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Summary

This prospective cross sectional study was conducted in a tertiary hospital in North'ern
India. The objective of the study was to investi~ate the utility of recordin~ certain fetal
biophysical variables at or near term in hi~h risk pre~nancy for predictin~ the fetal
outcome. A fetal biophysical profile score was used for predicting the outcome. The
scorin~ system utilized followin~ variables: non stress test, fetal breathin~ movement,
fetal movement, fetal tone and amniotic fluid volume. One hundred and fifty four
pre~nant women attendin~ a hi~h risk pre~nancy clinic were consecutively included in
the study. At a cut orrscore S4, sensitivity of the scorin~ system was 12.5o/rand specificity
99.23%. At score S8, corresponding fi~ures were 70.83% and 91.53%. As compared to
each individual variable, the positive predictive value for abnormal perinatal outcome
improved considerably after combinin~ all the variables. The ne~ative predictive value
for normal perinatal outcome did not improve. Though biophysical profile scorin~ is
used as a valuable adjunct in carin~ high risk fetuses, a simple and more practical
screening test should be sou~ht for. The cost-benefit analysis of such tests should also
be performed.

Introduction

Modern approaches to assess the in vitrocondition

of high risk fetus has been the focus of research

and practice for several decades. The benefits
came from advances in both invasive and non-

invasive techniques that determine whether fetal

abnormality or compromise is present or highly

likely I. The preferable method should have the

following criteria: convenient, noninvasive and

yield accurate reliable results that would be

immediately available. In other words, the ideal

antepartum test should be highly sensitive and

specific, since low sensitivity can result in
asphyxiated fetal death (false-negative result)

and low specificity can result in inappropriate

intervention for the normal fetus (false positive

result) leading to possible iatrogenic fetal,

neonatal and maternal morbidity and mortality.

It should also be capable of identifying the fetus

with major anomalies incompatible with extra

uterine life. thus avoiding unnecessary surgical
intervention~.

There is a wide spectrum of tests that have been

applied to the evaluation of fetuses. These include

time honored measurement of fundal height,

amniocentesis in Rh sensitization. amnioscopy to

detect meconium stained amniotic fluid, fetoscope

and maternal biochemical testing. e.g.. estradiol,

human placental lactogen and progestogens.

During the past decade biophysical assessment,
Doppler velocimetry and more recently invasive
cordocentesis has been added to this lis\.
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The effect of high resolution dynamic ultrasound

imaging on the development of the science of

fetology cannot be overestimated. A principal
tenet is that the ability to "see" the fetus and its
environment to monitor fetal activities and

responses to intrinsic and extrinsic stimuli, has

profoundly shifted the basis of the practice of
fetal medicine.

Manning et al found that combining non-stress

test (NST) or contraction stress test (CST) and

fetal breathing movement lowered the false

positive rate. With this background, Manning

developed a fetal profile by assessing five

biophysical variables-\ With his co-workers he

reported results in high risk pregnancies

evaluating NST, fetal breathing movements

(FBM), fetal movement (FM), fetal tone (FT)

and amniotic Ouid volume (AFV)4. In the

different combination of variables each was

assigned an arbitrary score of 2 when normal

and 0 when abnormal. In this way the biophysical

profile score was developed with a range of 0-

lOin an attempt to focus attention on the fetus

as a patient, rather like the new born Apgar

score. Both the negative and positive predictive

accuracy of each variable was improved by

combination with other variables. Furthermore,

the more variables used in combination, the greater

the predictive accuracy, being greatest when all
five variables were combined45.

Others modified thebiophysical profile, excluding

fetal tone~, including placental grading7 and

excluding FBM, FT and FMX. The biophysical

profile scoring is found to be simple, quick and

easy, can be repeated easily, is non-invasive,

requires no immediate supervision by the

physician, with no contraindication, involves no

risk to mother and fetus, and the correlation with

fetal outcome is high with less false positive

results as compared to other tests.
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Methods and materials

Between 15th October and 14th December 1995,

a prospective cross sectional study on the

biophysical profile scoring was conducted on

women attending the high risk pregnancy clinic

of a tertiary hospital of Northern India. The
patients hadmore than 32 weeks of gestation and
delivered within one week of the test.

