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he perinatal outcome
in pregnancies compli-
cated by maternal dia-
betes mellitus (DM)
has seen significant improvement
over the past decades. One of the
the
increased understanding and appli-

major contributions is
cation of fetal surveillance meth-
ods to assess and monitor fetal
well being. It has been shown more
than 2 decades ago that the bene-
fits of fetal assessment include not
only the identification of the com-
promised fetus for timely interven-
tion, but also the avoidance of
unnecessary intervention, especial-
ly before term, in fetuses who are
not compromised.! In most centres,
routine fetal monitoring and
assessment in the last trimester has
now become part of the standard
protocol in the management of
diabetic pregnancies, especially in
those with insulin-dependent DM
(IDDM). '
Currently, the great majority of
diabetic pregnancies are due to
gestational DM (GDM) that can
be treated satisfactorily with diet
control. As GDM is generally

Fetal Surveillance in
Diabetic Pregnancies

Terence Tzu-Hsi Lao, MBBS(HK), MRCOG, FRCOG, FHKCOG, FHKAM(O&G), MD

milder than pre-existing or pre-ges-
tational DM (PGDM), the impor-
tance of fetal surveillance in
pregnancies complicated by GDM
is often overlooked. Nevertheless,
large-scale studies have indicated
an increased perinatal mortality
associated with GDM.** When the
World Health Organization crite-
ria* is applied to Asian popula-
tions, more than 95% of the cases
of GDM belong to the milder
category of impaired glucose toler-
ance.”® Yet GDM remains to be
one of the important causes of
stillbirth.” Indeed, the rate of fetal

loss and perinatal mortality in

GDM was even higher than that of
PGDM.? These observations sug-
gest that pregnancies complicated
by GDM should receive a similar
degree of attention to those involv-
ing PGDM so far as fetal risk is
concerned, and regular fetal sur-
veillance should be applied to all
diabetic pregnancies irrespective of
the mode of treatment.

In principle, fetal assessment in
should
include three aspects, as shown in
Table 1. For the majority of

diabetic pregnancies
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women who have received antena-
tal care before 20 weeks gestation,

- routine ultrasound scanning to

exclude fetal anomalies is usually
performed by the time GDM is
diagnosed, and repeat detailed
scanning for fetal anomalies is
unnecessary. However, in women
with GDM diagnosed in the first
half of pregnancy, and in women
with PGDM, thorough ultrasound
assessment for fetal anomalies,
including one at 22 weeks gesta-
tion to exclude fetal cardiac abnor-
malities, should be arranged. It
goes without saying that monitor-
ing of fetal growth and assessing
fetal size is important in all diabet-
ic pregnancies. These two aspects
have been covered in numerous
publications in the literature and
therefore will not be addressed fur-
ther in this review, which will
focus on the surveillance of fetal
well-being in diabetic pregnancies.

METHODS OF FETAL
SURVEILLANCE

There are a number of established
methods of fetal surveillance, which

21



FETAL SURVEILLANCE IN DIABETIC PREGNANCIES

Table 1. Fetal Assessment in Diabetic Pregnancies

Detection of fetal anomalies

- Allows counselling for termination versus continuation of pregnancy
- Helps planning for the time and mode of delivery, and arrangement
with neonatologists to standby, in case of significant fetal anomalies

for ime and mode of delivery

Monitoring fetal growth and estimating fetal size

- Allows early detection of diabetes effect on the fetus

- Helps identify the unexpectedly small fetus for close monitoring

- Helps identify the fetus with accelerated growth, to allow planning

- Helps to guide diabetic treatment

prematurity in healthy fetuses

Surveillance of fetal well-being

- Allows early detection of fetal compromise

- Allows planning for the time and mode of delivery

- Avoids unnecessary intervention and associated problems, such as
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can be applied in various combina-
tions to diabetic pregnancies. The
existence of different protocols in
different centres is the evidence that
there should not be any hard and
fast rule. Since the clinical circum-
stances may vary from woman to
woman, and one has to also con-
sider the resource implications and
logistical issues, the important thing
to understand is that fetal surveil-
lance should be flexible and applied
with common sense. It may be nec-
essary to choose the method that
can provide the most useful infor-
mation at the time for the particular

individual, within the framework of”

each protocol.

