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Placental and fetal Doppler velocimetry in pregnancies
complicated by maternal diabetes mellitus

Douglas R. Salvesen, MD, Maria T. Higueras, MD, Carlos A. Mansur, MD,
Jill Freeman, DMU, J. Michael Brudenell, MD, and Kypros H . Nicolaides, MD

London, Engla nd

OBJECTIVE: Our purpose was to investigate placental and fetal circulation in pregnancies complicated
by maternal diabetes mellitus and to relate any changes to fetal blood pH, Po2 , and hematocrit.
STUDY DESIGN: Doppler measurements of both uterine arteries, one umbilical artery, the fetal
descending thoracic aorta, and one fetal middle cerebral artery were performed in 65 well-eontrolled
diabetic pregnancies in a cross-sectional study at the Harris Birthright Research Centre for Fetal
Medicine, London. In 41 cases cordocentesis was also performed for the measurement of umbilical
venous blood pH , P02 , and hematocrit.
RESULTS: The mean umbilical venous blood pH was significantly lower and the hematocrit significantly
higher than the appropriate normal mean for gestation. However, the Doppler indices of the placental and
fetal circulations were essentially normal, except in some of the cases complicated by preeclampsia or
intrauterine growth retardation.
CONCLUSIONS: Maternal diabetes mell itus is not associated with abnormalities in Doppler indexes of
the placental or fetal circulations. (AM J OBSTET GYNECOL 1993;168:645-52.)
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Dop pler studies of the placental and fet al circulations
have improved the understanding of th e cardiovascular
adjus tments in different fetal -m aternal co ndi tions. In
in trau te rine growth ret ardation (IUG R) caus ed by
ut eroplacental in sufficiency, impedance to flow In the
uteroplacental and fetoplacental circula tions is in-
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creased . I Furthermore, there is an association between
fetal hyp oxemia and acidemia and redistribution in the
fetal circu la tion in favo r of th e brain and a t the expense
of th e visce ra.1. 2

In red blood cell isoimmunization, the fetus is sub
jecte d to vary in g degrees of anemic hypoxia (decreased
oxygen con te n t caused by anem ia but usually normal
p artial pressure of ga ses).' Impedance to flow in the
pl acental and fetal circulations is normal; however,
these fetuses have a hyp erdyn amic circula tion , as dem
ons tra te d by increased blood ve locity in the fetal de
sce nd ing thoracic aorta and m iddle ce rebral artery in
proportion to the degree of fetal anem ia.'

T he aim of the curren t stu dy was to inves tiga te a
third m odel of fetal-m aternal di sease, that of maternal
d iab et es mellitus, where som e fetu ses are polycythemic
and aci dem ic, in the presence of a normal P0 2 . ' Previ-
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ous Doppler studies in such pregn an cies have been
confined to the placental circulation (uterine and um
bilical arteries) and have provided conflicting results.""

Patient and methods

During a 24-month period color flow mapping and
pulsed Doppler velocimetry of the pla cental and fetal
circul ations were performed at 18 to 24, 27 to 33, and
35 to 40 weeks' gestation in 65 pregnant women at
tending our antenatal clinic for pregnancies compli
cated by maternal diabetes mellitus. In the patients
with established diabetes (n = 44) Doppler studies
were performed at all three gestational ranges, ex
cept in eight patients who were delivered at < 35
weeks . In patients with gestational diabetes (n = 21)
measurements were taken only in the last two gesta
tional ranges, because in our center screening for, and
therefore the diagnosis of, gestational diabetes is made
at 28 weeks. In 41 cases umbilical venous blood gases
were measured in blood obtained by cordocentesis,
which was performed up to 24 hours before elect ive
delivery. Before giving their written consent, all patients
were counseled that the procedure was for research
purposes and that the results would not give any direct
benefit to their current pregnancy. The study was ap
proved by our hospital ethics committee.

In the group with established diabetes all patients
were treated with insulin, and" according to the White
classification, 12 belonged to group B,21 to group C,
five to group D, two to group F, and four to group
F/R'2; in the gestational diabetes group 17 were treated
with insulin and four with diet alone. The patients were
managed by a combined team of diabetologists and
obstetricians.

