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OBJECTIVE — To compare the management of Caucasian women with gestational diabetes
(GDM) based predominantly on monthly fetal growth ultrasound examinations with an ap-
proach based solely on maternal glycemia.

RESEARCH DESIGN AND METHODS — Women with GDM who attained fasting
capillary glucose (FCG) <120 mg/dl and 2-h postprandial capillary glucose (2h-CG) <200
mg/dl after 1 week of diet were randomized to management based on maternal glycemia alone
(standard) or glycemia plus ultrasound. In the standard group, insulin was initiated if FCG was
repeatedly >90 mg/dl or 2h-CG was >120 mg/dl. In the ultrasound group, thresholds were 120
and 200 mg/dl, respectively, or a fetal abdominal circumference >75th percentile (AC>p75).
Outcome criteria were rates of C-section, small-for-gestational-age (SGA) or large-for-
gestational-age (LGA) infants, neonatal hypoglycemia (<40 mg/dl), and neonatal care
admission.

RESULTS — Maternal characteristics and fetal AC>p75 (36.0 vs. 38.4%) at entry did not
differ between the standard (n = 100) and ultrasound groups (n = 99). Assignment to (30.0 vs.
40.4%) and mean duration of insulin treatment (8.3 vs. 8.1 weeks) did not differ between
groups. In the ultrasound group, AC>p75 was the sole indication for insulin. The ultrasound-
based strategy, as compared with the maternal glycemia-only strategy, resulted in a different
treatment assignment in 34% of women. Rates of C-section (19.0 vs. 18.2%), LGA (10.0 vs.
12.1%), SGA (13.0 vs. 12.1%), hypoglycemia (16.0 vs. 17.0%), and admission (15.0 vs. 14.1%)
did not differ significantly.

CONCLUSIONS — GDM management based on fetal growth combined with high glycemic
criteria provides outcomes equivalent to management based on strict glycemic criteria alone.
Inclusion of fetal growth might provide the opportunity to reduce glucose testing in low-risk
pregnancies.
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uidelines for management of preg-

nancies complicated by gestational

diabetes (GDM) generally call for
normalizing maternal glucose levels with-
out further individual risk assessment
(1,2). This “glucose-only” approach re-
quires frequent glucose monitoring in all
women and insulin therapy in a substan-
tial proportion. In contrast, GDM man-
agement guided by fetal criteria can
identify pregnancies at low risk for neo-
natal morbidity and limits intensive mon-
itoring and/or therapy to those at high
risk. So far, measurements of amniotic
fluid insulin (3) and fetal abdominal cir-
cumference (AC) growth have been tested
as fetal criteria for their utility in GDM
management. Two trials testing the fetal
growth—based approach in a predomi-
nately Latino population demonstrated
low rates of large-for-gestational-age
(LGA) newborns in infants whose AC re-
mained below the 70-75th percentile
during pregnancy (4), although insulin
was withheld in women meeting the gly-
cemic criteria for insulin therapy (5). In
contrast, institution of insulin therapy in
pregnancies with accelerated fetal growth
without respect to maternal glycemia has
been found to substantially decrease LGA
rates (4,5). The aim of the present study
was to compare a management based
solely on strict glycemic criteria with a
strategy based predominantly on fetal AC
growth in Caucasian women with GDM.

RESEARCH DESIGN AND
METHODS

Study population, GDM, and
obstetrical management

The study population was recruited from
women referred to two hospital-based di-
abetic prenatal care clinics (Vivantes
Medical Center, Neukoelln, and Charité,
Humboldt-University, Berlin) from Janu-
ary 2000 through January 2003. The two
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Figure 1—Overview of the study design.

hospitals serve a population of similar
ethnic and social background. The study
protocol was approved by the local insti-
tutional review board. Informed written
consent was obtained at the first visit. Be-
fore entry, all subjects were prescribed a
diet based on true body weight (30 kcal «
kg™ ' - day™ ") with caloric restriction for
overweight women (25 kcal + kg™! -
day™"). Women were advised to exercise
after meals and taught to self-monitor
blood glucose using a reflectance meter
with memory (Roche Diagnostics, Mann-
heim, Germany). Glucose profiles con-
sisting of six daily measurements (three
preprandial and three 2-h postprandial)
were performed twice weekly while on
diet and daily on insulin. After 1 week of
therapy, women were evaluated for eligi-
bility for the study protocol.

