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Objective: Assessing amniotic fluid volume is an integral part of obstetric practice. Data are
sparse on at-risk pregnancy and amniotic fluid volumes. The aim of our study was to determine if
there is a difference in perinatal outcomes based on complications of pregnancy and amniotic fluid
volumes. We hypothesized that at-risk pregnancies with abnormal amniotic fluid volumes would
have worse perinatal outcomes than normal pregnancies with abnormal amniotic fluid volumes.
Study Design: This retrospective cohort study evaluated both normal and at-risk singleton
pregnancies with intact membranes on admission for delivery. Amniotic fluid volumes were
estimated using both the amniotic fluid index (AFI) and single deepest pocket (SDP)
techniques. All sonograms were performed by trained ultrasound technicians or obstetri-
cian/gynecologists. We placed 3365 women into 6 separate groups (at-risk versus normal,
then further stratified by oligohydramnios by SDP, normal fluid, or polyhydramnios by AFI).
Results: At-risk pregnancies with normal fluid and at-risk pregnancies with polyhydramnios
have significantly increased risk of neonatal intensive care unit (NICU) admission [OR 2.06
(95% CI 1.63,2.60), OR 2.74 (95% CI 1.54, 4.87)]. Birthweight is significantly higher in at-risk
and normal pregnancies with polyhydramnios than those with normal pregnancies and normal
fluid (p<0.0001). Birthweight is significantly lower in at-risk pregnancies with oligohydramnios
(p<0.0001). There were no significant differences in need for amnioinfusion in labor, variables or
lates influencing delivery, meconium staining, or umbilical artery pH <7.1.

Conclusion: Our study attempted to further define risk of adverse pregnancy outcomes by
defining the pregnancy as normal or at-risk and amniotic fluid volumes. Contrary to our
hypothesis, we did not find an increased risk of many of the adverse perinatal outcomes we
studied amongst at-risk pregnancies with abnormal fluid. There was an increased risk of
NICU admission associated with polyhydramnios in normal and at-risk pregnancies.
Keywords: amniotic fluid volume, obstetric ultrasound, neonatal outcomes, at-risk

pregnancy

Plain Language Summary

Ultrasound estimates of amniotic fluid volume are used to manage pregnancies that are at-
risk for adverse outcomes. Both high and low amniotic fluid volume have been associated
with pregnancy complications. This study looked at normal pregnancies and higher risk
pregnancies along with the amount of amniotic fluid each woman had prior to delivery. We
expected that women with low or high amniotic fluid volumes would have increased rates of
complications. We also expected that the higher risk pregnancies would have increased rates
of complications. There were no significant differences in many of our selected markers of
pregnancy complications (decelerations in fetal heart rate requiring influencing need for
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delivery, need for infusion of fluid to alleviate decelerations, low
umbilical artery pH and meconium staining of amniotic fluid).
Neonatal intensive care unit admission is increased in normal
pregnancy with excess amniotic fluid and at-risk pregnancy with
excess amniotic fluid. There is a continued need in obstetrics to
risk stratify pregnancies in order to target interventions that

reduce adverse pregnancy outcomes.

Introduction

The sonographic estimate of the amniotic fluid volume
(AFV) is used as an indicator of fetal well-being and is
an integral part of antenatal testing.' It is postulated that an
“at-risk” or abnormal pregnancy could affect the AFV of
a pregnancy. This could be due to poor placental perfusion,
which causes blood to shunt to the brain, heart, and adre-
nal glands at the expense of the rest of the fetal organ
systems, resulting in decreased renal perfusion and
oligohydramnios.> Conversely, amniotic fluid can be
increased in pregnancies complicated with diabetes or
with macrosomia.> Because of these associations, mea-
surement of the AFV has become a vital part of the fetal
surveillance techniques designed for pregnancies at risk
for adverse perinatal outcomes.* The two most commonly
used surveillance tests are the biophysical profile and the
modified biophysical profile, both of which require the
assessment of amniotic fluid volume with the single dee-
pest pocket (SDP) technique and/or the amniotic fluid
index (AFI) to complete the antenatal testing.

