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A B S T R A C T   

Thyrotoxicosis-induced cardiomyopathy is a rare complication occurring in <1% of the population, which can 
require mechanical circulatory support (VA-ECMO) as a bridge to anti-thyroid therapies. Therapeutic plasma 
exchange (TPE) is an alternative treatment used to rapidly reduce thyroid hormone levels in refractory cases of 
thyrotoxic crisis without clinical improvement from other therapies. We describe a novel technique of facilitating 
plasmapheresis via a VA-ECMO circuit in a 26-year-old man with thyroid storm and subsequent circulatory 
collapse.   

1. Introduction 

Extracorporeal membrane oxygenation (ECMO) is a last line therapy 
used to enable gas exchange and perfusion through an external mem
brane lung in critically unwell patients [1]. There are two main types of 
ECMO, veno-venous (VV-ECMO), used to treat respiratory failure, and 
veno-arterial (VA-ECMO), which is used for cardiac support [2]. 
Thyrotoxicosis-induced cardiomyopathy is a rare complication occur
ring in <1% of the population, which can require mechanical circulatory 
support (VA-ECMO) as a bridge to anti-thyroid therapies [2]. The utility 
of therapeutic plasma exchange (TPE) has been documented in case 
study literature in patients with acute thyrotoxicosis refractory to con
ventional therapy [3,4]. We describe a novel technique of facilitating 
plasmapheresis via a VA-ECMO circuit, avoiding the need for alternate 
central venous access. 

2. Technique 

A 26-year-old man presented to the emergency department with a 5- 
day history of shortness of breath, pleuritic and positional chest pain, 
subjective fevers, lower limb swelling and palpitations. He was found to 
be in rapid atrial fibrillation (AF) with a heart rate of 180 with a blood 
pressure of 106/88 mmHg. He was loaded with amiodarone and treated 
with a trial of IV metoprolol and received gentamicin, ceftriaxone and 
flucloxacillin for empiric antibiotic coverage. Bedside echocardiogram 
demonstrated severe global dysfunction with a small-moderate 

pericardial effusion. He was also placed on Covid-19 contact precautions 
and appropriately isolated. The patient was admitted to ICU with 
worsening cardiogenic shock despite escalation of medical therapy. 
Following an attempt at Direct Current (DC) cardioversion, the patient 
had a pulseless electrical activity (PEA) arrest and CPR was commenced. 
The decision was made for urgent placement of VA-ECMO using a 23Fr 
cannula in the right femoral vein and a 19Fr arterial in the left femoral 
artery. A 7Fr arterial backflow cannula was inserted for distal leg 
perfusion. Anticoagulation was achieved using 20 000 units of heparin 
resulting in an Activated Clotting Time (ACT) of >400. ECMO was 
established with initial flows of 4 L/min. Thyroid function tests revealed 
a Thyroid Stimulating Hormone (TSH) level of <0.005mIU/L (normal 
range 0.4–4.0mIU/L) and a T4 level of >100 pmol/L (normal range 
9.0–25 pmol/L). A diagnosis of thyrotoxicosis-induced cardiomyopathy 
was made and preparations for plasmapheresis for T4 removal was 
commenced. Additionally, the patient was treated with carbimazole, 
Lugol’s iodine, cholestryramine and hydrocortisone for thyroid storm, 
and was supported with levosimendan, vasopressin and noradrenaline. 