Women meeting the following inclu-
sion criteria were offered to participate: 1)
GDM, diagnosed by at least two abnormal
values in a 75-g oral glucose tolerance test
(fasting =90 mg/dl [5.0 mmol/l]; 1 h
=165 mg/dl [9.1 mmol/l], 2 h =145
mg/dl [8.0 mmol/l]); 2) all capillary fast-

ing glucose (FCG) measurements =120
mg/dl (6.6 mmol/l) and 2-h postprandial
capillary glucose (2h-CG) measurements
=200 mg/dl (11.1 mmol/D); 3) singleton
pregnancy 16-34 completed weeks con-
firmed by ultrasound performed before
20 weeks; 4) no maternal medical condi-
tions known to affect fetal growth; and 5)
no abuse of tobacco (more than five ciga-
rettes/day), alcohol, or illicit drugs during
pregnancy. After informed consent, sub-
jects were stratified into one of five blocks
based on gestational age and randomized
within blocks to standard or ultrasound
management following the sequence of
allocation generated by a statistician
(Fig. D).

In the standard group, insulin was
prescribed before 36 weeks gestation if
two glucose profiles had two or more el-
evated values (FCG >90 mg/dl or 2h-CG
>120 mg/dD) or four profiles had at least
one elevated value during a 2-week pe-
riod. In the ultrasound group, insulin was
started whenever the AC exceeded the
75th percentile (AC>p75) (6) before 36
completed weeks. In this group, glucose

targets were not discussed with patients,
and glucose values were not used to guide
management, unless any FCG >120
mg/dl and/or any 2h-CG =200 mg/dl was
measured, at which point insulin was pre-
scribed irrespective of AC measurement.
Because of the risk of maternal hypogly-
cemia, insulin was not prescribed irre-
spective of fetal AC when FCG was <80
mg/dl and/or 2h-CG value was <100
mg/dl.

Ultrasound examinations were per-
formed at entry and thereafter at 4-week
intervals at 20, 24, 28, 32, and 36 weeks
of gestation. Complete biometry was per-
formed (Accuson XP 3, 3 and 5 MHz) ob-
taining three AC measurements taken at
the standard cross-sectional view (6). The
coefficient of variance for the AC mea-
surements among the ultrasonographers
(UM.S.-G.,S.LK.,and B.L.) was <7%. A
mean AC measurement was calculated by
study assistants and transformed into a
percentile for gestational age using Had-
lock’s formula (6). While periodic ultra-
sound examinations were performed in
all subjects, results in the standard group
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Table 1—Maternal characteristics and glycemic and fetal parameters at entry

Standard group  Ultrasound group P

n 100* 997
Prior pregnancy with (%)

GDM 14.0 9.1 0.2

Macrosomia (>4,000 g birth weight) 9.0 12.1 0.3

Cesarean delivery 11.0 12.1 0.5
Age (years) 31.3 %50 31.0 =56 0.7
Parity 21*x12 21*13 0.9
Prepregnancy BMI (kg/mz) 284+ 6.6 26959 0.09
Oral glucose tolerance test (mg/dl)

Fasting 957 £ 157 942 £ 151 0.5

1h 200.6 = 28.7 202.2 =255 0.7

2h 156.8 = 32.0 1554 =319 0.8
HbA, . at entry (%) 51*06 52*1.0 0.3
Gestational age at diagnosis (weeks) 26.1 =43 262 *43 0.9
Gestational age at study entry 29.0 =38 291 =34 0.8
Fetal abdominal circumference >75th 36.0 38.4 0.4

percentile (%)

Data are means * SD, unless otherwise noted. *Includes 3 women not completing the study; tincludes 9

women not completing the study.

were not discussed with the women and
were not used to guide management.

