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Trouble With the Curve

Pearls and Pitfalls in the Evaluation of Fetal Growth

Theodore J. Dubinsky, MD ©, Rachelle Sonneborn, MS

Received February 13, 2020, from the
Departments of Radiology and Obstetrics and
Gynecology, University of Washington, Seat-
tle, Washington, USA (T.J.D.); and Univer-
sity of Washington, Seattle, Washington, USA
(RS.). Manuscript accepted for publication
March 185, 2020.

Address  correspondence to  Theodore
J. Dubinsky, MD, Department of Radiology,
University of Washington, Box 357115, 1959
Pacific St, Seattle, WA 98195 USA.

E-mail: tdub@u.washington.edu
Abbreviations

IUGR, in utero growth restriction; LMP,
last menstrual period; US, ultrasound

doi:10.1002/jum.15293

© 2020 by the American Institute of Ultrasound in Medicine

Objectives—DPoor fetal growth is one of the most important findings on an obstetric
ultrasound (US) examination. First-trimester US is the most accurate means for dat-
ing pregnancies; however, dating based on last menstrual period remains the stan-
dard for determining gestational age. Discrepancies between menstrual and US
dating can lead to the overdiagnosis of in utero growth restriction (IUGR). This arti-
cle will demonstrate that as long as the fetal growth falls along a curve that parallels
normal growth curves, appropriate growth has occurred regardless of the gestational
age and weight percentile that has been assigned to the fetus.

Methods—Following Institutional Review Board approval (HSD-00002969),
860 third-trimester fetal US examinations were retrospectively evaluated from
January 1 through July 1, 2017, to determine whether they had normal growth cur-
ves. Outcome data on all cases were obtained from review of the medical records.

Results—Of 216 fetuses (25%) suspected of IUGR based on a weight below the
10th percentile, 6 developed true IUGR: 5 that led to emergent delivery of
fetuses weighing less than a 1000 g and 1 in utero fetal demise. The remaining
210 fetuses all had normal outcomes.

Conclusions—As long as the fetal growth falls along a curve that parallels normal
growth curves, appropriate growth has occurred regardless of the gestational age
and weight percentile that has been assigned to the fetus.

Key Words—abnormal growth; fetal health; growth curves; in utero growth
restriction

one of the most important pieces of information that can
be derived from an obstetric ultrasound (US) examination.
All of the major societies involved in the performance of obstetric
US examinations have developed guidelines for determining the
gestational age and interval growth of fetuses."™ All of the
guidelines indicate that first-trimester US is the most accurate
means for dating pregnancies4_6; however, clinical dating based on
the last date of the patient’s last menstrual period (LMP) remains
the standard for determining gestational age. In almost every case,
there is some variance between gestational age based on US and
gestational age based on menstrual history.” As has been seen
elsewhere, US dating tends to show earlier gestational ages than
does menstrual dating, since menstrual dating is not indicative of
when fertilization actually occurs. This discrepancy can lead to the
overdiagnosis of in utero growth restriction (IUGR), and this can
become clinically relevant in determining delivery timing.®
Guidelines have been developed outlining the variance in
pregnancy dating that is a function of gestational age.”'® Specific
recommendations for the standard deviations (in days) are presented

T he determination that a fetus is not growing properly is
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in Table 1 of these guidelines.'' For example, up to
14 weeks’ gestational age, the variance is generally
accepted as &5 days for 2 SDs, with larger variances in
the second and third trimesters.'> A fetus that is scanned
for the first time in the third trimester at 30 weeks
would have a variance of +£3 weeks. This reflects the
greater accuracy of measuring gestational age in the first
trimester based on crown-rump length'® compared to
an estimation in the third trimester averaging biparietal
diameter, head circumference, abdominal circumference,
and femur length.'*" Society guidelines also indicate
that if the discrepancy between the menstrual history
and US dating is greater than the 2-SD variance, then
the gestational age of the fetus should be based on US
dating for management purposes.'

