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Relations between the fetal circulation and 
pituitary-thyroid function 
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Abstract 

Objective-To study the relation between changes in the fetal thyroid hormone 
and thyroid stimulating hormone (TSH) concentrations and alterations in the 
fetal circulation as assessed by Dopplcr ultrasound. 
Design-A cross-sectional study of small for gestational age (SGA) and red-cell 
isoimmunized fetuses undergoing cordocentesis and Dopplcr studies for the 
assessment and determination of fetal karyotype, acid-base balance and hac- 
moglobin concentration. 
Setting-Harris Birthright Research Centre for Fetal Medicine, King's College, 
London. 
Subjects-38 growth retarded and 38 red-cell isoimmunised fetuses. 
Interventioris-Cordoccntesis. 
Main outcome measures-Serum TSH total and free thyroxine (T4. FT4) and 
total and free triiodothyronine (T3, FT3) concentrations; middle cerebral artery 
(MCAVm) and dcsccnding thoracic aorta (AoVm) mean blood velocities; fetal 
Po, and haemoglobin concentration (Hb). 
Resulfs-Delta values (8) calculated as the number of SDs from the respective 
normal mean for gestation were used to compare the results with those from a 
previous study of normal fetuses. Mean AoVm was increased in the isoimmu- 
nized fetuses (P<0.001) but decreascd in the SGA fetuses (P<0-001). Mean 
MCAVm was increascd in both groups (P<0.01; P<0-001). There were signifi- 
cant associations between the gestational age adjusted values for TSH and 
MCAVm (r = 0.23, P <0.05) and betweenT4, FT4 or FT3 and AoVm (r = 0.41, 
P<O41; r = 0.50, P<04Ml1; r = 0.36, P<O.O1 respectively). In addition, T4 and 
FT4 were associated with bPo, and 6Hb. 
Conclusion-In the hypoxaemic hypoxia of growth retardation and the anaemic 
hypoxia of rhesus disease there are significant associations between changes in 
fetal thyroid hormone concentrations and changes in fetal blood flow as assessed 
by Dopplcr. Irrespective of whether altercd blood flow is the cause or cffect of 
changes in thyroid hormone concentrations, the observed changes could have 
beneficial effects for fetal survival, in the presencc of a hostile intrauterine 
environment. 

In normal fetuses, there is an autonomous 
incrcasc in thyroid stimulating hormone (TSH) 

and thyroid hormones with gestation (Thorpe- 
Becston et ul. 1991a). In hypoxaemic growth- 
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Fig. 1. Haemoglobin conccntration (a) and Po, (b) of 
the small for gcstational age (+) and rhesus affcctcd 
(0) fetuses plottcd on the appropriatc rcference range 
(mean, 5th and 95th centile) for gestation. 

retarded fetuses, TSH is higher and thyroid hor- 
mones lower than in normal fetuses (Thorpe- 
Beeston etal. 1991b). In rhesus affected anaemic 
fetuses both the TSH and thyroid hormone con- 
centrations are increased (Thorpe-Beeston et al. 
1991~). A unifying hypothesis, that could 
explain the findings in both hypoxaemic growth 
retardation and red cell isoimmunization, is that 
the activity of the fetal pituitary and thyroid 
glands is a consequence of the haemodynamic 
alterations in these conditions. Thus in anaemia, 
pcrfusion of both brain and viscera is increased 
(Vyas et al. 1990; Nicolaides et al. 1990) and this 
could result in both pituitary and thyroid hyper- 
activity. In hypoxia, brain pcrfusion is increased 
at the expense of the viscera (Bilardo etal. 1990) 
and this could be the cause of pituitary hyperac- 
tivity and the decrcase in thyroid activity. 

The aim of thc present study was to test this 
hypothesis by investigating the relation between 
changes in the thyroid hormone and TSH con- 
centrations and alterations in the fetal circula- 
tion as assessed by Doppler ultrasound. 

Subjects and methods 

In this cross-sectional study, Doppler ultraso- 
nographic studies were performed within 30-60 
min before cordocentesis in 38 small-for-gesta- 
tional age (SGA) and 38 rhesus affected fetuses 
at 18-39 weeks gestation. In the SGA group, the 
fetal abdominal circumference was below the 
2.5th centile of our normal range and cordocen- 
tesis was performed for fetal karyotyping and 
blood gas analysis (Nicolaides et al. 1989a). All 
fetuses were chromosomally and morphologi- 
cally normal and growth retardation was con- 
firmed at delivery when the birthweight was 
below the 5th centile for gestation and sex (Yud- 
kin ef af. 1987). In the rhesus affected group, cor- 

docentesis was performed for determination of 
fetal haemoglobin and intravascular blood trans- 
fusion as necessary (Nicolaides et al. 1986a). 

