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Introduction

Th e  incide nce  of appe ndicitis  is  about 2-4 pe r 1000
ch ildre n. Appe ndicitis  is  th e  com m one s t caus e  of
acute  abdom inal pain th at re q uire s  prom pt s urge ry.1

Appe ndicitis  is  us ually diagnos e d clinically be caus e
of its  com m on occurre nce  as  a s urgical e m e rge ncy.
Us ual pre s e ntation of patie nts  w ith  acute  appe ndicitis
is  cram py pain in righ t iliac fos s a or around um bilicus ,
as s ociate d w ith  naus e a; vom iting. On clinical e xam i-
nation point te nde rne s s  in th e  righ t low e r q uadrant
along w ith  re bound te nde rne s s  us ually pre s e nt, and
th e re  is  le uk ocytos is  w ith  a le ft s h ift.2 Se ve ral im aging
m odalitie s  are  available  to diagnos e  s us pe cte d
appe ndicitis  s o th at ne gative  appe nde ctom y s h ould
not be  pe rform e d.3

It is  s om e tim e s  difficult to vis ualiz e  norm al appe ndix
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on gray-s cale  ultras ound. H ow e ve r, h arm onic im aging
(H I) give s  be tte r vis ualiz ation on abdom inal ultras ound
be caus e  of h igh  contras t and s patial re s olution
re s ulting in le as t artifact on im aging.4 H arm onic im a-
ging (H I) is  a re lative ly ne w  te ch niq ue  in ultras ono-
graph y. Initially it w as  us e d only in obe s e  adult patie nts .
It provide s  be tte r diagnos is  of acute  appe ndicitis  and
th us  s ubs e q ue nt m anage m e nt can be  planne d.
Conve ntional ultras onograph y is  us ually com prom is e d
by artifacts  lik e  re fraction and s h adow ing. Tis s ue
h arm onic im aging is  a ne w  s onograph ic te ch niq ue  in
w h ich  th e  w ave s  are  produce d from  nonline ar
inte raction of th e  trans m itte d fre q ue ncie s  as  th e s e
pas s  th rough  th e  body tis s ue s . Ech oe s  are  trans m itte d
and re ce ive d at th e  s am e  fre q ue ncy in conve ntional
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ultras ound w h ile  in h arm onic s onograph y only th e
s e cond h arm onic fre q ue ncy is  us e d for im aging. In
h arm onic im aging, tis s ue  its e lf ge ne rate  h arm onic
band h aving th e  s catte re d and dis torte d e ne rgy
w e ak e r th an th e  e ne rgy trans m itte d and th us , produce
w e ak e r h arm onics . Th is  is  th e  re as on, tis s ue  h arm onic
s onograph y re s ults  in im prove d s ignal to nois e  ratio
by s ignificantly de cre as ing nois e  and give s  cle ar
artifact fre e  im age s  as  com pare d to conve ntional
s onograph y.5

A s tudy w as  done  w h ich  re ve ale d diagnos is  of
inflam e d appe ndix on tis s ue  h arm onic im aging and
conve ntional s onograph y as  9 3%  and 86%  re s pe c-
tive ly.1

Ultras ound h as  a vital role  in im aging pe diatric age
group patie nts  be caus e  of its  availability and non
h az ardous  s ide  e ffe cts  lik e  irradiations .6 Be caus e  of
incre as ing e fficacy of ultras ound in diagnos ing appe n-
dicitis , us e  of com pute d tom ograph y for diagnos is  as
a routine  im aging m odality h as  be e n de clining and
s aving ch ildre n from  e xpos ure  to ioniz ing radiations .1,7

Anoth e r s tudy w as  pe rform e d w h ich  re ve ale d 2.85%
s e ns itivity and 87.5%  s pe cificity of ultras ound in
diagnos ing appe ndicitis  and 7%  incide nce  of th e
dis e as e .8

Th e  purpos e  of our s tudy is  to e valuate  th e  accuracy
of tis s ue  h arm onic im aging in diagnos ing appe ndicitis
be caus e  of its  be tte r contras t and re s olution w h ich
give s  cle ar im age  as  com pare d to conve ntional
s onograph y.