A number of investigations have defined normal AFV
across gestation in normal pregnancies.”’ AFVs in at-risk
pregnancies have been compared to the AFV normalities
derived from low risk women, and the presence of normal
amniotic fluid volumes is reassuring even in at-risk
women.® Very few investigations have evaluated the rela-
tionships between normal and abnormal AFVs in a large,
single study of both normal and at-risk, non-anomalous
singleton pregnancies with intact membranes. The purpose
of this investigation is to evaluate the relationship of
estimated AFV and outcomes in normal and at-risk preg-
nancies. Our objective was to determine if there is
a difference in neonatal outcomes based upon at-risk clas-
sification of the pregnancy and amniotic fluid volumes
(both AFI and/or SDP). We hypothesized that at-risk preg-
nancies with abnormal amniotic fluid volumes would have
worse perinatal outcomes than normal pregnancies with

abnormal amniotic fluid volumes.

Materials and Methods

This retrospective cohort study evaluated both normal and
at-risk singleton pregnancies after admission to labor and
delivery. The study was conducted at Madigan Army
Medical Center and the University of Arkansas for
Medical Sciences (UAMS). This study was approved by
the Institutional Review Board of the University of
Arkansas for Medical Sciences (study #205741). The
Investigational Review Board determined that informed
consent was not required, as the study was retrospective
in nature and patient medical record number was removed
from the data set after obtaining data. This study was
conducted in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.’

Women with multiples, suspected or confirmed aneu-
ploidy, fetal anomalies, prelabor rupture of membranes,
and those admitted with the anticipation of cesarean deliv-
ery were excluded from the study. A normal pregnancy
was defined as subjects without medical conditions that
could influence amniotic fluid volume. An “at-risk” preg-
nancy was defined as subjects with medical conditions that
could influence amniotic fluid volume such as chronic
hypertension, preeclampsia, pre- or gestational diabetes,
collagen vascular disorders, renal disorders and chronic
placental abruptions.

All women with intact membranes admitted to labor
and delivery from July 2015 to December 2018 with the
anticipation of spontaneous vaginal delivery at the
for Medical
Madigan Army Medical Center were evaluated for inclu-

University of Arkansas Sciences and
sion in the study. Once meeting inclusion criteria, data on
maternal and perinatal outcomes, maternal demographics,
medical history, and antepartum complications were eval-
uated. Intrapartum assessments included mode of delivery,
reason for operative vaginal delivery or cesarean delivery
if they occurred, and meconium staining of the amniotic
fluid. Neonatal outcomes included gestational age at deliv-
ery, Apgar scores at 1 and 5 minutes, umbilical artery cord
pH, base excess, admission to the neonatal intensive care
unit (NICU), and reason for that admission. The reasons
for admission included prematurity, sepsis workup, chor-
ioamnionitis, respiratory depression, hypoglycemia, meco-
nium aspiration, respiratory morbidity, and perinatal death.

Amniotic fluid volumes were estimated using both the
AFI and SDP techniques. All sonograms were performed by
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trained ultrasound technicians or obstetrician/gynecologists.
For patients with more than one ultrasound, the most recent
sonographic estimation of fluid prior to the delivery and
before rupture of the membranes was used in the analysis.
Amniotic fluid was classified as oligohydramnios, normal,
or polyhydramnios. We defined oligohydramnios using the
SDP measurement as this has been shown to be a superior
method for assessing the AFV when amniotic fluid is low.
Despite the fact that the predictability of the SDP and AFI
are similar, the use of the AFI leads to more inductions of
labor and more operative deliveries without an improvement
in perinatal outcomes.'”'? The AFI was used to identify
AFYV as high instead of SDP. Although the AFI and SDP
identify actual high volumes similarly, the AFI has a higher
predictive value for identifying high volumes and the use of
the SDP might lead to the over-diagnosis of high volumes
leading to more interventions'® (Figure 1).

