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Colour Doppler Evaluation of Pregnancy Induced Hypertension And Iugr

 IUGR is defined as small for gestation age infants as those fetuses whose birth weight falls 
below the 10th percentile for gestational age. This is the most commonly used and widely 
accepted definition.  Ultrasound is the best investigation to evaluate fetuses starting from 
conception till delivery in providing extensive information. Doppler evaluation is found to be 
highly sensitive and has become indispensable in screening, diagnosis and management of PIH 
and IUGR cases. In the present study flow velocity waveforms were determined in utero-
placental (uterine artery and umbilical artery) and feto-placental (middle cerebral artery) 
circulations in both normal pregnancy and in situations of suspected placental insufficiency 
such as PIH and IUGR pregnancies to derive pathophysiological information about placental 
flow resistance and assess the diagnostic potential of this measurement. Aims and 
Objectives To evaluate the blood flow velocity pattern in utero-placental and feto-
placental circulations using Doppler ultrasound in pregnancy induced Hypertension (PIH) and 
clinically suspected IUGR cases after 28 wks. of gestation. Material and methods: The present 
study was conducted at  Department of Radiodiagnosis, Katuri Medical College and Hospital, 
Guntur.The flow velocity waveforms' of Umbilical artery, both uterine arteries and fetal Middle 
Cerebral artery were assesed. The parameters taken into consideration to study are Systolic / 
Diastolic Ratio, Pulsatality Index and Resistance Index of Umbilical artery and the above 
parameters with persistent notch taken for Uterine arteries and Pulsatality Index for Middle 
Cerebral artery.
Observation and Conclusion : The Doppler study of Uterine artery is the most sensitive (71%) 
followed by Umbilical artery (67%) and Middle cerebral artery (26%) in predicting the 
intrauterine growth retardation. OBJECTIVE : To detect presence of IUGR by Doppler in PIH, 
clinically suspected and unsuspected cases of  IUGR by  evaluating  the blood flow velocity 
pattern in utero-placental and feto-placental circulations using Doppler ultrasound in after 28 
wks. of gestation.

Normal fetal growth and development depends on adequate 
perfusion of the intervillous space through the maternal spiral 
arterioles. Reduced perfusion is associated with asymmetrical 
retardation of the fetal growth and fetal hypoxia which is the major 
cause of perinatal mortality.

Pregnancy induced hypertension (PIH) remains the major 
cause of maternal and perinatal morbidity and mortality. IUGR is 
defined as small for gestation age infants as those fetuses whose 
birth weight falls below the 10th percentile for gestational 
age.

Doppler velocimetry measurements are usually performed 
where a cross - over between the larger iliac vessels and the 
uterine artery can be easily visualized in real - time color imaging. - 
The uterine artery circulation is of low resistance pattern and 
shows diastolic component. The utero-placental circulations 
evolve in a predictable pattern throughout pregnancy. With 
pregnancy, trophoblastic invasion of the spiral arterioles takes 
place converting the high resistance flow pattern into that of a low 
resistance pattern, characterized by increasing in diastolic flow 
and disappearance of the notch. before studying the uterine artery 
it is imperative to know the side of the placenta and determine the 
"placental side uterine artery".

In abnormal pregnancies due to lack of trophoblastic invasion, 
there is increased resistance in the placental bed. This increased 
resistance is reflected back in the uterine arteries. These uterine 
arteries are characterized by 
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In the present study we have assessed the flow velocity 
waveforms' of Umbilical artery, both uterine arteries and fetal 
Middle Cerebral artery. The parameters taken into consideration 
to study are Systolic / Diastolic Ratio, Pulsatality Index and 
Resistance Index of Umbilical artery and the above parameters 
with persistent notch taken for Uterine arteries and Pulsatality 
Index for Middle Cerebral artery.

