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Introduction

H ydroce ph alus  is  an active  dis te ns ion of th e  ve ntricular
s ys te m  of th e  brain re s ulting from  inade q uate  pas s age
of CSF from  its  point of production w ith in th e  ce re bral
ve ntricle s  to its  point of abs orption into th e  s ys te m ic
circulation.1

Th e re  are  tw o type s  of h ydroce ph alus  bas e d on com -
m unication; com m unicating or non obs tructive  h ydro-
ce ph alus  occurs  w h e n CSF flow s  out of ve ntricle s
and into th e  s pinal canal, but it is  not re abs orbe d
norm ally by th e  tis s ue s  s urround brian and s pinal
cord. W h e re  as  non-com m unicating or obs tructive
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BACKGROUND: H ydroce ph alus  is  a fatal dis orde r m os tly affe cting ne onate  s and infants . It is  tre atable  in pe diatric
patie nts  but lack s  a grading s ys te m  for th e s e  ve rity of th e  dis e as e . Th is  pape r propos e s  a grading s ys te m  for
h ydroce ph alic pe diatric patie nts  bas e d on line ar m e as ure m e nts  applie d on CT s can. OBJECTIVES: Th is  s tudy
aim s  to de te rm ine  ave rage  line ar param e te rs  of th e  h ydroce ph alus  brain am ong pe diatric patie nts  by us ing CT
s can, to propos e  a ne w  grading s ys te m  for h ydroce ph alus  bas e d on th e s e  line ar m e as ure m e nt s and to find th e
m os t com m on type  and grade  of h ydroce ph alus . METH ODOLOGY: A cros s  s e ctional s tudy w as  conducte d on
37 pe diatric h ydroce ph alus  s ubje cts  in Abh a. Five  line ar m e as ure m e nts  FH R, FO H R, BFI, BCI and VI w e re
applie d on CT s can and ge ne rate d a ne w  grading s ys te m . Statis tical analys is  w as  done  by SPSS (V-21) s oftw are .
Als o clas s ifie s  th e  s ubje cts  by th is  s ys te m  into grade s  of m ild to s e ve re  and dis cove rs  th e  m os t com m on type
and cate gory of h ydroce ph alus . RESULTS: Th e  h igh e s t fre q ue ncy of h ydroce ph alus  w as  found at tw o ye ars .
Th e  m os t com m on type  w as  com m unicate d and m os t com m on grade s  w e re  m ild and m ode rate . Th e  m e an
m e as ure m e nts  (re fe re nce  value ) in m m  w e re  found for FOH R=0.63, FH R=0.52, BCI=0.34, BFI=0.60 and VI=0.55.
Th e re  w as  s ignificant diffe re nce  of line ar param e te rs  in FOH R, FH R, BFI re late d to age  groups . CONCLUSION:
Th e  grading s ys te m  s ucce s s fully divide s  pe diatric patie nts  in to m ild to s e ve re  cate gorie s , e ffe ct of age  on e ach
line ar m e as ure m e nt can als o be  e valuate d in h ydroce ph alic patie nts  and th is  grading can als o be  h e lpful to
e valuate  any m as s  e ffe ct lik e  brain atroph y.
Ke y w ords : H ydroce ph alus , pe diatrics , com pute d tom ograph y
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h ydroce ph alus  occurs  w h e n CSF doe s  not flow
prope rly be tw e e n or out of ve ntricle s  be caus e  of an
obs truction, s uch  as  m alform ation or narrow ing.2 Th e
pre vale nce  rate  of pe driatric h ydroce ph alus  in th e
Unite d State s  and Europe  is  0.5 to 0.8 pe r 1000 live
and s till birth s ,3-5 in Saudi Arabia it is  1.6 pe r 1,000
ch ildre n born,6 and in North  Am e rica it affe cts 1. 1 in
1000 infants 7 and in Africa, it is  0.2 - 0.6 pe r 1000
infants .8

