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Abstract

Background and aims: Acute appendicitis is a common cause of acute abdominal pain. Its
typical symptoms and signs were described already in the 1880s. However, the diagnostic
work-up for patients with suspected acute appendicitis has dramatically changed over the
last decades, especially after computed tomography was introduced in the 1990s. Diagnostic
scoring provides an accurate method for stratifying patients according to the probability of
appendicitis, and therefore works as an excellent basis for a diagnostic algorithm.

This study aimed to evaluate the predictive value of Ultrasonography (US) and abdominal
Computed Tomography (CT) in the diagnosis of appendicitis, and to correlate US with CT
a precious diagnosis of appendicitis and to evaluate the sensitivity and specificity of US and
CT reports in detection appendicitis.

Patients and methods: The target population of this study were all the patient who were
clinically suspected of having acute appendicitis and were admitted to the surgery
department of Al Makassed, BeitJala, and Al-Isteshari Hospitals who underwent
appendectomy surgery.

Study Design: A retrospective Observational Design was used for this research to determine
the relationship between the US, abdominal CT reports and Histopathology reports for
patients who were diagnosed with appendicitis after appendectomy.

Study setting: The studies presented in this thesis were conducted in three hospitals in
Palestine; Al-Makassed Islamic Charitable Hospital which is one of biggest NGO hospitals
in east Jerusalem, BeitJala Governmental Hospital which is one of biggest governmental
hospitals in west bank, and Al-Isteshari Hospital which is a private hospital in the West
Bank. This study was performed in radiology, surgery and pathological departments at the

three hospitals.



Results: Of the 461 patients who were studied by US examination as a sole exam, or as a
part of multiple radiological exam, the US showed inflamed appendicitis in 274 (59%), and
showed a normal appendix in 46 (10%) while the US operator could not detect appendix in
141 (31%). The US showed an overall sensitivity of 89% and a specificity of 45%.
Seventy-one patients underwent CT scan (15 CT alone, 56 CT plus US). The CT showed an
overall sensitivity of 91% and a specificity of 71%.

A total of 56 patients received both US and CT as a radiological modality for examination.
Ten patients (18%) demonstrated a normal appendix on histopathogical exam and 46 patients
(82%) demonstrate inflamed appendix on histopathology.

Discussion: In cases where the pathology report was positive for appendicitis, CT had a
better value as it had a higher correlation rate over US. However, in negative pathology

reports, CT had around 40% false positive rate.



B 3N gl daas B 1 g JALN ) gaaiill g adalall Budal) y guatill 4 guiil) dagdl

:\.}J | gl
Ced dana Cpaall Ae daad salas
T dana 3 ddl )
gadlall
oaleY) Cibay By ohadl VY LS e g alal) Luagall sl Cleal) sCalaadly Al
apdy U AN Lmd il SlehaY) Gl ol aoy 1880 ple b Llad Lndgail cillalls
2 daldg Al giall (a0 o[5S JSE 0 a8 alad) daasall 52BN lgall ALYl e
paimll Ghlly il 85 dus 1990 ale B cusaall alaiall sl uls 5 g
s el Jant g Ml cdpagall 50N lgal) Adlany By oampal) auidil 4380 dak
pailly syl yrguaill 4ol dadl) 482 dan o pasd ) duyall 238 B35 L dnandlh dae) )l
eosSall Vs cuy el caaliall adiue (A Lagall 58Pl Qlgil) e CadSll G aull
Jlaiind dalee any CVA iajally  aill el o)l Wiyliag oyl (LY oy
A0agall B3l
pgbals Uy 4y (pdll odayall a8 dhall oda (& (dagiual) (oajall maes 1 @Hhally (ol
Vs G caaliall Glidiue A dalall aludl ) agllaa) 5 285 alad) dagall 333H1 lgally
s 5l Jleatiol dalyal lsacad ol (g)Linud )
BYPYORI[FCL PR, VU VO JUR NP pUURRY . PR N DRNVVOR JAREC I 2 ISR OOV
Osadly Gl pimpall caul) oyl il Gladl oedadall oo lelY) pgeailly o5kl

