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Aims: Some guidelines recommend altering glycemic targets in gestational diabetes melli-

tus (GDM) based on ultrasound measurements of fetal growth, but the impact on outcomes

in clinical practice is unknown. The aim of this study was to compare the effects of

ultrasound-guided and non-ultrasound-guided management on neonatal outcomes.

Methods: This was a retrospective, observational study of a random sample of women with

GDM and their infants. Outcomes were compared between those who had GDM manage-

ment tailored according to fetal growth and those who did not.

Results: In the sample of 221 women, 134 had documentation of ultrasound-guided man-

agement while 87 did not. There was no significant difference in size-for-gestational age

between groups. Fewer neonates in the ultrasound-guided management group were admit-

ted to the Special Care or Intensive Care Nursery (29.1% vs. 48.3%, P = 0.004), had a pro-

longed hospital stay (3.7% vs. 13.8%, P = 0.006), or had hypoglycemia after birth (42.5% vs.

56.3%, P = 0.045). The reduction in admission rates and prolonged hospital stays remained

significant after controlling for confounding variables.

Conclusions: Ultrasound-guided management was independently associated with improve-

ments in some neonatal outcomes.
� 2021 Elsevier B.V. All rights reserved.
Australia.
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1. Introduction

Gestational diabetes mellitus (GDM) is one of the most com-

mon comorbidities of pregnancy. It is associated with adverse

outcomes including increased birth weight, birth injury sec-

ondary to macrosomia, and neonatal hypoglycemia [1]. Tradi-

tional GDM management has focused on achieving

euglycemia through a combination of diet, home glucose

monitoring, and insulin or oral hypoglycemic therapy as

needed to reduce the risk of these adverse outcomes [1].

While large randomized control trials (RCTs) have demon-

strated benefits to treating GDM [2,3], the question remains

as to what management strategy for GDM is optimal to min-

imize adverse outcomes.

Fetal size is an important indicator in GDM management.

Large-for-gestational age (LGA) infants can result from inade-

quately treated GDM, and studies have found that fetal over-

growth is associated with adverse perinatal outcomes

including hypoglycemia, respiratory distress syndrome,

shoulder dystocia, and Erb’s palsy [4]. However, glucose con-

trol that is too aggressive is a possible cause for small-for-

gestational age (SGA) infants [5]. SGA has been associated

with long-term adverse outcomes including poor school per-

formance [6], ischemic heart disease [7], hypertension, and

diabetes [8] later in life. Therefore, the benefits of strict glu-

cose control must be balanced with the risks. This is further

complicated by evidence that fetal growth at a given level of

glycemic control is variable, so strict glucose control may

not be appropriate for all women with GDM [5,9].

Ultrasound-guided management may better identify

which pregnancies are at risk for fetal overgrowth. In this

management framework, fetal ultrasound measurements,

specifically fetal abdominal circumference (AC), are used to

risk-stratify pregnancies and alter glycemic targets accord-

ingly. Four RCTs to date have studied this management strat-

egy [10–13], and a meta-analysis of these trials revealed LGA

rates were significantly lower with ultrasound-modified ther-

apy compared to conventional therapy (8.1% vs. 16.7%,

P = 0.0017) [14]. This shows ultrasound surveillance may help

identify those at increased risk for fetal macrosomia, and

treatment could then be intensified accordingly [14].

Three of these RCTs also reported SGA rates, and meta-

analysis revealed SGA rates of 6.9% in the modified therapy

group compared to 11.2% in the conventional therapy group

(P = 0.087) [14]. However, only one of these RCTs was appropri-

ately powered to detect differences in SGA rates [13], and

these studies loosened targets for all women deemed to be

low risk for fetal macrosomia instead of identifying and selec-

tively targeting those at risk for growth restriction [10–13].

One observational study looking at the effect of BMI on

ultrasound-guided management in clinical practice selec-

tively loosened targets for anyone with an AC below 50th per-

centile, but 51.7% of women were still treated with insulin

and 55.2% of the neonates were still SGA in the loose targets

group [15]. Therefore, it is unclear how the risk of SGA infants

in the context of GDM should be managed.

There are also broader concerns about this management

strategy and conclusions that can be drawn from the existing

data. The RCTs are individually quite small, and only some
trials found a reduction in LGA rates while others saw no ben-

efit [10–13], raising concerns about adequate statistical power.

