
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract: 
Objective : To  study  the  significance  of  doppler in  PIH and IUGR   using  middle  cerebral artery and umbilical artery 
blood flow and to analyze the role of doppler in predicting perinatal  outcome in PIH and IUGR Methods:  The  study  
comprised  of  100  women  with  singleton  pregnancies  with vertex presentation  between  28  to  40  weeks  of  
gestation  complicated  by preeclampsia and IUGR admitted to Government General Hospital from January 2013- 
September 2014 studied  for  umbilical  artery  and  middle  cerebral  artery  Doppler  waveforms.  The perinatal outcome 
results were documented and analyzed statistically using percentage and Chi-square test. Results: In our study amongst 
the umbilical artery wave forms highest LSCS for fetal distress 57%. Umbilical artery PI has highest sensitivity 82.2%. 
for detecting IUGR. Umbilical  RI  also  had  a  100%  sensitivity  in  predicting  APGAR<7  at 5min. .Five cases of 100 
had AEDF and 3 had REDF.  Perinatal mortality was worst amongst the REDF group wherein all delivered stillborn 
foetuses. Amongst  the  MCA indices abnormal  S/D  ratio  had  the  highest  specificity  of 96.8%  for  predicting NICU 
stay>48 hrs.  Perinatal mortality was highest for abnormal PI (41.8%) when compared to 34% (abnormal RI) and 31% 
(abnormal S/D).  LSCS  for  fetal  distress was  highest,  30.2%  amongst  the  abnormal  PI group.. In  Perinatal  mortality  
rate  was  31.5%  in  those with  a  CPR  <1.08.  CPR  had  100%  specificity in predicting  NICU  stay  >48hrs  and  
100% sensitivity predicting fetuses with APGAR<7  at  5mins. Specificity of CPR was 90% in determining NICU 
admissions. Overall in predicting foetal outcome UA PI has high sensitivity 82.2% in predicting low birth weight. In 
predicting adverse foetal outcome CPR has highest sensitivity 90%, specificity 86.0% and positive predictive value 94% 
and accuracy 91%. Conclusions: Pregnancy induced hypertension and IUGR is associated with significant fetal morbidity 
and mortality.  Overall highest CPR had the highest sensitivity 90% positive predictive value 94% and accuracy 91% in 
adverse foetal outcome .umbilical artery PI has highest sensitivity 83.6% for IUGR. Colour Doppler study is a simple, 
quick, non -invasive procedure and is found to be the most accurate among the other tests for antepartum fetal 
surveillance.   
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Introduction: 
Hypertensive  disorders  remain  the  most  

common  medical complications during  pregnancy,  

leading  to  a  majority  of  adverse  perinatal  and 

maternal outcome, despite numerous efforts have 

been made at early diagnosis, prevention and 

treatment. It  accounts  for  a  total  of  7-10%  of  

perinatal  mortality  in  developed countries and 20% 

in developing countries [1]. Early detection of 

preeclampsia may allow  vigilant  antenatal  

surveillance  and  appropriate  timing  of  fetal  

delivery in  order  to  avoid  serious  sequelae [2,3].  

Preeclampsia  and  IUGR  are  two 

conditions  that  are  felt  to  be  the  result  of  

abnormal  placenta  formation involving  defective  

trophoblastic  invasion  of  spiral arteries  and  a  

reduction  in the  vascular  resistance  in  the  

uteroplacental  circulation. The decreased 

uteroplacental  perfusion  can  result  in  fetal  growth 

restriction, reduced amniotic fluid volume and an 

inability to tolerate the inutero environment leading 

to intrauterine death [4]. The  timely  diagnosis  of  

fetal  compromise  is  very  important  so  that 

delivery  can  be  affected  before  fetus  suffers  

irreversible  damage  and  dies   in utero.doppler  

sonography  offers  a  unique  tool  for  the  

noninvasive evaluation of physiologic,  

hemodynamic fetoplacental  blood  flow  

information.  Doppler does  correlate  well  with  

fetal  compromise  giving  earlier  warning  sign  of  

fetal distress than other tests [5,6]. 

 

Objectives 

1. To identify early high risk fetuses by changes in 

doppler flow velocity waveforms. 

