity should be considered an important variable when looking at surgical

outcomes in the pediatric population.
D 2007 Elsevier Inc. All rights reserved.

The developed world is facing alarming rates of
childhood obesity. The latest figures in one Canadian
province show that 32.9% of children are boverweightQ
and 9.9% are bobeseQ by standard body mass index (BMI)
measurements [1]. The trend worldwide is that obesity rates
in children are increasing [2]. In the United States,
childhood obesity rates increased as much as 3.3-fold from
1971 to 1999. England saw increases as high as 2.8-fold
from 1984 to 1994 [2].

The medical community has started to see the conse-
quences of childhood obesity. Half of new diagnoses of type
2 diabetes are made in children younger than 18 [3].
Increased rates of asthma, hypertension, and obstructive
sleep apnea have also been linked to this trend, among
multiple other illnesses [2].

Obesity is associated with a variety of physiological
changes that may impair a patient’s response to surgery,
including impairment of cardiac, pulmonary, and immune
functions [4,6-8]. Not surprisingly, then, within the adult
surgical population, obesity has been shown to be associated
with increased risks of complications and technical diffi-
culties during and after operative procedures. For example,

0022-3468/$ – see front matter D 2007 Elsevier Inc. All rights reserved.
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Purpose : a prouvé sa faisabilité et innocuité ds l’AA chez l’enfant ; obèse ? 
Résultats : rétrospectif ; 500 patients : 21% obèses ;  

 pas de différence selon poids pour : durée op, sgt, trocarts 
 supplémentaires, complications perop 
 DMS, complictions postop non différentes 
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Govardhana R. Yannama, Russell Griffin b, Scott A. Anderson a, Elizabeth A. Beierle a,
Mike K. Chen a, Carroll M. Harmona,⁎

aDivision of Pediatric Surgery, Department of Surgery, Children's of Alabama, University of Alabama at Birmingham,
Birmingham, AL, USA
bDepartment of Epidemiology, University of Alabama at Birmingham, Birmingham, AL, USA

Received 17 February 2013; accepted 9 March 2013

Key words:
Appendectomy;
Single incision;
Laparoscopy;
Pediatrics;
SIPES;
Obesity

Abstract
Introduction: Single-incision pediatric endosurgery (SIPES) is gaining popularity and has been
reported to be safe in acute (non-perforated) and perforated appendicitis. The feasibility of SIPES
appendectomy in obese children is uncertain.
Materials and methods: After IRB approval, data were collected from a prospectively maintained
SIPES appendectomy database for cases performed between April 2009 and March 2012. Patients were
divided into obese and non-obese groups based on Center for Disease Control criteria. The surgical
techniques, operative times, complications, conversion rates, and outcomes were recorded. Chi-square
test and t-test were used for statistical analysis.
Results: SIPES appendectomy was attempted in 500 children. There were 21% obese, and 37% were
female with median age of 10.9 ± 3.8 years. Mean operative time, blood loss, requirement of additional
trocars, and intraoperative complications in non-obese and obese children were not significantly
different. Mean hospital stay (2.3 days in each group), post operative wound infections (3.3% vs. 4.8%,
p = 0.55, non-obese vs. obese), and intraabdominal abscesses (4.3% vs. 2.9%, p = 0.77, non-obese vs.
obese) were not significantly different.
Conclusion: SIPES appendectomy may be accomplished successfully and safely in obese children.
Obesity did not appear to be associated with increased risk of complications and was not a
contraindication for SIPES appendectomy.
© 2013 Elsevier Inc. All rights reserved.

Single-incision pediatric endosurgery (SIPES) has gained
considerable popularity and is being used for the manage-
ment of several conditions such as appendectomy and
cholecystectomy [1–3]. The theoretical advantages of SIPES
over conventional laparoscopic surgery include reduced
postoperative pain, faster return to activity and better
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+ Discussion. Terrain particulier 
oedème angioneurotique 

!  Définition :  
!  œdème brutal sous cutané et muqueux par déficit en C1Inh. 

1/100000 en France., une forme acquise et une TAD 

!  Nombreuses formes différentes 

!  Ne cède pas ni aux corticoides, ni aux antihistaminiques 

!  Ttt par danazol et acide tranexamique 

!  25% de mortalité en cas d’œdème laryngé non ttt 

!  1/3 de laparotomie blanche pour crise abdo aigue 

!  Crises déclenchées par un stress même minime 

!  Expérience personnelle 
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Abdominal attacks and treatment in hereditary
angioedema with C1-inhibitor deficiency
Eitan Rubinstein1*, Leslie E Stolz2, Albert L Sheffer3, Chris Stevens2 and Athos Bousvaros1

Abstract

Background: Hereditary angioedema (HAE) is characterized by unpredictable attacks of debilitating subcutaneous
and mucosal edema. Gastrointestinal attacks are painful, of sudden onset and often mistaken for acute abdomen
leading to unnecessary surgery. The purpose of this study was to analyze symptom presentation of gastrointestinal
angioedema in pediatric and adult HAE patients.

Methods: Information collected during the clinical development of ecallantide for treatment of acute HAE attacks
included affected anatomic location, accompanying symptoms, medical history, and pain assessments. Efficacy
endpoints included Treatment Outcome Score (TOS, maximum score = 100; minimally important difference = 30), a
point-in-time measure of treatment response, and time to treatment response.

Results: Forty-nine percent of 521 HAE attacks only involved abdominal symptoms. The most commonly reported
abdominal symptoms were distension (77%), cramping (73%) and nausea (67%). The most common pain
descriptors were tender, tiring-exhausting, aching, cramping and sickening. White blood cell counts were elevated
(>10 × 109/L) in 23% of attacks (mean ± SD: 15.1 ± 11.27 × 109/L). A high proportion of patients reported a history
of abdominal surgery, including appendectomy (23%), cholecystectomy (16.4%), and hysterectomy (8.2%). Mean
TOS at 4 hours post ecallantide was 77±33 versus 29±65 for placebo. Median time to significant symptom resolution
was 165 minutes (95% CI 136, 167) for ecallantide versus >4 hours (95% CI 161, >4 hours) for placebo. Anaphylactic
reactions occurred in 6 of the 149 treated patients.

Conclusions: HAE should be considered in the differential diagnosis of patients with recurrent discrete episodes of
severe, unexplained crampy abdominal pain associated with nausea.

Trials registration: The data used in the analysis were gathered across multiple clinical trials conducted during the
clinical development program for ecallantide. All of the studies were conducted using Good Clinical Practices (GCP)
and in accordance with the ethical principles that have their origins in the Declaration of Helsinki. Each site that
participated in the clinical trials obtained the appropriate IRB or Ethics Committee approval prior to enrolling any
patients. All patients provided written informed consent prior to undergoing any study-related procedures. Pediatric
patients provided written assent and their parents or guardians gave written informed consent.
The following trials have been registered at www.clinicaltrials.gov: EDEMA2 (identifier NCT01826916); EDEMA3
(identifier NCT00262080); EDEMA4 (identifier NCT00457015); and DX-88/19 (identifier NCT00456508).

Keywords: Hereditary angioedema, Gastrointestinal angioedema, Ecallantide
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Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this
article, unless otherwise stated.
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+ Discussion. Terrain particulier 
maladie de Crohn 

!  Le lien Crohn appendicite est très controversé 

!  Risque important de Crohn durant les 6 mois qui suivent 
AA… biais de diagnostic 

!  Seule différence au dg entre AA et AA sur crohn : anémie 
microcytaire et thrombocytose 

The risk of developing Crohn’s disease after an appendectomy: a population-based cohort study in Sweden and Denmark 
Gilaad G Kaplan, Bo V Pedersen, Roland E Andersson, Bruce E Sands, Joshua Korzenik, Morten Frisch. Gut 2007;56:1387–1392. 
doi: 10.1136/gut.2007.121467 
 

Eur J Pediatr Surg. 2012 Aug;22(4):274-8. doi: 10.1055/s-0032-1313348. Epub 2012 May 30. 
Pediatric Crohn disease presenting as appendicitis: differentiating features from typical appendicitis. 
Bass JA1, Goldman J, Jackson MA, Gasior AC, Sharp SW, Drews AA, Saunders CJ, St Peter SD. 
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Abstract
BACKGROUND: We sought to examine the impact of race on the management and outcomes of

appendicitis in children aged 20 years or younger.
METHODS: We studied 96,865 inpatient admissions for children undergoing an appendectomy for

acute appendicitis in 2009 using the Kids’ Inpatient Database.
RESULTS: Perforation at presentation was more common among African-Americans and Hispanics

than Caucasians (27.5% and 32.5%, respectively, vs 23.9%, P , .001). African-Americans were less
likely to have a laparoscopic procedure (odds ratio [OR]: .839, P, .001) and more likely to experience
a complication (OR: 1.753, P , .001). Hispanics were also more likely to have a complication (OR:
1.123, P 5 .001). African-Americans and Hispanics remained in the hospital for .73 more days than
Caucasians (3.07 vs 2.34 days, P , .001).

CONCLUSIONS: African-American and Hispanic children present more often with perforation. Ad-
justing for perforation, they were more likely to have a complication and longer hospital stays. Access
to care and delayed presentations may be potential explanations.
Published by Elsevier Inc.

Differences in socioeconomic status, race, and ethnicity
have been associated with variable outcomes throughout
adult surgery and medicine. Whether in colorectal cancer,
breast cancer, acute care surgery, elective abdominal

operations or screening examinations, minority race and
lower socioeconomic status, in general, have been linked to
worse outcomes.1–5 Although explanations for this have
been mostly speculative, issues ranging from comparatively
worse overall health and lack of knowledge to delayed pre-
sentation because of decreased access to care have all been
proposed as causative reasons.6 The question remains: Does
this trend carry forth in the pediatric population? Unfortu-
nately, similar to adults, disparate outcomes for children
based on race and ethnicity have been reported in the
United States today across multiple aspects of medical
care. Minority children have been shown to have inferior
outcomes ranging from infant mortality, pediatric trauma,
and childhood asthma to overall morbidity and mortality af-
ter a broad range of pediatric surgical procedures.7–10 Dif-
ferences also persist in the use of medical care and services
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manuscript. No authors have any significant disclosures related to this
manuscript or its publication. The views expressed are those of the au-
thor(s) and do not reflect the official policy of the Department of the
Army, the Department of Defense, or the U.S. Government.
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Purpose : minorités raciales et socioéconomiques : suites plus compliquées 
79285 enfants : 26,3% de formes perforées, 6,6% de complications 
Plus de complications à très court terme ou court terme si africains ou 
hispaniques ; plus de formes compliquées, vont plus dans les CHU et 
Hôpitaux pédiatriques 
En multivarié : RRx7 pour une complication si App perforée; moins si hôpital 
pédiatrique; moins si coelioscopie; si op au delà d’un jour d’hops 
 



+ Discussion. Appendicites chroniques 

!  Ce n’est pas une entité clinique mais histologique 

!  Douleurs FID récidivantes ou > 7 jours 

!  Prise en charge très variable 

!  Dans notre équipe : décision d’AA si appendice tuméfié aux 
écho à chaque épisode + absentéisme scolaire + pas 
d’autres dg 

!  Fait alors en HDJ à froid 

!  Explications claires sur la balance bénéfice / risque 

!  90% sans récurrence douloureuse 

!  Revoir à un mois… crohn ??? 

 Chirurg. 2002 Jul;73(7):710-5. Chronic appendicitis as an independent clinical entity. Mussack T1, Schmidbauer S, Nerlich A, 
Schmidt W, Hallfeldt KK. 
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Abstract
Purpose The appendix can be a rare cause for chronic right
lower quadrant abdominal pain (RLQAP), even though no
objective disorder can be determined to the appendix. This
condition can be described as chronic appendicitis or
(neurogenic) appendicopathy. After careful selection, elective
appendectomy is performed in our centre for this group of
patients.
Methods All patients that underwent an elective appendecto-
my between 2006 and 2013 were prospectively analysed.
Inclusion criterion was chronic RLQAPwithout abnormalities
seen on imaging. Exclusion criterion was pain after conserva-
tive treatment of (complicated) appendicitis or an abnormal
appendix on imaging like a mass, mucocoele or faecolith.
Primary outcome was the effect on the pain postoperatively.
Results In the period of the study, ten patients met the inclu-
sion criteria and underwent an appendectomy for chronic
RLQAP. Average preoperative pain score assessed with visual
analogue scale (VAS) was 8.6. Preoperative work-up showed
no abnormalities. No macroscopic abnormalities were seen
during surgery in any of the patients. Histopathological anal-
ysis was obtained and showed limited abnormalities in eight
of ten patients, mostly suspicion of previous inflammation.
Postoperatively, no complications occurred, and at revision
after 3 weeks, average VAS was 1.0. Long-term follow-up
showed that patients remained free of symptoms; average
VAS after a median of 33 months was 1.0.
Conclusions A significant reduction of pain was achieved
after an appendectomy in all patients suffering from chronic
RLQAP in this series. Seven out of ten patients were
completely free of pain.

Keywords Appendectomy . Chronic abdominal pain .

Chronic appendicitis . Appendicopathy

Introduction

An appendectomy for acute appendicitis is a frequent emer-
gency surgical procedure. Elective appendectomy is normally
only performed for appendiceal abnormalities like an
appendiceal mass or if a patient remains symptomatic after
conservative treatment of (complicated) appendicitis. Howev-
er, patients with chronic right lower quadrant abdominal pain
(RLQAP) without objective abnormalities of the appendix can
still benefit from an appendectomy. This often misdiagnosed
or unrecognized condition can be described as chronic appen-
dicitis [1, 2] or (neurogenic) appendicopathy [3, 4].

One randomized controlled trial reports that an appendec-
tomy can be beneficial for patients with chronic RLQAP [5].
Also in our centre, patients with chronic RLQAP are consid-
ered for appendectomy. These patients were prospectively
analysed to review the result of a laparoscopic appendectomy
on the chronic pain.

Material and methods

All adult patients who underwent an elective laparoscopic
appendectomy between 2006 and 2013 were prospectively
analysed for the presence of chronic RLQAP. Tergooi Hospi-
tal is a general community teaching hospital in Hilversum in
the centre of The Netherlands.

Patients were referred to the gastrointestinal surgeon by a
general practitioner or a consultant from another specialty
(gastroenterologist or gynaecologist). Medical history was
obtained, and physical examination was carried out. Labora-
tory tests in the blood, namely leucocyte count and C-reactive

C. C. van Rossem (*) :K. Treskes :D. L. Loeza :
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Department of Surgery, Tergooi Hospital, PO Box 10016, 1201
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EVA à 8 avant, Appendice normale en écho, pas d’autre point d’appel 
10 patients : Appendicectomie laparoscopique, appendice d’aspect 
normal en perop histologie : 8 inflammation chronique 
HDJ pour 9 d’entre eux 
EVA à court terme : 1, à long terme  (moy 33 mois) : 1 
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� Objective To audit the appendectomies at our institute, and summarise 
atypical pathological results with a discussion of appropriate 
management.

 Design Retrospective study.

 Setting Regional hospital, Hong Kong.

