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Three female patients with severe thyrotoxicosis, two of them pregnant 22 and 16 wk, respectively. 

were treated with plasma-exchange (PE) combined with anti-thyroid drugs. In both pregnant patients PE 

was an effective adJunct to therapy with low-dose carbimazol. They were both delivered of normal babies 

at 37 and 40 wk, respectively. One newborn was euthyroid, the other had transient neonatal thyrotoxico- 

sis. In the non-pregnant patient an ominous situation of thyrotoxic crisis was rapidly reversed by a single 

PE. During PE an influx of thyrotd hormones occurs from the extra- to the intravascular compartment. 

which increases the efficacy of PE. The 5% albumin solution derived from human donor plasma, used as 

replacement fluid, contained substantial amounts of thyroid hormones. A 5% albumm solution from 

human placental origin lacks these hormones and is therefore recommended as replacement fluid for PE 

in thyrotoxicosis. There are no valid arguments for advocating replacement with donor plasma. 

plasma-exchange; thyrotoxicosis; pregnancy 

Introduction 

Pharmaceutical treatment of thyrotoxicosis during pregnancy faces a number of 
problems. Antithyroid drugs and iodides can cross the placenta and may cause fetal 
goitre and hypothyroidism. Prolonged use of beta-blocking agents can result in a 

small placenta, intra-uterine growth retardation, fetal bradycardia and hypo- 

glycaemia (Burrow, 1978). 
In the euthyroid state thyroxine is metabolized with a half-life of 6.7-7.2 days; in 

thyrotoxicosis the half-life is shortened to 4.4 f 1.1 days (Sterling and Chodos, 
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1956). Consequently, it will take several days to reduce the high serum levels of 
thyroid hormones to normal values during antithyroid treatment by only blocking 

hormone synthesis and release. When a rapid removal of thyroid hormones is 
wanted, as during thyrotoxic crisis, plasma-exchange (PE) has proven its value 

(Ashkar et al., 1970; Horn et al., 1976; Haire et al., 1981). 
The application of PE in the treatment of severe rhesus disease has shown that PE 

can be safely performed during pregnancy (Fraser et al., 1976; Graham-Pole et al., 

1977). The data that PE (1) has a rapid effect in non-pregnant patients with 

thyrotoxic crisis and (2) can be performed relatively harmlessly during pregnancy 
lead us to hypothesize that PE may be an attractive adjunct to low doses of 

antithyroid drugs in pregnant patients with severe thyrotoxicosis. 

About 25% of the total body thyroxine is contained in the intravascular compart- 

ment (Nicoloff and Dowling, 1968). In the blood circulation 99% of thyroxine is 

bound to plasma proteins, in particular to thyroxine-binding globulin (TBG). 
During and after PE a rapid influx of extravascular thyroid hormones into the 

circulation can be expected. Therefore the use has been advocated of a replacement 
fluid containing TBG (e.g., fresh frozen plasma, FFP), which is capable of binding 

metabolically active, free thyroid hormones (Horn et al., 1976; Haire et al., 1981). 
In this paper we report the application of PE in three female patients with severe 

thyrotoxicosis, two of whom were pregnant. Apart from the clinical effects, we 

studied the efficacy of PE and the replacement fluid to be used preferentially. 

Case reports 

Patient 1 

A 23-yr-old Caucasian woman in the 22nd wk of pregnancy (gravida 2, primipara) 

was admitted because of a gradual weight loss of about 10 kg. From the start of her 
pregnancy she experienced emotional instability, excessive sweating, heat intoler- 

ance, tremors, palpitations and progressive fatigue. Despite a good appetite she 
progressively lost weight. During treatment with carbimazol (4 X 10 mg daily), 
started 8 days before admission, she began to have nausea and vomiting. Her height 

was 164 cm, weight 64.3 kg, temperature 37.3OC, pulse 120 and the blood pressure 
150/80 mmHg. On examination, the patient was very nervous. The skin was moist 
and warm. Ocular findings were normal. The thyroid gland was diffusely enlarged 

with an audible bruit. The lungs were clear and the heart was normal. No peripheral 
edema was found. Gynaecological examination and echography were in accordance 
with a gestational age of 22 wk. The clinical diagnosis of hyperthyroidism was 

confirmed by laboratory tests (Table I). 

