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Abstract
Introduction: Hyperthyroid patients who are unresponsive 
to medical treatment remain a challenging clinical problem. 
Objective: The goal of our study was to evaluate the use of 
therapeutic plasma exchange (TPE) in hyperthyroid patients 
and their outcome after TPE. Method: We retrospectively re-
viewed 22 patients who underwent TPE for refractory thyro-
toxicosis in our institution: 13 with Graves’ disease, 7 with 
amiodarone-induced thyrotoxicosis (AIT), 1 with toxic goiter, 
and 1 pregnant patient with familial nonautoimmune thyro-
toxicosis. Results: Before TPE, all patients had severe hyper-
thyroidism, and antithyroid drugs were either contraindicat-
ed or not sufficiently effective to restore euthyroidism 
promptly. After all the TPEs, free T4 (fT4) decreased signifi-
cantly by 48% (p = 0.001) and fT3 by 52% (p = 0.0001). The 
median number of TPE sessions per patient was 4 (range: 
1–10). There were no complications during the 91 TPE ses-
sions. Total thyroidectomy with no severe side effects was 

performed on 16/22 patients and 1 other patient was treated 
with radioactive iodine. One patient died from severe thyro-
toxicosis during medical care. The remaining 4 patients were 
followed up without any radical treatment. For all 7 patients 
with AIT, iterative TPE led to a significant clinical improve-
ment, and amiodarone was continued for 1 patient. Avail-
able treatments were continued between TPE sessions (cho-
lestyramine for 13 patients [60%] and glucocorticoids for 16 
patients [73%]). Conclusion: TPE allowed a safe decrease of 
50% in thyroid hormone levels, and it should be considered 
for refractory hyperthyroid patients when medical treat-
ments are contraindicated or have failed to restore euthy-
roidism, irrespective of the etiology of the thyrotoxicosis.

© 2020 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

Severe thyrotoxicosis is a life-threatening condition, 
especially when patients have heart disease or atrial fibril-
lation [1]. The main objective is to promptly restore and 
maintain euthyroidism. Therapeutic plasma exchange 
(TPE) is an effective blood purification procedure used to 
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treat various disorders such as autoimmune diseases and 
familial hypercholesterolemia [2].

In hyperthyroidism, TPE has been used since 1970 [3] 
and is mainly considered for use in clinical practice for 
the following conditions: 

	− in thyroid storm, which is a vital emergency requiring 
a rapid decrease in thyroid hormone levels [4],

	− in severe thyrotoxicosis for patients with heart disease or 
severe cardiac rhythm disorder, as an alternative to med-
ical treatment which may have a delayed action [5],

	− for patients with severe hyperthyroidism who have a 
contraindication to antithyroid drugs (ATD), due to se-
vere side effects such as agranulocytosis, to restore euthy-
roidism before any radical treatment of hyperthyroidism 
(i.e., thyroidectomy or radioiodine treatment) [1].
We report a retrospective series of 22 hyperthyroid pa-

tients who underwent TPE in our tertiary care center hos-
pital. Our goals were to describe the use of TPE in refrac-
tory hyperthyroidism, the conditions under which the 
sessions were carried out, and to analyze the potential 
complications of this treatment. We also focused on the 
outcome of patients after the TPE sessions. In the case of 
salvage thyroidectomy performed after TPE preparation, 
peri- and postoperative complications related to anesthe-
sia or surgery were also analyzed. 

Materials and Methods

All patients treated with TPE in our tertiary care center be-
tween 2007 and the first semester of 2017 were retrospectively in-
cluded. Twenty-two patients were included (Table 1). There were 
10 men (44%) and 12 women (56%) with a median age of 47 years 
(range 16–85 years). Graves’ disease (GD) was diagnosed in 13 pa-
tients (59%), 7 patients (32%) had amiodarone-induced thyrotox-
icosis (AIT), and 1 patient had a toxic goiter. The remaining case 
was a pregnant woman in whom the cause of thyrotoxicosis was 
an activating mutation of the thyroid-stimulating hormone (TSH) 
receptor (nonautoimmune thyrotoxicosis). In the patients with 
GD, the median TSH receptor antibody level was 16 U/L (range 
9–41 U/L). All patients with AIT had type 2 AIT, confirmed by 
123-iodine thyroid scintigraphy (online suppl. Fig.; www.karger.
com/doi/10.1159/000507019) or histology (patient No. 13). They 
also all had a history of heart disease: 4 had arrhythmia, 2 had con-
genital heart defects, and 1 had ischemic heart disease. 