2. To study S/D ratio, RI, PI and cerebroplacental 

ratio of fetal umbilical artery and middle cerebral 

artery in preeclampsia and IUGR. 

3. To evaluate significance of different parameters 

taken in predicting pregnancy induced hyper tension 

and intrauterine growth retardation 

 

Materials and Methods 
 The  study  comprised  of  100  women  with  

singleton  pregnancies  with vertex  presentation  

between  28  to  40  weeks  of  gestation  complicated  

by preeclampsia and IUGR admitted to Government 

General Hospital from January 2013 - September 

2014. 

 

 

Inclusion Criteria 

Singleton  pregnancies  with  vertex  presentation  

between  28-40  weeks of gestation complicated by 

preeclampsia and IUGR. 

Preeclampsia defined as 

(1) BP 140/90 mm of Hg after 20 weeks of gestation 

(2) proteinuria of 300 mg/24 hrs or 1+ dipstick 

Intrauterine  growth  restriction  criteria  taken  as  a 

lag  >4  cms  in  the symphysio fundalheight  than  

expected  for  the  period  of  gestation (calculated by  

Naegele’s method). 

 

Exclusion Criteria 

• Anomalous fetus 

• Intrauterine fetal demise 

• Patients with medical and obstetric complications 

• Multiple gestation 

• Patients  with  unreliable  LMP  details  and  not  

confirmed  by  1
st
 trimester scans  Informed  consent  

was  taken  from  all  the  patients. Detailed history 

and through examination was done. All relevant 

investigations were carried out. The relevant data 

obtained was recorded in the standard prepared 

proforma. 

 

Method 

Doppler  waveform  analysis  of  umbilical  artery  

and  middle  cerebral  artery  was done. 

 

Doppler Ultrasound 

 The Doppler effect is the phenomenon of 

observed changes in the frequency of energy wave 

transmission when relative motion occurs between 

source of wave transmission and the observer. The 

change in frequency is known as doppler effect 

 The phenomenon of doppler effect is also 

observed when an ultrasound beam encounters blood 

flow. With blood circulation millions of RBC’S act 

as moving scatterers of the incident ultrasound. In 

this circumstance the erythrocytes act first as moving 

receiver and then as moving sources forming the 

basis for the Doppler equation.  

 Umbilical  artery: Colour  duplex  Doppler  

was used  to  identify  a  free  floating loop of  

umbilical  cord.  The angle of  insonation  was then  

optimized  and  the signals obtained.  Umbilical  

artery  S/D  ratio  was  considered  abnormal  when  

it was  more  than  3.  Umbilical  artery  RI  and  PI  
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were  considered  elevated when  it  was  more than 

95th percentile. 

 Middle  cerebral  artery: it  is  the  largest  

terminal  branch  of  the  internal carotid artery.  It  

was  in sonated  at  the  level  of  the  greater  wing  

of  sphenoid. The angle of in sonation can easily be 

kept at 0 for this vessel. 

 Systolic  flow  (A)  and  the  diastolic  flow  

(B)  for  the  above  mentioned arteries were 

obtained. Doppler indices were calculated. 

Systolic/Diastolic(S/D) ratio = A/B 

Resistance index   = A-B/A 

Pulsatality index    = A-B/mean 

 Further  management  of  the  cases  were  

decided  depending  on  the clinical  status  of  the  

patients  and  the  Doppler  report,  and  pregnancies  

were terminated as and when indicated. Mode of  

termination  of  pregnancy  was  decided  depending  

on  the clinical condition of patients and the 

indications. At  the  time  of  delivery  details  such  

as  baby  weight,  APGAR  score, meconium  

staining  of  liquor  and  neonatal  intensive  care  

unit  admissions  were noted. 

 

Statistical Methods Applied 

Descriptives:  The  Descriptives  procedure  displays  

univariate  summary  statistics for  several  variables  

in  a  single  table  and  calculates  standardized  

values  (z scores). Variables  can  be  ordered  by  the  

size  of  their  means (in  ascending  or descending 

order), alphabetically, or by the order  in which you 

select the variables (the default). Crosstabs  

(Contingency  table  analysis): The crosstabs  

procedure  form  two–way  and  multiway  tables  

and  provides  variety  of  tests  and  measures  of 

association  for  two–way  tables.  The structure of  

the  table  and  whether categories  are  ordered 

determine what test or measure to use. 