The deterioration in clinical situation prompted us to perform PE on the 2nd day 
of admission. A volume of 2.25 1 plasma (corrected for anticoagulant contamination) 

was removed and replaced by a 5% albumin solution (derived from human donor 
plasma, Central Laboratory of the Netherlands Red Cross Blood Transfusion 
Service, CLB, Amsterdam, The Netherlands). Immediately after the procedure there 
was a substantial lasting clinical improvement. The laboratory parameters are 

presented in Fig. 1. The patient was discharged 3 wk after the PE session, using 
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4 x 10 mg carbimazol daily; she was seen weekly in the out-patients’ clinic. The 
daily dose of carbamizol was reduced 2 and 4 wk after discharge to 4 X 5 and 3 X 5 

mg, respectively. The patient remained clinically and biochemically euthyroid. Fetal 
growth was normal for age, there were no signs of fetal tachycardia or distress. At a 

gestational age of 37 wk the patient was delivered spontaneously of a boy. The 

Apgar score of the newborn was 9 and 10 at 1 and 5 min after birth, respectively; 

weight 2515 g, length 46 cm. Physical examination revealed no abnormalities; in 

particular, the thyroid gland was not enlarged. The newborn was an active child who 

developed normally on nutrition with huminized milk. At 2 wk post-partum the 

weight was 2740 g. The concentrations of thyroid hormones and thyroid-stimulating 
hormone, the result of the T3-resin-uptake test and the free thyroxine index in cord 

blood and serum obtained during follow-up are given in Table II. 

Patient 2 

A 31-yr-old Caucasian woman in the 16th wk of pregnancy (gravida 4, para 3) 
was admitted because of progressive complaints of nervousness, excessive sweating, 

TABLE I 

Concentration of T4 and T3, result of the T3-resin-uptake test (T3RU) and the free thyroxine index (FTI) 

in serum samples taken before PE 

T4 (nmol/I) 

T3 (nmol/l) 

T3RU 

FTI 

Normal 

serum values 

70-170 

1.2-3.1 

0.35-0.4s 

28-68 

Patient No. 

1 

384 

5.5 

0.37 

142 

2 3 

302 392 

4.1 11.0 

0.39 0.68 

118 266 

TABLE II 

Concentration of T4 and T3, result of the T3-resin-uptake test (T3RU), the free thyroxine index (FTI) 

and concentrations of thyroid-stimulating hormone (TSH) in serum samples from cord blood and blood 

taken during follow-up of newborns from patients 1 and 2 

Component T4 T3 T3RU FTI TSH 
(nmoI/l) (nmol/I) ( pU/mI) 

Newborn of patient 1 

Cord blood 

9 days post-partum 

20 days post-partum 

Newborn of patient 2 

Cord blood 

8 days post-partum 

22 days post-partum 

52 days post-partum 

4 months post-partum 

Normal serum values 

99 2.2 0.34 34 65.4 
101 0.35 35 30.5 
171 0.38 65 0.8 

232 0.7 0.31 72 
294 0.39 115 
220 3.2 0.38 84 

237 2.6 0.36 85 
178 3.6 0.32 57 

70-170 1.2-3.1 0.35-0.45 28-68 

4.3 

0.2 

0.8 

2.2 

1.4 

o-5 
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tremors, painful eyes and diplopia. Her height was 165 cm, weight 70.3 kg, 

temperature 36.8OC, pulse 120 and the blood pressure 160/85 mmHg. On examina- 
tion there was an agitated woman with moderate bilateral exophthalmos, mild 

conjunctival hyperemia, painful eye movements and tremors of the hands. The 

thyroid gland was diffusely enlarged, no bruit was heard. Gynaecological examina- 

tion and echography were compatible with a pregnancy of 16 wk. 
Laboratory tests confirmed the diagnosis of hyperthyroidism (Table I). Therapy 

was started with a low dose of carbimazol (4 X 5 mg daily) and PE was performed 

on the 2nd day of admission. An amount of 2.25 1 plasma (corrected for anticoagu- 
lant contamination) was removed and replaced by a 5% albumin solution (CLB). 
With the exception of a gradual amelioration of eye symptoms, the clinical condition 

did not improve, and the FTI remained elevated (Fig. 1). Twelve days later a second 

PE (removal of 2.9 1 plasma corrected for anticoagulant contamination) was per- 

formed; thereafter the FTI was within the upper normal range, but the clinical 

situation remained unchanged. 