LAl 3231 Jlaiiul dalys aan agall 32503 algdll



ol Ol b Gbadie BDE 8 ALl sda 8 dediall Auhall Cujal sduhall sl
Aivaeg Ayl sl 3 Lpal) Claeal) Gladine ST asl gay (5l Ol aalidl
L) afially (daal) diall 8 daesSal) clbadiuall S asl say asSal) Vs cuy
bl gl ALd) & Al 03 eha] W Al diall B pald adiee sy el
olel 8)6Saall Cilaiitivnal) 8 eyl oLkl dalially

e S gl cung ehalS ol asdll ddaulss agiahy @3 Glaige 461 On e 1l
274 5 Gael 53 gl gl pgeaill il capglal Cum ¢ lall geail) Ciliagad
i ol Ly YA (g (Z10) 46 8 dumada G353 335050 b pelaly VAN (e (£59)
Cun VA e (731) 141 3 duasall 50l Qe pe allll paill Sgujilil) gl
T 45 3835 /189 el yeeaill Allaal) diulial) duns S

Diseaill Ciead L Als 15 ¢ bl eladVl il pandl Loy Ogamay aly aad
oek) g el pgeailly alall gl o J9U Gl Alla 566 pble J<G8 i)
Drseaill (e IS Liai e 56 de sana Lo a1 % 71 482 danig %91 donsy dnsbin dal) gl
e i O uhal) Cupglal L auagall 331N e CadSll AR lS el s geail) Iy s34l
agall 525 lgal) el (782) Liasye 46 5 dumaada duagall 523030 cul< (718)

Clpdl pabaiall eladl) pgeailly ol pgeaill o A ol Lindys il <jelal 2 all)
dpasall s b i) il capelad Al WA Bdussall sull Gl el §lies
dagile Lagall B3NN 06 S eV e Catll el 48y A il pgeaill o cgile
apasal) 5B b cajell 8 il il il Al VA g ¢ il pgeaill aa d3all

%40 2g0ny olasy) Wadll s il duanila

W



Table of contents

DEDICATION . i e s r e s e s e s e s sr s e neanaennns
DECLARATION ...t e e e e e s e s e n e en s e n e s e s e s aernennes I
ACKNOWLEDGMENTS ... e e een II
A B S T R A T i e III
UAALAL ettt \
LIST OF TABLES ... e e eaas X
LIST OF FIGURES ...t s e s a s e e e e XI
LIST OF APPENDICES. ... .ottt e e e e eas XII
ABBREVIATIONS ..o ea e een XIII
CHAPTER ONE ...t 1
L INTRODUCTION .. ittt s s s st s s s s e s et e s e enns 2
1.1 Problem StatemMent. e ceeceeiresreeseesiasiaiseeseesieisaseestessassessasssasiassassssssassassassasssassassassenss 5

1.2 StUAY QUESLION 4eueiasesesececerererersrsssssasasasesererersrsssssssasasasscesessssssssssssssasasesesessssssssssasass 5

1.3 JUSHITICAtION cerereurarrereratrereranreseraireseraireseerattesserastesserassesssrassessssassessssassessssassesssnes 5

1.4 PUIPOSE seereeseressersasesessessssesessessasessssessssesassessssesassessssessssessssessssassssessssessssessasassssasss 6

