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Introduction

Mate rnal alloim m uniz ation s till affe cts  a large  num be r
of pre gnancie s , particularly in de ve loping countrie s .
Th e s e  pre gnancie s  ne e d s pe cific follow -up at te rtiary
re fe rral ce nte rs  to carry out prope r m onitoring, in th e
vie w  of a h igh  ris k  of pe rinatal m orbidity and m ortality.1

Th e  antibodie s  produce d ne w  and old in re s pons e  to
a pate rnally de rive d re d-ce ll antige n during pre vious
pre gnancie s  m ay cros s  th e  place nta, bind to antige ns
pre s e nt on th e  fe tal e ryth rocyte s , and caus e  h e m o-
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BACKGROUND: Mate rnal alloim m uniz ation occurs  w h e n a pre gnant w om an h as  an im m unologic re s pons e  to
a pate rnally de rive d re d-ce ll antige n. Fe tus e s  w ith  ane m ia h ave  a h igh  cardiac output and de cre as e d blood
vis cos ity, re s ulting in h igh  blood-flow  ve locitie s  th at could be  us e d in pre diction of fe tal ane m ia. OBJECTIVE:

To de te rm ine  th e  diagnos tic accuracy of fe tal m iddle  ce re bral arte ry pe ak  s ys tolic ve locity in de te ction of ne onatal
ane m ia in rh e s us  alloim m unis ation k e e ping ne onatal h e m oglobin e s tim ation at birth  as  th e  gold s tandard.
SETTING: De partm e nt of Radiology, Jinnah  Pos tgraduate  Me dical Ce nte r, Karach i. MATERIALS AND METHOD:

Total 189  patie nts  w ith  Rh e s us  alloim m uniz ation w e re  include d. Dopple r e xam ination of th e  m iddle  ce re bral
arte ry w as  pe rform e d. Th re e  m e as ure m e nts  of pe ak  s ys tolic ve locity at tim e  of abs e nt fe tal body and bre ath ing
m ove m e nts  w e re  tak e n, and th e  h igh e s t ve locity le ve l w as  re corde d. A MCA-PSV of > 1.5 MoM w as  tak e n as
pos itive . Se ns itivity, s pe cificity, and diagnos tic accuracy w e re  calculate d. Stratification w as  done . P-value  0.05
w as  cons ide re d as  s ignificant. RESULTS: Th e  ove rall m e an m oth e r’s  age  w as  29 .29  ± 4.42 ye ars . 55.6%  ne onate s
w e re  m ale  and 44.4%  w e re  fe m ale . 40.7%  patie nts  w e re  diagnos e d ne onatal ane m ia by MCA-PSV and 40.2%
by ne onatal h e m oglobin e s tim ation at birth . Se ns itivity, Spe cificity, PPV, NPV and diagnos tic accuracy w e re
86.8% , 9 0.3% , 85.7% , 9 1.0% , and 88.8%  re s pe ctive ly. CONCLUSION: Th e  m e as ure m e nts  of th e  pe ak  ve locity
of blood flow  provide  an accurate  and noninvas ive  m e ans  of de te rm ining th e  de gre e  of ane m ia.
Keywords: Diagnos tic Accuracy,  Fe tal Middle  Ce re bral Arte ry,  Pe ak  Sys tolic Ve locity, Ne onatal Ane m ia, Rh e s us
Alloim m unis ation
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lys is , and in s e ve re  cas e s   h ydrops  fe talis , and fe tal
de ath .2

Survival rate s  can e xce e d 9 0 pe rce nt if ane m ia is
diagnos e d and tre ate d w ith  intraute rine  blood
trans fus ions .
In th is  h igh -ris k  conte xt, as s e s s m e nt of th e  de gre e
of fe tal ane m ia is  an e s s e ntial s trate gy for m anaging
th e s e  pre gnancie s . Th e  m os t accurate  te s t to as s e s s
th e  de gre e  of fe tal ane m ia, and th us  th e  ne e d for
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s ound, Rh e s us  alloim m uniz ation diagnos e d as  pe r
ope rational de finition. Pre gnant w om e n w ith  ge s ta-
tional age  be tw e e n 32-36 w e e k s , confirm e d on
ultras ound w e re  include d in th e  s tudy. Exclus ion
Crite ria include d ne onate s  w ith  m alform ations  diag-
nos e d on ante natal ultras ound, ne onate s  w ith  intrau-
te rine  grow th  re tardation (Fe tus e s  w h os e  e s tim ate d
w e igh t is  le s s  th an 10th  pe rce ntile  of its  ge s tational
age ) diagnos e d on ante natal ultras ound, patie nts
w h o h ave  re ce ive d pre vious  fe tal blood trans fus ions
in th e  curre nt pre gnancy, Ectopic pre gnancie s  (Fe tus
w h o de ve lope d outs ide  th e  ute rus ) confirm e d on
ultras ound.