Statistical Analysis
We placed the patients into separate groups according to
the following.

1. An “at-risk” pregnancy was defined as a pregnancy
with any of the following maternal conditions
which can be associated with abnormal amniotic
fluid volumes: chronic hypertension, preeclampsia/
eclampsia, maternal diabetes, development of fetal
viral infection, collagen vascular disease, chronic
renal disease, chronic abruption.

2. Using the last observed assessment value, SDP <
2cm was used to define oligohydramnios; AFI >
24cm was used to define polyhydramnios; normal
otherwise

3. Based on 1 and 2 we defined 6 groups:

a. Normal + Normal fluid

b. Normal + Oligohydramnios
¢. Normal + Polyhydramnios
d. At-Risk + Normal fluid

e. At-Risk + Oligohydramnios
f. At-Risk + Polyhydramnios

Initially, maternal characteristics were summarized
using means + standard deviations or median (25th, 75th
percentiles), as appropriate, for continuous variables and
frequency (percentage) for categorical measures stratified
by group. Additionally, one-way analysis of variance
(ANOVA), Kruskal-Wallis test, or chi-square test was
used to compare the maternal characteristics across the

six groups. Adjustment for pairwise comparisons was
done using Bonferroni correction. Unadjusted and multi-
variable logistic regression models were used to examine
the association between the groups with dichotomous
infant outcomes including: need for amnioinfusion during
labor, variables influencing delivery, meconium staining,
NICU admission, and umbilical artery pH <7.1. We chose
7.1 as the pH cut off as it is the 2.5 percentile from a large
retrospective database.'* Both unadjusted and adjusted
odds ratios along with their respective 95% confidence
intervals (CI) are reported. For the continuous infant out-
come measures such as birthweight and base excess, sim-
ple and multiple regression models were used to obtain
least square mean difference along with the 95% Cls. All
analyses were performed using SAS 9.4 (SAS Institute,
Cary, NC, USA) with a two-sided significance level
of 0.05.

Results

Information on the 3365 patients who met inclusion criteria
for analysis were collected, and were divided into six groups:
2198 (65.3%) “Normal + Normal Fluid”, 80 (2.4%) “Normal
+  Oligohydramnios”, 74  (2.2%) ‘“Normal +
Polyhydramnios”, 917 (27.3%) “At-Risk + Normal Fluid”,
21 (0.6%) “At-Risk + Oligohydramnios”, and 75 (2.2%) “At-
Risk Polyhydramnios”. There was a statistical difference in
maternal age across the six groups with the youngest group
being patients from the Normal + Oligohydramnios cohort
(24.7 £ 6.3) while the At-Risk + Normal Fluid group was the
oldest (295 £ 6.1). The Normal +
Polyhydramnios group had the smallest average BMI during
the first visit (27.9 + 5.5) while the At-Risk +
Oligohydramnios had the largest average BMI (35.4 + 8.2).
More specifically, the average BMI during the first visit for

on average

patients in the Normal + Polyhydramnios group was signifi-
cantly lower compared to those in any of the “At-Risk”
cohorts (p<0.05). Additionally, those patients in the Normal
+ Normal Fluid had significantly lower BMI compared to
patients in both the At-Risk + Oligohydramnios and At-Risk
+ Polyhydramnios (p<0.05). There were fewer Caucasian
patients in the Normal + Oligohydramnios and At-Risk +
Oligohydramnios groups compared to the Normal +
Polyhydramnios and At-Risk + Polyhydramnios groups.
There were no differences in gravidity or parity across the
six groups (Table 1).

