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The objectives of this systematic review were to examine the reproducibility of sono-
graphic estimates of amniotic fluid volume (AFV) in twin pregnancies, compare the
association of sonographic estimates of AFV with dye-determined AFV, and correlate
AFV with antepartum, intrapartum, and perinatal outcomes in twin pregnancies.
Studies were included if they were adequately powered and investigated antepartum,
intrapartum, and/ or perinatal adverse outcome parameters in twin gestations. Studies with
comparable populations and exclusion criteria were merged into forest plots. Data com-
paring the accuracy of AFV assessment, correlation of AFV with gestational age, and
adverse outcomes were tabulated. Five of the 6 studies investigating AFV by the amni-
otic fluid index as a function of gestational age reported data fitting a quadratic equation,
with fluid volumes peaking at mid gestation and then declining. This trend was less pro-
nounced when AFV was assessed by the single deepest pocket (2 of 4 studies reporting
a quadratic fit). Polyhydramnios was associated with prematurity in 2 of 4 studies
(1 amniotic fluid index and 1 single deepest pocket), and oligohydramnios was associ-
ated with prematurity in 1 single deepest pocket study. Stillbirth was the only intra-
partum outcome reported in more than 1 study. Perinatal outcomes associated with
polyhydramnios included neonatal death (P < .05 in 1 of 2 studies), low Apgar scores
(1 of 2 studies), neonatal intensive care unit admission (1 of 2 studies), and low birth
weight (2 of 3 studies).
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sonographic assessment as part of routine obstetric care.

In singleton gestations, deviations from normal AFV (eg,
oligohydramnios and polyhydramnios) have been associated with
complications, including fetal anomalies, postmaturity syndrome,
fetal growth restriction, congenital abnormalities, and diabetes."?
Singleton pregnancies complicated by oligohydramnios may pres-
ent with comorbid fetal renal anomalies, central nervous system
anomalies, or infections. Pregnancies with severe oligohydramnios
are at high risk for fetal or neonatal death.® In twins, substantial fluid
volume discordance between sacs can be a clinical indicator of twin-
twin transfusion syndrome (TTTS).* Twin pregnancies are at a
significantly higher risk for perinatal morbidity and mortality.”®
However, few studies have directly investigated whether an abnormal
AFV has predictive value in twin gestations outside TTTS.

g mniotic fluid volume (AFV) is normally estimated by
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Subjective scales have been developed and used to
diagnose changes in fluid volume over gestational time.”!°
The most accurate methods for quantitatively assessing
AFV are measuring the fluid volume at the time of delivery
and calculating the AFV by the dye dilution technique of
Charles and Jacoby.! Concordance has been demonstrated
between dye-determined AFV and direct measurement
of AFV at the time of cesarean delivery (r = 0.99).!2
However, AFV measurement at delivery cannot be used
to serially monitor antepartum fluid volumes, and the dye
dilution technique is time-consuming and invasive, and it
requires specialized laboratory support after hysterotomy.
These limitations have led to use of sonography to esti-
mate the AFV. Sonographic measurements of AFV include
amniotic fluid index (AFI), single deepest pocket (SDP),
and 2-diameter pocket (2DP) techniques.'® The AFI was
first described in 1987 by Phelan et al,'*and the SDP was
introduced in 1980." In singleton pregnancies, these
methods are used routinely as part of biophysical tests for
monitoring fetal well-being in the second and third
trimesters of pregnancy.'® The use of sonographic meas-
urements in twin gestations is complicated by the dividing
membrane in diamniotic twins. This membrane can com-
promise the accuracy of sonographic volume assessment in
twin pregnancies.” The accuracy of sonographic methods in
making longitudinal assessments of AFV over time is also
unclear in twin pregnancies. Furthermore, it is unclear
whether AFV abnormalities are also associated with
adverse outcomes in twins, as has been observed in sin-
gleton pregnancies.

The objective of this study was to conduct a system-
atic review of the literature describing the sonographic esti-
mates of AFV, their correlation with dye-determined AFV,
and the association of twin AFV with antepartum, intra-
partum, and perinatal outcomes.