OPERATIONAL DEFINITION:

Rhesus Alloimmunization:

It w as  de fine d as  pre gnancie s  in w h om  m oth e r h ave
anti-D tite rs  >1:16.

Prediction Of Neonatal Anemia On MCA-PSV:

It w as  de fine d as  pos itive  in fe tus e s  w h o h ave  >1.5
MoM (from  calculator dow nloade d from  w e bs ite :
h ttp://w w w .pe rinatology.com /calculator/MCA.h tm

Prediction Of Neonatal Anemia On Neonatal

Hemoglobin:

It w as  de fine d as  a h e m oglobin le ve l of 13.5 g/dL or
le s s  on ne onatal blood s am pling at th e  tim e  of de live ry.

DATA COLLECTION PROCEDURE:

Eth ical com m itte e  approval w as  tak e n from   ins titu-
tional re vie w   board. Patie nts  according to th e  inclu-
s ion/e xclus ion crite ria w e re  e nrolle d in th e  s tudy.
Inform e d cons e nt w as  obtaine d from  all th e  patie nts
afte r e xplanation of th e  s tudy protocol. De m ograph ic
de tails  lik e  m oth e r’s  age , parity and ge s tational age
w e re  note d and Dopple r e xam ination of th e  m iddle
ce re bral arte ry w as  pe rform e d. An axial vie w  of th e
brain, including th e  th alam i and th e  cavitas  s e pti
pe llucidi, w e re  obtaine d. Th e  circle  of W illis  w as
vis ualiz e d us ing color Dopple r and th e  m iddle  ce re bral
arte ry (MCA) of one  s ide  w as  e xam ine d clos e  to its
origin from  th e  inte rnal carotid arte ry, w ith  th e  angle
be tw e e n th e  ultras ound be am  and th e  dire ction of
blood flow  be ing k e pt as  clos e  to z e ro as  pos s ible .
Th re e  m e as ure m e nts  of pe ak  s ys tolic ve locity (MCA-
PSV) at tim e  of abs e nt fe tal body and bre ath ing
m ove m e nts  w e re  tak e n, and th e  h igh e s t ve locity le ve l

trans fus ion, is  th e  fe tal h e m oglobin (H b) m e as ure m e nt
by fe tal blood s am pling. Se ve ral non-invas ive  m e th ods
for th e  pre diction of fe tal ane m ia h ave  be e n as s e s s e d,
aim ing to de fe r th e  us e  of invas ive  proce dure .3

Fe tus e s  w ith  ane m ia h ave  a h igh  cardiac output and
de cre as e d blood vis cos ity, re s ulting in h igh  blood-
flow  ve locitie s , a fe ature  th at  could be  us e d in
pre diction of fe tal ane m ia.4

Th is  s tudy is  aim e d to de te rm ine  th e  diagnos tic
accuracy of “pe ak  s ys tolic ve locity of fe tal m iddle
ce re bral arte ry” in pre diction of ne onatal ane m ia in
rh e s us  alloim m unis ation k e e ping ne onatal h e m oglobin
e s tim ation at birth  as  th e  gold s tandard. Since  th e
lite rature  h as  s h ow n controve rs ial re s ults  about its
s e ns itivity s pe cificity and no s uch  s tudy h as  be e n
conducte d in Pak is tan, our s tudy and its   re s ults  could
be  diffe re nt due  to diffe re nt s ocioe conom ic and
e ducational s tatus  and it m ay add to  contribution  of
nation’s  data  to inte rnational re s e arch  lite rature .

OBJECTIVE of th e  s tudy is  to de te rm ine  th e
diagnos tic accuracy of fe tal m iddle  ce re bral arte ry
pe ak  s ys tolic ve locity in de te ction of ne onatal ane m ia
in rh e s u s  alloim m uniz ation k e e ping ne onatal
h e m oglobin e s tim ation at birth  as  th e  gold s tandard
and to com  pare  th e  re s ults  w ith  inte rnational s tudie s
and contribute  to lite rature  by locally produce d data
in a public s e ctor h os pital of m e tropolitan city of
Pak is tan.