ins titution. Sam ple  s iz e  w as  calculate d cons ide ring
both  th e  s e ns itivity and s pe cificity of tis s ue  h arm onic
im aging to diagnos e  appe ndicitis . Nonprobability
cons e cutive  s am pling te ch niq ue  w as  applie d to colle ct
th e  s am ple s . Both  th e  conve ntional and tis s ue  h ar-
m onic im aging e xam inations  w e re  pe rform e d on s am e
patie nt w ith  s us pe cte d appe ndicitis  by Cons ultant
Radiologis ts  w ith  m ore  th an 5 ye ars  e xpe rie nce . Com -
m e rcially available  ultras ound s ys te m s  (TOSH IBA;
GRE, Ge rm any) w e re  us e d w ith  both  line ar and
curve d trans duce rs  h aving fre q ue ncie s  range d
be tw e e n 2.5 and 7.5 M H z . Th e re  w e re  optim iz e d
s canning param e te rs  for e ach  m e th od and s am e
focal z one  w as  us e d to obtain all im age s . Ide ntical
im age s  w e re  tak e n in tw o s tandard plane s , trans ve rs e
and longitudinal by u s ing cine  playback  m ode .
H arm onic im age s  w e re  tak e n at 2.0 MH z  trans m itte d
fre q ue ncy and 4.0 MH z  re ce iving h arm onic bandw idth .
Im age s  in conve ntional ultras ound w e re  tak e n at 3.5
MH z .  Afte r diagnos ing appe ndicitis , all patie nts  w e re
re fe rre d for s urge ry. Sonograph ic findings  of both  th e
pe rform e d te ch niq ue s  w e re  com pare d w ith  h is topath o-
logically prove n appe ndicitis . Inclus ion and e xclus ion
crite ria w as  s trictly follow e d as  to control th e  bias ne s s
and e ffe ct m odifie rs .
Statis tical analys is  w as  pe rform e d by us ing Statis tical
Pack age  for Social Scie nce s  (SPSS 21.0) as  to obtain
s e ns itivity and s pe cificity of tis s ue  h arm onic im aging
in th e  diagnos is  of appe ndicitis  and tak e n h is topath o-
logy as  gold s tandard. Fre q ue ncy and pe rce ntage
w as  calculate d for q ualitative  variable s , i.e , pre s e nting
com plains , de taile d h is tory of pre s e nting com plains ,
tis s ue  h arm onic im aging findings  and s urgical findings .
Me an ± SD w as  com pute d for q uantitative  variable ,
i.e . Age  of th e  pate int. Tak e n h is topath ological findings
as  gold s tandard, all s tatis tical param e te rs , (s e ns itivity,
s pe cificity, pos itive  pre dictive  value , ne gative  pre dictive
value ) w e re  calculate d to obtain diagnos tic accuracy
of tis s ue  h arm onic im aging.

Mate rial and M e th ods

Th is  cros s - s e ctional s tudy w as  conducte d from
January 2015 to January 2018 in Radiology de part-
m e nt of Liaq uat National H os pital, Karach i. Th e  s tudy
w as  approve d by Ins titutional Eth ical Re vie w  Board.
Total 786 patie nts  w e re  s e le cte d w ith  age  01 to 12
ye ars  of both  ge nde r re fe rre d from   e m e rge ncy w ith
com plain of cram py pain around um bilicus  or righ t
iliac fos s a, naus e a and vom iting, point te nde rne s s  in
th e  righ t low e r q uadrant, re bound te nde rne s s , and
le uk ocytos is  (TLC>11000).
Th e  patie nts  w h o w e re  unw illing for s urge ry, re fe rre d
to oth e r h os pital or diagnos e d w ith  oth e r dis e as e
w e re  e xclude d from  th e  s tudy. Inform e d cons e nt w as
tak e n from  th e  re s e arch  and e th ical com m itte e  of th e