Materials and Methods

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2009 guidelines were used to
assess available articles for inclusion eligibility and to con-
struct this systematic review.!” Both PubMed and the Web
of Science were searched between January 1, 1980, and
December 31, 2012, for search terms including “amniotic
fluid,” “volume,” “cc,” “mL,” “twin,” “twins,” and “multiple
birth.” During the review process, an additional study was
added from June 2013.'8 Study eligibility characteristics
were twin pregnancies evaluated for AFV by either sonog-
raphy or the dye exclusion method and AFV assessment
throughout pregnancy. Case reports and case series were

1354

excluded (>10 patients enrolled in the study). All reports
were written in English. Any relevant data summarized in
review articles were evaluated by accessing the pertinent
manuscripts. End points for data assessment included
comparison of sonographic methods (AFI versus SDP versus
subjective assessment) in twins compared to singleton
pregnancies, changes in fluid volume with advancing ges-
tational age (GA) in twin pregnancies, and differences in
AFV throughout pregnancy in monochorionic diamniotic
and dichorionic diamniotic twins. Amniotic fluid volumes
were segregated according to published criteria for oligo-
hydramnios, polyhydramnios, or normal fluid volumes.
The review process is summarized in Figure 1.

Results

Study Selection

Figure 1 illustrates the final schematic for selecting studies
for inclusion. A total of 94 studies were retrieved from
PubMed as described in “Materials and Methods.” Eleven
duplicate records were identified on the Web of Science.
Duplicate records were removed. Two of the authors
(J.E.B. and D.L.L) reviewed all of the abstracts for the
resulting 94 studies (Figure 1). Full articles were reviewed
for all abstracts selected for inclusion by 1 or both of the
reviewers (n =43 articles) by 2 authors (J.E.B.and SK.F.-N.).
Of the 43 reports, 24 were excluded because of improper
controls, TTTS, too few cases, review articles, and case
studies. If there was a discrepancy among authors on an
article, a third reviewer (M.A.L.) also reviewed the article

Figure 1. Schematic of the abstract and article screening selection
process.
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and determined whether it was to be included. The reports
proceeding to the final analysis and inclusion in the sys-
tematic review were subdivided into categories: measure-
ment, outcomes, both, and exclude. Two more reviewers
(SKF.-N.and E.F.M.) evaluated the articles designated for
the final analysis. The final analysis included reports pow-
ered to investigate the following end points: measurements
only (n = 16), outcomes only (n = 1), and outcomes and
measurements (n = 3). Table 1 lists the parameters of the
studies included in the final analysis and whether they were
used to assess measurements, outcomes, or both.!-3%18-32
Table 2 lists the studies included for abnormal AFV and
adverse outcomes in twins.>3!-33

Table 1. Longitudinal Studies on AFV

Ippolito et al—Amniotic Fluid Volume in Twins

Measurement Methods in Normal Twins

The studies used to assess methods of amniotic fluid meas-
urement in normal twins are listed in Table 1. Studies were
grouped according to the type of comparison tested in
twins: (1) association between the dye dilution and sono-
graphic estimate; (2) association between AFV and GA;
(3) incidence of oligohydramnios or polyhydramnios; (4)
intra- and inter-amniotic fluid measurements in each sac;
(5) discordance; and (6) comparison between singleton
and twin pregnancies.