Materials & Methods

Th is  cros s  s e ctional s tudy w as  carrie d out in th e
De partm e nt of Radiology, Jinnah  Pos tgraduate  Me di-
cal Ce nte r, Karach i from  30th  Se pte m be r 2017 to 25th

March   2019 .
As  re porte d s e ns itivity and s pe cificity of MCA-PSC
in pre dicting th e  fe tal ane m ia is  44%  and 9 6% , and
pre vale nce  of fe tal ane m ia in rh e s us  alloim m uniz ation
is  39 .1% , m argin of e rror for s e ns itivity = 10%  and
for s pe cificity = 3% , th e n s am ple  s iz e  tak e n w as  189 .
Non-probability cons e cutive  s am pling w as  us e d for
th e  s tudy.

�  All patie nts  w ith  Age  be tw e e n 20-45 ye ars  w ith
parity 1-5, Single ton pre gnancy, confirm e d on ultra-
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w as  re corde d. Dopple r e xam inations  w e re  pe rform e d
by tw o radiologis ts  of m ore  th an tw o ye ars  e xpe rie nce .
It w as  conve rte d into m ultiple s  of m e dian w ith  re fe -
re nce  to ge s tational age  from  th e  calculator dow n-
loade d from  th e  w e bs ite  h ttp://w w w .pe rinatology.com /
calculators /MCA.h tm . A MCA-PSV of >1.5 MoM w as
tak e n as  pos itive . Th e  ne onatal blood s e nt for h e m o-
globin e s tim ation s oon afte r birth  to th e  h os pital
path ology laboratory and ne onatal ane m ia w as  labe le d
as  pos itive  as  pe r ope rational de finition.

Results

Total 189  s tudy s ubje cts  w ith  age  20-45 ye ars  m e e ting
inclus ion crite ria of s tudy w e re  include d in th e  s tudy
to de te rm ine  th e  diagnos tic accuracy of fe tal m iddle
ce re bral arte ry pe ak  s ys tolic ve locity (MCA-PSV) in
de te ction of ne onatal ane m ia in rh e s us  alloim m u-
niz ation k e e ping ne onatal h e m oglobin e s tim ation at
birth  as  th e  gold s tandard.
Statis tical pack age  for s ocial s cie nce s  (SPSS 21)
w as  us e d for data com pilation and analys is . Th e
ove rall m e an m oth e r’s  age  w as  29 .29  ± 4.42 ye ars .
Th e  ove rall m e an ge s tational age  w as  34.02 ± 1.16
w e e k s . Th e  ove rall m e an parity of s tudy s ubje cts  w as
3.01 ± 1.01. Am ong all s tudy ne onate s , 55.6%  w e re
m ale  and 44.4%  w e re  fe m ale .
Am ong s tudy s ubje cts , 39 .7%  h ad fam ily incom e
20,000 PKR, 54.5%  h ad fam ily incom e  be tw e e n
21,000 to 50,000 PKR and only 5.8%  h ad m onth ly
fam ily incom e  m ore  th an 50,000 PKR.
In our s tudy, 40.7%  patie nts  w e re  diagnos e d ne onatal
ane m ia by MCA-PSV and 40.2% ) by ne onatal h e m o-
globin e s tim ation at birth  as  pre s e nte d in (Tab. 1) and
(Tab. 2) re s pe ctive ly.
Se ns itivity, Spe cificity, Pre dictive  value s  and diagnos tic
accuracy of MCA-PSV for ne onatal ane m ia by tak ing
ne onatal h e m oglobin e s tim ation at birth  as  gold
s tandard w e re  calculate d.
Th e  re s ults  s h ow e d th at th e re  w e re  66 patie nts   true
pos itive , corre ctly diagnos e d and 102 patie nts  w e re
true  ne gative , als o corre ctly conclude d. Se ns itivity,
Spe cificity, PPV, NPV and diagnos tic accuracy w e re
86.8% , 9 0.3% , 85.7% , 9 1.0% , and 88.8%  re s pe ctive ly.
Th e s e  re s ults  are  pre s e nte d in (Tab. 3).
Th e  s tratification according to age  of m oth e r,
ge s tational age , ge nde r of baby, e ducational s tatus ,

Yes

No

Total

Table 1: Fre q ue ncy dis tribution of ne onatal ane m ia on MCA-PSV
(n=189 )

Frequency (n) %

77

112

189

40.7%

59.3%

Yes

No

Total

Table 2: Fre q ue ncy dis tribution of ne onatal ane m ia on ne onatal
h e m oglobin e s tim ation at birth  (n=189 )

Frequency (n) %

76

113

189

40.2%

59.8%

MCA-PSV

Yes (n=77)

No (n=112)

TOTAL

Sensitivity

86.8%

Table 3: Diagnos tic accuracy of MCA-PSV for diagnos is  of
ne onatal ane m ia ne onatal h e m oglobin e s tim ation at birth  as  gold

s tandard (n=189 )

Neonatal hemoglobin estimation
at birth

P-value

Yes (n=76)

66

10

76

Specificity

90.3%

No  (n=113)

11

102

113

PPV

85.7%

TOTAL

77

112

189

NPV

91.0%

0.000*

Accuracy

88.8%

Ch i s q uare  te s t w as  applie d.
P-Value  0.05 cons ide re d as  s ignificant.

