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Abstract

Background: Diagnosis of acute appendicitis is one of the challenges that surgeons face in
the emergency ward. Although Alvarado score has been recommended in the diagnosis of acute
appendicitis, this criterion has some limitations in terms of age, sex, and race. The aim of this study
was to evaluate the effectiveness of Alvarado score in the diagnosis of acute appendicitis based on the
age and gender.

Materials and Methods: In this cross-sectional study, 407 patients who underwent
operation with the preoperative diagnosis of acute appendicitis from June 2008 to August 2009
were included in the study. The patients’ data were recorded by the investigators. The data were
compared by parametric tests. The sensitivity and specificity were determined by the optimal cut-off
point on ROC curve using MedCalc software version 10.2.0.0.

Results: The optimal cut-off point for women was lower than men (6 and 7, respectively).
The rate of negative appendectomy in the group with Alvarado scores 9 and 10 was 11.8%, while the
negative appendectomy rate in the other two groups with Alvarado scores 7 and 8 and 5 and 6 were
29.9% and 52.8%, respectively.

Conclusion:  The diagnostic value of Alvarado score of 8 and less in physical
examination is lower than the abdominal tenderness exam alone. Also, the cut-off point for the
diagnosis of acute appendicitis in women should be considered lower than that in men. On the other
hand, the cut-off point in adolescents and children is higher than adults.

Keywords: Acute appendicitis, ROC Curve, Sensitivity, Specificity

*Corresponding author:
Address: Department of Surgery, Arak University of Medical Sciences, Sardasht, Arak, Iran
Email: amini.m@arakmu.ac.ir

12



dﬂj/dizﬂ'ﬂjlﬁo&qbd&jﬂwlﬁw L;‘:’Ajj:'d(‘i‘
12-18 1390 czgwsyf 5 w05 54 ol ople) Lojle 14 UL

9 o > 9 3 Cuw LT askii 50 9015198T (Sl slo sanseldi )

-

S

b 51570 & Lo gl w5578 35 o 78 Codl il eilind 1570 Pb) Zagi 5T (T el Sgae TS
T ool oo & gy e 5573 J fhe

Ol Sl STyl (S 0 ke o5 ol 05,5 it | a2 G b sl -1
Il ST STyl (S e ol o gos (i S5, -2

Ol STyl eyl (S pake olls (ol 05 54 (o gos 7 paains skl =3

Ol STy STyl (S ke ol ¢ o gos oS5 -4

Ol ST ST (S p ke oKl 55 gl 05,5 (s3] paainze ¢ )lyslid -5
Q‘xhéjbhéjbléﬁ:};r}r—o&.ﬁb;g‘ﬁwjfgéjbﬂé)\amjA:qu.a.‘a;'.:.ﬂ;)\.:ét.al—G
Ol e et O g5 oDl 15T ol ¢ wlid o Sn iyl pli IS (g gomitils =7

N
LT slojloms a3lo ilingl 0 Gl ot s Slagl (S o] pasis [Bab g diej
&5 o Shs 9 iz g o Wl alacadgine il s 0 Jy Wload a0 sl il pasis o
o 3l Cannib] jasets ) 9l olajlae isu ] e gy adllas opl 5l Lo G ol sris Jlas
Adbiee iz g o

ot o el ot b s Sy ok 5 o e 407 slass (oo addllas ol 5 [ lg, 9 Slge
@ SRy g Camlas 035 S b plme bug phlen GleMblLuas adlle 3)ly dg 485 )5 (Sl
23,5 s Med Calc 10.2.0.0 1531 55 51 ool b STy Ldows Jloged j3 iy dlais oy g cyesd Al
20> (1 e > 6) 55 (oye 09,5 51 yiwl 065 09,5 3 soblgl slojlims clyy oy s (0 (AL
o1 lajlxe s> 09,5 93 1 &S Il ) 595 a0 ys LB Ll 1045 9 golgll (slayline L 09,3 )3 ke (cog2S L]
g 3035218 4005 29/9 b ply sy 4 2o (9l 6 95 slaylae 5 8

O e (b sl Sl S ol ) el 58 et 3 gLl lasbes (s G5l (S S ol
29 48,5 a5 53 ol b 6] Sl Gards sl caslio Gy dlal ian Al 2ol 4 oS
ool 5l 09,5 51 5V gz 0l g JUibol 09,8 5 Capma ST Gt sl unlie by e S0 (g9 |
Sy Comlus Sy o 0l Conp bl g0 (B3l