H ydroce ph alus  is  ge ne rally e valuate d by us ing
Magne tic Re s onance  Im aging (MRI), Com pute d Tom o-
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graph y Scan (CT) and trans cranial ultras ound. CT
s can is  one  of th e  validate d, popular and m os t com -
m on m e th od available  around th e  w orld. CT s can
provide s  a varie ty of line ar m e as ure m e nts  for analys is
of h ydroce ph alus . Th e y are  Frontal to Occipital H orn
Ratio (FOH R), Frontal H orn Ratio (FH R), Bi Frontal
Inde x (BFI), Bi Caudate  Inde x (BCI), Ve ntricular Inde x
(VI).
FOH R is  a com paris on ratio be tw e e n late ral borde r
of frontal and occipital h orn divide d by 2 and m ultiply
by large s t brain diam e te r. In s im ple  w ords  it is  a ratio
th at calculate s  s iz e  of th e  ve ntricle s  in pae diatric
patie nts  w ith  h ydroce ph alus . FH R is  th e  ratio of th e
late ral borde r of th e  frontal h orn divide d by th e  large s t
brain diam e te r. BCI is  th e  dis tance  be tw e e n m e dial
borde r of bicaudate  nucle us  divide d by inte rnal s k ull
diam e te r at th e  s am e  plane  of large s t brain diam e te r.
BFI is  th e  large s t dis tance  of th e  late ral h orn divide d
by th e  large s t inne r diam e te r of frontal bone . VI is  th e
dis tance  be tw e e n m e dial s urface s  of bicaudate  nuc-
le us  divide d by th e  dis tance  be tw e e n late ral borde rs
of th e  frontal h orns .9

H ydroce ph alus  is  a s e rious  dis e as e  w h ich  ne e ds
m onitoring and e valuation during follow  ups  to avoid
any cons e q ue nce s . H ow e ve r, abs e nce  of grading
s ys te m  in pe adiatric h ydroce ph alus  unable s  th e
accuracy of s e ve rity th rough  CT s cans . Ke e ping th is
lim itation in m ind, th is  pape r propos e s  a ne w  grading
s ys te m  of h ydroce ph alus  bas e d on line ar m e as ure -
m e nts  of CT s can, to de te rm ine  s e ve rity of e ach
patie nt tak e n unde r s tudy by th e  propos e d grading
s ys te m  and to find out th e  diffe re nce s  in line ar m e a-
s ure m e nts  be tw e e n age  groups . Anoth e r aim  of th e
s tudy w as  to de te rm ine  th e  ave rage  dilation of h ydro-
ce ph alus  brain m e as ure m e nts  to give  re fe re nce  value
for pe diatric patie nts  and to find th e  m os t com m on
type  of h ydroce ph alus .

ve ntriculope ritone al s h unt. Exclus ion Crite ria; pe diatric
h ydroce ph alus  s ubje cts  w ith  functional s h unt, w h o
unde rw e nt e ndos copic th ird ve ntriculos tom y and w h o
h ad a brain CT s can w ith  contras t m e dia.
Th e  de m ograph ic ch aracte ris tics  lik e  nam e , age ,
ge nde r and type  of h ydroce ph alus  w e re  colle cte d
from  th e  patie nt’s  file  and all th e  inform ation w as
tak e n from  m e dical re cords  in th e  h os pital w ith
inform e d cons e nt. Th e  line ar m e as ure m e nts  of e ach
patie nt w as  tak e n individually from  CT s can w h ich
w e re  Frontal to Occipital H orn Ratio (FOH R), Frontal
H orn Ratio (FH R), Bi Caudate  inde x (BCI), Bi Frontal
Inde x (BFI) and Ve ntricular Inde x (VI) and w e re
e nte re d in to th e  data e ntry s h e e t.
Each  m e as ure m e nt’s  form ula is  s h ow n in (Fig. 1).

Me th odology

A cros s -s e ctional s tudy w as  conducte d on 37 pe diatric
h ydroce ph alus  patie nts  w ith  diffe re nt nationalitie s  in
m ate rnity and pe diatrics  h os pital locate d in Abh a,
Saudi Arabia, during July 2015 to M arch  2016. Th e
Inclus ion crite ria include d pe diatric h ydroce ph alus
s ubje cts  w ith  re ce nt diagnos is  w ith  age  group from
birth  to 10 ye ars  of both  ge nde rs  and a dys functional

Figure  1: s h ow ing re gions  w h e re  m e as ure m e nts  w e re  applie d;
FH R=A/C, FOH R=(A+ E) / 2C, BCI = B/F, BFI = A/D, VI=B