An indication for TPE was a contraindication to ATD due to 
major side effects in 13 patients, namely, a profound decrease in 
neutrophils in 7 (5 due to carbimazole and 2 to thiamazole), pro-
pylthiouracil (PTU)-induced hepatotoxicity in 5 (including 1 who 
also presented with agranulocytosis due to carbimazole and 1 who 
had cutaneous toxidermia to carbimazole), thrombopenia in 1, 
and a severe cutaneous reaction in 1. All of these side effects disap-
peared after discontinuing ATD. Another indication was the fail-
ure to control hyperthyroidism in 9 patients on medical treatment, 

defined as patients who presented with high thyroid hormone lev-
els despite an adequate length of treatment and adequate doses of 
ATD. This was decided at a multidisciplinary staff meeting at 
which the clinical situation and comorbidities were considered. 
Adequate treatment was based on guideline recommendations, 
i.e., 400 mg PTU and 30 mg methylprednisone over 4 or 6 weeks 
for AIT [5], and 50 mg glucocorticoids for GD [6].

TPE was performed in either the Apheresis Unit or the inten-
sive care unit. TPE consisted of removing one and a half volumes 
of plasma during each session and replacing this with a solution of 
5% albumin in saline. Consecutive plasma exchanges were con-
ducted using the Spectra Optia (BCT Terumo). The decision to 
start the treatment and the number of sessions required were 
agreed on at a meeting attended by the endocrinologist, surgeon, 
and apheresis specialists.

The following criteria were analyzed: the etiology of thyrotoxi-
cosis; clinical features; the levels of free tri-iodothyronine (fT3) 
(ref. range 2.20–4.70 pmol/L), free thyroxine (fT4) (ref. range 11–
26 pmol/L), thyroid-stimulating hormone (TSH) (ref. range 0.4– 
4 mUI/L), and TSH receptor antibody; the number of sessions and 
their side effects; and the drugs administered in parallel with TPE. 
Following TPE, we collected all analyses of fT3, fT4, and TSH per-
formed the same day until 11 days after TPE. TSH receptor anti-
bodies after TPE were not available. Finally, we studied the out-
come of patients at the end of the TPE sessions, including thyroid-
ectomy and radioiodine treatment data. 

The fT3, fT4, and TSH measurements were analyzed at the En-
docrine Biochemistry Department of our hospital using an electro-
chemiluminescence (Roche®) assay.

Statistical Analysis
Analyses were performed using Prism 7, with p < 0.05 regarded 

as statistically significant. For group comparisons, the Student t 
test was used to analyze quantitative variables. The χ2 test was used 
for qualitative variables. 

Results

Before TPE, all patients presented with severe thyro-
toxicosis, according to their medical records. Median fT4 
concentration was 68 pmol/L (range 30.7–100] and me-
dian fT3 concentration was 21 pmol/L (range 6.6–48.2).

Available treatments were continued between TPE ses-
sions. Cholestyramine was given to 13 patients (60%) at a 
mean dose of 10 g (range 4–12 g). Twelve patients (54%) 
were given PTU at a mean dose of 430 mg (range 300–600 
mg), for a mean period of 4 weeks (range 1–8 weeks). Re-
garding glucocorticoids, 16 patients (73%) were treated 
with a mean dose of 55 mg prednisone (range 40–80 mg); a 
similar mean dose of 50 mg (range: 50–60 mg) was given to 
AIT patients and GD patients received 53.6 mg (range 40–
80 mg). All were treated for an average of 5 weeks before 
TPE (range 1–15 weeks). In accordance with current guide-
lines, most of them were treated with β-blockers (70%). 
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Description and Impact of TPE 
In total, we reviewed 91 TPEs in 22 patients. The mean 

time between diagnosis and the first TPE session was 3 
months (range < 1–26 months). For GD and AIT patients, 
mean time between diagnosis and the first TPE were, re-
spectively, 4 (range < 1–26) and 2 (< 1–13) months. The 
period between 2 sessions was between 1 and 8 days (2.7 
days on average). 