 Patients All patients who underwent appendectomy for presumed 
acute appendicitis from June 2003 to June 2008 were recruited. 
Incidental appendectomy was excluded. Patient demographics, 
pathological findings, and surgical outcomes were analysed.

 Results The overall negative appendectomy rate was 18.2%. Female 
patients of reproductive age (11-50 years) conferred an 
independent risk for a higher negative appendectomy rate 
than other females (28.7% vs 11.5%; P<0.001). The overall 
perforation rate was 22.5%; the extremes of age (<11 or >70 
years) conferred an independent risk of perforated appendicitis 
(25.2% vs 16.3%; P=0.002). Preoperative imaging was not 
associated with a lower negative appendectomy rate or rate 
for perforated appendicitis (P=0.205 and 0.218, respectively). 
Multivariate analysis suggested that a preoperative white cell 
count of less than 13.5 x 109 /L was an independent predictor of 
negative appendectomy (P<0.001); the body temperature and 
pulse rate of the patients with perforated appendicitis were 
higher than in those without perforation (P=0.004 and 0.003, 
respectively). Only 4.0% of the appendectomy specimens 
contained other appendiceal pathologies. Appendiceal 
diverticulitis was the most common inflammatory pathology, 
contributing to 2.7% of all appendectomies, followed by 
granulomatous appendicitis. In this series there were eight 
carcinoid tumours, three adenocarcinomas, two mucinous 
cystadenomas; tubular adenoma, metastatic deposition, 
mucinous cystadenocarcinoma and pseudomyxoma peritonei 
each occurred in one patient only.

 Conclusions A more focused utilisation of preoperative imaging in females 
of reproductive age and patients at the extremes of age is 
suggested. Long-term follow-up should be offered to patients 
with granulomatous appendicitis and neoplastic appendiceal 
diseases.

If not appendicitis, then what else can it be? A 
retrospective review of 1492 appendectomies
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Introduction 
The life-time risk of acute appendicitis is around 7%, which makes appendectomy one 
of the most commonly performed operations. Since typical presentations are only 
encountered in about 60% of patients, accurate preoperative diagnosis has long been a 
great challenge, even to experienced surgeons. Various imaging modalities, biochemical 
markers, and scoring systems have been introduced, with a view to lower the negative 
appendectomy rate (NAR). However, there is continuing controversy about their routine 
use. While studies are still ongoing to investigate how to improve the diagnostic accuracy, 
certain unexpected/unusual lesions of the appendix may warrant further clinical attention 
or follow-up. This study reviewed appendectomies for presumed acute appendicitis over 
a 5-year period, and entailed auditing of all such surgeries performed in our hospital. By 
this means we set out to determine the incidence and relationships of various pathological 
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rate was 22.5% (24.8% in males vs 20.1% in females; 
P=0.68). When we compared the perforation rate 
in different age-groups, patients at the extremes of 
age were more likely to have a perforation (25.2% 
vs 16.3%; P=0.002). On performing univariate and 
multivariate analyses (Tables 1 and 2), patients with 
a normal appendix tended to have a lower mean 
preoperative white cell count (P<0.001). Patients with 
a perforated appendicitis tended to have higher body 
temperatures and pulse rates on admission (P=0.004 
and 0.003, respectively). Preoperative imaging was 
not associated with a lower NAR or perforation rate 
(P=0.205 and 0.218, respectively). The 30-day mortality 
rate for patients who underwent appendectomy was 
0.2%.

 Appendiceal pathology other than acute 
appendicitis was found in 59 patients, making an 
overall percentage of 4.0%. The majority of these 
were inflammatory appendiceal lesions (42/59, 
71.2%); 40 of them had appendiceal diverticulitis 
and two had granulomatous appendicitis. Of the 17 
neoplastic appendiceal lesions, 10 were in males, 
and their ages ranged from 19 to 84 years, 70% were 
older than 50 years. The most common neoplastic 
appendiceal pathology was carcinoid tumour, found 
in eight patients (0.5% of all appendectomies), 
followed by adenocarcinoma (n=3) and mucinous 
cystadenoma (n=2). Tubular adenoma, mucinous 

cystadenocarcinoma, secondary adenocarcinoma 
deposits, and pseudomyxoma peritonei were each 
found in one patient.

 In 271 patients with a normal appendix, extra-
appendiceal pathology was found in 71 (4.8% of all 
appendectomies); 42 (5.5% of all female patients) had 
a gynaecological pathology, including: ovarian cysts, 
endometriosis, and pelvic inflammatory disease. In 
all, 24 (1.6% of patients) had colonic diverticulitis, 
caecal diverticulitis being the most common (21 
out of 24). Perforated peptic ulcer and Meckel’s 
diverticulitis were each found in two of the patients. 
One of the patients was found to have a perforation 
of the terminal ileum due to fish bone ingestion.

Discussion
This study showed that the incidence of acute 
appendicitis remained similar throughout the 
5-year period, which is consistent with the study 
performed by Körner et al.1 Negative appendectomy 
and perforation of an inflamed appendix are the 
two main adverse outcomes in managing suspected 
acute appendicitis. They are usually the result of a 
low operative threshold and prolonged observation, 
respectively. Although this is a simple logic, the 
decision ‘to operate or not’ is always a challenge even 
to a senior surgeon. The quoted NAR was 15 to 25%, but 

Acute appendicitis 
(n=1162)

Other pathologies 
(n=59)

Appendectomy 
(n=1492)

42 Inflammatory
40 Appendiceal diverticulitis
2 Granulomatous appendicitis

Perforation 
(n=262)

No acute appendicitis 
(n=330)

No perforation 
(n=900)

17 Neoplastic
8 Carcinoid
3 Adenocarcinoma
2 Mucinous cystadenoma 
1 Tubular adenoma
1 Metastatic deposition
1 Mucinous cystadenocarcinoma
1 Pseudomyxoma peritonei

71 With extra-appendiceal pathology
42 Gynaecological conditions
24 Colonic diverticulitis
2 Perforated peptic ulcer
2 Meckel’s diverticulitis
1 Foreign body ileal perforation

Negative appendectomy 
(n=271)

FIG 2. Breakdown of appendectomies performed

18% Appendicectomie blanche : femme adulte 
Hyperleucocytose modérée : FDR indépendant 
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Abstract
Background Patients with nonspecific abdominal pain

(NSAP) are frequently seen in emergency departments.

Different studies have suggested that early laparoscopy
(EL) could be an adequate tool to accelerate diagnosis and

therapy. The aim of this study was to assess the effec-

tiveness of EL in terms of diagnosis, persistence of NSAP,
mortality, morbidity, cost, hospital stay, and quality of life

relative to observation in NSAP.

Methods We performed a systematic review to identify
randomized controlled trials (RTC) comparing EL versus

active observation (AO) in NSAP. The primary outcomes

were the number of patients with positive and negative
findings, the utility for each group, and the cases with

persistence of NSAP. Methodologic quality was assessed

using the recommendations of the Cochrane Collaboration.
Results Five studies that included a total of 921 patients

were included: 460 in the EL group and 461 in the AO

group. The use of an important methodologic heterogeneity

between included studies avoided a pooled analysis. Data
suggested that EL performed better in establishing a final

diagnosis (79.2-96.9%) vs. AO (28.1-78.1%); however, the

final therapeutic utility of laparoscopy was lower than the
diagnostic rate (10.9-86.5%). The mortality rate of EL was

similar to AO, and morbidity ranged from 1.15 to 23.72%

in EL compared with the range from 1.9 to 31.14% in AO.
The length of hospital stay ranged from 1.3 to 4.18 days in

EL compared with the range from 2 to 7.3 days in AO.

Conclusions There is an important heterogeneity between
the populations and in the degree of methodologic quality

in the included studies. Data suggest that EL performs

better in establishing a final diagnosis after admission, but
the lack of uniform information does not allow for the

recommendation of EL as a routine strategy in clinical

practice. We recommend that a large trial be conducted
with specific operative characteristics to solve problems

identified in primary trials.

Keywords Abdominal pain ! Diagnostic laparoscopy !
Acute appendicitis ! Acute abdomen ! Appendectomy

Patients with acute abdominal pain represent an important

number of surgical admissions. Nonspecific acute abdom-

inal pain (NSAP) is defined as acute abdominal pain that
lasts less than 7 days and for which the diagnosis remains

uncertain after baseline examination and diagnostic tests

[1]. Different strategies to assess these patients have been
used, including observation, imaging methods, and early

laparoscopy (EL). In the presence of uncertainty, the

watchful waiting option is also considered when the phy-
sician is able to balance the current expected benefits of

immediate treatment against the risks [2]. On the other

hand, diagnostic laparoscopy is recommended to prevent
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douleur abdominale non spécifique : Surveillance ou coelio précoce ? 
Analyse de la littérature 

 bonne valeur diagnostic de la coelio (72 à 96% de dg vs 28 à 78%) 
 mauvaise valeur thérapeutique (11 à 89%) 
 même taux de mortalité, même morbidité, DMS < 



+ Discussion. Terrain particulier 
tumeurs carcinoïdes 
 

!  Rare 

!  Découverte anapath 

!  Pas de syndrome carcinoide 
!  Bouffées vasomotrices, douleurs abdominales, diarrhées 

!  Contrôle anapath systématique 
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Background: Appendiceal carcinoid tumors are very rare in children, and management has

been guided by adult presentations and outcomes. Here, we present our experience with

pediatric appendiceal carcinoid tumors.

Methods: We undertook a retrospective review of all cases of appendiceal carcinoids in

children over a 20-y period. Data regarding clinical presentation, diagnosis, pathology,

follow-up, and outcomes were collected and analyzed.

Results: We identified 13 cases of appendiceal carcinoids. All cases were diagnosed after

appendectomy for presumed appendicitis (nine acute and four interval;), with no patient

having carcinoid syndrome. Mean age at diagnosis was 13.7 y, and all but one case was

female. Tumor size ranged from microscopic foci of tumor cells to 2.1 cm (mean, 0.93 cm).

Seven cases had invasion of the mesoappendix, three of which underwent a subsequent

right hemicolectomy. The patient with the largest tumor (2.1 cm) had evidence of

lymphatic invasion with three nodes positive for tumor after right colectomy. No patient

had elevation of 5-hydroxyindoleacetic acid or serum chromogranin A, and surveillance

computed tomographic scans did not reveal any liver metastases.

Conclusions: This is a relatively large series of carcinoids of the appendix in children. We

found no evidence of carcinoid syndrome or metastatic disease in these cases other than

lymphatic. The need for a secondary colectomy is perhaps questionable.

ª 2014 Elsevier Inc. All rights reserved.

1. Introduction

Carcinoid tumors are very rare in childhood arising from
neuroendocrine cells of the gastrointestinal tract and
tracheobronchial tree [1]. They are classified by embryologic
origindforegut (airway), midgut (small bowel, appendix), or
hindgut (rectum). Of these locations, the appendix is the most
common site of disease [2].

Appendiceal carcinoids are most commonly discovered
incidentally after appendectomy for acute appendicitis. A
summary of existing series totaling more than 350,000

pediatric appendectomies noted an overall incidence between
2 and 5 per 1000 cases [3].

Because of the rarity of carcinoid tumors in children,
management guidelines have been difficult to generate. The
outcomes of roughly 200 documented cases have guided the
recommendations at this point [2]. Extended resections and
colectomies are currently recommended for tumors >2 cm in
adults, but the need for that in the pediatric age group is un-
clear as there are anecdotal reports of children with tumors
>2 cm who have remained disease free for !10 y after ap-
pendectomy alone [4,5]. Thus, some authors are beginning to
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Étude rétrospective sur 20 ans 
13 cas, tous découverte anapath, moy 13 ans, fille 
 
Adulte : Hémicolectomie droite en cas 
d’envahissement du méso et/ou tumeur >2cm…  
 
enfant ??? Cas décrit de 10 ans de recul sans 
récidive après appendicectomie seule 
 
Pas de métastase, pas de syndrome carcinoïde 
 
Pas de risque surajouté si appendicite perforée… 
pas d’hémicolectomie 
 

4. Discussion

Although rare, appendiceal carcinoids represent the most
commonly encountered neuroendocrine and intestinal tumor
in children [1]. Adult patient data have been used to under-

stand the behavior, which may not reflect the way this tumor
acts in children. The metastatic potential of these tumors is
low and correlates well with tumor size [6,7]. Tumors have
been divided into risk groups based on diameter, with those
<1 cm having the lowest metastatic potential and lesions
>2 cm, the highest. The vast majority of children (72%e95%)
present with a tumor <1 cm [5,8]. Current guidelines for adult
patients state that secondary right hemicolectomy is indi-
cated for tumors >2 cm, incompletely resected tumor, lym-
phovascular invasion, invasion of the mesoappendix, or high
grade or mixed histology [6,9]. Additionally, there have been

some reports suggesting that further resection should be
performed following cases of appendiceal perforation with
carcinoid, specifically, with perforation into the meso-
appendix due to potential of metastatic seeding. However,
there are also reports of long-term disease-free survival after
an appendectomy alone for children with perforated appen-
dicitis, which suggests that an aggressive approach with
further resection may be unwarranted in that situation [7,10].

Patients in our series presented in a variety of ways. Three
children had perforated appendicitis at presentation and un-
derwent interval appendectomy, one presented with a liver

abscess, whereas the remaining presented with acute
appendicitis.

Our report also describes tumors with lymphovascular
invasion, positive margins, mesoappendiceal invasion, and
lymph nodemetastases. Seven patients hadmesoappendiceal
invasion, three had secondary hemicolectomy performed,
whereas the other four had no documented progression of
disease with appendectomy alone. In our experience, appen-
diceal perforation did not seem to worsen the outcome, sug-
gesting the risk of tumor spread with perforation of the
appendix is inherently low, or that current follow-up is inad-

equate to identify late recurrence. However, with follow-up at
>24 mo for all perforated cases, this seems unlikely. This was
an interesting observation given the speculation that appen-
diceal perforation in patients with carcinoid tumors increases
risk of spread [7].

The 2010 NANETS guidelines stated that “small (<1 cm)
well-differentiated carcinoids confined to the tip of the ap-
pendix that are completely excised can be regarded as cured, if
there is no evidence of lymphovascular invasion or invasion
into the mesoappendix” [2,6] They recommended that pa-
tients with tumors <2 cm generally require no follow-up;

however, given rare reports of regional lymph node disease
in tumors <2 cm, other tumor characteristics should be taken
into consideration in addition to size. Patients with meso-
appendiceal invasion, high-grade tumors, or any tumors
requiring right hemicolectomy need more intense follow-up
according to the NANETS guidelines [6]. In our series, we did
not note disease progression in any of the seven cases that
met those criteria.

Although right hemicolectomy is recommended in chil-
dren with tumors >2 cm because of the higher likelihood of

local tumor spread, there are only three reports of children
with appendiceal carcinoids and lymph node metastases. All

caseswere limited to regional lymphnodes, and therewere no
reports of distant (liver) metastases from this tumor. In our
series, we report the fourth case of regional lymph node
metastasis from an appendiceal carcinoid in a child [5,11,12].
In general, tumor size >2 cm predicts lymph nodemetastasis,
and at 2.1 cm, our case is consistent with this observation.
Only one case of regional lymph node metastasis has been
reported in a tumor <2 cm [5].