The Spectra Optia Apheresis System (Terumo BCT) was used. Blood 
inflow to the plasmapheresis device was via the ECMO post-membrane 
port three-way tap. The outflow from the plasmapheresis system was 
connected to the pre-membrane port (see Fig. 1). A calcium gluconate 
infusion was also connected to this return line as was the continuous 
heparin infusion via an additional 3-way tap to reduce the risk of 
oxygenator thrombosis. Extended life plasma (ELP) was utilised as the 
replacement fluid. The procedure was well tolerated with an inlet 
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anticoagulant (AC) ratio of 10:1 and an inlet rate of 45 mL/min, rinse
back was not performed to avoid fluid overload. The TPE run time was 
145 min and there were no pressure alarms throughout. Following this, 
the T4 remained >100 pmol/L and another TPE session was performed 
the following day. After two sessions there was significant improvement 
in thyroid function tests and significant improvement of cardiac function 
on transthoracic echocardiogram on ECMO flows of 2 L/min. The pa
tient was subsequently decannulated 24 h later following improved 
haemodynamics and stable mixed venous oxygen saturation at low 
ECMO flows. A total thyroidectomy was performed two weeks later. 

3. Comment 

Thyroid storm is a rare but life-threatening endocrinological emer
gency with an estimated mortality of up to 30% [5,6]. The three most 
common treatments for hyperthyroidism are antithyroid drugs, radio
active iodine, and thyroidectomy. TPE is an alternative treatment used 
to rapidly reduce thyroid hormone levels in refractory cases of thyro
toxic crisis without clinical improvement from other treatments [5]. 
During TPE, a patient’s plasma is extracted from its cellular components, 
meaning thyroid hormone-binding globulins and bound thyroid hor
mone, are removed from the circulation and replaced with new colloid, 
thereby reducing free hormone concentrations [3]. Clotting factors and 
immunoglobulins are also removed with TPE, increasing the risk of 

bleeding and infection, making the use of TPE and concurrent ECMO 
requiring anticoagulation with intravenous heparin more hazardous [3]. 
Moreover, the available literature demonstrates shorter ECMO runs with 
earlier initiation of TPE, suggesting a significant improvement in car
diovascular function with early therapy [7]. The ECMO run of 24 h in 
this case is much shorter than previously reported in the literature with 
the shortest duration previously reported at 82 h and an average run of 
183.5 h [2]. 

There is limited literature regarding concurrent ECMO and TPE in 
critically unwell patients [4]. There is also no consensus of optimum 
configuration of the circuit when the procedures are combined, indi
cating a viable area of future perfusion and critical care research [1]. 
Laverdure and colleagues [8] have previously described an alternative 
technique whereby the inlet line is connected to the oxygenator, and the 
outlet line connected to a venous or arterial cannula. The method 
described in this case is simpler, allowing a perfusionist to manage the 
circuit without surgical involvement. Moreover, by using a circuit in 
parallel, rather than connected to the ECMO return cannula, the risk of 
clots, air or particulate matter entering the arterial system of the patient 
is reduced. Connecting the return line to the tubing before the oxygen
ator allows potential air and thrombi to be trapped while also avoiding 
unnecessary veno-arterial shunting within the ECMO circuit. The circuit 
configuration described means the apheresis circuit is exposed to a 
higher pressure than usual, however, settings on the apheresis machine 

Fig. 1. Schematic of femoral VA-ECMO in parallel with Spectra Optia Apheresis System (Terumo BCT). TPE inflow is connected to the oxygenator post-membrane 
and returns pre-membrane prior to returning to the patient. 
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can be altered to lower the return pressures to prevent alarming [1]. 
Connecting a full plasmapheresis system, rather than using in-line 
technology, allows accurate monitoring of filtration, fluid balance and 
keeps a constant flow through the filter. Moreover, filters can be easily 
changed without disruption of the ECMO flow [1]. 

Although a rare occurrence, the ultimate goal of VA-ECMO and PTE 
in thyroid storm is to mechanically support until other antithyroid 
therapies can return the patient to a euthyroid state. The aforemen
tioned technique allows excellent flows while decreasing the risk of air 
and thrombi from entering the patient by utilising the oxygenator as a 
trap. Future research confirming this novel circuit configuration should 
be considered as the method provides a simple and reproducible method 
of running PTE in parallel via a VA-ECMO circuit in a critically unwell 
patient. 
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