SPSS (V/21) w as  us e d for s tatis tical analys is  of th e
data. Th e  analys is  of ve ntricular s ys te m , ge nde r, age ,
type  of h ydroce ph alus  (com m unicate d or noncom m u-
nicate d), w as  done  w ith  de s criptive  s tatis tics . In orde r
to allow  be tte r cure  and provide  a tre atm e nt plane
on th e  bas is  of s e ve rity of th e  dis e as e , a ne w  grading
s ys te m  for h ydroce ph alus  w as  cre ate d w ith  th e  infor-
m ation of th e  patie nt’s  CT s can’s  line ar m e as ure m e nts .
For m ak ing a ne w  grading s ys te m  th e  m os t popular
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and re liable , five  line ar m e as ure -m e nts  w e re  ch os e n,
frontalto occipital h orn ratio, frontal h orn ratio, Bicau-
date  inde x, Bifrontal inde x and Bicuadate  frontal inde x
(ve ntricular inde x). Th e  ne w  grading s ys te m  w ill clas -
s ify th e s e  ve rity of patie nts  bas e d on line ar m e as ure -
m e nts  only. Abnorm al m e as ure m e nts  from  low e s t to
h igh e s t for FH R, FOH R, BCI, BFI, VI w e re  tak e n and
th e n s e parate d into 4 q uartile s  to divide  th e m  into 4
grade s  of s e ve rity.

Linear
measure

ment

FOHR10

FHR11

BCI11

BFI11

BCFI(VI)11

Normal
range

Formula

0.27-0.37

0.19 -0.39

0.06 -0.15

0.26 -0.38

0.21 -0.43

Largest width of frontal horn+largest width of occipital horn

2×largest width outer brain diameter

largest width of frontal horn

largest width of outer brain diameter

lowest bicaudate nucleus distance

inner skull diameter with the same line

largest distance between frontal horns

largest inner diameter of frontal bone

lowest distance of bicaudate nucleus

largest frontal horns distance

Table  1: Form ulas  and norm al value s  ofline ar h ydroce ph alus
m e as ure m e nts

Abbre viations : FOH R: Frontal to Occipital H orn Ratio, FH R: Frontal
H orn Ratio, BCI: Bi Caudate  inde x, BFI: Bi Frontal inde x, VI:
Ve ntricular Inde x

For grading th e  h ydroce ph alus  from  m ild to e xtre m e ,
th e  h igh e s t value  of norm al range  for e ach  m e as ure -
m e nt and th e  h igh e s t abnorm al value  s core d by th e
s am ple  w as  tak e n w h ich  w as  divide d into pe rce nts .
From  a m axim um  norm al range  to 25th  pe rce ntile  is
cons ide re d as  m ild, from  25th  pe rce ntile  to 50th

pe rce ntile  is  cons ide re d as  m ode rate , from  50th

pe rce ntile  to 75th  pe rce ntile  is  cons ide re d as  s e ve re ,
any value s  gre ate r th an 75th  pe rce ntile  are  cons ide re d
as  e xtre m e  grade s . Eve ry m e as ure m e nt h as  a range
of value s  to clas s ify into th e s e  4 grade s .
To m ak e  th e m  into one  particular grade  of s e ve rity
e ith e r all th e  five  m e as ure m e nts  s h ould be  th e re  in
th e  give n range  or at le as t tw o of th e  FO H R, FH R
and BFI s h ould be  in th e  give n range . Th e s e  th re e
m e a-s ure m e nts  h ave  h igh  s e ns itivity and give  cle ar
ide a about brain dim e ns ions  and ve ntricular dilation.
Th e  range s  on e ach  m e as ure m e nt for age s  0-8 are
m e ntione d in (Tab. 2).

Linear parameters related to age groups

0 -2

Years

2 -4

Years

4 -6

Years

6 -8
Years

Age

Mean

Std. Deviation

Minimum

Maximum

Mean

Std. Deviation

Minimum

Maximum

Mean

Std. Deviation

Minimum

Maximum

Mean

FOHR FHR BCI BFI VI

0.667

0.137

0.320

0.863

0.419

0.127

0.289

0.544

0.744

0.272

0.552

0.937

0.603

0.574

0.161

0.208

0.836

0.234

0.171

0.089

0.424

0.596

0.191

0.461

0.732

0.529

0.357

0.133

0.096

0.694

0.149

0.087

0.077

0.246

0.474

0.095

0.407

0.542

0.319

0.644

0.180

0.261

0.987

0.275

0.204

0.103

0.502

0.706

0.212

0.556

0.857

0.626

0.548

0.178

0.199

0.899

0.606

0.127

0.507

0.750

0.468

0.086

0.407

0.529

0.478

Table  2: Th e  range s  on e ach  m e as ure m e nt for age s  0-8.

Re s ult

Th e  h igh e s t fre q ue ncy am ong th e  37 patie nts  w as
tw o ye ars , th e  m inim um  age  w as  1 day and m axim um
w as  10 ye ars  in th e  s am ple  include d. (re fe r to Fig. 2).