Doppler examinations wer e performed with the pa
tient in the supine position with left lateral tilt. Color
flow mapping, to identify the vessels , and pulsed-wave
velocimetry (color Doppler Aloka echocamera SSD-680,
with 3.5 MHz curvilinear transducer, Aloka , Tokyo),
were used to obtain flow velocity waveforms from (l )

both uterine arteries at the level where they cross the
corresponding external iliac artery, (2) one umbilical
artery from a free loop of the cord, (3) the fetal
descending thoracic aorta at a position just above the
diaphragm, and (4) one of the middle cerebral arteries
from a portion of these vessels ne ar the circle of Willis.

In all Doppler studies the angle of insonation of the
vessels was < 45 degrees and th e high-pass filter was set
at 100 Hz.13 Care was taken not to exert undue pressure
on the fetal head because this alters the flow velocity
waveforms from the middle cerebra l artery." Further
more, examinations of the fetal vessels were performed
in th e absence of fetal body and respiratory move
merits. " Measurements were obtained from four con
secutive flow velocity waveforms and averaged. By
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mean s of th e built-in spectrum ana lyzer, the resistance
index was measured in both ut erine arter ies, and the
higher of the values was used for further analysis. From
the flow velocity waveforms of the umbilical artery,
middle cerebral artery, and fetal de scending thoracic
ao rta the pul satility index was measured. The intensity
weighted, time-averaged mean velo city was also calcu
lated for the fetal descending th oracic aor ta and middle
cerebral artery from the frequency shift , obtained by
spectra l analysis (Doptek spectru m analyser, Doptek,
Chiches ter, England), and the angle of insonation by
the Doppler formula.

Cordocentesis was carried out immediately after
Doppler assessment without fetal paralysis or maternal
seda tion, and all procedures were uncomplicated;" Fe
tal blood was collected into heparinized syringes (350
1J.1) for blood gas analysis (Radiometer ABL330, Copen
hagen) and for measurement of whole-blood glucose
(YSI 23A, Yellow Springs Instruments, Yellow Springs,
Ohio). Fetal blood was also collected into tubes contain
ing ethylenediaminetetraacetic acid (300 1J.1) for mea
surement of hematocrit (Coulter Stacker-plus, Coulter,
Luton, England). Kleihauer testing confirmed that all
samples contained only fetal blood . At the time of
cordocentesis a maternal veno us blood sample was
taken from the antecubital fossa for the measurement
of whole-blood glucose and glycosylated hemoglobin
percentage by electroimmunodiffusion (Corning scan
ner, Corning, Halstead, En gland) . In the 24 cases that
did not have cordocentesis the maternal glycosylated
hemoglobin percentage in the last week of pregnancy
was used in any subsequent stati stical analysis.

The Doppler results, umbilical venous blood pH,
P02 , and hematocrit, and maternal glycosylated hemo
globin percentage were expressed as the number of
standard deviations by which individual values differed
from the appropriate normal mean for gestation (.::\
value)." 2, 5, H;·'. Subsequently, Student t test was applied

to determine whether the mean of the measured pa
rameters differed significantly from that of the appro
priate reference range. Regression analysis was applied
to determine the significance of any associations be
tween the umbilical venous blood pH and P02 and the
maternal and fetal blood glucose concentration and
between the last Doppler measurements and maternal
glycosylated hemoglobin percentage, umbilical venous
blood pH , P02 , and hematocrit.

Results

The 65 diabetic pregnan cies were subdivided into
three groups . Group I included 54 patients with no
pregnan cy complications del ivered at 36 to 40 weeks'
gestation and two with unexplained spontaneous pre
mature delivery at 32 to 34 weeks. In all cases the
infants were healthy. All birth weights were above the
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Fig. 1. Ute rine artery resistance ind ex (VtA-RI) and umbilical artery pulsa tility index (VA -PI) p lotted
on appropriate reference range (mean, 5th and 95th percentiles). Serial measurement s of two patients
in gro up 3 and one from group 2 with blood flow redistribution are illustrat ed by joined points.