AFV Assessment
Study Type of Study GARange, Pregnancies, Criteria
Study Period Twin Design wk n Method  Oligohydramnios Normal Polyhydramnios
Fluid discordance over gestational time
Schneider, 1985 1979-1983 MC Case series 23-30 9 Subjective NA NA NA
Chescheir, 1988 1982-1987 DA Caseseries  2-delivery 7 Subjective NA NA NA
Lange, 1989 1983 DA Intervention 22-37 6 SDP <2cm 21-80cm >10cm
Patten, 1989 1979-1987 MCDA  Prospective 17-28 52 Subjective NA NA NA
Radestad, 1990 1980-1987 MCDA  Retrospective  21-35 36 Not stated NA NA >3-cmchange
inTwk
Absolute amniotic sac volume over gestational time
Magann,1995  Notstated DA Prospective 27-38 45 Dye dilution <318mL 318-2100mL  >2100 mL
(OBGYN)
Magann,1995  Notstated DA Prospective ~ 27-38 45 2DP <15cm? 15-20 cm? >50 cm?
(JSGI) SDP <2cm 2-8cm >8cm
AF <bcm 15-19¢cm >20cm
Dyedilution <500mL 500-2000mL  >2000mL
Watson, 1995  Notstated DA Prospective 17-39 210 SDP NA NA NA
Chau, 1996 1992-1993 DA Prospective 15-40 91 AFI,SDP, 2DP NA NA NA
Hill, 1996 Notstated Notstated Caseseries  27-delivery 9 AFI <hcm >b-—<24cm >24cm
Porter, 1996 19851993 MCDA  Retrospective  26-41 288 AFI NA NA NA
Magann,1997  1993-1994 DA Prospective 27-38 62 SDP, dye NA NA NA
dilution
Magann,1998  Notstated DA Prospective 27-38 39 Dye dilution 155— 405- 808-
404 mL 807 mL 5430 mL
Hill, 2000 1991-1997 DA Cross-sectional 14-40 488 AFI,SDP NA NA NA
Magann,2000  1998-1999 DA Prospective 27-37 23 AFI,SDP,2DP, SDP0-2cm SDP2-8cm  SDP>8cm
dyedilution  AFIO-5cm AFI520cm  AFI>20cm
2DP0-15cm?  2DP15-50cm? 2DP>50cm?
Magann,2007  2004-2006 MCDA  Prospective 17-37 299 SDP <2.2cm 2.2-75¢cm >75cm
observational
Sfakianaki, 2008 2004-2006 Notstated Longitudinal — <13-38 R SDP NA NA NA
Hernandez, 2012 1997-2010 MCDA Retrospective Not stated 1951 SDP NA <8cm Mild8-99cm
cohort Moderate
10-11.9¢cm
Severe>12 cm
Dekoninck,2013 2004-2011 MCDA  Retrospective  11-37 23 SDP <2cm 2.8-80cm >8cm

DA indicates diamniotic; JSGI, Journal of the Society for Gynecological Investigation; MC, monochorionic; NA, not available; and OBGYN, Obstetrics and

Gynecology.
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Measurement Variability

Studies investigating measurement variability reported good
intrasac and intersac reproducibility among measurements
and also reported that that sonologist’s experience did not
significantly alter the results. Chau et al*° reported that
mean intraobserver error £ SEM was 2.87% + 0.26% for
AFI, 2.02% + 0.07% for SDP, and 3.31% + 0.12% for 2DDP.
Interobserver variation was 2% to 7%, which was com-
parable to singleton variances reported by Moore and
Cayle!® of 2% to 3%. Hill et al*° reported slightly higher
values for AFI measurements, with intraobserver variations
of 7.4% and interobserver variations of 12.2%, in 44 to 46
independent measurements of twins. Magann et al’ also
found no significant difference in the level of operator
experience and number of correct assignments (P =.98).

Table 2. Studies on Abnormal AFV and Adverse Outcomes in Twins

The increased variation in twins may be due to the diffi-
culty in consistently visualizing the dividing membrane in
twin pregnancies and ensuring correct sac measurements
in a 3-dimensional space.

Correlation Between Measurement Methods

Table 3 summarizes studies evaluating the correlation
between the various measurement methods. The AFI cor-
related well with the SDP in a prospective longitudinal
study of diamniotic twins (Table 3).2* However, when dye
dilution was directly compared to sonographic methods
(AFI, 2DP, and SDP), the sonographic methods had high
specificity (98%) but poor sensitivity (26%) for detecting
AFV abnormalities (oligohydramnios and polyhydramnios;
Table 3).3* Overall, the sonographic estimates predicted

GA AFV Assessment
Study Abnormalities Typeof Range, Pregnancies, Criteria
Study Period Investigated  Twin wk n Method Oligohydramnios Normal Polyhydramnios
Orhan, 2005 1988-2002  Stillbirth, DADC, Notstated 13312 AFI NA <25cm >25cm
neonatal death, DAMC
NICU/SCN
admission,
small for GA
Magann,2007  2004-2006 Nonreassuring  DADC, 17-37 300 SDP <22cm 2.2-75¢cm >75¢cm
fetalheartrate, DAMC
Apgar score <7,
neonatal
complications
(RDS, TTN)
Sfakianaki,2008 2004-2006 Preterm birth DADC, 13-38 92 SDP NA NA NA
DAMC
Hernandez, 2012 1997-2010 Preterm birth, DADC, Notstated 1951 SDP NA <8cm Mild 899 cm
birth weight DAMC Moderate
<10th percentile, 10-119¢cm
Apgar score, Severe>12cm
NICU admission,

neonatal death

DC indicates dichorionic; RDS, respiratory distress syndrome; SCN, special-care nursery; and TTN, transient tachycardia of the neonate; other abbrevia-

tionsareasin Table 1.

