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Literature Review

Introduction

Amniotic fluid is vital for fetal well-being and pregnancy 
outcome. It delivers an ideal environment for normal fetal 
growth and development by providing the fetus with a 
source of water, protecting the fetus from trauma, allow-
ing for normal movements critical for anatomic develop-
ment, and contributing to the improvement of fetal lung 
maturity.1 The amount of amniotic fluid at any given ges-
tational age is critical to fetal progress and can ultimately 
affect the end result of a pregnancy. The normal amount 
of amniotic fluid volume (AFV) across a gestation has 
not been clearly defined, and consequently, abnormal val-
ues are also poorly defined.1 There are numerous meth-
ods that can be used to evaluate AFV during pregnancy; 
however, the most accurate method is yet to be deter-
mined. Amniotic fluid volume assessment is now recog-
nized as an indispensable adjunct to antenatal fetal 
assessment; therefore, it is crucial that a standard method 
be determined to prevent fetal morbidity and mortality as 
well as other adverse pregnancy outcomes when AFV 
abnormalities are diagnosed.2 The purpose of this review 
is to determine an accurate method for determining AFV 
abnormalities by evaluating several published studies 
that have compared sonographic methods of assessing 
AFV during pregnancy.

Sources Affecting AFV

Before classifying AFV as normal or abnormal, it is imper-
ative to understand where amniotic fluid comes from and 
why it is essential to maintain an ordinary healthy preg-
nancy. There are many factors, both fetal and maternal, that 
affect the AFV throughout a gestation. Amniotic fluid is 
maintained in a dynamic equilibrium; its volume is the 
sum of fluid (from fetal urine and lung fluid) flowing into 
and out of the amniotic space.3 There is an active balance 
between fetal urine production and fetal swallowing that 
seems to control the net AFV, unless there is a fetal anom-
aly affecting those functions. Fetal swallowing can be 
affected by structural abnormalities such as esophageal 
atresia; cleft lip and palate; congenital abnormalities 
including Trisomy 13, 18, and 21; decreased amniotic 
osmolality; and increased fetal plasma osmolality.1,2,4 
Abnormalities with fetal swallowing often lead to 
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Abstract
Amniotic fluid assessment is vital to fetal well-being. Accurately diagnosing an amniotic fluid abnormality can aid in 
the proper management of a pregnancy at risk for an adverse outcome. Sonography is the most common way to 
assess amniotic fluid volume throughout a pregnancy; however, the most accurate technique, amniotic fluid index or 
maximum vertical pocket, is yet to be determined. Dye-dilution techniques are the most accurate way to measure 
amniotic fluid volume, but they are invasive and can be performed only at the time of a cesarean delivery. Multiple 
studies have been performed to determine the accuracy of the amniotic fluid index and maximum vertical pocket 
methods when diagnosing amniotic fluid volume abnormalities. Based on the studies reviewed in this article, neither 
method stands out as superior to the other when it comes to diagnosing amniotic fluid abnormalities during pregnancy. 
However, the maximum vertical pocket should also always be considered when an amniotic fluid abnormality is 
suspected because the amniotic fluid index overdiagnoses amniotic fluid abnormalities, leading to increased rates of 
pregnancy intervention and the potential for adverse pregnancy outcomes.
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polyhydramnios, or an abnormal increase in AFV.4 Other 
etiologies related to polyhydramnios include maternal con-
ditions such as uncontrolled diabetes and drug exposure as 
well as fetal causes such as macrosomia; congenital infec-
tions; fetal tumors; central nervous system anomalies such 
as anencephaly and spina bifida; gastrointestinal anoma-
lies; and abnormalities of the respiratory system and geni-
tourinary system.4,5 Whereas fetal and maternal conditions 
are seen in nearly half of all cases of polyhydramnios, the 
remaining half have no apparent cause and the abnormal 
AFV remains unexplained.4,5 In idiopathic polyhydram-
nios, there is a 2- to 5-fold increase in perinatal morbidity 
and mortality as well as an increased risk of abnormal pre-
sentation and cesarean delivery.4