Table 1: Age distribution of Cases

TABLE 2,3 :PERCENTAGE OF CASES WITH ABNORMAL 
DOPPLER INDICES IN CASES AND CONTROLS

Table 4: Umbilical artery: S/D ratio

Table 5: Umbilical artery: RI

1. Low diastolic flow 

 2. An early diastolic notch (Normally the notch is seen until 26 
weeks of gestation)

3. Biphasic deceleration slope

 4. High indices

The upper limit of systolic/diastolic ratio is approximately 2.6. 
The systolic/ diastolic ratio more than 2.6 after 26 weeks of 
gestation suggest that full trophoblastic invasion has not occurred 
and mother and fetus are at risk for adverse outcome.  The 
difference between the systolic/diastolic ratios of both uterine 
arteries should not exceed 1 normally. A difference of more than 1 
indicates PIH and IUGR. (Farmakides & Schulman 1992).The 
upper limit of RI value is about 0.68.

Umbilical artery: 

The insonation angle should be less than 60 degrees. 
Approximately twelve waveforms should be averaged; the indices 
should be ideally taken at the mid cord or at placental insertion. 
The indices are highest at the fetal abdomen and lowest at the cord 
insertion into the placenta. 

The most commonly used indices for the umbilical artery are 
S/D ratio, RI and PI. The normal value of S/D ratio at 28 weeks of 
gestation is 3+/-0.6 and at 30 weeks of gestation, it is reduced to 
2.5+/- 0.4.AnS/D ratio more than 3 after 30 weeks is abnormal. 
The normal values of RI at 28 and 30 weeks of gestation is 1.2+/- 
0.5 and at 30 weeks of gestation is 1 +/- 0.4. 

Fetal Middle cerebral artery:

The MCA can be visualized in a Trans-axial view of the fetal 
head at slightly more caudal plane than one used for biparietal 
diameter measurements. At this level, which includes the cerebral 
peduncles, the MCA can be seen as major lateral branches of the 
Circle of Willis, coursing antero-laterally towards the lateral edge 
of the orbits, at the level of the lesser wing of sphenoid bone, into 
the lateral sulcus and disappearing on to the cerebral fossa 
between the insula and the temporal lobe. The sample volume 
should be placed at the proximal part of the MCA. The mean PI in 
MCA at 28 weeks of gestation is 1.6 +/-0.4 and at 40 weeks it is 1.2 
+/- 0.4 with a significant reduction after 32 weeks of gestation.

Brian sparing effect - The fetus responds to hypoxia by 
accomplishing major circulatory changes of which most 
prominent is redistribution of cardiac output in favor of the brain, 
myocardium, adrenal glands at the expense of viscera. These 
physiological brain sparing effects seen in the MCA, PI could be 
employed as parameter for prediction of fetal and perinatal 
outcome. And abnormal PI in IUGR fetus is associated with adverse 
perinatal outcome.

Abnormal cerebral (MCA) artery and abnormal umbilical 
artery Pulsatality ratio help in distinguishing small distressed 
fetuses from the small relatively healthy ones (Arduni & Rizzo 
1992). Normally the ratio of PI of MCA/umbilical artery is 2: 1.If it 
is 1, it Indicates IUGR. (Rowlands DJ & Fernando Arias 1995).

MATERIAL AND METHODS

The present study comprises of 50 antenatal cases that have 
been referred from the department of Obstetrics and Gynecology, 
Katuri Medical College, Guntur. These cases were evaluated in the 
Department of Radiodiagnosis, Katuri Medical College and 
Hospital, Guntur, with Color Doppler PHILIPS ENVISOR machine 
using 3.5 MHz transducer. The period of study was 18 months from 
june 2009 To december 2014. 

Study group

No. of cases with abnormal
Doppler

No. of cases with normal
Doppler

Total

Control group

No. of controls with 
abnormal Doppler

No. of controls with
normal Doppler

Total

S/D ratio

Less than 2
2 – 3
3 – 4
More than 4
Total

Umbilical artery (RI)

< 0.6
>0.6
Total

Number

33/50

17/50

50

Number

12/50

38/50

50

No. of cases

1
16
9
24
50

No. of cases

18
32
50

Percentage

36%
64%
100%

Percentage

66%

34%

100%

Percentage

24%

76%

100%

Age (Yrs)

< 20

21 – 25

26 – 30

31 – 35

Controls

10

33

5

2

Cases

13

31

6

-



Positive Umbilical Artery
Doppler

Negative Umbilical Artery 
Doppler

Total

Uterine artery normal PI

Uterine artery Abnormal PI

Total

< 0.68

>0.68

33

17

50

21

29

50

19/50 (38%)