Insulin was titrated to achieve FCG
<90 mg/dland 2h-CG <120 mg/dlin the
standard group and FCG <80 mg/dl and
2h-CG <110 mg/dl in the ultrasound
group. Four daily injections were admin-
istered with regular insulin before meals
and NPH at bedtime.

Twice weekly antepartum fetal heart
rate testing was started at 32 weeks. De-
livery via labor induction or cesarean was
scheduled after 40 completed weeks in
the absence of spontaneous labor or ob-
stetrical complications prompting an ear-
lier delivery. During delivery, maternal
capillary glucose levels were measured ev-
ery 2 h and intravenous insulin was ad-
ministered as needed to maintain levels at
90-140 mg/dl. Cord blood was obtained
directly after delivery, stored at —80°C
and assayed for insulin using a radioim-
munoassay (Insulin RIA 100-Pharmacia;
Pharmacia, Freiburg, Germany).

Neonatal capillary blood glucose was
measured at 1, 3, 6, and 12 h postpartum.
Newborn feeding was encouraged soon
after birth. Newborns were transferred to
the neonatal intensive care unit (NICU)
for intravenous glucose therapy, if hypo-
glycemia (<40 mg/dl) did not respond to
oral feeding, or for other neonatal compli-
cations as determined by standard clinical
practice at the institution. Birth weight
and length were obtained right after de-

livery. Skinfold thickness was measured
in triplicate at four sites (triceps, subscap-
ular, iliac crest, and thigh) at day 2 of life
by study assistants. Intra- and postpartum
care was managed by on-call hospital staff
physician and midwife services who were
blinded to the study arm.

Data analysis

A minimum sample size of 178 women
was calculated to detect a difference in
birth weight of 225 g between the study
groups based on an SD of 530 g in prior
studies in our GDM population (7,8)

Schaefer-Graf and Associates

(power 80%, o = 0.05, two-sided test).
Neonatal outcome was compared by in-
tent-to-treat-analysis.

Newborns were classified as SGA if
the birth weight was <10th percentile
and LGA if birth weight was >90th per-
centile according to recent sex-specific
German growth curves (9).

Differences between the groups were
tested for statistical significance by t tests
or ANOVA (continuous variables) or by
Xz analysis (categorical variables). Data
are presented as means * 1 SD.

All calculations were performed
with the statistic package SPSS 10.0
(Chicago, IL).

RESULTS

Maternal data
A total of 199 women were randomized,
100 to standard and 99 to ultrasound-
guided care. Twelve women did not com-
plete the assigned treatment protocol—
three in the standard group (two refused
insulin therapy, and one left care) and
nine in the ultrasound group (three re-
fused insulin for large AC measurements,
and six left care). Except for skinfold mea-
surements in three infants and cord blood
insulin in four newborns of women who
did not complete the study, neonatal out-
come data were available in all subjects.
Maternal and fetal characteristics at
entry did not differ significantly between
the two groups (Table 1). In the standard
group, 30 (30%) subjects met the criteria
for insulin. Of these women, 27 received
insulin, 2 refused, and 1 woman assigned

Table 2—Neonatal outcome in the two study groups

Standard group Ultrasound group P
n 100 99
Gestational age at delivery (weeks) 3903*x13 39019 0.2
Induction (%) 23.0 232 0.5
Cesarean delivery (%) 19.0 18.2 0.5
Birth weight (g) 3371.2 = 500 3306.1 = 558 0.4
SGA (%) 13.0 12.1 0.5
LGA (%) 10.0 12.1 0.4
Neonatal BMI (kg/m?) 131+ 12 128+ 15 02
Sum of skinfolds (mm)* 132 *+32 14.1 = 3.4 0.07
Hypoglycemia (<40 mg/dl) (%) 16.0 17.0 0.5
Intravenous glucose (%) 11.0 9.1 0.4
Cord blood insulin (pU/ml)T 91*62 8.8 = 6.82 0.8
Transfer to NICU (%)# 15.0 14.1 0.5