Fetal urine production is the principal factor that 
affects AFV during pregnancy. Fetal urine first enters the 
amniotic space at 8 to 11 weeks of gestation and is the 
predominant source of amniotic fluid in the second half 
of the pregnancy.1 Lack of fetal urine production often 
leads to oligohydramnios, or a decreased AFV. 
Genitourinary abnormalities, such as bladder outlet 
obstruction, posterior urethral valves, and Potter’s syn-
drome, as well as congenital abnormalities can cause oli-
gohydramnios. Other pathologies related to decreased 
AFV include premature rupture of membranes, placental 
dysfunction, intrauterine growth restriction, postdate 
pregnancy, and uteroplacental insufficiency from mater-
nal or fetal complications such as hypertension, diabetes, 
and placental abruption.6,7

Other factors affecting AFV throughout pregnancy 
include the secretion of fetal lung fluid and the intramem-
branous movement of water and solutes into fetal circula-
tion.1 The intramembranous pathway is a mechanism that 
the body uses to maintain the balance of AFV as a preg-
nancy progresses. As gestation advances, fetal urine pro-
duction increases, as does the amount of lung fluid 
secreted by the fetus, which can cause a rise in AFV. The 
intramembranous pathway is the body’s natural way of 
maintaining normal AFV by compensating for the excess 
fluid that the fetus is producing.1 Maternal hydration also 
plays a role in overall AFV at any given point during ges-
tation. The intramembranous pathway likely plays a role 
in correcting the fluid volume during times of maternal 
dehydration.1 Magann et al.1 performed a study, finding 
that using 1 liter of intravenous hydration in a dehydrated 
mother increased the actual and sonographically esti-
mated AFV in the fetus.1 Kilpatrick et al.8 confirmed 
these findings and found that maternal hydration with 2 
liters of fluid in a mother with low AFV can increase the 
human fetal amniotic fluid index (AFI) by up to 31%.1 In 
a normal singleton pregnancy, AFV rises progressively 
until approximately 33 weeks of gestation and then pla-
teaus between 33 and 38 weeks, which is then followed 
by a decline after 38 weeks.4

Methods

Diagnosing any AFV abnormality prenatally is crucial to 
properly managing a pregnancy in order to decrease the 
risk of fetal and neonatal morbidity and mortality.3 There 
are multiple techniques that can be used to assess AFV 
during pregnancy. The most accurate, yet most invasive 
and impractical method for determining AFV is obtaining 
direct measurements at the time of hysterotomy with the 
use of dye-dilution techniques.3,4,8 The problem with this 
method is that it is intrusive, cumbersome, and time con-
suming; requires laboratory support; and cannot be used 
to assess amniotic fluid levels throughout the preg-
nancy.3,8 Another limitation is that the direct measure-
ment obtained using the dye-dilution technique reflects 
AFV only at the time of cesarean delivery.8 Because of 
the bounds of the dye-dilution technique, sonography is 
used to measure AFV at any given point throughout 
gestation.3

The AFI method, first introduced by Phelan et al. in 
1987,10 involves dividing the amniotic cavity into four 
quadrants and measuring the deepest vertical pocket in 
each quadrant.2,7 The measurements are then added to 
give an estimated total AFV. To obtain an accurate AFI, 
sonographers must follow several guidelines. The ultra-
sound transducer should always be oriented perpendicu-
lar to the patient’s coronal plane, and the deepest, 
unobstructed pocket of amniotic fluid should be identi-
fied.2 Gray areas on the screen should be avoided when 
obtaining a measurement, as amniotic fluid is generally 
near the black end of the gray scale.2 Measuring narrow 
spaces between fetal structures and the uterus should also 
be avoided.2 A quadrant cannot be measured if one must 
measure through fetal parts or through a loop of umbilical 
cord.2 The use of color Doppler can ensure that parts of 
the umbilical cord are not included in the measurement. 
Each pocket should measure at least 2 × 1 cm to be used 
in the total AFI.2 The AFI is typically measured after 25 
weeks of gestation. A normal AFI measures greater than 5 
cm and less than 24 cm.8 Oligohydramnios is diagnosed 
if the AFI measures less than or equal to 5 cm, and poly-
hydramnios is diagnosed if the AFI is greater than 24 
cm.1,2,8 The AFI is the most widely used sonographic 
method for assessing AFV throughout pregnancy.2