The patients were chosen consecutively with the

following high risk factors: diabetes mellitus
(including gestational diabetes mellitus,

gestational glucose intolerance), hypertension

(chronic, pregnancy induced, preeclampsia), bad

obstetric history, decreased fetal movement,
postdated pregnancy, oligohydramnios,

polyhydramnios, Rh isoimmunization, placenta
previa and pregnancy with other medical
disorders. The exclusion criteria were

malpresentation, multiple gestation, congenital

anomalies, abruptio placentae and ruptured
membranes.

Patients were instructed to abstain from smoking
for 2 hours before testing and to have a meal 1-2
hours before their appointment. The NST was

performed using a electronic fetal heart rate

monitor with the patient in semi-Fowler position

with lateral tilt to avoid aortocaval compression.
If the reactive pattern was not found within 20
minutes the fetus was stimulated with either

abdominal palpation or administration of glucose
containing beverage. If acceleration was not seen

within 40 minutes of onsetof testing, the pattern
was considered reactive.

A linear array, real time B-scan ultrasound
machinewasusedinitiallyto screenthe fetus for
gross anomalies. Placental grading was also
performed but was not included as part of the

profile score. The fetus was then viewed in the

longitudinal plane to allow observation of the
fetal thorax, abdomen and upper limbs. In this

way breathing movements as well as upper limb
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and trunk movements were seen. Fetal breathing

movements were seen as a see-saw appearance,

the chest moving in as the abdomen moved out.

The ribs were seen to be crowding and separating.
There were also movements of the intra-abdominal

structures such as fetal kidney. There should be at

least I episode of FBM of at least 30 seconds

duration within 30 minutes of observation (score

2 or normal). Score 0 means absent or no episode
of >30 seconds in 30 minutes.

The extension and flexion of the whole limb and

trunk were taken as gross body movements. There

must be at least 3 separate body/limb movements

in 30 minutes (episodes of active continuous

movement considered a single movement) to

score 2 (normal). For 2 or fewer episodes of body/
limb movement in 30 minutes, the score was "0".

Fetal tone is rather a subjective observation and

represents the vigor of fetal movement in the true
sense. In addition to the extension or flexion of

the whole limb and trunk, opening and closing of

fetal hand were regarded as normal tone (score-

2). Clenched fists and feet undergoing dorsiflexion
were considered as normal tone. Either slow

extension with return to partial flexion or
movement oflimb in full extension or absent fetal

movement was considered abnormal (score 0).

Amniotic fluid volume was taken as the largest

pocket of fluid and was mostly found among the

fetal limbs. At least I pocket of AF that measures
at least 2 cms was taken as normal (score 2). An

abnormal test is no AF pocket or a pocket <2 cms.
Amniotic fluid index was also measured. It is

important to keep the ultrasound transducer at

right angles to the contour of the uterine wall and

to measure the fluid pocket in 2 perpendicular

planes.

The score of 0 to 4 was considered abnormal, 6 as

equivocal and 8 to 10 as normal. Biophysical

profile scoring technique, it's interpretation and

management were done as devised by Mannings4.9.

Antenatal Fetal Assessment using BPS F Begum et al.

The ability of the profile score to predict an

abnormal perinatal outcome was tested. An

abnormal perinatal outcome was defined as one

or more of the following (I) fetal distress in labor

(persistentFHR < IIO/min or> 160/min, repeated

late decelerations or repeated profound variable

or prolonged decelerations, (2) Apgar score <7 at

5 min, (3) small for gestational age (weight <5th

percentile), and, (4) perinatal mortality (the death

of the fetus or infant who weigh 500 gms or more

up to 28 days of age).

To analyze the significance of the test, X2 and

students t test were used. Sensitivity, specificity,

positive and negative predictive values were

calculated for biophysical variables signly and in
combinations. The cut off of 0 to 10 was used to

calculate the sensitivity and specificity and

receiver operating characteristic (ROC) curve

was constructed. Recommendations regarding
the choice of cut off value was made on the basis

of poor fetal outcome.