Table 3. Comparison of Correlations Among AFV Measurement Methods

Study Method 1 Method 2 r Sensitivity, %  Specificity, % PPV, % NPV, %
Magann, 1995 (JSGI) Dye dilution SDP 0.27 98

2DP 0.48 81

AFI 0.38 98
Magann, 1999 Dye dilution 2DP Not given 6.1(0.7-20) 98.8(93.7-99.9) 66.6(9.4-99.1) 73.5(63.7-84.2)
Watson, 1995 AFI SDP 0.71

Numbers in parentheses are 95% confidence intervals. NPV indicates negative predictive value; and PPV, positive predictive value; other abbre-

viations are as in Table 1.
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normal fluid volumes with 81% to 98% accuracy (Table 3).!
However, sonographic methods underpredict oligohy-
dramnios when compared to dye dilution techniques
(Table 3).3* These results were similar in singleton preg-
nancies: the 2DP had sensitivity of 9.5% (95% confidence
interval, 1.1%-30.4%), specificity of 98.2% (90.7%-99.9%),
a positive predictive value of 66.7% (9.4%-99.1%),
and a negative predictive value of 75.4% (63.7%-
84.2%).3* Based on the discrepancies between the dye
dilution techniques and sonographic measurements, the
authors urged caution when interpreting AFI results as rep-
resentative of actual AFV.%

Longitudinal Variation in Amniotic Sac Fluid Volume

Longitudinal studies examining AFV over GA supported a
nonlinear correlation between GA and fluid volume when
the AFI was used to measure AFV (Figure 2). Studies were

Ippolito et al—Amniotic Fluid Volume in Twins

divided according to whether the authors measured the AFI
without accounting for the dividing membrane (Figure 2A)
or accounting for the dividing membrane (Figure 2B).
Most studies showed a similar trend toward increases in
AFI measurements around 24 to 26 weeks of pregnancy
and then a slow decline until delivery, whether the dividing
membrane was accounted for (Figure 2). Correlation
analysis conducted by 2 studies supported a quadratic
equation with a significant deviation from 0.16242527
A comparable pattern of AFV variation was observed in
singleton pregnancies (Figure 2C).1¢

Two of the 3 studies that accounted for the dividing
membrane in the AFV measurement reported a nonlinear
correlation between the AFI and GA, with a peak AFI
measured at 26 to 28 weeks’ gestation and then declining
linearly until delivery (Figure 2B).3%3¢ In contrast to these
studies, Magann et al*® reported no correlation between GA

Figure 2. Longitudinal analysis of the AFlin 6 twin studies compared to a singleton-gestation reference study. Reported are the first GA interval in
the study, the GA interval at peak fluid volume, the GA interval approximating the plateau point, and the latest GA included in the study. Data
are plotted as the mean of the AFIs reported at the 50th percentile. Twin studies are grouped by differences in AFI measurement methods: AFI meas-
urements that did not account for the dividing membrane (A) and AFl measurements that accounted for dividing membrane (B). C, Twin studies were
compared to a singleton reference study.® *Dashes represent ranges in that study.
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and AFV using dye dilution techniques in a longitudinal
study of 45 sets of diamniotic twins from 27 to 38 weeks’
gestation (r = 0.134; P = .404; Figure 2B). However, the
patients in that study were enrolled between 27 and 38
weeks’ gestation. This time point was at or after peak AFV
reported by other investigators. Overall, these results sup-
port a peak AFI at approximately 24 to 26 weeks, with a
steady decline until term.