However, one has to be prepared to accept that
with a variance of less than 2 SDs, fetuses will frequently
be placed below the 10th percentile (which is within
2 SDs: 2.3rd-97.7th percentiles) based on the size-date
discrepancy alone rather than as a reflection of any real
pathologic condition, and this leads to false-positive
IUGR diagnoses. If being below the 10th percentile is
accepted as the definition of IUGR, then a large number
of fetuses that fall within the normal 2 SDs on the
Gaussian distribution will end up being called growth
restricted. Once defined as growth restricted, an abun-
dance of resources is used on these patients, including
counseling, rescanning, and generally delivering the
fetuses earlier than would have occurred had there been
no significant variance between US and menstrual dat-
ing. Early delivery has been shown repeatedly to lead to
increased neonatal morbidity.

It is well known that a combination of maternal,
placental, and fetal etiologies can lead to true growth
restriction, and determining the etiology for growth
restriction needs to be individualized in each case. Ulti-
mately, the diagnosis of IUGR also relies on a combina-
tion of clinical and US findings such as amniotic fluid
indices, umbilical cord arterial Doppler examinations,
and the presence of fetal fat within the fetus'™> to
make the diagnosis and to determine delivery timing.

The purpose of this article is to demonstrate that it
is the shape of the growth curve generated on subse-
quent follow-up US examinations that is the best deter-
minant of growth, regardless of how the pregnancy is
dated. Numerous pitfalls regarding the diagnosis of
IUGR based on clinical dating as demonstrated by fetal
growth curves will be presented.
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Materials and Methods

Following Institutional Review Board approval (HSD-
00002969), 860 third-trimester fetal US examinations
were retrospectively evaluated from January 1 through
July 1, 2017, to determine whether they had normal
growth curves. The necessity for written informed con-
sent was waived by the Institutional Review Board. All
examinations were performed on Philips (Amsterdam,
the Netherlands) iU22 and Epic US machines using cur-
vilinear 5/1-MHz transducers. All fetal measurements
were obtained at least twice using standardized imaging
planes and anatomy." The criteria of Hadlock et al® were
used for all fetal weight and weight percentile determina-
tions.” All information was entered into ViewPoint,
(GE Healthcare, Milwaukee, WI) for production of
growth curves. Outcome data recorded included weight
at delivery, Apgar scores, pH, neonatal intensive care unit
admission, in utero fetal demise, and neonatal death.
Inclusion criteria included at least having had 2 US
examinations, preferably first-trimester and/or early
second-trimester examinations performed within our
own institution, and outcome information, including
Apgar scores, neonatal pH, neonatal intensive care unit
admission, and in utero or neonatal demise. Of these,
216 fetuses were found to be below the 10th percentile
based on prior clinical dating (25%). Fetuses with only
external assessments, congenital anomalies, and early
demise before 12 weeks were excluded from the study.

Results

A total of 860 patients with third-trimester US exami-
nations were reviewed, and 216 had a diagnosis of
being below the 10th percentile in weight for gesta-
tional age and suspicious for IUGR. Of the 216 of
860 fetuses (25%) suspected of IUGR based on a
weight below the 10th percentile, a total of 192 of
216 (89%) had normal growth curves (Figure 1). All
192 of these patients had initial first-trimester US or
early second-trimester US examinations placing the
fetus close to or at 2 SDs below the mean for gesta-
tional age based on LMP, and all were subsequently
assigned weight percentiles below 10%, raising con-
cern for IUGR on subsequent examinations. All
192 fetuses in this group had normal outcomes.

