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Thyroid storm rescued by extracorporeal membrane oxygenation
support, plasmapheresis and thyroidectomy: a case report
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Abstract: We present a complex case of a 44-year-old Chinese man who presented with thyroid storm
and cardiovascular collapse requiring multi organ support in the intensive care unit. Our patient presented
to the emergency department with dyspnoea. He was found to be in atrial fibrillation with rapid ventricular
response. Thyroid function test was compatible with thyrotoxicosis. He deteriorated rapidly and suffered
pulseless electrical activity cardiac arrest. Cardiopulmonary resuscitation was promptly started and return of
spontaneous circulation was achieved. Unfortunately, the patient sustained three further episodes of pulseless
electrical activity while the extracorporeal membrane oxygenation team from the referral centre was en-
route. He was then established on veno-arterial extracorporeal membrane oxygenation for safe transfer to
a specialist centre. The patient underwent urgent plasmapheresis and thyroidectomy for the management
of thyroid storm. He was successfully weaned off extracorporeal support and liberated from mechanical
ventilation. To our knowledge, this is the first case reported of the successful use of both arterio-venous
extracorporeal membrane oxygenation, and plasmapheresis as a bridge to total thyroidectomy for control
of thyrotoxicosis. This case illustrates the importance of expediency in instituting the stepwise treatment

modalities in a time-sensitive manner leading to a favourable outcome.
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Introduction describing the successful use of ECMO in patients with

A 44-year-old Chinese man presented with thyroid thyrotoxicosis. As early as 2011, a case series (2) described

. . . the survival of 3 out of 4 patients in which ECMO was used
storm and circulatory collapse requiring multiorgan and

as a rescue for thyrotoxicosis induced cardiovascular collapse.
Another case series published in 2015 (3) described the use

of ECMO in 5 patients with thyroid storm, out of which

extracorporeal life support in the intensive care unit.
Extracorporeal membrane oxygenation (ECMO) is now a
well-established, lifesaving option for patients with acute

cardiorespiratory failure as described in the Extracorporeal
Life Support Organization Guidelines in 2017 (1). Thus
far, there have been several case reports and case series

3 survived. A case series published in 2018 (4) described
14 cases of the use of ECMO for thyrotoxicosis induced
cardiomyopathy of which 11 patients survived. 3 other case

A ORCID: Irene Mei Jin Wong 0000-0002-4375-3665, Chee Kiang Tay 0000-0002-8122-6559.

© Journal of Emergency and Critical Care Medicine. All rights reserved.

7 Emerg Crit Care Med 2021;5:19 | http://dx.doi.org/10.21037/jeccm-20-147


https://crossmark.crossref.org/dialog/?doi=10.21037/jeccm-20-147

Page 2 of 5

Figure 1 Post-thyroidectomy scar.

reports described the successful use of ECMO as a rescue
therapy for thyrotoxicosis induced cardiogenic shock and
haemodynamic collapse (5-7). One case report described
the use of ECMO with plasma exchange (8). We describe
the successful use of both VA-ECMO, plasma exchange as
a bridge to total thyroidectomy for control of thyrotoxicosis
in a patient with thyroid storm complicated by multiorgan
failure. To our knowledge, this is the first report combining
veno-arterial extracorporeal membrane oxygenation,
plasmapheresis, and total thyroidectomy to control life-
threatening thyrotoxicosis. We present the following case in
accordance with the CARE reporting checklist (available at
http://dx.doi.org/10.21037/jeccm-20-147).