Five studies conducted prospective longitudinal
analyses of AFV in twin pregnancies using the SDP to esti-
mate the AFV. Three of the 5 studies found no statistical
correlation with GA (Figure 3).2*% In twins, there was a
trend toward peak AFV at the 31- to 32-week interval, with
a decline until delivery, although only 2 of the S studies
reported statistically significant correlations (Figure 3).182*

Figure 3. Longitudinal analysis of the SDP in 5 twin studies (A) compared to singleton gestations (B).3! Reported are the first GA interval in the studly,
followed by the GAs closest to 21.2, 31.7. and 38.3 weeks’ gestation (the intervals plotted by Sfakianaki et al’). €, Combined analysis of all SDP stud-
ies (n=5). *Dashes represent the 975% confidence interval (upper) and 2.5% confidence interval (lower). **Dashes represent standard deviations.
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Sac Volume in Normal Twin Versus Singleton Pregnancies
Four studies compared sac volumes in singleton and twin
pregnancies.!¥*43031 Only 1 study used a direct comparison
between singleton and twin pregnancies.3! The others
compared study values to singleton sac volumes reported
in the literature.>'¢ Studies using AFI or dye dilution tech-
niques showed a higher AFV in twins than singletons at 35
to 38 weeks’ gestation, whereas SDP measurements were
lower in twins than singletons (Table 4).

The possible explanations for the discrepancy among
techniques include high variation among individual
patients, especially in the dye dilution technique (Table 4).
The method of AFI measurement further confounds com-
parisons between studies. The technique of Watson et al**
in twins used a summated AFI, measuring the deepest
pocket in all 4 quadrants and ignoring membrane placement.
In contrast, Hill et al* identified the dividing membranes
in twins and measured the SDP in each of the 4 quadrants
of each individual sac. An analysis of the accuracy of the
summated AFI technique using dye-determined AFVs of
pairs of twin sacs found that if membrane placement was
ignored, the summated AFI was a poor predictor of inter-
twin differences in AFV and did not identify twin pairs at
risk for oligohydramnios and polyhydramnios.?®

Ampniotic Fluid Volume Concordance Among Sacs in
Diamniotic Dichorionic and Diamniotic Monochorionic
Twins

Intersac comparisons were made intratwin (comparing
diamniotic sac volumes between twin pairs) and intertwin
(monoamniotic sac volume compared to diamniotic sac
volume between twin pairs). Only dye dilution techniques
supported differences in AFV between twins, suggesting
that sonographic methods may underestimate discordance
between sacs in twins.

Ippolito et al—Amniotic Fluid Volume in Twins

No differences were reported in AFV between the sacs
when measured by the AFI, SDP, or 2DP.2>3*When dye
dilution techniques were used to measure AFV in diamniotic
twins, 32% of amniotic sacs from diamniotic twins were
significantly discordant (AFV normal in one twin with
oligohydramnios or polyhydramnios in the other twin).
Of'the discordant twins, 90% were estimated to be normal
when measured by the AFI, which suggests a discrepancy
in data based on the measurement technique.”® The dis-
crepancy between AFI and dye dilution measurements
could be due to the use of the summated AFI (ignoring
membrane placement).

Sac volumes were compared among monochorionic
and dichorionic sets of diamniotic twins in 2 studies.>>3>
Hernandez et al* reported no significant differences in SDP
measurements among dichorionic and monochorionic
twins segregated according to the degree of polyhydramnios
(mild, moderate, or severe). Furthermore, Chau et al?
reported no significant differences in the AFI, SDP, or 2DP
among dichorionic and monochorionic twins (P > .0S).
Taken together, these results suggest that sonographic
methods do not predict discordances in AFV with the
same sensitivity as the dye dilution technique.