Of 216, 18 (8.3%) fetuses had follow-up exami-
nations showing less-than-expected growth between
the initial first- and second-trimester US examinations
but appropriate interval growth on all follow-up
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Figure 1. A and B demonstrate a classic example of the size-date discrepancies occurring in the mid second trimester and the necessity of
relying on the growth curve rather than gestational age and the weight percentile assigned to the fetus. Despite being within the normal
2-SD range, the discrepancy between menstrual dating and US dating of 22 weeks 2 days and 20 weeks 2 days places the fetus below the
1st percentile. All subsequent US examinations show a growth curve that is normal. Amniotic fluid and umbilical cord arterial Doppler
systolic-to-diastolic ratios were normal in all subsequent examinations. Clinical notes indicate that the patient underwent extensive counsel-
ing for IUGR. Subsequently, the fetus was delivered at 35 weeks based on the menstrual history (33 weeks by US). It weighed 1894 g and
had Apgar scores of 8 and 9 at 1 and 5 minutes, respectively, and was discharged without incident.

A
Method of Date Details Gest. age EDD
dating
LMP 08/ 8/2015 Cycle Cycle d 22w+2d 05/14/2016
length
u/s 01/11/2016 based AC, 20w+2d 05/28/2016
upon  BPD,
Femur,
HC
Assigned dating ~ Dating performed on 1/11/2016, based on the LMP 22w+2d 05/14/2016
BPD 484 mm 20w 4d AC  150.1 mm 3% 20w2d
HC 1817 mm 20w 4d Femur 317 mm <1%  19wed
Cerebellum tr 21.7 mm 21w2d Humerus 30.1 mm 1% 19wéd
™ 40 mm
EFW  335g <1% Calculated by Hadlock (BPD-HC-AC-FL)
EFW (Ib,0z) 01b12 0z
Impression Singleton pregnancy.
Smaller size of the fetus consistent with IUGR.
Normal AFI, however subjectively low amniotic fluid.
Normal anatomy as above.

examinations. The etiology of this discrepancy was
not entirely clear but was thought to be related to the
change from the measurement of crown-rump length
in the first trimester to measurement of the head,

Estimated fetal weight (g)

abdomen, and femur in the third trimester and an
aggregate calculation of age and weight. This change
affected the growth curves as calculated by View-
Point. All 18 of these had normal neonatal outcomes.

Figure 2. A and B demonstrate declining growth curves indicative of true growth restriction in 2 different fetuses. Both fetuses were initially
well within the 2-SD growth limits for gestational age, and both had growth that declined to the point where they were more than 2 SDs
below the mean. Both subsequently developed oligohydramnios, and following abnormal stress testing, both were delivered on the day
immediately after the last US examination. After short neonatal intensive care unit admissions, both fetuses were ultimately discharged.

A

Estimated fetal weight (g)

B
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Figure 3. A and B demonstrate the importance of always
reviewing the initial prior US examination to assess interval
growth and not relying on size-date concordance alone. In this
case, the initial examination at 12 weeks was concordant with
the menstrual history, with the US being 3 days later. Growth
had already fallen off by 17 weeks, and on a follow-up examina-
tion at 20 weeks, the US showed that the fetus had gone from
being 3 days ahead to 7 days behind: a change of 10 days.
Technically these last 2 examinations are still concordant with
dates, but the interval growth has fallen off significantly. This is a
pitfall that gets missed frequently, and declining growth
between subsequent US examinations needs to be followed to
determine whether growth continues to fall off, or whether the
growth stabilizes. In this case, the fetus died in utero shortly after
the second examination.
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A total of 6 fetuses with abnormal growth curves
developed fetal distress suggestive of true IUGR: S that
led to emergent delivery of fetuses weighing less than
1000 g and 1 in utero fetal demise (Figure 2). Three of
these 6 (50%) had gestational ages based on US initially
greater than dating based on the menstrual history but
had declining growth on subsequent examinations based
on US but remained concordant with clinical dating
(Figure 3).

On average, each patient included in this series
averaged 4 complete US examinations, 6 additional
limited amniotic fluid and cord Doppler examina-
tions, and 8 clinical appointments.