1.5 ODbjectives aNd AiMS aiecececererereriristasesesesesererersrsssssssssasasscesessssssssssssssasssssesessssrsssssasass 6
CHAPTER TOW. ...ttt 7
2. REVIEW OF THE LITERATURE ..ot s 8
2.1 Etiology, Pathogenesis, and ClassifiCations veveceseseereresesesreresasssreresesassoresssassereresassssesess 10

b7 =1 o] [ 1= ¢ 110 (oo V2N 12

2.3 Uncomplicated appendiCitiS sevecererererersssssssasaseseseressssssssssssasasesesesersssssssssasasasssesesasass 13

2.4 Complicated apPeNdiCitiSeesesreresasssreresesasrresasassereresasssresesasssrerssassssssesssasssrosssassssasess 14

2.5 Negative appPenNUeCtOMY uieiesesecererererersssssssasasesesesessssssssssssasssesesessrsssssssssssasasssssesasass 15

2.6 CliNICAl COUISE teveurunrerenranrerenrastesarasterastessessstessesastessessstesssssssessssassesssssssessssassesssns 16

2.7 Diagnosis of Acute APPENUICITIS ceverrereresesrererasasrereresasssreresasssreresesassssesssasssrossssssssasess 17
N o 115 (o] OO PPPPPPRP 17

2.7.2 Clinical symptoms and physical eXamination:........ccceuveiuiriiniieeeineeireinreeree e eneennnens 17

2.7.3 Laboratory fiNGiNGS: «..eeeereruererereiieretiieeeiereriesereeeenerernseensereassernssennesennssernnsennnns 18

2.7.4 Other 1aD0ratory VAIUES: ... ccuueieruriineretiieeeiretiieeeresereretnesennsersnseernssesnesennsesnnnsennnns 19

2.7.5 LAPAIOSCOPY: +uutenttnntinneinetuetntettetteattn st st eaassanstenstas st et et sesssenstenstenesensssnsees 19

RS = - To [To] ToTo ol T 7= o o S 19
2.8.1 Plain radiographs and barium ENemMa:.......eeeuurereuerernnrernerernerernrerneeeereeeseserneeennnsennnns 19

2.8.2 UItrasonography (US): . e e eie ittt ettt e e s ree e e e e e e e e reaes 20

2.8.3 Computed TomOography (CT): ettt ettt e e e e e e s e e e e ea e eeeaes 23

Vi



2.8.4 Magnetic Resonance Imaging (MRI): ..couuiiuiiiiiieiiiriiiie et eeirerrs e s ereseeneeenesennans 26

2.9 Risks of ionizing radiation ...ccciiiieiieiieniiiiintietintietiettestestentesteetsetsessestessescessenssascnssanes 27

2.10 Differential diagNOSiS ceereseesssresserserasserssressesssresserasressesssresssssressssassesssssssessssnssessens 28

2.11 Treatment of apPENICILiS vivereraratrerereseirerecasassereresasssresscasssreresassssssesasasssresssassssesass 28
2.10.1 ADPPENAECIOMY euuiiriiiriritie ettt et s ettieettrertesetneseeuerersseatnsersassarnssarnssennssernnsennnns 28

2.11.2 Laparoscopic Versus open apPendeCiomY: ....ccuuueiieireurieiienereeiiireetii s eeerneseeennnseees 29

2.11.3 CoNSErvative trealiMent: ....ccuuueiiiiiin ettt e e e e ere e e eae e e eaaa s eees 29

2.12 HistopathologiC analySiS.esesesecasssreresasasserecasasseresesassssesscassssesssassssesesssasssresssassssesnss 30

2.13 Outcome of acute appendicitis and apPENTECIOMY ceuveereeeeresressrnsressrasressrnsresssnssensens 31
2.13. 1 MOITAITY: teniieiieie ettt ettt e et e et b e e ee e e ea e e eaa e ees 31

2.13.2 MOTDIAITY: teuniiruereiiie it etie st et setire et s e rae s et e eareserneeateseraasearasaanesennsennnsennans 31
CHAPTER THREE ... 32
3. METHODOLOGY ittt e s et s e e e e e eans 33
3.1 StUAY DESIGN turererssrereresasrareresasssreresasasrarecasasssrssessssssssssasassesssasassssesssasssrossssssssssass 33