Current recommendations for long-term follow-up for
children diagnosed with carcinoid tumors vary, and our own
follow-up protocol evolved over time. Most current recom-

mendations in children are derived from the NANETS guide-
lines, which are based on adults, and may have limitations.
The NANETS guidelines recommend clinical evaluation,
chromogranin A, and 5-HIAA at a minimum at 3 mo post-
operatively, followed by every 6 mo for 7 y. CT scan or mag-
netic resonance imaging of the primary tumor site is also
recommended [6]. In cases in which metastatic disease is
strongly suspected, somatostatin receptor scintigraphy
(octreotide scan) is advised. Tominimize cumulative radiation
doses in children diagnosed with carcinoid tumors, we prefer
MRI to CT scan imaging. However, in smaller children unable

to tolerate MRI, CT scan may be more feasible. Our current
protocol for imaging is once at 3e6 mo postoperatively, fol-
lowed by yearly imaging for 5 y (Figure). This is less than that
recommended for the adult cases and is more cost-effective
and less intensive. In our experience, no child has developed
evidence of recurrent or metastatic disease on follow-up im-
aging. Serial cross-sectional imaging of the abdomen at 6-mo
intervals bears a significant cost, including irradiation in the
case of CT. Given the benign behavior of these tumors in
children, we question the need for such frequent surveillance.
Furthermore, the pretest probability of 24-h urine 5-HIAA and

Figure e Flow diagram for suggested treatment algorithm
for appendiceal carcinoids in children. MR, magnetic
resonance. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version
of this article.)
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Abstract
Purpose Appendicitis is by far the commonest major emer-
gency general surgical operation. Histopathological examina-
tion of the appendix is routinely performed.
Methods This study is a retrospective analysis of 24,697
appendectomies performed from January 2003 to December
2011. Pathological reports were analyzed for the following
parameters: age, gender, and pathological diagnosis.
Results Appendectomy specimens represent 17 % of all path-
ological reports. Acute appendicitis was present in 19,637
(79.5 %) patients. The perforation rate was 6.3 % and was
significantly higher in adult patients. The negative appendec-
tomy rate was 15% and was significantly higher in female and
adult patients. The incidence of negative appendectomies had
clearly decreased over the 9-year period distribution. Inciden-
tal unexpected pathological diagnoses were noted in 226
(0.9 %) appendectomy specimens. Neoplastic lesions were
present in 171 cases (0.7 %); they include carcinoid, adeno-
carcinoma, and mucinous neoplasms.
Conclusions Routine pathological examination of appendec-
tomy specimens is expensive. With advances in technology
and imaging modalities, the diagnosis of acute appendicitis
has improved, with a subsequent significant reduction in
negative appendectomy. There are still a number of unusual
diagnoses found in appendicectomy specimens supporting the
continued use of routine histology.

Keywords Appendix . Routine . Carcinoid . Enterobius
vermicularis . Pathology

Purpose

Acute appendicitis is the most common intraabdominal con-
dition requiring emergency surgery. Appendectomy is the
treatment of choice for acute appendicitis. The practice of
sending appendectomy specimens for histopahological evalu-
ation varies from institutes [1–3]. The aim of this study was to
assess the value of routine histological examination of the
resected appendix.

Methods

A retrospective study of all histopathological reports of ap-
pendectomy specimens was done between January 2003 and
December 2011 for a clinical suspicion of acute appendicitis at
the Department of Pathology of CHU Habib Bourguiba, Sfax,
Tunisia. Appendectomies performed in conjunction with bow-
el resections or other pelvic surgery were excluded. The
patient’s medical records include age, gender, and histopath-
ological diagnosis. All pathological reports were done by a
senior pathologist.

In our department, appendectomy specimens are routinely
sampled for microscopic examination, with representative
sections including the tip and two cross-sections from the base
and body of the appendix. Complementary sections were
taken in cases of normal, granulomatous or tumoral appendi-
ces. Negative appendectomy was defined as a specimen that
was microscopically normal with no evidence of acute or
chronic inflammation, tumors, parasitic infestation, and other
pathological abnormalities. We do not include fibrous
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0.9% de découvertes anapath :  
 0.7% néopllasme : carcinoïde, adénocarcinoïde, 
 mucineux 
 nette diminution des app blanches au cours des 
 10 dernières années 
  

nearly one fifth of all specimens analyzed in our department.
Histopathological examination of the appendix serves two
purposes. First, it allows the diagnosis of acute appendicitis
to be confirmed, especially where this is not evident intraop-
eratively. Second, histopathological examinationmay disclose
additional pathologies that may not be evident on gross ex-
amination intraoperatively but may affect subsequent clinical
management of the patient. Five pathological groups with
consequential diagnoses may be encountered in appendices
specimens: parasite infection, endometriosis, granulomatosis,
benign neoplasm, and premalignant/malignant neoplasm.Ma-
lignant neoplasms, some endocrine tumors, parasitic infec-
tion, and granulomatous inflammation need further explora-
tion and adequate treatment [4, 5].

The incidence of negative appendectomies has been report-
ed to be on the decline over the last years [6, 7]. Our study
highlights this statement. Several factors may explain the

decrease of the rate of negative appendectomy. The use of
computed tomography scans preoperatively has been shown
to reduce the negative appendectomy rates particularly in
children [7–10]. Laparoscopy is also a useful diagnostic ad-
junct; however, there has been debate of what to do with the
macroscopically normal looking appendix. The macroscopi-
cally normal appendix can harbor real pathology on final
histopathological assessment. These can include microscopic
appendicitis, appendiceal tumors, or parasitic infestation. So
many surgeons remove the normal looking appendix in this
instance [11, 12]. Nemeth et al. demonstrated the existence of
a subgroup of appendicitis with no histological change but
with evidence of an inflammatory condition at molecular level
[13]. The study of Khairy showed that 70 % of negative
appendectomies were females [14]. In our study, negative
appendectomies were more prevalent in female and adult
groups. This likely reflects the difficulties in diagnosing acute
appendicitis in female patients because of the gynecological
disorders that mimic acute appendicitis and in children [15].
The most common extra-appendiceal pathologies mimicking
acute appendicitis in children include mesenteric adenitis,
ovarian cyst and torsion, urinary tract infection, and compli-
cations of Meckel’s diverticulum [16].

The perforation rate was relatively low in the present study
than in other studies (13.9 to 28 %) [17–19]. An aggressive
surgical approach for fear of perforation, in our institute, could
explain this finding. The perforation rate in the present study
was significantly higher in old patients reflecting difficulties
in diagnosing acute appendicitis in these patients.

In our study, there were 1,825 unsuspected appendiceal
findings discovered by microscopic examination. This sup-
ports the continued use of routine histological examination. In
the systemic review of all studies published on the histopath-
ological results of appendectomy specimens by Swank et al.,
benign or malignant neoplasms are found in 0.7 % of all
specimens [4]. Benign neoplasms are more frequent (0.5 %)
and include endocrine and mucinous neoplasms [4]. The
review of Akbulut et al. found that carcinoid tumors represent
0.3 % of all appendectomy specimens [5]. Carcinoid tumors
may produce appendicitis either by obliterating the lumen or
by releasing vasoactive inflammatory mediators [17]. In our
study, 20 % of carcinoid tumors were associated with acute
appendicitis. The rate of malignant neoplasms varies among

Table 1 Abnormal findings encountered in the appendectomy
specimens

Pathology Number of cases

Tumors

Carcinoid 90

Primary Adenocarcinoma 15

Secondary adenocarcinoma 1

Mucinous lesions 60

Neurofibroma 4

Lymphoma 1

Inflammatory conditions

E. vermicularis 1,599

Granulomatous 46

Suspicious for Crohn’s disease 28

Suspicious for tuberculosis 4

Others 14

Eosiniphilic appendicitis 1

Fungal infection 1

Actinomyces 3

Endometriosis 2

Vasculitis 1

Squamous metaplasia 1

Total 1,825

Table 2 Distribution of the incidence of acute appendicitis, perforation rate, and negative appendectomy rate according patient age and sex

Parameters Incidence of acute
appendicitis (%)

p Appendicular
perforation rate (%)

p Appendiceal
tumor rate (%)

p Normal appendicectomy
rate (%)

p

Children 81.7 2.4×10−9 5.4 3.2×10−5 0.1 7.9×10−14 10.8 1.4×10−36

Adult 78.4 7 0.9 17

Male 85.5 2.7×10−118 7.5 4.9×10−9 0.6 0.8 10.5 1.3×10−85

Female 73.6 5.4 0.6 19.4
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+ Discussion. Scores cliniques 

!  De nombreux scores existent 

!  Aide diagnostic aux urgences : débrouillage 

!  Tous les scores sont unanimes : seul éléments fiable avec 
excellente VPP et VPN : examen par senior !!! 

!  ALAVRADO ou MANTRELS (adultes) :  
!  Migration to the right iliac fossa 
!  Anorexia, NV 
!  Tenderness in the RIF 
!  Rebound pain 
!  Elevated temperature 
!  Leucocytosis 
!  Shift of leucocytes to the left 

!  Enfant : Madan Samuel : Pediatric appendicitis score 

Alvarado A. A practical score for the early diagnosis of acute appendicitis. Ann Emerg Med. 1986;15:557-564. 
Samuel M. Pediatric Appendicitis Score. J Pediatr Surg. 2002;37:877-881. 



ORIGINAL ARTICLE

The evaluation of the validity of Alvarado, Eskelinen, Lintula
and Ohmann scoring systems in diagnosing acute appendicitis
in children

Arzu Sencan • Nail Aksoy • Melih Yıldız •
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Abstract
Purpose To show whether Alvarado, Eskelinen, Lintula

and Ohmann scoring systems have predictive values in

diagnosing acute appendicitis in children.
Methods Sixty patients with suspected acute appendicitis

were prospectively evaluated. Alvarado, Eskelinen, Lintula

and Ohmann scores were calculated separately for each
patient at the time of admission. The specificity, sensitivity,

positive and negative predictive values of the scores were

calculated. The predictive value of the scores was evalu-
ated with the receiver operating characteristic (ROC) curve

and the consistency among the scores by Kappa test.

Results Twenty of the patients were female (33.3 %). The
mean age of the patients was 9.9 years (3–16 years). Forty

two patients were operated and appendectomies were per-

formed with the diagnosis of acute appendicitis. The area
under the ROC curve showed that the scores had no pre-

dictive value in diagnosing acute appendicitis. Kappa test

showed that agreement between the scores was not good.
Conclusion The sensitivity and specificity of the four

scoring systems were not sufficient enough in diagnosing
acute appendicitis in our patient group. We concluded that

the most important factor affecting the decision for surgery

in suspected acute appendicitis is the surgeon’s experience
combined with physical findings of repeated clinical

examinations.
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Introduction

Appendicitis is the most common surgical emergency in

childhood [1]. Despite advances in the diagnosis and sur-
gical treatment, diagnosing appendicitis still remains diffi-

cult. Acute appendicitis is one of the few surgical diagnosis

that is made clinically and decision to undergo surgery is
often given without certainty of the definitive diagnosis.

The delay in the diagnosis increases morbidity and mor-

tality, whereas false positive diagnosis of appendicitis leads
to unnecessary surgery. Due to diagnostic delays, perfora-

tion rates are reported as 17–33 % and negative laparotomy

rates between 3 and 54 % [2, 3]. Although radiological
imaging techniques and laboratory tests are helpful in the

diagnosis of appendicitis, several clinical diagnostic scores

have been developed to aid in the diagnosis of suspected
cases. Different results of these scoring systems have been

reported in the literature. Some studies showed that the

scoring systems reduced the negative appendectomy rate by
50 % [4, 5], while some others reported that the diagnostic

accuracy of the scores was low [6, 7].
To our knowledge, four different scoring systems have

not been compared all together in one study, so far.

Therefore, we designed this study to show whether Alva-
rado, Eskelinen, Lintula and Ohmann scoring systems are

useful or not in the diagnosis of acute appendicitis in

children with abdominal pain and also to evaluate the
consistency of these four scores among each other.

Materials and methods

Sixty patients who admitted to the pediatric surgery
emergency department of our hospital with complaint of

abdominal pain between February 2011 and August 2011,
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and who were hospitalized with suspected acute appendi-

citis were prospectively evaluated. Patients with a history
of previous surgery and those with acute abdominal trauma

were excluded. The study was approved by the Ethics

Committee of our institution. The parents of the patients
were informed about the study and their approval was

obtained at the time of hospitalization. The history, clinical

examination results, basic laboratory data (white blood
cell; WBC) and routine radiologic imaging results

(abdominal ultrasonography; USG, plain abdominal gra-
phy) were recorded on the previously prepared data sheets

at the time of admission. Alvarado, Eskelinen, Lintula and

Ohmann scores, described previously in the literature, were
calculated separately for each patient. Physical examina-

tions and the operations were performed by three experi-

enced pediatric surgeons. An Alvarado score of 7 or greater
[8], an Eskelinen score of 57 or greater [9], a Lintula score

of 21 or greater [10] and an Ohmann score of 12 or greater

[11] are indicative of appendicitis. The decision for surgery
was based on overall clinical judgement, together with the

laboratory findings and radiologic imaging results. Physical

examination was repeated every 2 h for suspected cases.
The scoring systems played no role on the decision to

operate in neither of the patients. Operations were per-

formed by open surgical technique in all patients. Ampi-
cillin-Sulbactam was prescribed postoperatively. The

diagnosis of acute appendicitis was made by the intraop-

erative macroscopic appearance of the appendix; edema-
tous and hyperemic appendix was diagnosed as acute

appendicitis; and additional fibrinous appearance was

diagnosed as phlegmonous appendicitis. Intraoperative
diagnosis was confirmed by histopathological examination.

Statistical analyses were performed with SPSS 13 for

Windows Package Programme. The sensitivity, specificity,
positive and negative predictive values (PPV, NPV) of

each of the four scores were calculated separately. The

receiver operating characteristic (ROC) curve was used to
evaluate the predictive value of the scores. The consistency

among the scores was evaluated by Kappa test.

Results

Twenty of the patients were female (33.3 %) and 40 were

male (66.7 %). The mean age of the patients was 9.9 years

(3–16 years). Forty two patients were operated and
appendectomies were performed with the diagnosis of

acute appendicitis. The intraoperative diagnosis was cor-

related with histopathological examination. No negative
laparotomy was performed among the operated patients.

Eighteen patients were conservatively followed up and

discharged from the hospital when their abdominal pain
subsided. These patients were evaluated as nonspecific

abdominal pain. No preoperative or postoperative compli-

cations occured in neither of the patients. They were dis-
charged from the hospital on an average of 2 days

postoperatively.