Case presentation

A 44-year-old Chinese man with recently diagnosed
Grave’s Disease presented to the emergency department
with dyspnoea. On arrival, he was pyrexial, tachycardic
at 199 beats/min, and normotensive at 108/80 mmHg.
Physical examination revealed thyroid eye disease and a
diffusely enlarged goitre. Electrocardiogram showed atrial
fibrillation with rapid ventricular response, and chest
radiograph, left lower zone consolidation. Thyroid function
test was compatible with thyrotoxicosis [free thyroxine (T4):
57 pmol/L; free triiodothyronine (T3): 12.4 pmol/L;
thyroid-stimulating hormone: unrecordable]. The patient
was given oral propranolol 20 mg, digoxin 500 mcg and
carbimazole 30 mg. However, he suffered a pulseless
electrical activity (PEA) cardiac arrest and after 10 minutes
of resuscitation, had return of spontaneous circulation
(ROSC). Unfortunately, ROSC was not sustained as
recurrent PEA arrests ensued. ECMO was unavailable
at the managing hospital, and the Extracorporeal
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Cardiopulmonary Resuscitation team at Singapore General
Hospital, an ECMO referral centre was activated. After
4 PEA arrests and 40 minutes of resuscitation, ROSC
was precariously maintained on high dose adrenaline
(1 mcg/kg/min). Veno-arterial (VA) ECMO was initiated
after percutaneous cannulation to facilitate a safe transfer to
Singapore General Hospital.

The patient subsequently suffered downstream
complications of prolonged cardiac arrest, i.e., ischemic
hepatitis, acute kidney injury requiring renal replacement
therapy, and disseminated intravascular coagulopathy. He
was treated with esmolol infusion, hydrocortisone 100 mg
6 hourly and cholestyramine 4mg 8 hourly while targeted
temperature management at 36 °C was maintained for
24 hours. As thioamides were precluded by severe hepatic
dysfunction, he underwent plasmapheresis with rapid
clinical and biochemical stabilization after 3 days (T4:
22 pmol/L; T3: 6.0 pmol/L). ECMO speed was set at
3,385 rpm achieving a flow of 3.7 to 4.2 L/min. Fractional
inspired oxygen concentration (FiO2) was set at 100% and
the gas sweep speed was maintained at 2 L/min to achieve
adequate carbon dioxide clearance and maintain the arterial
partial pressure of carbon dioxide of 35 to 40 mmHg. A
heparin infusion was used to maintain an activated clotting
time of 150 to 200 sec. Haemoglobin levels were maintained
between 9.5 to 10.5 g/dL without any need for transfusion.
Marked improvement in left ventricular ejection fraction
from 20% to 35% facilitated a short 3-day VA ECMO run.
On the 3rd day on VA ECMO, a trial of weaning to facilitate
was done to facilitate surgical thyroidectomy. ECMO flow
was successfully weaned with Noradrenaline support; the
cannulas were explanted, and the heparin infusion stopped.
Thyroidectomy was performed the following day (Figure I).
The coagulation profile was sent off on the morning
preceding surgery and blood products prepared based
on the laboratory coagulation tests. His activated partial
thromboplastin time (aPTT) was 52.0 sec more than
6 hours after stopping heparin, prothrombin time was
22.5 sec, international normalised ratio INR) 2.4, platelet
levels were 57x10°/L and fibrinogen was 0.53 g/L. Thus,
1 litre of fresh frozen plasma, 2 units of cell separated
platelets, 10 units of cryoprecipitate were transfused
prior to incision. In the operating theatre, a rotational
thromboelastometry was performed which showed an
EXTEM A10 of 33 mm, and FIBTEM A10 of 6 mm,
thus another 10 units of cryoprecipitate was given intra-
operatively. Adequate surgical haemostasis was confirmed
with a Valsalva manoeuvre prior to closure. Post procedure,
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Figure 2 (A) Thyroid eye signs showing deviation of gaze front
view; (B) thyroid eye signs side view.

the INR remained below 1.5, aPTT remained less than
1.5 times the upper limit normal, fibrinogen remained
above 1 g/L and platelets remained above 50x10°/L
without any further transfusion. Postoperatively, sinus
rhythm was restored, and levothyroxine started as T3 level
had fallen below normal. However, the patient remained
comatose. Equivocal clinical findings (preserved pupillary/
corneal reflexes but absent motor response) rendered
neuroprognostication challenging and ancillary testing
necessary. The presence of thyroid eye disease with resultant
divergent gaze also confounded our findings (Figure 2).
Brain magnetic resonance imaging revealed preserved
grey-white differentiation, and electroencephalogram was
consistent with severe diffuse encephalopathy (maximum
bi-frontal bursts, generalized suppression). Due to