The simplest and most easily
applied method of fetal surveillance
is the fetal kick count. In China,
many couples are issued a measur-
ing tape, a fetal stethoscope, and a

fetal kick chart for the husbands to
monitor fetal growth and well-
being at home. The fetal kick count
can be used as the first line of fetal
monitoring for the majority of dia-
betic pregnancies. In pregnancies
with additional risk factors or oth-
er complications, more intensive
surveillance with one or more of
the following methods can be
applied. (Table 2)

Cardiotocography
Cardiotocography (CTG) is an
objective and reproducible test that
can be applied in the form of a
nonstress test (NST) or a contrac-
tion stress test (CST). However, the
latter is seldom performed because
of the increased complexity and
time involved, and a potential risk
to the high-risk fetus due to uterine
stimulation.
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While the NST is relatively easy
to perform and is a popular
method of fetal surveillance, the
fetal heart rate pattern may be
influenced by maternal glycaemic
level and prandial status. Teramo
et al® studied 145 patients with
IDDM using NST from 32 weeks
onwards. They found suspicious
and pathological patterns in 6.2%
and 12.4% of the patients, respec-
tively. A suspicious or pathological
NST was found in 35% of those
with poor diabetic control (defined
as a mean HbA;. of 28.0% in the
last trimester and/or mean fasting
blood glucose or mean blood
glucose of the 24 hour profile
above 7.0 mmol/L. during the past
2 weeks before delivery) compared
with 15% of patients with good
glycaemic control (p<0.02).
Furthermore, the mean HbA;. in
patients with pathological NST
was significantly higher than that
of patients with normal NST (7.63
= 0.87% vs 6.91 = 0.83%, p<0.02).
On the other hand, there was no
significant difference in the mean
fasting glucose or mean glucose of
the 24-hour profile between
patients with pathological or
normal NST. When perinatal
outcomes were examined, the
group with pathological NST had
significantly shorter gestational
age, lower mean birthweight and
higher incidence of respiratory
distress, as well as a trend towards
higher incidence of low Apgar
score and perinatal death.
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Fetal Well Being

Table 2. Commonly Used Methods of Assessing

Subjective method
- Fetal kick count by the mother

Objective methods
- Cardiotocography (CTG)
- Nonstress test (NST)
- Contraction stress test (CST)

- Amniotic fluid index (AFl)

- Biophysical profile score (BPS) - with or without NST

- Umbilical artery Doppler flow velocity waveforms

In the most recent report by
Serra-Serra et al,? 21 PGDM and 23
GDM patients were compared with
18 controls. The CTG was per-
formed before and 1 hour after
meal, and the analysis was done
with a computerized system looking
at changes in basal fetal heart sate,
accelerations and variations. While
the pre-meal and post-meal glucose
levels varied from 2.7 to 10.5
mmol/L and 4.2 to 14.8 mmol/L,
respectively, no significant changes
in the CTG parameters were noted.
There was no demonstrable correla-
tion between glycaemia and fetal
heart rate changes, and no correla-
tion between insulin versus diet
treatment.

The findings of these studies
suggested that, for practical pur-
pose, neither maternal glycaemia
nor the prandial state during preg-
nancy have any significant effect
on fetal heart rate or its patterns.
Poor control of diabetes is likely to

be associated with higher incidence
of abnormal fetal heart rate pat-
terns not because of poor gly-
caemic control per se, but because
of fetal distress and placental
insufficiency secondary to poor
glycaemic control. Thus the NST
should not be used to assess dia-
betic control, but it can be a reli-
able method to identify the
compromised fetus, irrespective of
glycaemic control in the antepar-
tum period. Nevertheless, there
have been anecdotes of an associa-
tion between fetal bradycardia and
maternal symptomatic hypogly-
caemia during labour.”® An increase
in frequency and amplitude of fetal
heart rate accelerations has also
been recorded following a 150-
minute hyperinsulinaemic hypo-
glycaemic clamp with maintenance

of maternal arterial blood glucose

concentration at approximately
2.2 mmol/L in the third trimester
in IDDM patients.” Although no
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apparent harmful effects on the
fetus were observed in these
repozts, it is worthwhile measuring
maternal blood glucose concentra-
tion irrespective of maternal symp-
toms, and treating hypoglycaemia if
present, when there are unexplained
and persistent changes in the base-
line heart rate or the frequency and
amplitude of accelerations, in the
antepartum or intrapartum period
in diabetic patients.