5th percentile and in 11 cases th e bir th weight was
above the 95 th percentile for gestation. In group 2
there were six pati ents with d iabetic nephro pathy, and
the infa n ts were del ivered a t 27 to 36 weeks becau se of
worse ning maternal prot einuria , hypertension, and re
na l functio n!"; in four cases the birth weight was appro
priate for ges tation, and in th e o ther two cases the birth
weight was < 5th percentile . Gro up 3 comprised three
pa tients; in one case elective del ivery was undertaken at
29 weeks' gestation becau se of ult rasonographic evi
dence of IVGR and sub optimal fetal heart rate pattern;
in the second and third cases preeclamps ia developed
in the lat e third trimester and delivery was undertaken
at 35 to 36 wee ks' gestation. Two of the three infan ts
were growth re ta rded « 5th percentile).

In 42 cases the neonat al period was uncomplicated.
In 14 cases the neonat al period was complicated by
hypoglycemia re quiring ad mission to our neonatal in
tensive care unit. In add ition, a fur the r nine neonates
were ad mi tted to th e neonatal in te nsive care unit be
cause of prematurity and respi ratory d istress syndro me .
T he res pi ra tory distress syndrome was of sufficien t
severity to re quire ventila tion in six patients. Perma
nent seque lae were co nfine d to one infant in who m
bronchopulmonary dyspl asia developed.

The Doppler results of th e three groups of d iabetic
pa tien ts are sh own in Figs. I to 3. In group I, with a
total of 145 Doppler examinati ons, there were no case s
with co nsisten tly abnormal resul ts either in the placen-

tal or fetal circulations. Thus high ( > 95 th percentile)
u ter ine artery resi stance index or umbilical artery pul 
sa tility index values were observed in 11 cases on only
one occasion. Similarly, occasional values of middle
cerebral artery or descending tho racic ao rta me an ve
locity or pulsatility index were outside the normal
ra nges, but no patients had evidence of redistribution
in the fetal circulation (high fetal descending thoracic
aorta pulsatility index, high middle cerebral artery
mean velocity, low fetal descending th or acic aorta mean
velocity, and low middle cerebral artery pulsatility
index) .

In group 2 in five of six cases all the Doppler
measureme n ts were with in th e appropriate refer ence
ranges. In the sixt h case , where the fetus was growth
re tarded, all the Doppler measurements were initi ally
norma l, bu t in the measurements immediately befor e
delivery the umbilical artery pul satil ity index was above
the 95 th perc entile and there was evide nce of blood
flow re d istribution in favor of the brain and at the
expense of the viscera. Det ails on group 2 cases were
reported previously.!"

In one of th e three cases in group 3 all the Doppler
measurem ents were normal. In the ot he r two patients
of gro up 3, the ut erine artery resistance index was
with in the normal range, bu t the umbilical artery and
fetal descendi ng thoracic ao rta pu lsatility index values
increased progressively with ges ta tion from within the
normal range to above th e 95 th per centile. Further-
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Fig. 2. Pul satility index of descending thoracic aorta (Ao-PI) and middle cerebral artery (MCA- PI)
plotted on ap propriate reference range (mean, 5th and 95th percentiles). Serial measurements for
two patients from group 3 an d one from group 2 with blood flow redistribution are illu strated by
joined points.
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Fig. 3. Mean velocity of descending thoracic ao rta (Ao-Vm) and middle cerebral artery (MCA -Vm)
plotted on appropriat e refe rence range (me an, 5th and 95 th p ercentiles). Serial measurements for
two patients from group 3 an d one from group 2 with blood flow redistribution are illus trated by
joined points.

more, in one case the middle cerebral artery mean
velocity was consistently above the 95th percentile and
the pulsatility index fell to below the 5th percentile. In
the other case the descending thoracic aorta mean

veloc ity progressively decreased to below the 5th per
cen tile, and middle cerebral arte ry pulsatility index and
mean velocity remained within th e normal ranges.

The mean maternal glycosylated percentage (8.69%,
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Fig. 4. Umbilical venous (UV) blood pH, Po2 , and hematocrit (H e Y) for 41 cases that underwent
cordocentesis plotted on appropriate reference range (mean, 5th and 95th percenti les).

range 5.5% to 12.7%) of the diabetic pregnancies was
sign ificantly hi gher th an the ap p ropriate normal mean
for gestation (normal mean 6.9%, range 5.7 to 8.1;
mean difference: SD 2.864, SE 0.273, t == 10.49,
P < 0.0001).