3.2 StUAY SETLiNG eeecerererersrsrsasasasasererererersssssssasasacesesessssssssssasasssesesesersssssssasssasasssssesasane 33

3.3 Target POPUIALION ceuvererererrirererasssreresesasrererasasseresesassssesesasssresesesassssesssasssrosssassssasass 33

B T ] ] 33

3.5 INCIUSIVE CriteriBeereseesesreseecesraseerasraseesasressesssressesastessesssressssassessssassesssssssessssassesasns 34

3.6 EXCIUSIVE CIiteri@ eereseecenreseesesraseesasraseesanressesasreseerasressesssressssassessssassesssssssessssassesanss 34

3.7 Data COIIECTION wuveurenreairanrenieesianransenseasiaisasensaessastassasseastassassassesssassassasssassassassansens 34

3.8 Data @NalYSIS cecerererersrsrsasasasasaterererersssssasasasesesesessssssssssasasssesesersrsssssssasasasasssesesasase 34

TR T I 1073 =T o 34

3.10 BUAQET tererenrererasasrererasasrsresesasssreresassssssesssasssressssssssesssasssserssssassssesssasssrosesasassssess 34
CHAPTER FOUR ...ttt ettt 35
A RESU L T St 36
4.1 Diagnostic performance 0f US .iieieieiececerereririiiaieseseterererersrsssssssssasacesesessssssssssssasaseses 37

4.2 Diagnostic performance Of CT vivevececeseereresesesrerecasssreresesessssesesassssersssssssssesasssssrosssases 37

4.3 Correlation between US and CT.ieeceeirecesrasrecernnreseinastesesraseessssassesassessesassessesassessenes 38
CHAPTER FIVE ...ttt 40
5. DISCUSSION. ettt e e e e s e s e e s s e e e ees 41
5.1 UItrasonOgrapNy.eeeeceresesesserecesasssreresasssssrecasssssressssssssssssasssssrsssssssssesssasssrosssassssasass 41

5.2 Computed TOMOGrapNY ceceeerececaseirererasetrerecasatsereresasssreresasssreresassssesesasasssresasassssesass 42

5.3 Correlation between US and CT.veeieereseerasreseerairesterasressrssresssssressssassesssssssessssassessnns 43

Vil



CONCLUSION ...t 45

LIMITATIONS Lo e 45
RECOMMENDATIONS ...ttt 45
REFERENCES ... .o 46



List of tables

Title Page No.
Table 4.1: Hospitals from which data was collected. 36
Table 4.2: Results of pathology, US, and CT per hospital. 36
Table 4.3: Relationship between the result of the pathology report and US. 37
Table 4.4: Relationship between the result of the pathology report and CT. 38
Table 4.5: Distribution of patients that received US, CT and pathology -

reports.




List of figures

Title Page No.
Figure (2.1): Laparoscopic images of uncomplicated appendicitis. 14
Figure (2.2): US images of appendicitis (the arrows point at the appendix). 20
Figure (2.3): Ultrasonographic longitudinal image of a gangrenous .
appendicitis.
Figure (2.4): Phlegmonous appendicitis. Color Doppler ultrasonographic .
image demonstrating mural hyperemia.
Figure (2.5): CT images of appendicitis. The arrows point at the inflamed -
appendix.
Figure (2.6): Two consecutive contrast-enhanced abdominal CT(CECT) i
scans demonstrating a normal air-filled appendix.
Figure (2.7): Operation room image of laparoscopic appendectomy. 29
Figure (2.8): Histological section of an acute appendicitis with ulceration
of the mucosa and intense inflammatory infiltration of neutrophil 30

granulocytes through the appendiceal wall.

Xl




List of appendices

Appendix Page No.
Appendix A: Permission letter to Al-Makassed Hospital general director. 59
Appendix B: Permission letter to BeitJala Hospital general director. 60
Appendix C: Permission letter to Alisteshari Hospital general director. 61

Xl