For the logistic regression analyses, the Normal + Normal
Fluid was used as the reference group. Among the binary
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Total deliveries at

UAMS and MAMC

Jul 2016-Dec 2018
N=13,906

Excluded: scheduled
or anticipated
cesarean
N=4855

Excluded: Other*
N=3774

Excluded: Multiple
gestation, rupture of
membranes, suspected
aneuploidy, fetal
anomalies, fetal demise
N=1912

Included for analysis
N=3365

*Missing data from fetus or mother, <20 weeks gestation

Figure | Study flow.

infant outcome measures, only NICU admission was statis-
tically significant in both the unadjusted and adjusted models
(Table 2, Supplemental Table 1). The multivariable logistic

regression model included maternal age, race, parity, grav-
idity, BMI at first visit, and estimated gestational age at the
last assessment as covariates (Table 2). Infants born to
mothers in the At-Risk + Normal Fluid had adjusted an OR
=2.06 (95% CI: 1.63, 2.60) of requiring a NICU admission
compared to those born to mothers in the Normal + Normal
Fluid group. In other words, the likelihood of a NICU admis-
sion for infants born to mothers in the At-Risk + Normal

Fluid was 106% higher compared to those born to mothers in
the Normal + Normal Fluid group. Additionally, infants born
to mothers in the At-Risk + Polyhydramnios were 174%
more likely to require a NICU admission compared to
those born to mothers in the Normal + Normal Fluid group.

There were no differences between the groups in terms of
average base excess or presence of umbilical artery pH <7.1.
(Table 3, Supplemental Table 2, Supplemental Table 3).
However, the average birthweight among infants born to

mothers in the Normal + Normal Fluid was much less com-
pared to those born to mothers in the Normal +
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Table | Descriptive Statistics

Measure Groups
Normal + Normal Normal + Normal + Poly | At Risk + Normal At Risk +Oligo | At Risk + Poly | p-value
Fluid (Group 1) Oligo (Group 3) Fluid (Group 4) (Group 5) (Group 6)
N=2198 (Group 2) N=74 N=917 N=2I N=75
N=80
Age, mean £ SD | 268 £ 5.7 247 £ 63 273 £ 6.0 295 £ 6.1 273 6.1 287 + 6.3 <0.0001
Race, N (%) <0.0001
White 1006 (45.8%) 29 (36.3%) 57 (77.0%) 478 (52.1%) 7 (33.3%) 57 (76.0%)
Black 682 (31.0%) 26 (32.5%) 7 (9.5%) 248 (27.0%) 8 (38.1%) 8 (10.7%)
Other 509 (23.2%) 25 (31.2%) 10 (13.5%) 191 (20.8%) 6 (28.6%) 10 (13.3%)
Gravidity, median | 2 [I, 4] 201, 4] 2101, 4] 201, 4] 2101, 3] 2102 4] 0.2875%
[Ql, Q3]
Parity, median 1[0, 2] 0 [0, 2] 1[0, 2] 110, 2] 110, 2] 1[0, 2] 0.4543*
[Ql, Q3]
BMI at Ist Visit, 305+ 6.6 31267 279 55 342+97 354 +82 348+ 7.1 <0.0001
mean + SD
Note: *Denote statistical test using Kruskal-Wallis.
Table 2 Association Between Maternal Groups and Categorical Infant Outcomes (Adjusted)
Group [ Amnioinfusion | p-value | Variables p-value | Lates p-value | Meconium p-value | NICU p-value
Influencing Influencing Admission
Delivery Delivery
| Ref 0.143 Ref 0.076 Ref 0.060 Ref 0.395 Ref <0.0001
2 1.83 (0.64, 5.22) 0.86 (0.45, 1.64) 2.06 (1.14, 3.73) 1.51 (0.76, 2.99) 1.69 (0.81, 3.55)
3 0.86 (0.20, 3.59) 1.08 (0.60, 1.94) 1.04 (0.47, 2.33) 1.42 (0.69, 2.92) 1.65 (0.85, 3.23)
4 1.69 (1.12, 2.55) 1.33 (1.09, 1.63) 1.33 (1.04, 1.70) 0.82 (0.61, 1.10) 2.06 (1.63, 2.60)
5 1.92 (0.25, 14.6) 1.27 (0.42, 3.82) 1.93 (0.63, 5.87) 0.50 (0.07, 3.79) 2.11 (0.65, 6.86)
6 0.46 (0.06, 3.39) 0.71 (0.36, 1.39) 1.08 (0.51, 2.29) 1.18 (0.56, 2.52) 2.74 (1.54, 4.87)