Flow velocity waveforms were recorded from 
the fetal descending thoracic aorta (Ao) and the 
middle cerebral arteries (MCA), using pulsed 
Doppler ultrasonography after vessel identifica- 
tion by colour flow imaging (Acuson 128, Moun- 
tain View, CA, USA). The Doppler sonograms 
were considered for measurements when there 
were no fetal gross body or chest movements and 
the fctal heart rate was between 120 and 140 
beatdmin. The high-pass filtcr was set at 150 Hz. 
The time-averagcd intensity-weighted mean 
blood velocity (Vm) was calculated as described 
previously (Nicolaides et al. 1990; Vyas et al. 
1990; Bilardo et a/. 1990). The intra-observer 
coefficients of variation for AoVm and MCAVm 
are 6% and 11.1% respectively (Bilardo et a1 
1988; Vyas et al. 1990). 

Cordocentesis was performed as an outpatient 
procedure without fetal or maternal sedation 
(Nicolaides et al. 1986b). Thc umbilical vein Po2 
(Radiometer ABL 330 blood gas analyser, 
Copenhagen, Denmark) and the fetal haemo- 
globin concentration (Coulter Channelizer, Por- 
ter Electronics Ltd., Luton, UK) were 
measured. Fetal blood (1-2 ml) was collected 
into plain tubes, centrifuged for 10 min at 2000 
rpm, and the serum was stored at -20°C. TSH 
was measured by immunoradiometric assay 
(Celltech Diagnostics, Slough, UK) and total 
thyroxine (T4). free thyroxine (FT4), total tri- 
iodothyronine (T3) and free triiodothyronine 
(lT3) thyroid hormones were measured using 
solid-phase radioimmunoassays (Diagnostic 
Product Corporation, CA). The intra-assay 
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Fig. 2. Thyroid stimulating hormone (a) and frcc 
thyroxinc (b) conccntrations of thc small for 
gcstational age (+) and rhesus affected (0) fctuscs 
plottcd on thc appropriate reference rangc (mean. 5th 
and 95th centile) for gestation. 
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(mean difference = 0.12 SDs, t = 0-65); (ii) a 
lowcr mean haemoglobin concentration (mean 
difference = -2.95 SDs, t =  -7.6, P<O*OOOl) 
but a similar Po, concentration (mean difference 
= 4 - 2 2  SDs, t = 1-7; and (iii) higher values for 
both mean AoVm and mean MCAVm (AoVm: 
mean difference = 1-62 SDs, f = 4.06, P<O.oOl; 
MCAVm: mean difference = 1.10 SDs, t = 3.17, 

Compared with the appropriate normal mean 
for gestation, the SGA fetuses had (i) a higher 
mean TSH concentration and lower concentra- 
tions of both mean T4 and mean IT4 (TSH: 
mean difference = 1-29 SDs, t =  4.91, 
P<O~OOOl; T4: mean difference = 0.94 SDs, 
t = 3.44, P<O.Ol; FT4: mean difference = 1.36 
SDs, t = 5.34, P<O-OOl) whereas the mean FT3 
and mean T3 concentrations were not signifi- 
cantly different (FI'3: mean difference = 0.34 
SDs, t = -1.17; T3: mean difference = -0.10 
SDs, t = -0.37), (ii) a lower mean fetal Po, con- 
centration, but a similar mean haemoglobin con- 
centration (Po,: mean difference = 2.35 SDs, 
t = -9.02, P<O.OOol); Hb: mean difference = 
0.17 SDs, t =  0.44), and (iii) a lower mean 
AoVm and a higher mean MCAVm (AoVm: 
mean difference = -3.11 SDs, t = -11.37, 
P<O.OOOl; MCAVm: mean difference = 1.47 
SDS, t = 6-22, P<O.OoOl). 

The associations betwecn delta (6) values for 
fetal TSH, thyroid hormones and Pol, haemo- 
globin and Doppler variables are shown in Table 
1. Fetal TSH was significantly associated with 
6 MCAVm. Fetal T4, FT4 and FT3 were signifi- 
cantly associated with 6 AoVm. In addition, T4 
and FT4 were associated with 6 Po2 and 6 Hb. 