For 60 patients, the sensitivity of Alvarado score was
76.19 %, the specificity was 38.89 %, the PPV was

74.42 % and the NPV was 41.18 %. The sensitivity of
Eskelinen score was 73.81 %, the specificity was 50 %, the

PPV was 77.5 % and the NPV was 45 %. The sensitivity of

Lintula score was 16.67 %, the specificity was 66.7 %, the
PPV was 53.85 % and the NPV was 25.53 %. The sensi-

tivity of Ohmann score was 21.43 %, the specificity was

88.89 %, the PPV was 81.82 % and the NPV was 32.65 %
(Table 1). Kappa test showed that agreement between the

scores was not good (Table 2).

The area under the ROC curve was 0.576 (95 % CI
0.40–0.74) for Alvarado score (Fig. 1), 0.565 (95 % CI

0.39–0.73) for Eskelinen score (Fig. 2), 0.553 (95 %

CI 0.37–0.73) for Lintula score (Fig. 3) and 0.590 (95 %
CI 0.42–0.75) for Ohmann score (Fig. 4). As a result, these

findings showed that the scores had no predictive value in

diagnosing acute appendicitis.

Discussion

The average lifetime risk of appendicitis is 7 % [12].

Despite advances in the diagnosis and treatment tech-
niques, appendicitis still remains a challenging surgical

emergency with significant morbidity and mortality. The

delay in the diagnosis and the treatment of the condition
can lead to complications [13]. Radiologic imaging tech-

niques and various laboratory studies have diagnostic aid,

thus increasing the cost with additional radiation risk.

Table 1 Diagnostic performance parameters

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Alvarado 76.19 38.89 74.42 41.18

Eskelinen 73.81 50 77.5 45

Lintula 16.67 66.67 53.85 25.53

Ohmann 21.43 88.89 81.82 32.65

PPV positive predictive value, NPV negative predictive value

Table 2 The Kappa statistics comparing the agreements between the
scores

Kappa Eskelinen Lintula Ohmann

Alvarado 0.416* 0.144*** 0.111***

Eskelinen 0.131*** 0.202**

Lintula 0.064***

*\0.6 moderate, **\0.4 fair, ***\0.2 poor
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Acute abdominal pain represents one of the most common
reasons for children and adults to seek care in the emergency
department (ED).1 The diagnosis can be difficult, with
significant variability in the presentation and differential
diagnosis according to patient age and sex.2 Computed
tomography (CT) has improved our diagnostic ability, but
concerns related to ionizing radiation3 and overuse4 have
prompted clinicians to consider clinical scores and algorithms
to aid in the diagnosis.

Two well-studied appendicitis scores were developed by
Alfredo Alvarado for adults and Madan Samuel for children, with
the explicit purpose of diagnosing appendicitis. The Alvarado
score was developed in Philadelphia in the mid-1980s. The score
was derived from retrospectively collected data from 305 adult
patients admitted to a single hospital and had a sensitivity of 81%
and specificity of 74% (95% confidence interval [CI] not
provided).5 Samuel derived a separate clinical decision rule
(Pediatric Appendicitis Score) to identify children at high risk for
appendicitis by prospectively evaluating 1,170 patients at a single
institution.6 The Pediatric Appendicitis Score had a reported
sensitivity of 100% (95% CI 99.2% to 100%) and specificity of
92% (95% CI 89.0% to 94.2%). When developed, given the
favorable test characteristics, both rules were thought to hold
considerable clinical utility. However, across multiple external
validation studies, their performance has varied.7 Furthermore,
many have questioned the actual utility of either score, given that
clinical judgment alone may provide similar test performance.2,8

In this month’s Annals, Ebell and Shinholser9 present a
meta-analysis of adult and pediatric studies evaluating the
performance of the Alvarado and Pediatric Appendicitis Score
appendicitis scoring systems. The authors aimed to use the
extensive published literature to identify optimal Pediatric
Appendicitis Score and Alvarado scores that can be used to
risk-stratify patients with acute abdominal pain as low, moderate,
or high risk for appendicitis. The authors focused their
meta-analysis on 24 prospective cohort studies (13 adult and
11 pediatric) in which the final diagnosis was verified. These
validation studies were conducted in 16 countries and on
5 continents during a 20-year period. The authors aimed for
a “low-risk” population to have a less than or equal to 3% rate
of appendicitis and for a “high-risk” population to have an

appendicitis rate of greater than or equal to 85%. In their model,
low-risk patients would be discharged home, whereas high-risk
patients would proceed to appendectomy.

With this approach, Ebell and Shinholser9 found that among
adult patients, using a pretest probability of greater than or equal
to 60%, an Alvarado score of greater than 8 would rule in
appendicitis. Furthermore, if the pretest probability were greater
than or equal to 40%, a score greater than or equal to 9 would
rule in the diagnosis. In children with a pretest probability of
appendicitis of less than or equal to 40%, an Alvarado score of
less than 5 would rule out appendicitis, whereas no high-risk
score would provide acceptable performance. The Pediatric
Appendicitis Score did not perform well enough to be useful to
identify children at high or low risk for appendicitis, given the
authors’ criteria.

The authors should be commended for performing a rigorous
analysis of existing studies on these 2 well-established scoring
systems. The main criticism of this meta-analysis relates to the
appropriateness of aggregating such a diverse group of studies.
First, the 24 studies came from vastly different geographic
regions, including both developing and industrialized nations. It
is likely that across these settings, factors affecting patients’ ability
to seek care in an ED and differential diagnoses for acute
abdominal pain differed. In addition, the enrollment criteria for
the included studies most certainly varied, as exemplified by the
rate of appendicitis ranging from 51.5% to 94% for adult studies
and the proportion of male patients varying from 46.2% to
62.6% among pediatric studies. This variability is confirmed by
the high heterogeneity (I2) reported by the authors, as well as the
wide CIs noted around the reported likelihood ratios.

Second, the historical and physical examination parameters
that compose the Alvarado and Pediatric Appendicitis Score are
known to have variable reproducibility.2 Of the included score
elements, only “vomiting” and “coughing/hopping/percussion
cause pain in RLQ [right lower quadrant]” have been shown
to have at least moderate reproducibility.10 Thus, for each
validation study, it is likely that that there was significant noise or
uncertainty in the assessment of score performance.

Third, duration of abdominal pain before ED evaluation is
not reported in the present meta-analysis but, if not consistent
across included studies, would certainly impact patients’ clinical
presentation as well as their WBC count and differential, key
elements of both scores.11,12 Taken together, variability in study
setting and inclusion criteria, along with uncertain reproducibility
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The Pediatric Appendicitis Score did not perform well 
enough to be useful to identify children at high or low risk 
for appendicitis, given the authors’ criteria. 

Unfortunately, under the assumptions of the current study, an Alvarado 
score greater than or equal to 9 would result in 9% of operations having 
negative appendectomy results for adults and 19% for children. 

Although an experienced clinician likely would come to the same conclusion 
as a score or pathway, these pathways may be most beneficial when used by 
clinicians with differing levels of training to standardize assessment and guide 
decisionmaking.  
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Does delay in appendectomy affect surgical site infection in children
with appendicitis?
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Purpose: The purpose of this study was to investigate the association between time from diagnosis to
operation and surgical site infection (SSI) in children undergoing appendectomy.
Methods: Pediatric patients undergoing appendectomy in 2010–2012 were included. We collected data on
patient demographics; length of symptoms; times of presentation, admission and surgery; antibiotic
administration; operative findings; and occurrence of SSI.
Results: 1388 patients were analyzed. SSI occurred in 5.1% of all patients, 1.4% of simple appendicitis (SA)
patients, and 12.4% of complex appendicitis (CA) patients. SSI did not increase significantly as the length of
time between ED triage and operation increased (all patients, p = 0.51; SA patients, p = 0.91; CA patients,
p = 0.44) or with increased time from admission to operation (all patients, p = 0.997; SA patients, p = 0.69;
CA patients, p = 0.96). However, greater length of symptoms was associated with an increased risk of SSI
(p b 0.05 for all, SA and CA patients). In univariable analysis, obesity, and increased admission WBC count
were each associated with significantly increased SSI. In multivariable analysis, only CA was a significant risk
factor for SSI (p b 0.0001).
Conclusion: We found no significant increase in the risk of SSI related to delay in appendectomy. A future
multi-institutional study is planned to confirm these results.

© 2014 Elsevier Inc. All rights reserved.

Appendicitis is one of the most common surgical diseases in
childhood [1,2]. Treatment previously consisted of urgent surgical
intervention to prevent progression to perforation, and to limit
complications including surgical site infection (SSI). However, a
number of studies have demonstrated no difference in SSI or outcome
when operative intervention was delayed [3–5]. This has led to a shift
in surgical practice consisting of admitting patients to the hospital,
placing them on antibiotics, and waiting until the following morning
to perform appendectomy. This is based on the belief that treatment
with antibiotics halts the progression of appendicitis, allowing for
surgical intervention to be performed on a semi-elective basis [6].

Recently, Teixera et al. reported an increase in SSI when surgery
was delayed longer than 6 h from the time of admission to the surgical
service [7]. That study, performed in adults, contradicted previous
reports. The purpose of the current study was to investigate the
association between time from diagnosis to operation and SSI in
children undergoing appendectomy.

1. Methods

After receiving Institutional Review Board approval (Protocol #12-
00437), a retrospective review of all patients age 18 and younger that
underwent appendectomy for a diagnosis of appendicitis from January
1, 2010 through December 31, 2012 at a tertiary care children’s
hospital was performed. Patients diagnosed with either simple
appendicitis (SA) or complex appendicitis (CA) were included. During
the time interval of the study, some patients were taken to surgery
immediately and others were admitted to the surgical service with
operation performed either once an operating room was available or
the following morning at the discretion of the attending surgeon. All
patients were placed on pre-operative intravenous antibiotics (piper-
acillin/tazobactam, or clindamycin and gentamycin for penicillin
allergic patients) upon admission per department protocol.

Simple and complex categorization was determined retrospec-
tively from surgeon classification in the operative report. SA was
defined as acute appendicitis, whereas CA was defined as appendicitis
with any signs of advanced disease including gangrene or perforation.
Patients that underwent appendectomy as a secondary procedure (i.e.
during a colectomy or Ladd’s procedure), patients that underwent
elective interval appendectomy, and patients enrolled in a concurrent
trial testing the efficacy of non-operative management of appendicitis
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were excluded from the analysis. Data on patient demographics, pre-
operative risk factors, timing variables, antibiotic administration, and
occurrence of SSI (wound infection or abdominal/pelvic abscess) were
collected. Timing variables including length of symptoms at presen-
tation, as well as time of initial emergency department (ED)
presentation, admission to the surgical service, and start of operation
were collected. Occurrences of SSI were based on the American
College of Surgeons (ACS) National Surgical Quality Improvement
Program (NSQIP) criteria [8].

Summary statistics were presented as frequencies and proportions
for categorical data, and means and standard deviations or medians
and interquartile ranges (IQR) for continuous variables. Characteris-
tics were compared between simple and complex cases using Pearson
chi-square tests or Fisher exact tests for categorical variables and t
tests or Mann Whitney U tests for continuous variables. Associations
between pre-operative and operative characteristics and SSI were
evaluated using univariable logistic regression models. For the time to
appendectomy variables, which were the primary exposures of
interest, categorical variables were created in order to allow for
nonlinear associations with the outcomes. Times from ED triage to
operation were grouped into b4 h, 4–8 h, 8–12 h, 12–16 h, and
N16 h. Times from admission to the surgical service to operation were
grouped into b3 h, 3–6 h, 6–9 h, 9–12 h, and N12 h. Times between
the start of symptoms and operation were grouped into b12 h, 12–
24 h, 24–36 h, 36–48 h, 48–60, and N60 h. These groups were created
prior to examining the outcomes, and with the objective of having
groups of similar sizes classified based on logical cut points. Using
Pearson chi-squared tests or Fisher exact tests, the proportion of
patients with SSI were compared across categories of time to
appendectomy for each timing variable. A Cochran–Armitage test
for trend was also used to examine whether SSI rate increased with
increasing time to appendectomy. Similar analyses were performed
for the outcome of any post-operative occurrence. All analyses were
repeated in the simple and complex case subgroups.

The time to appendectomy variables were then evaluated in
multivariable logistic regression models for each outcome. The
covariates selected for inclusion in these models were those factors
found in bivariable analysis to be associated with the post-operative
outcome at p b 0.15. Backward elimination was used to arrive at a
final multivariable model that included the time to appendectomy
variable and any covariate significant at p b 0.10. SAS version 9.3
(SAS Institute Inc., Cary, NC) was used for all statistical analyses.
P values b 0.05 were considered statistically significant.

2. Results

Of 1388 patients identified for analysis, 919 (66%) had SA and 469
(34%) had CA. SSI occurred in 5.1% of the total patient cohort. SSI
occurred in 1.4% of SA patients and 12.4% of CA patients (p b 0.001). In
97.8% of all patients, pre-operative intravenous antibiotic adminis-
tration from the time of admission until the time of surgery was
confirmed. The typical antibiotic regimen used consisted of piper-
acillin/tazobactam (Zosyn®, 100 mg/kg) administered every 8 h until
the time of surgery. Patients allergic to penicillin typically received
clindamycin and gentamycin. The total patient cohort received either
1 dose (63.2%), 2 doses (29.5%), or 3 or more doses (7.4%) of pre-
operative antibiotics. SA patients received either 1 dose (66.4%), 2
doses (27.8%), or 3 or more doses (5.9%) of pre-operative antibiotics.
CA patients received either 1 dose (57.3%), 2 doses (32.4%), or 3 or
more doses (10.2%) of pre-operative antibiotics.

Demographics for all patients, SA patients and CA patients are
shown in Table 1. There were no differences in sex, body mass index
(BMI) or American Society of Anesthesiologists (ASA) class between
patients with SA and those with CA. Patients with CA were younger
than patients with SA (mean (SD) 10.1 (4.0) vs. 11.3 (3.5) years;
p b 0.0001) and were less likely to be Caucasian (73.4% vs. 78.8%; p =

0.01). Patients with CA also had, on average, higher white blood cell
count (WBC) (mean (SD) 17,400 (5500) vs. 13,500 (4800) cells/μL;
p b 0.0001) compared to those with SA. Patients with CA were more
likely to have an open operation or laparoscopic-to-open conversion
than those with SA (15.4% vs. 5.9%, p b 0.0001).

Regarding time between ED triage and operation, 8.6% of all
patients received surgery in b4 h, 35% in 4–8 h, 25% in 8–12 h, 17% in
12–16 h, and 14% in N16 h.When evaluating time between admission
to the surgical service and operation, 33% of the total cohort
underwent surgery in b3 h, 24% in 3–6 h, 18% in 6–9 h, 13% in 9–
12 h, and 13% in N12 h. Regarding time between the start of
symptoms and operation, 6% of all patients received surgery in
b12 h, 19% in 12–24 h, 29% in 24–36 h, 5% in 36–48 h, 18% in 48–60 h,
and 21% in N60 h. The incidence of SSI as related to operative time
variables and length of symptom data is shown in Table 2. The risk of
SSI did not significantly increase as the length of time between ED
triage and operation increased (all patients, p = 0.51; SA patients,
p = 0.91; CA patients, p = 0.44). Likewise, the risk of SSI did not
significantly increase as the duration of time from surgical admission
to operation increased (all patients, p = 0.997; SA patients, p = 0.69;
CA patients, p = 0.96). The risk of SSI did significantly increase,
however, as the length of time between start of symptoms and
operation increased (all patients, p = b0.0001; SA patients, p =
0.048; CA patients, p = 0.002).