Further concerns were raised by the recent Cochrane review

that concluded evidence of the impact of ultrasound-guided

management on LGA rates was of very low certainty given

limitations in study design, wide confidence intervals, and

substantial heterogeneity between studies [16]. Concerns

have also been raised that third trimester ultrasounds may

significantly overestimate LGA rates [17–19], which calls into

question how accurately management can be tailored based

on growth. Finally, fetal growth is not the only reason GDM

is treated, so there is a risk of neonatal or maternal morbidity

with this strategy, particularly if glucose targets are loosened

[1].

This management strategy has had limited uptake, and

the few guidelines now recommending the use of

ultrasound-guided management in clinical practice have

been vague in their specific recommendations [20,21]. For

example, the Fifth International Workshop-Conference on

Gestational Diabetes Mellitus in 2005 suggested monitoring

fetal growth in GDM patients by ultrasound measurement of

fetal AC beginning in the second and early third trimesters,

with repeat ultrasounds every 2–4 weeks [20]. If AC is above

75th percentile, they state intensive management should be

considered including lower glycemic targets and/or initiation

of insulin therapy [20]. Of note, there are no explicit recom-

mendations for management when the AC percentile is low

or falling for prevention of SGA infants, only that more

relaxed management may be acceptable if AC is below 75th

percentile [20]. The Queensland Clinical Guidelines for GDM

use these recommendations for management of excess fetal

growth, but there is no mention of relaxed management [21].

Ultrasound-guided management has some RCT support

[10–13] reflected in a few clinical guidelines [20,21], but it is

clear this management strategy needs further evaluation

given concerns about existing data and lack of widespread

uptake. In particular, data is lacking on its use in routine clin-

ical practice. Therefore, the aim of this study was to directly

compare the effects of ultrasound-guided and non-

ultrasound-guided management on outcomes in routine clin-

ical practice.

2. Subjects, materials and methods

This retrospective cohort study was conducted at a metropoli-

tan quaternary birthing hospital in Brisbane, Australia. Ethics

approval was obtained from the Royal Brisbane & Women’s

Hospital Human Research Ethics Committee (HREC/2019/

QRBW/58289), and a waiver of consent was granted by the

Ethics Committee for this study.

All women who delivered at the hospital from August 2015

to August 2019 and were diagnosed with GDM were assessed

for inclusion in the study. GDM was diagnosed according to

IADPSG criteria if one or more of the following blood glucose

levels were identified on a two-hour 75 g oral glucose toler-

ance test (OGTT): fasting � 5.1 mmol/L, one-hour � 10.0 mm

ol/L, and two-hour � 8.5 mmol/L [22].

The target population for this study was primiparous

women with GDM who were otherwise medically well. This
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allowed for identification and comparison of the standard

management strategies used for GDM by excluding any tar-

geted strategies for complex situations. Women were eligible

for inclusion if they had a singleton pregnancy, were primi-

parous, were diagnosed with GDM between 24 and 34 weeks’

gestation, received all their GDM care at the hospital’s dia-

betes in pregnancy clinic, had a fetus without significant con-

genital anomalies, and had no significant medical

comorbidities, medication use, or hospitalizations post diag-

nosis. Women with vitamin deficiencies were eligible for

inclusion. Women were excluded if they were on medications

known to have impacts on glucose metabolism such as oral

steroids or atypical antipsychotics. Womenwho required hos-

pitalizations for longer than 48 h after diagnosis for non-

obstetric causes or for hyperemesis gravidarum were also

excluded.

Data were collected for all eligible women on maternal

demographics, pregnancy complications, and maternal and

neonatal outcomes from the hospital clinical obstetric data-

base. Socioeconomic status was determined using the Aus-

tralian Bureau of Statistics 2016 Socioeconomic Indexes for

Australia by postcode [23]. Percentiles and z-scores for birth-

weight, head circumference, and length were calculated using

the 2013 Fenton Preterm Growth Chart [24]. Infants were iden-

tified as LGA if their birthweight was �90th percentile-for-

gestational age and as SGA if their birthweight was �10th

percentile-for-gestational age. All other infants were classi-

fied as appropriate-for-gestational age (AGA). Neonatal hypo-

glycemiawas defined as any blood glucose value <2.6 mmol/L.

Weight gain throughout pregnancy was compared to the

Institute of Medicine Guidelines to determine whether weight

gain was adequate, excess, or inadequate for a given pre-

pregnancy BMI category [25].