31/50 (62%)

66

34

100%

42

58

100%

58%

42%

No.of Cases

Parameter

Parameter

Percentage

No. of Cases

Present Study

Percentage

Zimmermann P

4795

Table 8: Umbilical artery study: Significance of Absent or 
Reversal of End diastolic flow

In our study, we found 11/50 - 22% of cases show absent / 
reversal of EDV, of these 4 are reversal of EDV. All 4 cases of REDV 
died before 30 weeks of gestation. Absent diastolic flow seen in 7 
cases, 4 cases died and 3 cases admitted in NICU with severe 
respiratory distress. Hence we found that absent or reversal of end 
diastolic velocity in umbilical artery is more sensitive in predicting 
adverse fetal outcome comparable with study done by Kurkinen 
Ratty (1997) and Karsador P (1994).

Table 6: Umbilical artery: Sensitivity

Table 8: Uterine artery: Pulsatality index

Table 9: Uterine artery – Resistance Index

No. of cases with 
notch

No. of cases without
notch

Total

No. of cases with positive 
uterine artery Doppler

No. of cases with negative 
uterine artery Doppler

Total

No. of cases with Abnormal 
MCA Doppler

No. of cases with normal
 MCA Doppler

Total

29

21

50

36

14

50

14

36

50

58%

42%

100%

72%

28%

100%

28%

72%

100%

Parameter No. of Cases

No. of Cases

No. of CasesParameter

Percentage

Percentage

Percentage

Table 10: Uterine artery: Diastolic notch

Table 11: Uterine artery: Percentage Sensitivity

Table 12: Middle cerebral artery: Sensitivity                     

The above table shows more than 2/3 of cases showing 
abnormal umbilical Doppler analysis.
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Uterine artery

Umbilical artery

Fetal MCA

36/50

33/50

14/50

72%

66%

28%

No.of CasesParameter Percentage

No. of cases with clinical 
PIH/ IUGR, but Doppler 
normal

No. of cases with clinical 
PIH/ IUGR, Doppler abnormal

No. of cases clinically normal 
but Doppler abnormal

No. of cases clinically normal,
 doppler normal

Total

17

33

12

38

100

17%

33%

12%

38%

100%

Parameter No. of Cases and
controls

Percentage

4796

Table 13: Sensitivity of Various Vessels studied

Table 22: PIH / IUGR: Clinical vs. Doppler Study

DISCUSSION

In our study, we have taken fifty clinically suspected PIH/IUGR 
cases along with equal number of controls. The highest number of 
cases in our study is between 21-25 years followed by below 20 
years of age. 

In the study group thirty three (66%) cases show abnormal 
doppler findings consistent with IUGR and the remaining 
seventeen (34%) does not show any evidence of IUGR on any 
single parameter. 

In the control group of same gestational age, who doesn't show 
any evidence of PIH/IUGR clinically, twelve cases (24%) showed 
the abnormal Doppler findings consistent with IUGR. 

UMBILICAL ARTERY: 

Systolic to diastolic ratio (S/D ratio) - More than 3 after 30 
weeks is abnormal (Adiel Fleishcher 1985). In our study the 
maximum number of cases 31/50(62%) show abnormal S/D ratio. 

Pulsatality Index (PI) :The normal range is 0.4 - 1.0 
(HARRINGTON K 1995). It is increased in cases of PIH and IUGR. In 
our study the PI value is increased in 33/50(66%) of cases as 
comparable with study done by John Vogt. 

Resistance Index: (RI): The normal value of RI is the umbilical 
artery is 0.6. It is elevated in cases of PIH and IUGR. In our study, 
32/50 (64%) cases show abnormal resistance index. 

In our study sensitivity of S/D ratio, PI, RI is 62%, 66%, 64% 
respectively. In our study we found abnormal PI is more sensitive 
among other parameters, comparable with study done by 
Harrington K (1995), Bhushan N Lakhar (1999). 

Absent or Reversal of End diastolic velocity: In our study, we 
found 11/50 - 22% of cases show absent / reversal of EDV, of these 
4 is reversal of EDV. All 4 cases of REDV died before 30 weeks of 
gestation. Absent diastolic flow seen in 7 cases, 4 cases died and 3 
cases admitted in NICU with severe respiratory distress. 