In univariable analysis, obesity (odds ratio 2.6, p = 0.04) and
increased admission WBC count (odds ratio 1.06 for a 1000 cells/μL
increase, p = 0.01) were each associated with an increased risk of SSI
in the total study cohort. Patients that received an open operation or a
laparoscopic converted to open operation were significantly more
likely to have an SSI compared to those that had laparoscopic
procedures (11.1% versus 4.5%, p b 0.001).

Multivariable logistic regressionmodels were performed separately
for patients with SA and for patients with CA, as well as for the total
cohort. When patients with SA were analyzed separately, none of the
time variables (time between ED triage and operation, time between
admission to the surgical service and operation, or time from start of
symptoms to operation) were predictive of SSI (p N 0.15 for all
variables). For CA, older age (odds ratio 1.10 per 1 year increase in
age, p = 0.02), having a gastrointestinal comorbidity (odds ratio 4.76,
p = 0.02) and having an open operation or a laparoscopic converted to
open operation (odds ratio 7.68 for laparoscopic converted to open,
odds ratio 1.75 for open; p = 0.009) were associated with a higher risk

Table 1
Demographic characteristics for the total cohort, patients with SA, and patients with CA.

Total
(n = 1388)

SA
(n = 919)

CA
(n = 469)

p

Age in years, mean (SD) 10.9 (3.7) 11.3 (3.5) 10.1 (4.0) b0.0001
Male, n (%) 848 (61.1) 556 (60.5) 292 (62.3) 0.52
Race, n (%)
White 1068 (77.0) 724 (78.8) 344 (73.4) 0.01
Black 122 (8.8) 113 (12.3) 40 (8.5)
Other/Unknown 198 (14.3) 82 (8.9) 85 (18.1)

BMI (kg/m2) 19.3 19.6 18.8 0.051
WBC count
(thousand cells/μL)
on admission

14.8 (5.4) 13.5 (4.8) 17.4 (5.5) b0.0001

Technique
Laparoscopic 1262 (90.9) 865 (94.1) 397 (84.7) b0.0001
Open 112 (8.1) 51 (5.6) 61 (13.0)
Converted 14 (1.0) 3 (0.3) 11 (2.4)

ASA classification
1 515 (38.2) 354 (39.8) 161 (35.2) 0.15
2 794 (59.0) 514 (57.8) 280 (61.1)
3 34 (2.5) 18 (2.0) 16 (3.5)
4 4 (0.3) 3 (0.3) 1 (0.2)

SA = simple appendicitis, CA = complicated appendicitis, ASA = American Society of
Anesthesiologists physical status classification. P values represent differences between SA
and CA patients.
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of SSI. Additionally, increased length of symptoms at time of operation
was associated with an increased risk of SSI (p = 0.03) in CA patients.

In multivariable logistic regressionmodels for all patients, only the
presence of CA was a statistically significant risk factor for develop-
ment of SSI (p b 0.0001), though obesity (p = 0.057) and an
increased length of symptoms at time of operation (p = 0.054)
were marginally significant predictors.

3. Discussion

In the current study, we found no significant association between
SSI rates and delay in appendectomy. The interval between both ED
triage time or admission time to the surgery service and time to OR
was examined due to the variable length of time patients may spend
in the ED. Neither time interval was associated with increased SSI. The
only time factor that was associatedwith an increased incidence of SSI
was increased length of symptoms, which is typically associated with
perforation. We found that the markers associated with an increased
risk of SSI were those known to be related to disease severity, i.e.,
length of symptoms and increasedWBC count. Additionally, rate of SSI
was increased when patients had an open or laparoscopic converted
to open operation, which is consistent with the published literature.
This most likely also related to severity of disease.

Our results are similar to previously published studies that have
affected surgeon practice [3–5], and contradict a recent study
suggesting that a delay of more than 6 h was associated with an
increased incidence of SSI [7]. Several differences were identified in
the Teixeira et al. study compared to our current study. First, Teixeira
et al. evaluated adult patients only whereas our data were extracted
from a large pediatric tertiary care center with patients N18 years of
age excluded. Additionally, Teixeira et al. only evaluated the time from
surgical admission to OR. Due to likely fluctuations in ED stay prior to
surgical consultation (due to diagnostic tests performed and differ-
ences in ED census), we included both time from ED triage and time
from surgical admission [7]. Finally, no information was provided in
the Teixeira study regarding timing and number of pre-operative
antibiotic doses. One additional study evaluated SSI risk in adult
patients with appendicitis, using similar time points as in our study
[9]. They also found no significant differences in intra-operative

findings or in post-operative complications related to delay in
operative timing.

A large review of patients N16 years of age with appendicitis from
the American College of Surgeons (ACS) National Surgical Quality
Improvement Program (NSQIP) database did not identify an associ-
ation between delay in appendectomy for acute appendicitis and
increased risk of complications [5]. We initially aimed to perform a
similar analysis using NSQIP Pediatric data from our institution.
However, initial evaluation of appendectomy patients submitted to
the NSQIP Pediatric database from our institution yielded a reduced
number of patients compared to all appendectomy patients treated at
our institution since firstly, NSQIP limits the number of appendectomy
patients included in each cycle and secondly, our institution has only
been participating in the NSQIP Pediatric for 3 years. Due to these
limitations, we expanded our inclusion criteria to include all patients
who underwent appendectomy for appendicitis during the study time
period. SSI definitions in our study were based on NSQIP guidelines in
order to provide a more standardized review, and in an attempt to
remove any bias in the review and in determination of SSI rates.

Most studies examining the timing of appendectomy on outcomes
primarily involve adult patients. Some include pediatric patient
populations, but it is difficult to determine the percent of pediatric
patients in these studies. Yardeni et al. examined delay in appendec-
tomy in another large pediatric hospital, and also found that delay to
surgery was not associated with increased complications [4]. Surana
et al. compared outcomes in children with their appendectomy
performed b 6 h vs. after 6–18 h, and found similar perforation rates,
hospital length of stay and complications [10]. They did not, however,
perform stratified analyses in patients with acute and perforated
appendicitis. We chose to look at all 3 groups (total cohort, SA, and
CA) separately due to the inherent higher risk of SSI in patients with
perforated disease. Additionally, Surana et al. compared only two time
categories (b6 h and 6–18 h) in their analyses. We chose to evaluate
the time to appendectomy as a continuous variable and as both a
nominal and ordinal categorical variable, and we ultimately selected 5
categories for each time variable. In addition, to decrease bias we used
NSQIP guidelines to classify post-operative complications as well as
pre-operative risk factors.

Our study, focusing on the pediatric population, confirmed the
safety of delaying appendectomy until the following morning when

Table 2
Associations between delay in appendectomy and incidence of post-operative SSI-categorical time variables.

SSI Total (n = 1388) Simple (n = 919) Complex (n = 469)

Number of post-op SSI/Total N (%) P Number of post-op SSI/Total N (%) P Number of post-SSI/Total N (%) P

Time between ER triage and operating room
b 4 h 6/120 (5.0) 0.51 2/84 (2.4) 0.91 4/36 (11.1) 0.44
4–8 h 21/482 (4.4) 1/309 (0.3) 20/173 (11.6)
8–12 h 21/345 (6.1) 7/230 (3.0) 14/115 (12.2)
12–16 h 11/234 (4.7) 1/157 (0.6) 10/77 (13.0)
N 16 h 12/200 (6.0) 2/134 (1.5) 10/66 (15.2)
Time between admission to surgical
service and operating room
b 3 h 23/453 (5.1) 0.997 3/288 (1.0) 0.69 20/165 (12.1) 0.96
3–6 h 17/328 (5.2) 3/228 (1.3) 14/100 (14.0)
6–9 h 12/243 (4.9) 4/162 (2.5) 8/81 (9.9)
9–12 h 10/179 (5.6) 1/117 (0.9) 9/62 (14.5)
N 12 h 9/185 (4.9) 2/124 (1.6) 7/61 (11.5)
Time between start of symptoms and
operating room
b 12 h 2/85 (2.4) b .0001 2/75 (2.7) 0.048 0/10 (0) 0.002
12–24 h 4/266 (1.5) 0/228 (0) 3/38 (7.9)
24–36 h 7/404 (1.7) 3/304 (1.0) 4/100 (4.0)
36–48 h 8/72 (11.1) 1/36 (2.8) 7/36 (19.4)
48–60 h 19/253 (7.5) 2/129 (1.6) 17/124 (13.7)
N 60 h 32/298 (10.7) 5/141 (3.6) 27/157 (17.2)

P values are from Cochran–Armitage tests for trend, testing the null hypothesis that there is no increase in the proportion of patients with an event as the duration of time (e.g.
between ER triage and OR) increases.
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Background/purpose: Reduction of treatment variation and application of evidenced based care are
increasingly important in the current care environment. Utilizing formal quality improvement methods, an
evidenced based guideline was implemented at our institution.
Methods: A guideline was established regarding timing of surgery (immediate vs interval appendectomy) and
duration of antibiotics. Twelve months of baseline data were collected prior to implementation. The guideline
dictates immediate appendectomy (IA) and postoperative antibiotic therapy until discharge (regular diet,
clinically improved, normal complete blood count (CBC)). Data was collected prospectively during
hospitalization and at 30 days postdischarge. Control charts document adherence to the overall guideline,
IA, antibiotic guideline, and readmission for complications.
Results: Guideline implementation resulted in an increase in IA (79% vs 94%), decrease in the use of IV
antibiotics post discharge (25% to 4%), no change in overall LOS, no change in postoperative abscess formation,
and slight decrease in 30 day readmission. Charges were decreased.
Conclusion: Implementation of an evidenced based guideline resulted in significant practice change for
managing perforated appendicitis. The changes suggest more efficient care without compromising patient
outcome. Utilization of quality improvement methods allows for implementing and tracking the change as
well as creating a platform for future improvement.

© 2014 Elsevier Inc. All rights reserved.

Reduced variation, evidenced based care and improved outcomes
are basic tenets of quality improvementwork inmedicine. Application
of formal quality improvement techniques to common pediatric
surgical conditions like perforated appendicitis offers the opportunity
to standardize care and create a platform for further improvements in
treatment algorithms.

1. Background/purpose

Appendicitis is the most common surgical abdominal emergency
in children, and comprises a significant percentage of the operations
performed on children, accounting for more than 320,000 operations
per year within the United States [1]. Approximately 20–40% of
patients present with perforated appendicitis.

Currently, there remain no formal evidence based practice
guidelines for the treatment of perforated appendicitis regarding
the timing of surgery (early vs. interval appendectomy) or the length
of the antibiotic course within the pediatric population.

Our institution is a 540 bed, free standing children’s hospital where
five to six hundred children between the ages of 2 and 19 years are
treated for appendicitis every year. Of those, approximately 25 percent
are perforated. In this study, the treatment of perforated appendicitis
was standardized among the seventeen attending surgeons in the
pediatric surgery practice at our institution. By standardizing care, we
hoped to reduce variation in practice and in turn reduce consumption
of health care resourceswhilemaintaining excellent patient outcomes.
In recent years quality improvement techniques developed in industry
by Edward Deming [2] and others have been applied in medicine.
Unlike traditional prospective randomized controlled studies that
have a defined study period, these changesweremadewithin a formal
quality improvement infrastructure that is designed to provide
ongoing documentation of compliance, outcomes, and the opportunity
for further improvement interventions.

2. Methods

In an effort to standardize the care for children admitted to the
surgical service for perforated appendicitis at our institution, we
utilized resources at the JamesM. Anderson Center for Health Systems
Excellence and a process referred to as Rapid Cycle Improvement
Collaborative (RCIC). RCIC is designed in such away as to allow a small
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1° période :  
 119 app perforées : 95op d’emblée,  24 en 2 temps : PICC line, 15 jours IV 
 9% de réadmission avant 1 mois pour abcès. Sinon, app à 8-10 semaines 

2°période :  
 134 : 126 d’emblée, 8 en 2 temps (5 ATB oral, 3 IV) 
 7% de réadmission avant 1 mois pour abcès 

Demande TDM : passé de 28 à 15% ; écho de 39 à 57% 
Ccl : la mise en place d’un protocole a permis de standardiser les pratiques, de 
les uniformiser, de sensibiliser. 
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Purpose: The purpose of this study was to determine if early, acute appendicitis in children can be safely and
effectively managed with antibiotics alone.
Methods: A retrospective review was performed of children (b18 yrs) treated non-operatively (NOM) for
early, acute appendicitis since May 2012. These were compared to patients treated with appendectomy
between January 2011 and October 2011 (OM). Inclusion criteria included: (a) symptoms b48 h, (b) localized
peritonitis, and (c) ultrasound findings consistent with early, acute appendicitis.
Results: Twelve patients (66% female, mean age 12.2,SD = 4.2 yrs) were treated non-operatively, while 12
(50% female, mean age 12.5,SD = 3.2 yrs) were treated operatively. Two NOM children (16.7%) required
initial appendectomy. One patient developed recurrent appendicitis requiring appendectomy 7 months post-
discharge. Four other NOM patients returned with symptoms but did not require admission or surgery. Two
OM patients (8.3%) had hospital visits and admissions related to surgical site infections. Mean length of stay
(LOS) for the first visit was 1.5 days (SD = 1.0d) (NOM) vs. 1.3 days (SD = 0.5d) (OM) (p = 0.61). Including
first and subsequent admissions, mean LOS was 1.8 days (SD = 1.1d) (NOM) vs. 1.7 days (SD = 1.5d) (OM)
(p = 0.97).
Conclusion: Early acute appendicitis in appropriately selected children can be successfully treated non-
operatively. Randomized trials with longer follow-up are required.

© 2014 Elsevier Inc. All rights reserved.

Acute appendicitis (AA) is the most common cause of emergency
surgery in children, with a lifetime prevalence of 7%–8% [1]. The
annual incidence in Ontario is 75 per 100,000 population [2].

Since the early 20th century, treatment of acute appendicitis has
been primarily surgical. The surgical management of AA has greatly
reduced the mortality associated with the disease, however the risk of
complications is inherent to surgical treatment. Most commonly,
these risks include wound infection, intra-abdominal abscess forma-
tion, and prolonged ileus. Overall complication rates in adults are
11.1%with open appendectomy and 8.7% laparoscopically [3]. A meta-
analysis of appendectomy complications in pediatric studies was as
follows: 2.6% (laparoscopic) versus 2.7% (open) for non-perforated
disease, and 16.0% (laparoscopic) versus 18.1% (open) in perforated
disease [4].