Data are means = SE. *Sum of skinfolds measured at four sites of the body (subscapular, iliac crest, triceps,
thigh), missing in three infants of women who did not complete the study; tmissing in four infants of women
who did not complete the study; ¥neonatal intensive care unit.
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Table 3—Outcome of GDM pregnancies who were managed either identically or differentially based on the occurrence of maternal hypergly-
cemia and a fetal AC>p75 before 36 completed weeks of gestation

Maternal hyperglycemia meeting criteria for insulin therapy in the stamdard group

No Yes
AC always =75th A No insulin in both groups B ST group US group
percentile N =75 (ST = 38, US = 37%) (n=17) (n = 18%)
during study ' Insulin No insulin
LGA 2.7% (2) LGA 5.9% (1) 5.9% (1)
SGA 20.0% (15) SGA 35.3% (6) 16.6% (3)
Hypoglycemia 18.7% (14) Hypoglycemia 11.8% (2) 11.8% (2)
NICU 17.3% (13) NICU 5.9% (1) 5.9% (1)
Cesarean 14.7% (11) Cesarean 17.6% (3) 23.5% (4
AC ever >75th C ST group US group D Insulin in both groups
percentile (n=32) (n=13) N =33 (ST = 10, US = 23)
during study No insulin Insulin
LGA 21.9% 8.3% (1) LGA 26.1% (6)
SGA 0% 0% SGA 4.3% (1)
Hypoglycemia 15.6% (5) 8.3% (1) Hypoglycemia 18.2% (6)
NICU 12.5% (4) 8.3% (1) NICU 24.2% (8)
Cesarean 25.0% (8) 8.3% (1) Cesarean 24.2% (8)

In the standard group (ST), hyperglycemia prompted insulin therapy; in the ultrasound group (US), it prompted an AC>p75. All P values for panel Band C >0.05.
*Three women with AC>p75 who were not treated with insulin because of low glucose values were included; fone woman with AC>p75 who was not treated with

insulin because of AC misclassification was included.

to insulin left care. In the ultrasound
group, 40 (40.4%) women met the crite-
ria for insulin, all with AC>p75 (P = 0.1
vs. standard). No subject qualified for in-
sulin based on FCG >120 mg/dl or
2h-CG >200 mg/dl. Five subjects had
AC>p75 but FCG <80 mg/dl and/or any
2h-CG <100 mg/dl precluded insulin by
protocol. Of the 40 women who met
study requirements for insulin therapy, 3
refused therapy and 1 subject who should
have received therapy did not due to an
erroneous AC calculation. The fraction of
women receiving insulin did not differ be-
tween the groups (27.0 vs. 36.4%, stan-
dard vs. ultrasound, P = 0.1). FCG and
2h-CG during pregnancy were 85.9 *
10.5 mg/dl and 111.0 = 11.3 mg/dl, re-
spectively, for the standard group and
85.1 £8.2mg/dland 110.3 = 10.6 mg/dl
for the ultrasound group (FCG: P = 0.5;
2h-CG: P = 0.6). In women who received
insulin in the standard and ultrasound
groups, means for duration of insulin
therapy (8.3 = 2.8 vs. 8.1 * 3.5 weeks,
respectively, P = 0.8) and maximum in-
dividual insulin doses (67.2 = 38.2 vs.
78.2 £ 39.4 units, respectively, P = 0.3)
were also similar. However, average FCG
(852 £ 8.5 vs. 80.6 x 52 mg/dl, P =
0.01) and 2h-CG (113.0 = 12.0 vs.
106.6 = 6.7 mg/dl, P = 0.01) during in-

sulin treatment were significantly higher
in the standard compared with the ultra-
sound group, consistent with protocol
goals.

Primary neonatal outcome

There were no significant differences be-
tween treatment groups with respect to
mode of delivery or indexes of newborn
growth (Table 2). Neonatal cord blood in-
sulin, rates of transfer to NICU, hypogly-
cemia, or intravenous supplemental
glucose were also similar between the
groups. Of the standard group, three
women did not complete the study, and
no infant was born SGA or LGA or was
transferred to NICU. In the ultrasound
group, two of the three newborns of
mothers refusing insulin were born LGA.
Of the newborns of the six women who
left care without being assigned to insulin
therapy, one infant was born LGA and
one was born SGA.