The use of the maximum vertical pocket (MVP) tech-
nique can be traced back to an article published in 1980 
by Manning,11 where he described a normal AFV as fluid 
evident throughout the uterine cavity, as well as the larg-
est pocket of fluid measuring more than 1 cm in the verti-
cal dimension.9 This definition set the standard for the 
future of the MVP method. The MVP technique can be 
used to assess AFV as early as the second trimester. By 
1990, the definition of an adequate AFV as a component 
of the biophysical profile was a pocket of fluid measuring 
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a minimum of 2 cm in the vertical axis and 1 cm horizon-
tally.9 This threshold of a 2 × 1 cm pocket of fluid is the 
current ultrasound measurement used to estimate a nor-
mal AFV when practicing the MVP method.1,8,9 When 
using the MVP technique, oligohydramnios is diagnosed 
when the MVP is less than 2 cm, and polyhydramnios is 
diagnosed when the MVP is greater than or equal to 8 
cm.1,7 A MVP of greater than or equal to 2 cm to less than 
8 cm is considered normal.

Importance of Accurate Amniotic 
Fluid Assessment

Amniotic fluid volume is ultimately a gauge of fetal 
health, and there is no clear consensus on the best method 
to assess amniotic fluid adequacy.3 Assessing AFV dur-
ing a sonographic examination, for fetal anatomy and 
growth, provides physicians with important information 
with regard to fetoplacental functions as well as the struc-
tural integrity of the fetus.2 In the late second and third 
trimesters of pregnancy, the sonographic estimation of 
AFV is an important part of antenatal testing of a fetus at 
risk of an adverse pregnancy outcome.10 Pregnancies 
with an amplified risk of adverse endings include those 
affected by intrauterine growth restriction, uncontrolled 
gestational diabetes, chronic hypertension, obesity, and 
fetal anomalies and those of mothers with a prior preg-
nancy with a poor outcome.1,9,11 It is vital that an accurate 
assessment is always used in the clinical setting to reduce 
the risk of morbidity and mortality to the fetus.

Proper measurement of amniotic fluid pocket depth, 
whether using the AFI or MVP technique, requires disci-
pline and consistency if results are to be applied to a clini-
cal situation reliably.11 The precise assessment of AFV by 
sonography can be influenced by an inexperienced 
sonographer, fetal position, the probability of a transient 
change, and the different diagnostic criteria of an abnor-
mal volume.3 A practitioner should pay meticulous atten-
tion to obtaining reproducible, high-resolution images 
and consider performing at least three replicates of mea-
surements to increase reliability if AFV abnormality is 
suspected.11 Experienced sonographers become seasoned 
to subjectively identifying abnormalities with AFV and 
can greatly influence a physician’s outlook for managing 
the remainder of a pregnancy. Over the years, many stud-
ies have been performed to determine which method, AFI 
or MVP, is the most defined in determining amniotic fluid 
abnormalities, since dye-determined techniques are not 
feasible in day-to-day clinic settings.1,8

Comparing AFI and MVP

The first attempts to compare AFV and fetal well-being 
date back to 1984 when Chamberlain et al.15 used the 