Recent randomized controlled trials in adults have shown that
primary non-operative treatment with antibiotics alonemay decrease
the complications traditionally associated with operative manage-
ment [5–7]. These suggest an algorithm in which patients are first
treated with antibiotics, and only progress to surgery if antibiotic

therapy fails. This approach is currently utilized in other intra-
abdominal infections, such as uncomplicated diverticulitis in adults,
with good success rates. Conversely, in another randomized trial,
Vons et al. [8] concluded that primary non-operative management
was inferior to surgery, with increased peritonitis and a recurrence
rate of 26%. Other risks of antibiotic therapy alone include, nausea,
diarrhea, allergic reactions and opportunistic infections, such as
Clostridium difficile.

To date, there is very little experience in managing AA non-
operatively in the pediatric population. Abes et al. [9] published a
small retrospective review demonstrating that in select cases of early
AA, non-operative management could be used safely in children.

The objective of our study was to determine if early, uncompli-
cated acute appendicitis in children could safely be managed with
antibiotics alone.

1. Methods

After IRB approval (UWO REB File: 103669), the medical records of
all patients less than 18 years of age treated non-operatively for AA by
a single pediatric surgeon at our institution between May 2012 and
February 2013 were reviewed. During this time, this surgeon’s
practice was to offer non-operative management to all patients
diagnosed with early, uncomplicated acute appendicitis. Either the
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Une méta analyse en pédiatrie :  
 2.6% complication coelio et 2.7% open si simple, 16% et  18.1% si compl 

Purpose : AA dg tôt, non compl : ATB : ciflox flagyl IV ou augmentin genta flagyl IV 
puis augmentin PO; ttt 1sem. 24h d’observ à l’hôpital puis op ou rad 
 
12 NOM : 2 échecs (1 H24, 1 S6 tjrs algique) ; 1 nouvelle app à 7 mois 
12OM : 2 ISO 
 
Adulte : 63% de réussite à 1 an du ttt non opératoire de l’AA 

3. Discussion

To our knowledge, this is only the 2nd study reporting on the
non-operative management of early, acute appendicitis in children.
We found that 75% of AA patients in the NOM group were
successfully managed non-operatively, without ever exposing them
to the risks of surgery. In contrast, a recent meta-analysis of
randomised, controlled trials in adults found an overall success rate
of non-operative management of early appendicitis of only 63% at
one year [10].

In our study, all NOM patients requiring appendectomy were
treated laparoscopically. There were no intraoperative evidence of
perforation, and no subjective increased technical difficulty with the
surgeries compared to the OM group. In total, there was one post-
operative complication in this group, with the patient requiring
readmission for an abscess, but no invasive intervention. There were
no conversions to open appendectomy in either group.

Complications in the OM group consisted of two surgical site
infections, one deep and one superficial. One patient developed an
intra-abdominal abscess requiring 2 readmissions (2 days each) and
antibiotics, but no invasive interventions. One superficial surgical site
infection was seen in a 5 mm port site, requiring antibiotics. The
complication rate seen in the OM group is higher than those
previously published in the literature. This may be explained by the
small numbers in the study, the lack of a formal protocol for
perioperative antibiotic management, and/or the relatively low acuity

of events considered to represent complications for the purposes of
this study.

Concerns that increased need for close observation would result in
longer hospital stays for the NOM group appear to be unfounded. No
significant difference was seen between the two groups. Read-
missions and repeat visits to the emergency department were also
similar between the two groups. Patients undergoing NOM may be
more likely to present to the emergency department with abdominal
pain, fearing recurrent appendicitis. All patients were offered interval
appendectomy following NOM, and all declined the option.

Systematic reviews have shown varied results in adults. Decreased
surgical complications are seen, but treatment efficacy is highly
variable [10–15]. Three studies concluded that non-operative treat-
ment is safe and effective [10,11,15], four concluded that appendec-
tomy remains the gold standard [10,12–14], and all agree that further
research is needed to determine which subgroups of the population
are most likely to respond to non-operative management [10–15].

The NOM approach appears to be safe, although further data are
needed to confirm this. Adult studies suggest no higher rate of
perforated appendicitis in those initially treated non-operatively
when compared to conventionally treated appendicitis [10]. Currently,
there are no clear, high-quality data on postoperative complication
rates in childrenwho have previously failed NOM compared to those in
the general population. Further investigation is needed on the rates of
recurrent appendicitis in the pediatric population, relative severity of
subsequent attacks, and relative difficulty of successfully treating
recurrent disease.

Results from this study fall within the range of results in the adult
literature, which show an efficacy of 44%–85% for non-operative
management [15]. Certainly different protocols, antibiotic regimens,
and thresholds for operation contribute to the variation in the results.
The only published pediatric study had a success rate of 93.7% for
initial treatment, a 13.3% recurrence rate at 1 year, and in total 20% of
patients underwent appendectomy for appendicitis by 1 year post-
presentation [9]. Our study had similar results with an initial success
rate of 83.3%, a 10% recurrence rate and a total of 25% of patients
undergoing appendectomy at a median follow-up of 6 months.

This study is limited by its small size and relatively short follow-
up. The retrospective design did not allow investigation of other

NOM (12)

Successfully 
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Recurrence (1) 

Failed NOM (2)

Early (1) Late (1)

Deep SSI (1)

OM (12)

Successfully 
treated (10)

Complications 
(2)

Superficial SSI 
(1)

Deep SSI (1)

Fig. 1. Treatment outcomes.

Table 3
Treatment outcomes.

NOM OM p-value

Treatment success 10 (83.3%) 10 (83.3%) 0.58
Failures/complications 2 (16.7%) 2 (16.7%) N/A
Recurrences 1 0 N/A
Emergency dept visits 4 2 N/A
Readmissions 2 (total 3 days) 2 (total 4 days) N/A

LOS initial visit (days), mean (SD) 1.5 (1.0) 1.3 (0.5) 0.61
LOS total (days), mean (SD) 1.8 (1.1) 1.7 (1.5) 0.97

N/A = not applicable.
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Impact of a randomized clinical trial
on children with perforated
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Background. We previously conducted a randomized, clinical trial comparing early appendectomy with
interval appendectomy for perforated appendicitis. The purpose of the present study was to evaluate the
effect this clinical trial had on subsequent practice patterns and outcomes for patients with perforated
appendicitis at the free-standing children’s hospital conducting the trial.
Methods. A retrospective study was conducted comparing children with perforated appendicitis treated
before the trial (2005!2006) and after the trial (2009!2011). Early appendectomy was performed
within 24 hours of diagnosis; interval appendectomy occurred 4!6 weeks after initial treatment with
antibiotics. Patient characteristics, treatment variables, and outcomes were collected and compared.
Results. The pretrial group consisted of 92 patients---62 (67%) underwent early appendectomy, and 30
(33%) patients had interval appendectomy. The posttrial group was composed of 103 patients, with 87
(84%) undergoing early appendectomy and 16 (16%) interval appendectomy (P = .005). The groups
were similar in patient and admission characteristics, although the posttrial group had a lower per-
centage of self-pay patients and fewer computed tomography scans; health care use was similar between
groups. Overall, the posttrial group had fewer adverse events (18% vs 34%, P = .02), specifically fewer
wound infections (2% vs 14%, P = .001) and fewer unplanned readmissions (7% vs 16%, P = .04)
than the pretrial group. In the posttrial group, those patients selected for interval appendectomy were
more likely to complete the planned course of therapy than in the pretrial group.
Conclusion. A clinical trial conducted at our institution to evaluate currently available treatment
options for perforated appendicitis did change practice patterns at our hospital. After the trial, there was
an increase in the use of early appendectomy, a decrease in the number of computed tomography scans
performed per patient, and a reduction in the overall adverse event rate. (Surgery 2014;j:j-j.)
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TREATMENT FOR MANY COMMON SURGICAL CONDITIONS

can vary among regions, institutions, and individ-
ual surgeons. This may, in part, be attributed to a
lack of high-quality clinical trials and few
evidence-based, published treatment guidelines
for surgical disease. There have been few random-
ized clinical trials in the pediatric surgical spe-
cialties and even fewer studies that follow the
guidelines of the Consolidated Standards of Re-
porting trials.1 When clinical trials are performed,

the evidence often takes many years to reach clin-
ical practice.2

We previously conducted a randomized, clinical
trial comparing early appendectomy with interval
appendectomy for perforated appendicitis in pe-
diatric patients.3 In that trial, after a diagnosis of
perforated appendicitis was made, patients were
randomized to either appendectomy within
24 hours of diagnosis (early) or initial treatment
with intravenous antibiotics and appendectomy
performed 4!6 weeks after diagnosis (interval).
The study, which included 131 patients, reported
a quicker return to normal activities, decreased
adverse events, decreased cost, and increased qual-
ity of life with early appendectomy for patients with
perforated appendicitis.4

The effect of clinical trials on clinical practice
and patient outcomes has been examined in a few
studies, but none focused on pediatric surgical
patients or appendicitis.5-7 The purpose of the
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Long-Term Outcomes of Patients with Nonsurgically
Managed Uncomplicated Appendicitis

Brandon A McCutcheon, MPP, David C Chang, PhD, MPH, MBA, Logan P Marcus, MS, Tazo Inui, MD,
Abraham Noorbakhsh, BS, Craig Schallhorn, BS, Ralitza Parina, MPH, Francesca R Salazar, BS,
Mark A Talamini, MD, FACS

BACKGROUND: Emerging literature has supported the safety of nonoperative management of uncomplicated
appendicitis.

STUDY DESIGN: Patients with emergent, uncomplicated appendicitis were identified by appropriate ICD-9
diagnosis codes in the California Office of Statewide Health Planning and Development
database from 1997 to 2008. Rates of treatment failure, recurrence, and perforation after
nonsurgical management were calculated. Factors associated with treatment failure, recur-
rence, and perforation were identified using multivariable logistic regression. Mortality,
length of stay, and total charges were compared between treatment cohorts using matched
propensity score analysis.

RESULTS: Of 231,678 patients with uncomplicated appendicitis, the majority (98.5%) were managed
operatively. Of the 3,236 nonsurgically managed patients who survived to discharge without
an interval appendectomy, 5.9% and 4.4% experienced treatment failure or recurrence,
respectively, during a median follow-up of more than 7 years. There were no mortalities
associated with treatment failure or recurrence. The risk of perforation after discharge was
approximately 3%. Using multivariable analysis, race and age were significantly associated
with the odds of treatment failure. Sex, age, and hospital teaching status were significantly
associated with the odds of recurrence. Age and hospital teaching status were significantly
associated with the odds of perforation. Matched propensity score analysis indicated that after
risk adjustment, mortality rates (0.1% vs 0.3%; p ¼ 0.65) and total charges ($23,243 vs
$24,793; p ¼ 0.70) were not statistically different between operative and nonoperative
patients; however, length of stay was significantly longer in the nonoperative treatment group
(2.1 days vs 3.2 days; p < 0.001).

CONCLUSIONS: This study suggests that nonoperative management of uncomplicated appendicitis can be safe
and prompts additional investigations. Comparative effectiveness research using prospective
randomized studies can be particularly useful. (J Am Coll Surg 2014;218:905e913.
! 2014 by the American College of Surgeons)

Surgical management is currently the mainstay for treating
patients presenting with acute uncomplicated appendicitis.
With nearly 300,000 appendectomies performed annually
in the United States, surgical management of appendicitis
represents a major source of both direct health care expen-
ditures and indirect social costs.1,2

Although appendectomy is safe and offers the benefit of
being a definitive treatment, it carries some risk of
morbidity, including ileus, adhesions, and infection. The
inherent tradeoff between a definitive treatment and the
risk of postsurgical complications has historically favored
surgical management, in part, because of a commonly
held assumption that progression to perforation is essen-
tially inevitable.3 However, epidemiologic studies4 and
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Impact of a 24-hour discharge pathway
on outcomes of pediatric
appendectomy
Luke R. Putnam, MD,a,b,d Shauna M. Levy, MD, MS,a,b,d Elizabeth Johnson, RN-BC, MA, MS, FAACM,d

Karen Williams, PharmD,d Kimberlee Taylor, MHA,d Lillian S. Kao, MD, MS,a,c,d

Kevin P. Lally, MD, MS,a,b,d and KuoJen Tsao, MD,a,b,d Houston, TX

Background. Clinical pathways for simple (nonperforated, nongangrenous) appendicitis potentially
could decrease hospital length of stay (LOS) through standardization of patient care. Our institution
initiated a simple appendicitis pathway for children with the goal of less than 24-hour discharge (same-
day discharge, SDD) and evaluated its effectiveness.
Methods. A prospective cohort of pediatric patients (<18 years of age) who underwent appendectomy for
simple appendicitis after implementation of a SDD pathway were compared with a historic cohort of similar
patients in this same large children’s hospital. Primary outcomes included LOS, surgical-site infections,
and readmissions. Mann Whitney U test, Fischer exact test, v2 test, and logistic regression were used.
Results. Between June 2009 and May 2013, 1,382 appendectomies were performed; 794 (57%) were for
simple appendicitis (316 prepathway and 478 pathway). Hospital LOS decreased 37% after pathway
implementation from a median (interquartile range) of 35 (20–50) hours to 22 (9–55) hours
(P < .001). SDD increased from 13% to 58% (P < .001). Infectious complications were unchanged
(1.6% vs 1.8%, P = .82), but readmissions increased (1.2% vs 4.2%, P = .02).
Conclusion. A standardized pathway for simple appendicitis that targets SDD can be achieved in
children; however, a slight increase in readmissions was noted. High risk for readmission, cost
effectiveness, and generalizability need to be further determined. (Surgery 2014;j:j-j.)

From the Center for Surgical Trials and Evidence-based Practice,a Departments of Pediatric Surgeryb and
Surgery,c University of Texas Medical School at Houston; and the Children’s Memorial Hermann Hospital,d

Houston, TX

INTEGRATED CARE PATHWAYS are becoming more com-
mon as a strategy for addressing the increasing
costs of health care and need for efficient use of re-
sources. These structured, multidisciplinary path-
ways serve multiple purposes, including
introduction of evidence into practice, decrease
in physician variation in practice, and standardiza-
tion of data for audit and continuous process
improvement.1 In addition, many such pathways
have demonstrated decreased hospital length of
stay (LOS) without jeopardizing clinical outcomes.
Examples include same-calendar day or less than

24-hour discharge (same-day discharge, SDD)
pathways for laparoscopic surgery procedures,2-4

and enhanced recovery after surgery pathways for
colorectal surgery.5

Appendicitis is the most common acute pediat-
ric condition requiring operative care,6 with
demonstrated marked variations in care and use
of resources.7-10 Although standardized clinical
pathways have been applied to appendicitis, few
studies have demonstrated the feasibility and
effectiveness of pathways dedicated to simple
appendicitis patients while targeting SDD or
same-calendar day discharge as their primary direc-
tive, especially in children.11-13 Recognizing the
variability, resource use, and clinical challenges in
postoperative care for these children, we set out
to evaluate outcomes after implementation of a
standardized SDD pathway for pediatric simple
appendicitis.