Multiple regression analysis demonstrated the 

P<0.01). 

60 
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Fig. 3. Middle cerebral artery (a) and descending 
thoracic aorta (b) mean blood velocity of the small for 
gestational agc (+) and rhesus affected (0) fetuses 
plotted on thc appropriate reference range (mean, 5th 
and 95th centile) for gestation. 

coefficient of variation for all assays was less 
than 6%. 

Statistical analysis 

Since in normal pregnancies, fetal TSH, thyroid 
hormone concentrations and Doppler variables 
change with gestation, in this study the values 
obtained from each fetus were expressed as the 
number of standard deviations (SDs) by which 
they differed from the respective normal mean 
for gestation (delta values = 6). Student's t-test 
was used to determine the significance of any 
difference in the mean values of the measured 
variables between the rhesus affected and the 
SGA fetuses and the values for normal controls 
as published by Thorpe-Beeston et al. (1Wla). 
Regrcssion analysis was used to determine if 
there were any significant associations between 
6 TSH, 6 thyroid hormones, 6 AoVm and 
6 MCAVm . 

Results 

The Doppler results and umbilical vein blood 
Po2, haemoglobin, TSH and IT4 concentrations 
of the SGA and rhesus affected fetuses are plot- 
ted on the appropriate reference ranges for ges- 
tation in Figs. 1-3. 

Compared with the appropriate normal 
means for gestation, the red cell isoimmunized 
pregnancies had (i) higher mean fetal concen- 
trations of TSH, T4, FT4 and m 3  (TSH: mean 
difference = 0.85 SDs, t = 3.06, P<O.Ol; T4: 
mean difference = 0.54 SDs, t = 2.17, P<O-O5; 
FT4: mean difference = 0.73 SDs, t = 2-32, 
P<0.05; FI3: mean differencc = 0.97 SDs, 
t = 2.65, P<O.Ol) but a similar T3 concentration 

0 
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delta MCAVrn delta AoVrn 

Fig. 4. Relation of dclta valucs in small for gestational 
agc (+) and rhesus affcctcd (0) fetuses (in SDs from 
the appropriate mean for gestation) for fetal thyroid 
stimulating hormone (TSH) and free thyroxine (FT4) 
with middle cerebral artery and descending thoracic 
aortic mean blood velocity (MCAVm and AoVm) 
respectively. 
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Table 1. Associations between delta values (8) of fctal TSH or thyroid hormoncs and dclta valucs of mean blood 
velocity (Vm) in the middle cercbral artery (MCA) or thoracic aorta (Ao), Po2 and hacmoglobin (Hb) for both 
rhcsus affected and small for-gestational-age fetuses. 

b MCAVm h AoVm h Po, b Hb 
~~ 

r n r n r n r n 

h TSH 0.23* 76 -0.10 76 -0.18 76 -0.05 76 
6 T4 0.20 61 0.41 * * 61 0.34** 61 -0.26' 61 
6 FI-4 0.W 69 Q.50*** 69 0.41** 65, -0.30' 69 
d T3 0.20 59 -0.01 SY 0.06 59 0.04 59 
b FT3 0.15 67 0.36** 67 0.17 67 -0.21 67 

* PC0.05. * *  P<041, ***  P<O.oOOl. 
Delta values = diffcrcnccsof obscrvcd values from thc normal mean for gcstation in SDs, n is the numbcr of fetusccs 
measured. 

knowledge of the subgroup (red cell isoimmu- 
nized or SGA) did not contribute significantly in 
explaining the variation in fetal TSH after cor- 
rection for 6MCAVm (F to remove sub- 
group = 2.97, P = 049). Similarly, knowledge 
of the subgroup did not contribute significantly 
in explaining the variation in 8T4, 6FT4 and 
6 FT3 after correction for 6 AoVm (F to remove 
subgroup: for T4 = 0.01, P = 0.92; for 
lT4=0-00 ,  P = 0 9 ;  and for FT3 = 245, 
P = 0.16). Furthermore, it was found that after 
correction for S AoVm, neither Po2 nor 6 Hb 
contributed significantly in cxplaining the 
variation in 6 T 4  and 6FT4 (T4: F to 
remove Po, = 1.46, P = 0.23 and F to remove 

remove Po, = 1.01, P = 0-32 and F to remove 
Hb = 0.01, P = 0.92; lT4: F t o  

Hb = 0-01, P = 0.94). 