We subsequently discovered that the discrepancies
in dating between the LMP and first-trimester US were
producing standard deviations in ViewPoint that were
different from societal guidelines. For example, we use
=£S5 days for 2 SDs for the range of normal in the first tri-
mester, yet we discovered that ViewPoint was using 4 days
for 2 SDs and that a difference as small as 3 days would
place the fetus below the 10th percentile (Figure 4).

Figure 4. This figure demonstrates that automated reporting sys-
tems may not be using the same standard deviations as outlined in
societal guidelines., In this case, a discrepancy as little as 3 days in
the first trimester placed the fetus at the 10th percentile. A discrep-
ancy of 5days, which most guidelines recommend, places the
fetus greater than 2 SDs below the mean for the assigned gesta-
tional age. Since all subsequent examinations are based on the ini-
tial dating, these fetuses have an assigned gestational age that
places them at or below the 10th percentile, and subsequently, all
are followed for suspicion of growth restriction.

Crown rump length (mm)
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Discussion

Our data indicate that the assignment of weight percen-
tiles based on clinical estimates of gestational age can be
erroneous, and this finding is consistent with that from
prior publications indicating that TUGR is frequently
overdiagnosed when LMP dating is used. Our data show
that 25% of all third-trimester fetuses were found to be
below the 10th percentile early in gestation. Although
some referral bias was due to the referral of more high-
risk patients to a university than would be seen in the
community, we believe that this was caused mainly
because discrepancies between US and the menstrual
history were placing the fetuses below the 10th percen-
tile, which is still within 2 SDs of the mean. Once placed
at the 10th percentile, as long as the same dates are
used, this discrepancy is propagated forward, and appro-
priate interval growth will still place the fetus at the 10th
percentile throughout the rest of the pregnancy.

Compounding the problem, we discovered that
we were actually using standard deviations that were
smaller than those recommended by societal guide-
lines. This places more fetuses below the 10th percen-
tile than would be expected. For example, if a fetus is
dated in the third trimester for the first time with a
2-week discrepancy between clinical and US dates,
one would expect this fetus to somewhere around the
25th percentile, as one would expect a variance of
£3 weeks at this gestational age. However, 2 weeks is
being used by the reporting software, and subse-
quently, all of these fetuses are placed below the 10th
percentile, raising concern for IUGR.

Accurate assignment of gestational age reduces
postdated pregnancies™ and allows the optimal timing
of interventions as well as the prevention of unnecessary
procedures. Even if menstrual dates are considered
“certain,” US is still more accurate for calculating the
expected date of delivery.”* Numerous studies have
shown that dating by US biometry in the first half of
pregnancy is more accurate than using menstrual data
alone."""** Savitz et al*® found that the LMP assigns
gestation 2.8 days longer on average than US dating,
yields substantially more post-term births (12.1% versus
34%), and predicts delivery among term births less
accurately.

Misclassification of births as post-term was more
common in women who reported the LMP by preferred
dates of the month. Savitz et al*® concluded that LMP
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estimates of gestational age are subject to greater ran-
dom errors and in general tend to overstate the duration
of gestation because of delayed ovulation. Butt and
Lim* concluded that when performed with quality and
precision, US alone is more accurate than a “certain”
menstrual date for determining gestational age in the
first and second trimesters (<23 weeks) in spontaneous
conceptions.