METHODS

Setting. Children’s Memorial Hermann Hospi-
tal (CMHH) is a 240-bed children’s hospital that is
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Examples include same-calendar day or less than

24-hour discharge (same-day discharge, SDD)
pathways for laparoscopic surgery procedures,2-4

and enhanced recovery after surgery pathways for
colorectal surgery.5

Appendicitis is the most common acute pediat-
ric condition requiring operative care,6 with
demonstrated marked variations in care and use
of resources.7-10 Although standardized clinical
pathways have been applied to appendicitis, few
studies have demonstrated the feasibility and
effectiveness of pathways dedicated to simple
appendicitis patients while targeting SDD or
same-calendar day discharge as their primary direc-
tive, especially in children.11-13 Recognizing the
variability, resource use, and clinical challenges in
postoperative care for these children, we set out
to evaluate outcomes after implementation of a
standardized SDD pathway for pediatric simple
appendicitis.

METHODS

Setting. Children’s Memorial Hermann Hospi-
tal (CMHH) is a 240-bed children’s hospital that is
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integrated with its adult counterpart, Memorial
Hermann Hospital!Texas Medical Center. Nine
board-certified or board-eligible pediatric sur-
geons performed all operations during the study
period.

Patients. All patients younger than 18 years of
age admitted to CMHH and diagnosed intraoper-
atively with simple appendicitis between June 2009
and May 2013 were included. A prospective cohort
of patients treated per the SDD pathway between
January 2011 and May 2013 was compared with a
historic cohort of prepathway patients between
June 2009 and December 2010. We excluded
patients presenting for interval appendectomies
or who were diagnosed with gangrenous or perfo-
rated appendicitis at the time of operation.

Protocol. Before the SDD pathway was imple-
mented, there was no standardized protocol for
the treatment of acute appendicitis. The attending
surgeon of the day was responsible for patient
discharges. The SDD pathway was launched in
January 2011 and used a standardized, postopera-
tive order set developed by a multidisciplinary
team of pediatric surgeons, operating room (OR)
and ward nurses, social workers, and case-
management personnel. The pathway consisted
of: (1) initiation of a clear liquid diet immediately
postoperatively, (2) ambulation within 2 hours
after operation, (3) specific discharge criteria
(Table I), and (4) daily ‘‘appendicitis rounds.’’
Every afternoon, a fellow or attending surgeon as-
sessed postappendectomy patients for discharge.
Patients and relevant family members were given
written and oral discharge instructions before the
patient was discharged. Standardized discharge
pain medication included acetaminophen/hydro-
codone elixir.

The majority of patients were referred from
outside facilities and arrived with an inconsistent
battery of labs and imaging. Given these variations
in initial workups, the pathway focused exclusively
on their postoperative care. Patients may or may
not have received broad spectrum antibiotics
before their transfer to CMHH; once in our
institution, only preoperative antibiotics were
administered per clinical guidelines. Techniques
for appendectomies were determined by surgeon
preference and included 3-port and single-port
laparoscopy and open approaches.

Follow-up. During the prepathway period, pa-
tients were only given a follow-up appointment
within 2 weeks of discharge. In addition to the
appointment, during the pathway period, physi-
cians documented on a postappendectomy form
postoperative complications or events such as

surgical-site infections (SSIs), unplanned emer-
gency room (ER) or primary-care visits, and
readmissions. An integrated postappendectomy
SSI surveillance program between pediatric sur-
gery and infection control monitored all inpatient
and outpatient SSIs for 30 days after discharge.
Patients who failed to be followed up in clinic were
contacted by telephone. Incoming telephone
triage from patient and families were not consis-
tently recorded, however, which could further help
to gauge the pathway’s resource use.

Clinical outcomes. The pathway was audited in
August 2011 and May 2013, 8 and 29 months after
pathway implementation, respectively. Postopera-
tive superficial, deep, and organ/space SSIs, and
the number of and reasons for ER visits and
readmissions within 30 days were recorded based
on chart review (prepathway) and prospective
surveillance (pathway). All SSIs were confirmed
accordingly by physical examination and imaging.
In coordination with the infectious disease depart-
ment, the surgeons performed surveillance of
appendicitis patients through clinic follow-up en-
counters, review of all ER visits at Memorial
Hermann Hospitals, and phone calls to patients.
Patient LOS was comprised of three components:
ER to incision (ER to OR), incision to closure
(Case Length), and closure to discharge (OR to
Discharge). Same-day discharge was defined as
LOS less than 24 hours.

Cost analyses. Cost data were obtained through
the hospital cost accounting system. Direct costs
were used as the pathway only affected this
portion of the total hospital costs. The direct
cost of the operating room was excluded because
the pathway did not change intraoperative prac-
tices. The remaining direct costs were averaged
for the pre-pathway and pathway cohorts to
determine the cost per encounter. Importantly,
the costs of readmissions and post-discharge
adverse events such as SSIs were not obtainable
for this study and may limit the applicability of the
results.

Differences between groups were assessed by
the use of Mann Whitney U tests for continuous

Table I. Discharge criteria

1. Temp <101.48F (oral) since admission or greater
than 24 h

2. Tolerating regular diet
3. Pain relief with oral analgesics
4. Ambulating with minimal assistance, as age

appropriate
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able to avoid admitting the majority of patients to
the hospital ward altogether. They demonstrated
no change in SSIs or readmissions. Bensard
et al12 implemented an early discharge pathway
for simple appendicitis at a large academic chil-
dren’s hospital and increased their discharges
within 24 hours. Both of these studies, however,
contained small sample sizes and did not look at
sustainability beyond 6!12 months.

Despite an increase in readmissions of our
pathway patients, the readmission rate still is
within national children’s hospitals standards for
simple appendicitis.21 The reasons for increased
readmissions may be multifactorial. First, there is
a potential for misclassification of disease at the
time of operation. Although the pathologic diag-
nosis does not determine the treatment pathway,
more patients with gangrenous and perforated

appendicitis, who are high risk for readmission,
were seen in the postpathway group (11.7% vs
13.5%, P = .40). This slight increase may have
contributed in part to the increased readmission
rate, suggesting that some patients may be under-
treated with the simple appendicitis pathway. Sec-
ond, some patients may have been discharged
too soon after general anesthesia. Despite all pa-
tients meeting discharge criteria, postoperative
pain, and nausea were the most common reasons
for readmissions. Although not statistically impor-
tant, more pathway patients were discharged after
6 p.m., and readmissions were more frequent for
these patients. In the prepathway era, patients
who met discharge criteria often stayed overnight
based on family and/or clinical convenience.

Operative technique was surgeon-dependent
during the study period, and a greater number of
3-port and single-port laparoscopic cases were
performed during the pathway period (Table II).
These approaches were not associated with
decreased readmissions. Given that there were no
single-port cases performed in the pre-pathway
period, the impact of this operative approach
could not be statistically examined. There is litera-
ture to suggest that open or single-port appendec-
tomies may increase post-operative pain,22 but the
limited number of these procedures performed for
our cohorts make them less likely to be con-
founders of our results. In fact, our results may
be more generalizable and reflective of larger prac-
tices where significant variation in approaches is
present.23

As part of the implementation of the pathway,
surgical providers created clear expectations for
the patients and their families that if the operation
was performed in the morning, patients are able to
return home the same afternoon or evening once
discharge criteria are met. For afternoon or
evening operations, the expectations were for
discharge the following morning. In conjunction
with a more conscientious effort to meet SDD
targets such as afternoon ‘‘appendicitis rounds,’’

Table V. Characteristics of pathway readmissions

Reason for readmission n (%) Median post-DC day (IQR) Median LOS (IQR) Analgesia, IV, n (%) Antibiotics, IV/PO, n (%)

Supportive care 9 (53) 3 (1.7–3.5) 2 (1.5–2.5) 6 (67) 2 (22)
SSI 6 (35) 6 (3.5–9.1) 1 (1–3.25) 6 (100) 6 (100)

Superficial 4 (67) 9 (6.9–10.1) 1 (0.75–1) 4 (100) 4 (100)
Deep 2 (33) 3 (2.4–3.1) 7 (5.3–7.8) 2 (100) 2 (100)

Other* 4 (12) 3 (2.4–10.0) 1 (1!1) 2 (100) 0 (0)

*Other: aseptic meningitis, duodenal ulcers.
DC, Discharge; IQR, interquartile range; IV, intravenous; LOS, length of stay; PO, oral; SSI, surgical-site infection.

Table VI. Breakdown of final pathology

Prepathway Pathway P value

Simple, n (%) 267 (85%) 379 (79%)
Gangrenous, n (%) 32 (10%) 60 (13%)
Normal, n (%) 10 (3.2%) 25 (5.2%)
Perforated, n (%) 5 (1.6%) 5 (1.0%)
Other, n (%) 2 (0.6%) 9 (1.9%)
Total, n 316 478 .20

Table VII. Univariate analysis of risk factors for
readmission

Risk factor
Odds
ratio

95% confidence
interval

P
value

Younger age 0.90 0.80–1.02 .085
Male sex 1.04 0.43–2.51 .928
Greater body mass index 0.98 0.91–1.06 .592
Open appendectomy 1.48 0.34–6.50 .607
Longer case length 1.00 0.98–1.02 .905
Greater duration of stay 1.01 0.99–1.02 .403
Complicated pathology* 3.63 1.49–8.86 .005

*Final pathology demonstrated gangrenous or perforated appendicitis.
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Abstract
Background/Purpose: This study examines the safety and patient satisfaction in discharging children
undergoing laparoscopic appendectomy (LapAppy) for acute appendicitis on the day of surgery.
Methods: After institutional review board approval, data were collected prospectively for 158
consecutive patients undergoing LapAppy for simple appendicitis. Time from operation to discharge
and complications were analyzed. At follow-up, parents completed a satisfaction survey. The Student
t test was used for statistical analysis.
Results: Laparoscopic appendectomy was performed in 158 children ranging from age 2 to 19 years
(mean, 12 years) over a 6-month period. Single-port, single-instrument LapAppy was possible in 152
patients (96%). Eighty percent of patients (n = 126) were discharged on the day of surgery, a mean of
4.8 hours postoperatively (range, 1-12 hours). Of the remaining 32, 24 (75%) were admitted because the
operation ended too late for postoperative discharge; 3 (9%), for medical reasons; and 5 (16%), when the
families declined to leave. One hundred nine parents (87%) whose children went home postoperatively
stated that they were happy with the expeditious discharge, whereas 17 (13%) felt nervous. In addition,
116 parents (92%) stated that, in retrospect, same-day discharge was preferable, whereas 10 parents
(8%) were not sure that it was the best decision. None, however, would insist on admission if faced with
the situation again. There were no major complications and no significant difference in the rate of
umbilical wound infections for same-day discharge patients (2%) and admitted patients (3%).
Conclusion: Routine same-day discharge after pediatric LapAppy for acute appendicitis is safe, with
good parent satisfaction.
© 2012 Elsevier Inc. All rights reserved.

Appendicitis is the most common gastrointestinal condi-
tion requiring urgent surgical treatment in children in the
United States [1]. Since the introduction of laparoscopic
appendectomy (LapAppy) in 1983 [2], there have been
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multiple reports demonstrating its safety and the decrease in
hospital length of stay (LOS) when compared with the open
technique [3,4]. The ultimate benefit of the laparoscopic
technique would be to perform the procedure as an
ambulatory surgery. Although this strategy has been
advanced in many elective abdominal procedures—laparo-
scopic cholecystectomy [5], gastric bypass [6], and incisional
hernia repair [7], for example—surgeons remain hesitant to
discharge patients on the day of emergency surgery,
particularly one with an infectious etiology.

There are several studies describing early discharge after
both open and LapAppy [8-10], but these studies are
retrospective in nature and have variable definitions of
“outpatient” (usually involving 23-hour observation, hence
overnight hospitalization) and lack a formal patient selection
protocol. The surgical team at Miami Children's Hospital
had been sending patients home within hours of appendec-
tomy on a sporadic basis for several years with good results.
The objectives of our study were to prospectively evaluate in
the pediatric population the safety of a protocol for routine
discharge from the hospital on the day of appendectomy and
to survey parent satisfaction regarding same-day discharge.

1. Methods

Our institutional review board approved the study of
same-day discharge after appendectomy for acute appendi-
citis. During the research period (July 2010-December
2010), all patients presenting with the preoperative diagnosis
of acute appendicitis were placed on the outpatient
appendectomy protocol. The surgical team counseled the
parents before surgery that same-day discharge was
expected and described the benefits of that plan of action.
Patients found at operation to have perforated or gangrenous
disease were excluded and admitted for intravenous
antibiotic therapy.

All patients received a dose of preoperative antibiotics
within the hour before incision, usually cefoxitin unless
allergies intervened. All appendectomies were performed
under the direction of 1 of 4 attending pediatric surgeons,
with resident and fellow involvement. The all-in-one single-
instrument, single-port technique was used. In this technique,
the appendix is withdrawn through the umbilicus, and the
stump, ligated externally in the method preferred by the
attending. Time of operation, incision to bandage, was
measured in minutes. Any introduction of additional ports,
that is, conversion to traditional laparoscopy, was tabulated.

The institution's operating room is organized with a
recovery room (postanesthesia care unit [PACU]) used for
both inpatients and outpatients directly adjacent to the
ambulatory surgery suite. Our patients were divided into 2
groups. Group 1 included patients sent home on the day of
surgery. We subdivided this group to further analyze the
postoperative LOS data. Patients diagnosed with appendi-
citis during the night when the ambulatory surgery suite is

closed were admitted to the inpatient surgical ward,
underwent appendectomy the following morning, recovered
in the PACU, and were sent home later in the day from the
ward. Patients with appendicitis diagnosed during the
working hours of the ambulatory suite were brought directly
up to the preoperative holding area. After operation and
recovery in the PACU, these children were transferred to the
ambulatory surgery suite for discharge, never entering the
inpatient facilities. Patients who were admitted postopera-
tively composed group 2. One of 3 reasons for the admission
was cited:

1. Medical hospitalization (eg, unstable vital signs, fever,
vomiting, and pain uncontrolled by oral analgesia);

2. Operation occurring too late in the day for discharge; or
3. Social reason (eg, family refuses to leave, no

transportation).

Comparisons between the discharge group and the
admitted group included demographics, operative details,
complications, and return visits to the emergency department
after discharge from the hospital. Postoperative length of
stay (hours) was defined as the time the patient left the
operating room until the time the patient was discharged
from hospital. Data are quoted as mean (range), unless
otherwise indicated. The Student t test was used for
statistical analysis.

Approximately 2 weeks postoperatively, the children
were seen in the clinic by the attending surgeon. Parent
satisfaction was determined using a survey (Table 1) at the
time of this follow-up visit.