Discussion 

In red cell isoimmunized pregnancies, the fetal 
haemoglobin is decreased, the fetal circulation is 
hyperdynamic, and both fetal TSH and thyroid 
hormones are increased. Some growth-retardcd 
fctuses are hypoxaemic, there is evidence of 
redistribution in fetal blood flow in favour of the 
brain and at the expense of the visccra, and thy- 
roid hormone conccntrations are decreased 
while TSH levels are increased. These data con- 
firm the findings of previous studies (Thorpe- 
Beeston et al. 1991b; Thorpe-Beeston et al. 
1991~; Nicolaides et al. 1989b, lW; Bilardo et 
al. 19W), and in addition demonstrate signifi- 
cant associations bctween pituitary-thyroid 
function and Doppler variablcs. 

In SGA and rhesus affected fetuses, the 
incrcasc in TSH was significantly associated with 

an increase in blood velocity in the cerebral cir- 
culation. Furthermore, the alterations in thyroid 
hormone concentration were significantly asso- 
ciated with blood velocity in thc descending 
thoracic aorta. The blood vcssels supplying the 
thyroid gland, supcrior and inferior thyroid 
arteries and, if present. the thyroidea ima, are 
prescntly not amcnable to Doppler studies. The 
superior thyroid artery is a branch of the exter- 
nal carotid artery, the infcrior thyroid artcry a 
branch of the thyrocervical trunk and the thy- 
roidea ima artery is a branch of the brachio- 
ccphalic artery or arises directly from the aorta. 
It would be reasonable to assume that alter- 
ations in flow velocity waveforms from the 
dcscending thoracic aorta, which are currently 
considered to be representative of visceral and 
pcripheral blood flow (Bilardo et al. 1990). also 
rcflect changes in blood flow to thc thyroid 
gland, which docs not rcceive its blood supply 
from the intcrnal carotid artery. 

The blood concentration of hormones is a con- 
sequence of the interplay of  many factors affect- 
ing synthesis, release and consumption. 
Therefore, it is not surprising that blood flow, as 
assesscd by Doppler, can explain only 5%-25% 
of thc observed variance in TSH and thyroid 
hormone concentrations. Nevcrtheless, this 
study has demonstrated that changes in fctal 
pituitary-thyroid function may partly be due to 
altered blood flow to the brain and thyroid 
glands. 

The relation between the change of fetal thy- 
roid function and the haemodynamic alterations 
observed in anaemic and growth retarded 
fetuses may be due to the effcct of circulatory 
changes on  the growth and function of the fctal 
pituitary and thyroid glands. In addition, the 
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observed decreasc in thyroid hormones in SGA 
fetuses may be due to deficiency in cssential 
nutricnts as a consequence of reduced utero- 
placcntal perfusion. In red cell isoimmunization, 
maternal blood supply to the placenta is normal 
but, in the presence of a hyperdynamic fetal cir- 
culation, both nutrient uptake from the placenta 
and subsequent supply to the thyroid gland are 
likely to be increased. 

Alternatively, the alterations in the concen- 
trations of thyroid hormones, observcd in SGA 
and rhesus affected fetuses, may cause some of 
the observed differences in the peripheral cir- 
culation in these conditions. Thus, animal stud- 
ies have demonstrated that thyroid hormones 
have cardiotonic properties (Markowitz & Yater 
1932). Furthermore, in human postnatal life, 
hypcrthyroidism is associated with increased 
cardiac output, stroke volume, heart rate, mean 
systolic ejection ratc and diminished peripheral 
resistance (Degroot & Leonard 197O), whereas 
hypothyroidism is accompanied by a reduction 
in cardiac output. The high serum TSH concen- 
trations found in both SGA and rhesus affected 
fctuscs may be due to pituitary stimulation by 
catecholamines (Fukuda 1987). which are 
increased in both conditions (Greenough ef al. 
1990). 

Circulatory re-adjustments and alterations in 
pituitary-thyroid function may be considered as 
beneficial adaptations to the hostile intrauterinc 
environment in hypoxic growth retardation and 
anaemia. In the former, relative hypothyroidism 
slows metabolism, while centralization of flow 
ensures continuing brain oxygcnation. In ana- 
emia, the hyperdynamic circulation improves 
tissue perfusion, and the increased thyroid hor- 
mone concentration may improve tissue oxygcn- 
ation by stimulating the production of 
erythropoietin and 2,3 diphosphoglycerate (Das 
ef al. 1975; Synder & Reddy 1970; Soothill et al. 
1988). 
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