The diagnostic criteria of Carpenter
and Coustan (10) were fulfilled by 161
(80.9%) women equally distributed to
standard and ultrasound groups. The pri-
mary analysis was repeated for this sub-
set. Again, there was no significant
difference in outcome between the study
groups. The rate of insulin use in the stan-
dard group in this subset was 32.1%.

In the majority of the fetuses who pre-
sented accelerated growth during the
study, the diagnosis AC>p75 was made
by the first ultrasound at entry (69.1%).
Additionally 20% were diagnosed by the
second scan. Of fetuses with AC>p75,
14.3% were born LGA to mothers with
insulin therapy in contrast to 23.1% when
the mother stayed on diet only. In the
standard group, all LGA infants besides
one were born to mothers on diet.

Secondary analysis

To evaluate the outcome of the women
who were treated differently by the stan-
dard therapy (based on glycemia alone) or
by the ultrasound-guided therapy (based
on fetal growth), we separated the sub-
jects who completed the assigned therapy
according to glycemic values and AC
growth. Of all subjects who completed
the study (standard, n = 97, ultrasound,
n = 90), the glucose profiles during the
study period were evaluated to see if they
met glycemic targets for insulin according
to the standard protocol. Likewise, AC
measured in all subjects was evaluated to
see if they met criteria for insulin accord-
ing to the ultrasound protocol. A 2 X 2
table was constructed to evaluate out-
come differences (Table 3). In two of the
four groups, women received identical
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therapy (n = 108 of 187, 58%)—either
no insulin (box A) or insulin (box D). In
box B, all subjects met criteria for insulin
based on standard protocol but not by
fetal AC growth and were treated differ-
ently by the study group assignment. The
2h-CG was significantly lower in the stan-
dard compared with the ultrasound
group (114.0 £10.3vs. 121.7£9.1,P =
0.02). Except for the higher prevalence of
SGA infants in the standard (35%, 6 of
17) compared with the ultrasound group
(17%, 3 of 18, P = 0.13), there was no
difference in outcome between the two
groups. In box C, all women met criteria
for insulin based on fetal AC>p75, but
not by glucose profiles, and were treated
differently. Here, 2h-CG was higher in the
standard compared with the ultrasound
group (108.2 = 10.2 vs. 102.0 = 7.0 mg/
dl, P = 0.04). Almost three times as many
infants were LGA or delivered by C-
section in the standard (22%, 7 of 32)
compared with the ultrasound group
(8%, 10f12,P = 0.28).

CONCLUSIONS — There are two
major findings of this study. First, GDM
management predominantly based on fe-
tal growth provided the same perinatal
outcome as management based on strict
glycemic control. Second, fetal ultra-
sound-based strategy resulted in a treat-
ment assignment in 34% of the women
(31 of 90 subjects in the ultrasound
group) that would have been different
had a maternal glycemia-only strategy
been applied.

Fetal growth—based treatment assign-
ment appears safe for both the infant and
the mother. Various primary outcome pa-
rameters used to gauge the quality of
GDM management did not differ between
fetal ultrasound- and maternal glycemia-
only—guided strategies. In addition, none
of the women in the ultrasound group
treated with insulin for AC>p75 without
hyperglycemia experienced severe hypo-
glycemia. While there is no agreement in
regard to the diagnostic criteria for GDM,
results of this study were virtually identi-
cal when switching to the Carpenter and
Coustan criteria for GDM (10). For com-
parability with the pilot studies (4,5), this
study had used the Hadlock growth
curves created in 1984. As the difference
offetal ACis only 0.3—0.6 mm, compared
with more recent growth curves (11),
only a minute fraction might have been

assigned differently when using the recent
curves.

The LGA rate in the standard group
was much lower than in our prior obser-
vational studies in women with GDM (18
or 24%, respectively) (7,12). A similar
low rate of LGA was observed in our pilot
study in a hyperglycemic Latino popula-
tion known to have high macrosomia
rates (5). Intensive attention under study
conditions may enhance compliance of
pregnant GDM women.