Incidence of Oligohydramnios and Polyhydramnios

The incidence of oligohydramnios and polyhydramnios in
twin gestations is difficult to assess given fluctuations
in AFV over GA, discrepancies among methods, and dif-
ferences in GAs reported among studies (Table $).
Oligohydramnios incidence in AFV twin studies ranged
from 1% to 39%, and polyhydramnios incidence ranged from
0.5% to 18% (Table 5).1292427:3032,34

Table 4. Comparison of AFV in Singletons and Twins by SDP, AFI, and Dye Dilution Techniques

AFV AFV of Combined GA
Measurement Twin Studies, Range, AFV Measurement
Method % of Singleton wk Singleton Twin
Sfakianaki, 2008 Magann, 1995
Sfakianaki, 2008 Twin A Twin B Watson, 1995 (JSGI)
SDP 89 35-38 51+0.5cm 39+£04cm 42+04cm 52+15cm 49cm
Hill, 2000
Moore, 1990 Phelan, 1987 Twin A Twin B Watson, 1995
AFI 125 37-41 11.5cm 16.2+53cm 131cm 12.3cm 16.0+5.8cm
Magann, 1997 Magann, 1995 (JSGI)
Dye dilution 113 27-38 777 mL 877 + 860 mL

Data are presented as mean + SE for Sfakianaki and mean + SD for Watson, Phelan, and Magann where applicable. Abbreviations are as in

Table 1.
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Adverse Outcomes Associated With Abnormal AFV
The studies that examined a possible association between
abnormal AFV and adverse antepartum, intrapartum, and
perinatal outcomes are listed in Table 2.

Antepartum Outcomes Associated With AFV

Preterm Birth

Four studies investigating antepartum outcomes in
twins showed discordant results when evaluating an
association between polyhydramnios and preterm birth
(Table 6).1331-33 Three of the 4 studies reported a higher
incidence of polyhydramnios in fetuses delivered prema-
turely (Table 6). The discrepancy among studies could be

due to the measurement method (AFI versus SDP), the
thresholds used for defining polyhydramnios, or failure to
adequately exclude TTTS cases from the preterm cohort.
One of the studies reported a small but statistically signif-
icant increase in placenta previa in the polyhydramnios
cohort relative to normal fluid volumes (4.5% versus 1.7%,
respectively; P=.010).33 However, none of the other studies
commented on this outcome.

One study reported no correlation between maternal dia-
betes and the diagnosis of polyhydramnios (P =.12-.56)%;
however, the other studies either excluded diabetic women
from study participation or did not report on the incidence.
In summary, preterm birth was the only antenatal outcome
associated with abnormal AFV in most of the available studies.

Table 5. Incidence of Polyhydramnios and Oligohydramnios in Twin Gestations

Incidence of Incidence of Incidence of Incidence of

Study Method GA Range, wk Polyhydramnios Polyhydramnios Oligohydramnios Oligohydramnios
Radestad, 1990 SDP 21-34 1/200 0.5 Not given Not given
Hill, 2000 AFI 28-38 (twin A) 19/488 (sac A) 4.0 7/488 (sac A) 22

18-39 (twin B) 20/488 (sac B) 10/488 (sac B)
Magann, 1999 Dye dilution Not given 9/120 sacs 75 31/120 sacs 26.0
Magann, 1995 (JSG/) Dye dilution 326+2.6 7/90 sacs 78 35/90 sacs 389
Magann, 2000 Dye dilution Not given 2/46 43 14/46 30.4
Porter, 1996 AFI Not given 127/1,101@ 11.5 13/1,101a 12
Orhan, 2005 AFI <307 201/13111 15 Not given Not given
Magann, 2007 SDP <17-37 18/518 35 22/518 42
Hernandez, 2012 SDP Not given 348/1,951 178 Not given Not given

Data are presented as mean + SD where applicable. Abbreviations are as in Table 1.
@Total number of sonographic examinations; may have overestimated.

Table 6. Antepartum Outcomes: Comparison of Preterm Birth and Abnormal Fluid Volumes (Measured by SDP or AFI)

PretermGA  Type
Pregnancies, atDelivery, of AFV Assessment

Study n wk Twin  Oligohydramnios, % Normal, % Polyhydramnios, % P
Orhan, 20052 11,947 <35 MCDC NA 35 49 <001
<32 MCDC NA u 25 <001

Magann, 2007 300 <37 MCDC 56 62 86 04
Sfakianaki, 2008 92 <35 MCDC NA NA NA 002,
0040

Normal, %  Mild, %¢ Moderate, %¢ Severe, %°

Hernandez, 2012 1951 <36 DC NA 43 42 37 25 53

MC NA 46 49 55 67 b3

<34 DC NA 22 21 12 17 44

MC NA 22 22 30 33 79

<32 DC NA ik 10 2 8 .89

MC NA 10 1 15 33 28

Abbreviations are asin Tables 1and 2.

aSubgroup analysis of preterm birth, removing pregnancies with greater than 25% AFV discordance by AFI.
bPvalues are reported for fluid volumes in preterm twins (SDP of 3.7 + 0.3 cmin fetus A and 4.4 + 0.3 cmin fetus B) compared to term twins (4.9 + 0.2
cmin fetus Aand 5.5 + 0.2 cmin fetus B) and term singletons (5.1 + 0.4 cm); no segregation by polyhydramnios.