Kurkinen - Ratty M et at (1997). .In their study of 83 fetuses 
with absent / reversal EDV, perinatal mortality rate was 19%. The 
perinatal mortality rate in AEDV is 8.9% and in REDV is 35.7%.

VHM Karsdorp et at (1994). In their study of high risk 
pregnancies (PIH, IUGR), the overall perinatal mortality rate was 
28%, perinatal deaths was 41%, in absent end diastolic, 75% in 
reversal end diastolic velocity. 

Our study shows absent or reversal of EDV is more sensitive in 
predicting adverse fetal outcome comparable with study done by 
Katherine D Wenstrom (1991) Karsadorp (1994) and Kurkinen 
Ratty (1997).

UTERINE ARTERY:

S/D ratio: The normal value S/D ratio is 2.6. Increased values 
are seen in cases of PIH/IUGR. In our study, about two third of the 
cases showed elevated S/D ratios. 

Pulsatality Index: The normal PI of uterine artery is 1. It is 
increased in cases of PIH/IUGR. In our study, PI of uterine artery is 
increased in more than 50% of cases. 

Resistance Index: The upper limit of normal value is 0.68. RI 
value increased in PIH/IUGR. In our study more than 50% of cases 
show increased RI value as comparable to study done by 
Zimmerman P (1997).
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REFERENCESSignificance of Diastolic notch: It is defined as "a decrease in 
the maximal flow velocity below the maximum diastolic velocities 
occurring just after the systolic wave." In non-pregnant state, the 
uterine artery is high resistance vessel. Low diastolic flow and 
early notching is normal feature of the non-pregnant uterine 
circulation. During the second trimester the trophoblast invades 
the myometrium converting the high resistance flow pattern into 
that of the low resistance pattern, characterized by increase in 
diastolic flow and disappearance of notch. 

Persistence of notch after 26 weeks of gestation is an indicator 
of PIH /IUGR. Persistence of notch indicates unaltered vasospasm. 
Disappearance of notch will happen first in the uterine artery 
which is directly under the placenta.In our study, the number of 
cases with diastolic notch was more than the cases without notch. 
The number of cases showing unilateral and bilateral notch forms 
58% of total number of cases. 

It is essential to study both the uterine arteries because of the 
variation in placentation. In cases of laterally located placenta the 
placental side uterine artery is the main supplier and has a low 
resistance as compared to the opposite uterine artery. 
Examination of both arteries is an indispensable element of 
Doppler examination to assess placental performance and risk to 
the fetus (Joer H &Rath w. 1998). In our study, single uterine artery 
sensitivity is more (53%) in comparison with bilateral study. 

In our study, we found abnormal uterine artery Doppler in 
more than 70% of cases. Our study, comparable to study done by 
Joer H &Rath W (1998) showed abnormal Doppler finding in 
uterine artery is more sensitive than umbilical artery in predicting 
IUGR. 

FETAL MIDDLE CEREBRAL ARTERY (MCA):

The normal PI value of MCA in 28 weeks of gestation is 1.6.± 0.4 
and at 40 weeks 1.2.± 0.4 

Only one third of cases show abnormal MCA Doppler finding in 
the present study. According to Katherine W. Fong the PI value of 
MCA is more sensitive. In our study, PI value of umbilical artery is 
more sensitive than PI of MCA comparable to the study done by 
Rhee &Detti (1998). 

The Doppler study of uterine artery is more sensitive (71%) 
followed by umbilical artery (66%) and MCA (28%) in predicting 
IUGR. 

The total· number of cases in this study are categorized into 4 
types. 

1. The number of cases clinically PIH/IUGR but with normal 
Doppler -17 

2. The number of cases clinically PIH/IUGR and Doppler is 
abnormal -33 

3. The number of cases clinically normal but Doppler is abnormal- 
12 

4. The number of cases clinically normal and Doppler normal - 38 

CONCLUSION

We conclude that the Doppler study of Uterine artery is the 
most sensitive (71%) followed by Umbilical artery (67%) and 
Middle cerebral artery (26%) in predicting the intrauterine 
growth retardation.
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