Fetal Biophysical Profile

It is a common maternal experi-
ence that fetal movements increase
following a meal, and many have
deduced that the physiological
increase in maternal blood glucose
after a meal is a stimulus for fetal
activity. Indeed, fetal breathing
movements (FBM) increase post-
prandially and after administration
of oral glucose to normoglycaemic
mothers.'? Fur-thermore, it was
found some years ago that while
the percentage incidences of FBM,

" fetal trunk movement (FI'M) and

total fetal activity (TFA) are con-
stant between 31 to 40 weeks,”
those of FBM and TFA were
directly related to the level of
blood glucose, and abnormal pat-
terns of FBM had been found in
diabetic pregnancies.** Thus,
maternal prandial status and gly-
caemia could exert an influence on
the fetal biophysical profile.

When 30 minutes real-time
ultrasound recordings were per-
formed serially in a mixed group
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(n=23) of PGDM and GDM preg-
nancies, most of which required
insulin, no difference in percentage
incidences of FBM and TFA
between PGDM and GDM preg-
nancies could be found.” However,
the percentage incidences of FBM
and TFA were significantly higher
in both groups compared with
those
Pregnancies with fetal problems,

in normal controls.

including several fetuses not identi-
fied by CTG, showed decreased
FBM, FIM and TFA, as in nondia-
betic pregnancies with hypoxic
fetuses, despite similar glycaemic
control to the subgroup of diabetic
pregnancies without complications
and delivering appropriate-for-ges-
tational age (AGA) infants.
Subsequent studies also con-
firmed that neither short- or long-
term maternal glycaemic levels
correlated well with fetal biophysi-
cal performance,” and that there
was no association between gross
fetal body movements with fetal
plasma glucose concentrations
even though severe maternal
hyperglycaemia can be associated

- with fetal tachypnoea.” The fetal
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biophysical profile can be used to
generate the biophysical profile
score (BPS), using FBM, body
movements, tone and the largest
amniotic fluid pocket, with or
without the NST, which can be
done alternatively with the BPS, as
the parameters for assessment. A
score of less than six out of eight
(when NST is not performed) in

diabetic pregnancies is a cause for
concern and the fetus should be
considered as compromised. In the
study of Johnson et al,"* complete
BPS, including NST, was per-
formed serially in 238 well-con-
trolled diabetic pregnancies,
including 188 pregnancies compli-
cated by GDM. The overall inci-
dence of abnormal score
(persistent score of 6/10 or <4/10)
was 3.3%, and the corrected peri-
natal mortality was zero.
Pregnancies with abnormal scores
had mandatory intervention with a
caesarean section rate of 50%.
Neonatal intensive care unit
(NICU) admission was 37.5%
(3/8) compared with 10% in
patients with a normal BPS.

The results of these studies
indicate that, although maternal
hyperglycaemia may influence the
percentage incidence of certain
parameters, there is no need to
adjust for any prandial effect when
assessing fetal well being, and that
abnormal findings reflect fetal
compromise rather than maternal
glycaemic status.

Fetal Umbilical Artery Doppler
Velocimetry

The reports of the effect of mater-
nal diabetes on fetal umbilical
artery Doppler flow velocity wave-
forms are conflicting. In insulin-
dependent diabetic pregnancies, it
has been shown that the umbilical
artery systolic/diastolic (S/D) ratio
decreases with advancing gestation
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as in normal pregnancies, and
there was no correlation between
the mean third trimester S/D ratio
and either the HbA;. or mean glu-
cose concentration.” This report
was supported by later studies,"
which have found that fetal pla-
cental circulation was not influ-
enced by short- or long-term
glucose regulation, and fetal meta-
bolic acidosis exists without
changes in fetal placental circula-
tion.”

On the other hand, a significant
positive correlation between S/D
ratio in the third trimester and
maternal serum glucose concentra-
tion, and a significant difference
in the third trimester umbilical
artery Doppler S/D ratio between
well controlled and poorly con-
trolled diabetic patients,? have
been reported. Similarly, an
increase in maternal plasma glu-
cose has been demonstrated to
result in increased umbilical artery
pulsatility index (PI) and decreased
umbilical artery blood flow.” The
relationship between maternal
hyperglycaemia and increased pla-
cental vascular resistance has been
attributed to functional changes
consequent to an increase in the
thromboxane A2 to prostacyclin
ratio.**?¢ In this scenario, the
circadian fluctuations of blood glu-
cose could result in fetal ketoacido-
sis, which
vasoconstriction of placental vascu-

in turn leads to

lature, that affects fetal haemody-
namics.” This hypothesis is
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supported by the observation that
in IDDM pregnancies, no signifi-
cant difference in placental weight
or morphology could be found
between those with abnormal ver-
sus normal Doppler velocimetry.?”
The investigators concluded that
the cause of the abnormal Doppler
results is a functional rather than
structural placental process, and
that there is an association
between glycaemic control and
Doppler results. Nevertheless, the
mean second and third trimester
S/D ratio was also significantly
higher in patients with vascular
disease.” Abnormal third trimester
S/D ratio was also associated with
pre-eclampsia and AGA fetus in
patients without vascular disease,
and fetal growth restriction in
patients with vascular disease.?”
Thus irrespective of the underlying
mechanism, an abnormal umbilical
artery Doppler result in diabetic
pregnancies is suggestive of an
abnormal placental process.