* Significant at 0.05.

Discussion

Since  th e  lite rature  h as  s h ow n controve rs ial re s ults
about diagnos tic accuracy and s e ns itivity and s pe -
cificity of noninvas ive  m e as ure m e nts  and ultras ound
findings  in de te cting fe tal ane m ia in rh e s us  alloim -
m uniz ation, and no s uch  s tudy h as  be e n k now n to
be  conducte d in Pak is tan and it is  th ough t th at our
re s ults  could be  diffe re nt due  to th e  pre s e ntation of

parity, e th nicity and s ocioe conom ic s tatus  w as  done
and s e ns itivity, s pe cificity, and diagnos tic accuracy
w e re  als o calculate d. Pos t s tratification w ith  th e s e
m odifie rs  w as  calculate d us ing ch i s q uare  te s t
cons ide re d p0.05 as  s ignificant. All calculations
conclude d s im ilar re s ults   and no s ignificant diffe re nce
found am ong th e  groups  m ade  cons ide ring age  of
m oth e r, ge s tational age , ge nde r of baby, e ducational
s tatus , parity, e th nicity and s ocioe conom ic s tatus .
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m ultiple  e th nicity and diffe re nt s ocioe conom ic and
e ducational s tatus . So, th is  s tudy w as  aim e d to
de te rm ine  th e  diagnos tic accuracy of fe tal m iddle
ce re bral arte ry pe ak  s ys tolic ve locity in pre diction of
ne onatal ane m ia in rh e s us  alloim m unis ation k e e ping
ne onatal h e m oglobin e s tim ation at birth  as  th e  gold
s tandard in public s e ctor h os pital of m e tropolitan city
Karach i.
W h ile  re vie w ing lite rature , in one  s tudy by Als h im m iri,
it is  s tate d th at s e ns itivity and s pe cificity of MCA-
PSC in pre dicting th e  fe tal ane m ia is  44%  and 9 6% .5

Anoth e r s tudy by Och oa-Torre s  s h ow e d th at Dopple r
ultras onograph y of th e  m iddle  ce re bral arte ry h as  a
s e ns itivity of 9 1.7%  and s pe cificity of 9 0.9 % 6 to de te ct
fe tal ane m ia.
In our s tudy 40.7%  patie nts  w e re  diagnos e d ne onatal
ane m ia by MCA-PSV and 40.2%  by ne onatal h e m o-
globin e s tim ation at birth . Th e  re s ults  s h ow e d th at
th e re  w e re  66 patie nts  w e re  true  pos itive , corre ctly
diagnos e d and 102 patie nts  w e re  true  ne gative , cor-
re ctly diagnos e d. Se ns itivity, Spe cificity, PPV (Pos itive
Pre dictability Value ), NPV (Ne gative  pre dictability
value  )and diagnos tic accuracy w e re  86.8% , 9 0.3% ,
85.7% , 9 1.0% , and 88.8%  re s pe ctive ly.
Alth ough  s tudie s  h ave  e valuate d th e  e fficacy of
noninvas ive  m e as ure m e nts  in de te cting fe tal ane m ia,
m os t h ave  faile d to find a good corre lation be tw e e n
ultras ound findings  and th e  pre s e nce  of fe tal ane -
m ia.7-10 Am ong th e s e  s tudie s , s tudy by Cope l,8 puls e d
dopple r w ave form  w as  focus e d and Bah ado-Singh 10

focus e d fe tal s ple e n by ultras ound.
Th is  lack  of corre lation in oth e rs  could be  attribute d
to th e  us e  of angle -inde pe nde nt inde xe s , s uch  as  th e
puls atility inde x and th e  re s is tance  inde x, w h ich  are
inde pe nde nt of blood ve locity. In contras t, in a pre li-
m inary s tudy , Mari G11 found th at th e  pe ak  s ys tolic
ve locity in th e  m iddle  ce re bral arte ry w as  h igh e r in
fe tus e s  w ith  ane m ia th an in norm al fe tus e s . Sim ilar
re s ults  w e re  re porte d by Vyas  and cow ork e rs .12

H ow e ve r, H e ch e r K  group did not find a s ignificant
as s ociation be tw e e n th e  de gre e  of ane m ia and th e
m e an ve locity of blood flow  in th e  m iddle  ce re bral
arte ry.9