The first hormonal measurement was performed be-
tween 1 and 10 h after the TPE session, and it showed a 
20% decrease in fT4 and fT3 from the pre-TPE level. fT4 
and fT3 levels were measured, on average, 2 days (range 
0–11 days) after all TPE sessions. fT4 decreased signifi-
cantly by 48% (p = 0.001) and fT3 by 52% (p = 0.001) 
(Fig. 1). TPE failed to decrease thyroid hormone levels in 
1 case (patient No. 8) despite 3 sessions. TPE restored fT3 
to normal levels in 2 patients (9%) in an average time of 
3 days. fT4 levels were strictly normalized in 8 patients 
(36%) within an average of 6 days (range 1–19 days). The 
normalization of both fT3 and fT4 was achieved in 1 pa-
tient. 

Patients had between 1 and 10 TPE sessions. The aver-
age number of TPEs per patient was 4 (range 1–10). More 
than 4 TPEs were needed for 9 patients. As described in 
Table 2, there were no factors that predicted when > 4 
TPEs would be needed. The 2 groups were similar regard-
ing sex (p = 0.43), age (p = 0.3), and etiology. The median 
level of TSH receptor antibodies (< 3.3 U/L) was 17 U/L 
in patients receiving < 4 TPEs and 15 U/L in patients re-
ceiving > 4 TPEs (p = 0.87). There was also no significant 
difference between AIT and GD patients regarding indi-
cations or thyroid hormone levels (Table 2).Pt
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Fig. 1. Levels of fT3 and fT4 before and after all sessions of TPE. 
Box, interquartile range with median; whiskers, range. fT4, free 
thyroxine; fT3, free tri-iodothyronine; TPE, therapeutic plasma 
exchange.
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No complications, e.g., hypotension and catheter-
related complications (hematoma, infection, or throm-
bosis) were noted either during or after the TPE ses-
sions. At the end of the iterative TPE sessions, no hypo-
calcemia was observed. The median decrease in 
hemoglobin was 1 g/dL; 4 patients showed a significant 
decrease (> 3 g/dL) but none of them required a transfu-
sion. 

Outcome after TPE Procedure 
Definitive treatments were performed for 17 patients 

(77%) after at least 1 TPE session: 16 thyroidectomies (11 
GD and 4 AIT patients and the patient with a toxic mul-
tinodular goiter), and 1 radioiodine treatment (1 GD pa-
tient).

Regarding surgical procedures, heavy perioperative 
bleeding was reported by the surgeon for 3 patients with 
GD, but no transfusion was necessary. There were no an-
esthetic complications. All patients were hemodynami-
cally stable without the use of any vasoactive drugs. The 
heart rate was controlled thanks to β-blockers. Postop-
eratively, hypocalcemia was detected in 3 patients (total 
calcium 1.53–1.93 mmol/L [ref. range 2.2–2.6 mmol/L]). 
Transitory dysphonia was observed in 1 patient. No his-
topathological malignancy was detected in the 16 cases 
that underwent surgery. 

One patient was treated with radioactive iodine (355 
MegaBequerel), which led to hypothyroidism without 

any other side effects. Severe hyperthyroidism due to AIT 
combined with heart failure led to the death of a 55-year-
old woman (Table 1, patient No. 8) with dilated cardio-
myopathy who was awaiting heart transplantation, de-
spite therapeutic management including corticosteroids, 
cholestyramine, PTU, and 3 TPE sessions. 

In 4 patients (1 GD and 2 AIT patients and 1 with an 
activating mutation of the TSH receptor), TPE sessions 
associated with medication improved their clinical state 
and a simple clinical follow-up was possible without any 
radical treatment. 