A random sample was selected from all eligible women

using a random number generator in Microsoft Excel to col-

lect ultrasound scan data and details of GDM diagnosis and

management. Data were collected regarding OGTT results,

dates of GDM clinic visits, types of providers involved in their

care, pharmacologic therapies used, and glycemic targets.

Ultrasound data was obtained from all ultrasound scans con-

ducted from 28 weeks’ gestation and included absolute and

percentile measures of biparietal diameter, head circumfer-

ence, AC, femur length, and estimated fetal weight (EFW)

using the Hadlock equation [26].

All GDM clinic notes were read to determinewhether there

was evidence that a woman’s management was guided by

ultrasound scans. In order to be classified as ultrasound-

guided, there had to be evidence that appropriateness of fetal

growth was assessed and classified, and in response, appro-

priate changes to management made if growth was abnor-

mal. These changes could include deviations from the

standard glycemic targets in the local clinical guidelines

(<5.0 mmol/L fasting, <6.7 mmol/L 2 h postprandial) [21]; ini-

tiation, cessation, or dose changes of pharmacotherapy; and

changes to dietary advice. The degree to which changes were

made was clinically determined by the individual provider.

Fetal growth was considered high risk for LGA if the AC was

greater than 75th percentile [20] or if the EFW was greater

than 90th percentile [27]. Fetal growth was considered high

risk for SGA if the AC was less than 25th percentile or the
EFW was less than 10th percentile. The latter criteria were

chosen based on discussion with expert clinicians involved

in the specialist diabetes in pregnancy service delivery and

ultrasound parameters used in other studies for the predic-

tion of SGA infants, given the lack of guidelines for interven-

tion in these women [28,29]. Doppler findings were not

included in our criteria, and no patients had GDM manage-

ment changes related to abnormal dopplers. The specific cri-

teria that were used to determine if management was

ultrasound-guided are outlined in Table 1. In the event a

woman had multiple scans that were managed differently,

the woman was placed in the management category their

scans fit the majority of the time.

Descriptive statistics were utilized to report outcomes

from the study. All statistical analyses were performed using

SPSS 26.0 (IBM, Armonk, NY). All tests were two-tailed, and

statistical significance was set at a p-value of 0.05. Student’s

t-tests and chi-square tests were used to compare character-

istics and outcomes of women who had ultrasound-guided

management and those who did not. Mann-Whitney U tests

were used when data was found to not be normally dis-

tributed, and Fisher’s exact tests were used for categorical

data when any outcome had an expected count less than 5.

Data are presented as means ± standard deviations, medians

and interquartile ranges, and frequencies and percentages

where appropriate.

Logistic regression was used to explore potential con-

founding variables. The most parsimonious statistical

model was sought with both a backwards and forwards

selection strategy. Adjustment was made for demographic

variables, differences in management, and risk factors for

adverse neonatal outcomes including age, smoking status,

history of termination or miscarriage, pre-pregnancy BMI,

duration of GDM care, OGTT results, being seen by a physi-

cian for GDM care (either Obstetric Medicine or Endocrinol-

ogy), use of pharmacotherapy, treatment modality (insulin

vs. metformin), abnormal growth on baseline ultrasound

scan, gestational age at birth, and birthweight z-score.

The use of pharmacotherapy, treatment modality, and being

seen by a physician for GDM care were found to be colli-

near, so the models were run with each variable separately,

and the variable that produced the best fitting model was

chosen.

3. Results

A total of 2,437 women with GDMwere assessed for inclusion,

and 652 were eligible as outlined in Fig. 1. Of those eligible for

inclusion, 225 were randomly selected, and all charts for

these women were able to be obtained. Four were excluded

after detailed chart review when it was discovered they were

diagnosed on home blood glucose testing instead of on OGTT.

Of the remaining 221 women, 134 fit the criteria for

ultrasound-guided management while 87 did not.

Demographic characteristics and GDM management

details for both groups are reported in Table 2. There were

no differences in age, ethnicity, or measures of socioeco-

nomic status between groups. All but two participants had

at least one ultrasound scan performed after 28 weeks’ gesta-

tion. The median number of scans performed throughout



Table 1 – Criteria for determining allocation to management group.