This prompted us to carry out a third PE (removal of 3 1 plasma corrected for 

anticoagulant contamination), 17 days after the second one. A both clinically and 

biochemically euthyroid state developed thereafter. After 44 days she was discharged 

and followed as an out-patient. Four weeks after discharge the daily dose of 

carbimazol was reduced to 3 x 5 mg. Fetal growth was normal for age, there were no 

signs of fetal tachycardia or distress. At 40 wk gestational age she was delivered 

spontaneously of a daughter; the membranes had ruptured 12 h ante-partum. The 

amniotic fluid had a normal aspect for gestational age; cervical dilatation developed 
slowly. The Apgar score at 1 and 5 min after birth were 9 and 10, respectively; 
weight 4470 g, length 53.5 cm. Physical examination showed no abnormalities. The 

newborn was observed in the hospital for 16 days. She was an overactive baby with 
excessive sweating. There was no tachycardia or diarrhoea. She had a normal weight 

gain on nutrition with huminized milk. At discharge the weight was 4415 g. The 
concentration of thyroid hormones and thyroid-stimulating hormone, the result of 

the T3-resin-uptake test and the free thyroxine index in cord blood and serum 

obtained during follow-up are given in Table II. 

Patient 3 

A 23-yr-old Chinese woman was admitted because of progressive severe agitation, 

hyperkinesis, palpitations, heat intolerance, increased hair-loss, tremors and a sec- 

ondary amenorrhea, for 5 months. Her height was 155 cm, weight 61.3 kg, tempera- 

ture 36.6 ‘C, pulse 140 and the blood pressure 180/90 mmHg. On examination a 
very agitated woman with obvious hyperkinesis was seen. The skin was moist and 

warm, the thyroid gland diffusely enlarged and soft, with an audible bruit. Urine 
tests ruled out pregnancy. The clinical diagnosis of severe thyrotoxicosis was 
confirmed by laboratory tests (Table I). 

Treatment was started with propranolol (InderalR) 3 x 40 mg daily, followed 
after 14 days by 4 x 10 mg carbimazol daily and iodide (lug01 forte solution, 
containing 4% iodide and 8% potassium iodine), 3 X 10 drops daily. Because of 
increasing agitation, PE was added at 16 days after the start of treatment (removal 
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of 2.5 1 plasma corrected for anticoagulant contamination, replacement with a 5% 
albumin solution (CLB)). There was a clear clinical improvement immediately after 
PE. The laboratory parameters obtained during follow-up are given in Fig. 2. At 
discharge, 2 wk after PE, menstruation had returned. Since then treatment included 

4 X 10 mg carbimazol daily and 100 pg levothyroxine daily; the patient remained in 
a euthyroid state. 

Methods 

Plasma-exchange 

Plasma-exchange (PE) was performed with a continuous-flow blood cell separator 

(IBM 2997). Anticoagulation was achieved with acid citrate dextrose formula B 
(ACD-B) in a ratio of 13 : 1 (blood : ACD-B). After PE, about 75% of the amount of 

ACD-B used during the procedure is present in the plasma bag, together with the 

plasma removed. The PE session took about 2.5-3 h. All patients tolerated the 
procedure well. 

Laboratory parameters 

Thyroxine-binding globulin (TBG), total thyroxine (T4), triiodothyronine (T3) 

and thyroid-stimulating hormone (TSH) were measured by radioimmunoassay meth- 
ods (Immophase TBG, Corning Glasswork, Medfield, MA, TCRIA (PEG), diagnos- 

tic kit, Abbott Laboratories, Chicago, IL, T3-RIA-diagnostic Products Corporation, 
Los Angeles, CA, and TSH-RIA-diagnostic Products Corporation, Los Angeles, CA, 
respectively). The T3-resin-uptake test (T3RU) was done by a routine assay (Tritab, 

T3-uptake diagnostic kit, Nuclear-Medical Laboratories Inc., Dallas, TX). The free 

thyroxine index (FTI), which is indirectly related to the percentage of free T4, was 
calculated by multiplication of total T4 and the value of the T3RU. Immunoglobulin 

concentrations were measured by nephelometry (Hyland, Costa Mesa, CA). 