It has since been shown that
increased S/D ratio in the third
trimester was associated with
increased stillbirths and neonatal
morbidity.?! IDDM pregnancies
with abnormal Doppler velocime-
try were three times more likely to
have poor glycaemic control, and
there were more infants who were
delivered earlier with lower birth-
weight, delivered by caesarean sec-
tion because of fetal distress, and
had hyperbilirubinaemia. and
NICU stay for 2 or more days.”

This also suggests that umbilical
artery Doppler studies are more
helpful in identifying small-for-ges-
tational age, but not large-for-ges-
tational age, infants who are at
risk of adverse outcomes. In the
most recent report on 67 patients
with IDDM, abnormal PI (>95%
percentile) could be found in 34%
of the patients.® An abnormal PI
was associated with increased
maternal blood glucose and/or
HbA,., and increased neonatal
morbidity that included respiratory

. distress syndrome (13% vs 4.5%,

p<0.005), hyperbilirubinaemia
(35% vs 4.5%, p<0.001), hypogly-
caemia (35% vs 7%, p<0.001) and
admission to NICU (30% vs 7%,
p<0.001). These differences were
found despite the absence of any
difference in birthweight or gesta-
tional age.

In GDM pregnancies, an
abnormal PI (>2 standard devia-
tion above mean for gestational
age) was found in 13% of 89
patients.” There was no difference
in the incidence between diet treat-
ed (13%) or insulin treated (14%)
patients, and there was no differ-
ence in the maternal mean glucose
or HbA 4. at the time of testing.
The group with abnormal PI had
increased incidence of caesarean
section for fetal distress (42% vs
16%, p<0.001), neonatal hyper-

~ bilirubinaemia (25% vs 10%,

p<0.001) and hypoglycaemia
(25% vs 5%, p<0.001). While the
birthweight appeared to be lower
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in the group with abnormal PI,
there was no difference once cor-
rection was made for gestational
age (36 = 1.2 weeks vs 38 = 1.9
weeks).

The findings in both IDDM
and GDM pregnancies therefore
indicate that while maternal gly-
caemia might influence umbilical
artery Doppler velocimetry, abnor-
mal Doppler findings should be
interpreted as a reflection of

. abnormal placental function. and

fetal compromise in the same way
as in other complicated pregnan-
cies, and appropriate action should
be taken accordingly.

APPLICATION OF FETAL
SURVEILLANCE IN DIABETIC
PREGINANCIES

The objectives of fetal surveillance
in GDM are the early identifica-
tion of antepartum fetal distress,
the prediction of intrapartum fetal
distress and the prevention of
intrauterine death. It is advocated
that fetal surveillance should com-
mence in the third trimester, and
its frequency should depend on
glycaemic control and the presence
or absense of other complica-
tions.*®

In one study, 114 patients with
IDDM were monitored from week
28 to week 30 with the NST,
which was followed by the BPS if
the NST was nonreactive.® The
BPS was required after 8.0% of
NSTs, and 8.8% of the patients
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were delivered because of abnor-
mal fetal condition, which tended
to be associated with vascular dis-
ease, nephropathy and hyperten-
sion, but not with differences in
the glycaemic parameters. In
another study of 2,134 diabetic
pregnancies that included 1,390
Class A patients, monitoring was
performed with twice-weekly NST
and amniotic fluid evaluation,
and caesarean section for fetal
distress was used as the outcome
variable.? There were five still-
births. All stillbirths were in Class
A,, and recognized death occurred
>4 days after the last test. These
five cases included two with
major congenital anomalies
(omphalocoele and encephalo-
coele), one died during delivery
from severe shoulder dystocia,