Results

We assessed 154high risk pregnancies. Maternal
and fetal parameters are shown in table-I. The
indications for fetal surveillance are listed in

table-II. The gestational age ranged between 33
to 42 weeks. The biophysical profile score was
assessed 325 times, with a range of 1-10tests and
an average of 2.14 tests per patient. The mean
duration of the test was 20.6 minutes (non stress
test 8.9 minute, ultrasound scan 12.6 minutes).

The results of individual biophysical variables

and different categories (normal, equivocal and

abnormal) ofthe.biophysical profile arc shown in

table-III, along with their relationship with normal

and abnormal perinatal outcome.

Results of the tests, their sensitivity, specificity

and predictive values are shown in table-IV.

Biophysical score of 10 was observed in 72.7%,
8in 13.6%,6in 11%,4in2%and2in7%ofcases.
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Abnormal perinatal outcome was higher among

the low score group. The prevalence of abnormal

perinatal outcome in this series was] 5.6%. There

was no perinatal death in this series.

The sensitivity of BPS at cut off point 4 was
12.5~, which means that at BPS 4 this test can

identify 12.5% of the affected babies in a given
population. The specificity of the test at the same

cut off point was 99.2% meaning that out of 100
women with normal fetuses 99.2% will be

identified as normal.

The negative predictive value at the same point

was 86%, which shows that at score 4 among the
cases with normal BPS tests the abnormal outcome

of pregnancy is 14%. The positive predictive

value of BPS at 4 was 75%, showing that with

abnormal BPS test, the chance of encountering
normal fetal outcome is 25%.

Observing the low sensitivity of the test at the

Table -I : Population parameters
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recommended 'abnormal' test (score <4) in the

present series a receiver operating characteristic

(ROC) curve was drawn (Fig.-l). A cut off point
of <8 was found to be a better choice with a

sensitivity of 71% and specificity of 81%.

The negative predictive values of all single tests

as well as a normal biophysical score were quite

similar. Among the single variable tests, the non-

stress test and fetal breathing movements were

found to be poorer predictors of abnormal perinatal
outcome, with apositive predictive value of34.6%

and 33.3% respectively. Three of the single
variable tests such as fetal movement, fetal totle

and amniotic fluid volume had better positive

predictive values, than did the non-stress test and

fetal breathing movement.

An abnormal biophysical profile score had the

best positive predictive value (75%) and this was
better than the values of non-stress test, fetal

breathing movement and fetal movement.

Mean S.D

3.8

.75

1.3

3.47

1.16

Age (years)

Parity (No.)

Gravida (No.)

Gestational age (weeks)

BPS score

Small for gestational age

Apgar score <7 at 5 min.

Fetal distress

Abnormal perinatal outcome

26.]8

1.3

2.3

38.35

9.7

No.

14

4

19

24

%

9.09

2.59

12.34

15.58

Perinatal outcome

Normal Ahnprmal
Mean:tSD Mean:tSD

3.43:t1.27 7.4I:t2.24

38. 72:t 1.63 38.66:t2.1

2.77:t.46 2.74:t.61

BPS

Gestation week

Birth wt. kg.

* Stl/dents t test

p value*

<.001

.875

.759
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Table-II: Indication for fetal surveillance

N

Decreased Fetal Movement

Postdates

Hypertension
Previous still born

Diabetes

Bad obstetric History

Suspected IUGR
Medical conditions
Rh isoimmunization

Suspected congenital anomaly
Others *

154

31 (20.1 )

24 (15.6)

20 (13.0)

20 (13.0)

18 (11.9)
16 (10.4)

14 (9.1)

15 (9.7)

4 (2.6)
2 (1.3)

25 (16.2)

Total are> 100% because some patients had more than on~ indication for testing
* Included diagnosis of maternal cardiovascular. renal and autoimmune diseases.