In the 4 1 pregnancies that underwe n t cordocentesis,
the mean fetal hematocrit was significantly h igher and
the mean umbilica l venous blood p H significan tly lower
than the appropriate normal mea n for gestation (mean
di fference : SD 1.09 1, SE 0 .252, t == 4 .33, P < 0.0001
and mean difference: SD - 1.460, SE 0. 297,

t == -4.92, P < 0.000 1, respectively) (Fig. 4). The
mean u mbilical venous blood P02 was not sign ifica nt ly
lower than the normal mean for gestation (mean
difference: SD 0.405, SE 0 .205, t = - 1.98 , no t signif
icant).

There was a significant association between feta l and
mat ern al blood glucose concentration at cordocentesis
(r = 0.971, P < 0.0001 ). T here were also signifi cant
associations between both maternal and feta l blood
glucose conce ntra tion and .1.-values of umbilica l venous
blood p H (r == - 0.693, Ii < 0.000 I and r = - 0.664,
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Table I. Correlation coefficients derived by regression an alysis for relationship between l1-valu es of Doppler
parameters and l1-values of umbilical venous blood pH, 1'0 2' and hematocrit at cordocentesis
(n = 41 ) and maternal glycosylated hemoglobin (n = 65)

.:1- Value

Aorta Aorta Middle Middle
Uterine artery Umbilical artery pulsatility mean cerebral artery cerebral artery

.:1-Value resistance index pulsatility index index velocity pulsatility index mean velocity

pH
P02
Hematocrit
Maternal glycosyl-

ated hemoglobin

0.191
0.086

- 0.054
0.076

-0.402*
-0.544t

0.232
-0.011

-0.211
-0.247
-0.007

0.270

0.015
0.062

-0.026
- 0.049

0.463*
0.456*

- 0. 134
- 0.002

- 0.356t
- 0.421 *
- 0.115
- 0.190

*P < 0.0 1.
t p < 0.05.
t p < 0.00 1.

p < 0.0001 , re spectively) and 1' 0 2 (r = -0.551 , P <
0.001 and r = -0.575, P < 0.001 , respectively). The
interrelation ships of l1-values of the Doppler pa
ram eters to l1-values of pH, 1'0 2' hematocrit, and ma
ternal glycosylated hemoglobin are shown in Table I.
Although there was a sign ificant associa tion between
the l1-values of middle cerebral ar tery pulsatility index
and those of pH and 1'0 2' low middle cerebral artery
pulsatilit y index « 5th percentile or - 1.69 SD) was of
limit ed clinical value in identifying the hypoxemic or
acidemic fetuses (Fig. 5).

Comment

The data from this study demon strate that in preg
nanc ies complicated by maternal diab etes mellitus the
uteropl acental and fetoplacental circulations are essen
tially normal, except in those cases complicated by
preeclampsia or IUGR. Our findings are con sistent with
those of three previous studies that d emonstrated that
diabetes mellitus as such is not associated with in
creased impedance to flow in the umbilical artery .K. 'J. J I

However, Bracero et al." 7 , I U re porte d that impedance
to flow is increased in both the umbilical and uterine
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arteries. One possible explanation for this discrepancy
is that their study population included patients with
poorer diabetic control. This may also explain their
finding of a significant association between impedance
to flow and the degree of maternal hyperglycemia.

The fetal acidemia in uncomplicated diabetic preg
nancies is probably metabolic in origin, and the ten
dency for fetal acidemia and hypoxemia in those preg
nancies complicated by diabetic nephropathy may also
either be a consequence of poor glycemic control or of
altered placental transfer.": 19. 20 Although in this study

there were significant associations between Doppler
parameters and umbilical venous blood pH and P02 ,

because the Doppler measurements were essentially
normal in those without preeclampsia or IVCR, they
did not provide a clinically useful prediction of the
degree of metabolic derangement in the fetus.