Chi–Square  Test: The  Chi-Square  Test  procedure  

tabulates  a  variable into categories and  computes  a  

Chi-Square  statistic. This  test  compares the 

observed and  expected frequencies  in  each  

category  to  test  either  that  all  categories contain  

the  same proportion  of  values  or  that  each  

category  contains  a  user specified  proportion  of 

values. The results are considered statistically 

significant if the p value<0.05. The  sensitivity  and  

specificity  of  positive  test  is also  computed  

wherever required  for  doppler. 

 

Results 

The study comprised a total of 100 patients.   

Table 1: Maternal Characteristics 

 

 

 

 

                      

              

 

Age in Years Number 

 

Percentage 

< 20 35 35 

21-25 42 42 

26-30 21 21 

30-36 2 2 

Total 100 100 

Parity 

Parity Number Percentage 

Primi 69 69 

Multigravida 31 31 

Total 100 100 

Gestational age (wks) 

Gestational age (wks) Number 

 

Percentage 

28-32 11 11 

33-36 29 29 

37-40 60 60 

Total  100 100 

Distribution of cases 

Cases Number 

 

Percentage 

PE 47 47 

IUGR 7 7 

PE+IUGR 46 46 

Total  100 100 

Mode of Delivery 

Mode of Delivery Number % 

Spontaneous 31 31 

Induction 41 41 

C-section 28 28 

All cases 100 100 
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Table 2: Adverse Perinatal outcome 

 

Table 3: Doppler analysis of LSCS for fetal 

distress 

 

Table 4: Doppler analysis for APGAR<7 

 

Table 5: Doppler analysis for NICU admission 

 

 

Table 6:  Doppler analysis for NICU stay>48hrs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adverse outcome Number  n=57 % 

Low APGAR 33 57.8 

NICU admission 46 80.7 

Caesarian section  16 28 

Perinatal death 18 31.5 

Index Abnormal 

cases 

LSCS total 

[16] 

% 

UA S/D 52 13 25 

UA RI     58 16 27.6 

UA PI 63 16 25.4 

MCA S/D 58 15 25.8 

MCA RI 47 12 25.5 

MCA PI 43 13 30.2 

CPR 57 1 2.3 

Index Sensitivity 

% 

Specificity 

% 

P- 

value 

UA S/D 96.5 57.6 <.05 

UA RI 100 71.1 <.05 

UA PI 96.9 61 <.05 

MCA S/D 93.9 67.7 <.05 

MCA RI 69.6 72.8 <.05 

MCA PI 66.6 76.2 <.05 

CPR 100 72.8 <.05 

           Sensitivity 

% 

Specificity 

% 

P- 

Value 

UA S/D 83.6 74.4 <.05 

UA RI 84.9 72.3 <.05 

UA PI 86.7 63.8 <.05 

MCA S/D 83.0 70.2 <.05 

MCA RI 67.9 76.5 <.05 

MCA PI 62.2 78.7 <.05 

CPR 90 86.0 <.05 

Index Sensitivity 

% 

Specificity 

% 

P- 

value 

UA S/D 90 26.3 >.05 

UA RI 90.6 23.8 <.05 

UA PI 90.6 19 >.05 

MCA S/D 96 38 <.05 

MCA RI 71.8 38 >.05 

MCA PI 41.9 57.1 >.05 

CPR 90 100 <.05 
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Table 7: Diagnostic accuracy for predicting adverse foetal outcome 

 Although  all indices  did  not  correlate  but  our study comparable to this  Smitha et al  study we  also  

had  a  relatively  higher  sensitivity   specificity PPV NPV accuracy of  the  cerebro placental ratio in predicting 

adverse outcome [7,8].  