035 STl (S p ke oKl ks ST T g Ok 95
Email:amini.m@arakmu.ac.ir

13



O 9  Jwol Sgazmo 570

Ol gy WL T el 58 930519 T (Sl sz il 3

53T Glaslns g 1S pl 4 a5 L

JCOP YIS PRI PR SN SO R AU S
5 o Ml cage e g3l Glaslae s o
ol gl e ol Sl L Cda el Bl
3o S b bldT Glaslas LT 7 ol iy
A gl Sy 5 Ceeles s

QCM‘ J‘JJ}S-J.: sl C;‘::QM-:U\J‘{T

95 g 3lge

435 slaws Ao = abake asdlae oyl o
s Obley 53 e LT el L S sles
Ol gl S o oSl (S ke osils (z6) e
Jos o 1388 ole 515 50 5 1387 Jlus oo, 5= (655 e
33 e dibT 4 oS Jolo e 4 55,5 (slalne
Srlge 5 o K8 5,55 Wile (b glaslns bl O les
QU,.JJ.ES .\3\.:.1‘)} U,«JJ.U c&w‘& c&‘;ﬂ.‘.’m‘ 9 &}'@5 GOT
sblee :l; ol 4o 3713 YL 5 e sles
Y i IS 5les) e S els A8 LT
BEEREE" (MJ: 75 <_§Yl4) PMN M‘)é 9 (10000
T Ol Slolae jles 20 o5, » Sosbl (glanllles
MBaliT s S e Jled i 5l OLSS
s oSas b STyl Sy ple oSty il 3,
i il SYSMEX kx-21(U.S.A) Jshe ol
Sl oben Suld) pde Jols addllee ) 5 5 lajlne
A3 B3PSl sy 5 bk s S s
Olads G 3l Can] Wl S ol
135 e LT 5 ge 5 S g )lS 5 0 S )8 0T
r_,l; o\i..i..;‘: u,:}.&j}: B é)&:—‘ 431.«5 .]a.w_,: anlae
sl c&:E:J &‘f&)}ju\.ﬁa%}«ej dfb‘ g>’<‘:"J'-"
Sl Sy AN S laasliisn 5 Sds 4l
e Coley Oleys 5 Cllig

Sy bl 5 GWET ils) S 51

g JeoSS 53T slaslas o saies 05 T (oles

doddo

Ol Ol es Job o SSBUE L 8 550>
10-30 o OT goed o b 8 Lsdipe ComblT
Sl s gl sl e Tl S
b s Lol @ 4 (ol Al 5 Sl e ges
b oS dnnl o Ol e 55 S LLT Ladeis (1) 355 o0
Gl 5 (e bl oo b K 1 (oS08 sl )3
Je plosy b s Gkl a8l 5 b
S Shhlay doys 30615 550 s (D)0 0 Dyse
Cis dzea Jbo i e lLT Glyls Lsh oo oS LT
o) BV sl 1oy 85 ssis fas S aieds
Jlel slaws ol s dib ml ol sb 4 Ol
w0 Ol opl SV g 3 el $y58 8 ) 2
Ohles a8 Sl OT 6lis il 405390 (YU b L 4b
B) 14 S5 51 3 ) o Jor o e LT (g1l

o il YL OLS 5o e oa S HLT Ol
455 32 b 4l b 15-45 05 55 OT Ol &S )50
Shrs el O ol Sl Jl s ()l o)
31T G )3 (o LT il S (oolgiin
Skl 100 e & sl . (Alvarado Score)
bl oS 1) 5zl 9-10 Sl il (10 5)
bl 3 e Jes Cov (CawdilT adeis
Jlazs | A5 S 1) 7-8 Lol &S Syg0 45 5 255
b Dlew ¢ =65kl 53 5 3505 35 (65 53 o LT
b Ollen b (5l wmen 3,8 51 5 CT Scan cow
(5) Cnr 35 CT SCAN 51 015 o 5 7-8 jlal

Sl Copmuns ST ausenid ;5 93119l (gl jlze .1 Jgus

el Pl e

3 wylye

ELE

il U g gt

S Canly g (ST Cromd Copuolus
sl

SofmsS]