Table - III : Individual biophysical variables. biophysical profile and perinatal complications in

154 fetuses:

Test result

Normal Abnormal Fetal Apgar score Small for
distress <7 at 5 min gestational

age fetus

<5 percentile
No. % No. % No. % No. % tile

Non stress test 128 (83) II (9) 3 (2) 8 (6)
26 ( 17) 8 (31 ) 2 (8) 6 (23)

Fetal breathing 142 (92) 15 (II) 3 (2) 12 (8)
movement 12 (8) 4 (33) 2 (17) 2 ( 17)
Fetal movement 147 (95) 10 (7) 3 (2) 10 (7)

7 (5) 4 (57) 2 (33) 3 (50)
Fetal Tone 148 (96) 16 (9) 3 (2) II (7)

6 (4) 3 (50) 2 (33) 3 (50)
Amniotic fluid 137 (89) 12 (8) 2 (1.4) 8 (6)
volume 17 (II) 7 (4) 3 (18) 6 (35)
Normal BPS 133 (86) 12 (9) 2 ( 1.5) 7 (5.3)

score (8-10)

Equivocal BPS 17 (II) 4 (24) I (9) 5 (29)

l I:me 6)
.4hnormal BPS 4 (3) 3 (75) I (25) 2 (50)

Score (0-4)

BPS: Biophysical profile score.
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Table - IV: Individual biophysical variables. biophysical profile score and predictive values for
perinatal outcome in 154 fetuses.

Test result Perinatal outcome
Normal Abnormal Normal Abnormal Predictive Sensi- Speci-

values tivity ficity
No. % No. % No. % No. % -ve +ve

Non stress test 128 (83) 113 (88) 15 (12) 88.3
26 (17) 17 (65) 9 (36) 34.6 37.5 86.9

Fetal breathing 142 (92) 122 (86) 20 (14) 85.91
movement 12 on 8 (67) 4 (33) 33.3 16.7 93.8

Fetal movement 147 (95) 127 (86) 20 (14) 86.4
7 (5) 3 (43) 4 (57) 57.1 16.7 97.7

Fetal Tone 148 (96) 128 (86) 20 (14) 86.8
6 (4) 2 (33) 4 (67) 60.7 16'.7 98.5

Amniotic fluid 137 (88.96) 123 (90) 14 (10) 89.78
volume 17 (II) 7 (41) 10 (59) 58.8 41.7 94.6

BPS 10 112 (72.7) 105 7
93.7 40.5 70.8 80.8

BPS 8 21 (13.5) 14 7
89.5 47.6 41.7 91.5

BPS 6 17 (II) 10 7
86 75 12.5 99.2

BPS4 3 (2) I 2
84.9 100 4.16 100

BPS 2 I (7) 0

BPS: Biophysical profile score.

100
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I I
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Fig.-l : ROC curvefor BPS
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Table -V : Meta analysis of sensitivity, specificity and predictive values of individual biophysical
variables and BPS.

BPS NST FBM FM FT AFV

A. Sensitivity
al 76.50 57.10
a2 7.60 20.30 20.50 4.20 11.70 6.10
a3 43.00 22.00 11.00 25.00 ]8.00
a4 4].70 37.50 16.70 16.70 16.70 41.70

Meta analysis 25.]7 25.67 20.25 5.69 1329 9.81

B. Specificity
b] 97.20 84.70
b2 99.70 90.50 92.00 99.40 97.60 99.40
b3 94.20 89.10 99.60 98.40 96.90
b4 91.50 86.90 93.80 97.70 98.50 94.'60

Meta analysis 97.93 90.04 91.94 99.29 97.78 98.77

C. Negative predictive value
c1 98.80 98.00
c2 88.10 88.20 88.40 87.20 87.90 87.40
c3 94.00 91.00 91.00 92.00 92.00
c4 89.50 88.30 85.91 86.40 86.80 89.78

Meta analysis 90.00 89.89 88.52 87.59 88.32 88.02

D. Positive predictive value
dl 56.30 13.10
d2 79.20 24.90 28.00 50.00 43.]0 59.30
d3 44.00 18.00 75.00 64.00 33.00
d4 47.60 34.60 33.30 57.10 60.70 58.80