 

Table 8: Diagnostic accuracy for doppler finding for low birth weight 

Index TP FN FP TN Sensitivity 

% 

Specificity 

% 

PPV NPV Accuracy P- 

value 

UA S/D 30 10 22 30 75 57.6 57.6 75 60 <.05 

UA RI 34 11 24 31 75.5 56.3 58.6 73.8 65 <.05 

UA PI 37 8 26 29 82.2 52.7 58.7 78.3 66 <.05 

MCA S/D 35 10 23 32 77.7 58 60.34 58.1 67 <.05 

MCA RI 27 18 20 35 60 63.6 57.4 66.0 62 <.05 

MCA PI 26 19 17 38 57.7 65.4 6O.4 66.6 64 <.05 

CPR 36 9 20 35 80 63.6 64.2 79.5 71 <.05 

 

Although  all indices  did  not  correlate   but we  also  had  a  relatively  higher  sensitivity  of  the  UA  PI  as 

Smitha k et al  study probably  because  it directly reflects  the  resistance  in  the  placental  vascular  bed [9,10]. 

Thus in suspected IUGR  cases UA PI may be enough to detect IUGR as recommended in the study Smitha k et al 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Index TP FN FP TN Sensitivity 

% 

Specificity 

% 

PPV NPV Accuracy P- 

value 

UA S/D 41 8 11 32 83.6 74.4 78.8 80 79.3 <.05 

UA RI 45 8 13 34 84.9 72.3 77.5 89 79 <.05 

UA PI 46 7 17 30 86.7 63.8 73.0 81.8 76 <.05 

MCA S/D 44 9 14 33 83.0 70.2 75.8 78.5 77 <.05 

MCA RI 36 17 11 46 67.9 76.5 76.5 67.9 72 <.05 

MCA PI 33 20 11 37  62.2 78.7 76.7 64.9 63 <.05 

CPR 54 6 3 37 90 86.0 94 92.5 91 <.05 
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Discussion 

Perinatal doppler velocimetery  can  identify 

Fetus at risk  in PIH and IUGR  complicating 

pregnancies  before  with  worst  perinatal outcome, 

But a meta analysis  of nine randomized trial showed  

that  length  of  stay  &  perinatal  mortality  were 

significantly  reduced  when  UA  Doppler    

velocimetery was used as an adjuvant to FHR 

monitoring, as by the time  FHR  tracing  become  

abnormal, up  to  77%  of fetuses are already hypoxic 

and academic [11,12]. Fetal  hypoxia  activates  a  

range  of  biophysical, cardiovascular,  endocrine  

and  metabolic  responses. Fetal  cardiovascular   

responses  to  hypoxia,  which include variation of 

the heart rate, an increase in blood pressure  and  

redistribution  of  the  cardiac  output towards  vital  

organs,  are  probably  the  most  important adaptive  

reactions  responsible  for  maintaining  fetal   

homeostasis.  The  redistribution  of  blood  flow  

towards the  fetal  brain  is  known  as  the  ‘brain -

sparing  effect’. Doppler  assessment  of  the  fetal  

cerebral  and umbilicoplacental  circulations  can  

detect  fetal  blood flow  redistribution  during  

hypoxia  and  quantify  the degree of this 

redistribution. Although the brain-sparing effect  

attempts  to  compensate  for  the  reduced  oxygen 

delivery to the fetal brain, it has recently become 

clear that  this  phenomenon  cannot  always  prevent  

the development of brain lesion [13-15]. 

In   PIH and IUGR,  umbilical  blood  flow  

is  significantly reduced,  mainly  due  to  changes  in  

the  placental vascular resistance.  Giles et  al.  [16] 

have  found that a decrease  in  the  number  of  

resistance  vessels  in  the tertiary stem villi in the 

placenta causes an increase in resistance,  leading  to  

decreased  flow  through  the  UA and  an  increase  

in  the  UA  PI.  This is described  as umbilical  

placental  insufficiency.  Fleischer  and Schulman [5] 

have found that in IUGR complicated by pregnancy  

induced hypertension, there is inadequate 

trophoblastic invasion of  the  spiral  arteries,  

leading  to increased resistance in the spiral arteries 

and decreased blood flow in the placental vascular 

bed and in the UA,  thereby  resulting  in  an  

increase  in  the  UA  PI.  This is described as 

uteroplacental insufficiency. Several blood flow  

classes  (0IIIb)  have  been defined  by  Hofer  et  al 

[17] to  describe  abnormal  UA  waveform  patterns. 