Ultrasound-guided Management

Ultrasound scan data provided in notes if growth was normal N = 70 (31.7%)
Documentation of changes to management if growth was high* N = 48 (21.7%)
Glycemic targets decreased† N = 5 (2.3%)
Initiation or increased dose of pharmacotherapy N = 38 (17.2%)
Dietary recommendations restricted N = 9 (4.1%)

Documentation of changes to management if growth was low� N = 16 (7.2%)
Glycemic targets increased§ N = 14 (6.3%)
Cessation or decreased dose of pharmacotherapy N = 1 (0.5%)
Dietary recommendations relaxed N = 2 (0.9%)

Non-Ultrasound-guided Management

No ultrasounds conducted after 28 weeks’ gestation N = 2 (0.9%)
No mention of ultrasound findings in GDM notes N = 17 (7.7%)
No documentation of changes to management if growth was high* N = 46 (20.8%)
No documentation of changes to management if growth was low† N = 22 (10.0%)

* Abdominal circumference > 75th percentile or estimated fetal weight > 90th percentile.

† Glycemic targets lowered below 5.0 mmol/L fasting and/or 6.7 mmol/L 2 h postprandial.

� Abdominal circumference < 25th percentile or estimated fetal weight < 10th percentile.

§ Glycemic targets raised above 5.0 mmol/L fasting and/or 6.7 mmol/L 2 h postprandial.

Fig. 1 – Flow diagram for selection of study sample. GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test.
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Table 2 – Maternal demographics and GDM data.

Ultrasound-Guided Management (n = 134) Non-Ultrasound-Guided Management (n = 87) P value

Age (years) 30.72 ± 4.49 30.03 ± 5.19 0.296
Caucasian 69 (51.5%) 48 (55.2%) 0.592
Pre-pregnancy BMI* 24.93 (7.11) 24.22 (6.91) 0.316
Married 113 (84.3%) 77 (88.5%) 0.382
Private patient 12 (9%) 10 (11.5%) 0.538
Socioeconomic status by postcode†
Low 6/133 (4.5%) 1/84 (1.2%) 0.253
Medium 38/133 (28.6%) 30/84 (35.7%) 0.269
High 89/133 (66.9%) 53/84 (63.1%) 0.564

History of miscarriage or termination 37 (27.64%) 35 (40.2%) 0.051
Smoking during pregnancy 11/132 (8.3%) 11/87 (12.6%) 0.299
Alcohol use during pregnancy 39/131 (29.8%) 22/87 (25.3%) 0.470
Primary Obstetric Provider
GP 52 (38.8%) 41 (47.1%) 0.221
Obstetrician 10 (7.5%) 2 (2.3%) 0.132
Midwife 72 (53.7%) 44 (50.6%) 0.646

Vitamin Deficiencies
Iron 25 (18.7%) 19 (21.8%) 0.563
Vitamin B12 3 (2.2%) 2 (2.3%) 1.000
Vitamin D 45 (33.6%) 27 (31.0%) 0.693

Decreased fetal movements 58 (43.3%) 21 (24.1%) 0.004
Gestational age at OGTT* 27.43 (1.64) 27.29 (2.29) 0.883
Plasma glucose on OGTT
Fasting (mmol/L) 4.93 ± 0.73 4.71 ± 0.55 0.017
1 h (mmol/L) 9.82 ± 1.75 9.35 ± 1.68 0.046
2 h (mmol/L) 8.27 ± 1.70 8.05 ± 1.37 0.329

Seen by an Obstetric Medicine physician or Endocrinologist 64 (47.8%) 8 (9.2%) <0.001
Pharmacotherapy 51 (38.1%) 3 (3.4%) <0.001
Metformin 21 (15.7%) 3 (3.4%) 0.004
Insulin 36 (26.9%) 1 (1.1%) <0.001

Weight gain during pregnancy by BMI�
Appropriate 34/122 (27.9%) 29/75 (38.7%) 0.115
Excess 41/122 (33.6%) 27/75 (36%) 0.732
Inadequate 47/122 (38.5%) 19/75 (25.3%) 0.057

Any scan with AC > 75th percentile 51 (38.1%) 52 (59.8%) 0.002
Any scan with AC < 25th percentile 17 (12.7%) 27 (31%) 0.001
Any scan with EFW > 90th percentile 16 (11.9%) 10 (11.5%) 0.920
Any scan with EFW < 10th percentile 4 (3%) 10 (11.5%) 0.011

Results are given as mean ± SD or as numbers (%) of subjects unless stated otherwise. Total number of subjects is stated if not all are included.

BMI, body mass index; OGTT, oral glucose tolerance test; AC, abdominal circumference; EFW, estimated fetal weight.

