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Erythrocyte zinc in differential
diagnosis of hyperthyroidism in
pregnancy: a preliminary report

During pregnancy it may be difficult to distinguish between untreated
pre-existing thyrotoxicosis and transient hyperthyroidism associated
with hyperemesis gravidarum,' but such differentiation is necessary for
management. Because erythrocyte zinc concentrations are reduced in
established thyrotoxicosis2 we describe here the measurement oferythrocyte
zinc concentrations as an aid to differentiating between the two conditions.

Patients, methods, and results

Over five months 14 consecutive patients with hyperemesis gravidarum (mean
gestation nine weeks) and 10 controls admitted for termination of pregnancy
(mean gestation 9-5 weeks) had their thyroid function and erythrocyte zinc
concentration measured. None had a history of thyroid disease. Five patients
with clinical features suggesting thyrotoxicosis before pregnancy and without
vomiting who presented between nine and 25 weeks' gestation were similarly
investigated. On admission total plasma thyroxine and triiodothyronine con-
centrations were estimated by radioimmunoassay (Diagnostic Products
Corp). Erythrocyte zinc concentrations were estimated by atomic absorption
spectrophotometry.2
Among the controls (group 1) the mean thyroxine concentration was 117-5

(SD 40 5) nmol/l (normal laboratory range 60-140 nmol/l) and the mean

triiodothyronine concentration 2-1 (0-8) nrmol/l (normal 0-8-2-5 nmol/l). Among
the hyperemetic patients seven had normal thyroid values (group 2) and seven
had initially raised values which returned to normal within two to five weeks
without treatment (group 3). The five patients with pre-existing untreated
thyrotoxicosis (group 4) had significantly higher thyroxine (2%-2 (55-8) nmol/l,
t test p<0-001) and triiodothyronine (6-8 (217) nmol/l, p<0-01) concentrations
than the controls. They subsequently received antithyroid drug treatment.
The erythrocyte zinc concentrations are shown in the figure. The mean

(SD) values in groups 1, 2, and 3 were 1%-5 (39-1), 201-8 (25-3), and 219 8
(27-9) imol/l red blood cells, respectively. The untreated thyrotoxic patients had
significantly lower concentrations than the controls (120-6 (14-3) tsmol/l red
blood cells (p<0-001)). The mean differences (with 95% confidence interval)
between the values of groups 2, 3, and 4 and the controls were, respectively,
5-3(-307 to 41-3),23-3 (-13-5 to 60-1), and 75-9 (36-8-to 115) imol/l red blood
cells.

Comment

Vomiting and hyperthyroxinaemia in pregnancy may be common to both
pre-existing untreated thyrotoxicosis and hyperemesis gravidarum.
Antithyroid treatment is indicated for thyrotoxicosis, which may have
serious consequences3 and may be aggravated in early pregnancy.4 On the
other hand, the value of antithyroid drugs in transient hyperthyroidism is
not established,5 and their use should probably be reserved for patients who
relapse or in whom the abnormality persists into the later stages of
pregnancy.' Differentiating between these two conditions is therefore
important.

In established thyrotoxicosis the erythrocyte content of carbonic
anhydrase isoenzyme B is reduced. As most of the zinc in erythrocytes is
present in association with carbonic anhydrase there is a correspondingly
reduced concentration of erythrocyte zinc in hyperthyroid patients.2 The
changes in erythrocyte zinc concentration following changes in thyroid
function take time to develop, however, as the zinc concentration in
circulating erythrocytes is not affected. Therefore patients with transient
hyperthyroidism of pregnancy would be expected to have normal ery-
throcyte concentrations of zinc.

Seven of our hyperemetic patients had raised concentrations of thyroid
hormones together with signs and symptoms ofthyrotoxicosis. Their normal
erythrocyte zinc concentrations, however, differentiated them from the
thyrotoxic patients and suggested that their hyperthyroid state was of
recent onset. This suggestion was borne out by subsequent events. Our
data suggest that measuring erythrocyte zinc concentrations allows
discrimination between pre-existing hyperthyroidism and transient
hyperthyroidism of pregnancy. In uncertain cases this may greatly facilitate
management.
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Left: erythrocyte zinc concentration in the four groups of patients. Right: erythrocyte zinc concentrations related to total thyroxine concentration in the
four groups of patients.
RBC=Red blood cells.
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Haemodynamic changes during the early
puerperium
The early puerperium is a time ofdramatic haemodynamic readjustment. A
20-30% increase in cardiac output above prelabour levels has been reported
during the first 24 hours after delivery.' Subsequent changes have been
inadequately documented. We therefore investigated the haemodynamic
changes during the first two weeks after vaginal delivery.