B e

[ I e N T

[
o

14 1390 Cuigudsl 9 (283958 L osleds (dslez Jlo w515 (Kb pole olGIS gk ole doxo



O 9  Jwol Sgazmo 570

Ol gy WL T el 58 930519 T (Sl sz il 3

o3 8218 ia g\ 550 (H95 CI = %77/5-499)
b ply smie 5 plaw 5 5 (95 CI=129/6-%55/9)
BB Gy gy o L OGS 05, 0315 8 s 01733
-193/1) asys 86/11 ol 6 51 5SS,
-071/9) asys 5455 sy (W95 CI =%75/9
Aoy 805 cie gl s (%95 CI=%36/4
64/3 i il syl (%95CH =%69/9-%88/7)
e 5 a5 35 (095 C1 =44/1-%81/3) 1>
A3 8wl O/T6L L il
Oyl citlizen s (6o 05 8 )3 aglie Cg
bl S Lus i o8 w4 e ol
18 (Ul 13-18) sl g 5 oy 10 (Jlu 6-12) S 8
44-24) - 3L cao 53 29(Jle 19-24) o1 g il e s
L3 Aoy 8 (JLA5-65)Jlile 5 Aoy 33 (UL
G305 oS en e 4 JLe 65 (VL 5 Il D 5 0hles
ol 6l i 3yl bl Slwloes 3 (1032 (5 9)
23 0 A e ST 50 WS L ey 8
5t 5 Ste b 35,10 S 5 coales OT ol
0T osdhe (2d5a2) s 8 wulous omis o5 o
23 S BT 5 I 5L Dl s Gl S S5
S (253 50) 435 jasmie ;She g slasy 8l
2 Wl s 058 53 oy ComllT OT )

.:ﬁ:}sbaﬁ«fﬁaﬂl{o}fﬁjba%

‘_;L&Jlnaﬂ ‘Jul.w‘ r ol CJ\:— ‘_;L&u,u”.bl:_“— CL‘J w{mﬁ
ez > @M jlhll Olgs 4 G5 ISL s
oAb Ol 5 S S 5h b Jsb pled 53 (6) Ll
e S eslinl b by dal oy e ST (S5
J‘ML&UJTW}MOW&‘J&JJ}}M
(Area Under Curve-AUC) &S, s 55 f—
MedCalc 15l ¢ 5l (55bT Slbs (sl 45,5 Ol

..\.1:)? osliz.! 10.2.0.0

B sl

adllas Sl a2 5 255 slaslas Clal L
adllae 3505 JLud=T3 o s o39uoes b Hlew 407 sl
o oSk bl s ley 193 Oy S 51 s
o oS b AL 05 e 1145 28/73(11/02)
e ok L e ke 59 5 30/89(12/79)
12134(3/7) o - Sla b s Jlaw 41 5 11/93(3/69)
5065 5 0la s 058 o e S0k Bl IS sy
LB 3 g 5 (Sl gtme OO Ol s 5 Ol e

GrabE o e e b sl AT (laslas 5o
L doys 15118 sl 13,0 05,8 53 T 5 5855
(Confidence Interval) wsys 95 Oliabl 350>
“H73) awsys 5814 S35 (HI5CI = 467/1-482/2)
1W2/1

Aoy 851 e oylst a5, (95 ClI

e 5 09,5 (bl S dalli (g 53 931,15l ) lre (1 (ke ) e g (Site 9 Caite ()L (55,] (S g ol 2 Jga>

») gl Aol 53! alobé 53! Aol Sk alolb Sl el (g0 095
e 95 bl sl B bl sl B bl 95 bl b sl
Lo)d e do)d Cudo do)yd do)yd S
0/806  11/9-61/6 3313 81/0-99/4 96/3 36/1-97/2 83/33 54/8-85/8 72122 >8 6-12
0/824  36/4-71/9 54/5 76/9-98/1 91/4 63/6-96/8 85/71 52/9-80/9 68/09 >8 13-18
0772 30/6-57/8 43/9 81/3-97/9 92/3 68/3-96/0 86/21 48/4-70/8 60/00 >8 19-24
0/726  33/8-66/2 50/0 72/3-89/6 82/1 39/4-13/7 57/14 67/4-85/7 77153 >7 25-44
0/674  11/4-5212 28/6 66/2-100 100 54/1-100 100 18/8-59/4 37/50 >9 45-65
15 1390 cuigudf 5 (20339 L ool quadsler JUo WI1f (Kb pole oIS a3 oole Aoxe



O 9  Jwol Sgazmo 570

8l C‘ﬁ*‘?."\’l?,T SR 58 5.3')‘5JT S Hlxo  sankls ()5l

o P e

06K it By, il

60
50 4
40 4

sl s s

231 Conm ] S35l lays S 55 o L foge
o s 89,5 wlwl

Bovs et T O 8 et T O K6 citT By et

b 5 s

%> 53017 Slme

Sl S &1 SIS S 3 ol @i o 2,f3505
ISER]