insufficient predictive evidence of a poor neurological
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outcome, tracheostomy was planned for the patient in the
interim. The derangements from presumptive metabolic
encephalopathy (ammonia: 228 pmol/L; urea: 10.4 mmol/L)
were managed with lactulose and RRT while awaiting
neurological improvement. On the day that he was due
for tracheostomy, the patient regained full consciousness
(Glasgow Coma Scale 15) and was promptly liberated from
mechanical ventilation. All procedures performed in studies
involving human participants were in accordance with
the ethical standards of the institutional and/or national
research committee(s) and with the Helsinki Declaration (as
revised in 2013). Written informed consent was obtained
from the patient.

Patient perspective

The patient was grateful for the care he received and
felt fortunate to be alive. However, he feels tired easily,
requiring assistance with and unable to do many of the
activities he could do for himself prior to his illness.

Discussion

Thyroid storm is a rare, life-threatening condition
associated with multi-organ dysfunction and high
mortality rate. It may be precipitated by an acute event
such as trauma, surgery, infection, or non-compliance to
medication. A multimodal approach is recommended which
involves blockage of thyroid hormone production, symptom
control and organ support in an intensive care unit ICU) (9).
There is insufficient evidence for the routine use of plasma
exchange as first line therapy for management of thyroid
storm. However, in cases where anti-thyroid medications
are contraindicated or where first line treatment have failed
it has been successfully used (10,11). It has also been used to
achieve rapid symptomatic control of thyrotoxicosis prior to
definitive surgical treatment (12). A significant proportion of
patients with thyroid storm have cardiovascular symptoms
even leading to cardiovascular collapse. Extracorporeal
membrane oxygenation (ECMO) is now a well-established,
lifesaving option for patients with acute cardiorespiratory
failure (1).

As thyroid cardiomyopathy is potentially reversible, VA
ECMO could rescue circulatory collapse and bridge the
patient to improvement or recovery of cardiac function
while other treatments are ongoing. The successful use of
ECMO in patients with thyrotoxic cardiomyopathy, and the
feasibility of performing plasmapheresis on ECMO have
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been reported (4,6,7,13,14). However, to our knowledge,
this is the first reported case of combining the use of both
VA-ECMO, and plasma exchange as a bridge to urgent
thyroidectomy in an extreme case of thyroid storm.

Neuro-prognostication following significant CPR
downtime is difficult in the presence of confounding
metabolic abnormalities and multi-organ dysfunction. A
more thorough workup using a combination of clinical
signs, biochemical tests, electrophysiological assessment,
and brain imaging is warranted in such cases. Good
functional recovery post circulatory collapse is dependent
in several factors including good quality CPR, aggressive
targeted temperature management and early initiation of
ECMO for circulatory collapse.

Conclusions

VA ECMO and plasmapheresis are temporizing measures
to bridge to definitive thyroidectomy in thyroid storm
management. This case illustrates the importance of
expediency in instituting the stepwise treatment modalities
in a time-sensitive manner that led to a favourable outcome.

Acknowledgments

The case has been presented in part as a poster at the
CHEST World Congress, Thailand in 2019. All authors
played an active role in management of the patient in the
intensive care unit.

Funding: None.

Footnote

Reporting Checklist: The authors have completed the CARE
reporting checklist. Available at http://dx.doi.org/10.21037/
jeccm-20-147

Peer Review File: Available at http://dx.doi.org/10.21037/
jeccm-20-147

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/jeccm-20-147). The authors have no conflicts
of interest to declare.

Ethical Statement: The authors are accountable for all

aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are

© Journal of Emergency and Critical Care Medicine. All rights reserved.

Journal of Emergency and Critical Care Medicine, 2021

appropriately investigated and resolved. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Extracorporeal Life Support Organization. ELSO
Guidelines for Cardiopulmonary Extracorporeal
Life Support. Ann Arbor, MI, USA [Internet].
2017;(August):1-26. Available online: https://www.elso.
org/Resources/Guidelines.aspx

2. HsuLM, Ko WJ, Wang CH. Extracorporeal Membrane
Oxygenation Rescues Thyrotoxicosis-Related Circulatory
Collapse. Thyroid 2011;21:439-41.