A pre ce de nt for an incre as e d ve locity of blood flow
in th e  ce re bral arte rie s  of fe tus e s  w ith  ane m ia can
be  found in data indicating th at th e  ve locity of blood
flow  in s e ve ral circulatory be ds , including th e  brain,
is  incre as e d in fe tal anim als  w ith  ane m ia be caus e  of

an incre as e d cardiac output and a de cline  in blood
vis cos ity.13 Sim ilar re s ults  w e re  s ubs e q ue ntly found
in oth e r s tudie s .14-15

Furth e rm ore , th e  pe ak  s ys tolic ve locity in th e  m iddle
ce re bral arte ry de cre as e s  w h e n th e  fe tal h e m atocrit
ris e s .16 Th e s e  findings  indicate  th at th e re  is  a re cip-
rocal re lation be tw e e n th e  h e m oglobin conce ntration
and th e  ve locity of ce re bral blood flow . In a s tudy th e y
found th at th e  ris k  of ane m ia w as  h igh  in fe tus e s  w ith
a pe ak  s ys tolic ve locity of 1.50 tim e s  th e  m e dian or
h igh e r. Fe tus e s  w ith  value s  be low  1.50 e ith e r did not
h ave  ane m ia or h ad only m ild ane m ia. Th e  fact th at
th is  te s t doe s  not pre dict m ild ane m ia w e ll is  not
clinically im portant, be caus e  no inte rve ntion is
indicate d in fe tus e s  w ith  m ild ane m ia, as  de fine d in
our s tudy, w h e re as  th os e  w ith  m ode rate  or s e ve re
ane m ia s h ould unde rgo cordoce nte s is  and m ay ne e d
trans fus ion.17

In th e  Unite d State s , on th e  as s um ption th at 4 m illion
infants  are  born e ach  ye ar, approxim ate ly 4000 pre g-
nancie s  are  com plicate d by Rh  alloim m uniz ation, but
only 10 pe rce nt of th os e  re q uire  intraute rine  trans -
fus ion be fore  34 w e e k s  of ge s tation. More  th an 10,000
pre gnancie s  are  com plicate d by alloim m uniz ation
agains t oth e r blood-group antige ns , and le s s  th an 10
pe rce nt of th os e  re q uire  intraute rine  trans fus ion.
Th e re fore , approxim ate ly 1400 fe tus e s  e ach  ye ar
re q uire  intraute rine  trans fus ion.17

To de te ct th e  fe tus e s  at ris k  for h ydrops  be fore  34
w e e k s  of ge s tation (10 pe rce nt of th e  e ntire  population
at ris k ), e ith e r s e rial cordoce nte s is  or s e rial am nioce n-
te s is  is  curre ntly pe rform e d. Alth ough  cordoce nte s is
allow s  dire ct m e as ure m e nt of fe tal h e m oglobin, it is
as s ociate d w ith  infe ction, ble e ding, fe tal bradycardia,
pre m ature  rupture  of th e  m e m brane s ,18,19  and a
proce dure -re late d pre gnancy los s  of 1 pe rce nt.17 If
e ach  fe tus  at ris k  for ane m ia w e re  to unde rgo one
cordoce nte s is  proce dure , th e y e s tim ate d th at th e re
w ould be  at le as t 140 fe tal los s e s  e ve ry ye ar. Am nio-
ce nte s is  is  le s s  invas ive  th an cordoce nte s is , but th e
re liability of m e as ure m e nts  of bilirubin in am niotic
fluid be fore  27 w e e k s  of ge s tation is  q ue s tionable .20,21

For both  am nioce nte s is  and cordoce nte s is , th e re  are
no data conce rning th e  optim al fre q ue ncy of re pe ate d
s am pling.22-24 Furth e rm ore , th e s e  proce dure s  m ay
be  as s ociate d w ith  a w ors e ning of m ate rnal alloim m u-
niz ation. Finally, th e  re s ults  of th e  analys is  of am niotic
fluid in cas e s  in w h ich  th e re  is  s e ns itiz ation to Ke ll
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Conclusion

Th e  s tudy findings  conclude d th at w ith  86.8%  s e ns i-
tivity, 9 0.3%  s pe cificity and 88.8%  diagnos tic accuracy,
th e  m e as ure m e nts  of th e  pe ak  ve locity of blood flow
in th e  m iddle  ce re bral arte ry in fe tus e s  at ris k  for
ane m ia due  to m ate rnal re d-ce ll alloim m uniz ation
provide  an accurate  and noninvas ive  m e ans  of
de te rm ining th e  de gre e  of ane m ia.
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