¢Mild, 8t0 9.9 cm; moderate, 10 to 11.9 cm; severe, 12 cm or greater.
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Fluid Volume Discordance

Several studies have reported that the risk of preterm labor,
preterm delivery, and fetal mortality is significantly increased
in cases of fluid discordance.>***>37-3 The incidence of
discordant fluid volume is higher in monochorionic twins
(40%-50%) than dichorionic twins (15%).3 Patten et al**
reported an association between placental abnormalities/
discordant growth and increased mortality in the oligo-
hydramnios twin. Of note, TTTS is the finding most
frequently associated with discordant AFV in twins,*® but
adverse outcomes associated with TTTS are beyond the
scope of this review.

Intrapartum Outcomes Associated With AFV
Associations between stillbirth and polyhydramnios were
reported in 2 studies (Table 7).>33 None of the other
parameters investigated were associated with differences
in AFV among cohorts (Table 2).

Perinatal Outcomes Associated With AFV
Perinatal complications investigated included Apgar
scores, >3 respiratory distress syndrome and tachycardia/
bradycardia, nonreassuring fetal heart rate monitoring,
abnormal fetal heart rate tracing in labor,® admission to
the neonatal intensive care unit (NICU),>33 neonatal
death,3>% and anomalous neonates (Table 8).3> Only 1 of
3 studies reported a significant association between birth
weight and AFV (Table 8).133233

Adverse perinatal outcomes were more frequent in
monochorionic than dichorionic twins (Table 8), with
outcomes of a nonreassuring fetal heart rate and neonatal
complications reported in the only study that investigated
these outcomes (Table 8).3 Of the 2 studies investigating
low Apgar scores, only 1 reported a significant association
between elevated AFV and a low Apgar score, but the
discrepancy between the studies could be explained by
the differences in the threshold selected (Table 8).1332
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Both of the studies that investigated associations
between NICU admission and AFV reported a higher inci-
dence in hydramnios cases, but in only 1 study did the
difference reach statistical significance (Table 8).3%33

Neonatal death was only associated with hydramnios in
1 of 2 studies. Differences in the method of AFV assessment
(AFI versus SDP), stringency of exclusion criteria for
TTTS, and differences in cohort division (dividing mono-
chorionic and dichorionic twins into separate cohorts) are
some possible explanations for differences in results among
studies.

Summary of Evidence and Recommendations
for Clinical Practice

Measurements

Asin singleton pregnancies, there are discrepancies among
methods that are used to measure AFV: (1) dye dilution
techniques consistently report higher incidences of poly-
hydramnios or oligohydramnios than sonographic tech-
niques and subjective measures”'%; (2) AFV by dye dilution
techniques does not appear to change significantly in the
third trimester of pregnancy, whereas longitudinal analysis
appears to follow the nonlinear quadratic regression models
proposed for singleton pregnancies, peaking at around 24
to 26 weeks’ gestation, plateauing, and then declining until
birth in sonographic methods; and (3) measured sac vol-
umes in diamniotic twins appear to be comparable to those
in singleton pregnancies. Collectively, these results support
the following: (1) assessing AFV in twins by measuring
each sac separately; and (2) using defined GA ranges to
define oligohydramnios or polyhydramnios when using
sonographic methods to clinically assess AFV.

