RADIAL AMNIOTIC FLUID INDEX AS A NEW AND ACCURATE
METHOD FOR MEASURMENT OF AMNIOTIC FLUID VOLUME
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Abstract- Amniotic fluid volume (AFV) is one of the important parameters in the assessment of fetal
well-being. The ability of ultrasound measurements to represent the actual AFV is unproven. This study
was undertaken to compare correlation of conventional amniotic fluid index (AFI) and radial amniotic
fluid index (RAFI) as a new method with actual fluid volume on phantom. As an experimental study, 10
to 100 ml of water with 5 ml intervals was injected to a rubber bladder as a uterus phantom containing a
15 week gestational age fetus. The vertical diameter was measured in largest fluid pouch at each
quadrant. Four diameters were summed as conventional AFI. The largest radial diameter perpendicular
to uterus and fetus was measured at four quadrants and were summed as RAFI. Databases were
analyzed based on correlation and regression methods. RAFI and conventional AFI predicted 91.6%
and 65% of variations of fluid volume, respectively (P < 0.001). In conclusion, RAFI is more accurate

and reliable than conventional AFI in the prediction of injected fluid volume.
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INTRODUCTION

Amniotic fluid volume (AFV) is one of the
important parameters in the assessment of fetal well-
being. Abnormalities of amniotic fluid volume are
associated with an increased incidence of fetal and
neonatal morbidity and mortality (1-3). The prenatal
diagnosis of oligohydramnios and polyhydramnios is
important in the management of pregnancy.
Although invasive methods such as the indicator
dilution technique offer quantitative accuracy, they
carry the inherent risks of amniocentesis (4).
Invasive methods are time consuming, expensive,
and not readily available. These methods are favored
investigational tools for researchers, but these
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techniques are not accepted by patients for routine or
repeated measurement of AFV. Conversely, non-
invasive sonographic methods of AFV assessment
are safe, rapid, cost-efficient, available, accepted,
and repeatable; however, the ability of ultrasound
measurements to represent the actual AFV is
unproven.  Currently, the following three
semiquantitative ultrasonographic techniques are
most often used for evaluating of AFV: amniotic
fluid index (AFI) (5, 6), single deepest vertical
pocket (7, 8), and two-diameter pocket (9, 10).
These methods are poor predictors of actual AFV
when compared with dye-dilution method (11). Even
though sonographic assessment of AFV has been
attempted for more than 2 decades, there is still no
consensus on the best method to report the status of
AFV in an individual patient. The AFI is probably
the best of the semiquantitative methods available
for AFV assessment, but it should not be considered
to be without its own inherent limitations (12).
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In this study we introduce a new method with
new indices for assessment of amniotic fluid volume
using a uterus phantom containing a 15 week
gestational age aborted fetus. Then we compared
these new indices with AFI. The purpose of this
study was to introduce an accurate and reliable
method for measurement of actual amniotic fluid
volume.

MATERIALS AND METHODS

A rubber bladder containing a 15 week
gestational age aborted fetus was considered as
uterus phantom. In the human being uterus is
compressed antero-posteriorly  between  rectus
muscles and spinal column so uterine volume
increases superiorly and laterally rather than
anteroposteriorly. For obtaining similar effect, the
phantom was covered with another rubber band
anteroposteriorly. According to our preliminary
examination we found 10 ml to 100 ml fluid
injection with 5 ml intervals as suitable. We
preferred small sizes for comfortable and minute
measurements but propagation for larger sizes was
available by doubling of diameters and 8 folding of
volumes for each database. After injecting of each
specific volume fluid to uterus phantom, the fluid
indices were measured three times on different
situation of fetus by a sonographer who was not
aware of injected fluid volume. All sonographies
were performed by the same physician with a
general electric device. All scans were taken by a 7.5
MHz linear probe.

The indices were measured by two methods as
following:

In the first method, the uterus phantom was
divided into four quadrants by a midsagittal and a
transverse line crossing the middle of mid sagittal
line. The radial diameter perpendicular to uterus
wall and fetus was measured in largest fluid pouch at
each quadrant. Four diameters were summed as
RAFI. The probe was applied completely free on the
phantom for measurement of radial diameters.