038 4 4 oyl IT lajlme wlol 5 Oyl

A4 B3)5lael 451 a8 (slaey 8 Juls & Ls s
7-8 lzel (o y3 18175 [5572) 5-6 jLesl (s ,5 3/38
(4,3 52/86 ,45203) 9-10 jlal 5 (do,s 25 i 96)
@35 S en S ol Gl a s ks i
el 0 attie S8 4 G55 Sl sl

o
N B R | W - Yy 5 DO RT3 W

Olys ga,s 5 Ladid Sl ok (b gduar s

RS S (834 Slajlan 3l ladle js il
Sy o J 5 (8 D)bleds Bms S LT
oslizul 9ol JT lajlms I sl G LLT ais
53 4 Ol ok S el 4 g L5 (9355 s
OT G35t Josma b 1 oy T (b 2t 51 i
S B

WS s jasie (Gaes cpl laasl bl
e bme 2l 4 OT 1 5oml 5 8 el T Sl
Sl 56 Slael 5 Al e sl S BLT ais (ol
b o gl (68 s 1 255 30

L5 ,5 ol s 2000 Jlo s ob&@,(,p Oy
L3 50 sg 5s Laib sl G LT &S5 e "y
55 0L 5 LW 3k 51 (10) 555 0 3L O ley
s il a as gL oS Wles S 518 s hash
S0 3 Db ol gl Sglize Ll s s o S
5 S S rmen (L)l Slae sl ol
5 Cawbes & Ws S Olge 2007 Jlo s OKes
Sl sl s 43 (sdnar s Slagtenn (S5
56 5501 T Slaal b Olylew 53 487 dinls i 5 b o
4 bl elal s (12)555 eslinad CT Scan i« 5wl
Doy odht S A esia e ol ys edeT s
ibge Doy 3l 5 oml 065 3 s3I AT (sl ks
Globas (S s Coubeo plp Bp abB s Js
el sl KusS b gl O3 s 0la e 55 sl T
Olse 31 Foml O6) 55 cmlis B, dbl S &S5yl
4 e O & L el 1 (AL LS e
Sd by 535505 0T 5 bl e 0oy I 5 el 555
b oS el b ol s ge 5 (13-18) 087 o Oly 6 2o
B Dslime Bls e g OL) s bjlae peiS A5
mf}&&WWQjLB(MMJ@;E%W
L OT 05 slas 53 5 andllae ol 53 0L 5 Ols e);
A (0 d9)eks plnl b Slle ks
Ohles Soslite gla STy 5 @315 5 (o sl

L s 4 s

16 1390 Cuigudsl 9 (283958 L osleds (dslez Jlo w515 (Kb pole olGIS gk ole doxo



O 9  Jwol Sgazmo 570

Ol gy WL T el 58 930519 T (Sl sz il 3

(o Sl B e T S s L

(e DRI L 53l AT Sl ine 53 ST, e 25 e
i ol Sals skias Ol oS A4S e Ty 2alS
e 5 et Olge Opomen L3l 5 S de el
st 33T Glaslan alol s Ohjlew o 53 OB
23 st oS LLT O30 0 55 5ol )l T amys 53 s
JQ&A@‘&‘JK€”OM}OW4§Q‘£M‘)QSOJj-‘?-
Ope ool & Ly b Obley ) s ol 53
2 S Gl Dl I ft o e (oS LT

A g oS i pkS el

S5 dox

9-10 551,17 jlaal (S dho Moo 4 455 L
s 23 ES e Slp el SO S
4 1-8 slajlaal pioman dil o Ol)lew 53 oo gSLLT
S eslizal daa 3l a5 B site asSULT dsys bl
Sjlel o Llosyls 1) Kos (S8 pasis iy S5
LT a5 oS ol edle 0T I Somly 5 6
S DS B e A i a5
Sul 5 Ollen e o pde 4 e 5 03
063 5 by abd uamen 50 OT I AU o)l
5 bl 5 5 JUbl slass 8 55 5 il g O3 50 51 350l
ISk 5 ol o5 5 AV 4 Ol il
e w andlae ol 53 Ko g S ol OVLSL 05 8
65 (VU s 3131 5 Jlo ety 5 O 87 3l 03 oS
S5 Ss g Fes S Glallas el 4 aoy L
o3 e 5 o bl 3T Gl jlas cmdels
L3 gh o \mjjf
EILPELE I o)

Sl o5 555wl 0k Jeol dlis oyl
b S o) Ulse b sl S5
Olylass 53 sl s BT aiezs 3 53yl 3T (slajlae
S dsl «(c;) s s Objlan 4 0diS dsl e
pole oSails hags Cislae salslem S abs ot