Outcomes
Associations between adverse outcomes and AFV are
inconsistent among studies. However, discordant fluid vol-

Table 7. Intrapartum Outcomes: Comparison of Stillbirth and Abnormal Fluid Volumes

Measurement Type of Normal Polyhydramnios AFV Assessment
Study Method Twin  Pregnancies,n Pregnancies,n Normal, % Polyhydramnios, % P
Orhan, 20052 AFI MCDC 11,817 130 0.3 38 <001
Normal, % Mild, %? Moderate, %° Severe, %°
Hernandez, 2012 SDP DC 1,077 234 1 1 0 0 >05
MC 526 114 3 1 0 27 <001

Abbreviations are as in Tables 1and 2.

aSubgroup analysis of preterm birth, removing pregnancies with greater than 25% AFV discordance by AFI.

5Mild, 8 to 9.9 cm; moderate, 10 to 11.9 cm; severe, 12 cm or greater.
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umes and polyhydramnios in twin pregnancies may place
the affected fetus at elevated risk for adverse outcomes.
One or more studies supported elevated risks of preterm
birth, stillbirth, and adverse neonatal outcomes (ie, low
Apgar scores, small for GA, and admission to the NICU)
in polyhydramnios cases. Improving the reliability of sono-
graphic measurement accuracy in twin pregnancies may
enhance the predictive power of AFV assessment in risk
assessment of adverse outcomes in twin gestations.

Study Limitations

Our study was limited by the discrepancies between sono-
graphic and dye dilution methods, differences among the
cohorts (including differences in GA for inclusion among
the different studies and differences in measurement types
used), differences in sample sizes of the study populations,
and differences in GAs at sonographic measurement and
delivery. In comparing AFVs in singletons and controls, all

Table 8. Perinatal Outcomes and Abnormal Fluid Volumes

studies except the study by Sfakianaki et al*! compared the
AFVs to historical controls rather than directly comparing
singletons and twins. Longitudinal studies may be biased
by the range of GAs, patient demographics in study popu-
lations, and differences in exclusion criteria (with many
studies excluding twin pregnancies with fluid discordance
>20% as suspicious for TTTS). Furthermore, none of the
studies measured the same outcome variables.

Conclusions

Sonographic measurements of AFV in twin pregnancies
are reproducible and not dependent on sonographer expe-
rience. However, sonographic estimation of AFV (using
the AFI, 2DP, or SDP) has high specificity but poor sensi-
tivity for detecting abnormal AFV (oligohydramnios or
polyhydramnios). These discrepancies among methods
for AFV assessment in identifying abnormal fluid volumes
suggest that caution should be exercised when interpreting

Type Normal Polyhydramnios

Measurement of Pregnancies, Pregnancies, AFV Assessment
Study Method Twin n n Outcome Normal, % Polyhydramnios, % P
Orhan, AFI MCDC 11,817 130 Neonatal death 02 15 <001
20052 NICU/SCN
admission 433 54.3 <001
Small for GA 51 8.7 <001
Magann,  SDP MCDC 518 22 Tracing influencing
2007 delivery 8 27 013
Nonreassuring fetal
heartrate 9 27 023
Apgar score
<7 (1 min) 31 46 154
Apgar score
<7(5min) 27 10 028
Neonatal
complications
(RDS, TTN) 21 55 002
Normal, % Mild, %° Moderate, %° Severe, %°
Hernandez, SDP DC 1,077 234 Birth weight
2012 <10th percentile 22 15 22 25 17
Apgar score
<3(5min) 1 0 0 0 73
NICU admission 18 12 15 17 40
Neonatal death 1 0 0 0 .63
MC 526 114 Birth weight
<10th percentile 27 16 20 33 21
Apgar score
<3(5min) 3 0 0 0 90
NICU admission 16 23 15 33 .39
Neonatal death 3 1 0 0 78

Abbreviations are as in Tables 1and 2.
aSubgroup analysis of preterm birth, removing pregnancies with greater than 25% AFV discordance by AFI.
b Mild, 8to 9.9 cm; moderate, 10 to 11.9 cm; severe, 12 cm or greater.
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data characterizing AFV in normal and complicated
pregnancies. Additionally, the studies evaluating antepar-
tum, intrapartum, and perinatal outcomes associated with
AFV in twin pregnancies have been limited and have not
been consistent in outcomes assessed. Thus, if AFV assess-
ment is to be used for identifying pregnancies at risk for
stillbirth, preterm birth, and perinatal complications, more
rigorously controlled studies need to be undertaken to
verify the optimal sonographic strategy.
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