Increasing  pathological  significance  is  ascribed  to  

a decrease in diastolic flow (class II), absence of 

diastolic flow  (class  IIIa)  and  reversal  of  diastolic  

flow  (class IIIb). All these patterns were associated 

with increased UA  PI  .  Patients  with  absent  end  

diastolic  volume(AEDV)  and  reverse  end  

diastolic  volume  (REDV)have the gravest outcome. 

Fetuses with AEDV require intensive surveillance as 

fetal wellbeing may deteriorate very fast.  Fetuses 

with REDV are most severely compromised. REDV 

indicate preterminal fetal state. Doppler flow 

velocimetry of the fetal MCA may assist in perinatal 

diagnosis and management of complicated 

pregnancies. A low index of pulsatility in the  middle  

cerebral  artery  associated  with  fetal compromise  

has  been  described  [18-21].  Because the MCA/UA 

ratio incorporates data not only on placental status 

but also on fetal response, it is potentially more 

advantageous in predicting perinatal outcome. 

Doppler data combining both umbilical  and  cerebral 

velocimetery provide additional  information  on  

fetal consequences of the placental abnormality. 

 Abnormal MCA/UA PI Doppler ratio is 

strongly correlated with  worse  fetal  prognosis.  In  

normal pregnancies  the  diastolic  component  in  the  

cerebral arteries  is  lower  than  in  the  umbilical  

arteries  at  any gestational  age.   Therefore,  the  

cerebrovascular resistance  remains  higher  than  the  

placental  resistance and  the  MCA/UA  PI  is  

greater  than  1.  The  index becomes less than 1 if 

the flow distribution is in favor of  the  brain  in  

pathological  pregnancies.  Fetuses  with abnormal  

Doppler  MCA/UA  PI  in  our  study  had  a 

significantly  lower  birth  weight,  lower  gestational  

age at delivery   

In our study   amongst the  umbilical artery  

waveforms  highest LSCS  for  fetal  distress 57%. 

Umbilical  RI  also  had  a  100%  sensitivity  in  

predicting  APGAR<7  at 5min.  . Five cases of 100 

had AEDF and 3 had REDF. Perinatal mortality was 

worst amongst 8 are AEDF /REDF group where in 

and all delivered stillborn foetuses in these S/D ratio 

cant be calculated. Umbilical artery PI C has high 

sensitivity 82.25% for IUGR.   Amongst  the  MCA 

indices  perinatal mortality was highest for abnormal 

PI (41.8%) when compared to 34%  (abnormal  RI)  

and  31%  (abnormal  S/D).  LSCS  for  fetal  distress 

was  highest,  30.2%  amongst  the  abnormal  PI  

group. In  all  the  foetuses  with  a  brain  sparing  

effect  the CPR  was  <1.08(57 cases).  Perinatal  

mortality  rate  was  31.5%  in  those with  a  CPR  

<1.08.  CPR  had  100%  specificity  in predicting  

NICU  stay  >48hrs  and  100% sensitivity for 

predicting fetuses with  APGAR<7  at  5mins.  

Specificity  of  CPR  was 90%  in determining NICU 

admissions. Overall highest CPR had the highest 
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sensitivity 90% for fetal outcome UA PI has high 

sensitivity for IUGR 82.2% 

 

Conclusion 

The  present  study  noted  an  adverse  fetal  

outcome  in cases  of  Preeclampsia and or IUGR 

which showed abnormal Doppler results. 

• The  finding  of  REDF  is  ominous  and  AEDF  

also  correlated  with  poor  fetal outcome with a 

perinatal mortality of 60%. 

• In  our  study  CPR  had  the  highest  sensitivity  of  

100%  in  predicting  adverse fetal outcomes. 

• Because  CPR  incorporates  data  not  only  on  the  

placental  side  but  also  the fetal response it can be 

considered potentially more advantageous. 

• Doppler  patterns  follow  a  longitudinal  trend  

with  early  changes  in  the umbilical artery followed 

by middle cerebral artery. 

• Doppler  investigation  of  the  fetal  circulation  

plays  an  important  role  in monitoring  the  

redistributing  fetus  and  thereby  may help  to  

determine  the optimal time for delivery. 

• Doppler  serves  as  an  important  yardstick  for  

the  obstetricians  when  dealing with pregnancies 

complicated with preeclampsia and growth 

restriction 
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