Discussion

For the clinician, the management of hyperthyroid pa-
tients is challenging when ATD fail. AIT can be a danger-
ous condition as it can exacerbate underlying cardiac dis-
eases and increase morbidity and mortality. The current 
European Thyroid Association (ETA) guidelines for the 
management of amiodarone-associated thyroid dysfunc-
tion recommend emergency treatment, particularly for 
the elderly and/or in cases of reduced left ventricular 
function [5]. TPE is reported to be useful, despite the lack 
of evidence-based medicine. In our study on 22 patients, 
including 7 with AIT, TPE allowed a rapid decrease, ap-
proximately 50%, in fT3 and fT4 levels; this led to im-
provement in all but 1 patient. This result is consistent 

Table 2. Comparison of patients by number of TPE received and by etiology

≤4 TPEs >4 TPEs p value GD AIT p value

Patients, n 13 9 13 7
Females, n 8 4 0.43 9 2 0.08
Age, years 42 51 0.3 37 64 0.06
GD, n 9 4 0.24 – – –
AIT, n 4 3 0.88 – – –
TSH receptor antibody levels, UI/L 17 15 0.87 24.7 0 –
Thyroid volume, g 54 51 0.91 65 19 0.06
Contraindication of ATD, n 7 6 0.54 10 3 0.12
Inefficiency of ATD, n 6 2 0.25 3 4 0.12
Mean time between diagnosis and the first TPE session, months 6 4.6 0.3 4 2 0.16
fT3 before TPE, pmol/L 17 25 0.22 26 15 0.06
fT4 before TPE, pmol/L 64 81 0.11 67 79 0.1
fT3 after all TPE sessions, pmol/L 8.7 11.9 0.17 12 8.7 0.14
fT4 after all TPE sessions, pmol/L 34.8 40.1 0.56 30 51 0.88
Thyroidectomy, n 9 7 0.65 11 4 0.17
Complications of thyroidectomy, n 3 0 0.12 4 0 0.5
Decrease in hemoglobin, g/dL –0.9 –1 0.9 –1 –1.3 0.2

TPE, therapeutic plasma exchange; GD, Graves’ disease; AIT, amiodarone-induced thyrotoxicosis; ATD, antithyroid drugs.
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with a recent publication reporting TPE in 46 thyrotoxic 
patients including 4 with AIT [7]. 

TPE was found to be a good preparation for surgery in 
our study, as there were no surgical or anesthetic compli-
cations recorded even in patients with a history of heart 
disease. In a previous study, the reported surgical mor-
bidity rate was 29% in patients operated on for AIT with-
out any TPE preparation [8]. In our study, hypocalcemia 
was recorded in 3 patients (19%) after thyroidectomy, 
which corresponds to the reported incidence of transi-
tory postoperative hypocalcemia in the literature [9, 10]. 
Ozbey et al. [11] raised the awareness of the decrease in 
antithrombotic factors and thus the risk of perioperative 
bleeding in thyroid surgery after TPE. In 3 thyroidecto-
mies after TPE for GD, surgeons recorded perioperative 
bleeding, but there were no transfusions or adverse anes-
thetic events. 

Furthermore, therapeutic management including TPE 
sufficiently decreased fT3 and fT4 levels to avoid any rad-
ical treatment in 2 AIT patients, and enabled amiodarone 
to be continued in 1. In the 6 other patients with AIT, 
amiodarone was stopped by the cardiologist. The ETA 
guidelines for the management of amiodarone-associated 
thyroid dysfunction state that there is no sufficient evi-
dence to recommend for or against amiodarone with-
drawal [5]. Medical management including TPE permit-
ted the rapid control of severe hyperthyroidism or de-
finitive treatment to be undertaken without major 
complications in 21/22 patients. Our results are similar to 
another study on 22 patients in which only 1 patient died 
(as in our series) [12].