Meta analysis 57.14 25.89 26.77 54.54 47.19 56.36

1. Mannings et al ; 1984 (n=375,360) Ref-14 2. Baskett et al ; 1984 (n=1996) Ref - II
3. Platt et al; 1983 (n=286) Ref - 10 4. Present study

Discussion high false positive rate. These findings agree

The predictive value for an abnormal perinatal
more or less with previous reports11I.1I.

outcome, as defined in the study, was improved Individual biophysical variable was compared

by the combination of five biophysical variables with combint;d variables in predicting fetal

compared to the observation of a single variable. outcome and it was reported that positive

However, it did not improve the predictive value predictive value was higher when all the 5 variables

of a normal perinatal ,outcome. Hence the were combinedll. Manning (1980) found that the

biophysical profile score is very useful in false negative rate, when all 5 variables were

clarifying the abnormal non-stress test with it's combined together, was significantly lower than
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when observed with any single or 4 factors in
different combinations. In contrast the false

positive rate was also lowered significantly when

two abnormal tests were present and was least
when all 5 variables were abnormal4.

Meta analysis of sensitivity, specificity and

predictive values of abnormal BPS found by
different authors and the present series are shown

in table-V. It also shows that positive predictive
value is highest when all the five tests are
combined.

The sensitivity of all the tests are poor as shown

in table-IV. This somewhat deceptive result may

be largely due to the inclusion of categories of

fetal distress and small for gestation age in the

definition of abnormal perinatal outcome. It may

be also due to smaller sample size which is one

of the limitations of the present study.

The frequency of testing ranged from I to 7 days,

depending on the severity and stability of the
clinical situation. The equivocal test result is not

a clear guide to management and only require

intervention if other findings support this
course, otherwise it would be better to repeat the

test in 24 hours. In contrast, the predictive value

of normal and abnormal biophysical profile

scores are a clear guide to management.
Monitoring fetal biophysical activities has a

critical role in identifying asphyxiated fetuses.

Fetal asphyxia affects multiple organ systems

and therefore the signs of asphyxia are multiple
and diverse. The degree of manifestation of these

signs will vary with extent, duration and chronicity

of insult. Initially, asphyxia will cause loss of

acute variables (heart rate acti vity, breathing
movement and tone) but amniotic fluid volume

may be normal. Repeated episodes ofhypoxemia

with recovery between episodes may cause

oligohydramnios, whereas acute variables may

be normal. Progressive and severe asphyxia will

produce both oligohydramnios and loss of acute

August 1996

biophysical variables. Such combined monitoring
of biophysical variables has both theoretical and

practical advantages over any single variable
assessment technique.

The rationale for testing several biophysical

variables when seeking fetal hypoxemia is based

on the principle that different sites in fetal brain

control different biophysical events. The

sensitivity of these different sites to hypoxia may
vary so that the subsequent biophysical
manifestations may be diverse and inconsistent.

The centers in the fetal central nervous system
that become active earliest in utero are the last to

malfunction during fetal hypoxia and acidosis

(gradual hypoxia concept)? As'sessing and

combining several biophysical variables may

provide an advantage in fetal surveillance.

Each abnormal variable is associated with high

false positivity and may be associated with

diurnal variation, altered fetal sleep state, short

term periodicity, maternal hypoglycemia, drug
administration or extreme fetal prematurity.
These factors are to be ruled out and warrants

for repeated and prolonged testing and
assessment of responses to intrinsic and
extrinsic stimuli. Persistent absence of

biophysical activities are frequently associated

with fetal hypoxia and acidosisx.1\ There was no

perinatal mortality in this series.

With the added benefit of fetal number and

position, risk of IUGR, placental location and

grading and identifying major congenital

anomaly not detected earlier in pregnancy, BPS

is a great new vista in which fetal responses

can be monitored with remarkable precision
and clarity.

In caring for the high-risk fetus, biophysical

profile scoring will remain a valuable adjunct by

determining fetuses at risk for death or injury in

utero. In view of its low sensitivity, cost benefit

analysis of the test is advocated.. ",
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