3. Chao A, Wang CH, You HC, et al. Highlighting
Indication of extracorporeal membrane oxygenation in
endocrine emergencies. Sci Rep 2015;5:13361.

4. White A, Bozso SJ, Moon MC. Thyrotoxicosis induced
cardiomyopathy requiring support with extracorporeal
membrane oxygenation. ] Crit Care 2018;45:140-3.

5. Genev I, Lundholm MD, Emanuele MA, et al.
Thyrotoxicosis-induced cardiomyopathy treated with
venoarterial extracorporeal membrane oxygenation. Heart
Lung 2020;49:165-6.

6. Kim S, Seol SH, Kim YS, et al. Thyrotoxicosis induced
cardiogenic shock rescued by extracorporeal membrane
oxygenation. ] Geriatr Cardiol 2018;15:203-4.

7. Allencherril J, Birnbaum I. Heart Failure in Thyrotoxic
Cardiomopathy: Extracorporeal Membrane Oxygenation
Treatment for Graves’ Disease. J Extra Corpor Technol
2015;47:231-2.

8. Eyadiel L, Amjad A, Pisani B, et al. Use of Therapeutic
Plasma Exchange and ECMO Support with Impella for
LV Vent as Treatment for Cardiogenic Shock in Acute
Thyrotoxicosis/ Thyroid Storm. J Card Fail 2018;24:5S84-5.

7 Emerg Crit Care Med 2021;5:19 | http://dx.doi.org/10.21037/jeccm-20-147


http://dx.doi.org/10.21037/jeccm-20-147
http://dx.doi.org/10.21037/jeccm-20-147
http://dx.doi.org/10.21037/jeccm-20-147
http://dx.doi.org/10.21037/jeccm-20-147
http://dx.doi.org/10.21037/jeccm-20-147
http://dx.doi.org/10.21037/jeccm-20-147
https://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of Emergency and Critical Care Medicine, 2021

Ross DS, Burch HB, Cooper DS, et al. 2016 American
Thyroid Association Guidelines for Diagnosis and
Management of Hyperthyroidism and Other Causes of
Thyrotoxicosis. Thyroid 2016;26:1343-421.

10. Schwartz J, Padmanabhan A, Aqui N, et al. Guidelines
on the Use of Therapeutic Apheresis in Clinical Practice-

Evidence-Based Approach from the Writing Committee of

the American Society for Apheresis: The Seventh Special
Issue. J Clin Apher 2016;31:149-62.
11.
in the thyroid storm. Ther Apher Dial 2011;15:522-31.
12. Ezer A, Caliskan K, Parlakgumus A, et al. Preoperative

doi: 10.21037/jeccm-20-147

Cite this article as: Wong IM], Lim JY, Goh JTK, Tan QL,
Tay CK. Thyroid storm rescued by extracorporeal membrane
oxygenation support, plasmapheresis and thyroidectomy: a case
report. ] Emerg Crit Care Med 2021;5:19.

© Journal of Emergency and Critical Care Medicine. All rights reserved.

Muller C, Perrin P, Faller B, et al. Role of plasma exchange

Page 5 of 5

therapeutic plasma exchange in patients with
thyrotoxicosis. ] Clin Apher 2009;24:111-4.

. Kiriyama H, Amiya E, Hatano M, et al. Rapid

Improvement of thyroid storm-related hemodynamic
collapse by aggressive anti-thyroid therapy including
steroid pulse: A case report. Medicine (Baltimore)
2017;96:€7053.

. Dyer M, Neal MD, Rollins-Raval MA, et al. Simultaneous

extracorporeal membrane oxygenation and therapeutic
plasma exchange procedures are tolerable in both pediatric
and adult patients. Transfusion 2014;54:1158-65.

7 Emerg Crit Care Med 2021;5:19 | http://dx.doi.org/10.21037/jeccm-20-147