TPE is a safe treatment. Indeed, during the 91 sessions, 
no side effects were observed, even in patients with a his-
tory of stroke (n = 2) or heart failure (n = 4) or 1 with a 
transplanted liver. Compared to other series [7, 11], no 
hypocalcemia was induced by TPE in our cohort. In the 
study by Simsir et al. [7], hemoglobin levels were signifi-
cantly decreased. In 4 of our patients, hemoglobin levels 
dropped but no blood transfusion was necessary. There is 
no absolute contraindication described in the literature, 
and in our experience none of the clinical situations con-
traindicated the procedure. For example, patient No. 6 
had a history of ischemic stroke 3 months before con-
ducting the TPE sessions. Despite the risk of low flow and 
the aggravation of neurological symptoms, TPE treat-
ment was approved by the neurologists and the sessions 
were carried out without any complications or neurolog-
ical aggravation. The TPEs were also safe in the pregnant 
patient in our cohort and in 2 pregnant patients in Simsir 
et al. [7]. 

From a pathophysiological point of view, each TPE 
session consists of removing plasma, which contains 
components such as protein-bound hormones. The re-
placement with albumin solution brings new binding 
sites for free thyroid hormones leading, to a decrease in 
fT3 and fT4 levels [13]. In the case of GD, a reduction in 
TSH receptor-stimulating antibodies can also play a role. 
Unfortunately, information regarding the evolution of 
antibody levels before and after TPE was not available. A 
decrease in TSH receptor antibodies after 4 TPEs has 
been described in a case report of GD with an ATD con-
traindication [14], but information is lacking in other 
published cohort studies [7, 11, 12, 15].

Due to the severity of thyrotoxicosis in our series, 
medical treatments against thyrotoxicosis were contin-
ued between TPE sessions, if not contraindicated to in-
crease the chances of promptly restoring euthyroidism. 
Glucocorticoids, ATD, and cholestyramine were often 
prescribed in parallel with TPE, as in other studies [11, 
12].

One limit of our study is the lack of comparison be-
tween patients subjected to TPE and patients with med-
ical treatment alone without TPE. To formally demon-
strate that TPE is beneficial, a randomized study com-
paring 2 strategies with or without TPE for comparable 
clinical situations, in terms of the etiology and severity 
of hyperthyroidism, would provide valuable informa-
tion. However, given the heterogeneity of the patients 
(i.e., an etiology of hyperthyroidism and comorbidities) 
in such severe clinical conditions, randomized studies 
would be difficult to implement. Nevertheless, this 
study underlines the efficacy of TPE associated with 
medical treatments available to control severe thyro-
toxicosis. 

The median number of TPE sessions was 4, as in other 
series [7, 11, 12]. By comparing patients who received 
more or fewer than 4 TPEs sessions, we found no predic-
tive factors to determine the number of TPEs required. 
Accordingly, we believe that this should be decided on a 
case-by-case basis and reassessed after each session by cli-
nicians. 

TPE is not currently recommended for the treatment 
of hyperthyroidism [1]. Indeed radioiodine, surgery, 
and ATD are sufficient in most cases. However, TPEs 
can be useful in AIT cases with heart failure. TPEs are 
also proposed in the case of thyroid storm [2] since their 
rapid action can be welcome for this life-threating situ-
ation. Muller et al. [4] reported successful TPEs for 3 
patients with thyroid storm. Moreover, when patients 
have had a serious allergic reaction to ATD, the recom-
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mendation is to discontinue this therapeutic class. In 
this situation, we believe that TPEs may contribute to 
the preparation for a radical treatment in the case of se-
vere hyperthyroidism.

Our study is limited by the heterogeneity of the data 
analyzed due to its retrospective nature. The results re-
garding TPE efficacy are, on the whole, significant, al-
though individual variability cannot be denied. Howev-
er, our results outline that TPE associated with medical 
treatment permits a safe decrease (50%) in thyroid hor-
mone levels, even in patients with severe comorbidities. 
Its efficiency is linked to the etiology of hyperthyroidism 
and could be used for AIT patients, in particular. TPE 
could be an alternative treatment in some difficult clini-
cal situations, for instance, to prepare for radical treat-
ment. 
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