* Median (interquartile range).

† According to 2016 Socio-economic Indexes for Areas.

� According to Institute of Medicine weight gain guidelines.
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pregnancy was four scans (P = 0.676) and after 28 weeks was

two scans (P = 0.133) in both groups. The gestational age at

the first ultrasound after 28 weeks was earlier in the

ultrasound-guided management group (median 31.71 weeks

vs. 32.57 weeks, P < 0.001). Those with markers of abnormal

growth were more likely to be in the non-ultrasound-guided

management group, apart from those with an EFW > 90th per-

centile where there was no difference between groups.

There were a number of differences in the management of

GDM between the two groups. While both groups had their

first GDM visit at a similar gestational age (30.57 weeks vs.

31.29 weeks for the ultrasound-guided and non-ultrasound-

guided groups respectively; P = 0.153), those in the

ultrasound-guided group had a longer duration of GDM care

(7.07 weeks vs. 6 weeks; P = 0.002). Those in the ultrasound-

guided group were also much more likely to be seen by an

Obstetric Medicine Physician or Endocrinologist and to have

been treated with either insulin or metformin than those in

the non-ultrasound-guided group.

The proportion of women who gained appropriate or

excessive weight based on pre-pregnancy BMI was similar

between groups, while the ultrasound-guided group had a

higher proportion of women who gained inadequate weight

during pregnancy that was not statistically significant. Of
Table 3 – Maternal and neonatal outcomes by management gro

Ultrasound-
Managemen

Gestational Age at Birth (weeks)* 39.14 (1.57)
Preterm Birth (before 37 weeks’ gestation) 5 (3.7%)
Birthweight (grams) 3274.81 ± 41
Size for Gestational Age

AGA 116 (86.6%)
LGA 7 (5.2%)
SGA 11 (8.2%)

Hypertensive Disorders of Pregnancy 17 (12.7%)
Premature Rupture of Membranes 24 (17.9%)
Postpartum Hemorrhage 26 (19.4%)
Induction of labor 67 (50%)
Mode of Birth

Spontaneous Vaginal Delivery 47 (35.1%)
Operative Vaginal Delivery 38 (28.4%)
Caesarean Delivery 49 (36.6%)

Apgar Score < 7
1 min 14 (10.4%)
5 min 4 (3%)

SCN/ICN Admission 39 (29.1%)
Baby Length of Stay > 5 days 5 (3.7%)
Neonatal Hypoglycemia 57 (42.5%)
Respiratory complications† 18 (13.4%)
Jaundice 20 (14.9%)
Neonatal Treatments

Glucose gel 4 (3%)
Phototherapy 5 (3.7%)
Antibiotics 29 (21.6%)

Results are given as mean ± SD or as number (%) of subjects unless stated

AGA, appropriate-for-gestational age; LGA, large-for-gestational age; SGA, s

Nursery.

* Median (interquartile range).

† Respiratory complications included transient tachypnea of the newborn
the 66 women who had inadequate weight gain, 12 (18.2%)

were obese, 5 (7.6%) were overweight, 46 (69.7%) were normal

weight, and 3 (4.5%) were underweight.

Maternal and neonatal outcomes are provided in Table 3.

There were no differences in birthweight, gestational age at

birth, or size-for-gestational age between groups. Despite

this, there were a number of differences in neonatal out-

comes. Those in the ultrasound-guided management group

were less likely than those in the non-ultrasound-guided

group to have a neonate that required special care nursery

(SCN) or intensive care nursery (ICN) admission, or who

stayed in the hospital longer than 5 days. Also, the neonates

were less likely to have hypoglycemia after birth.

Adjusted p-values and odds ratios for the parsimonious

models are presented in Table 4. The variables that remained

statistically significant in explaining SCN or ICN admission

were ultrasound-guided management and gestational age at

birth, while ultrasound-guided management, gestational age

at birth, and birthweight z-score remained statistically signif-

icant in explaining prolonged neonatal length of stays using

both forward and backward selection. While other variables

such as baseline abnormal AC, treatment modality, and OGTT

result did partly explain the relationship between manage-

ment group and neonatal outcome, they ultimately did not
up.