The second method was performed according to
AFI method suggested by Phelan et al. (5) and then
by Moore (13). The uterus phantom was divided into
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four quadrants. The transducer was held parallel to
the sagittal plan and perpendicular to the coronal
plan of uterus phantom. The vertical diameter was
measured in largest fluid pouch at each quadrant.
Four diameters were summed as conventional
AFI.

Fluid was injected with intervals of 5 ml and
from 10 to 100 ml and the sonographer obtained
indices by two above mentioned methods. Each
volume was measured three times on different days
and sonographer was not aware of injected fluid
volume.

The obtained databases were analyzed based on
correlation and regression method as well as
reliability with the use of SPSS version 11.

RESULTS

All three measurement values of AFI for each
injected fluid volumes were used in obtaining
Pearson correlation. The correlation of AFI with
injected fluid volume was 0.809 (r = 0.809, P =
0.0001). Sixty-five percent of variation of fluid
volume was predicted by conventional method (r2 =
65%, P < 0.001). Similar to conventional method,
three measurements of RAFI for each injected fluid
volume were used for evaluation of predicted
variation of fluid volume. The correlation of RAFI
with injected fluid volume was 0.975 (r = 0.975, P =
0.0001). RAFI method predicted 91.6% of variation
of fluid volume (' = 91.6%, P < 0.001).

For each method simple scatterplot and linear
regression line was designed (Fig. 1-A, B). For
evaluation of reliability, the results of correlation
between times of measurements by new RAFI
method are as follows: the correlation of first with
second time was 0.90 (r = 0.90), the correlation of
first with third time was 0.88 (r = 0.88) and the
correlation of second with third time was 0.95 (r =
0.95)

The results of correlation between times of
measurements by conventional AFI  method
are as follows: the correlation of first with second
time was 0.53 (r = 0.53), the correlation of first with
third time was 0.41 (r = 0.41) and the correlation of
second with third time was 0.88 (r = 0.88)



A-Simple Scatterplot of RAFI and Volumes
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B-Simple Scatterplot of AFI and Volumes
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Fig.1. Simple scatterplot of RAFI (A) and AFI (B) with injected fluid volume.

DISCUSSION

As the results revealed, new RAFI method is
more reliable than conventional AFI. The RAFI
method is also more accurate than conventional AFI
in predicting injected fluid volume. With attention to
AFI simple scatterplot (Fig.1-B) it is clear that in
lower volumes the amount of volume is
overestimated and in higher volumes the amount of
volume is underestimated with AFI, a finding in
accordance with Dildy’s study (11).

The new technique is more accurate for the
following reasons: According to schematic diagram
shown in fig. 2, because of compression effects of
rectus muscles and spinal column, the expansion of
uterus by increasing amniotic fluid volume causes
smaller changes in vertical dimension of the largest
pocket compared to radial dimension and in this
dimension the interval between uterus and fetus is
increased proportionately. Therefore by using radial
method, the variation of fluid volume is predicted
more accurately.

Fig. 2. Vertical and radial changes of fluid pouches with
increasing amount of amniotic fluid volume.

Two states with the same volume of fluid and
different situations of fetus within the uterus are
considered in fig. 3. According to upper schematic
diagram, at vertical method two measured
dimensions of G and H are summed and G + H is
obtained. According to lower schematic diagram
with another situation of fetus and same volume, two
vertical dimensions of g and h are measured and g +
h is obtained. It is clear that G + H is < g + h.
Therefore with an equal volume of fluid and
different situation of fetus, the obtained values by
vertical method are not equal. But in radial
technique, X + Y, obtained by two measured radius
of X and Y, is equal to x + y obtained by two
measured radius of x and y at second fetus situation.
Therefore the radial method is more accurate than
vertical method in prediction of actual amniotic fluid
volume and is also more reliable.

Fig.3. Different position of fetus with almost the same
amniotic fluid volume.
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