30

20

10

0

Age groups of the sample

0 - 2 Years 2 - 4 Years 4 - 6 Years 6 - 8 Years 8 - 10 Years

Figure  2: Age  groups  of th e  h ydroce ph alus  s am ple

Th e  m os t com m on type  of h ydroce ph alus  w as  com m u-
nicate d type  th e  de tails  are  provide d in (Tab. 3).

Communicated

Non Communicated

Total

Type of Hydrocephalus Frequency Percent Valid Percent

20

17

37

54.1

45.9

100.0

54.1

45.9

100.0

Table  3: Type  of h ydroce ph alus  in th e  w h ole  s am ple
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Th e  clas s ification de tails  of th e  ne w  grading s ys te m
for pe diatric h ydroce ph alus  patie nts  bas e d on line ar
m e as ure m e nts  th rough  CT s can are  de s cribe d in
(Tab. 4).

com m unicate d h ydroce ph alus . According to H ah nand
Rim , (19 76)13 th e  FH R w as  from  0.34 to 0.78 and
m e an w as  44.8 ± 0.78 as  com pare d to th e  m e an
FH R of th is  s tudy 0.52 prove s  accuracy of th e  range
propos e d. According to Z ilundu Prince , (2012)14 th e
FH R w as  from  0.36 to 0.52 w ith  m e an 0.42 for h ydro-
ce ph alus  patie nts , w h ich  s h ould be  cons ide re d low
attribute d to th e  s m all s am ple  s iz e  of 18 h ydroce ph alus
patie nts  w ith  no one  be low  10 ye ars  com pare d to th e
s am ple  in th is  s tudy w h e re  37 patie nts , from  age  of
1 day to 10 ye ars  th e  FH R e xte nd from  0.19  to 0.83
w ith  m e an 1.52. Be caus e  m e dically prove d, h ydro-
ce ph alus  caus e s  m ore  dis tortion in younge r pe diatrics
th an patie nts  ne ar m aturity as  ne onatal w ith  h ydro-
ce ph alus  w ith  s e ve re  ve ntricular dilation w ill give
h igh e r m e as ure m e nts  as  com pare d to patie nt ne ar
m aturity but pre s e nce  of fontane l in ne onate s  th e y
can adapt w ith  VP s h unt and w ill im prove  w ith  tim e
but a patie nt ne ar m aturity or any adult h as  m ature
s tructure s  s o any dam age  is  irre ve rs ible  and com pre -
s s ion m ay be  fatal.15

FOHR

FHR

BCI

BFI

VI

Linear
measurement

Mild Severe ExtremeModerate

0.38 -0.53

0.39 -0.41

0.17 -0.24

0.39 -0.50

0.43 -0.48

0.54 - 0.64

0.42 - 0.52

0.25 - 0.33

0.51 - 0.60

0.49 - 0.54

0.65 - 0.75

0.53 - 0.69

0.34 - 0.45

0.61 - 0.76

0.55 - 0.69

0.76

0.70

0.46

0.77

0.70

Table  4: Th e  grading s ys te m  clas s ification

Th e  m os t com m on grade  w as  m ild and m ode rate
w ith  13 patie nts  in e ach  and dom inant accum ulative
pe rce nt (70.3% ), 5 patie nts  h ad s e ve re  grade  w ith
(13.5% ) and 6 patie nts  w ith (16.2% ) in th e  e xtre m e
Th e  patie nts  include d in th e  s tudy are  clas s ifie d
according to th e  ne w ly propos e d clas s ification s ys te m .
Th e  de tails  of patie nt clas s ification is  provide d in
(Tab. 5).

FOH R: Frontal to Occipital H orn Ratio, FH R: Frontal H orn Ratio,
BCI: Bi Caudate  inde x, BFI: Bi Frontal inde x, VI: Ve ntricular Inde x.

Valid

Frequency

Mild

Moderate

Severe

Extreme

Total

Percent Valid
Percent

Cumulative
Percent

10

9

11

7

37

27.0

24.3

29.7

18.9

100.0

27.0

24.3

29.7

18.9

100.0

27.0

51.4

81.1

100.0

Table  5: Mos t com m on grade s  of h ydroce ph alus

Th e  m e an m e as ure m e nts  (re fe re nce  value ) in m m
w as  found for FOH R = 0.63 , FH R = 0.52, BCI = 0.34,
BFI = 0.60 and VI = 0.55. Th e re  w as  s ignificant diffe -
re nce  th re e  of line ar param e te rs  be tw e e n age  groups
by 0.04 in FO H R, 0.012 in FH R, 0.021 in BFI as
m e ntione d in (Tab. 2 &  6).