Guided
t (n = 134)

Non-Ultrasound-Guided
Management (n = 87)

P value

39.29 (1.57) 0.779
5 (5.7%) 0.520

2.50 3297.10 ± 573.70 0.737

70 (80.5%) 0.224
7 (8%) 0.400
10 (11.5%) 0.416
9 (10.3%) 0.598
13 (14.9%) 0.564
13 (14.9%) 0.395
40 (46%) 0.559

32 (36.8%) 0.796
19 (21.8%) 0.279
36 (41.4%) 0.473

12 (13.8%) 0.451
3 (3.4%) 1
42 (48.3%) 0.004
12 (13.8%) 0.006
49 (56.3%) 0.045
14 (16.1%) 0.583
21 (24.1%) 0.085

3 (3.4%) 1
10 (11.5%) 0.025
32 (36.8%) 0.014

otherwise. Total number of subjects is stated if not all are included.

mall-for-gestational age; SCN, Special Care Nursery; ICN, Intensive Care

, pneumothorax, and respiratory distress, not otherwise specified.



Table 4 – Impact of ultrasound-guided management on neonatal outcomes adjusted for other risk factors.

Unadjusted Adjusted

Odds Ratio (95% CI) P-value Odds Ratio (95% CI) P-value

SCN/ICN Admission 0.440
(0.251–0.772)

0.004 0.476
(0.268–0.843)

0.011*

Neonatal Length of Stay > 5 days 0.242
(0.082–0.714)

0.010 0.278
(0.086–0.895)

0.032†

Neonatal Hypoglycemia 0.574
(0.333–0.990)

0.046 0.624
(0.359–1.086)

0.095�

SCN, Special Care Nursery; ICN, Intensive Care Nursery.

*Adjusted for gestational age at birth.

†Adjusted for gestational age at birth and birthweight z-score.

� Adjusted for gestational age at birth.
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improve the model. With regards to neonatal hypoglycemia,

gestational age at birth was the most important predictor,

and ultrasound-guided management did not remain statisti-

cally significant in either forward or backward selection.

4. Discussion

This study was the first to compare the effects of ultrasound-

guided management based on local clinical guidelines [21] to

non-ultrasound-guided management in routine clinical prac-

tice. Overall, guideline compliance was high in the study sam-

ple, with less than 1% of women failing to receive an

ultrasound scan after 28 weeks and almost two thirds having

some evidence that fetal growth was appropriately consid-

ered in their GDM care. Despite no statistical difference in

size-for-gestational age between groups, there was a higher

proportion of AGA infants in the ultrasound-guided manage-

ment group and a smaller proportion of LGA and SGA infants.

While there were not significant reductions in LGA and

SGA rates as seen in the RCTs [10–13], there were much lower

rates of LGA infants overall (6.3% in the present study vs.

11.9% in the RCTs combined [14]), and SGA rates were similar

(9.5% in the present study vs. 8.8% in the RCTs combined [14]).

However, there are differences in management between this

study and the RCTs. Given the RCTs are over 15 years old,

most used diagnostic criteria for GDM with higher diagnostic

thresholds than the current IADPSG guidelines [12,22,30,31].

In addition, while the glucose targets in our guidelines are

the same as the conventional targets in the RCTs, the RCTs

provided strict guidance and large changes to conventional

targets when targets were intensified or relaxed. In compar-

ison, clinicians in this study were able to make changes based

on their clinical judgement, and the changes tended to be

smaller. Finally, the RCTs also relaxed targets for all women

with an AC below 75th percentile, while the current study

allowed for conventional glucose targets unless the AC was

below 25th percentile [10–13]. These differences may explain

why RCT evidence did not directly translate into clinical

practice.

The criteria used to define ultrasound-guided manage-

ment was also different from the protocol used by Quevedo

and colleagues [15]. In particular, they used strict targets

when the AC was above 70th percentile and relaxed targets

when the AC was below 50th percentile compared to 75th
and 25th percentile in our study. While our study had lower

rates of SGA and LGA infants in the ultrasound-guided group

compared to Quevedo et al. [15], our study was also conducted

in a lower risk population given we excluded high risk women

diagnosed early in pregnancy and those with a personal his-

tory of GDM.

Ultrasound-guided management was independently asso-

ciated with fewer SCN or ICN admissions and fewer babies

requiring a hospital stay over 5 days. These infants were also

more likely to have hypoglycemia or require additional treat-

ments such as phototherapy or antibiotics, supporting that

these infants were sicker overall.