Re s ults

786 patie nts  w ith  s us pe cte d appe ndicitis  w e re  include d
in th e  s tudy. M e an age  of th e  patie nts  w as  6.12 ±
2.70. Both  ge nde rs  w e re  include d in w h ich  52.04%
(409 /786) w e re  m ale  and 47.9 6%  (377/786) w e re
fe m ale . 20.48%  (161/786) patie nts  w e re  diagnos e d
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appe ndicitis  by tis s ue  h arm onic im aging and 10.81%
diagnos e d by h is topath ology as  s h ow n in (Graph  1
and 2) re s pe ctive ly.
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Graph  1: Finding of tis s ue  h arm onic ultras ound, n=786
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Graph  2: Finding of h is topath ology, n = 786

Accuracy of tis s ue  h arm onic im aging in diagnos ing
appe ndicitis  is  tabulate d in (Tab. 1), and (Fig. 1 and
2) s h ow s  th e  be tte r vis ualiz ation of inflam e d appe ndix
on Tis s ue  H arm onic im aging as  com pare d to Conve n-
tional Ultras ound im aging. Se ns itivity, s pe cificity, PPV,
NPV and accuracy of tis s ue  h arm onic im aging in
de te ction of appe ndicitis  w as  81.18% , 86.88% ,
42.86% , 9 7.44%  and 86.26%  re s pe ctive ly.

Positive

Negative

Total

Table  1: Diagnos tic accuracy of tis s ue  h arm onic im aging in
de te ction of appe ndicitis

Tissue harmonic
U/S diagnosis
of appendicitis

Histopathology Proven
Appendicitis

Positive Negative
Total

69 (TP)

16 (FN)

85 (10.8%)

92 (FP)

609 (TN)

701 (89.2%)

161 (20.5%)

625 (79.5%)

786

Statistics Estimate

Sensitivity

Specificity

Positive Predictive Value

Negative Predictive Value

Diagnostic Accuracy

81.18%

86.88%

42.86%

97.44%

86.26%

Figure  1: Be tte r vis ualiz ation of appe ndicitis  on ultras ound w ith
Tis s ue  H arm onic im aging as  com pare d to ultras ound w ith out

Tis s ue  H arm onic im aging

Figure  2: Be tte r vis ualiz ation of appe ndicitis  on ultras ound w ith
Tis s ue  H arm onic im aging as  com pare d to ultras ound w ith out

Tis s ue  H arm onic im aging
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tortion of ultras ound w ave s  in th e  body tis s ue s .
Tis s ue  h arm onic im aging (H I) h as  h igh  contras t and
s patial re s olution w h ich  give s  in artifact fre e  im age s ,
and h e nce  s h ow n to im prove  abdom inal ultras ound
s ignificantly. W e  h ave  found h igh e r im age  q uality of
inflam e d appe ndix in our patie nts  done  w ith  h arm onic
im aging. W ith  h arm onic im aging, not only th e  global
im age  q uality is  im prove d but ove rall as s ociate d
param e te rs  and s urrounding tis s ue s  w e re  als o vis ua-
liz e d. 20.48%  (161/786) cas e s  w e re  diagnos e d as
appe ndicitis  in our s tudy by h arm onic im aging w ith
s e ns itivity 81.18% , Spe cificity 86.88% , PPV 42.86% ,
NPV 9 7.44%  and 86.26%  accuracy. H age ndorf e t
al.23 s tate d th e  pote ntial of h arm onic im aging to le s s e n
appe ndix pe rforation. Alm os t s am e  re s ults  w e re  give n
by H e nn e t al and Sh aprio e t al de s cribing th at
appe ndix is  be tte r vis ualiz e d by tis s ue  h arm onic
im aging and its  s ucce s s  rate  is  als o h igh e r in h is to-
path ologically prove n appe ndicitis .24,25 Our s tudy
confirm s  th at m os t accurate  diagnos is  of appe ndicitis
can be  ach ie ve d by m ode rn de vice s  ope rate d by an
e xpe rie nce d h and. Th e re  w as  low e r s e ns itivity of th e
m e th od as  com pare d to th e  s pe cificity due  to s om e
unre s traine d factors  (obe s ity, nons pe cific localiz ation
of appe ndix and as s ociate d dis e as e s ) w h ich  re ve ale d
fals e  ne gative  re s ults .