MVP technique to evaluate overall AFV during preg-
nancy. Using a qualitative scale, they categorized AFV as 
normal if the MVP was greater than or equal to 2 cm and 
less than or equal to 8 cm. The AFV was considered mar-
ginal if the MVP measured less than 2 cm but greater than 
or equal to 1 cm and decreased if the pocket was less than 
1 cm.13 Chamberlain et al.15 examined 7582 cases and 
reported perinatal mortality in structurally normal fetuses 
of 1.97 of 1000 patients with normal AFV, which 
increased to 109.4 in 1000 and 187.5 in 1000 if AFV was 
marginal (MVP < 2 cm) or decreased (MVP < 1 cm). The 
most significant finding from their study was that fetal 
death risk was increased 10-fold and neonatal death 
increased by more than 5-fold when the MVP measured 
less than 1 cm.14,15 The results of this study emphasize the 
importance of an accurate fluid assessment and how it 
can affect the outcome of a pregnancy.

A study performed by Moore16 evaluated the ability of 
the MVP technique compared with the AFI method to 
detect abnormal AFV in 1168 patients.1 When using the 
AFI method, 76 women were found to have oligohydram-
nios compared with only 32 using the MVP technique. 
Moore concluded that the AFI method was superior to the 
MVP technique because it identified more women with 
low AFV.1,16,17 The limitation to Moore’s study was that the 
two methods were compared only with each other and not 
directly with measured or dye-determined AFV.1 Following 
Moore’s study, Magann et al.17 questioned the findings that 
the AFI method was superior to the MVP technique in 
diagnosing abnormal AFV. They then compared the AFI 
and MVP approaches with dye-determined AFV in 179 
singleton pregnancies to conclude if one was superior to 
the other in detecting AFV abnormalities.1 Based on their 
findings, Magann et al.17 found that both techniques were 
unreliable in the detection of abnormal AFV and that nei-
ther technique was superior to the other.1,17

The Cochrane Collaboration provides a review of ran-
domized controlled trials involving women with a single-
ton pregnancy undergoing assessment of AFV as part of 
antenatal assessment of fetal well-being that compared the 
AFI technique and MVP measurement.3 The goal of this 
review was to determine if either approach was more 
accurate in diagnosing AFV abnormality to help reduce 
the risk of an adverse pregnancy outcome. Five trials met 
the inclusion criteria, which involved reviews of 3226 
women between 1997 and 2004.3 When using the AFI 
method, it was found that significantly more cases of oli-
gohydramnios, or an AFI of less than 5 cm, were diag-
nosed, which led to more inductions of labor and cesarean 
delivery for fetal distress.3 Nabhan and Abdelmoula3 con-
cluded that MVP measurement in the assessment of AFV 
seems to be a better choice during fetal surveillance. They 
believe that the AFI method increases the rate of diagnosis 
of AFV abnormality and the frequency of labor inductions 
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without improvement in peripartum outcomes. The MVP 
technique and AFI method are equivalent in their predic-
tion of adverse outcomes and AFV abnormalities; how-
ever, based on these findings, many clinicians have pushed 
to abandon the AFI method in antenatal testing because it 
leads to higher rates of pregnancy interventions without 
any noticeable benefits.9,14

Conclusion

There is no constant standard for measuring AFV across 
the board. Some clinics use the AFI method and others 
use the MVP technique. Based on the above evidence, it 
would seem that the MVP technique is a better choice 
when evaluating AFV; however, more research is needed. 
Studies must be performed to determine if that approach 
will become the uniform standard of care for assessing 
AFV. According to Magann et al.,13 if either of the two 
techniques is to be acknowledged as superior to the other, 
it must meet most, if not all, of the following criteria: The 
technique must accurately identify the actual AFV (anal-
ysis by dye-dilution technique or direct measurement at 
cesarean delivery) as well as minimize the number of 
patients it considers to have oligohydramnios or hydram-
nios. The technique must also be a reliable predictor of 
adverse perinatal complications, and when used in con-
junction with other ancillary tests, it improves neonatal 
outcomes.9 The ultimate goal of every pregnancy is to 
have a healthy fetal outcome. Accurate assessment and 
diagnosis of AFV abnormalities provides physicians with 
information necessary to properly manage a pregnancy 
longitudinally, which may improve the overall outcome 
of the pregnancy.
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