A number of possible reasons for this difference in admis-

sion rates and neonatal length of stay were investigated. Risk

factors for adverse neonatal outcomes in GDM include a his-

tory of GDM or having an LGA infant, maternal BMI, and the

use of pharmacotherapy. In this study, only primiparous

women were included, so no one had a history of GDM or a

previous LGA infant. When maternal BMI, the use of pharma-

cotherapy, and many other risk factors were controlled for,

ultrasound-guided management remained an independent

predictor of improved neonatal outcome.

Therefore, it is likely something about the ultrasound-

guided management strategy that is responsible for this

improvement in outcomes. However, it is important to

point out that the number of third trimester ultrasounds

did not differ between groups, so the act of performing

an ultrasound alone was not responsible. Instead, it is likely

due to a difference in clinician factors that change how the

ultrasounds are considered and management decisions are

made.

One possible difference in clinician behavior may stem

from the degree to which clinicians are willing to make deci-

sions outside of the guidelines. The local guidelines only have

recommendations regarding altering management for a high

fetal AC [21]. However, this study identified a number of cases

where clinicians went ‘‘beyond the guidelines” and altered

GDM care in women at risk for having an SGA infant, there-

fore meeting this study’s criteria for ultrasound-guided man-

agement. These changes were likely made based on their

clinical expertise. Therefore, the differences in neonatal out-

comes may be due to receiving care from more experienced

clinicians or from clinicians informed by international prac-

tice. Furthermore, physician care may be a marker for
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involvement of themulti-disciplinary team, which is also well

known to result in improved clinical outcomes. Given the cur-

rent lack of guidelines around appropriate management

strategies for GDM to prevent the incidence of SGA infants,

this should be a focus of future research to inform future

guidelines.

Given the retrospective and observational nature of this

study, there are a number of limitations. Our study was lim-

ited to medically well, primiparous women, so the findings

may not be applicable to all women with GDM. Another key

limitation is that the management strategy for each individ-

ual woman was inferred based on the woman’s clinical notes.

While ideally these notes would perfectly reflect the provi-

der’s reasoning and thought process, in a busy clinic this

may not be the case. Therefore, guideline adherence may

actually be higher than observed in this study because some

women may have had appropriately considered ultrasound

scans that were not clearly documented. This study

attempted to minimize this possibility by setting reasonable

documentation criteria for the ultrasound-guided manage-

ment group. Specifically, explicit rationale was only required

if growth was abnormal and a change should have been made

to management accordingly. If the ultrasound parameters

were within normal limits, any indication the provider recog-

nized growth was normal was sufficient.

However, there were 17 patients that were placed in the

non-ultrasound guided management category due to no men-

tion of ultrasound findings in the GDM clinic notes. While

these patients may represent cases where management was

ultrasound-guided but not documented as such, we felt com-

fortable including them in the non-ultrasound guided man-

agement group given their management was clearly titrated

to the standard glycemic targets in local guidelines [21]. In

addition, there were more women with abnormal markers

of fetal growth in the non-ultrasound-guided management

group. This may have been due to the fact that to be classified

as ultrasound-guided, an appropriate clinical response was

required if growth was abnormal. Therefore, in fetuses with

abnormal growth, the documentation standards required to

be included in the ultrasound-guided group were higher. It

is possible that poor documentation was the reason for more

abnormally grown fetuses in the non-ultrasound-guided

group rather than actual lack of therapeutic intervention.

While we included this as a potential confounding variable

in our regression analysis, this may represent a form of selec-

tion bias inherent to the study design.

Another limitation of the study is the sample size and

resulting statistical power. Given this was an audit of clinical

practice, we did not have information to guide us with regards

to likely clinical compliance with guidelines, making power

calculations difficult. Therefore, the sample size was selected

based on available resources for data collection. Based on our

study findings, if the difference in AGA infants as a result of

ultrasound guidance was a true finding, a sample size of 339

women would be required for a 2:1 ratio of ultrasound-

guided management to non-ultrasound-guided management,

and even larger sample sizes would be required to power

analyses of LGA and SGA individually. Therefore, our study

was likely somewhat underpowered for this analysis. How-

ever, we hope this study will inform power calculations for
future studies to evaluate the real-world clinical impact of

ultrasound-guided GDM management.

In conclusion, the significant improvements in neonatal

outcomes observed in this study support the concept that

ultrasound scans should be used to adjust GDM treatment.

Future research should focus on identifying proper GDMman-

agement strategies for women found to be at risk of having an

SGA infant on ultrasound and evaluating other differences in

clinician practice that result in improved neonatal outcomes.
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