Calculations 

The removal of thyroid hormones by PE was studied in two ways. (1) By 
calculating the percentage reduction in serum level from samples taken immediately 
before and after PE. Results are presented as the ratio of the percentage reduction in 

thyroid hormones to that in IgM, a protein residing mainly (about 75%) within the 
intravascular compartment. (2) By calculating the relative quantity removed, defined 
as the ratio of the quantity removed from the body (measured in the plasma bag) to 
the quantity present in the blood circulation before PE. For the estimation of the 

latter quantity, the patient’s plasma volume has to be known. To avoid the use of 
radioactive substances during pregnancy for this assessment, the plasma volume was 
not measured; the results are presented as the ratio of the relative quantity removed 
of thyroid hormones to that of IgM. 
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Results 

The effect of PE on serum levels of TBG, FTI, T4 and T3 is shown in Figs. 1 and 
2. In all patients, the reduction seen immediately after PE is followed by a rapid 

increase during the first 48 h after PE. Serum levels of TBG reached or even 
exceeded pre-exchange values 5-7 days after PE. In both pregnant patients there 

was a permanent reduction of thyroid hormone levels compared to pre-exchange 

levels (Fig. 1). A more pronounced effect of PE on thyroid hormone levels was 

observed in patient No. 3 (Fig. 2). In this patient the reduction in T4 serum level to 
upper normal values was reached immediately following PE; when calculated from 

the half-life of T4 this reduction could be expected without PE only after at least 4 

days (Fig. 4). 

Calculations 

1. In patients Nos. 1, 2 and 3 the reduction in serum IgM levels after PE was 78%, 
65% and 76%, respectively. The ratio between the reduction in thyroid hormone 

levels and that of IgM was less than 1.0 (Table III). 

b 

: , CARBIMAZOL 4xlOmg ? 
. 

PE 1 

patient 1 

I CARBIMAZOL 4x5 mq . 

I 1 1 ’ 

I 

patient 2 

O +--+--TO- 5 15 
days 

I-l-n-l-l~l-l-I- 
0 10 20 30 40 

d avs 

Fig. 1. Levels of TBG (A), FTI (o), T4 (0) and T3 (0) in patients 1 (left panel) and 2 (right panel). 
Normal values are indicated on the vertical axes by shadowed areas. Treatment with carbimazol was 
started 9 days (patient 1) and 2 days (patient 2) before plasma-exchange (PE). 
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2. The ratio between the relative quantity removed of thyroid hormones to that of 

IgM was more than 1.0 (Table III). In addition to influx of thyroid hormones from 
the extra- to the intravascular compartment during PE, the data may be influenced 
in part by the presence of these components in the substitution fluid. We therefore 

TABLE III 

Efficacy of PE with respect to thyroid hormones as compared to IgM 

Patient 

No. 

1 

2 

3 

Compo- % Reduction: 

nent component/IgM 

T4 0.76 

T3 0.58 

T4 0.75 

T3 0.79 

T4 0.78 

T3 0.68 

Relative quantity 

removed: 

component/IgM 

1.34 

146 

1.12 

1.29 

1.40 

1.23 

S Propranolol 3 x 40 mg 5 
S, Lugol F 3x10 drops t 
$ Carbtmazol 4x10 mg E 

--I,-l-t-rFl 

0 
I- 

5”‘?0 
days 

Rg. 2. Patient 3. Legend as in Fig. 1. Treatment with carbimazol and iodide was started 2 days before PE. 
Propranolol was started 16 days before PE. The reduction in serum T4, expected with a T4 half-life of 4 

and 7 days, is indicated (*). 
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TABLE IV 

Concentration of IgM, TBG, T4 and T3 and result of the T3-resin-uptake test (T3RU) in solutions to be 

used as substitution fluids in plasma-exchange 

For the interpretation of the results found for the T3RU in 5% albumin solutions, this parameter was also 

measured in physiological saline. CLB IS an albumin solution derived from human donor plasma (CLB, 

Amsterdam, The Netherlands). Merieux is an albumin solution from human placental origin (Inst. 

Mtrieux, Lyon, France). FFP: fresh frozen plasma. 