Dis cus s ion

De finite  clinical diagnos is  is  th e  bas is  in clinical prac-
tice . Many tre atm e nt options  are  available  once  th e
de finite  diagnos is  is  m ade . A s ingle  diagnos tic te s t
w ith  ce rtainty doe s  not e xis t for appe ndicitis .9 ,10 Acute
appe ndicitis  is  th e  com m one s t s urgical condition th at
ne e ds  urge nt inte rve ntion,11 approxim ate ly 7%  of th e
total population unde rgoe s  appe nde ctom y.12 In 30-
45%  cas e s  th e re  is  nons pe cific clinic approach .13

De s pite  of th e  unce rtain diagnos is , appe ndicitis  ne e ds
urge nt m anage m e nt s o th at th e  dis e as e  s h ould not
progre s s  due  to m is diagnos is  as  it carrie s  h igh  ris k
of com plications  lik e  pe rforation w h ich  occurs  in about
one  th ird of th e  patie nts .14,15 In cas e  of atypical acute
appe ndicitis , im m e diate  or de laye d s urge ry de pe nds
on s urge on. Abdom inal ultras ound can aid in th e
diagnos is  of appe ndicitis  and s ubs e q ue nt m anage -
m e nt by th e  s urge ons . Blab e t al.16 s tate d th at h igh
ce rtainty in th e  diagnos is  can only be  pos s ible  by
com bining all diagnos tic param e te rs  and inve s ti-
gations .
In our s tudy total 786 patie nts  w e re  include d w ith
th e ir age s  from  1-12 ye ars . M e an age  w as  6.12 ±
2.70. In fe w  of th e  inte rnational s tudie s , it is  conclude d
th at th e  pe ak  incide nce  is  be tw e e n 6 and 30 ye ars .17,18

In our 786 cas e s , 52.04%  (409 /786) w e re  m ale  and
47.9 6%  (377/786) w e re  fe m ale s . Olive r e t al re porte d,
total 50 patie nts  for th e ir pros pe ctive  s tudy. M e an
age  of patie nts  w as  9 .9  ye ars  (range  2-17 ye ars ),
and th e re  w e re  e q ual num be rs  of both  ge nde rs .1

Ultras ound h as  m any advantage s  in th e  diagnos is  of
Acute  Appe ndicitis  w h ich  include s  its  low  cos t, no
irradiation, and it’s  a dynam ic s tudy w h ich  allow s  th e
ope rator to care fully e xam ine  th e  are a of inte re s t w ith
diffe re nt vie w s  again and again. Me anw h ile  it h as
ultras ound h as  s om e  lim itations  th at it is  ope rator
de pe nde nce  proce dure  and not s o m uch  s e ns itive  in
ove rw e igh t patie nts .19 ,20,21 Ultras ound for appe ndicitis
pe rform e d by a w e ll e xpe rie nce d ope rator w ith  h igh
proficie ncy e q uipm e nt lik e  h igh  re s olution trans duce r,
h ave  a s e ns itivity and s pe cificity of about 9 0% . Ultra-
s ound can als o accurate ly diagnos e  70 to 80%  of th e
patie nts  h aving appe ndicitis  lik e  s ym ptom s .22 In our
conducte d s tudy, ultras ound w as  done  by cons ultant
radiologis ts  w h o h ave  m ore  th an 5 ye ars  e xpe rie nce .
H arm onic im aging is  a ne w  ultras ound m odality in
w h ich  th e  w ave s  are  produce d from  nonline ar dis -

Conclus ion

W e  h ave  found th at tis s ue  h arm onic im aging can
be tte r vis ualiz e  appe ndix and its  s urrounding tis s ue s ,
and s h ould be  a pre fe rre d m odality in th e  as s e s s m e nt
of acute  appe ndicitis . It is  a conve nie nt and cos t
e ffe ctive  m odality th at can e ffe ctive ly diagnos e
appe ndicitis  and pos s ibly furth e r diagnos tic m e th od
w ill not be  re q uire d. Diagnos is  of appe ndicitis  can be
m ade  w ith  ce rtainty, s o th at s ubs e q ue nt m anage m e nt
can be  planne d e as ily to avoid ne gative  appe nde ctom y
and provide s  cos t s aving for th e  h os pital as  w e ll.
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