Dis cus s ion

Us ing th e  props e d grading s ys te m , th e  m os t com m on
grade  w as  found to be  m ild and m ode rate  h ydro-
ce ph alus  w ith  13 patie nts  in e ach , 5 in s e ve re  grade
and 6 in e xtre m e  grade s . Th e  m e an of FH R according
to Le  May and H och be rg, (19 79 )12 w as  0.5 in non-

Table  6: ANOVA Table

FOHR Between (Combined) Groups

Age_N Within Groups

Total

FHR Between (Combined) Groups

Age_N Within Groups

Total

BCI Between (Combined) Groups

Age_N Within Groups

Total

BFI Between (Combined) Groups

Age_N Within Groups

Total

VI Between (Combined) Groups

Age_N Within Groups

Total

Sum of
Squares

.243

.687

.930

.390

.813

1.202

.155

.555

.710

.439

1.040

1.479

.081

.945

1.026

df

4

32

36

4

32

36

4

32

36

4

32

36

4

32

36

Mean
Square F Sig.

.061

.021

.097

.025

.039

.017

.110

.033

.020

.030

2.835

3.839

2.236

3.376

0.686

.040

.012

.087

.021

.607
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According H ah n and Rim , (19 76)13 and Z ilundu
Prince , (2012)14 th e re  w as  s ignificant diffe re nce  in
FH R re late d to age  groups  s im ilar to our re s ults  w h e re
s ignificant diffe re nce s  in FOH R, FH R, BFI be tw e e n
age  groups  w e re  found. Alth ough  in contras t w ith  BCI
and VI th e re  are  no s ignificant diffe re nce s  am ong
age  groups .
Th e  non-com m unicate d h ydroce ph alus  w as  found
out to be  th e  m os t com m on according to Moh am e d
E. El Aw ade tal., (19 9 7)16 in s outh e rn re gion of Saudi
Arabia, w ith  16 pos tnatal patie nts  w ith  m axim um  age
of one  ye ar com pare d to our s tudy in Abh a re gion,
w ith  s am ple  of 37 patie nts ; 20 patie nts  of com m u-
nicate d type  (54.1% ) and 17 patie nts  w ith  (45.9 % )
non com m unicate d type . Th e re fore  com m unicate d
type  w as  m ore  pre vale nt in th e  re gion of our s tudy.
Th is  s tudy als o e nable d to clas s ify h ydroce ph alus
according to s e ve rity w ith  13 patie nts  in m ild and
m ode rate  e ach  w ith  dom inant accum ulative  pe rce nt
(70.3% ), re nde ring it th e  m os t com m on grade  in Abh a
re gion, 5 patie nts  w e re  found w ith  s e ve re  grade
(13.5% ) and 6 patie nts  in e xtre m e  grade  w ith  (16.2% ).
Age  group 0-2 w as  found to be  th e  m os t affe cte d by
h ydroce ph alus  w h ich  is  in corre s ponde nce  w ith  th e
global s tatis tics .3-8

Conclus ion

Th e  m e an m e as ure m e nts  w as  found for FOH R=0.63,
FH R=0.52, BCI=0.34, BFI=0.60 and VI=0.55. Th e re
w as  s ignificant diffe re nce  in line ar param e te rs  am ong
age  groups  in FOH R, FH R, BFI. Th e s e  line ar m e a-
s ure m e nts  are  s e ns itive  and s pe cific h e nce  give
accurate  re s ults  of th e  s e ve rity of h ydroce ph alus  and
th is  grading s ys te m  provide s  a tre atm e nt plane  for
h ydroce ph alic pe diatric patie nts  bas e d on s e ve rity.
Th e  introduce d cate gorie s  of m ild to e xtre m e  h ydro-
ce ph alus  are  als o applicable . Th e  m os t com m on
grade  w e re  m ild and m ode rate  w h ile  th e  m os t com m on
type  w as  com m unicate d type . Any dis tortion or s h ifting
in th e  brain w ill influe nce  th e  line ar m e as ure m e nts
w h ich  w ill allow  clas s ification accoding to th e  propos e d
grading s ys te m  and it m igh t als o be  h e lpful to e valuate
any m as s  e ffe ct in th e  brain and dis e as e s  s uch  as
brain atroph y s ucce s s fully.
Since  th e re  is  lack ing in th e  grading s ys te m  de pe nding
on CT s can th at can de te rm ine  th e  grade  of h ydro-

ce ph alus , now  w ith  th is  grading s ys te m  th e  is s ue  can
be  s olve d bas e d on th e  clinical line ar m e as ure m e nts
applie d on CT s cans .
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