5% albumin solution 

CLB Merieux 

FFP Normal Physiological 

serum values saline 

W (g/l) 0 0 1.23 0.86-1.78 

TBG (g/l) 0 0 17.8 12-30 

T4 (nmol/l) 24 0 78 70-170 

T3 (nmol/l) 1.2 0 1.4 1.2-3.1 

T3RU 0.72 0.75 0.41 0.35-0.45 0.86 

determined levels of immunoglobulins, TBG, T4 and T3 in the 5% albumin solution 

used as replacement fluid (CLB). Immunoglobulins and TBG were not present, 
levels of T4 were low and the level of T3 was in the range of normal serum values 

(Table IV). We also measured these components in a 5% albumin solution from 
human placental origin (Inst. Merieux, Lyon, France). This solution contained 
neither immunoglobulins nor TBG nor thyroid hormones. 

To estimate the binding capacity for free thyroid hormones of substitution fluids, 

the T3RU test was performed in both 5% albumin solutions, in fresh frozen plasma 
and for comparison in physiological saline. A high T3RU value was found in both 

5% albumin solutions (Table IV); this indicates a low binding capacity of these 

solutions. 

Discussion 

Plasma-exchange (PE), which results in a rapid removal of thyroid hormones (Fig. 

l), can be safely applied in pregnant patients with severe thyrotoxicosis. The 
exchange of 2.5 1 plasma can immediately undo the exposure to high levels of T4. A 
complete blockade of the synthesis and release of thyroid hormones by pharmaceuti- 
cal therapy needs at least 4 days to result in a normal T4 level (Fig. 2). The less 

pronounced effect of a single PE in both pregnant patients (patients 1 and 2) may be 
explained by an incomplete blockade of thyroid hormone synthesis with low doses of 

carbimazol. 

The clinical and biochemical findings in both newborns (patients 1 and 2) show 
that an essentially identical treatment of maternal hyperthyroidism may have 

different effects on the fetus (Burrow, 1978). The newborn of patient 1 was both 
clinically and biochemically euthyroid, with temporarily elevated levels of TSH 
(Table II). This serological finding is explained by transplacental passage of 

carbamizol with blockade of the fetal thyroid accompanied by stimulation of the 
fetal thyroid by fetal TSH. Hyperthyroidism in Graves’ disease is currently thought 
to be due to stimulation of the thyroid gland by thyroid-stimulating immunoglobu- 



147 

lins (TSI). TSI are found in 70-90% of patients with Graves’ disease, are of IgG 
immunoglobulin class, and may disappear during treatment with antithyroid drugs 
(Harvard, 1979; Mukhtar et al., 1975). Transplacental passage of TSI may cause 
neonatal thyrotoxicosis (Burrow, 1978). Although we did not measure TSI levels in 

our patients, transplacental passage of TSI can explain the transient neonatal 
hyperthyroidism in the child of patient 2. 

PE results in a low reduction in the serum levels of thyroid hormones compared 
to that of IgM (Table I); this can be explained by an influx of thyroid hormones 

from the extra- to the intravascular compartment during the PE session. This 

explanation is supported by the higher amount removed of thyroid hormones than 

of IgM (Table III). For the efficacy of PE in thyrotoxicosis we conclude that 

misleading conclusions are drawn when only the reduction in serum levels of thyroid 

hormones is calculated. For proper interpretation the relative quantity removed from 

the body has to be assessed. However, the presence of T4 and T3 in the 5% albumin 

solution interferes in this assessment of the removal of thyroid hormones by PE. 

This holds also for fresh frozen plasma (FFP), which is advocated as a substitution 

fluid for PE in thyrotoxic crisis; FFP contains TBG, which is able to bind the free, 

metabolically active fractions of thyroid hormones (Horn et al., 1976; Haire et al., 

1981). We are reluctant to use FFP because of the risks to transmit diseases. Our 
patients were substituted with a 5% albumin solution in which no TBG is present, 

and after PE the patients showed a spontaneous increase in serum TBG level to or 
above pre-exchange levels (Figs. 1 and 2); this rapid return of TBG will lead to a 

further reduction of the free T4 and T3 fractions. Therefore, there are no arguments 
to support the use of FFP as replacement fluid in PE. In PE treatment of 

thyrotoxicosis we advocate the use of replacement fluids devoid of T4 and T3. such 
as a 5% albumin solution of human placental origin (Table IV). 
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