S omemen 3sh e Sl s Sas oS S
53wl S e ilhy o leT e e 0K
5 ¢slazel BT 4 eonl SSs CBT 5 claw =Pl
3 ksl @55, OKalT e OLISes
5o Fulie S35 g e S5 OLBT () pae
ol sy Olaal sl s S (Ghes V';G- I e

%T@J&Mﬁjﬂﬁ‘&}ié‘)l{bbcjb

égl’m
1.Townsend C, Beauchamp R, Evers B, Mattox
K. Sabiston Textbook of Surgery. 18" ed:
saunders; 2008.
2. Elangovan S. Clinical and laboratory findings
in acute appendicitis in the elderly. J Am Board
Fam Pract.1996 Mar-Apr;9(2):75-8.
3. Haller JJ, Shaker I, Donahoo J, Schnaufer L,
White J. Peritoneal drainage versus non-
drainage for generalized peritonitis from
ruptured appendicitis in children: a prospective
study. Ann Surg. 1973 May;177(5):595-600.
4. Flum D, Koepsell T. The clinical and
economic  correlates  of  misdiagnosed
appendicitis: nationwide analysis. Arch Surg.
2002 Jul;137(7):799-804; discussion
5. Paulson E, Kalady M, Pappas T. Clinical
practice. Suspected appendicitis. N Engl J Med.
2003 Jan;348(3):236-42.
6. Kumar V, Abbas AK, Fausto N, Mitchell R.
Robbins Basic Pathology. 8th ed: Saunders;
2007.
7. Macklin C, Radcliffe G, Merei J, Stringer M.
A prospective evaluation of the modified
Alvarado score for acute appendicitis in
children. Ann R Coll Surg Engl. 1997
May;79(3):203-5.
8. Ohmann C, Yang Q, Franke C. Diagnostic
scores for acute appendicitis. Abdominal Pain
Study Group. Eur J Surg. 1995 Apr;161(4):273-
81.
9. Brunicardi F, Andersen D, Billiar T, Dunn D,
Hunter J, Jeffery B. Schwartz's Principles of
Surgery 9th ed: McGraw-Hill; 2010.
10. Birnbaum B, Wilson S. Appendicitis at the
millennium. Radiology. 2000 May;215(2):337-
48.

17 1390 Cuigudsl 9 (283958 L osleds (dslez Jlo w515 (Kb pole olGIS gk ole doxo



O 9  Jwol Sgazmo 570

Ol gy WL T el 58 930519 T (Sl sz il 3

11. Calder J, Gajraj H. Recent advances in the
diagnosis and treatment of acute appendicitis.
Br J Hosp Med.1995 Aug 16-Sep 5;54(4):129-
33.

12. McKay R, Shepherd J. The use of the
clinical scoring system by Alvarado in the
decision to perform computed tomography for
acute appendicitis in the ED. Am J Emerg Med.
2007 Jun;25(5):489-93.

13. Tousignant-Laflamme Y, Marchand S.
Excitatory and inhibitory pain mechanisms
during the menstrual cycle in healthy women.
Pain. 2009;146(1-2): 47-55.

14. Greenspan J, Craft R, LeResche L, Arendt-
Nielsen L, Berkley K, Fillingim R, et al.
Studying sex and gender differences in pain and
analgesia: a consensus report. Pain. 2007 Nov;
132 Suppl 1: S26-45.

15. Ring C, Veldhuijzen van Zanten JJCS,
Kavussanu M. Effects of sex, phase of the
menstrual cycle and gonadal hormones on pain

in healthy humans. Biological Psychology.
2009;81(3):189-91.

16. Craft R, Mogil J, Aloisi A. Sex differences
in pain and analgesia: the role of gonadal
hormones. Eur J Pain. 2004 Oct;8(5):397-411.
17. Robinson M, Riley Jr, Brown F, Gremillion
H. Sex differences in response to cutaneous
anesthesia: a double blind randomized study.
Pain. 1998 Aug;77(2):143-9.

18. Wiesenfeld-Hallin Z. Sex differences in
pain perception. Gend Med. 2005 Sep; 2(3):
137-45.

19. Kalan M, Talbot D, Cunliffe W, Rich A.
Evaluation of the modified Alvarado score in
the diagnosis of acute appendicitis: a
prospective study. Ann R Coll Surg Engl. 1994
Nov;76(6):418-9.

20. Owen T, Williams H, Stiff G, Jenkinson L,
Rees B. Evaluation of the Alvarado score in
acute appendicitis. J R Soc Med. 1992 Feb;
85(2): 87-8.

18 1390 Cuigudsl 9 (283958 L osleds (dslez Jlo w515 (Kb pole olGIS gk ole doxo