The fetal ultrasound-guided strategy
led to a redistribution of assignment to
insulin therapy. Insulin was withheld in
women with normal fetal growth; even
their glucose levels would have qualified
them for insulin under standard care.
There was no adverse outcome, but the
ultrasound approach reduced the SGA
rate by more than half in this subgroup.
Moderate maternal hyperglycemia might
be important for ensuring the nutritional
supply of the fetus, just as maternal preg-
nancy-induced hypertension compensat-
ing for poor placental vasculature. Insulin
was applied in cases with fetal overgrowth
despite glucose values that would not
have led to insulin therapy by standard
management. In this subgroup, the ultra-
sound approach reduced LGA and C-
section rates by >50%. Similar effects
have been observed before with protocols
aimed at strict glycemic control in all
GDM women that ultimately assigned in-
sulin to the majority of the women
(13,14). However, identification of fetal
macrosomia by ultrasound (4) allowed
for the assignment of insulin to only those
women at high risk for LGA and cesarean.
The small subgroup sample size resulting
from the subanalysis precluded to show
the beneficial effects of the fetal growth—
based strategy in a statistically significant
fashion. To test whether these effects are
real, further studies would be needed.
Based on the effects in this study, the ap-
proximate number of women to be in-
cluded would be 99 to demonstrate a
significant reduction of the SGA rate and
121 to show a significant decrease in the
LGA rate.

What are the clinical implications of
our findings? Inclusion of fetal growth to
direct metabolic therapy in GDM may
help to optimize the allocation of re-
sources. Due to the rapid rise of obesity in
women of child-bearing age and the
growing awareness of the implications of
GDM, an increasing number of patients
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will require treatment. Without addi-
tional tools for antenatal risk assessment,
attainment of strict glucose control in all
women may cause unnecessary financial
and emotional burdens in pregnancies at
low risk for morbidity while consuming
resources needed for intensive interven-
tion in those at high risk. In most health
care systems, fetal ultrasound is part of
the routine surveillance and is well ac-
cepted by patients. Undoubtedly, avail-
ability of personnel trained in performing
obstetrical ultrasound is necessary to
make any ultrasound-based approach
work on a broader base; however, any
physician certified for obstetrical ultra-
sound may be expected to also produce
reliable fetal AC measurements by using
standard equipment. The decades-long
discussion about the diagnostic criteria
for GDM and glycemic targets reflects the
difficulty to assess the risk for adverse
outcome solely based on maternal glyce-
mia. Rather, the relation between mater-
nal glycemia and neonatal and maternal
outcome behaves as a continuum (7,15)
In addition, other maternal factors be-
sides glucose metabolism have an influ-
ence on fetal growth (11,16). Risk
assessment by fetal growth might be used
to adjust the intensity of glucose monitor-
ing. AC<p75 reliably excludes amniotic
fluid insulin concentrations >16 wU/ml,
which are known to be associated with
short- and long-term morbidity (17).

Both intrauterine growth restriction
and fetal overgrowth are known to be as-
sociated with neonatal complications and
long-term sequelae (18—-20). The reduced
rate of abnormal growth (SGA and LGA)
of this study awaits confirmation in larger
cohorts.

In addition, management based on fe-
tal criteria might offer an opportunity to
act more cost-effectively. Based on an av-
erage gestational age of 28 weeks at diag-
nosis of GDM, the actual total cost of self-
glucose monitoring with two profiles per
week is approximately €125. The cost of a
proposed management based on the re-
imbursement for two ultrasound exami-
nations (€34) combined with glucose
monitoring (two profiles per month, €18)
would amount to €52. However, the min-
imum number of ultrasound examina-
tions needed to reliably identify low-risk
GDM pregnancies, as well as the reduc-
tion of glucose monitoring possible, re-
main to be determined. However, our
data indicate that more relaxed glycemic
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control is justified when fetal assessment
is included to target pregnancies for in-
tensive intervention.
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