2. Results

Over the 6-month period, surgeons took 179 children to
the operating room for presumed simple acute appendicitis
at Miami Children's Hospital. Gangrene or perforation was
noted in 21 children, and these were admitted for
antibiotics postoperatively and excluded from further

Table 1 Parent satisfaction survey questions

1. Immediately after the surgery, how did you feel about going
home on the same day?
a. Happy to go home
b. Nervous, but we did fine
c. I wouldn't want to do it again
2. In retrospect, how do you feel now?
a. It was the right thing to do
b. It was OK to go home on the same day, but I'm not sure it
was best
c. I would not want to do it again
3. Feel free to add other comments regarding your child's
surgery

314 F. Alkhoury et al.



Association for Academic Surgery

Initial experience with same day discharge after
laparoscopic appendectomy for nonperforated
appendicitis

Pablo Aguayo, MD,* Hanna Alemayehu, MD, Amita A. Desai, MD,
Jason D. Fraser, MD, and Shawn D. St. Peter, MD

Department of Pediatric Surgery, The Children’s Mercy Hospital, Kansas city, Missouri

a r t i c l e i n f o

Article history:

Received 2 January 2014

Received in revised form

25 February 2014

Accepted 5 March 2014

Available online 12 March 2014

Keywords:

Same day discharge

Nonperforated appendicitis

Children

a b s t r a c t

Background: Although many laparoscopic procedures are performed on an outpatient basis,

patients who have undergone a laparoscopic appendectomy have typically stayed at least

overnight. Recently, data in both the pediatric and adult literature suggest that same day

discharge (SDD) for acute nonperforated appendicitis is safe and associated with high

patient and parent satisfaction. We have recently begun attempting SDD for nonperforated

appendicitis, and this study is an analysis of our initial experience.

Methods: A retrospective chart review of all patients who underwent laparoscopic appen-

dectomy for nonperforated appendicitis at our institution from January 2012 to July 2013

was performed. Demographics, length of stay, hospital course, and outcomes were

measured. Data are expressed as mean ! standard deviation. Comparative analysis was

performed using a t-test.

Results: A total of 588 laparoscopic appendectomies for nonperforated appendicitis were

performed over an 18-mo period. Approximately 28% (n ¼ 128) were discharged on the day

of surgery. Of the remaining patients, 12.9% (n ¼ 59) stayed overnight for medical reasons,

0.4% (n ¼ 2) stayed for social reasons, 3.9% (n ¼ 18) stayed because the operation ended late

in the evening, and 82.8% (n ¼ 381) stayed because of clinical care habits. Compared with

patients who stayed overnight, there was no statistically significant difference in read-

mission rates (0.7% versus 1.9%, P ¼ 0.6%), follow-up before scheduled appointment (5.4%

versus 5.4%, P ¼ 1.0), and complication rate (0.7% versus 2.6%, P ¼ 0.3). Patients whose

operation ended later in the day had a longer hospital stay. We observed a trend toward

more SDDs, the further we got from the initiation of our protocol.

Conclusions: SDD is safe for children undergoing laparoscopic appendectomy for non-

perforated appendicitis. The two main barriers to SDD were time of day for the operation

and provider habit, both of which improved as more practitioners felt comfortable with the

concept. SDD requires extensive education within the hospital system, and we have

initiated an aggressive prospective protocol to improve the results.
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Background: Outcomes of appendicitis may be influenced by access to healthcare. We investigated the
determinants of pediatric appendicitis outcomes in the single-payer Canadian healthcare system.
Methods: Children coded for urgent appendectomy by the Canadian Institute of Health Information during the
period 2004–2010 were analyzed. Misdiagnosis rate, perforated appendicitis rate, and hospital stay were the
outcomes studied. Analyzed variables included age, gender, domicile, socioeconomic status, surgeon’s
specialty, hospital type, region, and operative approach. Logistic regression analysis was used to examine
associations, and a quintile regression model examined the effect on median hospital stay.
Results: 41,702 patients were studied. A higher rate of perforated appendicitis was associated with lower age
[OR 2.66], male gender [OR 1.18], pediatric surgeon [OR 1.25], and treatment outside the Maritimes. A higher
rate ofmisdiagnosis was associated with lower age [OR 1.53], female gender [OR 2.29], non-children’s hospital
[OR 1.33], and western Canada [OR 1.22]. A significantly longer hospital stay was associated with open
appendectomy, pediatric surgeon, and the Territories for simple appendicitis, and open appendectomy,
pediatric surgeon, children’s hospital, and the Maritimes for perforated appendicitis.
Conclusions: In Canada, outcomes of pediatric appendicitis are associated with regional and treatment-level
factors. Rural domicile and socioeconomic status do not affect outcomes.

© 2014 Elsevier Inc. All rights reserved.

Appendicitis is the most common pediatric surgical emergency, and
appendectomy is themost commonurgent pediatric surgical operation.
The post-operative outcomes of appendicitis are largely dependent on
the severity of the disease at presentation. Perforated appendicitis is
associated with prolonged hospital stay and higher rates of post-
operative complications [1,2]. In addition, perforation andmisdiagnosis
rates in appendicitis are considered outcomes that reflect access to
appropriate level healthcare. Previous studies from the United States
have shown that patient-level factors, such as socioeconomic status,
insurance status, and race, influence the outcomes of children with
appendicitis [3,4]. The effects of race and socioeconomic status vanish
when equal access to care is provided [5,6]. In Canada, all children are
insured under a single-payer systemwhich theoretically provides equal
access. In a recent comparison of pediatric appendicitis outcomes
between the United States and Canada, we showed that the outcomes
of Canadian children generally fell in between US children with public,
and those with private, insurance [7]. In the present study, we analyzed
a large national Canadian database to elucidate what determinants,
within the context of a universal health care system, influence the
outcomes of pediatric appendicitis.

1. Methods

1.1. Data source

Canadian data for the years 2004–2010 were obtained from the
Discharge Abstract Database (DAD), managed by the Canadian
Institute for Health Information (CIHI). DAD contains mandatory
discharge data from all hospitals in Canada, except those in Quebec.
Data were coded using ICD-10-CA. The database includes diagnoses,
patient demographics, treating physician information, and hospital
characteristics. The study was approved by the McGill University
Faculty of Medicine Institutional Review Board (A06-E53-13A).

1.2. Study population

All patients less than 18 years old with a valid procedure code for
appendectomywere candidates for the study population. Patients had
to have one of the following three procedure codes: (i) Appendec-
tomy (1.NV.89.DA, 1.NV.89.LA), (ii) Drainage of appendiceal abscess
(1.NV.52) AND secondary code of (i), or (iii) Abdominal or pelvic
drainage (1.OT.52, 1.SQ.52) AND secondary code of (i) or (ii). Patients
with no primary or secondary procedure code of appendectomy,
patients who had incidental appendectomy, and patients with an
elective admission, or unrelated primary diagnostic code were
excluded. Demographic data gathered for all patients included age,
gender, patient’s domicile, socioeconomic status, and geographic
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Appendicitis is the most common pediatric surgical emergency, and
appendectomy is themost commonurgent pediatric surgical operation.
The post-operative outcomes of appendicitis are largely dependent on
the severity of the disease at presentation. Perforated appendicitis is
associated with prolonged hospital stay and higher rates of post-
operative complications [1,2]. In addition, perforation andmisdiagnosis
rates in appendicitis are considered outcomes that reflect access to
appropriate level healthcare. Previous studies from the United States
have shown that patient-level factors, such as socioeconomic status,
insurance status, and race, influence the outcomes of children with
appendicitis [3,4]. The effects of race and socioeconomic status vanish
when equal access to care is provided [5,6]. In Canada, all children are
insured under a single-payer systemwhich theoretically provides equal
access. In a recent comparison of pediatric appendicitis outcomes
between the United States and Canada, we showed that the outcomes
of Canadian children generally fell in between US children with public,
and those with private, insurance [7]. In the present study, we analyzed
a large national Canadian database to elucidate what determinants,
within the context of a universal health care system, influence the
outcomes of pediatric appendicitis.

1. Methods

1.1. Data source

Canadian data for the years 2004–2010 were obtained from the
Discharge Abstract Database (DAD), managed by the Canadian
Institute for Health Information (CIHI). DAD contains mandatory
discharge data from all hospitals in Canada, except those in Quebec.
Data were coded using ICD-10-CA. The database includes diagnoses,
patient demographics, treating physician information, and hospital
characteristics. The study was approved by the McGill University
Faculty of Medicine Institutional Review Board (A06-E53-13A).

1.2. Study population

All patients less than 18 years old with a valid procedure code for
appendectomywere candidates for the study population. Patients had
to have one of the following three procedure codes: (i) Appendec-
tomy (1.NV.89.DA, 1.NV.89.LA), (ii) Drainage of appendiceal abscess
(1.NV.52) AND secondary code of (i), or (iii) Abdominal or pelvic
drainage (1.OT.52, 1.SQ.52) AND secondary code of (i) or (ii). Patients
with no primary or secondary procedure code of appendectomy,
patients who had incidental appendectomy, and patients with an
elective admission, or unrelated primary diagnostic code were
excluded. Demographic data gathered for all patients included age,
gender, patient’s domicile, socioeconomic status, and geographic
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Background: The purpose of this study was to compare postoperative outcomes of pediatric

patients with complicated appendicitis managed with or without a peripherally inserted

central catheter (PICC).

Methods: Patients aged !18 y in the Pediatric Health Information System database with

complicated appendicitis that underwent appendectomy during their index admission in

2000e2012 were grouped by whether they had a PICC placed using relevant procedure and

billing codes. Rates of subsequent encounters within 30 d of discharge along with associ-

ated diagnoses and procedures were determined. A propensity scoreematched (PSM)

analysis was performed to account for differences in baseline exposures and severity of

illness.

Results: We included 33,482 patients with complicated appendicitis; of whom, 6620

(19.8%) received a PICC and 26,862 (80.2%) did not. The PICC group had a longer post-

operative length of stay (median 7 versus 5 d, P < 0.001) and were more likely to undergo

intra-abdominal abscess drainage during the index admission (14.4% versus 2.1%,

P < 0.001), and have a reencounter (17.5% versus 11.4%, P < 0.001) within 30 d of

discharge. However, in the PSM cohort (n ¼ 4428 in each group), outcomes did not differ

between treatment groups, although the PICC group did have increased odds for the

development of other postoperative complications (odds ratio ¼ 3.95, 95% confidence

interval: 1.45, 10.71).

Conclusions: After accounting for differences in severity of illness by PSM, patients managed

with PICCs had a similar risk for nearly all postoperative complications, including reen-

counters. Postoperative management of pediatric complicated appendicitis with a PICC is

not clearly associated with improved outcomes.
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Purpose : PICC line et AA compl :  si appariés selon sévérité : pas de différence 
de morbidité 
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+
Bryan, 10 ans 

!  Douleurs abdominales depuis qq jours, FID et HCD 

!  37°7 

!  Vomissements non bilieux 

!  Murphy et Mac burney + 

!  CRP : 75, GB : 12 000 

 



+
Bryan, 10 ans 

!  Douleurs abdominales depuis qq jours, FID et HCD 

!  37°7 

!  Vomissements non bilieux 

!  Murphy et Mac burney + 

!  CRP : 75, GB : 12 000 

!  Echo abdominale : appendice à 7mm, petit épanchement 
péritonéal, lithiases intravésiculaires millimétriques, pas de 
dilatation des voies biliaires 

!  Que faites vous ? 



+
Bryan, 10 ans 

!  Appendicectomie et cholecystectomie 

!  … Anapath : anapath : appendicite modérée, paroi 
vésiculaire normale 



+
Bryan, 10 ans 

!  Appendicectomie et cholecystectomie 

!  … Anapath : anapath : appendicite modérée, paroi 
vésiculaire normale 

!  Revient pour persistance des douleurs abdominales, et des 
vomissements.  

!  Apparition de céphalées. 

!  Que faites vous ? 



+
Bryan, 10 ans 

!  TDM : tumeur cérébrale 



+
Joanna, 14 ans 

!  Antécédent d’omphalocèle 

!  Réfection paroi 2 ans auparavant 

!  Douleur pelvienne droite, 38°8, psoitis 

!  Nausées, sans vomissement 

!  Douleurs abdominales exacerbée à la miction 

!  BU : GB+, Ni – 

!  CRP : 200  ; GB : 18200 
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!  Pubert, aucun rapport 

!  Périné sp 

!  Écho : masse latérovésicale droite : abcès appendiculaire. 
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!  Ttt antibio IV. Après 24h : CRP 250, reste très algique 

!  Que faites vous ? 
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membranes adhérentes à une formation abcédée. 
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lavage, pas de drainage, ovaire gauche sp 
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+
Joanna, 14 ans 

!  Coelio : pas d’adhérences 

!  Appendice très inflammatoire, recouvert de fausses 
membranes adhérent à une formation abcédée. 

!  Salpingite : salpingo-ovarectomie droite et appendicectomie, 
lavage, pas de drainage, ovaire gauche sp 

!  Que faites vous ? 

!  Écho et IRM : agénésie rénale droite, utérus bicorne sur 
hémivagin borgne 

!  A distance : endoscopie urinaire et effondrement cloison 
vaginale. 



+
Joanna, 14 ans 
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Joanna, 14 ans 

Julien LEROUX



+
Joanna, 14 ans 

Julien LEROUX



+
Claire, 11 ans 

!  Douleur FID depuis 48h, nausées sans vomissement 

!  38°2, défense FID, CRP 83, GB : 14500 

!  Pas d’antécédents 

!  Opérée par coelio : appendicite phlegmoneuse, liquide 
louche dans le douglas. Prlvts, appendicectomie 

!  Boissons le soir même 

!  J1 : sp 

!  J2 : va bien, sortante. 
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+
Claire, 11 ans 

!  Juste avant la sortie : 1 vomissement, douleurs abdominales 

!  Que faites vous ? 

!  J3 : poursuite des vomissements, intolérance alimentaire,  

!  Rares BHA, 36°5 

!  CRP : 30, GB sp 

!  Que faites vous ? 



+
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!  J4 et J5 : sevrage SNG impossible 
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+
Claire, 11 ans 

!  J3 : SNG : 500mL bilieux 

!  J4 et J5 : sevrage SNG impossible 

!  Que faites vous ? 

!  Reprise : volvulus partiel sur bride épiploique 

!  Pas de souffrance digestive 

!  Suites simples 

 



+
loan, 11 ans 

!  Douleurs abdominales périombilicales puis FID depuis 3 
jours, 39°C, Bon état général. 

!  Pas d’antécédent 

!  Syndrome de masse en FID  

!  Echo : abcès de 2 cm en FID : abcès appendiculaire 

!  Coelio : pas de plastron mais appendicite préperforative 

!  Évacuation d’un stercolithe extériorisé lors des manipulations 

!  Lavage 



+
loan, 11 ans 

!  J3 : persistance de fièvre et douleurs 

!  Diarrhées 

!  CRP : 200 

!  Que faites vous ? 



+



+
loan, 11 ans 

!  J3 : persistance de fièvre et douleurs 

!  Diarrhées 

!  CRP : 200 

!  Que faites vous ? 

!  Reprise à J4 : lavage, vérification du moignon 

!  Suites simples, sortie sous antibio J6 



+
loan, 11 ans 

!  Revient 10 jours plus tard : reprise des douleurs et de la fièvre 
à l’arrêt des antibio 

!  Que faites vous ? 



+
loan, 11 ans 

!  Revient 10 jours plus tard : reprise des douleurs et de la fièvre 
à l’arrêt des antibio 

!  Que faites vous ? 



+
loan, 11 ans 

•  Ponction pleurale,  
•  Reprise antibio 
•  Bonne évolution  