Notes: Groups | (Normal+Normal Fluid); 2 (Normal+Oligo Fluid); 3 (Normal+Poly Fluid); 4 (At-Risk+Normal Fluid); 5 (At-Risk+Oligo Fluid); 6 (At-Risk+Poly Fluid);
Analyses adjusted for maternal age, race, parity, gravidity, BMI at first visit, estimated gestational age at last assessment.

Polyhydramnios and At-Risk + Polyhydramnios groups, with
a least squares mean difference of 345.77 grams (95% CI:
214.6, 476.9) and 507.87 grams (95% CI: 378.3, 637.5),
respectively (Table 3). In contrast, mothers in the Normal +
Normal Fluid group delivered infants with greater birthweight
compared to those in both the At-Risk + Normal Fluid and
At-Risk + Oligohydramnios groups with least squares mean
difference of —121.68 grams (95% CI: —167.1, —76.3) and
—513.3 grams (95% CI: —754.0, —272.6). (Table 3).

Discussion

Principal Findings

Our study looked at six unique groups with a Normal preg-
nancy with Normal fluid group as the reference group and the
impact of AFVs on adverse pregnancy outcomes. There were
no significant differences in many of our selected markers of
adverse pregnancy outcomes (late decelerations or variable

decelerations influencing delivery, need for amnioinfusion,
umbilical artery pH <7.1 and meconium staining) with
respect to risk stratification or amniotic fluid volume. The
only clinically significant differences we found in these
groups were incidence of NICU admission and birthweight.

Results

NICU admission is an important marker of neonatal mor-
bidity. NICU admission was found to be increased in the
At-Risk group with Normal Fluid compared to the Normal
group with Normal Fluid. The highest risk of NICU
admission was in the At-Risk group with polyhydramnios.
A prospective study from 2010 noted that the presence of
polyhydramnios was associated with NICU admission,
fetal heart
birthweight.'> The increased birthweight noted in our

abnormal rate tracing, and increased

study in women with polyhydramnios (in both normal
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Table 3 Association Between Maternal Groups and Continuous Infant Outcomes (Adjusted)

Group Least Squares Means Difference with Group | as the Reference Group

Birthweight p-value® Umbilical Artery pH p-value® Bases Excess p-value®
2vs | —92.39 (-218.0, 33.22) <0.0001 —0.001 (-0.019, 0.017) 0.148 —0.121 (-0.762, 0.519) 0.757
3vs | 345.77 (214.6, 476.9) —0.026 (—0.055, 0.004) 0.390 (-0.682, 1.461)
4vs | —121.68 (—167.1, —76.3) —0.008 (—0.016, —0.001) 0.027 (—0.249, 0.304)
5vs | —513.30 (-754.0, —272.6) —0.017 (-0.051, 0.017) 0.695 (—-0.552, 1.942)
6vs | 507.87 (378.3, 637.5) —0.007 (—0.033, 0.019) 0.438 (—0.515, 1.391)

Notes: Groups | (Normal+Normal Fluid); 2 (Normal+Oligo Fluid); 3 (Normal+Poly Fluid); 4 (At-Risk+Normal Fluid); 5 (At-Risk+Oligo Fluid); 6 (At-Risk+Poly Fluid);
’Denote overall F-test p-value; Analyses adjusted for maternal age, race, parity, gravidity, BMI at first visit, estimated gestational age at last assessment.

and at-risk pregnancies) has been confirmed in a prior
systematic review and meta-analysis.'® Our study also
showed that patients with at-risk pregnancies with both
normal fluid and oligohydramnios had smaller fetuses than
those patients with normal pregnancies and normal fluid.
Additionally, normal pregnancies with oligohydramnios
had larger fetuses than at-risk pregnancies with oligohy-
dramnios. Specifically, a 400 gram difference in the at-risk
pregnancies with abnormal fluid and the normal pregnan-
cies with abnormal fluid is clinically significant.