Patients, methods, and results

Ten healthy women with uncomplicated singleton pregnancies were studied at
38 weeks' gestation and then 48 hours and two weeks after normal delivery.
Investigations were performed using an echocardiographic Doppler system
(Hewlett-Packard 77500B) with the subjects in the semi-left lateral position after
at least 15 minutes' rest. No patient received more than 1500 ml intravenous fluid
during labour, and in all cases the estimated blood loss at delivery was less than
300 ml.

Cardiac output was determined by Doppler ultrasound measurement of
ascending aortic blood velocity combined with cross sectional echocardiographic
measurement of the aortic area. The technique has been validated in vivo2 and
allows easily repeatable, non-invasive measurements of cardiac output. Aortic
velocity was measured with continuous wave Doppler ultrasound by a transducer
placed in the suprasternal notch. The area under the velocity curve (velocity
integral) was determined with a digitising tablet. The average of 8-10 consecutive
beats was used for each determination. The diameter of the aortic orifice was
measured during systole from a cross sectional echocardiograph (parasternal long
axis plane). Diameters from five consecutive beats were averaged. Aortic cross
sectional area was calculated from the equation xx (D/2)2, where D=mean aortic
diameter. Heart rate was determined from the R-R interval of a simultaneously
recorded electrocardiogram. Cardiac output was then calculated according to the
formula: cardiac output (ml/min)=stroke volume (ml)xheart rate (min- '), where
stroke volume (ml)=velocity integral (cm)xcross sectional area (cm2).
End systolic and end diastolic dimensions were measured from standard left

ventricular M mode echocardiographs.3 Ejection fraction and mean rate of
circumferential fibre shortening, two indices of myocardial contractility, were
calculated.4 A repeated measures analysis of variance was performed for each
variable. No transformation to normality was necessary for the data.

The cross sectional and Doppler echocardiographic results are shown in the
table. Heart rate fell significantly after delivery, reaching values 14% (48 hours)
and 26% (2 weeks) below those obtained at the end of pregnancy. Stroke volume
was significantly increased at 48 hours (10%/) and thereafter declined, reaching
values two weeks after delivery 16% lower than those at 48 hours. The increase in
stroke volume was due to a significant increase in velocity integral (13%). Cardiac
output remained raised 48 hours after delivery. By two weeks cardiac output had
decreased by 13% relative to the end of pregnancy. End diastolic dimension was
significantly increased at 48 hours. Ejection fraction and mean rate of circum-
ferential fibre shortening showed no significant change 48 hours after delivery but
thereafter both showed a significant decrease.

Comment

Our results indicate that cardiac output remains raised for at least 48 hours
after normal delivery owing to an increase in stroke volume and despite a
coexistent fall in heart rate. The increase in end diastolic dimension suggests
an increase in venous return perhaps due to the autotransfusion from the
uteroplacental vascular bed after delivery. This augmentation of venous
blood return might be responsible for the increase in stroke volume.
By two weeks cardiac output had shown a significant fall due to a decline in

stroke volume and a further reduction in heart rate. During the same period
there was a fall in end diastolic dimension, a change which probably reflects-
the decrease in circulating volume found during the first weeks of the
puerperium. Myocardial contractility also appeared to be reduced two weeks
after delivery when compared with values at the end of pregnancy. This
interesting observation, which has been reported previously,5 may reflect a
decrease in end diastolic volume (the Frank-Starling effect) or it might
represent a true diminution in myocardial function. The new observations
reported in this study may have important implications for the puerperal
management of women with pre-sxisting heart disease or postpartum
cardiomyopathy.

We thank Dr R Boys for his statistical advice. The work was supported by a
grant from Newcastle Health Authority.
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Haemodynamic changes after normal delivery in 10 women

Postnatal
Pregnancy p Values
38 weeks 48 hours 2 weeks

(38) (48) (2) SEM 38v48 38v2 48v2

Heart rate (beats/min) 86 75 64 2 <0-01 <0 001 <0 01
Aortic orifice area (cm2) 4-45 4-35 4-26 0106 NS <0 05 NS
Aortic velocity integral (cm) 19-6 22-2 18-9 0-6 <0 01 NS <0 001
Aorticstrokevolume(ml) 87-4 %-I 81-1 3-3 <0-05 NS <0 001
Aorticcardiacoutput(1Jmin) 7-46 7-22 5-16 0 21 NS <0 001 <0 001
End systolic dimension (cm) 3-19 3-26 3-24 0 04 NS NS NS
End diastolic dimension (cm) 4-79 4-95 4-70 0-04 <0-01 NS <01001
Ejection fraction (%) 70 71 67 1 NS <0 05 <0 01
Mean rate of circumferential fibre shortening (diameter/s) 1-25 1-19 1-08 0-08 NS <0-001 <001

Values quoted are means. Standard error ofthe mean (SEM) was determined from the analysis of variance and was based on the intrapatient variability. p (Probability) values were determined by
comparing the mean difference between time points with the least significant difference calculated from the residual mean square (df= 18).
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