In evaluating growth and weight, both maternal
characteristics and fetal size need to be considered. In
a heterogeneous population, the accurate assessment
of an individual fetus’s weight and weight percentile
needs to be customized”” to reduce the false-positive
rate for the diagnosis of growth restriction, especially
with regard to the fetal abdominal circumference and
femur length (Figure S). In one of the largest studies of
its kind, Wilcox et al® found that there were significant
differences between the birth weights of 37,336 neo-
nates of mothers of English-European origin (3357 g),
1008 neonates of Afro-Caribbean origin (3173 g), and
1547 neonates of Indian Subcontinent origin (3096 g).
There were also significant differences between ethnic
groups for gestational length, parity, maternal height,
weight, and smoking,

Furthermore, antenatal US estimations of fetal
weight need to be projected forward to the expected
time of birth.”” In other words, the delay from the
time of the US to the time of delivery needs to be
considered. Wilcox et al*” concluded that a standard-
ized comparison between the predicted birth weight
at US and the actual birth weight is a more logical
reflection of the normality of intrauterine growth and
therefore more logical as an outcome measure for
pregnancy than crude birth weight alone.

Our data indicate that with regard to the diagno-
sis of IUGR, the exact method used to date the preg-
nancy initially is less important than the shape of the
growth curves subsequently. Based on discrepancies
between first-trimester US dating, the menstrual his-
tory, or external assessments of gestational age, if the
fetus lies within 2 SDs (5th-95th percentiles) of the
mean, this should be accepted as normal initially.
Subsequent follow-up US examinations need to show
normal growth curves whether the fetus started at the
90th percentile or 10th percentile, and if further
declining growth is shown, then concern for potential
IUGR would indicate the need for continued surveil-
lance and testing.
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Figure 5. A-D demonstrate that care must be taken to ensure the quality of all fetal measurements used in the calculation of fetal weight.
Undermeasurement of the head, abdomen, or femur can lead to underestimation of fetal weight and the weight percentile. The images illus-
trate that small abdominal circumferences and short femurs can both subsequently lead to a diagnosis of IUGR. However, both of these
fetuses had normal amniotic fluid, cord Doppler findings, and subcutaneous fetal fat. On a subsequent examination, when the abdominal
circumference was remeasured, the fetal growth curve returned to normal. In the other patient, the extremities continued to show
diminishing growth, and musculoskeletal dysplasia was diagnosed, although the birth weight was normal. Whenever a fetus is deemed to
be small, it is important to look at each individual parameter to determine whether the size is being brought down by one particular
measurement.

A

Abdominal circumference (mm) Estimated fetal weight (g)

Femur length (mm) Estimated fetal weight (g)

There are pitfalls associated with the assignment  needs to ensure that the standard deviations being
of weight percentiles to fetuses based on clinical  reported by the system are consistent with the socie-
dating. If using an automated reporting system, one tal standards that one thinks one is using. The way to
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ensure this is to find cases that are exactly 2 SDs dis-
crepant and check where on the growth curve the
fetus lies. If a 30-week fetus (for whom the SD should
be +3 weeks) is put at the 1st percentile when there
is a 2-week discrepancy between the LMP and US
dates, then the standard deviations being reported do
not match those of the societal guidelines.

Another pitfall in assessing growth is to assume that
size-date concordance is the same thing as appropriate
interval growth. Special care must be taken to look at
the initial prior US examinations to determine what due
date was actually given based on US, since follow-up
examinations of fetuses initially greater than dates can
show significant decreases in growth yet still be consis-
tent with dates. Given the limited amount of resources
available and diminished funding for the care of these
patients, it is essential to be as efficient as possible and
recognize that the shape of the growth curve is more
indicative of fetal health or growth restriction than the
dating and, especially, the weight percentile assigned to
the fetus when a size-date discrepancy exists.

In conclusion, as long as the fetal growth falls along a
curve that parallels normal growth curves, appropriate
growth has occurred regardless of the gestational age and
weight percentile that have been assigned to the fetus,
and concerns regarding growth restriction should be alle-
viated by this result. When a fetus is determined to have a
declining growth curve irrespective of gestational age, and
without reliance on arbitrarily determined weight percen-
tiles, then secondary signs of fetal distress, including
oligohydramnios, abnormal umbilical cord Doppler find-
ings, diminished fetal fat, stress testing, and close clinical
surveillance including fetal heart rate monitoring, are then
indicated to optimize delivery timing,">™'
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