In IVCR caused by uteroplacental insufficiency fetal
acidemia is associated with Doppler evidence of fetal
blood flow redistribution. I. 2 The absence of redistribu
tion in many of the acidemic fetuses in this study
suggests that this hemodynamic alteration occurs only
with the severe or chronic fetal acidemia observed in
placental insufficiency. In the pregnancies of the cur
rent study the degree of fetal acidemia was relatively
mild. Furthermore, because fetal blood pH is signifi
cantly associated with maternal blood glucose concen
tration, it is possible that the degree of fetal acidemia is
liable to acute fluctuations related to short-term mater
nal glycemic control. 5 It is also possible that the fetal
blood flow redistribution observed in IVCR is a conse
quence of metabolic derangements that do not accom
pany the fetal acidemia of pregnancies complicated by
maternal diabetes mellitus.f'?"

In anemic fetuses of pregnancies complicated by red
blood cell isoimmunization, the increased blood flow
velocity is thought to be caused by decreased blood
viscosity with consequent increased venous return and
cardiac output." Although in fetuses of diabetic mothers
blood viscosity is increased as a consequence of poly
cythemia," in our study group the fetal descending
thoracic aorta and middle cerebral artery mean velocity
were normal. Furthermore, there was no significant
association between the degree of fetal polycythemia
and these Doppler indices. This finding suggests that
the increase in hematocrit observed in this study may
not have been sufficient to adversely affect blood vis
cosity."

This study has demonstrated that in pregnancies of
women with diabetes mellitus, in spite of fetal acidemia
and polycythemia the results of Doppler studies of the
placental and fetal circulations are essentially normal
except in those complicated by IVCR or preeclampsia.
The extent to which poor diabetic control is associated

Salvesen et al. 651

with alteration m the fetal circulation remams to be
determined.
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Characterization of large-conductance, calcium-activated
potassium channels from human myometrium

Guillermo J. Perez, BSc,' Ligia Toro, PhD: Solomon D. Erulkar, PhD,b and
Enrico Stefani, MD, PhD

Houston, Texas, and Philadelphia, Pennsylvania

OBJECTIVES: The purpose of our study was to detect and character ize potassium channels in the
plasma membrane of smooth muscle cells from human myometrium.
STUDY DESIGN: Plasma membrane vesicles were incorporated into lipid bilayers to record single
potassium channel activity.
RESULTS: We predominantly found a " maxi" calcium-activated potassium channel (261 picosiemens) .
This channel was calcium (micromoles per liter range) and voltage sensitive, highly selective for K+ over
Na+ and Cs + , and was sensitive to external tetraethylammonium (dissociation constant = 220 IJ.mol/L)
and charybdotoxin (dissociation constant = 23 nrnol/L). External apamin and 4-aminopyridine had no
effect on this channel. Another type of potassium channel that was less frequently observed was also
identified. It had a smaller conductance (142 picosiemens) and it seemed to be calcium independent (up
to 50 nmol/L) .
CONCLUSION: Human myometrium possesses abundant " maxi" calcium-activated potassium channels.
This channel shares common characteristics with other "maxi" calcium-activated potassium channels,
includ ing calcium and voltage gat ing, high conductance and selectiv ity, and channel pharmacologic
prof ile. (AM J OBSTET GYNECOL 1993;168:652-60.)
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The uterus is the cen tral organ of reproduction and
ges tation. It is kn own that potassium currents play an
important ro le in smooth muscle excitability." 2 How
ever, in uterine smooth muscle there are on ly a few
re ports abo u t th ese curren ts.?" The particu lar type of
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channels invo lved in potassiu m currents has not been
well clarifie d. There are some differen t results abo ut th e
involvement of calcium-activated potassium (Kca) chan
nels in myometrium po tassium currents. Recentl y, Ki
hira et al." identified a 204 picosiemens cond uctance
Kca channel in rat myomet r ium . Previous stud ies in our
laborat ory demonstrat ed that potassiu m curren ts from
rat myometrium are caused in part by th e activity ofKc a
channels." 7 Co n sistent with th ese resu lts, stu dies in
human myometrium have provided evidence th at po
tassi um currents in this tissue may be partially cau sed
by the activity of these chan nels." On the other hand,
th e evidence of Kao e t a l." di d not suggest the presence
of this calcium-activated potassium current in pregnant
rat myometr ium ." Because the level of expression of
different potassium channels m ay differ between spe-