Clinical Implications

Amniotic fluid assessment has been in use for over 30
years for the prediction of adverse neonatal outcomes.®
Sonographic estimation correlates with direct measure-
ment of amniotic fluid volumes.'”'® A recent retrospective
study looked at two standard nomograms for amniotic
fluid indices and adverse perinatal outcomes and found
that mildly abnormal sonographically estimated amniotic
fluid did not have a significant impact on the risk of
adverse pregnancy outcomes.'® Another recent study of
direct and estimated amniotic fluid measurement showed
that patients with isolated oligohydramnios without other
comorbidities were not associated with adverse pregnancy
outcome.'” Magann et al studied actual amniotic fluid
volumes, ultrasonographically assessed amniotic fluid
volumes, and neonatal outcomes in a prior prospective
study, and found that amniotic fluid volume was not pre-
dictive of adverse outcomes at the time of delivery.?

Research Implications

There is a great need in modern obstetric practice to further
refine risk stratification and amniotic fluid volumes to con-
tinue to improve pregnancy outcome without increasing
unnecessary interventions. A large retrospective study of
high risk and low risk pregnancies and amniotic fluid

volume from 2005 also found that amniotic fluid abnorm-
alities were not strongly associated with adverse pregnancy
outcomes.”' It may be that the increased risk of morbidity
lies, not at the extremes of normal amniotic fluid volume,
but at the extremes of abnormal amniotic fluid volume. For
example, in our study, we only looked at abnormal SDP for
oligohydramnios and abnormal AFI for polyhydramnios. It
may be that patients with both abnormal SDP and AFI could
be at higher risk for adverse outcomes than those with just
one abnormal measurement. It also could be that the current
cut-offs for abnormal SDP and AFI are not extreme enough.

Additionally, much of the literature concerning oligohy-
dramnios has involved preterm prelabor of the membranes
(PPROM). Within this group, lower amniotic fluid volume is
associated with increased risk of neonatal sepsis and neonatal
death.” In another retrospective study of PPROM, severe
oligohydramnios (defined by the authors as AFI <3cm) was
associated with increased risk of APGAR scores less than 7
at 1 minute, neonatal sepsis, and early neonatal mortality.>
Within the realm of PPROM, extremely low amniotic fluid
volume is associated with worse outcomes.

Strengths and Limitations

The limitations of our study include the retrospective
nature and the small sample of patients with abnormal
amniotic fluid volumes which may have limited our
power to detect rare outcomes. The strengths of our
study are the multi-centered collection sites and the large
sample of patients overall. It is also a strength of our study
that patients with PPROM were excluded from the study.

Conclusions

Amniotic fluid assessment remains an important means of asses-
sing fetal well-being. Given the daily use of the sonographic
estimate of AFV in obstetric practice, it is important to continue
to study and define abnormal volumes. Our study attempted to
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further define risk of adverse pregnancy outcomes by defining the
pregnancy as normal or at-risk and by stratifying the pregnancies
based on AFVs. We did not find increased risk of many adverse
perinatal outcomes amongst at-risk pregnancies with abnormal
fluid as anticipated; however, NICU admission was more frequent
amongst pregnancies with polyhydramnios. More multi-center,
high-quality studies should be designed and conducted to further
elucidate the relationship between pregnancy risk, amniotic fluid,
and adverse outcomes, as this could influence practice patterns for
women’s health care providers.
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