~and two at 36 and 38 weeks with-
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out any apparent cause. The cor-
rected stillbirth rate was
1.4/1000. Of note, the factors
most predictive of.caesarean sec-
tion for fetal distress were deceler-
ation (OR 3.60, 95% CI
2.14-6.06), nonreactive NST (OR
2.68, 95% CI 1.60-4.49) and the
interaction of both a nonreactive
NST and. decelerations (OR 5.63,
95% CI 2.67-11.9). Amniotic flu-
id assessment by the largest verti-
cal pocket or amniotic fluid index
was, however, not predictive.
When NST, BPS and umbilical
artery Doppler velocimetry were
compared for the prediction of
adverse outcome in 207 diabetic

pregnancies, the relative risk for
adverse outcome for these three
tests were 1.7 (95% CI 1.2-2.5),
1.7 (95% CI 0.9-2.9) and 2.6
{95% CI 1.9-3.5), respectively.®
The prevalence of adverse out-
comes increased from 57.9% with
one abnormal test result, to 71.4%
with two abnormal test results,
and to 100% with all three test
results being abnormal. The com-
bination of abnormal Doppler
velocimetry and nonreactive NST
was associated with 100% adverse
outcome, while the combination of
nonreactive NST and abnormal
BPS (<6) was associated with only
43% adverse outcome. Of note,
24% of the infants of Class A
patients had an adverse outcome,
and 64% of the adverse outcomes
occurred in Class A and B preg-
nancies, suggesting that fetal sur-
veillance had been under-utilized in
this group of patients.

The literature suggests that
either NST or BPS could be the
first-line objective test to be
applied regularly. If the NST alone
is used, it should be backed-up. by
BPS. In the majority of cases, NST

or BPS alone is sufficient.

However, in special circumstances,

such as multifetal pregnancies,
excessive or restricted fetal growth,
or significant complications (pre-
eclampsia and antepartum haem-
orrhage), umbilical artery Doppler
studies-should be performed in
addition. In practice, maternal
involvement in the surveillance by
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means of fetal activity counts
should be encouraged in all
patients. Although there is no data
in the literature comparing the
use of the fetal kick count with
other means of fetal surveillance in
diabetic pregnancies, this allows
daily monitoring of fetal well-
being while objective tests for
outpatients can only be done at
intervals. Furthermore, one also
has to balance between over-moni-
toring and its associated problems,
such as resource utilization and
logistics and the effect on the
mother and her family, with the
risk of missing a compromised
fetus. Therefore the monitoring of
each pregnancy needs to be
individualized, taking into account
the maternal education level,
occupations of the couple and
family situation, in addition to the
medical aspects listed in Table 3.

CONCLUSION

The combination of subjective
assessment by fetal kick count with
one or more of the objective tests
would provide the optimal results
in fetal surveillance when applied
in a flexible manner according to
clinical circumstances. It has been
pointed out clearly that the differ-
ent tests measure different func-
tions and that they are all
time-related.® The three objective
fetal surveillance tests cannot by
themselves identify all pregnancies
that have an adverse outcome.
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Table 3. Medical Factors that Determine the Frequency
and Methods of Fetal Surveillance in Diabetic Pregnancies

- Past-obstetrical history
- Stillbirth

- Fetal asphyxia at birth
- Index pregnancy
- Number of fetuses

- Severity of diabetes

- Need for insulin

- Intervention for antepartum or intrapartum fetal distress

- Presence of obstetrical complications e.g. infection
Presence of other medical complications e.g. chronic hypertension
Fetal size (excessive or restricted growth)

- Gestation at diagnosis in GDM, and type of diabetes in PGDM
- Degree and stability of glycaemic control

- Complications of poor glycaemic control e.g. polyhydramnios
- EviBlence of underlying vasculopathy

This is because the development of
other complications, such as pre-
eclampsia and preterm labour, as
well as maternal factors, such as
nulliparity and drug abuse, can
also be associated with adverse
outcomes even when all three tests
are considered normal. An experi-
enced obstetrician is needed to
integrate the results of these tests
with pregnancy course, and to
determine the frequency and opti-
mal approach to fetal surveillance
in individual pregnancies.

Most importantly, however,
one must not forget that the ulti-
mate goal of management is to
ensure a successful pregnancy out-
come, and that fetal surveillance is
only a means to this end.
Therefore it is prudent to plan
ahead the timing and the mode of

delivery, especially when intensive
fetal surveillance is indicated.
Certainly, one should consider and
discuss with the patient the plan
for delivery when the pregnancy
has progressed to 39 weeks gesta-
tion even though there is no evi-
dence as yet of fetal compromise
or obstetric complications. This is
because of the tendency towards
sudden and unexpected fetal dis-
tress or other intrapartum compli-
cations in these pregnancies.
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